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Abstract
Despite its many advantages, Solenostemon rotundifolius remains underutilized. Inadequate seedling conservation impairs their quality and reduces germination and yield. This study evaluates the effect of conservation methods on physiological recovery and tuber yield. A trial was conducted during the 2023/2024 rainy season using a split-plot design with three replicates. The main factor was the seedling conservation method, with nine treatments: in canaries, “bitatoré” (without additives or combined with millet husks, sand, or wood chips as additives), and the Triple S system.  The secondary factor was genotype (E120, E165, E186, ‘white’, and UW086 M). The parameters studied included the germination rate, growth rate, number of tillers, and tuber yield parameters. The results showed that conservation methods significantly influence the number of tubers, their diameter (P < 0.0001), and their weight (P = 0.001). In contrast, germination and growth remain similar. Seedling conservation methods in the “bitatoré” with or without an additive promote an increase in the number of shoots (from 8.00 ± 0.83 to 8.18 ± 0.83 shoots) and tuber weight (153.86 ± 23.95 to 186.72 ± 28.78 g). Overall, the use of appropriate methods for seedling conservation, particularly the “bitatoré” method, appears to promote better plant establishment and improved tuber yield in S. rotundifolius, although genotype also plays a decisive role in performance.
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Introduction
In Burkina Faso, the agricultural sector is largely dominated by cereal crops (maize, rice, sorghum, and millet) (INSD, 2023). However, other crops are also economically and nutritionally important to farmers (Tietiambou et al., 2023). These plants are often considered neglected species (El Bilali et al., 2024).  Among them, Solenostemon rotundifolius is an underutilized and underutilized species that is now threatened with extinction in tropical regions (Osei Tutu et al., 2024). In Burkina Faso, S. rotundifolius is rarely cultivated (Ouédraogo et al., 2007), but remains important to households due to its food, economic, and medicinal benefits (DeSIRA, 2022). In fact, the tubers are eaten as porridge, stir-fried, and deep-fried (Kwarteng et al., 2018), and their flour can be used to make bread (Osei Tutu et al., 2024). The tubers are rich in carbohydrates (95.45 ± 0.33%) and also contain protein (2.22 ± 0.12%), fiber (0.50%), and fat (0.50%) (Thangamuniyandi et al., 2024; Kwazo et al., 2021; Hasna et al., 2020); furthermore, S. rotundifolius possesses antioxidant and therapeutic properties, with its leaves being used as wound-healing agents and antiseptics (Murthy et al., 2018). Despite its significant food, economic, and medicinal potential, S. rotundifolius remains a neglected and underutilized species, particularly due to the challenges of preserving seedlings, which deteriorate during storage (Zongo et al., 2024; Sugri et al., 2021). Tuber losses can reach 20 to 40% in cases of poor storage, due to damage to the skin during pre- and post-harvest operations, thereby facilitating attacks by microorganisms (Apuri et al., 2019;  Mohammed, Chimbekujwo et Bristone, 2013). Thus, improperly stored and infected seedlings can impair their physiological and health quality, thereby compromising their establishment in the field and reducing productivity(Meyer et al., 2008). Proper seedling conservation is essential for preserving their physiological quality and ensuring optimal production (Di et al., 2024). In rural areas, farmers use traditional methods to store S. rotundifolius seedlings, keeping them in dry, cool places away from light, table salt, and fats (Ouédraogo et al., 2007). Despite this, storage remains a major constraint on production. Studies on conservation methods have achieved approximately 80% sprouting rates and improved post-harvest management (Zongo et al., 2024;), but the effect of these methods on the propagation phase has yet to be thoroughly studied. This study aims to evaluate the physiological recovery capacity of S. rotundifolius seedlings derived from different conservation methods and to assess their effects on tuber yield and genotype performance during the propagation phase.
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Experimental Site
The experiment was conducted at the experimental garden of Joseph KI-ZERBO University in Ouagadougou (12°21’56’’ N; 1°32’01’’ W) during the 2023/2024 rainy season, which saw 816.5 mm of rainfall over 68 days.
Plant material
The plant material consisted of seedlings from five (05) genotypes (E120, E165, E186, White, UW086M) of S. rotundifolius (Figure 1) derived from nine (9) conservation methods, namely: storage in “bitatoré” without additives (BITA), “bitatoré” with wood chips as additive (BITA+CB), “bitatoré” with millet husks as additive (BITA+G), “bitatoré” with sand as an additive (BITA+S), canaries without additives (CAN), canaries with millet husks as additive (CAN+G), canaries with wood chips as additive (CAN+CB), canaries with sand as additives (CAN+S), and according to the Storage in Sand and Sprouting or Triple S (TriS) system. The seedlings were stored using these methods for 6 months.
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Figure 1: Illustration of seedlings from the five genotypes evaluated
Conservation methods used before the multiplication experiment
The conservation materials consisted of containers (“bitatoré,” the canary, and basins) and additives (millet husks, sand, and wood shavings) (Figure 2). During the seedling conservation period, the temperature recorded in the containers ranged from 28.63 ± 0.12 °C to 32.35 ± 0.20 °C in the “bitatoré,” compared to 27.43 ± 1.18 °C and 32.95 ± 0.58 °C in the canaries. As for relative humidity, it ranged from 32.40 ± 0.10% to 43.50 ± 0.50% in the “bitatoré,” while in the canaris it ranged from 30.00 ± 1.26% to 43.17 ± 0.67%. The average CO2 concentration ranged from 1253.33 ± 62.09 to 2612.50 ± 246.81 ppm inside the “bitatoré,” compared to a range of 1150.00 ± 36.00 to 2127.50 ± 96.09 ppm in the canaries. 
The “bitatoré” is a straw basket lined with insulation to moderate the internal temperature and reduce heat exchange with the outside (Zongo et al., 2024). The canari is a terracotta container, spherical in shape and of varying size, with an opening that allows access to the contents (Zongo et al., 2024). Plastic basins were used to implement the triple S storage method, or Storage in Sand and Sprouting. The triple S system is a method generally used for the storage of sweet potato seed tubers (International Potato Center, 2019).
The seed tubers were packed into bags, with or without additives, and then placed in storage in the canaries and the “bitatoré.” Each container was then sealed with its lid to ensure a certain degree of airtightness. The entire batch was stored for a period of six (6) months. Storage using the basins was carried out according to the method described by the International Potato Center (2019), also known as the Triple S method.
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Figure 2: Diagram illustrating the seedling conservation methods used.
 A = seed tubers (seedlings); B = additives (1: millet husks, 2: wood chips, 3: sand); C = packed in a cotton bag (with or without additives); D = “bitatoré” container; E = “canaris” container; F = storage using the Triple S system.
Experimental Design
The propagation experiment was conducted in trays arranged in a split-plot experimental design with three (3) replicates. Two factors were studied, with the main factor being the storage method at nine (9) levels, namely: storage in “bitatoré” without additives (BITA), “bitatoré” with wood chips as additives (BITA+CB), “bitatoré” with millet husks (BITA+G), “bitatoré” with sand as an additive (BITA+S), canaries without additives (CAN), canaries with millet husks as an additive (CAN+G), canaries with wood chips as an additive (CAN+CB), canaries with sand as an additive (CAN+S), and the Storage in Sand and Sprouting (TriS) system. The genotypes with five (5) treatments (E120, E165, E186, White, UW086M) constituted the secondary factor. Each replicate, representing a block, consisted of 45 trays. Within each block, five (5) trays per storage method formed a subblock, with one (1) tray per genotype. The spacing between two blocks was 50 cm, and 30 cm between two trays.
Conduct of the Experiment
For the implementation of each storage method, ten (10) seed tubers with a diameter of less than 26 mm were selected per genotype. The quantities of additives used per experimental unit were 50 g of millet glumes, 400 g of fine sand, and 50 g of wood shavings. The seedlings packed in bags were then placed in storage in the canaries and “bitatorés.” Storage using the triple S system was carried out with sand in containers following the method of the International Potato Center (2019). To do this, a layer of fine sand (0.5 kg) was placed on newspaper in the basins before placing the seedlings, and then covered with another layer of fine sand (4.5 kg) approximately 5 cm thick (Zongo et al., 2024, International Potato Center, 2019). The trays containing the seedlings and the sand were stored in the laboratory. After six (6) months of storage, the seedlings were propagated on July 16, 2023, in trays containing a growing medium composed of sand and potting soil, in proportions of two-thirds (2/3) and one-third (1/3), respectively. Three (3) seedlings per genotype were transplanted into each tray at 10-cm intervals. The substrate in each tray was then covered with leaves until the seedlings emerged to protect the seedling buds from high temperatures. Measurements of the parameters began on the 7th day after planting (DAP) and continued until the 73rd DAP. Following an assessment of the number of seedlings that had taken root by the 42nd DAP, thinning was performed to leave one plant per tray to prevent competition among the plants. Weeding was carried out as needed to maintain the crops.
Measured parameters
Seedling recovery rate (SRR): the number of recovered seedlings was counted following visual observation based on the emergence of the first leaves 42 days after transplanting. The seedling survival rate (SSR) was calculated by dividing the number of surviving seedlings by the number of seedlings planted. The following equation was used to calculate the seedling survival rate: 
          (1)
· Plant speed of growth (PSG): calculated as the difference between two consecutive plant height measurements, divided by the number of days between those measurements (time interval), using the following formula:
              (2); Where: H1 = first height measurement, H2 = second height measurement, T = the number of days between each measurement
· Number of shoots (NS): These were counted on each plant every week from the 31st to the 73rd day after sowing.
· Length of tubers per plant in mm (LTP): The tubers were sorted using two sieves based on their diameter, following the method described by Tarpaga (2001). Thus, the tubers were classified into three categories based on their diameter: (i) small-diameter tubers (SDT) (D ≤ 16 mm), (ii) medium-diameter tubers (MDT) (16 < D ≤ 26 mm), and (iii) large-diameter tubers (LDT) (D ≥ 26 mm). Next, ten (10) tubers were selected from each group for measurement. The average number of tubers per plant was determined using the following equation:
    (3); where: LDS= length of small-diameter tubers, LMD= length of medium-diameter tubers and LLD = length of large-diameter tubers
· Average tuber diameter in mm (ATD): This parameter was determined in the same way as the average tuber length, using the following equation:
    (4) where: SDT= small-diameter tubers (SDT), MDT= medium-diameter tubers and LDT =large-diameter tubers.
Data treatment and analysis 
The data were entered and processed using Microsoft Excel 2019, which was also used for calculations and the creation of graphs. They were then subjected to an analysis of variance (ANOVA) using RStudio software (version 2026.01.1+403) to evaluate the effects of the storage methods and genotypes evaluated. Mean comparisons were performed using Tukey’s test at the 5% significance level. Additionally, a Pearson correlation analysis was conducted at the 5% significance level using the same software.
Results
Effect of conservation methods on seedling recovery rate
The results showed that the seedling recovery rate ranged from 60.60 ± 7.54% to 73.33 ± 8.31% depending on the storage method, 42 days after the seedlings were planted (Table 1). Seedlings stored in the “bitatoré” with millet glumes as an additive (BITA+G) had the highest survival rate, at 73.33 ± 8.31%. In contrast, seedlings stored in the canari with wood shavings as an additive (CAN+CB) recorded a lower survival rate of 60.60 ± 7.54% compared to those stored using the other methods (Table 1). However, the analysis of variance did not reveal a significant difference (P = 0.69) among the storage methods.
The seedling recovery rate also ranged from 11.11 ± 10.00% to 100.0 ± 00.00% depending on the genotype 42 days after planting (Table 2). Except for the conservation methods in the canary and “bitatoré” with glume as an additive and according to the triple S system, the analysis of variance revealed a significant difference between genotypes for the other conservation methods (Table 2). Thus, the highest seedling emergence rates (100.0 ± 00.00%) were observed in seedlings of genotype E186 from “bitatoré” and canary with sand as an additive, E120 from canary without an additive, and ‘White’ from “bitatoré” without an additive (Table 2). In contrast, the lowest rate was observed in seedlings of the ‘White’ genotype derived from “bitatoré” and canary with wood shavings as an additive, at 11.11 ± 10.00% (Table 2)
Table 1: Seedling recovery rates by conservation method
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	  Recovery rate (%)

	BITA+G
	73.33 ± 8.31a

	BITA+S
	69.69 ± 8.35a

	BITA
	69.04 ± 7.38a

	CAN+S
	66.66 ± 8.99a

	CAN
	66.66 ± 7.80a

	BITA+CB
	62.50 ± 9.83a

	TriS
	61.11 ± 8.03a

	CAN+G
	60.60 ± 7.54a

	CAN+CB
	53.84 ± 7.09a

	P-value
	0.69

	Meaning
	NS


Table 2: Seedling recovery rates by genotype evaluated
	
	Genotype
	E120
	UW086 M
	E186
	E165
	White
	P-value
	S

	Conservation methods    
	BITA+G
	77.78 ± 11.11a
	55.56 ± 11.11a
	88.89 ± 11.11a
	66.67 ± 19.25a
	33.33 ± 0.00a
	0.067
	NS

	
	BITA+S
	88.89 ± 11.11ab
	55.56 ± 11.11bc
	100.00 ± 0.00a
	44.44 ± 11.11c
	66.67 ± 0.00abc
	0.005
	**

	
	BITA
	88.89 ± 11.11a
	55.56 ± 11.11a
	66.67 ± 19.25a
	44.44 ± 11.11b
	100.0 ± 0.00a
	0.046
	*

	
	BITA+CB
	55.56 ± 11.11ab
	88.89 ± 11.11a
	66.67 ± 19.25ab
	33.33 ± 00.00ab
	11.11 ± 9.19b
	0.009
	**

	
	TriS
	66.67 ± 17.92a
	44.44 ± 17.92a
	55.56 ± 17.92a
	88.89 ± 17.92a
	44.44 ± 11.11a
	0,183
	NS

	
	CAN
	100.0 ± 00.00a
	66.67 ± 00.00b
	55.56 ± 22.22b
	55.56 ± 22.22b
	66.67 ± 19.25b
	0,05
	*

	
	CAN+S
	55.56 ± 22.22ab
	44.44 ± 22.22ab
	100.0 ± 0.00a
	55.56 ± 11.11ab
	22.22 ± 11.11b
	0,05
	*

	
	CAN+G
	55.56 ± 11.11a
	33.33 ± 0.00a
	44.44 ± 11.11a
	77.78 ± 11.11a
	66.67 ± 19.25a
	0,158
	NS

	
	CAN+CB
	66.67 ± 19.25a
	66.67 ± 19.25a
	55.56 ± 11.11a
	33.33 ± 00.00ab
	11.11 ± 10,00b
	0,05
	*


S: meaning; NS = not significant; *, **, *** = significant, BITA = conservation in “bitatoré” without additives, BITA+CB = conservation in “bitatoré” with wood chips as additives, BITA+G = conservation in “bitatoré” with millet husks as additives, BITA+S = conservation in “bitatoré” with sand as additives, CAN = storage in canaries without additives, CAN+G = storage in canaries with millet husks as an additive, CAN+CB = storage in canaries with wood chips as an additive, CAN+S = storage in canaries with sand as an additive, Tri S = conservation using the Storage in Sand and Sprouting system or Triple S. The letters a, b, c, and d represent the different groups identified by the Tukey test at the 5% significance level.
Effect of conservation methods on the speed of growth
The speed of plant growth ranged from 0.16 ± 0.03 cm/day to 0.34 ± 0.02 cm/day, depending on the seedling conservation methods used from the 24th to the 73rd day after planting (DAP) (Table 3). In fact, plants derived from seedlings stored in “bitatoré” with millet glumes showed a low growth rate by the 73rd DAP, with an average of 0.22 ± 0.04 cm/day. In contrast, those from seedlings stored in “bitatoré” without additives recorded a higher growth rate (0.32 ± 0.02 cm/day). However, the analysis of variance did not show a significant difference between the seedling storage methods regarding seedling growth rate from the 24th to the 73rd day after sowing (Table 3).
At the genotype level, plant growth speed fluctuated between 0.11 ± 0.00 and 0.45 ± 0.00 cm/day 73 days after the seedlings were planted (Table 4). Analysis of variance revealed a significant difference between genotypes from conservation in “bitatoré” with sand as an additive (BITA+S) (P = 0.000), in the canary with millet husks as an additive (CAN+G) (P = 0.019), and in the canary with wood chips as an additive (CAN+CB) (P = 0.004) (Table 4). Thus, for the BITA+S method, the highest growth rate was recorded in plants of genotype E120 (0.43 ± 0.02 cm/day), while the lowest was observed in ‘White’ (0.11 ± 0.00 cm/day).  For the CAN+G method, the highest values were obtained for genotypes E120 and E186 (0.39 ± 0.05 cm/day), while the lowest was observed in ‘White’ (0.20 ± 0.02 cm/day). Similarly, for the CAN+CB method, plants of genotype E120 exhibited the highest growth rate (0.35 ± 0.02 cm/day), while the lowest was recorded for ‘White’ (Table 4).
Table 3 : Plant growth speed depending on seedling conservation methods
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	24 DAP
	31 DAP
	38 DAP
	45 DAP
	52 DAP
	59 DAP
	66 DAP
	73 DAP

	BITA
	0.27 ± 0.04a
	0.25 ± 0.03a
	0.27 ± 0.03a
	0.29 ± 0.03a
	0.29 ± 0.03a
	0.30 ± 0.02a
	0.31 ± 0.02a
	0.32 ± 0.02a

	BITA+CB
	0.21 ± 0.04a
	0.19 ± 0.04a
	0.34 ± 0.02a
	0.33 ± 0.02a
	0.20 ± 0.04a
	0.20 ± 0.04a
	0.21 ± 0.02a
	0.21 ± 0.04a

	BITA+G
	0.17 ± 0.04a
	0.16 ± 0.04a
	0.24 ± 0.03a
	0.30 ± 0.03a
	0.21 ± 0.04a
	0.21 ± 0.05a
	0.21 ± 0.03a
	0.22 ± 0.04a

	BITA+S
	0.16 ± 0.03a
	0.17 ± 0.04a
	0.23 ± 0.03a
	0.24 ± 0.03a
	0.21 ± 0.38a
	0.22 ± 0.38a
	0.23 ± 0.04a
	0.25 ± 0.04a

	CAN
	0.26 ± 0.03a
	0.23 ± 0.02a
	0.23 ± 0.02a
	0.26 ± 0.02a
	0.28 ± 0.02a
	0.29 ± 0.02a
	0.29 ± 0.05a
	0.31 ± 0.02a

	CAN+CB
	0.19 ± 0.03a
	0.19 ± 0.03a
	0.23 ± 0.03a
	0.23 ± 0.02a
	0.23 ± 0.03a
	0.25 ± 0.03a
	0.26 ± 0.03a
	0.28 ± 0.03a

	CAN+G
	0.20 ± 0.04a
	0.20 ± 0.04a
	0.25 ± 0.03a
	0.26 ± 0.03a
	0.22 ± 0.04a
	0.22 ± 0.04a
	0.23 ± 0.02a
	0.24 ± 0.04a

	CAN+S
	0.18 ± 0.03a
	0.16 ± 0.03a
	0.24 ± 0.02a
	0.25 ± 0.02a
	0.20 ± 0.03a
	0.22 ± 0.03a
	0.23 ± 0.04a
	0.24 ± 0.03a

	TriS
	0.23 ± 0.03a
	0.22 ± 0.03a
	0.27 ± 0.02a
	0.25 ± 0.02a
	0.29 ± 0.02a
	0.28 ± 0.02a
	0.30 ± 0.05a
	0.31 ± 0.05a

	P-value
	0,28
	0,3
	0,44
	0,56
	0,21
	0,14
	0,12
	0,07

	Meaning
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
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Table 4 : Plant growth speed according to the genotype evaluated
	
	Genotype
	E120
	UW086 M
	E186
	E165
	White
	P-value
	Meaning

	Conservation methods    
	BITA+G
	0.29 ± 0.16a
	0.25 ± 0.01a
	0.30 ± 0.06a
	0.21 ± 0.00a
	0.45 ± 0.00a
	0.29
	NS

	
	BITA+S
	0.41 ± 0.03a
	0.24 ± 0.04bc
	0.29 ± 0.04ab
	0.21 ± 0.00bc
	0.11 ± 0.00c
	0.000
	**

	
	BITA
	0.43 ± 0.02a
	0.15 ± 0.07a
	0.29 ± 0.06a
	0.29 ± 0.07a
	0.19 ± 0.12a
	0.19
	NS

	
	BITA+CB
	0.30 ± 0.00a
	0.30 ± 0.00a
	0.31 ± 0.01a
	0.38 ± 0.07a
	0.15 ± 0.15a
	0.37
	NS

	
	TriS
	0.37 ± 0.07a
	0.19 ± 0.16a
	0.14 ± 0.12a
	0.23 ± 0.08a
	0.18 ± 0.10a
	0.35
	NS

	
	CAN
	0.33 ± 0.02a
	0.14 ± 0.07a
	0.22 ± 0.04a
	0.29 ± 0.03a
	0.31 ± 0.03a
	0.06
	NS

	
	CAN+S
	0.29 ± 0.05a
	0.27 ± 0.06a
	0.24 ± 0.03a
	0.20 ± 0.10a
	0.18 ± 0.09a
	0.82
	NS

	
	CAN+G
	0.39 ± 0.05a
	0.39 ± 0.05a
	0.32 ± 0.00ab
	0.27 ± 0.03ab
	0.20 ± 0.02b
	0.019
	**

	
	CAN+CB
	0.35 ± 0.02a
	0.21 ± 0.03ab
	0.27 ± 0.05a
	0.21 ± 0.03ab
	0.04 ± 0.04b
	0.004
	**


Effect of conservation methods on the number of shoots per plant
The number of shoots ranged from 3.07 ± 0.6 to 8.18 ± 0.83 depending on the conservation method, with higher values observed in plants grown from seedlings stored in “bitatoré with millet glumes as an additive and with sand as an additive had a higher number of tillers (8.00 ± 0.83 and 8.18 ± 0.83 tillers) on the 73rd day after the seedlings were transplanted (Table 5). In contrast, the lowest numbers of tillers were observed in plants derived from seedlings stored in canary seed without an additive and using the triple S method, with values ranging from 4.72 ± 0.91 to 5.00 ± 0.83 tillers. Except for the 31st and 38th days after sowing, the analysis of variance revealed significant differences between the storage methods (Table 5).
The number of shoots per plant also ranged from 2.33 ± 1.47 to 12.33 ± 0.67 shoots, depending on the genotype (Table 6). Analysis of variance revealed a significant difference between genotypes derived from “bitatoré” conservation methods using sand (BITA+S) (P = 0.02), millet glume as an additive (BITA+G) (P = 0.04), and canary seed without additive (CAN) (P = 0.04) (Table 6). Indeed, for “bitatoré” with sand (BITA+S), the highest number of tillers was observed in plants of genotype E165 (12.33 ± 0.67 tillers), while the lowest was observed in genotype UW086 M (5.00 ± 0.00 tillers). For the “bitatoré” with millet glumes as an additive, the highest values for tillers were observed in genotypes E165 (9.33 ± 1.45 tillers) and ‘White’ (8.00 ± 0.00 tillers), while the lowest was obtained in plants of genotype E120 (3.33 ± 2.03) (Table 6). As for the conservation method in canary without additive (CAN), only plants of the ‘White’ genotype showed a low number of tillers (2.00 ± 0.58 tillers) compared to the other genotypes, whose values remained high and statistically equivalent, ranging from 5.67 ± 0.88 to 10.00 ± 1.15 tillers (Table 6).
Table 5: Number of shoots per plant according to seedling conservation methods 
	Methods
	31 DAP
	38 DAP
	45 DAP
	52 DAP
	59 DAP
	66 DAP
	73 DAP

	BITA
	4.14±0.65a
	4.85±0.65a
	5,35±0.70ab
	5.64±0.78ab
	5.71±0,80ab
	5.78±0,83ab
	5.78±0,83ab

	BITA+CB
	4.55±0.76a
	5.22±0.92a
	5,88±0.99ab
	6.11±1.00ab
	6.55±1,05ab
	6.55±1,05ab
	6.55±0,85ab

	BITA+G
	5.33±0.59a
	5.88±0.56a
	7,33±0.83ab
	7.55±0.94a
	8.00±0,92a
	8.00±0,92ab
	8.00±0,83a

	BITA+S
	5.18±0.89a
	6.18±0.98a
	7,72±1.05a
	7.81±1.02a
	8.09±0,99a
	8.18±0,98a
	8.18±0,83a

	CAN
	4.21±0.58a
	4.92±0059a
	5,57±0.70ab
	6.07±0.93a
	6.57±0,95ab
	6.57±0,95ab
	6.57±0,95ab

	CAN+CB
	3.40±0.51a
	3.90±0.54a
	4,60±0.54b
	4.70±0.57b
	4.70±0,58b
	4.80±0,55b
	4.80±0,55b

	CAN+G
	3.07±0.61a
	4.23±0.60a
	4,61±0.70b
	4.61±0.70b
	4.84±0,70ab
	4.92±0,72b
	4.92±0,72b

	CAN+S
	3.81±0.56a
	3.90±0.60a
	4,36±0.78b
	4.63±0.89b
	4.72±0,91b
	4.72±0,91b
	4.72±0,91b

	TriS
	3.21±0.50a
	3.85±0.69a
	4,57±0.85b
	4.71±0.86b
	5.00±0,83ab
	5.00±0,83b
	5.00±0,83b

	P-value
	0.082
	0.12
	0.012
	0.027
	0.005
	0.0065
	0.0065

	Meaning
	NS
	NS
	S
	S
	S
	S
	S


Table 6: Number of shoots per plant depending on the genotype
	
	Genotype
	E120
	E165
	E186
	UW086 M
	White
	P-value
	Meaning

	Conservation methods    
	BITA+G
	3.33 ± 2.03b
	9.33 ± 1.45a
	8.00 ± 1.53ab
	5.00 ± 0.00ab
	8,00 ± 0.00a
	0.02
	*

	
	BITA+S
	7.00 ± 1.73ab
	12.33 ± 0.67a
	6.33 ± 1.33ab
	5.00 ± 0.00b
	  5.33 ± 2.67ab
	0.04
	*

	
	BITA
	2.00 ± 0.58a
	5.33 ± 2.90a
	7.33 ± 1.45a
	5.67 ± 1.20a
	6.67 ± 2.33a
	0.37
	NS

	
	BITA+CB
	2.67 ± 0.33a
	4.00 ± 0.00a
	8.33 ± 1.45a
	8.33 ± 1.20a
	3.33 ± 3.33a
	0.09
	NS

	
	TriS
	3.00 ± 1.00a
	6,33 ± 2.08a
	5.33±1.15a
	5.00± 2.08a
	3,66 ± 2.08a 
	0.79
	NS

	
	CAN
	10.0 ± 1.15a
	7.00 ± 3.77a
	6.00 ± 1.00a
	5.67 ± 0.88a
	2.00 ± 0.58b
	0.04
	*

	
	CAN+S
	3.00 ± 0.58a
	5.00 ± 2.65a
	6.67 ± 2.03a
	2.67 ± 1.45a
	4.67 ± 2.33a
	0.62
	NS

	
	CAN+G
	3.33 ± 0.67a
	4.67 ± 1.33a
	5.67 ± 0.67a
	3.00 ± 0.00a
	4.00 ± 2.00a
	0.51
	NS

	
	CAN+CB
	2.67 ± 0.67a
	7.33 ± 0.33a
	6.67 ± 0.88a
	4.67 ± 1.20a
	2.33 ± 1.47a
	0.06
	NS


Effect of conservation methods on tuber yield parameters 
Average number of tubers 
The average number of tubers per plant ranged from 22.12 ± 7.52 to 88.22 ± 9.38 tubers, depending on the conservation method (Table 7). In fact, plants grown from seed tubers stored in the “bitatoré” with wood chips as an additive produced a greater number of tubers (88.22 ± 9.38 tubers per plant) compared to those from seed tubers stored in the canaris with wood chips as an additive, which produced fewer tubers (22.12 ± 7.52 tubers per plant) (Table 7). The analysis of variance revealed a significant difference between the storage methods for the number of tubers per plant (P < 0.0001) (Table 7).
Among the genotypes, the average number of tubers ranged from 7.33 ± 3.67 to 114 ± 30.41 tubers. Regarding the average number of tubers, the analysis of variance revealed a significant difference between genotypes derived from conservation methods in the “bitatoré” with sand as an additive (BITA+S) (P = 0.01), wood chips as an additive (BITA+CB) (P = 0.02), and the canary method with wood chips as an additive (CAN + CB) (P = 0.01) (Figure 3a). For the BITA+S method, plants of genotype E165 (114 ± 30.41) produced the highest number of tubers, while those of the “white” genotype recorded the lowest yield (7.33 ± 3.67). Furthermore, plants of genotypes E120 and UW086 M derived from seedlings preserved using the BITA+CB method produced the highest number of tubers, namely 100 ± 0.00 and 96 ± 31.78 tubers, respectively. In contrast, the “white” genotype showed low yield (8.67 ± 6.66) (Figure 3a). For the CAN + CB method, plants of the E186 genotype produced the highest number of tubers (38.33 ± 3.33).
Average tuber weight 
In terms of average tuber weight per plant, values ranged from 41.09 ± 23.08 g to 186.72 ± 28.78 g depending on the conservation method. Plants grown from seedlings stored in the “bitatoré” with or without additives produced tubers with high weights, ranging from 153.86 ± 23.95 g to 186.72 ± 28.78 g (Table 7). In contrast, plants derived from seedlings stored in canaris with wood chips as an additive produced tubers with low weight per plant (41.09 ± 23.08 g) (Table 7). Analysis of variance revealed a significant difference between storage methods for average tuber weight per plant (P = 0.001).
The average tuber weight per plant ranged from 23.06 ± 14.77 to 360.00 ± 0.00 g depending on the genotypes (Figure 3b). Except for the methods using the “bitatoré” without additives and the canary cage with sand and wood shavings as additives, the analysis of variance revealed a significant difference in the average tuber weight among genotypes from the other conservation method (Figure 3b). In fact, plants of genotype E165 produced tubers with high weights across all evaluated methods (117.8 ± 61.05 g and 360.00 ± 0.00 g), while those of the ‘White’ genotype recorded the lowest values (22.99 ± 11.9 g and 95.33 ± 2.67 g) (Figure 3b).
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Figure 3: Average number and weight of tubers by evaluated genotype
Average tuber diameter 
Tuber diameter ranged from 10.97 ± 0.84 mm to 16.57 ± 0.83 mm depending on the conservation method. The largest tuber diameter was observed in plants derived from seedlings stored using the triple S method (16.57 ± 0.83 mm) and in the “bitatoré” with wood chips as an additive (16.05 ± 1.04 mm), whereas the lowest was observed in plants derived from seedlings stored in canaris with wood chips as an additive, at 10.97 ± 0.84 mm. Furthermore, the analysis of variance also revealed a significant difference between the conservation methods for the average tuber weight per plant (Table 7).
Tuber diameter ranged from 3.5 ± 1.5 mm to 25.37 ± 0.83 mm depending on the genotype. However, analysis of variance revealed a significant difference in mean tuber diameter between genotypes derived from conservation methods in the “bitatoré” (BITA+CB) (P = 0.02) and the canary (CAN+CB) (P = 0.001) with wood shavings, as well as using the triple S (TriS) method (P = 0.01) (Figure 4a). Large-diameter tubers were observed in plants of the UW086 M genotype derived from storage using the BITA+CB method (18.08 ± 1.72 mm) and TriS (25.37 ± 0.83 mm) methods, as well as in plants of the E120 genotype from storage using the CAN+CB method (15.12 ± 2.16 mm) (Figure 4a). In contrast, small-diameter tubers were observed in plants of the ‘white’ genotype derived from the same conservation methods as above, with an average ranging from 3.5 ± 1.5 mm to 7.47 ± 4.33 mm (Figure 4a).
Average tuber length 
The average tuber length ranged from 25.81 ± 1.6 mm to 34.38 ± 1.82 mm (Table 7). However, analysis of variance did not reveal a significant difference (P = 0.39) between conservation methods for the average tuber length per plant (Table 7).
Among genotypes, the average tuber length ranged from 8.5 ± 1.6 mm to 34.38 ± 1.82 mm (Figure 4b). Analysis of variance revealed a significant difference in average tuber length among genotypes from the following storage methods: in the additive-free “bitatoré” (BITA) (P = 0.000), with wood chips (BITA+CB) (P = 0.02), the canary with millet husks (CAN+G) (P < 0.0001), with wood chips (CAN+CB) (P = 0.01) and using the triple S (TriS) method (P = 0.008) (Figure 4b). For the BITA, TriS, BITA+CB, CAN+G, and CAN+CB methods, only the tuber lengths from plants of the ‘White’ genotype are small, while those of the other genotypes are the largest and relatively homogeneous.
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Figure 4: Average diameter and length of tubers by evaluated genotype
Table 7: Yield parameters for tubers by conservation method
	[bookmark: _Hlk184751700]
	NTP
	PTP (g)
	DMT (mm)
	LMT (mm)

	BITA+CB
	88.22 ± 9.38a
	186.72 ± 28.78a
	16.05 ± 1.04a
	32.29 ± 2.01a

	BITA+S
	67.22 ± 8.49ab
	181.25 ± 26.03a
	13.5 ± 0.94ab
	29.76 ± 1.82a

	BITA+G
	58.60 ± 8.90ab
	161.84 ± 27.31a
	14.82 ± 0.98ab
	30.74 ± 1.91a

	BITA
	56.53 ± 7.81ab
	153.86 ± 23.95a
	14.27 ± 0.86ab
	30.33 ± 1.67a

	CAN
	52.07 ± 7.52abc
	123.35 ± 23.03ab
	15.13 ± 0.83ab
	31.01 ± 1.61a

	CAN+S
	43.63 ± 8.48bc
	102.04 ± 26.03ab
	15.59 ± 0.94ab
	34.38 ± 1.82a

	CAN+G
	41.54 ± 8.49bc
	101.82 ± 26.03ab
	15.31 ± 0.94ab
	29.24 ± 1.82a

	CAN+CB
	22.12 ± 7.52c
	41.09 ± 23.08b
	10.97 ± 0.84b
	25.81 ± 1.60a

	Tri S
	39.46 ± 7.52bc
	80.09 ± 23.08ab
	16.57 ± 0.83a
	30.92 ± 1.61a

	P-value
	˂ 0.0001
	0.001
	˂ 0.0001
	0.39

	Meaning
	***
	***
	***
	NS


S = significant difference, NTP = average number of tubers per plant, PTP (g) = average tuber weight per plant, DMT = tuber diameter, LMT = average tuber length; S: significant; NS = not significant; *, **, *** = significant.
Correlation between measured parameters 
The correlation matrix revealed positive correlations among the parameters studied (Figure 5). The seedling recovery rate is positively correlated with plant speed of growth (r = 0.39) (Figure 5). The average tuber weight per plant is positively correlated with the number of tubers per plant (r = 0.73), to tuber diameter (r = 0.42), and to tuber length (r = 0.41), to the number of tillers (r = 0.28), to growth rate (r = 0.28), and to the seedling survival rate (r = 0.28) (Figure 5).
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Figure 5: Correlation between the measured parameters.
 SRR = Seedling recovery rate; PSG = Plant speed of growth; NS = Number of Shoots; NTP = Number of tubers per plant, WTP = Weight of tubers per plant; LTP = Length of tubers per plant in mm; ATD = Average tuber diameter
Discussion 
The results of this study show that seedling conservation methods did not significantly affect the germination rate, although some variability was observed among these methods. However, the relatively high values obtained with the “bitatoré” storage method using millet glumes as additives (73.33 ± 8.31) suggest that these additives could improve storage conditions and limit quality losses in the seedlings. Indeed, storage conditions, particularly temperature, relative humidity, and CO₂ concentration, directly influence the physiological state of the seedlings. These parameters affect carbohydrate metabolism, determining the utilization of energy reserves and, consequently, germination capacity (Di et al., 2024b; Fernie et Willmitzer, 2001). Studies have shown that regulating temperature, humidity, and gas exchange is essential for maintaining seed quality during storage. The use of additives or appropriate materials (plant matter, desiccants, etc.) helps stabilize these parameters by limiting water and air exchange, thereby reducing seed respiration and deterioration.(Guzzon et al., 2024). Furthermore, conservation conditions modulate the expression of genes involved in starch and sucrose metabolism, thereby influencing the availability of the sugars necessary for the resumption of growth (Sonnewald et Sonnewald, 2014).Thus, controlling storage conditions is a key factor in preserving the physiological quality of the tubers and ensuring vigorous germination (Di et al., 2024b).
Yield parameters were strongly influenced by storage methods, particularly the number, weight, and diameter of tubers. Furthermore, seedlings from plants stored in the “bitatoré” with or without additives showed better performance in terms of tuber weight production. The significant effect of storage methods on yield parameters underscores the importance of storage conditions in preserving the productive potential of seed tubers. The superior performance observed with “bitatoré” storage methods could be explained by better regulation of environmental conditions (humidity, ventilation, temperature), thereby promoting the maintenance of physiological quality and the efficient mobilization of reserves. Indeed, numerous studies have shown that seed storage conditions and duration can impact tuber production (Deshi, Obasi et Odiaka, 2021; Gadissa, Kassaye et Abiyu, 2022).
In fact, proper storage limits deterioration and cellular aging by preserving the integrity of cell membranes and reserve tissues (Paulikienė et al., 2025; Ranganathan et Groot, 2023).It thus ensures vigorous seeds, characterized by rapid and uniform germination, better seedling establishment, and high propagation yield yield (Paulikienė et al., 2025; Ranganathan et Groot, 2023). Furthermore, proper moisture management also helps prevent losses due to mold or dehydration, ensuring the maintenance of seed viability and quality (Abamecha, Techane et Adem, 2025). The correlation analysis reveals positive relationships among the components of yield (tuber weight, number of tubers, and tuber size). The close link between the number and weight of tubers simply shows that the more tubers a plant produces, the higher the yield (Arif et al., 2024). This makes the number of tubers a key and easily exploitable criterion for selecting the most productive varieties. The yield differences observed among genotypes clearly indicate that genetic factors play a major role (Tatarowska et al., 2024). Overall, seedlings from genotypes E165 and E120 performed best, in contrast to those from ‘White’. This superior performance could be explained by more efficient use of reserves and greater plant vigor (Shi et al., 2020).
Conclusion    
This study shows that conservation methods significantly influence the average number, diameter, and weight of Solenostemon rotundifolius tubers. Although the regrowth rate and growth rate did not differ significantly among conservation methods, certain methods, particulaty the use of “bitatoré” with or without additives, enchanced tiller production and improved yield parameters. Furthermore, genotype proved to be a key determinant of performance, with genotypes E165 and E120 exhibiting superior results, whereas the ‘White’ genotype remained less productive. These results provide concrete insights for improving conservation strategies and contribute to the sustainable production of this underutilized crop.
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