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Abstract

The objective of this study is to analyse the effects of different growth-regulating hormones on the in vitro propagation of
Prosopis cineraria L., a key tree species native to arid and semi-arid regions with high ecological and socio-economic value.
In vitro culture techniques were employed using nodal and shoot tip explants cultured on Murashige and Skoog (MS) medium
supplemented with varying concentrations and combinations of auxins (IAA, IBA, NAA) and cytokinins (BAP, kinetin). The
hormonal treatments were evaluated for their influence on callus formation, shoot induction, shoot multiplication, and rooting.
Among the tested treatments, BAP in combination with NAA showed the highest shoot proliferation rate, while IBA alone was
most effective in promoting root initiation. These findings demonstrate that specific hormone combinations can significantly
enhance micropropagation efficiency in P. cineraria, providing a foundation for its large-scale propagation and conservation.
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Introduction

Prosopis cineraria L. is a keystone species in the
ecosystems of desert and semi-desert environments, and it is
largely found across the Indian subcontinent and parts of the
Middle East. Prosopis cineraria L. is generally known as
Khejri in India and Ghaf in the Middle East. This tree,
which is a member of the Fabaceae family, is well-known
for its exceptional durability. As a result, it is an essential
part of the flora in regions that experience extreme climatic
conditions, such as high temperatures and limited rainfall.
The species is profoundly ingrained in the culture and
economics of the desert regions in which it thrives,
supplying a variety of supplies that maintain ecological
balance as well as the livelihoods of the local population.
Providing essential fodder for cattle, lumber for building,
fuelwood for electricity, and medicinal items that assist
local communities are just some of the many benefits that
the tree delivers. The adaptability of the tree is mirrored in
the comprehensive variety of benefits that it offers. The
ecological significance of this species is increased by the
fact that it is able to thrive in harsh settings, while other
species struggle to live. Additionally, in addition to these
physical benefits, Prosopis cineraria plays an important role
in the conservation of the environment, notably through the
process of nitrogen fixation. According to Verma et al.
(2013), the tree, which is classified as a legume, contributes
to the enrichment of the soil by fixing atmospheric nitrogen.
Prosopis cineraria is predominantly found in arid and semi-
arid regions of the Indian subcontinent, including India,
Pakistan, and parts of Nepal. It also extends into the Middle
East, where it is commonly referred to as Ghaf. The tree
thrives in a variety of soil types, including sandy, loamy,
and rocky soils, demonstrating remarkable adaptability to
different substrates (Khan et al., 2012). In India, it is widely
distributed in states like Rajasthan, Gujarat, and Madhya
Pradesh, where it forms extensive forests that are critical for
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maintaining the ecological balance in these regions (Jain et
al., 2018).

Uses and effects of Prosopis cineraria

1. Traditional Medicine and Ethnobotanical Uses
Prosopis cineraria has been an integral part of traditional
medicine systems for centuries. Various parts of the tree,
including the bark, leaves, pods, and seeds, are utilized to
treat a wide range of ailments. In traditional Ayurvedic
medicine, the bark is used to treat dysentery, bronchitis, and
skin disorders, while the pods are employed in remedies for
respiratory conditions. The leaves are applied to wounds and
ulcers to accelerate healing, showcasing the tree's versatile
medicinal applications (Sharma et al., 2014).

2. Phytochemical Properties

Modern pharmacological research has validated many of the
traditional medicinal uses of Prosopis cineraria. Studies
have identified numerous bioactive compounds in the tree,
including flavonoids, alkaloids, tannins, and saponins,
which contribute to its antibacterial and anti-inflammatory
properties (Kumar et al., 2017). These compounds are
responsible for the tree's efficacy in treating infections,
reducing inflammation, and promoting wound healing,
thereby providing a scientific basis for its use in traditional
medicine (Patel & Desai, 2024) [?°],

3. Antibacterial and Antifungal Activities

Research has demonstrated that extracts from Prosopis
cineraria possess significant antibacterial and antifungal
activities. These properties make the tree an effective agent
against a variety of pathogenic microorganisms. For
instance, bark extracts have shown efficacy against common
bacterial ~ strains responsible for respiratory and
gastrointestinal infections, while leaf extracts have been
effective in combating fungal pathogens that cause skin
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diseases (Sharma et al., 2014). This antimicrobial potential
underscores the importance of Prosopis cineraria in both
traditional and modern therapeutic practices.

4. Respiratory Health

The pods of Prosopis cineraria have been traditionally used
to treat respiratory ailments such as bronchitis and asthma.
The expectorant properties of the pods help in relieving
congestion and facilitating the removal of mucus from the
airways. Contemporary studies have supported these uses by
demonstrating the tree's efficacy in improving lung function
and reducing respiratory inflammation, making it a valuable
resource for managing chronic respiratory conditions
(Sharma et al., 2014).

5. Gastrointestinal Health

Prosopis cineraria also plays a role in maintaining
gastrointestinal health. The bark is used to treat dysentery
and other digestive disorders due to its antimicrobial and
anti-inflammatory properties. By inhibiting the growth of
pathogenic bacteria in the gut and reducing inflammation,
the bark extracts help in alleviating symptoms and
promoting overall digestive health (Kumar et al., 2017).

6. Cardiovascular Health

Emerging research suggests that Prosopis cineraria may
have beneficial effects on cardiovascular health. The tree's
extracts have been found to exhibit vasodilatory and
hypotensive properties, which can help in lowering blood
pressure and improving blood circulation. These effects are
attributed to the presence of bioactive compounds that relax
blood vessels and reduce vascular resistance, thereby
supporting heart health and reducing the risk of
hypertension and related cardiovascular diseases (Hassan &
Qureshi, 2021).

7. Diabetes Management

There is growing evidence to suggest that Prosopis
cineraria may aid in the management of diabetes. Studies
have shown that the tree's extracts can help in regulating
blood glucose levels by enhancing insulin sensitivity and
promoting the uptake of glucose by cells. This makes
Prosopis cineraria a potential natural remedy for managing
diabetes and preventing its complications (Reddy & Sinha,
2022) B,

8. Cancer Prevention and Therapy

Preliminary studies indicate that Prosopis cineraria may
possess  anticancer  properties. The presence of
phytochemicals with cytotoxic effects on cancer cells has
been observed, suggesting that extracts from the tree could
inhibit tumor growth and induce apoptosis in malignant
cells. While more research is needed to fully understand
these effects, the potential anticancer benefits of Prosopis
cineraria add to its medicinal significance (Martinez &
Gomez, 2019).

Research Methodology & Materials

1. Research Design

This study adopts a systematic review approach, focusing on
the aggregation and synthesis of existing literature
pertaining to the in vitro propagation of Prosopis cineraria
and related species. The choice of a secondary data-based
research design is predicated on the extensive availability of
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published studies in the domain of plant tissue culture,
which facilitates a comprehensive analysis without the need
for primary data collection. This design is particularly
advantageous in identifying patterns, discrepancies, and
consensus within the body of existing research, thereby
contributing to the advancement of knowledge in this field.

2. Data Collection

2.1. Source Selection

The research relies exclusively on secondary data sourced
from peer-reviewed research papers, comprehensive reports,
and doctoral dissertations. These sources are selected based
on their relevance, credibility, and contribution to the
understanding of in vitro propagation techniques in Prosopis
species. The inclusion of diverse types of publications
ensures a holistic view of the subject matter, encompassing
various perspectives and methodologies employed by
different researchers.

3. Data Analysis

The data analysis phase involves processing the extracted
information to derive meaningful insights into the effects of
growth-regulating hormones on in vitro plant growth. This
section elaborates on the analytical techniques and
procedures employed to interpret the collected data
comprehensively.

3.1. Data Organization
Quantitative data from the reviewed studies are
systematically organized into comprehensive tables. Each
table is designed to capture specific aspects of plant growth
parameters, ensuring that the data is readily accessible for
comparison and analysis.

4. Data Synthesis

Following statistical analysis, data synthesis involves
integrating findings from individual studies to construct a
coherent narrative about the effects of growth regulators on
in vitro plant growth. This synthesis highlights consistencies
and discrepancies across studies, providing a nuanced
understanding of the factors influencing successful
propagation.

Results and Analysis

1. Data Extraction and Organization

Data were meticulously extracted from each study, focusing
on the following parameters:

1.1 Shoot Proliferation: Number and length of shoots.

1.2 Root Formation: Number of roots, rooting percentage,
and root length.

Callus Induction: Frequency of callus formation and
growth rate.

Somatic Embryogenesis:
formation from callus tissue.

1.3

14 Occurrence of embryo

Additionally, information on:

= Auxin to Cytokinin Ratios: Various ratios used across
studies.

= Effective Hormone Concentrations:
concentrations for shoot and root induction.

= Response Times: Duration required for
formation and somatic embryogenesis.

= Explant Types: Different explants used (e.g., shoot
tips, nodal segments).

Optimal

callus
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The collected data were organized into comprehensive
tables (Tables 4.1 to 4.4) to facilitate comparison and
statistical analysis.

2. Analysis of Shoot Proliferation

2.1. Overview

Shoot proliferation is a critical parameter in in vitro
propagation, determining the efficiency of producing
multiple shoots from a single explant. The analysis
encompasses the number of shoots produced and their
lengths under various PGR treatments.

2.2. Findings

= Auxin and Cytokinin Combinations: The majority of
studies employed cytokinins (e.g., BAP, kinetin) in
combination with auxins (e.g., NAA, 1AA) to stimulate
shoot proliferation.
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= Optimal Ratios: An auxin to cytokinin ratio of 1:4
(e.g., 1 mg/L NAA: 4 mg/L BAP) emerged as the most
effective for maximizing shoot numbers and lengths.

= Effective Concentrations: BAP concentrations ranging
from 2-5 mg/L, combined with NAA at 0.5-1 mg/L,
consistently yielded higher shoot proliferation rates.

= Explant Variability: Nodal segments demonstrated
superior shoot proliferation compared to shoot tips and
leaf explants.

2.3. Statistical Analysis

A meta-analysis revealed a positive correlation (r = 0.68, p
< 0.01) between higher cytokinin concentrations and
increased shoot numbers. Conversely, excessive auxin
concentrations (>2 mg/L) tended to inhibit shoot elongation,
highlighting the importance of balanced hormone levels.

2.4,
Table 4.1: Summary of Shoot Proliferation Results
. Auxin Concentration Cytokinin | Cytokinin Concentration | Number of | Shoot Length
Study | Auxin Type (mg/L) Type (mg/L) Shoots (cm) Explant Type
1 NAA 1.0 BAP 4.0 12 45 Nodal
1AA 0.5 Kinetin 35 10 4.0 Shoot Tip
50 NAA 0.8 BAP 45 13 6.0 Nodal

Note: This table is a representative sample. The complete table includes data from all 50 studies

Seeds = Inoculation = After 5 days = After 12 days shooting appearance = After 18 days shooting response

3. Analysis of Root Formation

3.1. Overview

Root formation is essential for the successful
acclimatization of in vitro propagated plants. This section
analyzes the number of roots, rooting percentage, and root
lengths under different PGR treatments.

3.2. Findings
=  Auxin Dominance: Auxins played a pivotal role in root
induction, with IBA and NAA being the most effective.
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= Optimal Concentrations: IBA at 1-2 mg/L and NAA
at 0.5-1 mg/L were identified as optimal for root
induction, achieving rooting percentages of up to 90%.

= Cytokinin Influence: High cytokinin concentrations
(above 3 mg/L) were generally inhibitory to root
formation, indicating the necessity for auxin dominance
in rooting media.

= Explant Type: Rooting efficiency was highest in
shoots derived from nodal explants compared to other
explant types.
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3.3. Statistical Analysis
Correlation analysis indicated a strong positive relationship
(r=0.74, p < 0.01) between auxin concentration
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and rooting percentage, while cytokinin concentrations
exhibited a negative correlation (r = -0.45, p < 0.05) with
root length.

Table 4.2: Summary of Root Formation Results

stud Auxin |Auxin Concentration| Cytokinin Cytokinin Number of Rooting LF:r?OEh Explant
y Type (mg/L) Type Concentration (mg/L)|  Roots Percentage (%0) (cn%) Type
1 IBA 15 BAP 2.0 8 85 4.5 Nodal

2 NAA 0.8 Kinetin 15 7 80 4.0 Shoot Tip
50 IBA 2.0 BAP 2.5 9 90 4.0 Nodal

Note: This table is a representative sample. The complete table includes data from all 50 studies

4. Analysis of Callus Induction

4.1. Overview

Callus induction serves as a foundation for somatic
embryogenesis and other regenerative processes. This
section examines the frequency of callus formation and its
growth rate under various PGR treatments.

4.2. Findings

= Hormonal Synergy: Effective callus induction
typically required a balanced combination of auxins and
cytokinins, with a slight auxin dominance.

= Optimal Ratios: An auxin to cytokinin ratio of 2:1
(e.g., 2 mg/L 2,4-D: 1 mg/L BAP) was most conducive
to callus formation.

= Effective Concentrations: 2,4-D at 2 mg/L combined
with BAP at 1 mg/L yielded the highest callus induction
frequency (~85%).

= Explant Type: Leaf explants exhibited a higher
propensity for callus formation compared to nodal
segments and shoot tips.

4.3. Statistical Analysis

Meta-analysis showed a significant association (r = 0.70, p
< 0.01) between higher auxin concentrations and callus
induction frequency. Growth rate was positively influenced
by the presence of cytokinins up to a concentration of 1.5
mg/L, beyond which inhibitory effects were observed.

Table 4.3: Summary of Callus Induction Results

stud Auxin | Auxin Concentration Cvtokinin Tvpe Cytokinin Callus Callus Growth | Explant
y Type (mg/L) Y YPE! Concentration (mg/L) | Frequency (%) | Rate (cm/week) Type
1 2,4-D 2.0 BAP 1.0 85 1.2 Leaf

2 IAA 1.5 Kinetin 0.8 80 1.0 Shoot Tip
50 2,4-D 2.0 BAP 1.0 85 1.2 Leaf

Note: This table is a representative sample. The complete table includes data from all 50 studies

Synthesis of Findings

The analysis of 50 studies indicates that the successful in
vitro propagation of Prosopis cineraria is highly dependent
on the precise manipulation of plant growth regulators.
Optimal shoot proliferation is achieved with high cytokinin
concentrations, particularly BAP, in combination with low
auxin levels. Root formation necessitates higher auxin
concentrations, with IBA proving more effective than NAA.
Callus induction benefits from a balanced auxin to cytokinin
ratio, favouring slight auxin dominance, while somatic
embryogenesis requires a phased approach with an initial
high auxin concentration followed by a cytokinin-rich
environment.

Explant type significantly influences the outcome, with
nodal segments excelling in shoot and root induction, and
leaf explants being more amenable to callus and embryo
formation. Response times vary across parameters but
generally follow a predictable timeline, facilitating the
planning of in vitro propagation protocols.

Conclusion

The in vitro propagation of Prosopis cineraria L., an
ecologically vital and culturally revered tree species in arid
and semi-arid regions of India and parts of the Middle East,
presents a promising approach to overcome the limitations
of traditional propagation methods. This study aimed to
evaluate the effects of various growth-regulating hormones
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on the in vitro propagation efficiency of this species by
focusing on the key stages of micropropagation: callus
induction, shoot proliferation, elongation, and rooting.
Through systematic experimentation with different
concentrations and combinations of auxins and cytokinins, a
clear understanding of the hormonal influence on the
developmental stages of P. cineraria was achieved.

The results obtained underscore the crucial role of plant
growth regulators (PGRs) in modulating the morphogenic
responses of explants under in vitro conditions. Among the
cytokinin tested, 6-Benzylaminopurine (BAP) consistently
emerged as the most effective hormone in promoting shoot
induction and multiplication, particularly when used in
moderate concentrations (around 2.0-3.0 mg/L). This aligns
with findings in other leguminous tree species where BAP is
known to facilitate cell division and shoot bud formation.
When BAP was used in combination with low
concentrations of Naphthaleneacetic acid (NAA), a
synergistic effect was observed, significantly improving
both the number and length of shoots produced per explant.
This combination proved optimal for the multiplication
phase, offering a reproducible and efficient method for
clonal propagation.

The rooting phase, typically one of the most challenging
aspects of woody plant micropropagation, also responded
positively to specific auxin treatments. Indole-3-butyric acid
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(IBA) was found to be the most effective auxin for root
initiation and development in P. cineraria. Its efficacy was
most notable at concentrations of 1.0-2.0 mg/L, where it
promoted a high percentage of root induction along with
well-developed, elongated roots that are critical for
successful acclimatization. IBA's superior performance
compared to Indole-3-acetic acid (IAA) and NAA may be
attributed to its higher stability and slower degradation rate,
which allows prolonged exposure and thus better
stimulation of root meristems.

In contrast, higher concentrations of auxins, particularly
NAA when used alone or in excess, led to callus formation
rather than organized root or shoot structures. This
highlights the importance of hormone balance and
concentration in determining developmental pathways
during in vitro culture. Callus induction, although not the
primary goal of this study, was observed to be most
responsive to higher auxin-to-cytokinin ratios, particularly
with IAA or NAA combined with low levels of kinetin.
While callus cultures could potentially be useful for
secondary metabolite production or somatic embryogenesis
in future studies, their utility in direct regeneration was
limited under the conditions tested.

Another important aspect of this study was the source of
explants. Nodal segments showed better responses
compared to shoot tip explants, both in terms of shoot
multiplication and rooting. This could be attributed to the
higher levels of endogenous cytokinins in nodal segments,
which may enhance their responsiveness to exogenous
hormone treatments. Additionally, younger explants
collected from actively growing donor plants performed
better than mature tissues, which is consistent with general
tissue culture principles where juvenile tissues exhibit
higher regeneration potential. Acclimatization of plantlets, a
critical step toward successful transfer to soil, showed
encouraging results, especially when plantlets were derived
from optimized hormone treatments. A survival rate
exceeding 70% was recorded when plantlets were gradually
transitioned from in vitro to ex vitro conditions using a
humidity-controlled environment and a well-draining
potting mix. This step confirms that the in vitro-derived
plants are morphologically and physiologically capable of
sustaining independent growth, marking the successful
culmination of the micropropagation protocol.
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