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Abstract

This study aimed to investigate the role of plant growth regulators indole-3-butyric acid (IBA) and Jasmonic acid
(JA) on the rooting of stem cuttings of Dombeya wallichii, popular for their aesthetic and medicinal purposes.
The semi-hardwood cuttings were treated with different concentrations of the IBA (10, 20 uM) and/or JA (5, 10
KM) alone or in combinations. The control cuttings were simultaneously treated with water and planted in plas-
tic pots filled with an equal proportion of soil and compost. The results of the experiment suggested that all
morphological parameters of the plant did not respond when treated with IBA and JA alone. The maximum
increase in all parameters such as highest number of buds (12), leaf length (6.7 cm), leaf width (6.6 cm), number
of leaves (14), number of branches (15), shoot length (23 cm), root length (10 cm), fresh weight of shoot (16.3
g), dry weight of shoot (4.6 g), fresh weight of root (2.05 g) and dry weight of root (1.57 g) was recorded when
IBA and JA used in combination (10 uM IBA and 5 uM JA). The vigor and survival of the rooted cuttings were
optimized and consistent. So, the present research work demonstrated an efficient method for the mass pro-
duction of plants through vegetatively rooted cuttings to meet the market demands.

Keywords: Dombeya wallichii, Growth, Indole-3-butyric acid, Jasmonic Acid, Rooting of cuttings
Key message: IBA is a strong plant growth regulator for rooting in Dombeya wallichii.

Abbreviations: IAA Indole-3-acetic acid, IBA Indole-3-butyric acid, JA Jasmonic acid, MJ Methyl Jasmonat, SA Sal-
icylic Acid

1. Introduction species, with 173 exclusively inhabiting the Islands of
Madagascar and Comoros (Skema, 2014). D. wallichii
(Lindl.), among the genus, found its way to Brazil

where it successfully acclimatized to similar tropical

Dombeya, a genus within the Malvaceae family, is pre-
dominantly found in the paleotropical regions of the

world (Tropical Plant Database). The genus Dombeya
was named after the 18™ century by botanist J.
Dombey (ldowu et al., 2023). It encompasses of 206

conditions. This species typically grows into a shrub or
small tree, ranging from 3-9 m in height. It develops
expensive, dense canopies and follows a perennial life
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cycle, blooming during the fall and winter seasons. Its
flowering peak occurs predominantly between June
and July, subject to variations based on location and
prevailing climatic factors (Rocha, 2010). D. wallichii
possesses floral traits, including color, scent, and nu-
tritional offerings like nectar and pollen, aimed at at-
tracting a diverse array of floral visitors, thereby en-
suring successful pollination (Puentes et al., 2019).

The genus Dombeya has great importance as a
horticultural plant. D. wallichii, an exotic plant, is
widely cultivated in various regions of Brazil for orna-
mental purposes. Dombeya is reportedly used as a
remedy for stomach ailments in Thailand (Tangjitman
et al., 2015). Many species of this plant are also useful
for their medicinal importance in treating different ail-
ments. The species like D. rotundifolia is utilized in tra-
ditional medicine to address heart conditions, allevi-
ate nausea in pregnant women, treat intestinal ulcers,
headache, stomach issues, hemorrhoids, diarrhea,
dyspepsia, and to expedite the onset of labor
(Olawuwo et al., 2022). Other species like, D. buettneri
are medicinal plants from Africa traditionally used to
treat infectious diseases. Essential oils extracted from
D. buettneri, have antimicrobial properties to kill or in-
hibit infectious agents.

Today, these oils are fundamental components in
numerous industrial products, such as perfumes,
foods, beverages, and a wide range of biopharmaceu-
ticals (Paul, 2011; Ju et al., 2022; Idowu et al., 2023).
The leaves of D. burgessiae are used to cure leprosy
and malaria, and its roots are used to treat stomach
and sugar-related issues (Kazeem and Tom 2016).
The plant is grown through both sexual and asexual
methods. Asexual reproduction or vegetative propa-
gation is a practical method to preserve specific traits
in plants that might be lost through sexual reproduc-
tion (Awotedu, 2021). Itis a method to prevent the ex-
tinction of the species (Oseni et al., 2018). It is easier
and faster than sexual reproduction for some species,
allowing for the mass production of genetically identi-
cal copies of selected plants (Megersa, 2017). The
most widely known propagation technique is cutting,
as it is both cost-effective and highly successful (Rob-
erto and Colombo, 2020). Stem cuttings can produce
large, uniform quantities of plants, but they often
have low success rates due to challenges with rooting
and growth (Judd et al., 2015). The rooting success of
stem cuttings varies by plant species; some root read-
ily, while others remain stubborn even with the appli-
cation of growth regulators (Kumar, 2022).
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Plant hormones, such as auxins, are crucial for
plant growth, particularly in lateral root formation and
root gravity response. The success of rooting in cut-
tings is influenced by several factors including the spe-
cies and cultivar, the condition of the cutting wood,
the type of cuttings (such as hardwood, semi-hard-
wood, softwood, and herbal cuttings), the season, and
other variables (Sandhya et al., 2022). Auxin affects
the speed and enhances the percentage of rooting in
stem cuttings. IBA is the most effective in promoting
root initiation and adventitious root production in
stem cuttings (Kaushik and Shukla, 2020). The promot-
ing effect of IBA on rooting is primarily due to its con-
version to IAA within plant tissue. However, while |IAA
is essential for the rooting process, it is quickly oxi-
dized by peroxidases in the plant. In contrast, IAA de-
rived from IBA is not oxidized by peroxidases and re-
mains at the base of the cutting (Abu-Zahra et al.,
2012).

The other growth regulator Jasmonic acid affects
various aspects of plant growth and development, in-
cluding the promotion of flower and fruit develop-
ment, the induction of tuberization and tendril coiling,
the inhibition of seed and pollen germination, and the
restriction of root growth, among other processes
(Sohn, 2022). Low concentrations of JA promote the
formation of adventitious roots on cuttings (Cai et al.,
2023; Ali et al., 2024). JA-auxin interactions signifi-
cantly impact a wide range of developmental pro-
cesses in plants, including seed development and ger-
mination, root growth, flower development, seedling
growth, tuber formation, and senescence (Xu et al.,
2020).

The main objective of the study was to produce
the Dombeya plant at large scale. As the genus
Dombeya is native to Africa and serves multiple pur-
poses beyond their medicinal uses, making them more
susceptible to extinction compared to single- use spe-
cies. It is highly valued for its aesthetic qualities as an
ornamental plant that is grown for aesthetic effects in
landscape or garden designs. Therefore, the demand
for the cultivation of this plant is increasing day by day.
Thus, protecting and storing this valuable plant is cru-
cial to consistently meet market demands. Therefore,
conservation of this species at a large scale can be
made possible by growing them asexually with the ap-
plication of growth regulators for the betterment of
our society, country, and the world.

2. Materials and Methods
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In the present study, plant growth regulators were ap-
plied to observe the rooting ability of stem cuttings of
D. wallichii. The experiment was conducted from De-
cember 2023 to May 2024.

2.1 Procurement of Plant Material

The plant material utilized for this experiment com-
prised freshly harvested cuttings obtained from the
Botanical Garden, Institute of Botany, University of
the Punjab, Lahore. Pakistan.

2.2 Soil preparation

The growth medium used for this experiment was the
well-drained garden soil. The soil was sieved to re-
move the straws and stones and then finely ground to
pass from the sieve of 5 mm diameter. Compost was
also added to it. The proportion of compost and soil
used as a growing medium in plastic pots was 1:1. Five
to ten small holes were made at the base of each pot
(pot size: 9cm length & 11cm width) for drainage and
aeration. Then soil was filled equally in each pot and
was watered to full saturation.

2.3 Preparation of stem cuttings

To prepare stem cuttings, healthy and disease-free
stem cuttings were carefully selected and separated
from the species of Dombeya mother plants. The
stems were cut to a length of 18 cm, with 2-3 nodes,
and all leaves were removed. There were 27 cuttings
utilized for each treatment. The prepared cuttings
were then immersed for about one hour in beaker
containing water to prevent drying, with 2.5 to 5 cm
of their basal portion submerged before planting in
the pots.

2.4 Preparation of stock and working solutions

The growth hormones used in this experiment were
the indole-3-butyric acid (IBA) and Jasmonic acid (JA).
Therefore, stock solutions of 1mM of IBA and JA were
prepared in 100 ml solution, and then from these
stock solutions, working solutions of 10 and 20 uM IBA
and 5 and 10 uM JA were prepared and stored at 4 °C
till its use.

The cuttings were dipped in a 10 ml solution of dif-
ferent concentrations of IBA and JA for 30 mins. The
following nine treatments were used for this purpose:
1) Control (only water), 2) 5 uM JA, 3) 10 uM JA, 4) 10
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UM IBA, 5) 20 uM IBA, 6) 10 uM IBA and 5 uM JA, 7)
10 uM IBA, and 10 uM JA, 8) 20 uM IBA + 5 uM JA, 9)
20 uM IBA + 10 uM JA.

The experiment was carried out in a fully con-
trolled environment (Relative humidity level around
80%, Temperature range of 18 °C — 24 °C) of a glass-
house located at the University of the Punjab, Lahore,
using a complete randomized design.

2.5 Manual thinning

Regular manual weeding was performed to prevent
any interference with the growth of the experimental
plants. The soil was often irrigated by checking the
moisture level of the soil. Application as a fungicide,
i.e., spray of Hydrogen peroxide (H,0,) was also used
twice a week to remove any contaminants.

2.6 Experimental observations

The cuttings were monitored for a period of 120 days.
Subsequently, 9 cuttings were randomly selected from
each of the 9 pots for collecting data for various
growth parameters. The cuttings were carefully re-
moved from the soil in each plot, ensuring the roots
remained intact. The base of each cutting was deli-
cately washed in a bucket of clean water to avoid any
damage to the roots.

2.7 Data collection

Data was collected based on morphological parame-
ters. The number of buds per plant for each treatment
was counted by observing the buds on plants at the
onset of the emergence of the first bud. Data regard-
ing the number of buds was collected after one week
of planting. In each treatment, the total number of
buds was counted, and their mean was also calcu-
lated. The total number of sprouts per plant was col-
lected by counting the number of sprouts that
emerged from the buds. Data was collected after 15
days of planting (15 DAP). The mean of total number
of sprouts was calculated in each treatment and then
the graph was plotted. The number of leaves per plant
was recorded and then leaves of all three replicates of
each treatment were recorded, and their mean was
calculated and compared with other replicates of
other treatments to observe the maximum number of
leaves per plant. Leaf Area (cm?), the length and width
of leaves in each replicate were measured using a me-
ter rod by using the following formula.
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Leaf Area = 0.498 (LL x LW) + 0.054
where LL represents “leaf length,” and LW represents “leaf
width”

The number of side branches per plant was
counted, and then the total number of branches of all
three replicates of each treatment was recorded, and
its mean was calculated and subsequently compared
with other replicates of all treatments to observe the
maximum number of branches produced on each
treatment. The graph regarding the number of side
branches was plotted against all the treatments. The
length of shoots for each treatment was recorded in
centimeters from the plant base to its tip using a me-
ter rod during harvesting. Furthermore, after uproot-
ing the plants, root length was also measured in cen-
timeters using a meter rod.

The fresh weight of both shoots and roots from
each replicate was determined by individually weigh-
ing them using an electric balance. Subsequently, the
mean values were recorded. The fresh plants were
subjected to drying in an oven at 120°C for 48 hours.
Their weight was initially measured, followed by fur-
ther drying for an additional 24 hours until a constant
weight was achieved. Subsequently, the mean value
was calculated.

2.8 Statistical Analysis

The data collected was analyzed using SPSS version
20.0, and comparisons of mean values were con-
ducted employing Duncan's multiple range tests, with
a significance level established at P < 0.05.

3. Results
3.1 Number of buds per plant

The data regarding the number of buds per plant is
presented in Figure 1A. The results of the experiment
showed a significant increase in the number of buds
with JA and IBA as compared to Tl control. A
significant increase in the number of buds (7) was
observed by T5 as compared to T2 (3.7), T3 (4) and T4
(3). Moreover, this increase was further upregulated
in plants that received the combined treatment of JA
+ IBA. The highest (12) number of buds was observed
in T6 as compared to T5, while there was a non-
significant difference between the number of buds in
T7 (6) and T8 (6) when growth regulators were applied
in combinations.
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Figure 1. Effect of IBA and/or JA on number of buds per
plant of Dombeya wallichii. A) Number of buds, B) Number
of sprouts. T1 = Control, T2 =5 uM JA, T3= 10 uM JA, T4 = 10
UM IBA, Ts = 20 uM IBA, Te = 10 uM IBA + 5 uM JA, T7= 10
UM IBA + 10 uM JA, Ts = 20 UM IBA + 5 uM JA, To = 20 uM
IBA + 10 uM JA. Different letters a, b, c..., represent signifi-
cantly different results among different treatments as de-
termined by Duncan’s multiple range test (DMRT) p < 0.05.

3.2 Number of sprouts per plant

Figure 1B presents the number of sprouts per plant.
The results revealed that an increase in the number of
sprouts was observed in those plants that were
treated with growth regulators as compared to
control (3.3). A significant increase in the number of
sprouts was reported in T3 (8.3) and T5 (5.7) when
growth regulators were applied alone but in higher
concentrations than T2 (2.3) and T4 (2.7). Moreover,
the maximum increase in the number of sprouts was
recorded in T6 (10) as compared to T7 (4.3), T8 (5), and
T9 (4) when IBA and JA were supplemented together
in different combinations (Figures 2, 3, 4, 5).

3.3 Number of leaves

The data regarding number of leaves is presented in
Figure 6A. A significant increase in the number of
leaves was observed when the basal ends of the
cutting were treated with either JA or IBA alone or in
combinations as compared to the control. Moreover,
the number of leaves increased significantly in T3 (11)
and T5 (12), where the growth regulators were
applied alone, but in higher concentrations, the
number of leaves was significantly reduced in T2 (5)
and T4 (5).
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Figure 2. Showing sprouts on stem cuttings of D. wallichii
treated with different concentrations of JA (A) control, (B) 5
UM JA and (C) 10 uM JA.

10uMIBA 20 uM IBA

—

Figure 3. Showing sprouts on stem cuttings of D. wallichii
treated with different concentrations of IBA (A) control, (B)
10 uM IBA and (C) 20 uM IBA.

— ";7 ’

Figure 4. Showing sprouts on stem cuttings of D. wallichii
treated with different concentrations of IBA and JA (A) Con-
trol, (B) 10 uM IBA + 5 uM JA, (C) 10 uM IBA + 10 puM JA.

Figure 5. Showing sprouts on stem cuttings of D. wallichii
treated with different concentrations of IBA and JA (A) Con-
trol (B) 20 uM IBA +5 uM JA, (C) 20 uM IBA + 10 uM JA. Data
was collected from 10 replicates.
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Further, a maximum number of leaves was observed
in T6 (14) followed by the presence of 13 leaves with
T7.

3.4 Leaf length

Figure 6 B presents the comparison of the length of
the leaves among different treatments. The graph
revealed that a significant increase in the length of
leaves was observed when growth regulators IBA and
JA were applied in different combinations, as
compared to leaf length in control (2 cm). The leaf
length was significantly increased in T3 (4.5 cm) and
T5 (4.7 cm) than the leaf length in T2 (3 cm) and T4
(3.5 cm) when basal ends of the cuttings were
supplied with growth regulators alone and in lower
concentration. Maximum length of leaves was
observed in T8 (7 cm) followed by the length of the
leaves (6.7 cm) from T6. The length of leaves was non-
significantly different in response of T6 and T8 while
length of the leaves was non-significantly reduced to
(5.7 cm) and (5.1 cm) in T7 and T9 respectively as
compared to T6 and T8.

3.5 Leaf width

A significant increase in the width of the leaves was
observed when the basal ends of the stem cutting
were treated with different concentrations of
different combinations of growth regulators as
compared to the control (2.5 cm). A significant
increase in the width of the leaves was recorded in T3
(5cm) and T5 (4.8 cm) as compared to T2 (2.3 cm) and
T4 (3.5 cm). Moreover, a highly significant increase in
the width of leaves was recorded in T6 (6.6 cm) and T8
(6.6 cm). The width of the leaves was non-significantly
different in the case of T5 (4.8 cm) and T9 (4.6 cm)
(Figure 6 C).

3.6 Leaf area

The results of leaf area were significantly higher with
growth regulators applied in combinations, while the
minimum leaf area was observed in the plant without
treatment (2.6 ¢cm?) in the control (Figure 6 D).
However, leaf area was significantly increased in the
case of T3 (11.1 cm?) and T5 (11.1 cm?) when IBA and
JA were applied separately in higher concentrations as
compared to the leaf area of (3.6 cm?) and (5.2 cm?) in
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T2 and T4, respectively. The leaf area of T9 (12 cm?)
was non-significantly different from T3 and T5.

Treatmenis

Treatments

D Treatments

Treatments

Figure 6. Effect of IBA and/or JA on number of leaves (A),
leaf length (cm, B), leaf width (cm, C), leaf area (cm?, D) per
plant of D. wallichii. T1 = Control, T2 =5 uM JA, Tz= 10 uM
JA, Ta=10 puM IBA, Ts = 20 uM IBA, T = 10 uM IBA + 5 uM
JA, T7=10 uM IBA + 10 uM JA, Ts =20 uM IBA + 5 UM JA, To
=20 uM IBA + 10 uM JA. Different letters a, b, c..., represent
significantly different results among different treatments as
determined by Duncan’s multiple range test (DMRT) p <
0.5.

Moreover, the maximum and a significant increase in
leaf area of (23.2 cm?) was recorded in T8 followed by
the leaf area of (22.2 cm?) from T6 when JA was

applied in combinations but in lower concentrations.

3.7 Number of side branches
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A significant increase in number of side branches was
observed in those plants that were treated with the
combined application of growth regulators as
compared to control (Figure 7 A). The leaf area was
significantly higher in case of T5 (14) as compared to
T2 (7), T3 (9) and T4 (5). The maximum number of side
branches was recorded in T6 (15) with a non-
significant difference with T5 and a significant
difference with all other treatments when IBA and JA
were applied alone or in the form of combinations.

T1 T2 AE} Ta TS5 To i T8 T

Treatments

20

15

10

Tl T2 T3 T4 TS T6 i T8 T
Treatments

Figure 7. Effect of IBA and/or JA on Side Branches (A) and
Shoot Length (B) of D. burgessiae. T1 = Control, T2 =5 uM JA,
T3= 10 uM JA, T2 = 10 puM IBA, Ts = 20 uM IBA, Ts = 10 pM
IBA+5uMJA, T7=10 uM IBA + 10 uM JA, Ts = 20 uM IBA +
5 uM JA, To9 = 20 uM IBA + 10 uM JA. Different letters a, b,
c..., represent significantly different results among different
treatments as determined by Duncan’s multiple range test
(DMRT) p<05.

3.8 Shoot length

Figure 7 B shows the comparisons of shoot length
treated with different concentrations of the growth
regulators. The results demonstrated that the
interaction between the IBA and JA is a key factor
responsible for the significant increase in the shoot
length of the plant as compared to the control (16.5
cm). The shoot length significantly increased up to 22
cm in T3 as compared to T2 (16 cm) and T4 (17 cm).
Moreover, this increase was further upregulated in T8
(shoot length of 24 cm), which is non-significantly
different from T6 (23), while shoot length was
significantly different in the case of T7 (20 cm) and T9
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(22 cm) when JA was applied in combinations but in
higher concentrations (Figures 8, 9).

10 M IBA + 5 uM JA TOUM IBA + 10 pM JA

\ ; .

Figure 8. Shoot length of D. burgessiae treated with differ-
ent concentrations of IBA and JA (A) Control, (B) 10 uM IBA
+5 UM JA, (C) 10 uM IBA + 10 uM JA

20 pM IBA + S uM JA 20 pM IBA + 10 uM JA
v

\ 4

Figure 9. Shoot length of D. burgessiae treated with differ-
ent concentrations of IBA and JA (A) Control, (B) 20 uM IBA
+5uMJA, (C) 20 uM IBA + 10 uM JA

12

10
bc

4 de

Root length (cm)

T1 T2 T3 T4 5 T6 T T8 T9
Treatment

Figure 10. Effect of IBA and/or JA on root length of D. bur-
gessiae. T1 = Control, T2=5 pM JA, T3= 10 uM JA, T4 =10 uM
IBA, Ts = 20 uM IBA, Te = 10 uM IBA + 5 uM JA, T7= 10 uM
IBA+ 10 uM JA, Ts =20 uM IBA + 5 uM JA, To = 20 uM IBA +
10 uM JA. Different letters a, b, c..., represent significantly
different results among different treatments as determined
by Duncan’s multiple range test (DMRT) p <0

3.9 Root length

The data regarding the root length by analysis of
variance (ANOVA) is presented in Figure 10. The
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results revealed that when JA or IBA were applied in
lower concentrations, root length was decreased, and
when they were applied in different combinations of
specific concentrations, root length was increased as
compared to the control (2 cm). A significant increase
in root length was observed in T5 (8.2 cm) as
compared to T2 (2.5 cm), T3 (3.5 cm) and T4 (3 cm).
The root length was non-significantly different in case
of T2 and T4. The maximum increase in root length
was observed in T6 (10 cm) followed by a length of (8.6
cm) in T8 as compared to the control, while a non-
significant difference in root length was recorded in T5
and T8 (Figures 11 A-F).

Figure 11. Root length of D. burgessiae treated with differ-
ent concentrations of IBA or JA (A) Control, (B) 5 uM JA, (C)
10 uM JA, (D) 10 uM IBA, (E) 20 uM IBA, (F) 10 uM IBA + 5
UM JA, (G) 10 uM IBA + 10 uM JA, (H) 20 uM IBA + 5 uM JA,
(1) 20 uM IBA + 10 uM JA

3.10 Fresh weight of shoot

IBA and JA collectively showed a remarkable increase
in fresh weight as compared to the control. The fresh
weight of the shoot had no significant difference in
case of T2 (9.74 g) and T4 (10.8 g), while a gain in fresh
weight of shoots was observed in T3 (15.8 g) and T5
(14.5 g) when growth regulators were applied alone
and in higher concentrations. Moreover, a highly
significant increase in fresh weight of shoots was
observed in T6 (16.3 g) which is non-significantly
different with T7 (0.34 g) and T3 (15.8 g) while
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significantly different with all other treatments of IBA
and JA. A non-significant difference in fresh weight of
shoots was also observed in T7 (15 g) and T8 (14.8 g)
as compared to control (Figure 12 A).

abc bed

Fresh weight of shoot (g)

T1 T2 T3 S T6 7 T8 ™
T4
Treatment

Diy weight of shoot (g)

T T 3 T4 s e m At ™

Treatments

Figure 12. Effect of IBA and/or JA on Fresh Weight (A) and
Dry Weight (B) of shoot of D. burgessiae. T1 = Control, T» =
5 UM JA, T3= 10 uM JA, Ta = 10 uM IBA, Ts = 20 uM IBA, Te =
10 uM IBA + 5 UM JA, T7= 10 uM IBA + 10 uM JA, Tg = 20 uM
IBA +5 uM JA, To = 20 uM IBA + 10 uM JA. Different letters
a, b, ¢, represent significantly different results among differ-
ent treatments as Duncan’s multiple range test (DMRT) p <
05.
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Figure 13. Effect of IBA and/or JA on Fresh Weight (A) and
Dry Weight (B) of roots of D. burgessiae. Ty = Control, T, =5
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UM JA, Ts= 10 uM JA, T4 = 10 uM IBA, Ts = 20 uM IBA, Ts = 10 uM
IBA +5 puM JA, T7= 10 UM IBA + 10 pM JA, Tg = 20 uM IBA + 5 pM
JA, To=20 uM IBA + 10 uM JA. Different letters a, b, c..., represent
significantly different results among different treatments as deter-
mined by Duncan’s multiple range test (DMRT) p <0 5.

Total fresh weight of plant (g)

T 2 3 T4 T T6 vl 8 T9
Treatments
6
B a
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T T LE] T4 L] T6 v T8 ]
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Figure 14. Effect of IBA and/or JA on Total Fresh Weight (A)
and Total Dry Weight (B) of plant of D. burgessiae. T1 = Con-
trol, T2= 5 M JA, T3= 10 pM JA, T2 = 10 uM IBA, Ts = 20 pM
IBA, T = 10 UM IBA + 5 uM JA, T7= 10 uM IBA + 10 uM JA,
Ts = 20 uM IBA + 5 pM JA, To = 20 uM IBA + 10 pM JA. Dif-
ferent letters a, b, c..., represent significantly different re-
sults among different treatments as determined by Dun-
can’s multiple range test (DMRT) p <0 5.

3.11 Dry weight of shoot

The data regarding the dry weight of the shoot is
presented in Figure 12 B. The dry weight of the shoot
decreased in those plants that were treated with
lower concentrations of growth regulators, while a
significant increase in dry weight of shoots was
recorded in T3 (3.8 g) and T5 (4 g) as compared to the
control (2.7 g). A non-significant reduction in dry
weight of shoots was recorded in T2 (3.5 g) and T4 (2.8
g), which showed less efficiency of growth regulators
towards rooting performance when applied
exogenously in lower concentrations. Moreover, the
maximum increase in dry weight of shoots was
observed in T6 (4.6 c¢cm), which is non-significantly
different from the dry weight of shoots in T7 (3.8 g)
while significantly different from T8 (3.7 g) and T9 (3.5
g). The dry weight of the shoot in T6 was non-
significantly different from the dry weight of the shoot
inT4.
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3.12 Fresh weight of root

The maximum gain in fresh weight of the root was
observed in the plants that were treated with the
combinations of growth regulators as compared to the
control (Figure 13 A). A significant increase in fresh
weight of root was observed in T5 (1.72 g) as
compared to fresh weight of root in T2 (0.55 g), T3
(0.32 g) and T4 (0.75 g). Fresh weight of roots was
reduced in T2, T3 and T4. Moreover, a highly
noticeable increase in fresh weight of roots was
recorded in T6 (2.05 g) which is non-significantly
different from T7 (1.75 g), while significantly different
from T8 (1.53 g) and T9 (1.15 g) as compared to T5.

3.13 Dry weight of root

Dry weight of roots was badly affected in the
treatments when basal ends of the cuttings were
treated with JA alone, either with lower or higher
concentrations, as compared to the control (0.56 g).
However, in the case of IBA treatment, the dry weight
of roots increased up to 0.82 g compared to T2 (0.2 g),
T3 (0.26 g) and T4 (0.45 g). Similarly, a highly
significant increase in dry weight of roots was
recorded in T6 (1.57 g), which is non-significantly
different from T7 (1.24 g) while the dry weight of roots
was significantly reduced to 0.97 g in T9 as compared
to T6 (Figure 13 B).

3.14 Total fresh weight of plant

The interaction between the JA and IBA leads to the
maximum gain in fresh weight (Figure 14 A) of the
plant when growth regulators were applied in
combined treatments as compared to the control (8.7
g). A non-significant increase in total fresh weight of
plant was observed in T3 (15.4 g) and T5 (15.1 g), while
a non-significant loss in fresh weight of plant was
recorded in T2 (9.9 g) and T4 (9.8 g) when growth
regulators were applied alone and in lower
concentrations. Moreover, a remarkable increase in
weight was observed in T6 (17.1 g), which is not
significantly different from T7 (15.9 g) and T8 (16.5 g)
while a significant loss in weight of the plant was
recorded in T9 (15.3 g) as compared to T6.

3.15 Total dry weight of plant

The total dry weight of the plant was reduced in the
treatments when the basal ends of the cuttings were
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treated with only JA, either with lower or higher
concentrations, and the maximum dry weight of roots
was recorded on the cuttings that were treated with
the combined application of IBA and JA, as compared
to the control (2.76 g). The total dry weight of the
plant was non-significantly increased in T3 (3.85 g) and
T5 (4 g), while the weight of plant was reduced in T2
(3.41 g) and T4 (3). Moreover, a maximum increase in
dry weight of the plant was recorded in T8 (5 g), which
is non-significantly different from T6 and significantly
different among all the treatments (Figure 14 B).

Discussion

The trend of asexual propagation is widely practiced
to multiply plants with desired traits and maintain
their purity for commercial use in many fruit crops.
The technique of vegetative propagation has gained
popularity in horticulture in recent years. Many
horticultural crops that are typically difficult to root
can now be rooted more easily using plant growth
regulators, appropriate growing media, and optimal
propagation conditions.

In the present study, the effect of growth
regulators IBA and JA was observed for the rooting
and establishment of stem cuttings of Dombeya plant.
Results of the experiment revealed that IBA or JA were
effective in promoting the rooting and other
morphological parameters when they were applied
alone at their higher concentration. However, when
they were applied in combination, JA and IBA
significantly enhanced the rooting ability and growth
of the plant compared to when used alone. The
combined treatment of 10 uM IBA and 5 uM JA
showed the best results among all the other
concentrations tested during this investigation.

The findings of the current experiment suggest
that a higher concentration of IBA (20 uM) produced
more buds and sprouts, while opposite results were
recorded when stem cuttings were treated with a
lower concentration of JA (5 uM). However, the
maximum number of buds and sprouts was found in
the combined application of growth regulators (10 uM
IBA and 5 uM JA). Corresponding results were found
by Guchhait et al. (2024) when they worked on the
stem cuttings of Citrus plants, and their findings
highlighted that higher concentrations of auxins help
in buds and sprouts induction as compared to the
control treatment. This may be due to a high
accumulation of callus formation in cuttings treated
with an optimal dose of auxin, leading to the highest
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percentage of sprouted cuttings. Current findings also
highlighted the role of auxin (IBA) at higher
concentration (20 uM) for the production of a higher
number of side branches, while a significant reduction
in side branches was recorded with a lower
concentration of JA (10 uM). However, IBA at both
lower and higher concentrations in combination with
JA significantly increases the number of side branches.
These findings coincide with the findings of Akhtar et
al., (2015), which illustrated the role of IBA on stem
cuttings of Citrus plants resulted in a maximum
number of side branches with a higher concentration
of IBA.

Aremarkable increase in the number of leaves per
stem cutting of the Dombeya plant was recorded in
the treatment with a higher concentration of IBA (20
UM), while a significant reduction in the number of
leaves was recorded with a lower concentration of IBA
(10 uM) or JA (5 uM). Thus, IBA is the key factor
involved in the development of the maximum number
of leaves on the cuttings of the plant. This is due to the
change in the assimilate partitioning from roots to
leaves, due to auxin resulted in increased
carbohydrates and chlorophyll content in the leaves,
which could be the cause of this effect. It also
improves the soluble protein level, hormonal balance,
and mineral content of leaves. Further, it could be the
effect of the nutrients in the media encouraging root-
level growth, which produces more leaves per cutting.
These results coincide with the findings of Mehta et al.
(2018) on Punica granatum, in which auxins at higher
concentrations help in the development of leaves on
stem cuttings as compared to the control.

From the current study, it was also observed that
a higher concentration of IBA (20 uM) was responsible
for increased leaf area than the plants treated with
lower concentrations of growth regulators, IBA (10
UM) or JA (5 uM). Similar findings were reported by
Naji et al. (2015) in the experiment that was
conducted on the three hybrids Lily cultivars to
observe the expression of growth regulators IBA, BA,
and CCC, highlighting the role of IBA at higher
concentration for increased leaf area among all plants.
This is because auxins play a significant role in the cell
wall's flexibility and elasticity and aid in the activation
of certain genes that produce RNA, which is necessary
for the synthesis of proteins. so that the water
potential becomes more negatively oriented, resulting
in a decrease in compacting pressure, an increase in
water and nutrient material passing through, and an
increase in cell size obtained.
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Results of the current experiment exposed the
adverse effects of JA at a lower concentration (5 uM)
for reduced shoot and root length, while a significant
increase in shoot and root length was recorded in
stem cuttings treated with IBA at a higher
concentration (20 uM). Olatuniji et al. (2017) reported
that auxin plays a crucial role in various root
developmental processes, serving as a signal for the
division, elongation, and differentiation of root cells.
However, a highly significant increase in shoot and
root length was observed when IBA (10 uM) and JA (5
UM) were applied together to the basal ends of the
stem cuttings. These results coincide with the findings
of Fattorini et al. (2010) when they observed the
combined effect of growth hormones IBA and
Jasmonic acid exogenously on the stem cuttings of the
tobacco plant and the results highlighted that JA at
lower concentration is effective in root development
when applied together with IBA, while antagonistic
results were recorded with higher concentration of JA.
Pincelli-Souza et al. (2024) reported that IBA is a
precursor of auxin that is converted into IAA through
a peroxisomal B-oxidation process. JA triggers the
conversion of IBA into IAA as in Arabidopsis, resulting
in various plant responses, exposing the essential role
of IBA in maintaining auxin homeostasis. These
chemicals’ changes result in the formation of
increased root and shoot length in stem cuttings of the
plant.

Significant increase was observed in fresh and dry
weight of shoots and roots when stem cuttings of
Dombeya plant were treated with a combination of
growth regulators at lower concentration (10 uM IBA
and 5 pM JA) as compared to the application of IBA or
JA alone. Similar findings were achieved by Hou et al.
(2020) who experimented on Azalea cuttings treated
with different combinations of growth regulators IBA,
NAA and SA. Their findings suggest that compared to
the concentration of NAA, the highest shoot and root
fresh and dry weight was achieved in treatment with
the combined application of IBA and SA. The lower
concentration of SA promotes rooting in Azalea
cuttings while higher concentration inhibits root
development and decreases the fresh and dry weight
of the shoot and root. According to Gutierrez et al.
(2012), the development of adventitious roots (ARs) is
a process influenced by the interaction between auxin
and JA. Auxin controls the levels of active JA-lle by
regulating the expression of several GH3 genes,
including GH3.3, GH3.5, and GH3.6. The proteins
produced by these genes are thought to conjugate JA
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with amino acids, thereby adjusting the levels of both
free JA and JA-lle. This mechanism favours the
development of adventitious roots and then
maintains the healthy, fresh, and dry weight of shoots
and roots. Thus, it can be concluded that rooting and
establishment of stem cuttings of Dombeya plant can
be increased to a significant level when growth
regulators were applied exogenously at a particular
concentration of 10 uM IBA and 5 uM JA.

Conclusion

In the current study, successful rooting was achieved
in the stem cuttings of the Dombeya plant that was
treated with either the application of growth
regulators separately but at higher concentration (10
UM JA or 20 uM IBA) or in combined application of
growth regulators but at lower concentration (10 uM
IBA and 5 uM JA). A highly significant increase in all
the parameters studied was achieved by the
combined treatment of Indole 3-butyric acid and
Jasmonic acid, but at a lower concentration. Thus,
interaction between the IBA and JA leads to
outstanding results in rooting performance and
establishment of stem cuttings of the Dombeya plant
through vegetative propagation. Through this
method, the conservation of difficult-to-root species
can be made possible by application of growth
regulators, but application of these growth hormones
requires special attention towards their concentration
to be applied.
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