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Abstract

:

To maximize the economic benefits of Hyacinthus orientalis L., the micropropagation and morphogenesis induction of five Hyacinthus cultivars were investigated under four different concentrations of indole acetic acid (IAA) with two cytokinins, benzyl adenine (BA), or kinetin (Kin). Days for morphogenesis initiation and shoot formation in the red cultivars were fewer than in the blue and white cultivars. Blue cultivars showed an increase in fresh weight and chlorophyll content under either BA or Kin, but they showed an increase in shoot height in the BA treatments only. IAA at 1.5 mg/L caused a time reduction in days for morphogenesis induction and shoot formation and enhanced shoot height and fresh weight. Kin had a lesser impact than BA on all parameters at all concentrations. The number of shoots differed significantly among the cultivars. The Murashige and Skoog (MS) medium supplemented with 3.0 mg/L indole-3-butyric acid (IBA) produced the highest percentage of root formation (93.3%), number of roots/plantlet (5.26), and root length (1.10 cm). The Jan Bos cultivar at 3.0 mg/L IBA had the highest mean rooting percentage (100%) and number of roots per plantlet (6.66), while Pink Pearl had the highest root length (1.39 cm).
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1. Introduction


Hyacinthus orientalis L., known as hyacinth, is a monocotyledonous plant belonging to the family Hyacinthaceae. However, in 2009, the Angiosperm Phylogeny Group (APG) system established new boundaries for organizing families, and the Hyacinthaceae family members became a part of the Asparagales order of the family Asparagceae [1]. Hyacinthus is one of the world’s most prominent cultivated plants, with cultivars distinguished by their blooms and powerful scents. Hyacinth has a large, ovate bulb that has a modified stem and leaves. The stem shrinks and flattens as a disc, and the modified leaves become scale leaves. A broad spectrum of appealing colors makes them a popular choice among ornamentals. Hyacinth cultivars produce blossoms in a variety of colors, including white, red, pink, purple, blue, orange, and yellow. The hyacinth inflorescence is a raceme with 2 to 40 flowers on a single spike. The number and density of flowers differ between cultivars [2].



Hyacinthus orientalis has been widely grown as a horticultural plant for hundreds of years. Most hyacinth varieties can thrive in a variety of environments. Wild populations of Hyacinthus orientalis have comparatively looser scapes and bear fewer blue flowers. Although hyacinths have the cultural benefit of being able to tolerate a wide range of climatic conditions, the natural reproduction rate of their bulblets is extremely low, and the parent bulbs produce only a few bulblets. Thus, in vitro methods are used to accelerate its multiplication [2,3].



Numerous bacterial and fungal infections, including Dickeya spp. (formerly known as Erwinia chrysanthemi), Pectobacterium carotovorum subsp. carotovorum (known as Erwinia carotovora subsp. carotovora), and Fusarium oxysporum, cause damage, basal rot, and harm to hyacinth bulbs [4].



Under natural conditions, hyacinth propagation is a very slow process. One mature bulb generates 0 to 3 bulblets that develop at the base plate of the adult bulb. After the bulbs are dug out in July, the base plate of the hyacinth is sliced into pieces to speed up propagation. The mother bulbs that have been handled in this manner are induced to generate bulblets at a high temperature [5]. Pierik and Post [6] mentioned that the commercial introduction of a new hyacinth cultivar takes many years using traditional propagation methods. Tissue culture has been studied as an effective method for the clonal propagation of Hyacinthus orientalis, and bulb regeneration and growth in vitro have been reported using bulb scales, leaves, stems, flower buds and scapes, various parts of the inflorescence, and segments of the ovary wall.



IAA and IBA are typically used to stimulate the production of hyacinth bulblets, although their effectiveness depends on their concentrations and explant sources. It was determined that IBA stimulated root production more than IAA, and 3.0 mg/L IBA gave the highest percentage of root formation [2].



Because hyacinth begins to bloom in the second to third year of seeds, early identification and selection can considerably minimize the expense of developing a new cultivar [2]. Modern plant cell culture techniques offer an alternative crop improvement tool. Due to the low frequency of bulblets formation and the long delay before cultures produce a suitable size and number of bulbs in vitro, commercial applications for H. orientalis have been limited [7].



The objective of our study was to investigate the effect of IAA with either BA or Kin on the in vitro morphogenesis and proliferation of five Hyacinthus orientalis genotypes to find an efficient and rapid protocol for Hyacinthus in vitro production.




2. Materials and Methods


This study was carried out at the Tissue Culture and Biotechnology Lab of the Floriculture Department, Faculty of Agriculture, Alexandria University, Egypt, from 2020 to 2022.



2.1. Plant Material


Flowering bulbs of five different cultivars of H. orientalis were used in this study: two red cultivars (‘Pink Pearl’: 20–30 cm in height with broad rich green leaves, erect fragrant spikes with pink flowers edged with pale pink, and ‘Jan Bos’: an upright highly fragrant cultivar up to 25 cm in height with brownish green leaves and dark reddish-pink florets on a brownish-red spike); two blue cultivars (‘Blue Pearl’: densely packed floret heads of scented blue bell-shaped blooms and dark green leaves, and ‘Serene Blue’: 20 to 30 cm in height, densely flowered spikes of pale blue color with slightly lighter edges and lance-shaped bright green leaves); one white cultivar (‘White Pearl’: 30 cm in height, with 3–4 light green leaves and densely packed white fragrant spikes).



All cultivars were purchased from a commercial nursery in Alexandria, Egypt. All bulbs were homogeneous in size, with a weight range from 92 to 109 g and a dimension range from 5.0 to 5.7 cm in height and 7.0 to 7.8 cm in diameter using a caliper gauge. The bulbs were planted in 8 × 8 cm pots and kept in the nursery of the Floriculture Department, Faculty of Agriculture, Alexandria University, Egypt, where they were later used as a source of explants.



The average number of bulb leaves per bulb ranged from 25 to 35 scaly leaves when the disk plates were removed from H. orientalis bulbs and used as explants.




2.2. Sterilization


To eliminate any foreign materials (dirt, soil, and dry scales), the bulbs were carefully cleaned under running tap water for 15 min. The excised explants were washed with a home detergent for 30 min and then with 5% Benlate fungicide with two drops of the wetting agent “Tween 20” (Sigma Aldrich, Saint-Louis, MO, USA) for 30 min. The explants were finally surface-sterilized by immersing them in 70% ethyl alcohol for 5 min, followed by 0.1% mercuric chloride (Chemajet Chemical Co., Alexandria, Egypt) for 15 min with two drops of “Tween 20” before they were washed three times with sterilized distilled water to eliminate any ethanol or mercuric chloride residues.




2.3. Micropropagation and Rooting


Bulb scales measuring approximately 1 cm2 were individually inoculated in tissue culture tubes (2.5 cm in diameter by 15 cm height) in a solidified medium comprising 4.43 g/L of Murashige and Skoog (MS) salts and vitamins (MSP09-50LT.1 Caisson labs USA) [8] supplemented with sucrose (30 g/L) and agar gel (7 g/L) (A7921 Sigma Aldrich Saint-Louis, MO, USA). The pH of the medium was adjusted to 5.8 ± 0.1 using a pH meter, and the media were autoclaved for 20 min at 121 °C ± 1 °C under 1.5 bar/cm2 pressure. The media were supplemented with different growth regulators, with IAA as an auxin at four different concentrations (0.0, 0.5, 1.0, and 1.5 mg/L) in combination with two cytokinins (BA or Kin) at (0.0, 1.0, 2.0, and 3.0 mg/L).



For root production, newly in vitro-formed shoots of the five cultivars were transferred from the establishment media under aseptic conditions, and each plantlet was excised from shoot clumps and placed separately in a tube containing 4.43 g/L MS media enriched with 30 g/L sucrose, 7 g/L agar, and indole-3-butyric acid (IBA) (Bioworld 4150 Tuller Road, Dublin, OH 43017, USA) at 1.0, 2.0, and 3.0 mg/L.




2.4. Environmental Culture Conditions


Cultured tubes were incubated in the growth chamber at 25 °C ± 1° C, with fluorescent lamps 40 cm above the tubes, providing an average irradiance of 55–56 mole/m2/S depending on the age of the lamp for a 16/8 h light/dark photoperiod accordingly, and relative humidity was set to 80%.




2.5. Chlorophyll Content


Fresh leaf samples (0.1 g) were excised from in vitro-produced plants and incubated overnight at 4–5 °C in 5 mL of N, N-dimethyl formamide solution. A spectrophotometer (Unico W49376 Spectrophotometer 1200, Shanghai, China) was used to quantify chlorophyll (Chl.) a and b at 647 and 664 nm as described in Moran [9]. Chlorophyll a and b were quantified in mg/g fresh weight (FW).




2.6. Growth Parameters


Days for morphogenesis induction, days for shoot proliferation, number of shoots, shoot height (cm), and fresh weight (mg) were measured. The percentage of root formation, number of roots per plantlet, and root length (cm) were recorded 2 months after transferring the shoots to the rooting media.




2.7. Statistical Design and Data Analysis


All the tests in this study were designed in a split-split plot factorial experiment. Three factors were arranged in a randomized complete block design with three replications [10], with five cultivars as the main factor, IAA at four different concentrations (0.0, 0.5, 1.0, and 1.5 mg/L) as a subfactor, and two cytokinins (BA or Kin) at 0.0, 1.0, 2.0, and 3.0 mg/L as sub-subfactors. Each cytokinin (BA or Kin) was combined with IAA at four different concentrations in two separate experiments. A total of 160 treatments were performed for both experiments 1 and 2, and 240 experimental units (tubes) were used for each experiment. The recorded data were statistically analyzed using analysis of variance with SAS software (copyright 2002 by SAS Institute Inc., Cary, NC, USA), and the averages were compared using the least significant difference [11], with the significance level set at p ≤ 0.05.





3. Results


3.1. Effects of the Five Cultivars, IAA, and Either BA or Kin in Experiments 1 and 2 on Growth Parameters


The main effects of the five cultivars, IAA, and BA or Kin on days for morphogenesis induction and shoot proliferation, number of shoots, shoot height, fresh weight, and chlorophyll a and b for H. orientalis are shown in Table 1 and Table 2.



The results of both experiments 1 and 2 indicate that the days for morphogenesis initiation and for shoot formation in the red cultivars (Pink Pearl and Jan Bos) were less than those in the blue cultivars (Blue Pearl and Serene Blue) and the white cultivar (White Pearl). There was no significant difference in the number of formed shoots between all cultivars except the white cultivar (White Pearl), which showed a significant reduction in the number of shoots under both cytokinin treatments. Both blue cultivars showed an increase in shoot height in BA treatments, but there were no differences between cultivars in shoot height under Kin treatments in the second experiment. The blue cultivars also showed an increase in fresh weight and chlorophyll a and b content among the BA or Kin treatments.



The IAA treatment at 1.5 mg/L reduced the number of days for morphogenesis induction and days for shoot formation in both experiments, but it enhanced shoot height. Fresh weight was enhanced by increasing the IAA concentration in both experiments. IAA at 1.5 mg/L also enhanced chlorophyll a and b in the first experiment.



The main effect of BA and Kin showed that the highest concentrations of 2.0 and 3.0 mg/L caused a reduction in the days for morphogenesis induction and the days for shoot proliferation (Table 1 and Table 2). BA at 3.0 mg/L significantly increased the number of shoots formed (5.0 shoots/plant) and outperformed Kin at its highest concentration.



BA and Kin increased the shoot height at 2.0 mg/L, and then the height was reduced at 3.0 mg/L.



The highest values of FW, chlorophyll a, and chlorophyll b were achieved at 2.0 and 3.0 mg/L BA, whereas Kin at its highest concentration increased chlorophyll content only and did not significantly affect FW. Kin had a lesser impact than BA on all parameters at all concentrations.




3.2. Influence of the Interactions between the Five Cultivars, IAA, and Either BA or Kin in Both Experiments 1 and 2 on Growth Parameters


In the interaction between the five cultivars, IAA, and BA at different concentrations (Figure 1), it was found that no morphogenesis was induced at 0.0 mg/L IAA combined with BA at 0.0 or 1.0 mg/L in all cultivars, whereas IAA + BA at 1.5 and 1 mg/L, respectively, enhanced morphogenesis significantly (82 and 98 days) in the red cultivars, Pink Pearl and Jan Bos, respectively (Figure 1a and Figure 2a,b), and the blue cultivars (Blue Pearl and Serene Blue) (Figure 2c,d) over the rest of the treatments, while for White Pearl, morphogenesis was enhanced at 1.5 mg/L IAA + 3.0 mg/L BA (93.33 days) (Figure 1a and Figure 2e). For shoot proliferation, the highest IAA concentration of 1.5 mg/L + BA at 1.0, 2.0, and 3 mg/L caused a significant reduction in days for shoot proliferation, and the lowest number of days was achieved for Pink Pearl and Jan Bos at 1.0 and 2.0 mg/L BA (Figure 1b and Figure 2f,g). At 2.0 and 3.0 mg/L BA, the number of regenerated shoots rose, and the number of shoots varied according to the cultivar. Pink Pearl gave 6.6 shoots at 0.0 mg/L IAA+ 3.0 mg/L BA, while Jan Bos and Serene Blue gave 6.6 and 6.0 shoots, respectively, at 1.0 mg/L IAA+ 2 mg/L BA (Figure 2g,i). Blue Pearl and White Pearl gave the best number of shoots (6.0 and 5.3, respectively) at 1.5 mg/L IAA+ 2.0 mg/L BA (Figure 1c).



Shoot height increased significantly with increasing IAA and BA concentrations but declined at 3.0 mg/L BA in all cultivars, reaching 2.6 cm at 1.0 and 1.5 mg/L IAA+ 2.0 mg/L BA in Blue Pearl and Serene Blue (Figure 1d and Figure 2h,i). The fresh weight varied significantly with the cultivar. The highest fresh weight was achieved in Blue Pearl (1568 mg) followed by Serene Blue (1512 mg), Jan Bos (1400 mg), and White Pearl (1052 mg) at 1.5 mg/L IAA and 2.0 mg/L BA, whereas for Pink Pearl (1378 mg) it was achieved at 1.5 mg/L IAA + 3.0 mg/L BA (Figure 1e).



The chlorophyll content increased with the increasing BA concentration in all cultivars (Figure 1f,g). The blue flowered cultivars (Serene Blue and Blue Pearl) had the highest chlorophyll a and b concentration, followed by the red and pink cultivars (Pink Pearl and Jan Bos). The lowest chlorophyll content was detected in the White Pearl cultivar. Vitrification and deformed leaves and growth appeared in the Pink Pearl and White Pearl cultivars at 1.0 and 2.0 mg/L BA, respectively (Figure 2k,l).



The results of Experiment 2, testing the interaction between the five cultivars, IAA, and Kin, indicated that no morphogenesis was induced at 0.0 mg/L IAA combined with Kin at 0.0 or 1.0 mg/L in all cultivars, whereas the highest concentration of IAA (1.5 mg/L) with Kin at 1.0, 2.0, and 3.0 mg/L significantly reduced days for morphogenesis induction to 60.4, 64, and 70 days, respectively, in the Pink Pearl cultivar (Figure 3a). The lowest number of days for shoot proliferation was achieved in Pink Pearl and Jan Bos at 1.0 and 2.0 mg/L Kin (Figure 3b). The number of regenerated shoots varied with the cultivar (details of the interaction between treatments in Supplementary Tables S1 and S2).



At 3.0 and 2.0 mg/L Kin, the number of shoots rose to 5.16 shoots in Pink Pearl and Jan Bos, respectively. For the blue cultivars (Blue Pearl and Serene Blue), IAA at 1.5 mg/L + Kin at 2.0 mg/L increased the shoot number to 4.42 shoots (Figure 3c). Shoot height increased significantly when IAA and Kin concentrations (2.0 mg/L) were increased before declining at 3.0 mg/L (Figure 3d). The fresh weight varied greatly depending on the cultivars. The highest FW was achieved at 1.0 mg/L IAA + 0.0 Kin in the Blue Pearl cultivar (1157.53 mg) (Figure 3e). Kin had no significant effect on the FW (Table 2), whereas increasing Kin caused a significant increase in Chl. a and b (Figure 3f,g).



IBA at different concentrations greatly influenced H. orientalis plantlet rooting. The results showed that IBA at 3.0 mg/L was superior (Table 3 and Table 4, Figure 4). The medium supplemented with 3.0 mg/L IBA produced the highest percentage of root formation (93.3%), number of roots/plantlet (5.26), and root length (1.10 cm) (Table 3).



According to different cultivars, Jan Bos had the highest mean rooting percentage (83.3%), number of roots/plantlet (3.66), and main root length (0.77 cm), while the lowest mean rooting percentage (71.1%), number of roots/plantlet (2.0), and main root length (0.39 cm) were recorded for White Pearl.



There were no significant differences between the red and blue cultivars in the percentage of root formation and the number of roots per plantlet.



For the interaction between the five cultivars and the three IBA concentrations, it was found that Jan Bos at 3.0 mg/L IBA had the highest mean rooting percentage (100%) and number of roots per plantlet (6.66), while Pink Pearl had the highest root length (1.39 cm).





4. Discussion


In this study, bulb scales were used as the main source of explants because of their remarkable capacity to regenerate adventitious bulbs when used as in vitro explants [12].



IAA at its highest concentration of 1.5 mg/L combined with BA at 1 mg/L significantly accelerated morphogenesis (82 days). Similar previous research has shown that higher concentrations of auxin stimulate the formation of regenerative calli (totipotent calli) [6]. The optimal callus formation of goji berry (Lycium barbarum L.) was reached in a medium supplemented with 0.5 mg/L NAA + 0.25 mg/L BA, in which the NAA concentration was higher than that of BA [13]. In this medium, auxins played a great role in increasing the elongation and growth of the cells [14].



Liorente and Apóstolo [15] reported that the measured characteristics of jojoba cultivars at both the initiation and multiplication stages (proliferation rate, number of leaves, length, callus development, and vitrified plantlets) differed significantly between cultivars. Similarly, our results demonstrated that the cultivars had a significant effect on most of the studied parameters, as the two blue cultivars showed an increase in the shoot height, fresh weight, and chlorophyll a and b content than the red and white cultivars in both experiments.



Auxins influence cell development and growth and increase starch hydrolysis, sugar, and nutrient mobilization [16]. IAA at 1.5 mg/L caused an increase in shoot and root length, whereas increasing the concentration to 3.0 mg/L caused a reduction in both shoot and root lengths [3]. We also found that 1.5 mg/L IAA enhanced shoot height and fresh weight, and there were no differences between 1.0 and 1.5 mg/L in the second experiment.



Pierik and Post [6] found that shoots grew on the callus surface of H. orientalis bulb scales, especially when cytokinin was added to the medium. BA at its highest concentration of 2.0 mg/L increased the number of shoots in Lilium Prato, whereas the shoot height and fresh weight were reduced and the number of days for shoot formation was delayed [17]. The same results were obtained in our study, as BA at 2.0 mg/L combined with IAA at 1.0 mg/L caused a significant increase in the number of formed shoots, while at its highest concentration of 3.0 mg/L, BA caused a delay in the days for morphogenesis and shoot proliferation and reduced the shoot height and FW. Han et al. [18] and Loretta et al. [19] reported that high concentrations of BA and cytokinins in general impeded shoot development in Lilium bulb scales. According to Godo et al. [20], adding BA to the solidified medium at 1 mg/L BA enhanced the number of shoots produced from cell clumps of Lilium formolongi. Multiple shoots were formed on BA-enriched media; however, other plant growth hormones were proven to be ineffective in inducing multiple shoots [21].



The explants on BA performed better and had a better appearance than those on Kin. On media supplemented with BA, the number of shoots and leaves per explant was much higher than on Kin treatments, although there was also more vitrification and callus formation on in vitro-produced jojoba [15]. Hosokawa [22] also found that BA at 2 mg/L in combination with 2,4-D resulted in more in vitro-regenerated hyacinth plants than 2 mg/L zeatin combined with 2,4-D. In this study, we detected that Kin had a lesser impact than BA on all parameters at all concentrations and that BA was more successful than Kin at stimulating H. orientalis explant development.



Karakas [13] stated that BA boosted the regeneration rate and the number of in vitro regenerated shoots in goji berry (Lycium barbarum L.), although they decreased dramatically at high BA concentrations. The current study demonstrated that BA was better at 2.0 mg/L than at 3.0 mg/L, where the number of regenerated shoots increased at 1.0 mg/L IAA+ 2 mg/L BA, and the number of shoots was dependent on the cultivars. For Blue Pearl and White Pearl, the best number of shoots was achieved at 1.5 mg/L IAA+ 2.0 mg/L BA. During the multiplication stage, cytokinins boost the rate of proliferation as well as the quality of the shoots [23].



The shoot height of H. orientalis formed from bulb scales was reduced by increasing the BA concentration, whereas it increased significantly with increasing IAA and BA concentrations and declined at 3.0 mg/L BA in all cultivars. These findings were consistent with those of Nhut et al. [24] and Han et al. [18], who reported that increasing the BA concentration significantly reduced shoot length in Lilium. In general, cytokinins suppress apical dominance and promote axillary shoot development, and cytokinins have a variety of roles in plant growth, including cell division and expansion, plant protein synthesis stimulation, and enzyme activity [16,25].



Zhoua et al. [26] found that the exogenous application of IAA increased the photosynthetic content, including that of chlorophyll a and total chlorophyll, due to the increase or restoration of the enzyme activity associated with chlorophyll production caused by IAA. This resulted in increased photosynthetic pigment concentrations in Cinnamomum camphora. IAA may have aided in the development of osmoregulatory chemicals and increased the performance of the antioxidant system, which guards the plant and aids in the mitigation of plant photosynthetic decrease. In contrast, Nana [27] found that the exogenous application of IAA might cause an increase in endogenous IAA content, leading to the formation and accumulation of ethylene in vessels of plants produced in vitro, causing a reduction in chlorophyll content. Our findings were consistent with those of Zhoua et al. [26]. In the first experiment, it was found that the IAA concentration at its highest concentration of 1.5 mg/L increased chlorophyll a and b significantly.



Sadaf et al. [28] mentioned that auxins, particularly IBA, have been shown to improve the rooting percentage and quality of the Oriental Lilium hybrid cv. Ravenna. IBA was discovered to be more effective than NAA. The medium augmented with 1.5 mg/L IBA produced the highest rooting percentage (92.71%), primary roots/shoot number (12.06), and primary root length (3.17 cm).



On the other hand, Gheisari and Miri [29], working on in vitro cultured H. orientalis cultivars ‘Pink Pearl’ and ‘Blue Jacket’, reported that IBA alone or combined with NAA had a more negative effect on rooting than NAA alone, as the bulblets developed roots well on MS media supplemented with 1.0 mg/L NAA in both cultivars.



IBA resulted in increased root numbers (8.5) and lengths (0.97 cm), slower shoot growth, and yellowing of the leaf tops in Lilium davidii [30]. The same results were observed in our study, as increasing IBA concentration caused an increase in the percentage of root formation, the number of roots, and root length, and yellowed leaf tips in the Pink Pearl and Serene Blue cultivars were observed (Figure 4).




5. Conclusions


In general, an efficient protocol for H. orientalis micropropagation was obtained using bulb scales as an explant, which seems to be effective in the production of a reasonable number of shoots for commercial use. The genotypes of different cultivars were found to have a great influence on all studied parameters. The in vitro cultured red cultivars (Pink Pearl and Jan Bos) performed better than the blue and white cultivars, except for the chlorophyll content and the FW, where the blue cultivars (Blue Pearl and Serene Blue) gave better results. BA outperformed Kin at its highest concentration in all cultivars.



The combination of 1.0 or 1.5 mg/L IAA with 2.0 mg/L BA was the best for the days for morphogenesis induction, days for shoot proliferation, number of shoots, shoot height, and fresh weight, whereas BA at 3.0 mg/L was the best for chlorophyll a and b content. Jan Bos at 3.0 mg/L IBA had the highest mean rooting percentage and number of roots per plantlet, while Pink Pearl had the highest root length. More research with additional samples and cultivars is needed to gain a better understanding of the morphogenesis of H. orientalis.
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Figure 1. The interaction between the five cultivars, four IAA concentrations, and four BA concentrations on the in vitro morphogenesis and regenerated shoots of H. orientalis: (a) days for morphogenesis induction, (b) days for shoot proliferation, (c) number of shoots, (d) shoot height, (e) fresh weight, (f) chlorophyll a, and (g) chlorophyll b. C1 represents the Pink Pearl cultivar, C2, Jan Bos; C3, Blue Pearl; C4, Serene Blue; and C5, White Pearl. T1 (IAA 0.0 + BA 0.0), T2 (IAA 0.0 + BA 1.0), T3 (IAA 0.0 + BA 2.0), T4 (IAA 0.0 + BA 3.0), T5 (IAA 0.5 + BA 0.0), T6 (IAA 0.5 + BA 1.0), T7 (IAA 0.5 + BA 2.0), T8 (IAA 0.5 + BA 3.0), T9 (IAA 1.0 + BA 0.0), T10 (IAA 1.0 + BA 1.0), T11 (IAA 1.0 + BA 2.0), T12 (IAA 1.0 + BA 3.0), T13 (IAA 1.5 + BA 0.0), T14 (IAA 1.5 + BA 1.0), T15 (IAA 1.5 + BA 2.0), and T16 (IAA 1.5 + BA 3.0). LSD 0.05 = least significant differences at 0.05 probability. The interactions are expressed as the means ± the standard error (SE) (Table S1). 
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Figure 2. Morphogenesis induction on MS basal media supplemented with 1.5 mg/L IAA + 1.0 mg/L BA, cultivars: (a) Pink Pearl, (b) Jan Bos, (c) Blue Pearl, and (d) Serene Blue, and at 1.5 mg/L IAA + 3.0 mg/L BA cultivar: (e) White pearl. Shoot regeneration on MS basal media supplemented with 1.0 mg/L IAA and 2.0 mg/L BA (f) Pink Pearl, (g) Jan Bos, (h) Blue Pearl, (i) Serene Blue, and (j) White Pearl. The bottom pictures show the vitrification and deformed leaves and growth in the Pink Pearl cultivar (k) and White Pearl (l) at 1.0 and 2.0 mg/L BA respectively. 
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Figure 3. The interaction between the five cultivars, four IAA concentrations, and four Kin concentrations on the in vitro morphogenesis and regenerated shoots of H. orientalis: (a) Days for morphogenesis induction, (b) days for shoot proliferation, (c) number of shoots, (d) shoot height, (e) fresh weight, (f) chlorophyll a, and (g) chlorophyll b. C1 represents the Pink Pearl cultivar; C2, Jan Bos; C3, Blue Pearl; C4, Serene Blue; and C5, White Pearl. T’1 (IAA 0.0 + Kin 0.0), T’2 (IAA 0.0 + Kin 1.0), T’3 (IAA 0.0 + Kin 2.0), T’4 (IAA 0.0 + Kin 3.0), T’5 (IAA 0.5 + Kin 0.0), T’6 (IAA 0.5 + Kin 1.0), T’7 (IAA 0.5 + Kin 2.0), T’8 (IAA 0.5 + Kin 3.0), T’9 (IAA 1.0 + Kin 0.0), T’10 (IAA 1.0 + Kin 1.0), T’11 (IAA 1.0 + Kin 2.0), T’12 (IAA 1.0 + Kin 3.0), T’13 (IAA 1.5 + Kin 0.0), T’14 (IAA 1.5 + Kin 1.0), T’15 (IAA 1.5 + Kin 2.0), and T’16 (IAA 1.5 + Kin 3.0). LSD 0.05 = least significant differences at 0.05 probability. The interactions are expressed as means ± the standard error (SE) (Table S2). 
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Figure 4. Root regeneration of the five cultivars on MS basal media supplemented with IBA at 3.0 mg/L: (a) Pink Pearl, (b) Jan Bos, (c) Blue Pearl, (d) Serene Blue, and (e) White Pearl. 
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Table 1. Experiment 1: The main effect of five cultivars (Pink Pearl, Jan Bos, Blue Pearl, Serene Blue, and White Pearl), four IAA concentrations (0.0, 0.5, 1.0, and 1.5 mg/L), and four BA concentrations (0.0, 1.0, 2.0, and 3.0 mg/L) on in vitro morphogenesis and shoots of H. orientalis expressed as the means ± the standard error (SE).
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Days for Morphogenesis

	
Days for Shoot Proliferation

	
Number of Shoots

	
Shoot Height

(cm)

	
FW.

(mg)

	
Chl. a (mg/g FW)

	
Chl. b

(mg/g FW)






	
Main effect of the 5 cultivars




	
Pink Pearl

	
132.97 ± 3.8 d

	
143.29 ± 3.0 d

	
4.45 ± 0.10 a

	
1.47 ± 0.05 c

	
953.10 ± 23.0 c

	
2.64 ± 0.04 c

	
3.81 ± 0.06 b




	
Jan Bos

	
134.48 ± 2.1 d

	
144.90 ± 3.3 d

	
4.45 ± 0.08 a

	
1.44 ± 0.04 c

	
1136.95 ± 20.9 b

	
2.53 ± 0.04 c

	
3.64 ± 0.06 b




	
Blue Pearl

	
157.75 ± 5.6 c

	
164.06 ± 4.2 c

	
4.17 ± 0.10 a

	
1.60 ± 0.05 a

	
1248.40 ± 22.8 a

	
3.04 ± 0.05 b

	
3.79 ± 0.06 b




	
Serene Blue

	
165.25 ± 5.5 a

	
176.79 ± 5.0 a

	
4.17 ± 0.13 a

	
1.59 ± 0.06 ab

	
1193.59 ± 22.2 ab

	
3.28 ± 0.04 a

	
4.96 ± 0.07 a




	
White Pearl

	
162.67 ± 5.5 b

	
173.35 ± 5.2 b

	
3.31 ± 0.10 b

	
1.50 ± 0.05 bc

	
845.04 ± 16.0 d

	
2.03 ± 0.03 d

	
2.60 ± 0.04 c




	
Main effect of IAA




	
0.0 mg/L

	
258.07 ± 4.7 a

	
259.90 ± 3.8 a

	
3.50 ± 0.14 c

	
0.58 ± 0.02 d

	
747.35 ± 30.2 d

	
2.61 ± 0.05 b

	
3.60 ± 0.08 b




	
0.5 mg/L

	
123.03 ± 0.7 b

	
137.80 ± 0.6 b

	
4.08 ± 0.08 b

	
1.06 ± 0.02 c

	
1096.1 ± 13.9 c

	
2.64 ± 0.05 b

	
3.64 ± 0.07 ab




	
1.0 mg/L

	
118.30 ± 0.6 c

	
132.28 ± 0.9 c

	
4.46 ± 0.09 a

	
2.17 ± 0.03 b

	
1198.0 ± 13.8 b

	
2.72 ± 0.05 b

	
3.80 ± 0.09 ab




	
1.5 mg/L

	
103.10 ± 0.9 d

	
111.95 ± 1.2 d

	
4.20 ± 0.09 b

	
2.27 ± 0.02 a

	
1260.2 ± 14.6 a

	
2.87 ± 0.05 a

	
4.00 ± 0.07 a




	
Main effect of BA




	
0.0 mg/L

	
167.33 ± 5.6 a

	
179.90 ± 5.2 a

	
2.50 ± 0.09 c

	
1.20 ± 0.04 d

	
838.8 ± 34.0 c

	
2.13 ± 0.04 d

	
2.97 ± 0.05 d




	
1.0 mg/L

	
157.63 ± 6.0 b

	
162.73 ± 5.0 b

	
3.80 ± 0.10 b

	
1.49 ± 0.05 c

	
1115.0 ± 16.6 b

	
2.42 ± 0.03 c

	
3.31 ± 0.06 c




	
2.0 mg/L

	
134.67 ± 3.1 d

	
146.25 ± 3.2 c

	
5.10 ± 0.07 a

	
1.78 ± 0.05 a

	
1217.7 ± 13.9 a

	
2.84 ± 0.04 b

	
3.96 ±0.06 b




	
3.0 mg/L

	
142.86 ± 3.2 c

	
153.50 ± 3.2 d

	
5.00 ± 0.07 a

	
1.60 ± 0.05 b

	
1130.1 ± 14.4 b

	
3.42 ± 0.04 a

	
4.80 ± 0.08 a








LSD 0.05 = least significant differences at 0.05 probability. Means with the same letters in the same column are not significantly different (p ≤ 0.05) according to Tukey’s test.
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Table 2. Experiment 2: The main effect of five cultivars (Pink Pearl, Jan Bos, Blue Pearl, Serene Blue, and White Pearl), four IAA concentrations (0.0, 0.5, 1.0, and 1.5 mg/L), and four Kin concentrations (0.0, 1.0, 2.0, and 3.0 mg/L) on in vitro morphogenesis and shoots of H. orientalis expressed as the means ± the standard error (SE).
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Days for Morphogenesis

	
Days for Shoot Proliferation

	
Number of Shoots

	
Shoot Height

(cm)

	
FW.

(mg)

	
Chl. a

(mg/g FW)

	
Chl. b

(mg/g FW)






	
Main effect of the 5 cultivars




	
Pink pearl

	
165.27 ± 5.9 d

	
156.39 ± 3.8 c

	
3.13 ± 0.08 a

	
1.27 ± 0.04 a

	
727.69 ± 9.6 c

	
2.20 ± 0.04 b

	
3.33 ± 0.07 b




	
Jan Bos

	
182.08 ± 5.6 c

	
157.90 ± 4.1 c

	
3.27 ± 0.07 a

	
1.24 ± 0.04 a

	
799.40 ± 10.7 b

	
2.20 ± 0.04 b

	
3.19 ± 0.07 b




	
Blue Pearl

	
189.87 ± 5.4 ab

	
178.10 ± 4.4 b

	
2.99 ± 0.08 ab

	
1.38 ± 0.05 a

	
949.40 ± 10.5 a

	
2.70 ± 0.05 a

	
3.35 ± 0.08 b




	
Serene Blue

	
191.30 ± 5.3 a

	
184.40 ± 5.4 a

	
2.67 ± 0.10 bc

	
1.36 ± 0.06 a

	
943.51 ± 16.2 a

	
2.82 ± 0.04 a

	
3.97 ± 0.05 a




	
White Pearl

	
188.83 ± 5.5 b

	
185.02 ± 5.3 a

	
2.39 ± 0.08 c

	
1.23 ± 0.05 a

	
663.02 ± 10.7 c

	
1.91 ± 0.04 b

	
2.27 ± 0.04 c




	
Main effect of IAA




	
0.0 mg/L

	
318.26 ± 2.8 a

	
280.64 ± 3.0 a

	
2.62 ± 0.10 b

	
0.48 ± 0.02 c

	
652.05 ± 13.9 c

	
2.53 ± 0.06 a

	
3.42 ± 0.08 a




	
0.5 mg/L

	
158.02 ± 0.9 b

	
156.52 ± 0.7 b

	
2.91 ± 0.07 ab

	
0.90 ± 0.01 b

	
809.93 ± 10.8 b

	
2.31 ± 0.05 a

	
3.15 ± 0.07 a




	
1.0 mg/L

	
152.32 ± 0.8 c

	
145.97 ± 1.7 c

	
3.13 ± 0.08 a

	
1.85 ± 0.03 a

	
898.08 ± 12.1 a

	
2.30 ± 0.05 a

	
3.14 ± 0.07 a




	
1.5 mg/L

	
105.28 ± 2.2 d

	
106.31 ± 2.1 d

	
2.91 ± 0.07 ab

	
1.94 ± 0.02 a

	
906.36 ± 12.1 a

	
2.30 ± 0.05 a

	
3.17 ± 0.07 a




	
Main effect of Kin




	
0.0 mg/L

	
210.24 ± 5.7 a

	
196.69 ± 4.8 a

	
1.69 ± 0.06 c

	
1.03 ± 0.04 c

	
784.51 ± 18.7 a

	
1.87 ± 0.04 c

	
2.54 ± 0.05 c




	
1.0 mg/L

	
188.04 ± 6.8 b

	
171.35 ± 5.3 b

	
2.80 ± 0.08 b

	
1.28 ± 0.05 b

	
835.83 ± 12.2 a

	
2.11 ± 0.04 c

	
2.89 ± 0.06 c




	
2.0 mg/L

	
162.58 ± 4.4 d

	
153.06 ± 4.3 d

	
3.72 ± 0.06 a

	
1.52 ± 0.04 a

	
809.73 ± 11.6 a

	
2.45 ± 0.04 b

	
3.38 ± 0.06 b




	
3.0 mg/L

	
173.02 ± 4.6 c

	
168.35 ± 3.9 c

	
3.35 ± 0.06 a

	
1.35 ± 0.05 b

	
836.35 ± 11.8 a

	
3.02 ± 0.05 a

	
4.08 ± 0.08 a








LSD 0.05 = least significant differences at 0.05 probability. Means with the same letters in the same column are not significantly different (p ≤ 0.05) according to Tukey’s test.
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Table 3. The main effects of five cultivars (Pink Pearl, Jan Bos, Blue Pearl, Serene Blue, and White Pearl) and three IBA concentrations (1.0, 2.0, and 3.0 mg/L) on the in vitro root induction of H. orientalis expressed as the means ± the standard error (SE).






Table 3. The main effects of five cultivars (Pink Pearl, Jan Bos, Blue Pearl, Serene Blue, and White Pearl) and three IBA concentrations (1.0, 2.0, and 3.0 mg/L) on the in vitro root induction of H. orientalis expressed as the means ± the standard error (SE).





	

	
Percentage of Root Formation (%)

	
Number of Roots per Plantlet

	
Root Length (cm)






	
Pink Pearl

	
81.1 ± 13.6 a

	
3.00 ± 2.12 a

	
0.76 ± 0.41 ab




	
Jan Bos

	
83.3 ± 12.0 a

	
3.66 ± 2.34 a

	
0.77 ± 0.46 a




	
Blue Pearl

	
74.4 ± 14.2 ab

	
3.22 ± 1.92 a

	
0.62 ± 0.31 ab




	
Serene Blue

	
82.2 ± 13.9 a

	
2.88 ± 1.53 ab

	
0.70 ± 0.32 b




	
White Pearl

	
71.1 ± 10.5 b

	
2.00 ± 1.58 b

	
0.39 ± 0.27 c




	
Main effect of IBA




	
1.0 mg/L

	
68.6 ± 7.4 b

	
1.40 ± 0.82 a

	
0.43 ± 0.13 a




	
2.0 mg/L

	
73.3 ± 9.0 b

	
2.20 ± 2.20 b

	
0.42 ± 0.14 a




	
3.0 mg/L

	
93.3 ± 8.0 a

	
5.26 ± 5.26 c

	
1.10 ± 0.26 b








LSD 0.05 = least significant differences at 0.05 probability. Means with the same letters in the same column are not significantly different (p ≤ 0.05) according to Tukey’s test.
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Table 4. The interaction between the five cultivars (Pink Pearl, Jan Bos, Blue Pearl, Serene Blue, and White Pearl) and three IBA concentrations (1.0, 2.0, and 3.0 mg/L) on the in vitro root induction of H. orientalis expressed as means ± the standard error (SE).






Table 4. The interaction between the five cultivars (Pink Pearl, Jan Bos, Blue Pearl, Serene Blue, and White Pearl) and three IBA concentrations (1.0, 2.0, and 3.0 mg/L) on the in vitro root induction of H. orientalis expressed as means ± the standard error (SE).





	

	
IBA (mg/L)

	
Percentage of Root Formation (%)

	
Number of Roots per Plantlet

	
Root Length (cm)






	
Pink Pearl

	
1.0

	
70.0 ± 10.0 g

	
1.33 ± 0.58 fg

	
0.43 ± 0.05 cd




	
2.0

	
76.6 ± 5.77 e

	
2.00 ± 1.00 ef

	
0.50 ± 0.10 cd




	
3.0

	
96.6 ± 5.77 b

	
5.66 ± 0.58 ab

	
1.39 ± 0.06 a




	
Jan Bos

	
1.0

	
73.3 ± 5.77 f

	
1.66 ± 0.58 ef

	
0.53 ± 0.11 cd




	
2.0

	
76.6 ± 5.77 e

	
2.66 ± 0.58 de

	
0.46 ± 0.05 cd




	
3.0

	
100 ± 0.00 a

	
6.66 ± 0.58 a

	
1.29 ± 0.08 a




	
Blue Pearl

	
1.0

	
70.0 ± 10.0 g

	
2.00 ± 0.00 ef

	
0.40 ± 0.10 cd




	
2.0

	
63.3 ± 5.77 i

	
2.00 ± 1.00 ef

	
0.46 ± 0.15 cd




	
3.0

	
90.0 ± 10.0 c

	
5.66 ± 0.58 ab

	
0.99 ± 0.19 ab




	
Serene Blue

	
1.0

	
66.6 ± 5.77 h

	
1.66 ± 1.15 ef

	
0.53 ± 0.05 cd




	
2.0

	
83.3 ± 5.77 d

	
2.33 ± 0.58 ef

	
0.46 ± 0.05 cd




	
3.0

	
96.6 ± 5.77 b

	
4.66 ± 0.58 bc

	
1.11 ± 0.18 ab




	
White Pearl

	
1.0

	
63.3 ± 5.77 i

	
0.33 ± 0.58 g

	
0.26 ± 0.15 d




	
2.0

	
66.6 ± 5.77 h

	
2.00 ± 1.00 ef

	
0.20 ± 0.10 d




	
3.0

	
83.3 ± 5.77 d

	
3.66 ± 0.58 cd

	
0.73 ± 0.06 bc




	
LSD 0.05

	
3.20

	
1.05

	
0.41








LSD 0.05 = least significant differences at 0.05 probability. Means with the same letters in the same column are not significantly different (p ≤ 0.05) according to Tukey’s test.



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png





nav.xhtml


  horticulturae-09-00176


  
    		
      horticulturae-09-00176
    


  




  





media/file6.jpg
;ml il inllll.m‘lin il

nnlillnnnlinnnllnnml





media/file2.png
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0
uCl
u(2
C3

#C4
uCs

1600
1400
1200
1000
800
600
400
200

acCl
mC2

C3
#C4
nCs

T1
0.0
0.0
0.0
0.0
5 0.0

4.00
3.33
0.00
0.00
0.00

T1

0.0
0.0
0.0
0.0
0.0

4.66
5.00
5.00
0.00
0.00

T2

[

Days for morphogenesis induction

Days for shoot proliferation

5 T2 T4 TI5 0 Tt | T2 T3 T4 T5 T6 T7 T8 T9 T10 Ti1 Ti2 Ti3  Ti4 TI5 TI16
193 '+ 209 110 105 100 110 106 102 95 1053 115 82 8533 90 mC1 | 212 2253 213 2287 130 125.3 120.3 130.3 126 122 115 124.7 133.3 93 = 96 97.67
213 |26 | 136 |1225| 126 | D4 (1223]| 126 |16 | 128 | 133 | 98 | 99 | 102 mC2 2227 225 2293 239 1353 130 | 135 | 135 1227 117.7 108.7 118.7 117 193.33 92.67|96.33

23 220 125 120 1153 126 122 117.7 107.7 119 117 9333 92 97
. C3 | 0.0 1219.3 230 227.7) 146 @ 140 135.3 146.3 1463 135 122 135 153 106 109.7 113.3

20 232 138 125 127 136 131 126 119 130 135 98 102 105
#C4 | 0.0 0.0 2193 2327 153 140 140 153 158.7 146.7 128.7 152 152.7 113.3 120 98.67

225.7 240.7 1333 127.7 116.7 127.3 1233 123.7 1183 127.7 1263 9933 9933 9333
mCS | 0.0 | 0.0 2437 230 1403 145 126 149.7 136 142.3 134.7 153 133.3 105.7 105.7 108.3

LSD 0_05= 336

4.66
4.00
5.33
4.33
4.00

T3

486 | 771.3 986.2

593.8
0.00
0.00
0.00

848.8
950.6
916.7
637.9

1205
1203
1179
905.8

Number of shoots

T7 | T8 T9 T10

Shoot height (cm)

TL | T2 | T3 T4 T5 T6 T7 T8 T9 T10  Ti1 T12 TI13
6.66 | 2.33 | 4.00 500 533 2.33  5.00 | 6.00 3.66 2.00  3.00 5.00  4.00 mCl  0.85 0.80  0.75 0.60 0.95 0.90 1.00 0.85 1.20 210 2.50 2.40  1.56
5.66 | 3.00  4.66 500  4.33 | 3.00  4.66 | 6.66 4.00  3.00 433  5.00  3.66 mC2 0.75 0.78 0.70 0.70 | 0.80 | 1.00 | 1.20 ' 0.80 ' 1.40  1.85 | 2.20 | 2.20 | 2.00
4.00 | 4.33 | 3.00 4.00 5.67  3.33 433 5.00 433 3.00 5.00 6.00 4.33 C3 1 0.00  0.85 0.90 0.80  0.85 0.95 1.50 | 1.20 | 2.00 2.20 2.60 | 2.50  2.20
533 | 2.33 333 5.00 5.67  3.33  4.00 | 6.00 3.67 233 433 567  3.33 #C4 | 0.00  0.00  1.00 027  0.90 1.00 1.50 1.40 220 2.30 | 2.60  2.50  2.30
4.00 | 2.33 | 3.00  4.33 3.67 3.00 500 500 3.67 2.00 4.00 533 3.67 mCS5 | 0.07 0.07 092 0.77 1.02 | 1.07 1.37 1.07 1.57 237|247 227 1.67
Fresh Welght (mg) f CthI’Ophyll a (mg/g FW)
T4 T5 T6 T7 T8 | T9 TI10 TI1 T12 TI3 T4 TI5  Ti6 0.0
916.7 904.4 1003 | 1002  910.5 997.5 1078 | 1171 908.3 1039 1037 1146 1378 ®C1
1120 | 1105 1225 1224 1113 | 1219 1318 1431 1170 1270 1268 1400 1276 mC2
1254 | 1238 1372 1371 1246 1350 1476 1365 1310 1422 1420 1568 1429 C3 | 2.80 224 344 4.16  2.00  2.24 344 3.60 | 2.00 2.80 3.12 | 3.60 2.40
1210 1.01E 1323 13221202 1301 1423 1316 1264 1372 1369 1512 1378 #C4 | 2,93 2.85 3.90 3.98 293 2.85 3.00 3.98 2.85 285 3.00 4.13 2.62
841.9 6.76E 920.9 919.9 836.3 916.2 990.4| 1076 879.5 954.7 952.8 1052 959.4 mC5 213 175 254 244 | 1.08 175 254 244 | 141 193 225 2.63 153
LSD 5= 18.21 LSD = 1.24

g
7.0

6.0
5.0
4.0
3.0
2.0
1.0
0.0

#wC1
mC2

C3
i C4
mCs

T1
2.43
2.71
2.55
4.33
1.71

T2
3.03
3.05
2.84
4.37
2.32

T3
4.45
4.25
4.39
5.71
2.15

Chlorophyll b (mg/g FW)

T4
4.75
4.32
4.51
5.02
3.29

TS
3.03
2.82
2.50
4.24
1.86

T6
3.54
3.21
3.17
4.32
2.38

T7
3.94
3.21
3.71
4.37
2.77

T8
4.55
5.03
4.57
6.27
3.35

T9
2.93
3.03
2.83
3.87
1.95

T10
3.23
3.03
3.03
4.15
2.17

T11
3.84
3.43
447
4.99
2.96

T12
5.16
5.53
5.51
6.83
3.03

T15
4.35
4.03
4.31
4.83
3.09

T16
4.65
4.25
5.57
6.56
3.34

3.13
3.10
3.60
4.26
2.68

3.94
3.30
3.21
517
2.80

T14
2.30
2.10
2.30
2.50
2.57

T15

245
2.40
2.50
2.60
2.47

T16
2.35
2.25
2.30
2.40
2.32






media/file5.jpg
Mo | Mt

it il





media/file7.png
EC1
mC2

C3
i C4
uCs

6.0
5.0
4.0
3.0
2.0
1.0
0.0

EC1
mC2

C3
@ C4
mCs

T'1
0.00
0.00
0.00
0.00
0.00

T'1
2.95
2.95
0.00
0.00
0.00

T'2
0.00
0.00
0.00
0.00
0.00

T'2
3.68
3.68
3.68
0.00
0.00

T'3

241.6 260.8
277.6 284.8
277.6 281.2
274.0 288.4
281.2 298.0

T'3
3.68
2.95
3.68
2.95
2.95

Days for morphogenesis induction

T'4

T'4
5.16
4.42
2.95
3.68
2.95

T'S

142.0 136.0
160.0 154.0
173.2 164.8
175.6 160.0
169.6 163.6

T'S
1.47
2.21
2.95
1.47
1.47

T'6

T'6
2.95
3.68
2.21
2.21
2.21

T'7
130.0
148.0
161.2
162.4
150.4

T'8
142.0
161.2
170.8
173.2
162.4

T'9

137.2
156.4
164.8
167.2
157.6

T'10
132.4
151.6
161.2
161.2
157.6

LSD 405=2.20

T'11
124.0
139.6
149.2
152.8
151.6

T'12
136.0
152.8
163.6
166.0
163.6

Number of shoots

T'7
3.68
3.68
2.95
3.68
2.95

T'8
3.68
2.95
4.42
4.42
2.95

T'9
1.47
2.21
2.21
2.21
1.47

T'10
3.68
3.68
2.95
2.95
3.68

LSD = 1.41

T'11
4.42
5.16
3.68
4.42
3.68

T'12
2.95
2.95
2.95
2.95
2.95

T'13
148.0
150.4
169.6
172.0
161.2

T'13
1.47
2.21
2.21
1.47
1.47

T'14

60.40
82.00
91.60
91.60
92.80

T'14
2.21
2.95
3.68
2.95
2.95

64.00
84.40
92.80
96.40
92.80

T'15
3.68
3.68
4.42
4.42
3.68

70.00
90.40
96.40
100.0
98.80

T'16
2.95
2.95
2.95
2.95
2.95

Days for shoot proliferation

™ | T2 T3 T4 TS5 T6 T7 T8 TI9 T10 T'11 T'12 T'13 T'14 T'1S T'16

@mCl1 |238.2 252.5/239.3/256.9 148.0 142.5 137.0 148.0 143.6 139.2 131.5/142.5 151.3 | 74.30|77.60 79.80
m(C2 |250.3 252.5/256.9 267.9 153.5 148.0 153.5 153.5 139.2 134.8 123.8/135.9 133.771.00|73.20 78.70
C3  0.00 245.9 258.0 256.9 165.6/159.0 154.6 165.6/165.6 153.5 139.2/153.5 173.3 101.8 93.00 104.0
#C4 | 0.00  0.00 247.0/260.2 173.3 159.0 159.0 173.3 179.9 165.6 55.60/173.3 173.3/93.00/104.0 113.9
mC5 | 0.00  0.00 272.3/258.0 159.0 164.5 143.6 170.0 154.6 161.2 153.5/173.3 151.3 88.6088.60 101.8

LSD 5= 2.44
d Shoot height (cm)
2.5
2.0
1.5

™7 T'8 T T'12 T'13 | T'14
2C1 ) 0.73 0.69 0.64 0.52 0.82 0.77 086 0.73 1.03 | 1.80 2.15 2.06 1.34 1.98 2.11 2.02
mC2 | 0.64 0.67  0.60 0.60 0.69 0.86 1.03 0.69 120 1.59 1.89 1.89 1.72 1.80 2.06 1.93

C3 0.00 0.73 0.77  0.69 073 0.82 1.29 103 1.72 1.89 223 215 1.89 198 215 198
#C4 | 0.00 0.00 0.86 0.08 0.77 0.86 1.29 120 1.89 198 2.23 2.15 1.98 2.15 223 2.06
uC5 | 0.00 0.00 0.73 0.60 0.82 0.86 1.12 0.86 1.29 | 1.98 2.06 1.89 1.38 2.15 2.06 1.93





media/file3.jpg





media/file1.jpg
I"lllllllllllllmlllunn |||||l|l||mmﬂnmlmm

Illlllnhlﬂlﬂllﬁllnﬂllll nmmhilﬂlll“ﬂmm
i i mnmmmmn

mmnnnnﬁn i





media/file10.png





media/file9.jpg





media/file0.png





media/file8.png
Chlorophyll a (mg/g FW.)

o

e Fresh weight (mg)
1200

1000

800
600
400
200

O . . . § . . . . . 1 i 3 k: § 1 i it
™ T2 T3 T4 TS5 Te6 T7 T8 T9 T10 T'11 T12 T'13 | T'14 T'15 T'16 0.0 ™ (T2 T3 T4 TS T6 T7 T8 TY9 T'10 T'11 T'12 T'13 T'14 T'15 T'16
EC1 360.0 360.0 281.2298.0 169.6 163.6 150.4 162.4 157.6 157.6 151.6 163.6 161.2 92.80 737.7 732.6 wCl 183 1.70 256 335 1.70 195 195 3.04  1.83 1.83 2.07  2.62 1.64 2.13 2.43 256
mC2 429.3 555.2 809.5613.5798.7 703.7 804.1 885.4 1034. 738.4 845.6 952.2 1011. 729.1 922.8 956.1 mC2 183 1.70 256 335 1.70  1.95 195 3.04  1.83 1.83 2.07  2.62 1.64 2.13 2.43 2.56
C3 479.8 974.4 905.6 686.1 893.5 989.6899.5 990.6 1157. 985.5946.1 1065.1132. 1027. 1032. 1025. C3 249 199 3.05 3.69 1.78 249 2.77 320 213 234 2.84 3.69 1.78 2.77 2.98  3.20
#C4 4739 962.0 894.0 777.5/882.1 976.9 888.1 977.9 1142. 972.9/934.0 1051. 1117. 1013. 1018. 1011. mC4 251 | 2.45 335 387 245 245 258 355226 239 284 342 239 290 2.58 3.16
mCS5 330.0 603.1 471.7 689.2  614.2 646.9 680.9 685.0 795.5 644.1 732.3 783.7 778.1 639.2 704.5 809.4 mC5 198  1.69 233 226 134 1.76 2.05 247 | 141 1.62 2.19  2.26 1.06 2.05 155 247
LSD 5= 39.17 LSD ;5= 0.90

g Chlorophyll b (mg/g FW)

6.0

5.0

4.0

3.0

2.0

1.0

0.0

™ T'9 T10 T'11 T'12 T'13 | T'14 T'15 | T'16
wCl 274 2.65 388 450 2.65 ) 3.09 344 397 256 2.82 3.35 415 212 344 3.79  4.06
mC2 2,65 247 371 4.85 247 | 282 282 441 265 2,65 3.00 3.79 238 3.09 3.53 3.71

C3 3.09 247 379 459 221 3.09 344 3.97 2.65 291 3.53 459 221 344 3.71  3.97
#wC4 354 345 471 544 345|345 3.63 499 317 335 3.99 481 335 4.08 3.63  4.44
BCS 236 2.02 278 269 1.60 | 2,10  2.44 294 1.68 1.93  2.61  2.69 126 244 1.85 294

LSD 4= 1.19






