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ABSTRACT
[bookmark: _Hlk162079188]The Dalbergia genus is belongingbelongs to the Fabaceae family and has. four species  i.e.,of Dalbergia are called rosewood, including D. baronii Baker, D. louvelii R. Vig., D. maritima R. Vig., D. normandii. Their woods are classified in the first category of natural forest wood in Madagascar. Rosewoods species are becoming endangered species seriously threatened with extinction due to their abusive exploitation and the destruction of their habitat. For this reason, a vegetative propagation technique has been developed through this work in order to have a new plant and to ensure the perpetuation of the two species in their natural habitat. This method consists of macerating Dalbergia cuttings in two biostimulants, ofas Aloe macroclada gel or Curcuma longa powder, for 30 minutes before planting. To verify the effectiveness of the technique, control cuttings were grown at the same time as the macerated cuttings. The two-way ANOVA results revealed highly significant effects of species, on treatment, and their interaction foron both root and shoot development (p < 0.001). Among the treatments, Curcuma longa powder notably enhanced root and growth development, particularly in D. baronii, while Aloe macroclada gel was most effective in D. normandii. Principal Component Analysis (PCA) supported these findings, with the first principal component (PC1) explaining 91.5% of the total variance, followed by PC2 at 8.5%. The biplot clearly distinguished the treated groups, highlighting the superior performance of Curcuma longa in both root and growth development. This study demonstrated the significant influence of two natural rhizogenesis boosters, Curcuma longa powder and Aloe macroclada gel, on the vegetative propagation of Dalbergia baronii and Dalbergia normandii. Therefore, obtaining a new Dalbergia plant is possible even if we do not have seeds, and subsequently ensuring their conservation and perpetuation. These preliminary results would be promising for the case of Dalbergia normandii, which is currently endangered in danger of extinction.	Comment by Dennis Obonyo: Please revise this section to achieve a coherent flow. Merge sentences one and two. Your background information is not clear because you lack a statement of the problem. Revise your materials and methods within this abstract, too.	Comment by Dennis Obonyo: This can be substituted with a different word to give the impression of a non-human subject. ‘Overexploitation’ will be an appropriate word here.	Comment by Dennis Obonyo: I don't think you meant to report the creation of a new plant species! This is just a suggested propagation method for these two species. 
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1. INTRODUCTION

[bookmark: _Hlk207618374]The Dalbergia is a tree belonging to the Fabaceae family, it grows in tropical regions such as South Asia, Central America, Africa, and especially in Madagascarwhich grows in tropical regions such as South Asia, Central America, Africa, and especially in Madagascar, where it has the highest diversity. Out of the 275 global species (Cowell et al., 2022), 55 are endemic to Madagascar (Bosser and Rabevohitra 1996, 2002, 2005; Wilding et al., 2021a, 2021b; Crameri et al., 2022; and Rakotonirina et al., 2023). The genus includes shrubs, trees, and lianas. Dalbergia is also known as “rosewood" or "palissander”, it is valued for its technological, physical, mechanical, and aesthetic qualities. Its color and hue a perfect polishing and uniformity make it a sought-after product, increasing supply and demand. This growing demand has led to intensive logging and illegal trafficking, particularly in Madagascar, making a severely threatening the species of the Dalbergia genus. The trade of this wood, whether legal or illegal, places considerable pressure on Madagascar's rosewoods and palissanders, making these species endangered due to overexploitation and habitat destruction. Among the 55 Dalbergia species endemic to Madagascar, 10 are critically endangered, 14 are endangered, and 10 others are vulnerable according to the International Union for Conservation of Nature (IUCN, 2013). The genus is therefore fully listed in Annex I of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES, 2022). Nevertheless, the Dalbergia genus is the most valuable of the woods classified in the first category of natural forest woods in Madagascar (MEDD, 2021).	Comment by Dennis Obonyo: I find it challenging to follow your introduction because I don’t understand your main subjects. You keep on mixing the species, genus, and the individual tree species. 	Comment by Dennis Obonyo: Are you referring to both the species or just one of them? 

Four species of Madagascar Dalbergia are called rosewood: D. baronii Baker, D. louvelii R. Vig., D. maritima R. Vig., and D. normandii Bosser & R. Rabev, (Bosser and Rabevohitra, 2002). The two species, D. baronii and D. normandii, were chosen for this study due to their ecological statuses according to the IUCN Red List in 2006, with D. normandii being an endangered species under the category [En, B2 ab (i, ii, iii, iv)] and D. baronii being a vulnerable species under category [Vu, A1cd+2cd]. A few specimens of both species are still found at the Mahatsara Research Station, although their geographic distributions are restricted, particularly in the case of D. normandii, which is only found near the Masoala Biosphere Reserve, in Antalaha, and Sainte Marie; and D. baronii, which is located in the eastern part of Madagascar, from Sambava to Farafangana, in low to medium altitude areas.	Comment by Dennis Obonyo: This could fit in your materials and methods.	Comment by Dennis Obonyo: This section doesn’t have any relevance to your introduction. 

Besides the current situation, the natural populations of Dalbergia have dangerously decreased. The trees have become isolated and no longer produce seeds for various reasons, making natural regeneration difficult (CITES, 2013). Some species are doomed to extinction; such is the case for Dalbergia normandii and Dalbergia baronii in the Mahatsara forest station. In this research, the overall objective is to gather all information on the reproductive biology of the target species and to find a sustainable solution for their conservation and preservation. To achieve this goal, our hypothesis is based on a vegetative propagation technique using natural rhizogenesis boosters, which has been developed to obtain new plants of Dalbergia normandii and Dalbergia baronii. This conservation strategy was designed to ensure the sustainability of the two studied Dalbergia species in the remnant natural forest of Mahatsara. The subsequent reintroduction of these new Dalbergia plants into the forest will serve as a future source of enrichment for the forest station.	Comment by Dennis Obonyo: I suggest you align the objective (s) of the study with your title.  Secondly, I would suggest you add at least some literature on rhizogenesis boosters before you justify the ones used in this study.


2. MATERIAL AND METHODS 
2.1 Study Area

The experiments were carried out at the Mahatsara, a FOFIFA’s forest research station (17°63'4.02''S, 49°48'4.66''E), located 10 km from Foulpointe towards the Fenoarivo Antsinanana axis, Antsinanana region, province of Toamasina (fig. 1). The station covers an area of ​​36 hectares, is composed of a low altitude coastal forest with an altitude varying from 0 to 20 m. The resort belongs to the humid tropical zone with a warm perhumid climate, where it rains all around the year. According to the Antananarivo meteorological service (2024), average annual precipitation P > 1500 mm with 0 dry month; of mean annual temperature T (with 21°C < T < 24°C) and of mean annual minimum temperature t (with t > 15°C). The vegetation is dense humid and evergreen forest type in the lowlands of eastern Madagascar.	Comment by Dennis Obonyo: Concise this section and remove those iterations so common within it. 

























Fig. 1. Mahatsara forest station localization	Comment by Dennis Obonyo: You can add more details about the tree species in this study. 

2.2 Plant Material

Two species of Dalbergia were used in this experiment: Dalbergia baronii and Dalbergia normandii. Stem cuttings were collected from healthy, disease-free mother trees with a Diameter at Breast Height (DBH) greater than 20 cm. Each cutting was approximately 20 cm in length. A total of twelve (12) cuttings were used per treatment group to ensure adequate replication and statistical power.

2.3 Biostimulants Description

Two varieties of biostimulants were selected as natural growth boosters based on their known regenerative properties: Aloe macroclada and Curcuma longa.	Comment by Dennis Obonyo: Concise this section. This information is missing in your introduction section. 	Comment by Dennis Obonyo: Regeneration properties should be attributed to the Dalbergia tree species and not the biostimulants. Moreover, because you are not developing new biostimulants nor modifying the applications of the ones you are using, why not provide references to Rakotomana (2018 and Dosoky et al. (2018! Example, according to Rakotomana and Dosoky et al., 2018……
Aloe macroclada, locally known as "Vahona," is a succulent species endemic to Madagascar, belonging to the Aloeaceae family. Widely used for medicinal purposes, the plant’s gel is rich in bioactive compounds such as anthraquinones, polysaccharides, vitamins, amino acids, and enzymes, all of which are believed to promote root induction and growth (Rakotomanana, 2018).	Comment by Dennis Obonyo: You can check the correct way of writing taxonomic levels or names to avoid unnecessary capitalization. 
On the other hand, Curcuma longa, also referred as "Tamotamo," is a tropical rhizomatous herb from the ZINGIBERACEAE family. Its rhizome contains curcuminoids (especially curcumin), flavonoids, and terpenoids, which exhibit strong antioxidant and regenerative properties, making it a suitable plant-based rooting stimulant (Dosoky et al, 2018).	Comment by Dennis Obonyo: Make the same adjustements similar to the one have done already.

2.4 Experimental Design and Cutting Preparation

The experimental setup aimed to assess the effects of two natural boosters on the vegetative propagation of Dalbergia cuttings. Both the apical and basal ends of each cutting were soaked for 30 minutes in one of the following treatments: 20 ml of Aloe macroclada gel, 10 g of Curcuma longa roots powder, or no treatment as a control. Following treatment, all cuttings were immediately transplanted into pre-prepared nursery plots. The six experimental groups included 12 cuttings per group, allowing for replicated observations and comparative analysis.	Comment by Dennis Obonyo: Was the powder dissolved in any solvent?

2.5 Nursery Establishment	Comment by Dennis Obonyo: Kindly combine this section with 2.4. The split is not very necessary.

A propagation trial was conducted under controlled conditions in an in situ nursery, which measured 6.0 meters in width and 13.5 meters in length. The nursery was subdivided into uniform plots, each 0.95 meters in width (fig. 2), to facilitate consistent spatial allocation. Treatments including control and experimental cuttings were randomly assigned to plots following a Completely Randomized Design (CRD) to control for spatial variability and minimize positional bias. Key environmental parameters, including light intensity and relative humidity, were continuously monitored and regulated to optimize conditions for adventitious rooting and vegetative growth.	Comment by Dennis Obonyo: Was this the most appropriate experimental layout? I don’t see any justification given that this was an in-situ nursery.

[image: ]	Comment by Dennis Obonyo: The legends are inelligable. 



















Fig. 2. Completely Randomized Design (CRD) layout for Dalbergia propagation trial with 72 cuttings across 12 plots

2.6  Data Collection and Evaluation Parameters	Comment by Dennis Obonyo: Kindly include citations for the formulae and methodologies used in this section (2.6).

Three primary parameters were assessed to evaluate the performance of each treatment. For each species, twelve (12) cuttings per treatment were randomly selected for detailed measurements of root and growth development.

· Root Development: Rooting performance was evaluated by determining the average number of roots per cutting. Root length and dry biomass were also measured to assess overall rooting quality.
· Growth Development: Vegetative growth was assessed by recording the average number of shoots per plot for each treatment. Additional indicators, including shoot length and number of leaves, were measured to evaluate general plant vigor.
· Vegetative Propagation Success (%): This parameter was calculated using the entire set of cuttings per treatment group. Success was defined as the proportion of cuttings that developed either roots or shoots, expressed as a percentage:



2.7  Data Analysis

All statistical analyses were performed using the Python programming language (version 3.10), utilizing libraries such as pandas, statsmodels, scikit-learn, scikit-posthocs, matplotlib, and seaborn to ensure transparency and reproducibility. Prior to conducting the analysis of variance (ANOVA), the assumptions of normality and homogeneity of variances were verified. The Shapiro–Wilk test was used to assess the normality of residuals, while Bartlett’s test was employed to verify the homogeneity of variances across groups. A two-way ANOVA was carried out to evaluate the main effects and interaction effects of species (Dalbergia baronii and Dalbergia normandii) and treatments (Aloe macroclada gel, Curcuma longa powder, and control) on root development and growth development. When significant differences were found (p < 0.05), Tukey’s Honestly Significant Difference (HSD) test was applied for post hoc pairwise comparisons. The coefficient of variation (CV) and coefficient of determination (R²) were also computed to assess the reliability and goodness-of-fit of the models. To explore the multivariate structure of the measured traits and detect patterns of treatment performance, a Principal Component Analysis (PCA) was performed using scikit-learn. PCA biplots were constructed using matplotlib and seaborn to visualize the relationships among treatments, species, and traits, and to identify the contribution of each variable to the first two principal components.	Comment by Dennis Obonyo: Concise this paragraph.

3. RESULTS AND DISCUSSION
3.1 Vegetative Propagation 

The following table (Table 1) shows the success rate of vegetative propagation of the two species according to the two treatments: Aloe macroclada and Curcuma longa.	Comment by Dennis Obonyo: Concise this section.

Table 1: Success rate of Dalbergia baronii, Dalbergia normandii under treatments 

	Treatment
	Species
	No successful cuttings
	No failed cuttings
	Success (%)	Comment by Dennis Obonyo: Did you mean success rate (%)? ‘No’ for the headings in Table 1 can mean anything. Please revise these headings to convey your intended message.

	Aloe macroclada
	D. baronii
	4
	8
	33

	Aloe macroclada
	D. normandii
	12
	0
	100

	Curcuma longa
	D. baronii
	7
	5
	58

	Curcuma longa
	D. normandii
	7
	5
	59

	Control
	D. baronii
	0
	12
	0

	Control
	D. normandii
	6
	6
	50



The success rates of vegetative propagation varied markedly between species and treatments, indicating differential responses of Dalbergia baronii and Dalbergia normandii to the applied natural rhizogenesis boosters. Dalbergia normandii exhibited the highest success rate (100%) when treated with Aloe macroclada, demonstrating a strong stimulatory effect of this natural booster on root initiation and overall propagation success. In contrast, Dalbergia baronii showed only 33% success under the same treatment, suggesting a species-specific sensitivity to Aloe macroclada. Under Curcuma longa, both species responded moderately well, with D. baronii achieving a 58% success rate and D. normandii slightly higher at 59%. These results indicate that Curcuma longa can serve as an effective rhizogenic agent for both species, though not as potent for D. normandii as Aloe macroclada. In the absence of any treatment (control), D. baronii failed to develop any successful cuttings (0%), confirming its dependence on external rhizogenic stimulation for vegetative propagation. Conversely, D. normandii achieved a 50% success rate even in the control group, highlighting a stronger innate rooting potential. These findings underscore the critical role of natural rhizogenesis boosters in improving propagation efficiency, especially for species with low natural rooting ability like D. baronii. Moreover, the superior response of D. normandii to Aloe macroclada positions this species-booster combination as a promising strategy for large-scale propagation and conservation.	Comment by Dennis Obonyo: The results are within the context of the study, but the discussion provides not context in reference to other studies.  

 3.2 Root development

Table 2 shows the rooting performance rate during the vegetative propagation of the two species according to the two treatments.

Table 2: Rhizogenesis response of Dalbergia baronii and Dalbergia normandii to natural boosters

	Species
	Treatment
	Root Development

	D. baronii
	Aloe macroclada
	5.00 ± 0.82b

	D. baronii
	Control
	0.71 ± 0.49d

	D. baronii
	Curcuma longa
	9.86 ± 0.69a

	D. normandii
	Aloe macroclada
	5.14 ± 0.69b

	D. normandii
	Control
	1.29 ± 0.49d

	D. normandii
	Curcuma longa
	2.14 ± 0.69c

	R²
	
	0.964

	CV (%)
	
	16.27%

	Source	Comment by Dennis Obonyo: What do you mean by this heading?

	Species
	
	< 0.001 ***

	Treatment
	
	< 0.001 ***

	Species × Treatment
	
	< 0.001 ***


Values ​​in the same column followed by a different letter are significantly different (p<0.05). Significant at the probability level: * P< 0.05, ** P< 0.01, *** P< 0.001

The two-way ANOVA revealed statistically significant effects (p < 0.001) of species, treatment, and their interaction on root development (Table 2). The model demonstrated strong explanatory power, with a coefficient of determination (R²) of 0.964, and a coefficient of variation (CV) of 16.27%, indicating high precision and consistency in the data. Mean comparison using Tukey’s HSD test showed that Dalbergia baronii treated with Curcuma longa powder achieved the highest root development (9.86 ± 0.69a), significantly outperforming all other species-treatment combinations. Both D. baronii and D. normandii treated with Aloe macroclada gel showed similar and moderate rooting (5.00 ± 0.82b and 5.14 ± 0.69b, respectively). Root development under control conditions was significantly lower in both species, with D. baronii (0.71 ± 0.49d) and D. normandii (1.29 ± 0.49d) not statistically different. The significant interaction effect between species and treatment further indicates that the impact of the rhizogenic substances was species-dependent, with D. baronii exhibiting a more pronounced response, particularly to Curcuma longa.	Comment by Dennis Obonyo: See my related comments for this section in 3.1 above.

3.3 Growth Development	Comment by Dennis Obonyo: Revise.

Vegetative growth rate was recorded as recording by the average number of shoots per plot for each treatment. Table 3 shows the results of the effect of natural rhizogenesis. 	Comment by Dennis Obonyo: This sentence could be in complete.

Table 03: Growth development of Dalbergia baronii and Dalbergia normandii under treatments	Comment by Dennis Obonyo: You need to establish consistency to communicate your findings with ease. Is it vegetative growth rate or growth and development you wanted to talk about? Tally your results with your materials and methods.

	Species
	Treatment
	Growth Development

	D. baronii
	Aloe macroclada
	2.86 ± 0.69c

	D. baronii
	Control
	0.00 ± 0.00e

	D. baronii
	Curcuma longa
	6.86 ± 0.69a

	D. normandii
	Aloe macroclada
	4.71 ± 0.49b

	D. normandii
	Control
	1.29 ± 0.49d

	D. normandii
	Curcuma longa
	4.71 ± 0.49b

	R²
	
	0.957

	CV (%)
	
	15.48%

	Source	Comment by Dennis Obonyo: Sources of variation could be what you meant. Please revise accordingly.

	Species
	
	0.048 *

	Treatment
	
	< 0.001 ***

	Species × Treatment
	
	< 0.001 ***


Values ​​in the same column followed by a different letter are significantly different (P<0.05). Significant at the probability level: * P< 0.05, ** P< 0.01, *** P< 0.001

The two-way ANOVA revealed that species, treatment, and their interaction had significant effects on growth development in cuttings (p < 0.05 for species; p < 0.001 for treatment and interaction). The model exhibited high explanatory power (R² = 0.957) and acceptable precision (CV = 15.48%), indicating the consistency and robustness of the observed treatment effects. According to Tukey’s HSD test, D. baronii treated with Curcuma longa powder achieved the highest growth development (6.86 ± 0.69a), followed by D. normandii treated with Aloe macroclada and Curcuma longa, both recording 4.71 ± 0.49b and showing no statistical difference between them. A lower, but statistically significant, growth was observed in D. baronii treated with Aloe macroclada (2.86 ± 0.69c). Meanwhile, D. normandii under control conditions displayed limited growth (1.29 ± 0.49d), and D. baronii control had no observable growth at all (0.00 ± 0.00e). These differences further confirm that growth development is both treatment- and species-dependent.	Comment by Dennis Obonyo: What determines the allowable CV%  for your findings? You already have a CV% of >16% in Table 2!

3.4 Principal Component Analysis of root development and growth development 	Comment by Dennis Obonyo: I am not able to follow what this section means. What specific parameter (s) are involved here?

The Principal Component Analysis (PCA) conducted on root development (RD) and growth development (GD) parameters revealed distinct patterns of vegetative propagation performance among the six groups representing Dalbergia baronii and Dalbergia normandii under three treatments: Control, Aloe macroclada gel, and Curcuma longa powder (fig 3).
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DBA: Dalbergia baronii + Aloe macroclada gel
DNA: Dalbergia normandii + Aloe macroclada gel
DBC: Dalbergia baronii + Curcuma longa powder
DNC: Dalbergia normandii + Curcuma longa powder
DBT: Dalbergia baronii (Control)
DNT: Dalbergia normandii (Control)













Fig. 3. Principal Component Analysis on root development and growth development 

Principal Component 1 (PC1), explaining 91.5% of the total variance, mainly differentiated groups based on overall root and shoot growth magnitude, while Principal Component 2 (PC2) accounted for 8.5% of the variance, capturing additional variation related to treatment effects within species. Groups treated with Curcuma longa powder (DBC for D. baronii and DNC for D. normandii) scored highest on PC1, indicating enhanced root and shoot development compared to other treatments. Aloe macroclada gel treatments (DBA and DNA) showed intermediate scores, while control groups (DBT and DNT) had the lowest scores, reflecting poor propagation success. Species separation was also evident, with D. baronii generally exhibiting higher PC1 values than D. normandii under the same treatments. Confidence ellipses illustrated the variability within each group, with tighter clusters observed for Curcuma-treated groups, suggesting more consistent propagation responses.	Comment by Dennis Obonyo: Concise this section. It would be better choose one pathway of representing your results and then having a separate section for discussion or do so concurrently in more organized manner.
The present study highlights significant differences in the vegetative propagation success of Dalbergia baronii and Dalbergia normandii when treated with natural rhizogenesis boosters Aloe macroclada and Curcuma longa. Notably, D. normandii achieved a remarkable 100% success rate with Aloe macroclada, whereas D. baronii showed moderate success under Curcuma longa (58%) and lower response to Aloe macroclada (33%). The control treatments yielded poor rooting success, especially for D. baronii, confirming the necessity of booster application for effective propagation. These results corroborate earlier work by Nong Phuong Nhung et al. (2019) who reported species-specific variability in rooting success among Asian rosewood, emphasizing that rooting enhancers improve propagation but responses vary considerably by species. In a study of Dalbergia melanoxylon (Amri et al., 2010) demonstrated that natural plant extracts such as Aloe vera significantly improved rooting success compared to controls, resonating with the current findings where Aloe macroclada boosted rooting in D. normandii.	Comment by Dennis Obonyo: Please check this reference. Are all these names representing a single surname?

The efficacy of Curcuma longa observed here supports the growing evidence of its role as a natural auxin-like compound, as reported by Enders & Strader (2015), who showed turmeric extract enhances rooting by modulating endogenous hormone levels and antioxidant activity in woody plants. The similar rooting rates of D. baronii and D. normandii under Curcuma longa indicate this booster’s broader applicability across related species.
The intrinsic rooting ability of D. normandii observed in the control (50%) contrasts with the complete failure of D. baronii, a pattern also noted in the work of Ramananjatovo et al. (2019) on Malagasy Dalbergia species, which underlines the challenges in propagating some species without external stimulants.
Taken together, these findings emphasize the importance of selecting species-specific natural rooting boosters to optimize propagation protocols. The successful use of Aloe macroclada and Curcuma longa as eco-friendly alternatives to synthetic hormones not only advances conservation strategies for threatened Dalbergia species but also offers sustainable approaches compatible with local community practices in Madagascar.

The present study provides strong evidence for the effectiveness of natural rhizogenesis boosters in promoting root development in two endangered Malagasy Dalbergia species. The superior performance of Curcuma longa in D. baronii may be attributed to its auxin-like activity and antimicrobial properties, which have been reported to enhance adventitious rooting (Maduakor et al., 2022). These findings are consistent with studies demonstrating the positive effect of turmeric powder on rooting in difficult-to-propagate hardwood species.
The moderate yet statistically significant effect of Aloe macroclada gel in both species aligns with previous research highlighting the presence of growth-promoting compounds in Aloe vera, such as gibberellins, salicylic acid, and amino acids that facilitate root induction (Surjushe et al., 2008). Aloe-based biostimulants have similarly been shown to enhance rooting in tropical and subtropical woody species.

The low rooting rates in control treatments underscore the limited natural rooting capacity of both species when propagated vegetatively, especially under nursery conditions. This highlights the importance of external supplementation with rooting agents for successful propagation.
Importantly, the species-specific response particularly the higher rooting observed in D. baronii may reflect underlying physiological or anatomical differences affecting root initiation. Such variation has been reported in related species, including Dalbergia sissoo, where genotype-dependent differences in rooting were observed under various hormonal treatments (Husen, A., 2004).
Taken together, these findings support the practical use of low-cost, environmentally friendly biostimulants in the vegetative propagation of threatened Dalbergia species. This approach offers a viable conservation strategy for the restoration and sustainable management of endangered populations in the Mahatsara forest station and other regions in Madagascar.

The results demonstrate that natural biostimulants, especially Curcuma longa, significantly enhance the vegetative growth development of Dalbergia cuttings. The pronounced effect of Curcuma longa in D. baronii suggests that its active compounds including curcumin and other phenolics may stimulate cell division and elongation, as previously reported in vegetative propagation studies involving medicinal and woody plants (Dosoky et al, 2019). The superior performance of Curcuma longa over the control reinforces its potential as a low-cost, effective tool for conservation propagation efforts.
The growth-promoting role of Aloe macroclada although not as strong as that of Curcuma longa is still notable, particularly in D. normandii. This finding aligns with research by Drapeau et al. (2015), which showed that Aloe extracts promote plant growth through phytohormones and bioactive molecules such as salicylic acid and polysaccharides. In our study, the response of D. normandii to Aloe gel was stronger than that of D. baronii, suggesting species-specific sensitivity to biostimulant composition.
The extremely limited or null growth under control conditions especially in D. baronii highlights the importance of external input to trigger successful vegetative development. These findings mirror similar trends reported in Dalbergia sissoo, where exogenous application of growth regulators significantly influenced shoot and root development (Yadav et al., 2005).

In sum, this study confirms the efficacy of natural rhizogenic substances not only for rooting but also for overall vegetative growth in endangered Dalbergia species. The outcomes advocate for the integration of Curcuma longa and Aloe macroclada into propagation protocols as part of a sustainable conservation strategy at Mahatsara and similar ecological restoration projects in Madagascar.
These PCA results confirm that natural rhizogenesis boosters significantly influence vegetative propagation success in Dalbergia species. Curcuma longa powder emerged as the most effective treatment, substantially improving root and shoot growth compared to Aloe macroclada gel and control treatments. The generally stronger response of D. baronii suggests species-specific physiological differences affecting rooting ability or treatment sensitivity, underscoring the importance of tailored propagation protocols.

Our findings align with previous studies demonstrating the efficacy of natural plant extracts in enhancing vegetative propagation. For instance, research by (Ferrari, 2020) showed that Curcuma longa extracts significantly increased rooting percentage and growth parameters in other species of plats, highlighting the potential of turmeric-derived compounds as natural rooting stimulants. Similarly, Aloe vera gel has been reported to promote root initiation and elongation in various horticultural crops, albeit with variable efficiency depending on species and application methods (Hendi, 2021).
While Aloe macroclada gel demonstrated moderate benefits in our study, its effect was less pronounced, indicating that Curcuma longa powder may be preferable for practical applications in the conservation of Dalbergia species. The poor performance of control groups further emphasizes the necessity of using such natural biostimulants to enhance propagation success.
Overall, these findings provide valuable insights for conservation strategies targeting Dalbergia baronii and Dalbergia normandii at the Mahatsara forest station. The application of effective natural rhizogenesis boosters can significantly improve vegetative propagation outcomes, thereby supporting sustainable reforestation and conservation efforts for these threatened timber species.

4. CONCLUSION

This study demonstrated the significant influence of two natural rhizogenesis boosters Curcuma longa powder and Aloe macroclada gel on the vegetative propagation of Dalbergia baronii and Dalbergia normandii. The two-way ANOVA results revealed highly significant effects of species, treatment, and their interaction on both root and shoot development (p < 0.001). Among the treatments, Curcuma longa powder notably enhanced root and growth development, particularly in D. baronii, while Aloe macroclada gel was most effective in D. normandii. In contrast, the control groups exhibited minimal rooting success.	Comment by Dennis Obonyo: This section is good but can be concised further.	Comment by Dennis Obonyo: You did not justify in your introduction the origin of these boosters, whether natural or otherwise.
Principal Component Analysis (PCA) supported these findings, with the first principal component (PC1) explaining 91.5% of the total variance, followed by PC2 at 8.5%. The biplot clearly distinguished the treated groups, highlighting the superior performance of Curcuma longa in both root and growth development.
These natural treatments represent promising, cost-effective alternatives to synthetic rooting hormones. Being locally available, biodegradable, and non-toxic, they are particularly suited for low-resource settings and environmentally sustainable practices.
Given the critical conservation status of Malagasy rosewoods and the ecological importance of Dalbergia species, the successful use of Curcuma longa and Aloe macroclada opens new avenues for large-scale propagation efforts. These low-cost biostimulants can be readily adopted in local nurseries to support community-based restoration programs and forest rehabilitation initiatives.
To further advance this propagation strategy, future research should focus on refining application protocols (e.g., concentration, treatment duration), assessing long-term survival and vigor of propagated plants, and evaluating performance under field conditions. Integration with advanced propagation methods, such as tissue culture or hydroponics, may further boost efficiency.
Scaling up propagation using these biostimulants not only enhances the survival of endangered Dalbergia species but also promotes sustainable forest management, supports biodiversity conservation, and provides socio-economic benefits to local communities involved in reforestation and agroforestry systems.
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ACRONYMS AND ABBREVIATIONS	Comment by Dennis Obonyo: This section is not very necessary.

CITES: Convention on International Trade in Endangered Species of Wild Fauna and Flora
DBA: Dalbergia baronii treated Aloe macroclada gel
DBC: Dalbergia baronii with Curcuma longa powder
DBT: Dalbergia baronii Control
DNA: Dalbergia normandii with Aloe macroclada gel
DNC: Dalbergia normandii with Curcuma longa powder
DNT: Dalbergia normandii Control
FOFIFA: Madagascar’s National Centre of Applied Research for Rural Development
IUCN: International Union for Conservation of Nature
MEDD: Ministry of Environment and sustainable Development
PCA: Principal Component Analysis 
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