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Abstract

An efficient in vitro rooting and ex vitro acclimatization protocol was developed for Cordyline terminalis (L.) Kunth, commonly known as the Ti
plant, an economically important ornamental foliage species. The study was conducted at the Biotechnology-cum-Tissue Culture Centre, All
India Coordinated Research Project (AICRP) on Floriculture and Landscaping, Odisha University of Agriculture and Technology, Bhubaneswar.
Nodal segments were cultured on Murashige and Skoog (MS) medium supplemented with various concentrations and combinations of 6-
benzylaminopurine (BAP), a-naphthaleneacetic acid (NAA) and 2,4-dichlorophenoxyacetic acid (2,4-D) for shoot initiation and organogenesis.
Among the combinations tested, BAP (1.0 mg L?) and NAA (0.5 mg L?) induced the highest shoot proliferation and morphogenetic response.
For rooting, both in vitro and exvitro approaches were evaluated. Invitro rooting was achieved on plant growth regulator (PGR)-free half-
strength MS medium, while ex vitro rooting was optimized using quick dips in indole-3-butyric acid (IBA) at 25 ppm, which yielded the highest
rooting percentage (96.6 %), root number (3.6) and root length (3.90 cm) in potting mixture. Hardening was performed under open conditions,
plastic cover and net house environments using various substrates. The highest survival (40 %) was recorded in the net house using a
vermiculite + sand substrate, which although moderate, represented the most effective survival outcome under tropical field conditions.
Additionally, nutritional standardization trials revealed that soil drenching with nitrogen-phosphorus-potassium (NPK) (19:19:19) at 0.75 g
plant? significantly improved plant height and leaf number, while foliar application enhanced leaf length and breadth. This comprehensive
protocol demonstrates the potential for mass propagation of C. terminalis with high rooting efficiency and improved survival rate. The findings
provide a practical, reproducible and cost-effective strategy for sustainable micropropagation and commercial-scale cultivation of this
valuable ornamental species.
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Introduction in the country (1). Micropropagation is an economic means of
multiplying desirable plant species when time, space and

Tissue culture has gained momentum in the production of large- personnel are limited.

scale ornamental foliage plants for commercial purposes due to

its rapid propagation, increased survival percentage, disease- Cordyline terminalis (L.) Kunth, commonly known as the
free and uniform propagules and greater exotic market demands 11 Plant or Red Dracaena, is a valuable ornamental species
for cultivars of Cordyline, Dracaena, Aglaonema, Alpinia, etc. cultivated for its vibrant foliage, adaptability and cultural
Bhubaneswar has a tropical savanna climate with eastern ~Sighificance in tropical landscapes (2). Belonging to the family
coastal plains and > 50 % laterite soil, having full potential for ~Asparagaceae, it holds prominent commercial value in interior
growing these vibrant exotic foliage plants on a large scale, landscaping, floral arrangements and potted plant markets due

which plays a significant role in the introduction of new varieties ~ t© its broad leaf architecture and striking coloration (3). However,
its conventional propagation through stem cuttings is slow,
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disease-prone and inefficient in generating uniform planting
material (4, 5). Moreover, conventional propagation methods
produce only four daughter plants from a single mother plant
and in some new varieties, propagation through rhizomes is not
feasible (6). Therefore, micropropagation through in vitro
techniques is essential to accelerate propagation rates and
reduce the dependence on mother plants (7).

Invitro micropropagation has emerged as a reliable tool for
large-scale production of genetically uniform and disease-free
planting stock in ornamental species (8). Among the stages of
micropropagation, root induction and acclimatization are
particularly critical, as successful rooting and the subsequent
transition from in vitro to exvitro environments are often associated
with high mortality due to physiological stress and poor root system
development (9). Efficient rooting-whether in vitro or ex vitro is
strongly influenced by endogenous and exogenous hormonal cues,
primarily auxins such as indole-3-butyric acid (IBA), which have been
widely reported to promote root initiation across species (10).

In Cordyline species, few studies have reported complete
micropropagation protocols, with most emphasizing shoot
induction and providing limited information on rooting responses
(11, 12). Although C. fruticosa has been propagated through nodal
explants and rhizomatous cultures, the rooting stage in C. terminalis
has not been extensively optimized (13). Moreover, the integration of
ex vitro rooting during the primary hardening stage has gained
attention for its cost-effectiveness and enhanced plantlet survival, as
it eliminates the need for prolonged in vitro culture and reduces
contamination risks (14). Acclimatization is another indispensable
phase that determines the success of micropropagated plantlets
under greenhouse or nursery conditions. Transitioning plantlets
from high humidity, sugar-enriched invitro media to heterotrophic
soil conditions requires physiological and metabolic adjustments,
including root hair formation, lignification and photosynthetic
competence (15, 16). A well-developed root system, established
either in vitro or exvitro, is vital for this process.

Given the economic and ecological relevance of C. terminalis
and the limited reports on its complete regeneration protocol, the
present study aimed to optimize in vitro rooting using different
hormonal combinations, evaluate ex vitro rooting efficiency under
variable substrate conditions and assess acclimatization and
hardening efficiency for standardized nursery performance. This
integrated and cost-effective approach is novel, as it combines in vitro
and ex vitro rooting, acclimatization and nutrient supplementation
into a single, scalable micropropagation system suitable for
commercial nurseries and ornamental foliage production.

Materials and Methods
Plant material and explant preparation

Nodal segments, shoot tips and leaf bits of C. terminalis, measuring
approximately 1.5 ¢m-2.0 cm in length, were collected from
healthy, disease-free stock plants maintained in a greenhouse at
Biotechnology-cum-Tissue Culture Centre in Baramunda under
Floriculture and Landscaping Department, College of Agriculture,
Odisha University of Agriculture and Technology, Bhubaneswar.
Explants were collected during the winter season (November-
January) of 2022-2023, when contamination levels were minimal
and physiological activity was optimal. Explants were thoroughly
washed under running tap water for 15 min, followed by
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immersion in a solution of 2 % (v/v) tween-20 for 10 min with
constant agitation. After multiple rinses with sterile distilled water,
explants were surface sterilized using 0.1 % (w/v) mercuric chloride
(HgCl,) for 4-10 min under aseptic conditions in a laminar airflow
cabinet, followed by three rinses with sterile distilled water.

Culture medium and conditions

Murashige and Skoog (MS) medium was used as the basal
medium throughout the experiments. The medium was
supplemented with various concentrations of plant growth
regulators (PGRs) for different stages. For shoot multiplication, BAP
(0.5-3.0 mg L) in combination with NAA (0.5 mg L) and 2,4-D (0.5-
2.0 mg L). For in vitro rooting, half- or full-strength MS without or
with plant hormones such as BAP, NAA and 2,4-D.

The media were solidified with 0.8 % (w/v) agar and
adjusted to pH 5.8 before autoclaving at 121 °C and 15 psi for 20
min. Cultures were incubated at 25 + 2 °C with a 16 hr photoperiod
(40 umol m? s light intensity from cool white, fluorescent lamps)
and 60 %-70 % relative humidity.

In vitro rootinduction

Studies on in vitro rooting were carried from the elongated shoots
(stage 2) in MS basal medium. Shoots (3 cm-4 cm in height) derived
from multiplication media were excised and transferred to rooting
media containing different plant bio regulators (PBRs)
concentrations (BAP, NAA and 2,4-D), as well as hormone-free MS
and half-strength MS medium for comparative analysis. Cultures
were maintained under the same photoperiod and temperature
conditions for 4-6 weeks and data on root initiation, number of
roots and root length were recorded.

Ex vitro rooting and substrate standardization

For exvitro rooting, regenerated shoots (5 cm-7 cm) were directly
treated with IBA solutions (10, 15, 20 and 25 ppm) by quick dip for 5
min and transplanted into polybags containing peat and potting
mixture of cocopeat: vermicompost (1:1 w/w). The pots were
maintained under greenhouse conditions (30 + 2 °C, 70 %-80 % RH)
with intermittent misting. After 30 and 60 days, rooting percentage,
root number and root length were evaluated. Survival percentage
was also recorded at the end of the hardening phase.

Acclimatization and hardening

For invitro rooted plants, sterile water was added to the culture
vessels after removing the cotton plugs and kept as such for 5to 10
min. Rooted plantlets were taken with the forceps, washed gently
to remove media and transferred to plastic crates filled with sterile
potting mixture mainly Cocopeat. It was kept in low poly tunnels
for 2 weeks and then transferred to potting mixture (peat + sand +
vermicompost, 1:1:1). Initially, the plants were kept in a mist
chamber under high humidity (90 %-95 %) for 10 days, gradually
shifted to greenhouse conditions and watered regularly.
Morphological parameters like shoot height, leaf number and
survival percentage were recorded after 60 days. The tissue culture
plantlets were treated with 0.2 % carbendazim (50 % WP) solution
for 30 min before planting out. After planting out, the plantlets
were drenched with 0.2 % carbendazim solution.

Standardization of hardening treatments

The invitro plantlets of C. terminalis were subjected to various
post-transplanting hardening techniques to evaluate survival
under different environmental and substrate conditions.
Treatments included:
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e  Open condition (mud pots) with media such as fine sand,
coconut fibre, peat moss, vermiculite and mixtures of peat/
sand or vermiculite/sand.

e  Plastic cover (polythene bags with holes) for 2 weeks.
e  Nethouse conditions using the same substrates.
e  Pre-planting treatment with 0.2 % carbendazim for 30 min.

e  Rooting media incorporated with triadimefon (1 mg/L) in
select cases.

e  Post-planting treatments included foliar spray or soil
drenching with triadimefon (20 mg L?).

e  Plantlets were watered at 2-day intervals and monitored for
survival (%) at 2, 4, 6 and 8 weeks post-transplanting.

Field trial and evaluation
Effect of nutrient solution

The tissue culture plantlets were supplied with a solution of 19:19:19
NPK complex. The treatments included soil drenching on alternate
days, with the quantity applied per plant per week (g plant® week?)
as follows: control (0.00), 0.50, 0.75 and 1.00. For foliar application,
treatments were applied daily, with the quantity applied per plant
per week (g plant* week?) as follwos: control (0.00), 0.25, 0.50 and
0.75. Observations were recorded on plant height, leaf number, leaf
length and leaf breadth.

The complete micropropagation protocol followed for
C. terminalis is illustrated in Fig. 1. It highlights the sequential stages
from culture establishment to invitro and exvitro rooting, indirect
organogenesis pathways and subsequent acclimatization and
nutritional standardization.

Statistical Analysis

All experiments were conducted in a completely randomized design
(CRD) with three replications. Each replication included 10 explants.
Data were subjected to analysis of variance (ANOVA) using MS Excel
and mean comparisons were made using Duncan’s multiple range
test (DMRT) at p < 0.05. Percentage data were arcsine-transformed
prior to analysis to meet statistical assumptions.

Results and Discussion
In vitro morphogenetic responses

Nodal explants of C. terminalis cultured on MS medium with different
concentrations of BAP (0.5-3.0 mg L?) in combination with NAA (0.5
mg L) or 24D (0.5-2.0 mg L?) exhibited varied morphogenic
responses (Table 1). The highest frequency of multiple shoot bud
formation (++++) was observed with 1.0 mg L BAP + 0.5 mg L* NAA,
which also promoted intense basal callusing and rhizogenesis. This
indicates that BAP, a cytokinin, in optimal concentration stimulates
axillary meristem development, a pattern similarly observed in
C. terminalis and other monocots (3). These findings highlight the
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Fig. 1. Schematic representation of the micropropagation protocol in Cordyline terminalis.

Table 1. Effect of BAP, NAA and 2,4-D combinations on in vitro morphogenetic responses of Cordyline terminalis nodal explants

Culture period: 4 weeks

Basal medium: MS

Treatments Nature of response
BAP (mg/L) NAA(mg/L) 2,4-D(mg/L) Multiple axillary buds Callus growth Others
0.5 0.5 0.0 ++ +++ Callusing of base and rhizogenesis
1.0 0.5 0.0 ++++ +H++ Callusing of base and rhizogenesis
1.5 0.5 0.0 + +++ Callusing of base and rhizogenesis
2.0 0.5 0.0 +++ +++ Callusing of base
2.5 0.5 0.0 - + Callusing of base
3.0 0.5 0.0 + +H+ Callusing of base
0.0 0.0 0.5 + ++ Callusing of base
0.0 0.0 1.0 + ++ Callusing of base
0.0 0.0 1.5 + +H+ Callusing of base
0.0 0.0 2.0 + +H+ Callusing of base
Half MS Basal medium +++ - Direct organogenesis and rhizogenesis
Full MS Basal medium +++ - Direct organogenesis and rhizogenesis

Note: nodal explants of Cordyline terminalis were cultured on MS medium with different BAP, NAA and 2,4-D combinations for 4 weeks. ‘+” indi-
cates number of shoot buds: + (< 3), ++ (4-10), +++ (11-20), ++++ (= 21), - no response. Final treatment used half-strength MS.
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synergistic effect of BAP and NAA in promoting shoot bud formation,
consistent with previous reports in Cordyline species, which revealed
that axillary bud development took place after 3 weeks and was
highest in media containing 0.5-1.0 mg L* of BAP (17). At lower BAP
concentration (0.5 mg L?), moderate shoot proliferation (++),
callusing (+++) and rhizogenesis were recorded. However, increasing
BAP beyond 2.5 mg L? resulted in reduced shoot initiation and
excessive basal callusing, likely due to hormonal imbalance or
inhibitory effects at supra-optimal levels (18). The auxin 2,4-D, in
isolation, failed to induce organized shoots, supporting its known
role in promoting dedifferentiation and callus formation rather than
direct shoot organogenesis (5).

Interestingly, early rhizogenesis (root-like structures) was
observed in media with low PGR (Plant growth regulators) levels
such as BAP 0.5-1.5 mg L + NAA 0.5 mg L* and also in hormone-free
MS and Y2 MS media, indicating that root induction with direct
organogenesis (shooting and rooting) can occur without exogenous
PGRs under favourable basal conditions. This is likely due to reduced
osmotic stress and a favourable endogenous auxin-cytokinin
balance. These results also align with earlier studies where low auxin
-cytokinin ratios or PGR-free conditions favoured rooting over shoot
proliferation in monocotyledonous ornamentals (19, 20).

In vitro rooting influenced by HgCl, sterilization

Surface sterilization with 0.1 % HgCl, for 10 min (Ts) resulted in the
most efficient in vitro rooting, producing an average of 5.33 + 0.06
roots per explant, root length of 7.67 + 0.18 cm and early root
emergence at 47.33 + 0.14 days (Table 2). These roots were long,
creamy white and exhibited healthy root hairs-traits favourable for
ex vitro transfer (Fig. 2). Such enhanced rooting following
appropriate sterilization is attributed to reduced microbial load and
improved tissue receptivity.

Invitro rooting was observed in hormone free MS mediumin
Agave tequilana (21). In vitro rooting stage in C. terminalis cv. Red top
was seen by culturing newly formed shoots from multiplication
stage on MS PGRs-free medium gelled with 2 % (w/v) gelrite (19).
Shorter durations (T and Ts) induced moderate rooting responses,
while longer exposures (Ts-T+), resulted in browning and necrosis,
indicating toxicity of prolonged HgCl, exposure. Overexposure to
sterilants has been reported to cause oxidative stress and cell death
in explants, which could explain the observed decline in root
formation in those treatments (22).

Thus, the combination of optimized PGR concentrations,
proper nutrient balance and effective surface sterilization significantly
improved the micropropagation efficiency of C. terminalis. The results
establish a reproducible and scalable in vitro regeneration and rooting
protocol that can contribute to the sustainable commercial
propagation of this ornamental foliage plant.

Planting out of tissue culture plants and acclimatization

The rooted plants were carefully removed from the test tubes and
morphological observations were done. The height of plantlets at
the time of planting out ranged from 3.0 cm to 5.5 cm with a mean
height of 4.25 cm. The number of leaves per shoots ranged from 7.00
t0 9.00 with a mean value of 8.00. The number of roots ranged from
3.00to 5.00 with a mean value of 4.00. The length of the roots ranged
from 5.00 to 8.00 cm with a mean value of 6.5 cm. The plantlets were
treated with 0.2 % bavistin solution for 10 min. These plantlets were
then subjected to acclimatization treatments and the results were
observed. When the plants were kept in portrays with coco peat as

https://plantsciencetoday.online

Table 2. Effect of HgCl, sterilization duration on in vitro rooting of nodal segments of Cordyline terminalis on full-strength MS medium without PGRs

Basal medium: MS

Duration: 9 weeks

Nature of roots Color of leaves

explants

Root length Number of roots/
(cm)

Time taken for root
initiation (days)

Number of
shoots/ explants

Treatments

Treatment No.

NC Light green

NC

NC

5.00£0.18%¢ NC

Control (tap water)

Ta

Light green

Long, creamy white root with root hairs

2.67+0.08

5.07+0.07

5.67+0.22% 54.67+0.32

0.1 % HgCl; for 4 min

T,

NC Whitish green

NC

NC

4.00£0.15¢ NC

0.1 % HgCl; for 5 min

Ts

Light green

Long, creamy white root with root hairs

3.33+0.12

5.53%0.17

5.33+0.19% 50.00+0.17

0.1 % HgCl,for 6 min

Ta

NC Whitish green

NC

NC

3.67+0.14¢ NC

0.1 % HgCl; for 7 min

Ts

NC Light green

NC

NC

4.33+0.17<¢ NC

0.1 % HgCl; for 8 min

Te

NC Light green

NC

NC

4.67+0.18" NC

0.1 % HgCl; for 9 min

Ts

Light green

Long, creamy white root with root hairs

5.33+0.06

7.67+0.18

47.33+0.14

6.00+0.23°

0.1 % HgCl,for 10 min

Ts

0.09

0.23

0.225

0.14

+

SE(m)

0.33

0.54

0.78

0.42

CD (5 %)

standard error. Data are means of three replicates.

critical difference at 5 %; SE(m) =

Note: NC- no change, CD
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Fig. 2. In vitro rooting in Cordyline terminalis.

the media under polytunnels covered greenhouse maintaining
optimum environmental conditions, 100 % survival rates were
observed for 2 weeks. It was watered at 2 days interval. After 2 weeks,
it was planted in fine sand treated with 0.2 % carbendazim (50 %
WP) and 50 % survival was recorded. When plantlets were kept in
shade net house, survival percentage of 50.00 %, 30.00 % and 10.00
% were recorded up to 8 weeks in the potting media (sand + peat +
vermiculite). This is in accordance with the study where hardening
techniques were modified in micropropagated banana plants with
better results, when the roots of the plantlets were dipped in 0.2 %
bavistin for 5 min, the plantlets covered with microscope cover after
planting (23).

Exvitro rooting and acclimatization

The ex vitro rooting response of C. terminalis plantlets was
significantly influenced by both the concentration of IBA and the
type of potting substrate (Table 3; Fig. 3). Among the tested
treatments, the combination of IBA at 25 ppm with potting mixture
(likely composed of cocopeat and vermicompost) showed the
highest rooting percentage (96.6 %), the maximum number of roots
per plantlet (5.10) and the greatest root length (5.77 cm). In contrast,
the lowest rooting efficiency (70.3 %) and shorter roots (2.00 cm)
were observed in peat medium with 10 ppm IBA.

The peat alone consistently outperformed potting mixture,
suggesting that improved aeration, moisture retention and
microbial interaction may have contributed to enhanced rooting
and early acclimatization. The findings are in line with earlier reports
where exogenous auxin treatments during the transfer phase
improved root formation and survival in ornamental foliage plants
(12). The superiority of higher IBA concentrations (20-25 ppm) is
likely due to their stronger role in inducing adventitious roots by
promoting cell differentiation at the basal cut ends (5). This phase
also contributed to successful hardening, as roots formed directly in
acclimatization substrates are known to adapt better to ex vitro
conditions. Therefore, the current protocol provides a cost-effective,
hormone-efficient method for mass-scale propagation and
acclimatization of C. terminalis.

Table 3. Effect of IBA Concentration and Substrate type on ex vitro rooting and root traits of Cordyline terminalis plantlets

Number of Roots Root length (cm)

% Rooting

Treatment details

Mean

Mean

Treatment No.

Potting media (M)

Peat

Potting media (M)

Peat

Potting media (M)

Peat

IBA Concentration (C)

3.83 3.93

4.03

2.00 2.37

2.67

70.3 80.0

86.6
(72.3)

IBA 10 ppm

-
—
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4.23 4.23

4.23

2.07 2.33

2.67

80.0 80.0

80.0
(63.4)

IBA 15 ppm

~
—

4.90 5.00

5.10

2.50 2.98

3.47

86.7 90.0

93.3
(81.1)

IBA 20 ppm

)
[

5.33 5.55

5.77

4.07 3.55

5.10

86.7 90.0

96.6
(79.01)

IBA 25 ppm

<
—

4.66

4.57

4,78

2.81

2.41

3.21

81.7

88.3
(74.5)
SE(m)

Mean

CDatl%

SE(m)+
0.09
0.13
0.18

CDat1%

SE(m)+
0.11
0.16
0.22

CDat1%

+l

Factors

ns

0.46
0.65

ns

3.57
5.06
7.15

Media (M)

0.52

ns

Concentration (C)

CxM

ns

ns

ns

Note: value in Parathesis is Arc-sine transformed values, ns B non-significant at p > 0.05.
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(b) potting mixture

Fig. 3. Exvitro rooting response of Cordyline terminalis in different
media.

Effect of hardening techniques on post transplanting survival of
tissue cultured plantlets of cordyline

The success of tissue-cultured plantlets depends significantly on
post-transplanting acclimatization. In the present study, plantlets
were subjected to various hardening environments (open, plastic
cover and net house) with different substrates and antifungal
treatments. The percentage of surviving plantlets was recorded up
to 8 weeks (Fig. 4). After 8 weeks, the highest survival percentage (40
%) was observed under net house conditions with vermiculite +
sand, where no chemical treatments were applied. This suggests
that substrate porosity and water-holding capacity played a critical
role in the survival of delicate plantlets. Other effective treatments
included peat + sand under net house and vermiculite + sand under
plastic cover, each achieving 30 % survival.

In contrast, all plantlets maintained under open conditions
across all substrates showed 0 % survival, indicating that
uncontrolled environmental exposure leads to transplant shock and
rapid desiccation (3). This study agrees with the optimal media for
cordyline was pine bark + garden soil + sand (1:1:1 w/w) (24).
Treatments with triadimefon (20 mg L) as a foliar spray or soil
drench, intended to reduce microbial stress, resulted in moderate
survival percentages of 10 %-20 %, but were inferior to the physical

Control MS

B2

Control MS

&L 8

Fig. 4. Acclimatization and hardening of Cordyline terminalis plantlets in
polybags under green house.

protection offered by net houses. These results are in agreement
with, who reported that microclimatic control was more effective
than chemical interventions during early acclimatization (25). The
use of polythene tents, misting and fogging are ways for regulating
relative humidity for micropropagated plants (26).

The radar graph pattern, clearly shows the relative
superiority of net house conditions over other environments,
highlighting the combined importance of substrate quality, humidity
regulation and partial shade in ensuring transplant success in
C. terminalis (Fig. 5). The significance of gradual acclimatization and
the use of semi-controlled structures such as net houses in
ornamental plant propagation (27).

Standardization of nutritional requirements of micropropagated
plantlets

The present study evaluated the response of C. terminalis plantlets
to different concentrations and modes of NPK (19:19:19) application
through soil drenching and foliar spray, assessed at 30 and 60 days
post-treatment (Table 4).

A40%
NH + Vermiculite +
Triadimefon foliar spray
20% 20%

30%

NH + Vermiculite +

a
Triadimefon drench 15%

10%

NH + Fine Sand +
Carbendazim spray + TD

foliar spray L

Survival %

Open Conditions

MNH + Vermiculite + Sand

e SUrvival %

Plastic Cover + Peat +
30% Sand

309, Plastic cover +
Vermiculite + Sand

30%
NH + Peat + Sand

Fig. 5. Radar chart showing the survival percentage of Cordyline terminalis plantlets 8 weeks after transplanting under different hardening

treatments and environmental conditions.
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Table 4. Standardization of nutritional requirements of micropropagated plants of Cordyline terminalis Medium: Cocopeat + Vermicompost

Treatments 19:19:19
NPK (g/plant)

Increment after 30 days

Increment after 60 days

Plantheight No.of Leaflength Leafbreadth Plant height No. of leaves Leaf length Leaf breadth
(cm) leaves (cm) (cm) (cm) ’ (cm) (cm)
Control 0.00 1.15 2.0 0.34 0.18 2.90 5.1 0.42 0.23
0.50 1.20 2.2 0.38 0.18 2.96 5.5 0.64 0.30
Soil drenching (X) 0.75 2.20 3.1 0.38 0.22 4.80 6.0 0.66 0.35
1.00 1.88 3.0 0.36 0.20 4.12 5.6 0.65 0.33
0.25 1.18 2.2 0.36 0.18 291 6.2 0.65 0.31
Foliar Spray (Y) 0.50 1.18 2.6 0.34 0.20 2.88 6.3 0.62 0.39
0.75 1.82 3.0 0.38 0.22 3.90 6.3 0.72 0.35
CD (0.05) 0.405 0.40 0.014 0.016 0.717 0.429 0.087 0.046
SE(m)+ 1.66 0.162 0.006 0.0068 0.293 0.175 0.035 0.19
CV (%) 28.91 16.6 4.13 9.08 22.21 7.94 15.19 15.61
Mean 1.52 2.59 0.365 0.197 3.49 5.855 0.622 0.322
Interaction Effect (X-Y) +0.37 +0.17 +0.006 0.00 +0.73 -0.57 -0.013 -0.023

Note: CD = critical difference at 5 %; SE(m) = standard error; CV = coefficient of variation. Interaction effect = soil drenching (X) - foliar Spray (Y).

Plant height after 30 days

Plant height at 30 days varied significantly across treatments. The
highest increase (3.88 cm) was recorded with 0.75 g per plant soil
drenching, which was significantly superior to all other treatments
(CDg.qs = 0.462 cm). This was followed by 0.75 g per plant foliar spray
(3.18 cm) and 0.5 g per plant soil drenching (3.12 cm), while the
lowest plant height (1.16 cm) was observed in the untreated control.
Treatments like 0.5 g foliar spray and 0.25 g foliar spray were
statistically at par with the control. These findings highlight the
superior efficiency of soil-applied macronutrients in early vegetative
development, which aligns with previous studies emphasizing root-
mediated nutrient uptake during the initial growth phases (28).

A positive interaction effect (+ 0.17) between the nutrient
dose and method of application further supports the synergistic role
of optimized drenching at higher NPK levels. Similar enhancement in
plant vigor with soil-based nutrient delivery systems has been
reported in ornamental crops such as Dieffenbachia and
Chlorophytum (29).

Leaf number, length and breadth after 30 days

The number of leaves after 30 days increased significantly from 2.91
(control) to a maximum of 4.80 leaves in 0.75 g/plant soil drenching,
which was statistically comparable with 0.5 g/plant soil drenching
(4.12) and 0.75 g foliar spray (4.10). Lower values were recorded in
0.25 g foliar spray and control. The leaf length and breadth ranged
from 2.906 cm-3.98 cm and 0.30 cm-0.39 cm, respectively, but did
not show statistically significant differences (CDg.0s = NS). These
moderate variations indicate that leaf morphometry is less sensitive
than height and leaf number to NPK dosage, especially at early
growth stages (5).

The coefficient of variation for leaf number and length
ranged from 6.16 % to 10.31 %, indicating moderate variability
among treatments. A positive interaction effect (+ 0.13) was noted for
leaf number, suggesting a beneficial cumulative influence of higher
soil-applied nutrients, while leaf breadth showed a slight negative
effect (-0.04) between foliar and soil treatments, similar to trends
noted in C. fruticosa (30).

Plant height and leaf traits after 60 days

After 60 days, the highest plant height (6.16 cm) was again noted in
0.75 g per plant soil drenching, followed by 0.75 g per plant foliar
spray (5.85 cm). The control showed the lowest growth (2.90 cm).
The number of leaves followed a similar trend, with the maximum
(5.6 leaves) under 0.75 g per plant drenching. These results

underscore the long-term benefit of direct root-zone NPK
availability, likely due to sustained release and uptake (31).

Interestingly, leaf length and breadth were higher in foliar
applications (up to 6.3 cm length and 0.72 cm breadth in 0.75 g foliar
spray), suggesting that foliar sprays promote laminar expansion,
possibly due to more direct and rapid nutrient absorption by foliage
(32). However, a negative interaction effect (-0.57) for plant height
and minor negative values (-0.01 to -0.02) for leaf traits indicate that
while foliar sprays favour leaf quality, soil drenching better supports
structural growth.

From the overall response, 0.75 g per plant NPK through soil
drenching emerged as the most effective treatment for increasing
plant height and number of leaves in C. terminalis. Foliar spray at the
same dose performed better for leaf length and breadth, especially
during the later stages. These findings suggest that dual strategies
combining drenching for structural growth and foliar feeding for
foliage quality may be optimal for ornamental plant production.

Conclusion

The present study successfully established an efficient in vitro
rooting and ex vitro acclimatization protocol for C. terminalis, a
commercially valuable ornamental foliage plant. The optimized
micropropagation system demonstrated that MS medium
supplemented with low concentrations of BAP and NAA induced
multiple shoot formation and early rhizogenesis, while effective
rooting was achieved both in vitro (with optimized sterilization and
PGR-free media) and ex vitro (IBA quick dips and substrate
selection). Exvitro rooting using 25 ppm IBA and potting mixture
significantly enhanced rooting percentage (96.6 %), root number
and root length, facilitating better acclimatization. Hardening
under net house conditions using vermiculite + sand substrate
resulted in the highest post-transplant survival (40 %),
outperforming chemical treatments and open-air environments.
Moreover, nutritional standardization revealed that 0.75 g per
plant NPK through soil drenching was most effective for enhancing
plant height and leaf number, while foliar application improved
leaf dimensions. Together, these findings provide a reproducible,
cost-effective protocol for large-scale propagation of C. terminalis,
which can benefit commercial floriculture and landscape
horticulture industries. Further research may explore genotype-
specific responses, secondary metabolite profiles and field
performance post-transfer.
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