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Abstract

:

Trachyandra divaricata (Sandkool) is one of the most abundant wild edible inflorescence vegetables in South Africa. The dearth of literature on its edibility, nutrient composition, and conservation has contributed to its underutilisation. This study investigated mineral and proximate content, phytochemical compositions, and growth response of T. divaricata to light intensity and soilless media. Treatments comprised four media (LECA clay, silica sand, peat, and vermiculite) which were subjected to different shade levels (no shade, 20, 40, 60, and 80%) created from a factory-made 20% density net by doubling (40%), tripling (60%), and quadrupling (80%). All treatments were irrigated with a standard nutrient solution. The results showed that the treatments impacted the yield of T. divaricata significantly in terms of biomass and flower buds, especially in plants cultivated in peat under normal greenhouse lighting (no shade). Conversely, plants developed significantly more specific leaf size and total chlorophyll content under shade levels (20, 40, 60, and 80%) in different growth media, even though the values were comparable among treatments. The highest Ca, Mg, Cu, Fe, and Mn levels were consistently recorded in flowers of T. divaricata grown in LECA clay under 80% shade level, while other minerals varied in tested treatments. The peat medium under 20% shade optimised the neutral detergent fibre (NDF) and acid detergent fibre (ADF) content of the flowers, whereas both fat and protein contents were greatly enhanced by peat and vermiculite, respectively, under the 80% shade. Consistently, the lowest phytochemical contents were recorded in LECA clay subjected to 80% shade, whereas the highest polyphenols and DPPH antioxidants were produced by silica sand medium treated with 20% shade. Both TEAC and FRAP antioxidants were improved significantly in LECA clay under no shade and the 60% shade level. However, both 20% and 60% shade levels enhanced the flavonol content significantly. On the basis of these findings, T. divaricata is a promising inflorescent vegetable that may be considered for domestication and further research due to its potential pharmacological and nutraceutical values.
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1. Introduction


Plants are subjected to a variety of abiotic stresses such as variable light intensity, fluctuating temperatures, water scarcity, salinity, heavy metals, and mechanical injuries and herbivory [1,2]. In most cases, plants are subjected to multiple stresses at the same time, and thus they have evolved sophisticated defence mechanisms to recognise and adapt to a wide range of stresses [3]. Hence, understanding their physiological processes and defence mechanisms is of critical importance for plant science research. Light and moisture are two environmental factors that have a significant impact on plant growth and development [4]. Light is the second most important ecological factor influencing plant growth, production, and survival, as it plays a significant role in determining photosynthetic efficiency in plants [5]. Moisture, which is determined by soil structure, is one of the most important growth-limiting factors in crop production and one of the most important factors in physiological reactions [6].



Many studies have revealed that the quality and intensity of light received in a specific leaf area largely stimulates the growth and development and induces physiological alterations to chloroplast ultra-structure, which in turn affects the process of photosynthesis in plants [7,8,9]. Plants alter their morphology and physiological processes in response to changes in electromagnetic spectrum absorbed from incident light resulting in adaptation to different environmental conditions [10]. These changes are facilitated by pigmented photoreceptors that detect variations in light composition and induce photo-morphogenetic responses due to their absorption peaks in the blue/ultraviolet and red regions of the electromagnetic spectrum that influence growth and development [11]. However, this phenomenon varies from species to species. Kalaitzoglou et al. [12] reported lower chlorophyll content and plant growth in tomato plants cultivated under lower light absorbance, while Zhang et al. [13] on Mitragyna speciosa and Tran [14] on Fraxinus latifolia seedlings reported an unchanged chlorophyll content and growth parameters in lower light conditions.



The dynamics of seed germination, reproductive success, and productivity of cultivated and wild plants depends on the physicochemical components of the soil, which is determined by physical and biochemical properties of the soil [15,16]. These factors play a critical role in determining the relative performance of plants in terms of growth, yield, and productivity, as well as the composition of other plant species. In greenhouse and commercial cultivation, the use of soil as growth medium has resulted in soil-borne diseases, increased levels of acidity and salinity, poor aeration, and other adverse effects [17]. However, these adverse effects are mitigated by replacing soil with disease-free materials such as LECA clay, vermiculite, peat, silica sand, perlite, and rockwool, which are reusable and can provide effective aeration, anchorage, and support for plants [18]. Although Trachyandra species grow in sand dunes naturally [19,20], research has shown that plants can grow in other soils rather than their natural soils.



Given the rising demand for plant-based nutrients needed to meet the ever-increasing human population, the devastating effect of elevated light intensity on crop production necessitates a sustainable and innovative methods of crop production [21,22] in order to achieve nutrient diversity and food sufficiency. Wild vegetables have been reported to possess adaptive mechanisms under harsh conditions, making them a viable alternative to popular crops in affected areas [23]. These underutilised plants are high in nutrients and bioactive compounds, which are thought to be important mediators of a variety of health effects [24]. It is therefore important to investigate adaptive response of underutilised wild vegetables such as Trachyandra divaricata to determine optimal light condition that will enhance its antioxidant and nutritional content.



Trachyandra divaricata, commonly known as “Tumbling Starlily” or “Kus Waaibossieis” (Afrikaans), is a wild vegetable with edible flowers. The plant belongs to the Asphodelaceae family and is largely distributed in sandy locations in most parts of South Africa [25]. It is a stout, tufted, rhizomatous perennial which produces fleshy leaves that grow up to 1 m long and a horizontal stalk that produces white to purple flowers [25]. According to ethnobotanical reports, the flower buds of this plant were eaten by the ancient Khoisan residents of South Africa in times of food scarcity [26,27]. Nowadays, the plant is underutilised, despite the increasing demands for plant-based nutrients, and there have been no studies on its nutrient profiles, pharmacological potential, and sustainable cultivation protocols developed for this species and its close relatives [19,20]. As a result, agronomical studies are required to support its domestication, encourage its consumption, and ensure its re-integration and long-term use in the household diet. Cultivating this wild vegetable for food production could be a panacea for a sustainable food security [28] and a viable strategy to mitigate elevated temperature as climate change becomes devastating amidst drought in Sub-Saharan Africa [29]. This will then create an inflorescent vegetable option and lessen overreliance on major vegetables such as potato, spinach, lettuce, and wheat, which has been the root cause of malnutrition affecting two billion people worldwide [30].



It therefore became pertinent to assess the impact of varied light intensity and soilless media as growth enhancers when used to improve the vegetative characteristics, nutritional properties, phytochemicals, and antioxidant potential of T. divaricata, with a focus on the inflorescence due to its documented consumption. Furthermore, the scarcity of research on the nutritional value of this wild vegetable has affected its food value and underutilisation among native households where the plant is endemic in South Africa. As a result, the findings of this study are expected to serve as a model for future researchers, food and pharmaceutical industries, households, and potential farmers interested in utilising T. divaricata for nutrient diversity and pharmaceutical precursors.




2. Materials and Methods


2.1. Experimental Location


The experiment was set up in a greenhouse facility of the Cape Peninsula University of Technology (CPUT), Bellville campus, South Africa (33°55′56′′ S and 18°38′25′′ E). During the day, temperatures range between 21 and 26 °C, and between 12 and 18 °C at night. The photosynthetic photon flux density (PPFD) peaks at 1020 mol/m2/s, with a mean value of 420 mol/m2/s per day, while the relative humidity of the greenhouse is about 60%.




2.2. Collection of Plant Materials and Experimental Design


The stalk of T. divaricata used was supplied by the CPUT nursery. The plant material was propagated using the division method described by Bulawa et al. [20]. Divided plantlets were transferred into 15 cm pots heaped with varying growth media (LECA clay, silica sand, peat, and vermiculite) and hardened off for two weeks under a shade cloth. The plants were then relocated to the site of the experiment.



The hydroponic system was set up following the work of Viljoen et al. [31] with minor modifications. Four identically built nutrient film technique (NFT) systems were used, with each system mounted on 2.5 m iron-meshed square tables that provided a flat surface. The NFT systems were numbered, and every system had its 50 L reservoir in which the nutrient solution was prepared. The reservoir was made of low-density polyethene. On each table, pots filled with different growth media were embedded in 5 square gutters made of polyvinyl chloride (PVC) on which shading percentages were applied (Table 1, Figure 1). Each system was constructed with 20 mm LDPE irrigation piping, 4 × 20 mm flow regulators, and 4 × 20 mm elbow irrigation fittings connected to a submersible pump (1 × 2000 L/h) with 2.5 m head facility. To prevent leakage, the gutters were sealed with adhesive materials made of PVC (Figure 1).




2.3. Treatments


Four growth media, namely, LECA clay, silica sand, peat, and vermiculite of different physicochemical properties and cation exchange capacity were used in this experiment [32,33,34]. LECA clay was supplied by Hydroponic.co.za (The Reserve 1, Unit 1 Capricorn Way Brackenfell, Western Cape 7560, South Africa). Depending on the mineral chemistry of the raw clay used for LECA production, the chemical content of LECA clay includes variable amount of hydrous aluminium silicates, alkaline metals, Fe, and Mg. Apart from these chemicals, other synthetic and natural additives such as shale, granite, fly ashes, and contaminated soils are incorporated to fortify LECA nowadays [35]. Silica sand (supplied by Consul Ltd., 1 Silica Rd, Primrose Park, Cape Town, 7764, South Africa) contains more than 80% by weight of silicon dioxide (SiO2), also known as silica [36], and could be a potent indicator of transpiration rate in plants [37,38]. The mechanical strength of vermiculite (purchased from Cape Agricultural Products Address,15 Sergeant St, Somerset West, Cape Town, 7130, South Africa) is responsible for its long-term use as hydroponic growth medium due to its chemical resistance to saturated solutions of organic nutrients [39]. Peat (also supplied by Cape Agricultural Products Address, 15 Sergeant St, Somerset West, Cape Town, 7130, South Africa) is formed from a heterogeneous mixture of partially decomposed plant materials, microbial remnants, and their secondary metabolites that were collected in a water-saturated environment due to suppressed decay under anaerobic and acidic conditions [40]. It has been reported in previous studies that peat has high adsorption capacity for heavy metals, having contained other competing metals, and can maintain the threshold pH for heavy metal uptake, thus being able to be used to remediate heavily polluted soils [41,42].



Silica sand and LECA clay were rinsed thoroughly with sterile water to clean impurities and other earthy materials. A shade net of 20% density used for this study was purchased from Stodels Garden Centre, Bellville branch, South Africa. Different levels of shading were created from the factory made 20% density net by doubling (40%), tripling (60%), and quadrupling (80%), and all these were used as light filters in the greenhouse. The nets were then used to cover the tables where pots of different growth media were arranged in a completely randomised design (CRD). The Nutrifeed standard fertiliser (10 g/5 L) purchased from Starke Ayres, Cape Town, South Africa, was used as a nutrient base for the treatments. The standard fertiliser contained N (65 mg/kg), Mg (22 mg/kg), Ca (70 mg/kg), S (75 mg/kg), K (130 mg/kg), P (27 mg/kg), Cu (20 mg/kg), Mo (10 mg/kg), Fe (1500 mg/kg), B (240 mg/kg), Zn (240 mg/kg), and Mn (240 mg/kg).




2.4. Determination of Plant Growth


2.4.1. Leaf Length and the Number of Flower Buds


The number of flower buds and leaf size were used to measure new growth index. A metre tape was used to measure the leaf length from the substrate level to the tip of the tallest shoot every two weeks, while the number of flower buds were counted manually.




2.4.2. Plant Weight


After harvesting, plant weight was measured on an orthodox laboratory balance (RADWAG®Model PS 750.R2). Flower buds, shoots, and roots were sorted, and the fresh weight values of individual samples were recorded separately. The plant material was then oven-dried to a constant weight in a LABTECHTM model LDO 150F oven (Daihan Labtech India. Pty. Ltd. 3269 Ranjit Nagar, New Delhi, India) maintained at 40 °C. The difference in dry and fresh weight was estimated to be the amount of water stored in plant tissues.





2.5. Chlorophyll Concentration


The chlorophyll concentration was measured with a Soil Plant Analysis Development (SPAD-502 meter) purchased from Konica Minolta, Cape Town, South Africa. The SPAD-502 meter was used to calculate the mean chlorophyl readings of two fully developed leaves from each plant.




2.6. Mineral Analysis of Flower Buds


The mineral composition of flower buds harvested from each replicate treatment was analysed with the Inductively Coupled Plasma-Optical Emission Spectrometer (Varian Vista-MPX, Victoria 3170, Australia) as described by Jimoh et al. [43]. This analysis was carried out in the mineral analysis laboratory at the KwaZulu Natal’s Agriculture and Rural Development Department [44].




2.7. Proximate Analysis of Flower Buds


2.7.1. Moisture Content


The moisture content was estimated following modified procedures used by Olatunji and Afolayan. [45]. An empty porcelain bowl was weighed (W1) after drying in an oven set at 105 °C for one hour and chilled in a desiccator. One gram (W2) of the ground flower buds of T. divaricata was weighed in a porcelain bowl and dried to a constant weight in an oven kept at 105 °C. After cooling in a desiccator, the bowl and the plant material were re-weighed (W3). The moisture content was determined as given in the following equation:


  %   Moisture   content =   W 2 − W 3   W 2 − W 1   × 100  



(1)








2.7.2. Crude Fat Content


The percentage crude fat content was analysed using the guidelines of the Association of Official Analytical Chemists (AOAC) [46]. One gram of pulverised sample was extracted in 100 mL of diethyl ether and shaken vigorously for 24 h on an orbital shaker. The extracted sample was filtered, and the filtrate was collected in a pre-weighed beaker. The ether extract was then homogenised with 100 mL diethyl ether, which was shaken on an orbital shaker for another 24 h, and the filtrate was collected in a beaker tagged (W1). The ether filtrate was evaporated to dryness in a water bath and oven (55 °C) before it was reweighed in another beaker labelled (W2). The crude fat content was determined from the equation below.


  %   Crude   fat   content =   W 2 − W 1    original   weight   of   the   pulverised   sample    × 100  



(2)








2.7.3. Ash Content


The percentage ash content of the tested flower buds of T. divaricata was determined with a protocol developed by the AOAC [46]. Porcelain bowls tagged with sample were heated for 1 h in an oven kept at 105 °C. The crucibles were cooled in a desiccator and weighed (W1). Then, 1 g of ground flower buds was placed in a crucible and reweighed (W2). The crucible containing the plant sample was put in a muffle oven and heated to a temperature of 250 °C for 1 h. Thereafter, the temperature of the muffle oven was raised to 550 °C for 5 h to ash the samples completely. The porcelain bowls were chilled in a desiccator, and samples were weighed (W3). The ash content of the samples was estimated as


  %   Ash   content =   W 2 − W 3   W 2 − W 1   × 100  



(3)








2.7.4. Crude Protein


The crude protein was determined by boiling 2 g of ground samples in a Kjeldahl flask filled containing 20 mL concentrated H2SO4 until a clear mixture was observed. A digestion tablet comprising 5.0 g of potassium sulphate, 0.15 g of copper sulphate, and 0.15 g titanium oxide was used as a catalyst. After digestion and filtration, the extracts were in a 250 mL flask. The aliquot with 50 mL of 45% NaOH was distilled further in a 500 mL round-bottomed flask, and 150 mL of the distillate was transferred into a flask filled with 100 mL of 0.1 M HCl. This was then titrated against 2.0 mol/L NaOH with methyl orange. The endpoint of titration was marked with a yellow colour change, and the percentage nitrogen equivalent was determined from the following formula.


   %   N   equivalent  =    [   (   ml   std   acid    ×    N   of   acid   )  −  (   ml   bank    ×    N   of   base   )   ]  −  (   ml   std   base    ×    N   of   base   )  × 1.4007    original   weight   of   the   pulverised   sample       



(4)




where N = normality, and the percentage crude protein was obtained by multiplying the nitrogen value by a constant factor of 6.25 [47].




2.7.5. Neutral Detergent Fibre (NDF)


The neutral detergent fibre in the tested flower buds was calculated from this formula as reported by Idris et al. [47].


   %   Neutral   Detergent   Fibre   =       (  W 1 + W 2  )  − W 1    Weight   of   the   sample    × 100  



(5)









2.8. Phytochemicals and Antioxidant Assays


2.8.1. Preparation of Plant Samples


The plant materials (flower buds) were oven-dried for 7 days in an oven kept at 40 °C. Thereafter, the crispy dried flower buds were pulverised with an electric grinder into a fine material. One hundred milligrams of pulverised flower buds were extracted with 25 mL of 80% (v/v) ethanol for 50 min. After 5 min centrifugation at 4000× g rpm, the supernatants were collected used for further laboratory tests.




2.8.2. Polyphenol Assay


The total phenolic content was determined from the Folin–Ciocalteu assay as described by Sogoni et al. [48] with slight modification. The Folin–Ciocalteu reagent used was diluted with distilled water 10 times, and 25 μL of tested extracts was reacted with 125 μL Folin–Ciocalteu solution in a 96-well microplate. Thereafter, 7.5% Na2CO3 solution was added. The microplate was incubated at room temperature for 2 h. The absorbance of the pipetted mixture was read in a Multiskan spectrum plate reader (Thermo Electron Corporation, Waltham, MA, USA) at 765 nm. The phenolic content was expressed as mg gallic acid equivalent per g dry weight (mg GAE/g DW) extrapolated from the standard equation obtained from graded concentrations (0, 20, 50, 100, 250, and 500 mg/L) of gallic acid.




2.8.3. Determination of Flavonols


The flavonol content of the extracts was determined from graded quercetin standard (0, 5, 10, 20, 40, and 80 mg/L) prepared in 95% ethanol [49] of analytical grade. A volume of 12.5 μL of the extracted flower buds was reacted with 12.5 μL 0.1% HCl in 95% ethanol, and then 225 μL 2% HCl for each sample. Thereafter, the mixture was incubated at room temperature for 30 min. After incubation, absorbance was measured at 360 nm, and results were expressed as mg quercetin equivalent per g dry weight (mg QE/g DW) [49].




2.8.4. DPPH Free Radical Antioxidant Content


The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical was generated by preparing 0.135 mM DPPH in a dark bottle as described by Ohikhena et al. [50] with minor modifications. A volume of 300 μL of DPPH solution was mixed with graded concentrations of 6-hydrox-2,5,7,8-tetramethylchroman-2-20 carboxylic acid (Trolox standard) and incubated for 30 min. After incubation, absorbance of the mixture was measured at 517 nM, and results were expressed as μM/Trolox equivalent per g dry weight (μM TE/g DW).




2.8.5. Ferric Reducing Antioxidant Power (FRAP) Assay


The FRAP content of the extracted flower buds was determined using the method described by Jimoh et al. [51] with slight modification. A mixture of 3 mL iron (III) chloride hexahydrate (FeCl3·6H2O), 3 mL 2,4,6-tripyridyl-s-triazine (10 mM in 0.1 M hydrochloric acid), and 30 mL acetate buffer (0.3 M, pH 3.6) that was diluted with 6 mL distilled water was incubated at 37 °C for 30 min to form the FRAP reagent. Thereafter, 300 μL of the FRAP reagent was reacted with 10 μL of the extracted flower buds of T. divaricata in a 96-well microplate. At 593 nm, the absorbance of the pipetted mixture was measured in a Multiskan spectrum microplate reader. The FRAP content of the tested sample was extrapolated from an L-ascorbic acid standard graded from 0 to 100 μM and expressed as μM ascorbic acid equivalents (AAE) per g dry weight (μM AAE/g DW).




2.8.6. TEAC Free Radical Scavenging Activity


The TEAC assay was carried out by generating ABTS+ from potassium persulphate mixed with ABTS dissolved in a buffer. The assay was based on the ability of the tested plant samples of T. divaricata to scavenge the ABTS (2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid) radicals (ABTS+) relative to Trolox, a standard vitamin E antioxidant [52]. To ensure stability, the ABTS+ was diluted with 20 mM sodium acetate buffer (pH 4.5) at a wavelength of 734 nm and pH range 0.700 ± 0.02. About 3 mL ABTS+ was reacted with 20 μL of the samples, and absorbance of the solution was read at 734 nm after 10 min. The experiment was run in triplicate for each sample. The results are estimated as μmol TE/g dry weight of the plant sample, extrapolated from a Trolox calibration curve generated within a concentration range of 0–250 μM.





2.9. Statistical Analysis


The experimental data were analysed using two-way ANOVA, and Tukey’s least significant difference was used to compare means between treatments at the p ≤ 0.05 level of significance. STATISTICA version 13.5.0.17 computer software was used for all calculations.





3. Results


3.1. Effect of Growing Media and Shade Levels on Plant Growth


3.1.1. Leaf Length and Flower Bud Number


The results showed that Trachyandra divaricata growth response to varying media and shade levels was variable (Figure 2 and Figure 3). The leaf length and flower bud number were significantly affected by media and shade levels at p ≤ 0.05. The highest leaf length was recorded in plants grown in peat without shading, and this was comparable to most treatments but higher than the control. The lowest leaf length was recorded in plants grown in vermiculite under 80% shading. Likewise, the highest number of flower buds was again obtained from plants grown in peat without shading treatment, while the lowest number of flower buds was produced under 80% shade in plants grown with LECA clay, silica sand, and vermiculite. However, equivalent number of flower buds were produced in other treatments.




3.1.2. Total Fresh and Dry Weight of T. divaricata


Weight of fresh and dry T. divaricata varied significantly between treatments (Figure 4). The fresh weight was highest in plants cultivated in peat with no shade treatment. This was significantly higher than other treatments but was comparable to plants cultivated in peat under 20–60% shade treatment. The lowest fresh weight was obtained in plants grown in vermiculite under 20% shade. As for the dry weight, the same trend was observed, wherein the highest mean value was again obtained in peat with no shade; this was significantly higher than the control and all other treatments. The dry weight was lowest in silica sand under 80% shade treatment, which was significantly lower compared to the control and other treatments (Figure 5).




3.1.3. Effect of Growing Media and Shade Levels on Chlorophyll Content


The chlorophyll content in T. divaricata leaves varied considerably as the plant aged with respect to the growing media and shading levels. At weeks 2, 4, 6, 8, and 10, the highest mean values of chlorophyll content were recorded in LECA clay treated with different shade levels (Table 2). The 80% shade yielded the highest chlorophyll values at weeks 2, 4, and 6, whereas during weeks 8 and 10, the 60% and 20% shade levels produced the highest chlorophyll values. Surprisingly, at week 12, vermiculite treated with 80% shade produced the highest chlorophyl value, although this was comparable to most treatments (Table 2).





3.2. Effect of Growing Media and Shade Levels on Mineral Composition of Flower Buds


3.2.1. Macronutrients


The macronutrients in the flower buds of T. divaricata varied among treatments, as presented in Table 3. The main elements examined were calcium (Ca), K/Ca + Mg, magnesium (Mg), sodium (Na), phosphorous (P), potassium (K), and nitrogen (N). The highest Ca and Mg minerals were recorded at 80% shade in LECA clay, which was significantly higher than the control and other treatments. Interestingly, the highest K/Ca + Mg value was found in plants cultivated in LECA clay under 20% shading, which was significantly higher than all treatments. When assessing the accumulation of K, plants grown in peat under 20% shading had a higher yield than other treatments. The highest N yield was obtained in plants grown in vermiculite under 60% shading, while the highest yield in Mg was found in plants grown in LECA clay under 80% shading. Phosphorus and sodium had the highest yield in plants grown under 40% shading but differed in growth media (P—vermiculite, Na—Silica sand).




3.2.2. Micronutrients


Micronutrients in the flower buds of T. divaricata were significantly affected by media and shade levels (Table 4). The highest copper content was recorded in plants cultivated with LECA clay under 80% shading, although this value was comparable to most treatments. Plant samples grown in LECA clay under 80% shading had the highest yield of iron and manganese, and these values were significantly higher than other treatments. Conversely, the highest zinc content was obtained in plant grown in silica sand under 80% shading, and this was higher significantly than all treatments including the control.





3.3. Effect of Growing Media and Shade Levels on Proximate Composition of Flower Buds


The highest value of acid-detergent fibre (ADF) (41.17%) was recorded at 20% shade in peat medium, while the lowest value of 23.57% was found in LECA clay medium under 80% shade. Silica sand and LECA clay media treated with 80% shade had the highest ash content followed by 40% silica sand, whereas the lowest value was recorded in silica sand with no shade treatment, and the rest of the treatments had an equivalent effect on ash content (Table 5).



Furthermore, the highest value of fat content was found in peat soilless medium with 80% shade, while the lowest was recorded at 20% shade in peat medium. The highest amount of moisture content (11.53%) was recorded in peat medium with 60% shade, followed by vermiculite at 40% shade with the highest value of 11.37%, while the lowest was found at 80% shade in vermiculite medium, and all other treatments had equivalent effects.



The 20% shade combined with soilless growth media was the best treatment for non-detergent fibre (NDF) as the highest value was obtained in peat medium with 20% shade; however, NDF did not perform any better at 80% shade treatment, and the LECA clay medium had the lowest value at 80% shade. The highest value of protein content was recorded in vermiculite medium with 80% shade, whereas the lowest value was obtained in silica sand medium at 40% shade, while the rest of the treatments had comparable effects on the protein composition of T. divaricate flower buds (Table 5).




3.4. Effect of Growing Media and Shade on Phytochemicals and the Antioxidant Content of Flower Buds


3.4.1. Total Polyphenols


Different growth media and shade levels affected the accumulation of polyphenols significantly in extracted flower buds of T. divaricata (Figure 6). The highest mean value of polyphenols (10.44 mg GAE/g) was recorded in plants cultivated in silica sand under 20% shade. However, this was not significantly different from the values obtained in LECA clay (20% and 60% shade levels) and peat (60% shade level). The lowest polyphenol content was recorded in plants grown in LECA clay under 80% shade, and this was significantly lower than the control and most treatments (Figure 6).




3.4.2. Total Flavonols


The highest flavonol content was recorded in the flower buds of plants grown in vermiculite under 20% and 60% shade levels, while LECA clay treated with 80% shade was the least effective (Figure 7). However, the highest content recorded in vermiculite under 20% and 60% was comparable to values obtained in vermiculite with 80% shade, silica sand with 40–80%, peat with 40 and 80%, and LECA clay with no shade treatment.




3.4.3. DPPH Antioxidant Content


The highest DDPH activity in flower buds of T. divaricata was recorded in plants cultivated in silica sand under 20% shade, and this was significantly higher than other treatments except silica with no shading and LECA clay with 40 and 60% shading. The lowest DPPH activity was recorded in plants treated with 80% shade levels in both LECA clay and vermiculite (Figure 8).




3.4.4. FRAP Antioxidant Content


The FRAP antioxidants in flower buds of T. divaricata showed significant variability in the tested samples (Figure 9). Plants grown in LECA clay under 60% shading had the highest FRAP content but did not differ significantly from FRAP values obtained in plants grown in silica sand (no shade and 20%), peat (60%), and LECA (20 and 40% shading). The least value was recorded in plants grown in LECA clay under 80% shading, and this was significantly lower than the control and all treatments.




3.4.5. TEAC/ABTS Activity


Different growth media and shade levels had a significant effect on the estimated TEAC values (µmol TE/g) of T. divaricata flower buds (Figure 10). The LECA clay medium with no shade treatment yielded the highest mean value of TEAC, while the lowest was recorded in the 80%-shade-treated samples of the same medium. Samples of T. divaricata grown in vermiculite performed better than other treatments, especially under no shade, while variability was observed in the effects of other treatments on TEAC values of the experimented samples of T. divaricata (Figure 10).






4. Discussion


There is extensive literature on the reduction of growth caused by high light intensity in many plant species [53]. Nevertheless, Ncise et al. [6] and Appolloni et al. [54] reported that there are few studies conducted on the interactive effects of light intensity and media on plant growth, nutrition, and biosynthesis of secondary metabolites in edible inflorescence species. In the present study, the effects of the varying light intensity and growth media on the growth and phytochemicals in T. divaricata were evaluated. Plants cultivated in peat under normal greenhouse lighting (no shade) had the highest leaf number, flower buds, and fresh and dry weight compared with those grown under shade levels and varying growth media. Similar findings were observed on Mitragyna speciosa Korth by Zhang et al. [13], where height, average leaf size, and total leaf dry mass were increased in response to unshaded greenhouse conditions. In addition, peat has been reported to play a crucial role in water and nutrient retention in hydroponically grown plants [55]. Thus, an increase in plant growth parameters were observed in this media as compared to sand, LECA clay, and vermiculite. Conversely, plants developed significantly more specific leaf size and total chlorophyll content under shade levels. These findings are in contrast with those observed by Kalaitzoglou et al. [12] on shade climatic response of tomato plants, where lower light absorbance and lower chlorophyll content were recorded in shaded plants. This then indicates that T. divaricata optimises light captured and increases light efficiency to maximise photosynthesis and gain carbon under shaded conditions. This was also reported by Zhang et al. [13] on Mitragyna speciosa and Tran, [14] on Fraxinus latifolia seedlings under varying levels of light exposure.



Light has long been recognised as the most important factor influencing growth and mineral composition in plants [56]. These mineral nutrients are indispensable due to their major roles in the human diet [57]. Thus, there is a need to understand plants’ response to light intensity and growth media to enhance their nutritional value and supplement the world’s food and nutritional security. In this study, the nutritional composition of Trachyandra divaricata flower buds were evaluated due to their edibility. The results showed that all tested samples experienced significant variations, which indicates that light intensity and growth media modulate mineral composition in this species. As a result, most of the minerals found in plant samples exceeded the recommended dietary allowance (RDA).



Calcium (Ca) is responsible for bone and muscle formation and maintenance, as well as preventing osteopenia and osteoporosis in the body caused by some chemotherapeutic agents [58]. In the present study, only plants grown in LECA clay under 80% shading meet the RDA of 1000 mg for Ca, while K/Ca + Mg yield was well above the RDA value of 1956 mg/100 g, regardless of light intensity and growth media. These results substantiate earlier findings of Diviš et al. [59] on the edible flower of Sambucus nigra L., where Ca ranged from 474 to 1228 mg/100 g and K/Ca + Mg from 1967 to 3439 mg/100 g.



Potassium is an important nutrient in a healthy diet. It is essential physiologically because extracellular and intracellular cations are required to maintain blood pressure, nerve impulse conduction [45], and muscular contractility [45]. A minimum of 2000 mg K is recommended for an adult and it is widely available in T. divaricata. The highest yield of potassium was recorded in plants grown in peat under 20% shade. When compared to previous reports of other edible inflorescence plants such as red Amaranthus species [60], Cynara cardunculus [61], banana inflorescence [62], and Brassica oleracea var. italica Plenck [63], potassium content of the evaluated inflorescence of T. divaricata was significantly higher. This suggests that the species is a good source of dietary potassium.



Magnesium serves a variety of important functions, including structural roles in proteins and polyribosomes, cell adhesion, nucleic acids, neurotransmitter release, stabilisation of Ca/K homeostasis, and as an enzymatic cofactor [64]. This mineral was found to be well above the RDA value in analysed samples of T. divaricata, suggesting that the plant is a rich source of magnesium. As recommended by the USAD (2018), the standard magnesium content in 100 g of cooked broccoli is 12 mg, while amaranth food is 55 mg. This is far below the values obtained in all samples analysed, where the Mg contents ranged from 249.00 to 478.50 mg/100 g, suggesting that growth media and light intensity positively modulate this mineral in T. divaricata. When examining phosphorus, plants grown in vermiculite under 40, 60, and 80% shading as well as the plants grown in peat under 60% shading met the RDA of 700 mg. Phosphorus is an essential nutrient in the human diet, acting as a physiologic buffer, a substrate for critical cellular functions, and as a component of bone mineral in the skeleton alongside calcium [65]. Thus, eating the flower buds of this vegetable will help strengthen the human skeletal system.



Iron, zinc, aluminium, copper, and manganese are all essential micronutrients required in less than 20 mg per day and account for less than 0.01% of body weight [57]. The micronutrients present in the flower bud of T. divaricata were far below the RDA, except iron in a few treatments. These trace elements were lower than values reported on other edible inflorescence species such as banana (Musa spp.) [62], asparagus (Asparagus officinalis L.) [66], and Cynara cardunculus L. [61]. On the basis of these findings, it can be assumed that the flower buds of T. divaricata are safe to consume because they accumulated fewer heavy metals than other inflorescence vegetables.



The proximate content of the flower buds of the tested plant differed significantly in the present study. The ash composition of the analysed samples was high in comparison to similar records on inflorescence vegetables, which usually do not exceed 5% [67]. The ash content of the flower bud ranged from 11% to 20.86% among treatments, which corresponds to the composition found in processed foods [68]. These findings correspond with those reported by Fernandes et al. [69] on cauliflower, pumpkin, and broccoli, where the ash content ranged from 12 to 15%. The nutritional value of food is measured by the level of its ash content, which is thought to be a reflection of the mineral contents preserved in food materials [70]. Moreover, the presence of high ash value indicates that the plant is high in dietary fibres, which provide shelter for digestive organisms in the alimentary tract [71].



Generally edible flowers such as Erythrina caribaea, Aloe vera, Allium schoenoprasum, Brassica oleracea var. italica, and Erythrina americana have been reported to have low levels of unsaturated fats, which normally range from 1.5 to 3% [69]. The fat content obtained from the flower buds of T. divaricata (1.56 to 2.25%) fall within the range of these well-known edible flowers. Fat in vegetables provides energy, fatty acids, and vitamins, which add to the palatability through flavour retention [72]. Protein values ranged from 17 to 22.82% in tested treatments, and these were comparable to other well-known edible flowers such as Tropaeolum majus [67], Erythrina americana [73], Brassica oleracea var. botrytis, and Brassica oleracea var. italica [69]. The moisture content ranged from 6.25 to 11.53% in the tested treatments, including the control. These values are too low when compared to other edible flowers, which average between 70 to 80% in moisture. This suggest that the flower buds of this plant might have a long storage lifespan, which will favour the growers and sellers. The plant may be explored further for its potential use as a plant-based preservative used in enhancing the shelf life of food.



Fruits and vegetables with high antioxidant capacity add value to food products and are well received by consumers and the food industry [74]. Consumption of plant products high in phenolic content can protect human tissue oxidation by scavenging free radicals and inhibiting lipid peroxidation, thereby improving nutritional quality, and avoiding potential problems caused by excessive consumption of synthetic additives [75]. As a result, it is critical to enhance the phytochemical components of fruits and vegetables during cultivation. One of the most important environmental variables in regulating vegetable growth, development, and phytochemical accumulation is light condition (light quality, light intensity, and photoperiod), which is especially important for vegetables grown in controlled environments [76]. In the present study, the flower buds of plants grown under 20% shade had higher polyphenols than other treatments, while the media had no significant effect on the accumulation of polyphenols. This supports the findings of [6] on Tulbaghia violacea flower stalk, where low light intensity increased the polyphenols. On the contrary, the flavonol compositions among light intensities were variable. This contradicts the results of [77] on broccoli microgreens where high light intensity increased the flavonol content. Nevertheless, the antioxidant capacity was increased in plants grown in LECA clay and peat under 40 and 60% shade, except TEAC. These results show that light intensity and growth media may affect not only plant yield but also the synthesis of other biologically active substances, such as phenolics, which have a protective role against induced stress responses [78].




5. Conclusions


The current study found that light intensity and media influenced the growth, mineral composition, proximate contents, and antioxidant capacity of T. divaricata. The accumulation of high mineral nutrients in flower buds reflects a vegetable characteristic that provides nutrients. The high fibre content of the flower buds validates its digestive effectiveness in humans, and its high protein content validates its value as an immune booster, important nutraceutical, and as a potential functional food. The lower moisture content indicates that the plant may have a long storage lifespan, as well as a potential in improving the shelf life of food. Plants grown in peat under normal greenhouse conditions had improved growth parameters, while variation was observed in proximate compositions as well as phytochemical composition in response to light intensity and growth substrate. On the basis of these findings, T. divaricata should be domesticated due to its rich nutritional value.
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Figure 1. Arrangement of each gutter on four NFT systems with different media and shade levels. 
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Figure 2. The effect of different growth media and shade levels on leaf length of T. divaricata. Means at the same column followed by the same letter do not differ by Tukey’s test (p > 0.05). 






Figure 2. The effect of different growth media and shade levels on leaf length of T. divaricata. Means at the same column followed by the same letter do not differ by Tukey’s test (p > 0.05).



[image: Agronomy 13 00247 g002]







[image: Agronomy 13 00247 g003 550] 





Figure 3. The effect of different growth media and shade levels on the formation of buds of T. divaricata. Means followed by the same letter do not differ significantly by Tukey’s test (p ≤ 0.05). 
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Figure 4. The effect of different growth media and different shade levels on the fresh weight of T. divaricata. Means at the same column followed by the same letter did not differ by Tukey’s test (p > 0.05). 
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Figure 5. The effect of different growth media and different shade levels on the dry weight of T. divaricata. Means in the same column followed by the same letter did not differ by Tukey’s test (p > 0.05). 
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Figure 6. The effect of different growth media and shade levels on total polyphenols in the flower buds of T. divaricata. Means followed by the same letter did not differ by Tukey’s test (p > 0.05). 
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Figure 7. The effect of different growth media and shade levels on total flavonols in the flower buds of T. divaricata. Means followed by the same letter did not differ by Tukey’s test (p > 0.05). 
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Figure 8. The effect of different growth media and different shade levels on total DPPH content in the flower buds of T. divaricata. Means followed by the same letter did not differ by Tukey’s test (p > 0.05). 
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Figure 9. The effect of different growth media and different shade levels on total FRAP content in the flower buds of T. divaricata. Means followed by the same letter did not differ by Tukey’s test (p > 0.05). 
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Figure 10. The effect of different growth media and shade levels on total TEAC content in the flower buds of T. divaricata. Means followed by the same letter did not differ by Tukey’s test (p > 0.05). 
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Table 1. Arrangement of each gutter on four NFT systems with different media and shade levels.
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	NFT/Table
	Gutter 1
	Gutter 2
	Gutter 3
	Gutter 4
	Gutter 5





	1
	Leca clay + no shade
	Leca clay + 20% shade
	Leca clay + 40% shade
	Leca clay + 60% shade
	Leca clay + 80% shade



	2
	Peat + no shade
	Peat + 20% shade
	Peat + 40% shade
	Peat + 60% shade
	Peat + 80% shade



	3
	Sand + no shade (C)
	Sand + 20% shade
	Sand + 40% shade
	Sand + 60% shade
	Sand + 80% shade



	4
	Vermiculite + no shade
	Vermiculite + 20% shade
	Vermiculite + 40% shade
	Vermiculite + 60% shade
	Vermiculite + 80% shade







NFT = nutrient filter technique hydroponic system, C = control.
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Table 2. Effect of different growth media and different shade levels on the chlorophyll content of T. divaricata.
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Media

	
Shade

	
Week 2

	
Week 4

	
Week 6

	
Week 8

	
Week 10

	
Week 12






	

	
No shade

	
1.020 ± 0.25 c–g

	
1.026 ± 0.41 d–g

	
0.99 ± 0.02 d

	
1.09 ± 0.23 b–e

	
1.19 ± 0.02 ab

	
1.15 ± 0.03 ab




	

	
20% shade

	
0.961 ± 0.34 fg

	
0.99 ± 0.37 efg

	
1.32 ± 0.05 ab

	
1.00 ± 0.02 cde

	
1.27 ± 0.05 a

	
1.02 ± 0.02 ab




	
LECA clay

	
40% shade

	
0.980 ± 0.02 d–g

	
1.02 ± 0.02 d-g

	
1.09 ± 0.03 cd

	
1.12 ± 0.26 ab

	
1.06 ± 0.03 abc

	
1.12 ± 0.03 ab




	

	
60% shade

	
1.20 ± 0.27 ab

	
1.35 ± 0.03 ab

	
1.41 ± 0.04 ab

	
1.35 ± 0.04 a

	
1.12 ± 0.02 ab

	
1.03 ± 0.04 ab




	

	
80% shade

	
1.32 ± 0.49 a

	
1.34 ± 0.05 a

	
1.43 ± 0.04 a

	
0.96 ± 0.10 de

	
0.96 ± 0.12 abc

	
1.20 ± 0.14 ab




	

	
No shade

	
1.14 ± 0.02 b–e

	
0.95 ± 0.02 g

	
1.00 ± 0.02 d

	
1.06 ± 0.03 b-e

	
1.03 ± 0.19 abc

	
0.99 ± 0.04 b




	

	
20% shade

	
1.11 ± 0.03 b-f

	
1.20 ± 0.07 bcd

	
1.10 ± 0.04 cd

	
1.09 ± 0.03 b-e

	
1.14 ± 0.06 ab

	
1.02 ± 0.04 ab




	
Peat

	
40% shade

	
0.97 ± 0.02 efg

	
1.04 ± 0.02 d-g

	
1.11 ± 0.03 cd

	
1.09 ± 0.02 b-e

	
1.08 ± 0.04 abc

	
1.16 ± 0.08 ab




	

	
60% shade

	
1.15 ± 0.02 a-d

	
1.28 ± 0.05 abc

	
1.40 ± 0.06 ab

	
1.15 ± 0.01 a–d

	
1.16 ± 0.03 ab

	
1.11 ± 0.02 ab




	

	
80% shade

	
1.17 ± 0.02 abc

	
1.26 ± 0.04 abc

	
1.19 ± 0.06 d

	
1.11 ± 0.04 b–e

	
1.19 ± 0.04 ab

	
1.15 ± 0.13 ab




	

	
No shade

	
0.96 ± 0.03 fg

	
1.00 ± 0.03 efg

	
1.03 ± 0.03 d

	
1.21 ± 0.03 abc

	
1.16 ± 0.03 ab

	
0.98 ± 0.03 b




	

	
20% shade

	
1.13 ± 0.02 b–e

	
0.99 ± 0.02 efg

	
1.04 ± 0.02 d

	
1.08 ± 0.03 b–e

	
1.08 ± 0.03 abc

	
1.01 ± 0.02 b




	
Silica sand

	
40% shade

	
1.02 ± 0.03 c–g

	
1.04 ± 0.02 d-g

	
1.02 ± 0.03 d

	
0.90 ± 0.04 e

	
1.00 ± 0.12 bc

	
0.88 ± 0.03 b




	

	
60% shade

	
1.17 ± 0.03 abc

	
1.16 ± 0.05 b-e

	
1.35 ± 0.04 ab

	
1.25 ± 0.03 ab

	
1.97 ± 0.22 ab

	
1.13 ± 0.02 ab




	

	
80% shade

	
1.23 ± 0.05 ab

	
1.24 ± 0.03 abc

	
1.33 ± 0.04 ab

	
1.15 ± 0.13 a–d

	
1.22 ± 0.14 ab

	
1.29 ± 0.03 ab




	

	
No shade

	
1.00 ± 0.04 c–g

	
1.14 ± 0.03 c-f

	
1.11 ± 0.03 cd

	
1.12 ± 0.02 b–e

	
1.04 ± 0.02 abc

	
1.16 ± 0.03 ab




	

	
20% shade

	
0.99 ± 0.02 efg

	
1.27 ± 0.05 abc

	
1.10 ± 0.04 cd

	
1.13 ± 0.03 a–e

	
0.81 ± 0.21 c

	
0.84 ± 0.18 b




	
Vermiculite

	
40% shade

	
0.89 ± 0.04 g

	
0.96 ± 0.02 fg

	
1.01 ± 0.01 d

	
0.98 ± 0.03 cde

	
1.08 ± 0.03 abc

	
1.07 ± 0.03 ab




	

	
60% shade

	
1.09 ± 0.04 b–f

	
1.27 ± 0.05 abc

	
1.24 ± 0.04 bc

	
1.14 ± 0.03 a–d

	
1.08 ± 0.02 abc

	
1.04 ± 0.02 ab




	

	
80% shade

	
1.22 ± 0.07 ab

	
1.26 ± 0.05 abc

	
1.09 ± 0.02 cd

	
1.14 ± 0.02 a–d

	
1.24 ± 0.04 ab

	
1.42 ± 0.02 a




	
Analysis of Variance




	
Growth media

	

	
0.004

	
0.001

	
0.000

	
0.642 ns

	
0.394 ns

	
0.171




	
Shade levels

	

	
0.000

	
0.000

	
0.000

	
0.000

	
0.394 ns

	
0.000




	
Growth media × shade levels

	

	
0.000

	
0.000

	
0.000

	
0.000

	
0.442 ns

	
0.010








Note: means in the same column followed by the same letter did not differ by Tukey’s test (p > 0.05). ns = not significant.
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Table 3. The effect of different growth media and shade levels on macronutrient content in the flower buds of T. divaricata.
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Shade

	
Media

	
Calcium

	
K/Ca + Mg

	
Potassium

	
Nitrogen

	
Magnesium

	
Phosphorus

	
Sodium




	

	

	
mg/100 g

	
mg/100 g

	
mg/100 g

	
mg/100 g

	
mg/100 g

	
mg/100 g

	
mg/100 g






	
No shade

	
LECA clay

	
409.5 ± 0.5 i

	
3145.0 ± 5.0 e

	
5865.0 ± 5.0 h

	
3019.0 ± 1.0 k

	
324.5 ± 5.5 fg

	
511.0 ± 1.0 ef

	
139.0 ± 1.0 jk




	
Peat

	
409.5 ± 0.5 i

	
3419.5 ± 0.5 cd

	
5926.5 ± 3.5 g

	
2880.5 ± 0.5 n

	
289.0 ± 1.0 h

	
529.0 ± 1.0 e

	
157.5 ± 2.5 gh




	
Silica sand

	
347.5 ± 2.5 m

	
3079.0 ± 1.0 h

	
4979.0 ± 1.0 m

	
3257.5 ± 2.5 g

	
286.0 ± 3.5 h

	
444.5 ± 5.5 g

	
169.0 ± 1.0 e




	
Vermiculite

	
327.5 ± 2.5 o

	
3039.0 ± 1.0 j

	
5570.0 ± 10.0 j

	
2957.0 ± 2.5 l

	
371.0 ± 1.0 cde

	
489.0 ± 1.0 f

	
137.5 ± 2.5 k




	
20% shade

	
LECA clay

	
389.5 ± 0.5 k

	
4039.0 ± 1.0 a

	
6329.0 ± 1.0 d

	
3579.0 ± 1.0 d

	
249.0 ± 1.0 i

	
427.5 ± 2.5 g

	
147.5 ± 2.5 ij




	
Peat

	
469.5 ± 0.5 f

	
3619.0 ± 0.5 b

	
7167.5 ± 2.5 a

	
2867.5 ± 2.5 o

	
329.0 ± 1.0 fg

	
689.0 ± 1.0 bc

	
149.0 ± 1.0 hi




	
Silica sand

	
347.5 ± 2.5 m

	
3147.5 ± 2.5 e

	
5390.5 ± 0.5 k

	
3119.0 ± 1.0 h

	
319.0 ± 1.0 gh

	
511.5 ± 1.5 ef

	
144.0 ± 4.0 ijk




	
Vermiculite

	
449.0 ± 1.0 h

	
2839.0 ± 1.0 m

	
6319.5 ± 0.5 d

	
2939.0 ± 1.0 m

	
419.0 ± 1.0 b

	
528.5 ± 1.5 e

	
149.0 ± 1.0 hi




	
40% shade

	
LECA clay

	
689.0 ± 1.0 d

	
1979.0 ± 1.0 p

	
4961.0 ± 1.0 m

	
2960.5 ± 0.5 l

	
359.0 ± 1.0 def

	
611.0 ± 1.0 d

	
179.0 ± 1.0 d




	
Peat

	
519.0 ± 1.0 e

	
3019.5 ± 0.5 k

	
6648.0 ± 2.0 b

	
3047.5 ± 2.5 j

	
369.5 ± 0.5 cde

	
678.5 ± 1.5 c

	
158.0 ± 2.0 gh




	
Silica sand

	
829.5 ± 0.5 c

	
2219.0 ± 1.0 o

	
6169.0 ± 1.0 f

	
2720.0 ± 1.0 q

	
357.5 ± 2.5 def

	
419.0 ± 1.0 g

	
230.5 ± 0.5 a




	
Vermiculite

	
409.0 ± 1.0 i

	
2519.5 ± 0.5 n

	
5239.5 ± 20.5 l

	
3119.0 ± 1.0 h

	
399.0 ± 1.0 bc

	
748.5 ± 2.5 a

	
147.5 ± 2.5 ij




	
60% shade

	
LECA clay

	
359.5 ± 0.5 l

	
2979.0 ± 1.0 l

	
4865.0 ± 5.0 n

	
2811.0 ± 1.0 p

	
289.0 ± 1.0 h

	
611.0 ± 1.0 d

	
138.5 ± 1.5 jk




	
Peat

	
458.5 ± 1.5 g

	
3111.0 ± 1.0 f

	
6189.0 ± 1.0 ef

	
3412.0 ± 2.5 e

	
337.5 ± 2.5 efg

	
747.5 ± 2.5 a

	
159.0 ± 1.0 fg




	
Silica sand

	
409.0 ± 1.0 i

	
3428.0 ± 2.0 c

	
6389.0 ± 1.0 c

	
3599.0 ± 1.0 c

	
328.0 ± 1.5 fg

	
744.0 ± 26.0 a

	
168.0 ± 2.0 ef




	
Vermiculite

	
360.5 ± 0.5 l

	
3411.0 ± 1.0 d

	
6223.5 ± 6.5 e

	
3719.5 ± 0.5 a

	
347.0 ± 3.0 defg

	
716.0 ± 4.0 ab

	
169.5 ± 0.5 de




	
80% shade

	
LECA clay

	
1101.0 ± 1.0 a

	
1536.5 ± 3.5 r

	
5692.5 ± 7.5 i

	
3018.5 ± 1.5 k

	
478.5 ± 1.5 a

	
529.0 ± 1.0 e

	
219.5 ± 0.5 b




	
Peat

	
339.0 ± 1.0 n

	
3100.5 ± 0.5 g

	
5228.0 ± 12.0 l

	
3365.0 ± 5.0 f

	
319.0 ± 1.0 gh

	
678.5 ± 1.5 c

	
79.0 ± 1.0 m




	
Silica sand

	
1059.0 ± 1.0 b

	
1911.0 ± 1.0 q

	
6392.5 ± 7.5 c

	
3060.0 ± 0.5 p

	
374.0 ± 26.0 cd

	
516.0 ± 4.0 ef

	
199.0 ± 1.0 c




	
Vermiculite

	
400.0 ± 1.0 j

	
3069.0 ± 1.0 i

	
5559.0 ± 1.0 j

	
3689.0 ± 1.0 b

	
318.50 ± 1.50 gh

	
727.5 ± 2.5 a

	
99.5 ± 0.5 l




	
Analysis of Variance




	
Growth media

	

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000




	
Shade levels

	

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000




	
Growth media × shade levels

	

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000








Note: means in the same column followed by the same letter did not differ by Tukey’s test (p > 0.05).
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Table 4. The effect of different growth media and shade levels on micronutrients analysis in the flower buds of T. divaricata.
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Shade

	
Media

	
Copper

(mg/100 g)

	
Iron

(mg/100 g)

	
Manganese

(mg/100 g)

	
Zinc

(mg/100 g)






	
No shade

	
LECA clay

	
0.40 ± 0.01 abcd

	
7.50 ± 0.50 h

	
3.69 ± 0.01 g

	
5.81 ± 0.01 h




	
Peat

	
0.00 ± 0.00 d

	
6.25 ± 0.05 ij

	
3.47 ± 0.03 g

	
5.84 ± 0.06 h




	
Silica sand

	
0.40 ± 0.01 abcd

	
9.25 ± 0.05 fg

	
2.19 ± 0.01 h

	
6.58 ± 0.02 g




	
Vermiculite

	
0.69 ± 0.01 ab

	
9.45 ± 0.05 ef

	
3.79 ± 0.02 g

	
5.58 ± 0.02 i




	
20% shade

	
LECA clay

	
0.53 ± 0.43 abcd

	
5.75 ± 0.05 ij

	
3.55 ± 0.30 g

	
5.36 ± 0.04 j




	
Peat

	
0.11 ± 0.01 cd

	
5.85 ± 0.05 ij

	
5.85 ± 0.05 cd

	
7.58 ± 0.02 e




	
Silica sand

	
0.29 ± 0.01 bcd

	
7.55 ± 0.05 h

	
2.79 ± 0.02 h

	
6.41 ± 0.01 g




	
Vermiculite

	
0.69 ± 0.01 ab

	
15.75 ± 0.05 d

	
5.48 ± 0.02 d

	
6.47 ± 0.03 g




	
40% shade

	
LECA clay

	
0.49 ± 0.02 abcd

	
22.11 ± 0.01 c

	
5.84 ± 0.05 cd

	
7.59 ± 0.01 e




	
Peat

	
0.00 ± 0.00 d

	
6.55 ± 0.05 i

	
2.80 ± 0.20 h

	
6.38 ± 0.03 g




	
Silica sand

	
0.39 ± 0.01 abcd

	
23.89 ± 0.01 b

	
5.29 ± 0.02 de

	
8.47 ± 0.03 c




	
Vermiculite

	
0.79 ± 0.01 ab

	
6.20 ± 0.01 ij

	
3.58 ± 0.02 g

	
6.58 ± 0.02 g




	
60% shade

	
LECA clay

	
0.29 ± 0.01 bcd

	
6.29 ± 0.01 ij

	
3.45 ± 0.35 g

	
8.28 ± 0.02 c




	
Peat

	
0.00 ± 0.00 d

	
6.29 ± 0.01 ij

	
6.47 ± 0.03 bc

	
7.58 ± 0.02 e




	
Silica sand

	
0.49 ± 0.01 abcd

	
8.50 ± 0.50 g

	
3.93 ± 0.08 g

	
6.57 ± 0.03 g




	
Vermiculite

	
0.80 ± 0.01 ab

	
5.49 ± 0.01 j

	
4.68 ± 0.02 ef

	
7.95 ± 0.05 d




	
80% shade

	
LECA clay

	
0.89 ± 0.01 a

	
40.39 ± 0.01 a

	
9.48 ± 0.03 a

	
9.19 ± 0.01 b




	
Peat

	
0.58 ± 0.03 abc

	
5.68 ± 0.03 ij

	
3.68 ± 0.02 g

	
5.93 ± 0.07 h




	
Silica sand

	
0.58 ± 0.02 abc

	
22.11 ± 0.01 c

	
6.58 ± 0.03 b

	
10.50 ± 0.10 a




	
Vermiculite

	
0.69 ± 0.02 ab

	
10.29 ± 0.02 e

	
4.65 ± 0.05 f

	
7.11 ± 0.01 f




	
Analysis of Variance




	
Growth media

	

	
0.000

	
0.000

	
0.000

	
0.000




	
Shade levels

	

	
0.001

	
0.000

	
0.000

	
0.000




	
Growth media × shade levels

	

	
0.056 ns

	
0.000

	
0.000

	
0.000








Note: means in the same column followed by the same letter did not differ by Tukey’s test (p > 0.05), ns = not significant.
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Table 5. The effect of different growth media and shade levels on proximate analysis in the flower buds of T. divaricata.
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Shade

	
Media

	
ADF %

	
Ash %

	
Fat %

	
Moisture %

	
NDF %

	
Protein %






	
No shade

	
LECA clay

	
33.78 ± 1.16 bcd

	
12.45 ± 0.15 bcd

	
2.00 ± 0.05 a–e

	
9.87 ± 0.51 abc

	
47.93 ± 0.68 ab

	
19.14 ± 0.23 bcd




	
Peat

	
32.80 ± 0.29 bcd

	
12.59 ± 0.66 bcd

	
1.91 ± 0.03 b–f

	
9.76 ± 0.31 abc

	
44.3 ± 0.77 bc

	
17.63 ± 0.38 cd




	
Silica sand

	
31.12 ± 0.87 def

	
11.01 ± 0.32 d

	
1.82 ± 0.05 bef

	
10.62 ± 0.39 ab

	
40.85 ± 1.23 b–e

	
19.87 ± 0.51 a–d




	
Vermiculite

	
32.19 ± 0.32 cde

	
11.92 ± 0.27 cd

	
2.01 ± 0.02 a–e

	
10.26 ± 0.70 abc

	
40.55 ± 1.30 b–e

	
18.04 ± 0.48 cd




	
20% shade

	
LECA clay

	
35.91 ± 0.31 b

	
13.76 ± 0.36 bcd

	
1.73 ± 0.70 efg

	
10.29 ± 0.21 abc

	
44.45 ± 3.09 bc

	
21.86 ± 0.50 ab




	
Peat

	
41.17 ± 0,28 a

	
14.97 ± 0.33 b

	
1.56 ± 0.65 g

	
10.32 ± 0.46 abc

	
53.87 ± 0.57 a

	
17.71 ± 0.26 cd




	
Silica sand

	
29.09 ± 0.25 ef

	
11.91 ± 0.46 cd

	
2.26 ± 0.65 ab

	
10.29 ± 0.21 abc

	
40.85 ± 0.53 bcde

	
19.23 ± 0.24 a–d




	
Vermiculite

	
35.09 ± 1.54 bc

	
14.01 ± 0.36 bc

	
2.05 ± 0.55 a–d

	
9.70 ± 0.15 abc

	
43.98 ± 3.62 bc

	
17.83 ± 0.58 cd




	
40% shade

	
LECA clay

	
24.84 ± 0.18 ij

	
14.34 ± 0.50 bc

	
2.04 ± 0.15 a–e

	
11.27 ± 0.41 a

	
34.21 ± 0.65 ef

	
18.02 ± 0.48 cd




	
Peat

	
30.48 ± 0.41 d–g

	
14.39 ± 0.37 bc

	
1.90 ± 0.20 b–f

	
11.12 ± 0.48 ab

	
39.24 ± 1.04 cdef

	
18.97 ± 0.11 bcd




	
Silica sand

	
31.67 ± 0.41 cde

	
18.89 ± 0.34 a

	
1.82 ± 0.45 def

	
10.02 ± 0.66 abc

	
39.53 ± 1.27 cdef

	
16.88 ± 0.13 d




	
Vermiculite

	
28.23 ± 0.42 e–i

	
13.14 ± 0.28 bcd

	
2.14 ± 0.40 abc

	
11.37 ± 0.38 a

	
35.80 ± 1.55 def

	
17.67 ± 1.80 cd




	
60% shade

	
LECA clay

	
30.08 ± 0.78 d–g

	
12.23 ± 0.34 bcd

	
1.83 ± 0.01 def

	
11.30 ± 0.52 a

	
42.83 ± 0.47 bcd

	
17.90 ± 0.35 cd




	
Peat

	
27.81 ± 0.22 f–i

	
14.38 ± 0.54 bc

	
1.84 ± 0.02 c–f

	
11.53 ± 0.23 a

	
40.93 ± 0.67 bcde

	
20.94 ± 0.38 abc




	
Silica sand

	
31.15 ± 0.49 def

	
14.21 ± 0.76 bc

	
1.68 ± 0.03 fg

	
9.40 ± 0.75 abc

	
43.78 ± 0.53 bc

	
21.91 ± 0.61 ab




	
Vermiculite

	
31.94 ± 1.04 cde

	
14.14 ± 0.69 bc

	
1.79 ± 0.05 d–g

	
8.81 ± 0.17 bc

	
40.93 ± 0.57 bcde

	
21.80 ± 1.43 ab




	
80% shade

	
LECA clay

	
23.57 ± 1.07 j

	
19.19 ± 0.54 a

	
2.09 ± 0.01 a–d

	
8.05 ± 0.18 cd

	
32.91 ± 0.51 f

	
18.26 ± 0.63 bcd




	
Peat

	
24.84 ± 0.54 ij

	
13.06 ± 0.50 bcd

	
2.25 ± 0.02 a

	
9.76 ± 0.40 abc

	
32.91 ± 0.66 f

	
20.65 ± 0.42 abc




	
Silica sand

	
26.31 ± 0.01 g–j

	
20.86 ± 0.87 a

	
1.81 ± 0.16 def

	
9.88 ± 0.25 bcd

	
35.81 ± 0.40 ef

	
19.04 ± 0.08 bcd




	
Vermiculite

	
26.02 ± 0.52 hij

	
13.76 ± 0.48 bcd

	
1.93 ± 0.11 b–f

	
6.25 ± 0.65 d

	
34.28 ± 0.72 ef

	
22.82 ± 0.26 a




	
Analysis of Variance




	
Growth media

	

	
0.002

	
0.000

	
0.009

	
0.001

	
0.013

	
0.493 ns




	
Shade levels

	

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000




	
Growth media × shade levels

	

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000








ADF = acid-detergent fibre; NDF = neutral detergent fibre. Note: means in the same column followed by the same letter did not differ by Tukey’s test (p > 0.05), ns = not significant.
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