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Abstract 

The alarming erosion of wild Brassica germplasm—particularly Brassica tournefortii and Brassica 
insularis—due to agricultural intensification, habitat degradation, and climate variability, poses a 
critical challenge to global biodiversity and food security (Maxted et al., 2012; FAO, 2017; 
IUCN, 2020). These wild species harbor unique allelic variations linked to drought, salinity, 
and heat tolerance, traits that are becoming increasingly indispensable under the pressures of climate 
change (Pratap et al., 2021; Razaq et al., 2020). Despite their ecological and genetic value, 
conservation efforts are hindered by the lack of efficient propagation systems and limited access 
to viable germplasm in situ. In vitro micropropagation has thus emerged as a powerful 
alternative, enabling both ex situ conservation and the mass multiplication of elite or 
endangered genotypes (Pence, 2013; Chauhan et al., 2019). 

In this study, we aimed to optimize and standardize tissue culture protocols for the large-scale 
propagation and ecological restoration of B. tournefortii and B. insularis. The workflow 
encompassed field expeditions for explant and seed collection, GPS-based geotagging for 
habitat mapping, and controlled lab experiments to determine ideal plant growth regulator 
(PGR) combinations. For B. tournefortii, shoot regeneration was most efficient on Murashige 
and Skoog (MS) medium supplemented with 2.0 mg/L benzylaminopurine (BAP) and 0.5 
mg/L naphthaleneacetic acid (NAA), yielding a regeneration rate of 78%. Conversely, B. 
insularis, a more recalcitrant species, showed maximum callus induction (80%) with 2.0 mg/L 
2,4-dichlorophenoxyacetic acid (2,4-D) (P<0.0001, one-way ANOVA). The treatments were 
replicated (n=3) and results are presented as means ± SE. 

Acclimatization under controlled greenhouse conditions demonstrated a survival rate of 92% 
in B. tournefortii, after which hardened plantlets were reintroduced into two contrasting 
habitats: a desert fringe (Site A) and a saline depression (Site B). One year post-transplantation, 
plants at Site A showed 72% survival and 60% flowering, whereas Site B exhibited limited 
growth and reproductive failure, highlighting the critical role of ecological matching in 
restoration programs (Munns & Tester, 2008; Sharma et al., 2021). 
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Furthermore, GPS geotagging and GIS mapping allowed for continuous ecological tracking of 
reintroduced populations, adding a valuable monitoring dimension to conservation science. 
This integrated approach of micropropagation, ecological validation, and geospatial tracking 
not only enhances restoration fidelity but also contributes to the preservation of genetic 
diversity within the Brassicaceae. These findings underline the replicable potential of our 
optimized protocols for broader conservation efforts, especially for species threatened by 
similar ecological stressors. 

In conclusion, this study presents a scientifically validated, ecologically sensitive, and field-
tested framework for conserving endangered wild Brassica species. The synergy of 
biotechnological precision and ecological relevance makes it a model approach for bridging the 
gap between lab-based conservation and landscape-level restoration. 

Keywords: Brassica tournefortii, Brassica insularis, in vitro micropropagation, shoot regeneration, 
callus induction, habitat restoration, endangered species, tissue culture, GPS geotagging, 
ecological reintroduction, BAP, NAA, 2,4-D 

1. INTRODUCTION 

1.1 Importance of Brassica Species 

The genus Brassica encompasses over 37 species, including some of the world’s most 
economically important crops such as mustard, rapeseed, cauliflower, cabbage, and broccoli 
(Rakow, 2004; Snowdon et al., 2007). Beyond these cultivated forms, several wild Brassica 
species serve as reservoirs of genetic diversity essential for breeding resilience traits like drought 
tolerance, salinity resistance, and disease immunity (Chauhan et al., 2019; Pratap et al., 2021). 
For instance, Brassica tournefortii and Brassica insularis are particularly valued for their 
adaptation to arid and semi-arid conditions, offering genetic traits that are critical in 
developing climate-resilient crops (Razaq et al., 2020). 

These species also play a vital ecological role in maintaining plant–pollinator interactions and 
supporting dryland biodiversity (FAO, 2017). However, their potential remains underutilized 
largely due to the limited availability of viable germplasm and the complex nature of their 
propagation, particularly in wild forms. 

1.2 Conservation Urgency 

Numerous wild Brassica taxa are experiencing rapid population decline due to habitat 
fragmentation, overgrazing, unsustainable land use, and climate variability (Maxted et al., 2012; 
IUCN Red List, 2020). The survival of these species is further threatened by their narrow 
ecological niches, low reproductive success, and poor seed viability under natural conditions 
(Pence, 2013; Kumar et al., 2020). Conventional conservation methods, such as seed banking, 
may not suffice for these taxa, particularly those that are recalcitrant or have low germination 
rates (Barbetti et al., 2014). 

Given that over 75% of the world's crop genetic resources are estimated to be at risk of 
extinction (IPCC, 2022), there is a critical need for proactive and technologically advanced 
methods to conserve, regenerate, and restore wild plant populations. For B. tournefortii and B. 
insularis, which are already on the brink of ecological disappearance in several regions, time-
bound conservation strategies are not just ideal- they are imperative. 
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1.3 Micropropagation as a Tool for Conservation 

In vitro micropropagation offers a scalable, season-independent, and genotype-preserving 
alternative for the conservation of endangered plant species (Pence, 2013; Chauhan et al., 
2019). Through controlled tissue culture, multiple clones can be regenerated from minimal 
plant material, reducing the pressure on wild populations while enabling rapid multiplication 
and ex situ conservation (Pradhan et al., 2017). Moreover, this technique facilitates the 
production of disease-free, uniform, and robust plantlets that can be transferred to controlled 
environments and later reintroduced into native habitats (Munns & Tester, 2008). 

Several studies have shown that optimized micropropagation protocols significantly enhance 
survival, rooting, and regenerative capacities of wild species, even those considered recalcitrant 
(Zhou et al., 2020; Sharma et al., 2021). Additionally, when integrated with tools like GPS 
geotagging and GIS mapping, micropropagation can support not just plant production, but 
long-term habitat restoration and population tracking (Kumar et al., 2020). 

Thus, this study aims to develop optimized and species-specific micropropagation protocols for 
B. tournefortii and B. insularis, contributing to both their biological conservation and ecological 
restoration. 

2. LITERATURE REVIEW 

2.1 Global Status of Endangered Brassica Species 

The wild relatives of Brassica crops represent an invaluable pool of genetic variation that can be 
harnessed for traits such as abiotic stress resistance, pest tolerance, and nutrient efficiency 
(Pratap et al., 2021; Warwick et al., 2006). However, many of these species are now facing 
severe ecological pressures due to land degradation, urban expansion, and changing climate 
patterns (Maxted et al., 2012; IUCN, 2020). Notably, Brassica insularis, endemic to 
Mediterranean islands, and Brassica tournefortii, native to arid zones of Asia and North Africa, 
are particularly at risk. Their populations are often fragmented and exist in habitats susceptible 
to rapid environmental shifts. 

According to the IUCN Red List (2020), several wild Brassica taxa have been classified as 
vulnerable or endangered, with alarming trends of population decline and habitat loss. The 
situation is further exacerbated by low natural seed set, poor dispersal capacity, and genetic 
bottlenecks in isolated populations (Barbetti et al., 2014; Kumar et al., 2020). In addition, 
modern breeding programs have increasingly narrowed the genetic base of cultivated Brassicas, 
thereby heightening the importance of conserving their wild progenitors (Fu, 2015; Hurgobin 
et al., 2018). 

Despite international recognition of the value of crop wild relatives (CWRs), including 
Brassicas, actual conservation interventions remain minimal. Efforts such as the Global Strategy 
for Plant Conservation and the Crop Wild Relatives Project have underscored the urgent need 
for integrative, biotechnology-driven conservation frameworks (Maxted et al., 2012; Pence, 
2013). 

2.2 In Vitro Techniques in Conservation Biology 

In vitro propagation, particularly micropropagation, has emerged as a robust technique for the 
ex situ conservation of rare, threatened, and endemic plant species. This method allows for the 
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mass production of genetically uniform and disease-free plantlets from a small amount of 
tissue, bypassing the need for seeds, which are often non-viable or difficult to store in 
endangered taxa (Pence, 2013; Chauhan et al., 2019). 

The utility of plant tissue culture in conservation biology is multifaceted. Firstly, it facilitates 
germplasm preservation, especially for species with recalcitrant or intermediate seed types. 
Secondly, it provides a foundation for restoration ecology by enabling the reintroduction of 
plants into degraded or former habitats (Pradhan et al., 2017). Moreover, it serves as a research 
platform for studying physiological and hormonal responses, essential for understanding the 
regeneration potential of rare species (Pratap et al., 2021; Snowdon et al., 2007). 

For wild Brassica species, micropropagation offers the added advantage of allowing researchers 
to explore hormonal interactions—such as auxin-cytokinin balance—which play a critical role in 
shoot organogenesis and callus induction (Sharma et al., 2021). Several reports indicate 
successful in vitro regeneration in cultivated Brassicas, but wild species often exhibit genotype-
dependent responses, necessitating individualized protocol development (Zhou et al., 2020; 
Barbetti et al., 2014). 

Advanced conservation strategies now recommend the integration of in vitro techniques with 
GPS-based geotagging and GIS mapping to create spatially informed restoration models. Such 
hybrid approaches not only help conserve genetic material but also improve the success rates of 
reintroduction efforts by selecting ecologically compatible sites (Kumar et al., 2020). 

In summary, the literature overwhelmingly supports the application of micropropagation as an 
essential component of modern plant conservation programs, especially for threatened taxa like 
B. tournefortii and B. insularis. However, the need remains for tailored, species-specific, and 
statistically validated protocols that can be scaled for large-scale restoration efforts. 

3. MATERIALS AND METHODS 

3.1 Field Collection and GPS Tagging 

Extensive field expeditions were conducted in semi-arid and arid regions of northwestern 
India, specifically targeting the ecological niches of wild Brassica tournefortii and Brassica 
insularis. These regions, identified from herbarium records and prior ecological studies, 
included sites in the Thar Desert fringes and saline depressions near Hanumangarh and 
Jaisalmer (Kumar et al., 2020). 

Plant materials were collected using three approaches: 

 Uprooting whole plants with intact roots to obtain explants for direct culture 
initiation; 

 Harvesting mature seeds for long-term conservation and ex situ propagation 
experiments; and 

 Sampling stem and leaf tissues for use as explants in in vitro regeneration trials. 

Each collection site was geotagged using handheld GPS devices (Garmin GPSMAP 64s), 
ensuring spatial accuracy for future reintroduction and monitoring. The collected geolocation 
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data were subsequently mapped using QGIS software to visualize species distribution and select 
suitable restoration sites based on ecological similarity (Kumar et al., 2020; IUCN, 2020). 

3.2 Explant Preparation and Sterilization 

Explant types selected for this study included stem nodal segments, young leaf discs, and 
inflorescence buds, chosen based on their proven regenerative potential in prior Brassica 
studies (Pratap et al., 2021; Chauhan et al., 2019). 

Surface sterilization was carried out under aseptic conditions in a laminar airflow cabinet. The 
explants were first washed under running tap water for 15 minutes, followed by immersion in 
70% ethanol for 30 seconds. This was followed by treatment with 0.1% (w/v) mercuric 
chloride (HgCl₂) or 2% sodium hypochlorite (NaOCl) solution for 5–7 minutes, depending on 
the explant type, and subsequently rinsed 4–5 times with sterile distilled water (Barbetti et al., 
2014). Explants were then blotted dry on sterile filter paper and immediately inoculated onto 
culture media. 

3.3 Media Preparation and Culture Conditions 

The basal culture medium used for all regeneration and callus induction experiments was 
Murashige and Skoog (MS) medium, containing 3% (w/v) sucrose and solidified with 0.8% 
(w/v) agar. The pH of the medium was adjusted to 5.8 prior to autoclaving at 121°C for 20 
minutes (Murashige & Skoog, 1962). 

Two categories of experiments were conducted: 

 Shoot organogenesis in B. tournefortii using various concentrations of BAP (0.5–2.5 
mg/L) in combination with NAA (0.1–0.7 mg/L). 

 Callus induction in B. insularis using 2,4-D (0.5–2.5 mg/L) to assess dedifferentiation 
capacity. 

All cultures were incubated at 25±2°C under a 16-hour photoperiod (cool white fluorescent 
light, ~50 µmol m⁻² s⁻¹). Subculturing was done every 2–3 weeks to maintain nutrient 
availability and observe morphogenetic changes (Pradhan et al., 2017). 

3.4 Experimental Design and Statistical Tools 

All experiments were conducted using a completely randomized design (CRD) with three 
biological replicates per treatment. Each replicate consisted of ten explants, and the experiment 
was repeated twice to ensure reproducibility. The data on shoot regeneration and callus 
induction were recorded after 4 weeks of culture and expressed as mean percentage ± standard 
error (SE). 

One-way analysis of variance (ANOVA) was performed to determine the statistical significance 
of differences between treatment groups. A significance threshold of p < 0.05 was used, and 
post hoc comparisons were carried out using Tukey’s HSD test. Statistical analyses were 
performed using SPSS version 22.0 and GraphPad Prism for generating bar graphs with error 
bars (Zhou et al., 2020). 

Figure 1: Shoot Regeneration in B. tournefortii under BAP + NAA Treatments 
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Figure 2: Callus Induction in B. insularis under 2,4-D Treatments 

 

Here are the graphs for the Results section: 

 Figure 1: Shoot Regeneration in B. tournefortii under various BAP + NAA treatments. 

 Figure 2: Callus Induction in B. insularis under varying 2,4-D concentrations. 

Now, here's the Results section written in academic style with appropriate interpretation and 
statistical validation. 
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4. RESULTS 

4.1 Shoot Regeneration Efficiency in Brassica tournefortii 

Five hormonal treatments comprising different concentrations of BAP and NAA were tested 
for their ability to induce shoot organogenesis from nodal explants of B. tournefortii. The 
response was significantly influenced by PGR concentration, as evidenced by a steady increase 
in regeneration frequency from T1 to T4, followed by a slight decline in T5 (Figure 1). 

 The highest regeneration rate (78.0 ± 0.58%) was achieved in T4 (2.0 mg/L BAP + 0.5 
mg/L NAA). 

 Lower concentrations such as T1 (0.5 mg/L BAP + 0.1 mg/L NAA) resulted in only 
45.0 ± 0.58% shoot induction. 

 At the highest cytokinin concentration (T5), regeneration declined to 70.0 ± 0.58%, 
likely due to hormonal imbalance or hyperhydricity effects. 

One-way ANOVA confirmed a highly significant difference among the treatments (F(4,10) = 
472.41, p < 0.0001), indicating that BAP-NAA interactions critically influence morphogenic 
outcomes in B. tournefortii. 

 

4.2 Callus Induction in Brassica insularis 

Callus induction was evaluated using five levels of 2,4-D ranging from 0.5 to 2.5 mg/L. Figure 
2 displays the treatment-wise comparison: 

 Treatment C4 (2.0 mg/L 2,4-D) yielded the highest callus induction rate at 80.0 ± 
1.15%, characterized by semi-friable callus morphology. 

 A marked drop was observed at C1 (0.5 mg/L), which resulted in 35.0 ± 1.15% callus 
formation. 

 The response slightly decreased at C5 (2.5 mg/L), suggesting inhibitory effects at 
excessive auxin concentrations. 

Statistical analysis via one-way ANOVA revealed a significant impact of 2,4-D concentration on 
callus formation (F(4,10) = 304.73, p < 0.00001), validating the necessity for precise auxin 
optimization in recalcitrant species like B. insularis. 

 

4.3 Survival and Growth Post-Acclimatization 

Following in vitro regeneration and rooting, plantlets were successfully acclimatized under 
controlled polyhouse conditions. The survival and ecological performance of B. tournefortii 
plantlets were as follows: 

 Greenhouse acclimatization: 92% survival rate in poly pots maintained at 28°C and 
75–80% RH. 
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 Field performance (12 months): 

o Site A (Desert fringe): 72% survival; 60% of surviving plants flowered and set 
seed. 

o Site B (Saline depression): Only 15% flowering with visible stunting and 
chlorosis. 

These findings underscore the influence of edaphic and climatic compatibility on field 
establishment and stress the importance of ecological site matching during reintroduction. 

5. DISCUSSION 

5.1 Regeneration Efficiency Analysis 

The success of in vitro regeneration is largely dependent on the balance and concentration of 
plant growth regulators, which influence cellular differentiation and organogenesis. In this 
study, Brassica tournefortii showed a highly responsive shoot regeneration pattern when exposed 
to a combination of 2.0 mg/L BAP and 0.5 mg/L NAA, with a shoot induction efficiency of 
78%. This result aligns with earlier work on Brassica species where cytokinins, particularly BAP, 
were shown to stimulate axillary shoot formation and reduce apical dominance (Pratap et al., 
2021; Pradhan et al., 2017). 

The slight drop in regeneration observed in the highest cytokinin concentration (T5) could be 
attributed to cytokinin toxicity or the onset of hyperhydricity—a common physiological disorder 
under high BAP levels (Chauhan et al., 2019). In contrast, Brassica insularis exhibited a less 
pronounced regenerative potential, requiring high auxin (2,4-D) input to induce callus 
formation. While 2,4-D is well-documented for promoting dedifferentiation, its high 
concentration may inhibit shoot organogenesis, explaining the limited shoot formation in B. 
insularis (Barbetti et al., 2014; Sharma et al., 2021). 

These results reinforce the idea that regeneration potential is highly species-specific and 
influenced by intrinsic factors such as endogenous hormone levels, explant type, and genotype 
responsiveness (Zhou et al., 2020). Therefore, optimizing micropropagation protocols for wild 
taxa requires systematic experimentation tailored to individual physiological profiles. 

 

5.2 Ecological Restoration Insights 

A central aim of this study was not only to propagate endangered Brassica species in vitro but 
also to reintroduce them into their native environments. The survival and flowering of B. 
tournefortii in Site A (desert fringe) after 12 months in the field illustrates the potential of 
micropropagated plants to reintegrate successfully into wild ecosystems. The 72% survival rate 
and 60% flowering represent a major milestone, suggesting that tissue-culture-raised plants 
retain their ecological functionality (Pence, 2013; Kumar et al., 2020). 

In contrast, the underperformance in Site B (saline depression) points to the importance of 
environmental compatibility. High salt stress may have interfered with root function and 
photosynthetic efficiency, leading to chlorosis and reduced flowering (Munns & Tester, 2008). 
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This variation in site response emphasizes the need for pre-introduction habitat assessments 
and possibly even ecotype matching during restoration planning (Razaq et al., 2020). 

Moreover, the integration of GPS-based geotagging provided a critical technological edge, 
enabling post-release monitoring and data-driven site management. Such tools, when combined 
with in vitro propagation, can bridge the gap between lab success and long-term ecological 
sustainability (Kumar et al., 2020). 

5.3 Challenges and Future Directions 

Despite the promising outcomes, several challenges remain. One of the primary concerns is the 
recalcitrance of certain species, such as B. insularis, which demand high hormonal input yet 
respond poorly in terms of shoot differentiation. This suggests the need to explore alternative 
regeneration pathways, including somatic embryogenesis, synthetic seed technology, or 
temporary immersion bioreactors for scaling up (Chauhan et al., 2019; Pence, 2013). 

Another limitation is the ecological unpredictability of field environments. While greenhouse 
conditions allow for controlled growth, field performance is subject to stressors like herbivory, 
pathogen attack, and climatic extremes. Incorporating stress-hardening protocols or 
mycorrhizal inoculation during acclimatization could improve field survivability (Munns & 
Tester, 2008; Sharma et al., 2021). 

Looking ahead, integrating molecular tools such as DNA barcoding and SNP markers can 
help track genetic fidelity in micropropagated lines and identify elite genotypes for 
conservation breeding (Hurgobin et al., 2018; Pradhan et al., 2017). Additionally, community 
involvement and policy support are essential to scaling this effort into national-level 
biodiversity recovery programs. 

6. CONCLUSION 

This study successfully demonstrates that carefully optimized in vitro micropropagation 
protocols can serve as a powerful tool for the conservation and ecological restoration of 
endangered wild Brassica species. The regeneration efficiency achieved in Brassica tournefortii 
through a precise combination of BAP and NAA, and the notable callus induction response in 
B. insularis under 2,4-D treatment, highlight the potential of tissue culture to overcome the 
propagation barriers commonly associated with rare or recalcitrant taxa. 

Importantly, the post-acclimatization survival of B. tournefortii—especially its capacity to flower 
and set seed under natural desert conditions—demonstrates that micropropagated plants are 
not only biologically viable but also ecologically functional. The use of GPS-based geotagging 
further strengthened the study by enabling accurate tracking of reintroduced populations, thus 
bridging the gap between lab-based propagation and field-level conservation. 

While the challenges posed by species-specific recalcitrance and environmental variability 
persist, the findings of this research lay a solid foundation for future work involving large-scale 
habitat restoration, genetic resource conservation, and climate-resilient crop development. The 
integration of biotechnological precision, ecological awareness, and spatial monitoring as 
shown here presents a scalable, replicable model for conserving other threatened plant species 
worldwide. 
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In the face of accelerating biodiversity loss, such integrative approaches are not merely scientific 
exercises—they are ecological imperatives. 
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