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Micropropagation and molecular characterization of 
Hypericum perforatum L. subsp. veronense (Schrank)  

H. Lindb., a valuable medicinal plant with ornamental value 

T. T. Tzatzani1,*, I. Michail1, I. Samartza2, N. Krigas2 and G. Tsoktouridis2 

1Laboratory of Subtropical Plants and Tissue Culture, Hellenic Agricultural 
Organization – DEMETER, Chania, Crete, Greece 

2Institute of Plant Breeding and Genetic Resources, Hellenic Agricultural 
Organization Demeter, Thessaloniki, Greece *Corresponding author e-mail: tzatzani@elgo.gr

ABSTRACT 

St. John's wort (Hypericum perforatum) is a perennial species with a worldwide 
interest due to its pharmaceutical characteristics which is also of ornamental value 
for gardening with native elements. Given that in vitro culture allows mass 
multiplication of selected genotypes, we investigated the micropropagation of the ex 
situ cultivated Greek native H. perforatum subsp. veronense using novel substances 
and its genetic fingerprinting. Apart from common auxins and cytokinins, a culture 
medium (BB) was used for the first time for its micropropagation and the effect of 
betaine, PVP, SNP and triacontanol were explored for the first time. Betaine addition 
of 200 mg/L produced proliferated shoots and roots without the need of plant growth 
regulators although a 0.5 mg L-1 BA was the best treatment in proliferation 
experiments. Shoot number was highest in 0.5 BA + 0.1 IBA (mg L-1), in 1 μΜ sodium 
nitroprusside (SNP) + 1 mg L-1 IAA+200 mg L-1 betaine and in PVP (0.5-1.5 mg L-1) + 1 
mg L-1 IBA + 200 mg L-1. Greater SNP concentration had either no differences or 
negative effect, while the greatest root number were recorded in Control. All three 
treatments of triacontanol (1-10 μg L-1) + 0.5 mg L-1 BA + 200 mg L-1 betaine resulted 
in higher shoot number. However, the statistically greatest root number were 
recorded in low concentration of SNP, or in absence of PVP and triacontanol. The 
micro-plants of H. perforatum subsp. veronense obtained from the SunCapTM sealed 
vessels and transplanted into the soil substrates presented 90.2% success; they were 
then transplanted to 1 L pots and were successfully established in the field for 
cultivation. The molecular characterization of H. perforatum subsp. veronense was 
achieved with DNA barcoding fingerprints deposited in the GenBank regarding four 
molecular markers of cpDNA (petB/petD, rbcL, trnL/trnF and rpoC1). 

Keywords:  St John’s wort, in vitro clonal propagation, SNP, PVP, triacontanol, acclimatization, phylogeny, DNA Barcoding  
INTRODUCTION St. John's wort (Hypericum perforatum L.) is a perennial species which is native in paleotemperate regions and introduced in other continents. Since ancient times, this 

RJH Vol. IV, 2023: 9-26 
10.51258/RJH.2023.01 
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species has been used for its medicinal properties as a diuretic, emmenagogue, hemostatic and wound healing agent (Istikoglou et al., 2010; Saddiqe et al., 2010). Nowadays, it is on focus of research with particularly encouraging results in the treatment of depression and other mental and neurological disorders (Santarém and Astarita, 2003; Mohammed et al. 2019; Tavakoli et al. 2020; Isenberg, 1998). Due to its melatonin content, H. perforatum is used as an anticonvulsant and sleep quality enhancer (Murch and Saxena, 2006). Recently, St. John’s wort was shown to have potential as a novel anticancer drug (Schempp et al., 2002). It also contains glycosides, hypericin and pseudo-hypericin, flavonoids (16% in leaves), xanthones, phenolic acids and essential oils (0.13% in whole plant) (Southwell and Bourke, 2001; Council of Europe, 2000, EMA 2022). The chemical compounds for which the plant has gained popularity as a medicinal agent are the naphthodianthrones (hypericin and pseudohypericin) and the acylphloroglucinol derivate (hyperforin and adhyperforin) (Fornasiero et al., 1998; Kakouri et al., 2023). H. perforatum is a traditional herbal medicinal product with the following indications approved by EMA: (i) relief of temporary mental exhaustion, (ii) symptomatic treatment of minor skin inflammations (such as sunburn) and as an aid in healing of minor wounds, (iii) symptomatic relief of mild gastrointestinal discomfort, and (iv) supportive treatment of nervous restlessness and associated with difficulties in falling asleep (EMA 2023). The cultivation of St. John’s wort can offer high-profit margins due to its well-known pharmaceutical qualities compared to other local crops due to valuable components used in cosmetology and pharmacology (Murch et al., 2000a). As a wild-growing species of temperate regions, it is associated with broad ecological adaptation, natural resistance to pests and diseases. In addition, its desirable ornamental characteristics combined with low demands, inputs needed and reduced installation expenses when cultivated make it a promising species for landscaping or gardening with native plants as well as a valuable phytogenetic resource for breeding and genetic improvement purposes (Touchell et al., 2008). To date, commercial St. John’s wort production has been mainly based on field-grown plant material, though the quality of these products may be affected by different environmental conditions altering the concentration of medicinal metabolites (Murch et 
al., 2000a). According to previous research, the concentration of hypericin and pseudohypericin in the leaves of St. John’s wort may vary considerably between different seasons, while their accumulation is strongly affected by the presence of heavy metals (Prasad et al., 1999). However, in vitro technologies may solve many cultivation and propagation problems in medicinal plants related to quality assurance by supplying plant material raised in a controlled environment.  
In vitro culture techniques offer a viable system for rapid, mass multiplication of selected genotypes of valuable germplasm (Mallón et al., 2010). In addition to its applications in basic propagation, tissue culture can be a useful tool in improving the medicinal features of H. perforatum such as hypericin and secondary metabolites concentration (Santarém and Astarita, 2003; Gadzovska et al., 2005; Savio et al., 2011). In vitro regeneration culture of H. perforatum is feasible from plant tissues like nodal segments (Ravindran et al., 2022), flower stamens (Kirakosyan et al., 2000; Goel et al., 2009), hypocotyl tissue (Banerjee et 
al., 2012; Murch et al., 2000b) and leaves (Pretto and Santarém 2000; McCoy and Camper 2002), employing MS medium under the influence of various types and concentrations of cytokinin and auxin (Mikhovich et al. 2021; Ravindran et al., 2022). More specifically, research on H. frondosum Minchx. shows that high levels of benzylamino purine (BA) facilitate optimum in vitro regeneration from leaves (Touchell et al., 2008). BA is the most used cytokinin for in vitro regeneration (Mikhovich et al., 2021; Ravindran et al., 2022), while the reaction of explants to cytokinin depends on its concentration in the nutrient substrate as well as its absorption, metabolism, transport in the explant (Auer et al., 1999), 
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and culture conditions (Feito et al., 1994). Many studies have been published on the appropriate type and optimum concentration of cytokinin regarding different species (e.g., Hutchinson and Zimmerman, 1987). Several auxins have been also used for the regeneration of Hypericum spp., including indole-3-butyric acid (IBA) and α-naphthaleneacetic acid (NAA), with the number of formed roots increasing proportionally with the concentration of administered auxin (Mikhovich et al., 2021; Ravindran et al., 2022; Moura, 1998). However, the selection of the appropriate auxin type and its concentration largely depends on species genotype (George, 1993), while the in vitro combination of auxins and cytokinins often results in blastogenesis. Recently, other substances such as betaine, sodium nitroprusside (SNP), polyvinylpyrrolidone (PVP) and trioctanol (TRIA) have been employed in the tissue culture of other medicinal-aromatic plants with impressive results (Akula et al., 2000; Sarropoulou and Maloupa, 2019).  
Hypericum spp. have been genetically studied both due to their phytochemical properties and the taxonomic implications involved. Several studies have examined and correlated the phytochemical profiles of various Hypericum spp. to their molecular profiles by AFLPs (Aziz et al., 2007), RAPDs and SSRs (Smelcerovic et al., 2006). Population genetics have also been studied broadly for members of this genus (Jayanthi 
et al., 2004; Barcaccia et al., 2006; Piperić et al., 2008; Béjaoui et al., 2010, 2011; Rezaei 
et al., 2012; Morshedloo et al., 2014; Rahnvard 2017; Houda et al., 2021), whereas other studies adopted an ecological approach (Gaudel et al., 2006; Dlugosch et al., 2007; Molins et al., 2014). Several phylogenetic studies have also been reported for members of genus Hypericum L. (Crockett et al., 2004; Park et al., 2004; Percifield et al., 2007; Howard et al., 2009; He et al., 2013; Meseguer et al., 2013, 2014, 2015; Nürk et al., 2013, 2015; Robson et al., 2016; Bi et al., 2021; Cao et al., 2021) indicating their significance. To our knowledge, Hypericum taxa from Greece have only been studied in the frame of a phytochemical-molecular profile correlation (Zeliou et al., 2020), including phylogenetic analysis based on the matK and trnH-psbA plastid regions for five Hypericum taxa and the discrimination of different Greek H. perforatum subsp. perforatum populations (Pyrka et al., 2021). No further study has ever been reported assessing the phylogenetic relationship of H. perforatum subsp. veronense from Greece, using a combination of molecular markers to indicate the position of this subspecies in phylogenetic terms. In this context, the present investigation aimed to explore for the first time new substances and novel media with possible promoting action in the micropropagation of H. 
perforatum. In terms of germplasm selection, we focused our research on a well-documented Greek native genotype of Hypericum perforatum L. subsp. veronense (Schrank) H.Lindb. originating directly from wild-growing populations of Lefkada Island (Ionian Islands, Greece). This study also aimed to provide sequence data for four molecular regions regarding H. perforatum subsp. veronense (i.e., petB/petD, rbcL, 
trnL/trnF and rpoC1), defining the identity and allowing the phylogenetic characterization of the taxon. Hypericum perforatum as well as other specific Hypericum genotypes are commonly harvested across Greece directly from the wild to prepare the traditional reddish ointment as infused in extra virgin olive oil. Furthermore, the increasing local, regional, and global demand for natural plant products directly harvested from wild-growing populations combined with the ongoing habitat degradation, man-induced land reclamation and over-grazing may limit the natural range and/or the reproductive potential of many widely used medicinal-aromatic plants such as H. perforatum subsp. 
veronense (Grigoriadou et al., 2020). Therefore, the ex situ conservation of different genotypes of H. perforatum subsp. veronense should also be enabled with the aim to facilitate the sustainable utilization of such valuable germplasm. 
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MATERIALS AND METHODS 

Plant material  The initial wild-growing plant material of H. perforatum subsp. veronense (Hypericaceae) was originally collected on 26/10/2006 at St. Maura Castle of Lefkada Island (Ionian Islands, Greece) located at sea level (N38o 50' 70'', E20o 43' 14''). This material was then transferred to the nursery of the Balkan Botanic Garden of Kroussia, Institute of Plant Breeding and Genetic Resources (IPBGR), Hellenic Agricultural Organization Demeter, where it was taxonomically identified and was assigned to the IPEN (International Plant Exchange Network) accession number GR-1-BBGK-06,3755. The ex situ cultivated mother plants of H. perforatum were maintained in 3 L pots inside a non-heated greenhouse from October to March 2016 and plant nutrition was applied on a monthly basis using a water-soluble fertilizer 20-20-20 (N-P-K) + micronutrients (Poly-Feed® GG; Haifa Chemicals Ltd, Haifa, Israel). To obtain clean explant material for the establishment of tissue cultures, the stock mother plants of H. perforatum subsp. veronense were treated periodically with the following fungicide formulations: 0.6 g L−1 Octave® 46WP (BASF, Ludwigshafen, Germany), 1.5 g L−1 Morgan 83WP (Ellagret S.A., Mandra, Greece), and 1 g L−1 Switch 25/37.5WG (Syngenta, Basel, Switzerland). The plants produced fast growing shoot tips during spring and were maintained in the greenhouse until the completion of the plant tissue culture experiments. 
In vitro establishment and culture conditions  Shoot tips taken from H. perforatum subsp. veronense potted plants were initially surface disinfected using 70% (v/v) ethanol (Disolol 97%; Chem-Lab, Zedelgem, Belgium) for 3 to 4 min and then with 2% (v/v) sodium hypochlorite solution [12 to 13% (v/v) NaOCl; Chem-Lab] with 160 µL of Tween® 20 per 100 mL solution shaken on a rotary shaker for 25 min, and were rinsed three times with sterile distilled water. All shoot tips were transferred in 30 x 200 mm test tubes containing 10 mL of MS (Murashige and Skoog 1962) medium supplemented with 25 g L−1 sucrose (Duchefa, Haarlem, The Netherlands) and solidified with the medium was free of plant growth regulators. The pH was adjusted to 5.8 using 1N HCl or 1N KOH (Chem-Lab) prior the addition of 3 g L−1 Phytagel™ (Sigma-Aldrich®, Saint Louis, MO) and autoclaved at 121 °C for 20 min. Cultures were maintained at 22 ± 2°C and 16-h photoperiod under cool white, fluorescent light (40 μmol m−2 s−1 photosynthetic photon flux) (TL-D 58W/54-765, Philips, Carquefou, France). The explants that proliferated clusters of shoots were dissected into single shoots and were transferred into Magenta® B-cap-sealed, 62.4 mm × 95.8 mm, 200 mL glass (baby food jars) (Sigma-Aldrich®), containing 30 mL of the above prepared medium. The procedure was repeated every four weeks, until adequate plant material yielded for further experimentation. In addition, the BB basal culture medium (Tsoktouridis et. al., 2019) was tested for experimentation.  In the preliminary experiments, 2- to 3-weeks-old in vitro-formed proliferated shoot tips were used as initial explants. They were cultured on a BB medium supplemented with Betaine (0 - 50 – 100 – 200 – 400 mg L-1). The experiment for shoot proliferation was based on a completely randomized design and consisted of five treatments with three replications per treatment, averaging over three explants (3 baby food jars x 3 explants per jar). The explants were transferred into baby food jars, each containing 35 mL of BB culture medium. Afterwards, shoot tips were cultured on a BB medium supplemented with 0.5 mg L-1 of 6-benzyladenine (BA) combined with 200 mg L-1 Betaine.  In the main experiment, the BB basal medium was used, supplemented with 200 mg L-1 Betaine, 25 g L−1 sucrose and five different combinations of BA and auxins (0 – 0.5 ΒΑ – 0.5 ΒΑ+0.1 ΙΑΑ – 0.5 ΒΑ+0.1 ΝΑΑ – 0.5 ΒΑ+0.1 ΙΒΑ mg L-1). Shoot tips (meristem tips) and in some cases shoot internodes (both with four leaves) were used as explants. The 
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experiment was based on a completely randomized design and consisted of five treatments with six replications per treatment, averaging over three explants (6 baby food jars x 3 explants per jar). The results were evaluated eight weeks after the beginning of the experiment, and measurements concerning the number of shoots, shoot length, and shoot fresh weight per explant and treatment were performed.  
In vitro maintained shoot tips namely meristems with four leaves were used as explants for three individual experiments using separately SNP, polyvinylpyrrolidone (PVP), and triacontanol. The explants were cultured on BB basal medium supplemented with 30 g L−1 sucrose, and 3 g L−1 Phytagel™ and: (a) 0, 1, 2, 5, 10, 20, 50, 100 or 200 μM of SNP plus 1 mg L-1 IAA in the first experiment; (b) 0, 0.5, 1 or 2 mg L−1 PVP plus 1 mg L-1 IBA in the second one ; and (c) 0, 1, 5 or 10 μg L−1 Triacontanol plus 0.5 mg L-1 BA in the third one . The experiments were based on a completely randomized design and consisted of nine (1st), four (2nd) and four (3rd) treatments with five replications per treatment, averaging over four explants (5 baby food jars x 4 explants per jar). The number of roots and root length produced from the base of micro-plants per explant and treatment and the number and length of proliferated shoots were measured after eight weeks.  
Acclimatization and plant establishment ex vitro  The in vitro-rooted plants were transferred to baby food jars containing hormone-free BB medium and each vessel was supplemented with 10 mL of BB liquid nutrient solution. The Magenta® B-cap was replaced by a transparent sterile membrane over which a sterilized special SunCap™ filter (Sigma-Aldrich®) was applied for sealing with a 5 cm diameter x 6 mm width rubber band. The cultures were maintained at 22 ± 2°C and 16-h photoperiod under cool white, fluorescent light (40 μmol m−2 s−1) for two weeks before acclimatization in greenhouse conditions. The same procedure was followed for the in vitro acclimatization with the filter paper (Whatman® qualitative filter paper, Grade 1, Sigma-Aldrich®) used to replace the SunCap™ filters. The in vitro-rooted acclimatized micro-plants in vessels with (a) SunCap™ filters; (b) filter papers; and (c) control material (in vitro-rooted micro-plants in baby food jars only capped with Magenta® B-cap) were all carefully rinsed with tap water to remove the adhering medium, and then they were transferred into 30 cm x 50 cm plastic seedling trays (TRAY 50 X 30CM 60 HOLE INSERT, Alegre grow shops, Athens, Greece) filled with a substrate mixture consisted of peat moss (Klasmann, TS2), vermiculite and perlite (1:1:1 v/v). The seedling trays were then placed in a nylon tabletop tunnel with adjustable relative humidity (RH), ranging from 75-82% RH in the first week to 55-62% RH during the second week. After two weeks, the trays of H. perforatum subsp. veronense were transferred onto a greenhouse bench (25 ± 4°C temperature, 50 ± 5% RH) for two more weeks, where they were irrigated by sprinkling. The plants were transplanted into 1 L pots containing the same l substrate and were transferred outdoors the completion of the acclimatization of the plants. The number and percentage (%) of successfully acclimatized plants were recorded two months later.  After the successful mass propagation of approximately 600 acclimatized and well-rooted H. 
perforatum subsp. veronense plants, the new plants were transferred to five different fields for private commercial cultivation at geographically distant areas in different altitudes in Greece, i.e., in Sifnos island at 300 m above sea level (asl), in Syros island at 100 m (asl), in Amorgos island (asl), in Kefalonia island at 50 m (asl), and in Kipourgio of Grevena at 830 m (asl).  
 
Statistical analysis  Data resulting from the two experiments of shoot proliferation and rooting of H. 
perforatum subsp. veronense were analyzed according to the Completely Randomized Design (CRD) with the analysis of variance (ANOVA) method. Separation of means was accomplished with the Tukey or Dunnett’s T3 multiple comparisons procedure at 
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significance level a = 0.05 (P ≤ 0.05). All statistical analyses were performed with the SPSS® v.20.0 statistical software (IBM, Armonk, NY). 
Molecular analyses Fresh young leaves of H. perforatum subsp. veronense GR-1-BBGK-06,3755 were used for the molecular analyses of this study. DNA extraction, amplification and DNA sequence analysis were performed according to Tsoktouridis et al. (2019). The oligonucleotide primers (InVitrogen Inc., Paisley, Scotland, UK) used for PCR amplification targeted the 
petB/petD, rbcL, trnL/trnF and rpoC1 regions of cpDNA. DNA sequences of the above-mentioned molecular markers for other Hypericum taxa were retrieved from GenBank and aligned for each molecular marker using the Mega11 software (Tamura et al., 2021). A unified phylogenetic tree for all the molecular markers was constructed using the Neighbor-Joining statistical method and Maximum Composite Likelihood substitution model. All new-generated sequences were submitted to Genbank. 
RESULTS 

Disinfection and establishment of in vitro cultures of H. perforatum subsp. veronense Due to the sensitivity of H. perforatum subsp. veronense plant tissue to the high concentrations of NaOCl, the most appropriate concentration of NaOCl for the establishment of in vitro cultures from explant material was 2% (v/v). Fungicides were applied for one month in the stock mother plants within the greenhouse to reduce the amounts of fungal and microbial contaminants. The plants were also followed a standard fertilization scheme in order to produce microbe-free multiple fast-growing apical shoots. This procedure was very successful in obtaining many shoots used as initial explant material for the in vitro establishment. The disinfected apical shoots were placed in MS medium without any growth regulators for three weeks to ensure sterility, until the initiation of the next experiments on shoot proliferation (Figure 1a).   
Shoot proliferation of H. perforatum subsp. veronense 
In vitro-maintained shoots of H. perforatum subsp. veronense were used for a pre-experiment, employing the BB basal medium supplemented with Betaine (0, 50, 100, 200 or 400 mg L-1). The results of this pre-experiment showed that the addition of 200 mg/L betaine in the BB basal medium produced an average of 30.8 shoots and 8 roots per explant without the need of plant growth regulators (Table 1). The addition of betaine resulted also a positive effect in the general appearance of the proliferated shoots (more vigorous, with larger leaves and better color, Figure 1b). For this reason, 200 mg L-1 betaine was added in all of the following experiments. An additional experiment was set up to investigate the best BA concentration for shoot proliferation of H. perforatum subsp. veronense. A shoot proliferation pre-experiment of H. perforatum subsp. veronense shoot tips (1.5-2 cm long) was also took place in a BB basal medium supplemented with BA at 0, 0.5, 1, 1.5, 2 mg L-1 and 200 mg L-1 betaine. The results of this pre-experiment showed shoot and callus proliferation for all treatments with BA; however, the control produced the longest shoots (5 cm) and roots (2.4 cm). The increased concentration of BA, especially in 1.5 and 2 mg L-1 treatments, caused pale-green leaf-color in the proliferated shoots, leaf, and meristem necrosis and therefore, the 0.5 mg L-1 BA treatment was used in the next proliferation experiments (Table 2). After BA proliferation experiment, H. perforatum subsp. veronense shoots were placed in a BB regulator-free medium for four weeks (Figure 1c).  The combination of BA with auxins caused significant differences in H. perforatum subsp. 
veronense proliferation. Control resulted the lowest shoot number (2.4) but the highest shoot length (5 and 2.3 cm). In addition, root formation (root number, root length) was recorded only for the Control (100% of the explants), while callus formation was observed 
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when treated with BA. The highest shoot number (6.3) was recorded in 0.5 BA+0.1 IBA (mg L-1) treatment but no statistical differences resulted in fresh weight (Table 3, Figure 1d).  The combination of SNP and IAA in the BB culture medium supplemented with 200 mg L-1 betaine was significantly affected the number of H. perforatum subsp. veronense proliferated shoots. The highest shoot number (4.4) was recorded with 1 μΜ SNP. However, in the other treatments, shoot number, root number and length of the proliferated H. perforatum subsp. veronense explants were either not statistically significant or presented negative effect; in the 100 μΜ SNP treatment, small pale-green color leaves were produced, and in the 200 μΜ SNP treatment, necrosis of leaves and explants were recorded. In 200 μΜ SNP treatment, the lowest shoot length, root number and root length were observed (Table 4, Figure 2).  The combination of PVP and IBA in the BB culture medium supplemented with 200 mg L-1 betaine was significantly affected the number of H. perforatum subsp. veronense proliferated shoots in all three treatments compared to the control. However, no statistical differences among these three treatments was resulted. On the contrary, the statistically longest shoot length, root number and length of the proliferated explants were recorded for the Control (Table 5).   The combination of triacontanol and BA in BB culture medium supplemented with 200 mg L-1 betaine, was used as rooting agent for H. perforatum subsp. veronense explants. However, the statistically significant highest shoot length and root number of the proliferated explants were recorded in control. The three different concentrations of triacontanol in combination with IBA resulted in statistically higher shoot number compared to the control, but no significant differences were detected among them. The formed roots were short, and for the treatment of 5 μg L-1 triacontanol, the roots were shorter than the control (Table 6, Figure 3).   
Acclimatization of H. perforatum micro-plants All vigorously rooted microplants were acclimatized first in vitro (Figure 4a) and then ex 
vitro (Figure 4b) under greenhouse conditions. The H. perforatum subsp. veronense in vitro plants (SunCapTM sealed vessels) were transplanted in a substrate inside a non-heated greenhouse and presented a 90.2% success. The micro-plants obtained from the filter paper sealed vessels presented low survival rate (29.8%), and thus this method was not recommended for further use. The micro-plants obtained from vessels using Magenta® B-cap and transplanted into the same substrate presented 83.2% survival rate. During the third hardening phase (outdoors), all plants that were transplanted to 1 L pots had a 100% success (Figure 4c). Mass propagation was succeeded during the next year and the plants of H. perforatum subsp. veronense were successfully established in the field for cultivation at five different geographically remote areas with altitude ranging from sea level to 830 m asl.   

Table 1. Effect of betaine in growth regulator-free BB medium on Hypericum perforatum subsp. 
veronense shoot proliferation. The number, length and fresh weight of proliferated shoots and roots were counted for every treatment after eight weeks of culture. Betaine treatment (mg L-1) 0 

Shoot Root Number (1) Length (cm) (1) Fresh weight  (mg) (1) Number (2) Length (cm) (2) Fresh weight (mg) (1) 4.0 a 6.2 ab 144 a 6.1 a 1.7 a 48 a 50 6.4 a 5.5 ab 110 a 7.3 ab 2.8 b 67 ab 100 16.2 b 6.8 b 147 a 8.3 b 2.4 b 69 ab 200 30.8 c 5.4 ab 169 a 8.0 b 2.8 b 128 b 400 20.5 b 5.3 a 152 a 7.2 ab 2.6 b 112 b 
*Mean values in the same column followed by different letter(s) are statistically different at significance 
level p < 0.05 according to the results of the Tukey (1) or Dunnett’s T3 (2) multiple range test. Every 
treatment was carried out with 6 jars and 3 explants per jar 

 
b 
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Table 2. Effect of BA (0, 0.5, 1, 1.5 or 2 mg L-1) and 200 mg L-1 betaine in BB medium on Hypericum 
perforatum subsp. veronense shoot proliferation. The callus formation, number and length of proliferated shoots and roots were counted for every treatment after eight weeks of culture. BΑ  treatment (mg L-1) Shoot Root Callus diameter (cm) Number Length (cm) Number Length (cm) 0 1.6 a 5.0 b 7.3 2.4 - 0.5 3.5 b 1.7 a - - 0.4 a 1.0 4.0 b 1.5 a - - 0.4 a 1.5 3.3 b 1.4 a - - 0.5 a 2.0 3.5 b 1.4 a - - 0.5 a 

* Mean values in the same column followed by different letter(s) are statistically different at significant
level p < 0.05, according to the results of Dunnett’s T3 multiple range test. Every treatment was 
carried out with 6 jars and 3 explants per jar. 

Table 3. Effect of 0.1 mg L-1 IAA, NAA or IBA and 0.5 mg L-1 BA in BB medium supplemented with 200 mg L-1 Betaine on Hypericum perforatum shoot proliferation. The callus formation, number and length of proliferated shoots and roots, and explant fresh weight were counted for every treatment after eight weeks of culture. 
Treatment (mg L-1) 0  2.4 a 6.5 c 5.0 2.3 - 99 a 0.5ΒΑ 5.7 b 1.2 b - - 0.5 a 73 a 0.5ΒΑ+0.1ΙΑΑ 6.2 b 0.8 a - - 0.7 a 153 a 0.5ΒΑ+0.1ΝΑΑ 6.3 b 1.2 b - - 0.6 a 135 a 0.5ΒΑ+0.1ΙΒΑ 11.8 c 0.7 a - - 0.4 a 143 a 

*Mean values in the same column of each plant followed by different letter(s) are statistically different
at significant level p < 0.05 according to the results of the Tukey (1) or Dunnett’s T3 (2) multiple range 
test. Every treatment was carried out with 6 jars and 3 explants per jar. 

Table 4. Effect of SNP and 1 mg L-1 IAA in BB medium supplemented with 200 mg L-1 betaine on 
Hypericum perforatum subsp. veronense shoot proliferation. Number and length of proliferated shoots and roots were counted for every treatment after eight weeks of culture. SNP (μΜ) Shoot number (1) Shoot length (cm) (1) Root number (1) Root length (cm) (2) 0 1.4 ab 6.5 b 5.0 c 2.3 e 1 4.4 c 3.5 a 4.1 c 1.9 de 2 2.8 abc 5.0 ab 3.7 bc 1.3 bcde 5 1.3 ab 5.1 ab 1.4 ab 0.9 abc 10 2.2 abc 5.4 ab 2.6 abc 1.2 bcd 20 1.0 ab 6.4 b 3.2bc 1.1 bcd 50 3.0 bc 4.0 ab 4.8 c 2.1 cde 100 1.0 ab 4.6 ab 0.5 a 1.9 ab 200 0.6 a 2.8 a 0.0 a 0.0 a 

*Mean values in the same column followed by different letter(s) are statistically different at significant
level p < 0.05 according to the results of the Tukey (1) or Dunnett’s T3 (2) multiple range test. Every 
treatment was carried out with 6 jars and 3 explants per jar. 
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Table 5. Effect of PVP and 1 mg L-1 IBA in BB medium supplemented with 200 mg L-1 betaine on 
Hypericum perforatum subsp. veronense shoot proliferation. Number and length of proliferated shoots and roots were counted for every treatment after eight weeks of culture. PVP treatments (mg L-1) Shoot number (1) Shoot length (cm) (2) Root number (1) Root length (cm) (2) 0 1.2 a 6.2 b 6.1 b 1.7 b 0.5 2.5 b 3.2 a 1.6 a 1.3 a 1.0 2.2 b 2.9 a 2.6 a 1.1 a 1.5 2.3 b 2.4 a 1.9 a 0.7 a 

*Mean values in the same column followed by different letter(s) are statistically different at significant
level p < 0.05 according to the results of the Tukey (1) or Dunnett’s T3 (2) multiple range test. Every 
treatment was carried out with 6 jars and 3 explants per jar. 

Table 6. Effect of triacontanol and 0.5 mg L-1 BA in BB medium supplemented with 200 mg L-1 Betaine on Hypericum perforatum subsp. veronense shoot proliferation. Number and length of proliferated shoots and roots were counted for every treatment after eight weeks of culture. Triacontanol Treatments (μg L-1) Shoot number (1) Shoot length (cm) (2) Root number (2) Root length (cm) (1) 0 1.1 a 6.2 b 6.1 c 1.7 b 1 1.9 b 3.3 a 1.9 ab 1.8 ab 5 2.1 b 2.5 a 1.0 a 0.9 a 10 2.6 b 3.2 a 2.7 b 1.5 b 
*Mean values in the same column followed by different letter(s) are statistically different at significant
level p < 0.05 according to the results of the Tukey (1) or Dunnett’s T3 (2) multiple range test. Every 
treatment was carried out with 6 jars and 3 explants per jar. 

Figure 1. (a) Sterilized Hypericum perforatum subsp. veronense apical shoot explants in MS medium without any growth regulators; (b) Effect of betaine in growth regulator-free BB medium on H. perforatum shoot proliferation (from left to the right: 0-50-100-200-400 mg L-1) (see Table 1); (c) Proliferated shoots in BB growth regulator-free medium after four weeks; (d) Effect of auxins and BA in BB medium supplemented with 200 mg L-1 betaine on H. perforatum subsp. 
veronense shoot proliferation at the end of the experiment (from left to the right: Control, 0.5 ΒΑ, 0.5 ΒΑ+0.1 ΙΑΑ, 0.5 ΒΑ+0.1 ΝΑΑ, 0.5 ΒΑ+0.1 ΙΒΑ mg L-1). All growth regulators’ treatments were statistically significant compared to the control (see Table 3). 
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Figure 2. Effect of SNP and 1 mg L-1 IAA in BB medium supplemented with 200 mg L-1 betaine on 
Hypericum perforatum subsp. veronense shoot proliferation (see Table 4); (a) Control after four weeks; (b) Different concentrations (from left to right: 1-2-5-10-20-50-100-200 μΜ) of SNP after four weeks; (c) Control after eight weeks; (d) Different concentrations (from left to right: 1-2-5-10-20 μΜ) of SNP after eight weeks; (e) Different concentrations (from left to right: 50-100-200 μΜ) of SNP after eight weeks; (f) Toxic effect of 200 μΜ SNP in explants after eight weeks. 

Figure 3. Effect of triacontanol (TRIA) concentrations and 0.5 mg L-1 BA in BB medium supplemented with 200 mg L-1 betaine on Hypericum perforatum subsp. veronense shoot explants at the end of the experiment (see Table 6). 

Figure 4. Acclimatization of Hypericum perforatum subsp. veronense micro-plants (a) in vitro and 
(b) in the greenhouse three days after transplanting, and acclimatized plants in 1 L pots (c) two months after transplanting in a soil substrate with peat moss, vermiculite, and soil (1:1:1 v/v). 
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Molecular analyses The sequences generated in this study for the molecular markers trnL/trnF (461 bp), rbcL (604 bp), petB/petD (1108 bp) and rpoC1 (514 bp) were deposited in the Genbank obtaining the accession numbers OR866207 - OR866210. A unified phylogenetic tree for the above molecular markers was constructed indicating the phylogenetic relationships of H. perforatum subsp. veronense with other species of the genus Hypericum (Figure 5), which represented 33 
Hypericum taxa retrieved from the GenBank. Due to inadequate information on GenBank for 
rpoC1, this molecular marker was excluded from the phylogenetic analysis. Using nBLAST, each sequence produced in this study was aligned to identify the species with the highest sequence similarity to H. perforatum subsp. veronense GR-1-BBGK-06,3755. First of all, it is worth mentioning the complete chloroplast genome of Hypericum perforatum (NC083133), a specimen of the same species from China, that was compared to the Greek specimen from Lefkada, Greece studied herein. The total length of the new DNA sequences deposited to the GenBank for the latter was 2687 bp, thus developing a reference genetic dataset for H. 
perforatum subsp. veronense. The petB/petD molecular marker exhibited a 99.78% similarity (899 out of 901 bp identical nucleotides) with H. perforatum subsp. veronense (LK871724) and the rbcL region was similar (99.83%; 602/603 bp identities) to H. perforatum subsp. 
perforatum (ON684488). Finally, the sequence generated for the trnL region in this study matched with the Japanese endemic H. tosaense Makino and H. perforatum subsp. veronense by 99.08% (539/544 bp identities), whereas the rpoC1 sequence matched to H. perforatum from China (NC_083133, JX664944, GQ436208, FJ395794) by 97.86%, with 502 identical nucleotides out of 513 (material probably referring to cultivated subsp. perforatum). 
 

 
Figure 5. Phylogenetic tree illustrating the relationships among Hypericum species based on the molecular plastid markers petB/petD, rbcL and trnL/trnF. The tree was constructed using the Neighbor-Joining method and Maximum Composite Likelihood substitution model. Accession numbers for sequences obtained in this study from Genbank are indicated for each molecular marker, respectively, next to taxon names. The clade marked in red represents H. perforatum subsp. 

veronense GR-1-BBGK-06,3755 studied herein. 

 H. perforatum NC 083133
 H. perforatum subsp. veronense OR866208 OR866209 OR866207

 H. maculatum MK925447 LK871710 LK871769
 H. tosaense LC621254 LK871739 LK871781
 H. erectum LC621253 LK871689 LK871757
 H. humifusum HM850063 LK871699 LK871762
 H. linarifolium HQ332080 LK871709 LK871768
 H. tomentosum ON684480 LK871738 ON684528
 H. hirsutum MK925503 LK871697 KC709027
 H. bequaertii ON950959 LK871675 LK871749
 H. revolutum KM894203 LK871729 KC709046
 H. ascyron MZ424306
 H. monogynum NC 069025
 H. hookerianum NC 062809
 H. patulum MH657375 LK871720 KC709120
 H. canariense HQ332072 LK871680 KC709088
 H. grandifolium HQ332076 LK871695 KC709085
 H. foliosum HM850061 LK871691 KC709069
 H. androsaemum ON684520 LK871668 ON684563
 H. hircinum HQ332077 LK871696 LK871760
 H. calycinum KF997379 LK871679 LK871753
 H. aegypticum HQ332069 LK871667 LK871745
 H. elodes JN893773 LT904500 LT904574
 H. fauriei HQ332125 LK871690 LK871758
 H. kalmianum MG248309 LT904512 LT904591
 H. lissophloeus KX397824 LT904517 KC709078
 H. sphaerocarpum MK526004 LT904537 LT904625
 H. japonicum JF941977 LK871701 LK871763
 H. mutilum MG248828 LT904523 LT904607
 H. gentianoides MK525998 LT904502 LT904577
 H. quitense KY426920 LT904531 LT904619
 H. decandrum KY453985 LT904498 LT904570
 H. pratense OP710467 LT904529 LT904617
 H. silenoides OQ391867 LT904536 LT904624
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DISCUSSION Previous multiplication protocols for H. perforatum have mainly employed the MS medium and the use of common plant growth regulators (Mikhovich et al., 2021; Ravindran et al., 2022). However, compounds like betaine (Saini et al., 2012), triacontanol (Tantos et al., 2001), sodium nitroprusside (Ötvös et al., 2005) and polyvinylpyrrolidone (Krishna et al., 2008) or modified culture media (Tsoktouridis et al., 2019; Tzatzani et al., 2023) have never been employed in plant tissue culture of H. perforatum to date and, therefore, they are reported for the first time in the micropropagation of H. perforatum subsp. veronense as referred to herein. The glycine betaine (GB) is a vital compatible osmolyte that has received considerable attention due to its multiple roles in plant growth, metabolism and abiotic stress resistance. Various studies have reported enhanced GB accumulation in plants under heat stress, salinity, UV radiation and heavy metals (Ashraf and Foolad, 2007; Annunziata et al., 2019; Alhaithloul et al., 2020). The effectiveness and benefits of BG in plant tissue culture has been not widely studied, despite of the positive results on plant growth and robustness (Chen and Xu, 2015). For the micropropagation of H. perforatum subsp. veronense, the addition of 200 mg/L betaine to the BB culture basal medium produced proliferating shoots and roots without the need for plant growth regulators and improved the general appearance of the proliferated shoots (more vigorous, with larger leaves of darker color). The BB culture media also proved to be effective (explants at satisfactory levels) as a standard basal medium.  When cultures are exposed to excessive BA, the shoots fail to elongate or to root (Shiji and Siril, 2018). In accordance with the latter, our findings indicated that 1.5 and 2 mg L-1 BA caused pale-green leaf-color in the proliferated shoots, and leaf and meristem necrosis, while rooting was only observed in BA-free culture medium. Among the existing auxins, indolebutyric acid (IBA) and naphthaleneacetic acid (NAA) are widely used in many different plant species (Carimi and Pasquale, 2003). However, the in vitro combination of auxins with cytokinins provides results of shoot induction (Kwiecien et al., 2023; Tzatzani 
et al., 2023). In most plant species, the application of auxins achieves the formation of adventitious roots and the number of roots in every shoot increases proportionally with the concentration of the administered auxin as an optimal value (George, 1993). In accordance with the latter, we observed root induction when 1 mg L-1 IAA was only added in the culture medium (control treatment). According to Ötvös et al. (2005), SNP in combination with auxins may activate cell division and formation of embryogenic cells in Medicago sativa L, showing that in the absence of exogenous auxins and with a concentration of 10 μM SNP, cell division remains unaffected. Conversely, when combined with 0.22 or 1 μM 2,4-D, SNP at the same concentration remarkably increases the frequency of cell division. Recent research has evaluated the impact of SNP (10 μM) on shoot multiplication and plant regeneration in Vanilla planifolia Andrews (Tan et al., 2013). Other studies have illustrated that nitric oxide from SNP contributes to root formation in Cucumis sativus L. using a concentration of 10 μM and in 
Solanum lycopersicum L. with an optimal concentration of 200 μM (Pagnussat et al., 2002; Correa-Aragunde et al., 2006). Moreover, findings from studies on the micropropagation of members of the genus Agave suggest that SNP enhances the multiplication rate and overall plant size by exploring nitric oxide donors like SNP, for the development of innovative plant micropropagation protocols aimed to commercial applications (Rico-Lemus and Rodríguez-Garay, 2014). In our pilot investigation in H. perforatum subsp. veronense, low concentrations of SNP (1 μM) notably increased shoot numbers by nearly three-fold. 
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Conversely, higher concentrations exhibited adverse effects, leading to pale-green leaves (100 μM) and explant necrosis (200 μM). PVP was also used for the first time in the proliferation of members of the genus 
Hypericum. The outcomes of previous studies in other plant species have underscored that PVP may possess capabilities beyond mere antioxidant action (inhibitory effects on phenolic compound accumulation) leading to broader development of in vitro cultures of various species, and thus suggesting potential implications for organogenesis and microcallus formation (Reustle and Natter, 1994). Our results highlighted the positive impact of PVP on shoot numbers of H. perforatum subsp. veronense, thus indicating its suitability for shoot propagation, albeit not in terms of enhancing shoot elongation or inducing root formation. Previous findings were collectively highlighted TRIA's influence on physiological growth parameters of several plant species, signifying its efficacy as an influential growth regulator in in vitro cultivation settings (Obul et al., 2002; Verma et al., 2011).  Presently, no literature is available to document TRIA's application in H. perforatum. Thus, this study marks the pivotal inclusion of TRIA into species-specific cultivation substrates inducing rhizogenesis. Our experiment demonstrated that TRIA supplemented with BA improved shoot induction but adversely impacted shoot elongation. Although rooting was observed across all treatments, TRIA concentrations ranging from 1 to 10 μg L-1 compressed root induction, thus indicating its unsuitability for promoting rooting in H. 
perforatum as effective in shoot production.  DNA barcoding has become a powerful tool to identify and validate medicinal plants globally. Therefore, DNA sequences serve as valuable DNA-based tools in developing species-specific identification techniques of commercialized plant material. Hypericum 
perforatum products in the market showed that only 68% of the samples were authentic (Raclariu et al., 2017). Therefore, there was a need to develop authentication DNA techniques to protect the genuine H. perforatum herbal products targeting the ITS region (Howard et al, 2019), the ITS1 and matK loci (Costa et al, 2019), matK and trnH-psbA as applied to Greek specimens (Pyrka et al, 2021), rbcL and ITS2 regions using next generation sequencing (Ivanova et al, 2016); in parallel, Raclariu et al. (2017) used the DNA barcoding tools to authenticate 16 herbal products from 79 species of Hypericum 
perforatum. Six complete chloroplast genomes of Hypericum are currently available in GenBank for H. perforatum, H. ascyron L., H. hookerianum Wight & Arn., H. breviflorum Wall. ex Dyer, H. uralum Buch.-Ham. ex D. Don, and H. monogynum L. showing distinct DNA sequence differences among these six Hypericum species (Liu et al, 2023). In the frame of this study, four new sequences (i.e., petB/petD, rbcL, trnL/trnF and rpoC1) were generated and deposited in GenBank for H. perforatum subsp. veronense GR-1-BBGK-06,3755, obtaining unique accession numbers and creating a genetic fingerprinting for H. 
perforatum subsp. veronense. Two of them (i.e., rbcL; OR866208 and rpoC1; OR866210) are reported for the first time, whereas sequence data for petB/petD and trnL/trnF are also provided by Nürk et al. (2015).  The phylogenetic analysis confirmed the identity of the specimen and indicated its phylogenetic position compared to other Hypericum taxa. As it was anticipated, H. 
perforatum subsp. veronense GR-1-BBGK-06,3755 showed high similarity to H. perforatum, 
H. perforatum subsp. veronense and H. perforatum subsp. perforatum, yet being distinguishable from H. perforatum, as also mentioned in Zeliou et al. (2020) for the ITS nuclear molecular marker.  



22 

The current study provides important information for a wild-growing St. John’s wort subspecies in Greece, offering the chance to create genetic databases for local plants of medicinal interest. Although there is a lot of DNA sequence information in the GenBank, any DNA study that focuses on new DNA datasets of species and subspecies of Hypericum is still valuable, due to both the multifaceted value of these phytogenetic resources and the significance of Hypericum products in the global industry and market.  
CONCLUSION The establishment of in vitro cultures of Hypericum perforatum required meticulous disinfection procedures using an optimal concentration of NaOCl, supplemented by fungicide applications and fertilizer treatments for mother plants. The success in obtaining sterilized apical shoots provided a robust starting point for subsequent experiments. Shoot proliferation experiments revealed the significant role of betaine in promoting shoot and root development, while BA concentrations influenced shoot quality, with lower concentrations showing better outcomes. The combination of SNP and IAA significantly affected shoot proliferation, albeit certain concentrations resulted in adverse effects, highlighting the importance of dosage control. Conversely, while the combination of PVP and IBA affected shoot proliferation, the control treatment exhibited superior shoot and root characteristics. Additionally, the use of triacontanol in combination with IBA for rooting displayed varying effects, with some concentrations promoting shoot numbers but exhibiting shorter roots compared to the control. Successful acclimatization of micro-plants was achieved under greenhouse conditions, paving the way for further mass propagation and successful cultivation across diverse geographical areas of Greece. DNA analysis of Hypericum perforatum subsp. veronense GR-1-BBGK-06,3755 provides distinct genetic documentation for this Hypericum subspecies, thus allowing identification and authentication of plant materials in the market.  
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ABSTRACT 

Cucurbita okeechobeensis martinezii (L.H. Bailey) is an endangered Mexican wild 
species. To contribute to its conservation, specimens were prospected in three 
areas of cloud forest in Veracruz, Mexico. A completely randomized design was 
established to evaluate the viability of TTZ seeds and the effect of three LED light 
spectra on the in vitro germination of the collected specimens. Murashige and 
Skoog's medium supplemented with 2 mgL-1 gibberellic acid (GA3) was used. The 
results showed differences in seed viability among the specimens evaluated. The 
highest values of seed viability were observed in the specimens from the San Marcos 
site. The positive effect of the red LED light spectrum on the germination percentage 
and growth of germinated seedlings in vitro was confirmed. These results may 
contribute to the conservation and propagation of this valuable genetic resource.  

Keywords: Cucurbita, seeds, in vitro, LED lights, conservation, endangered species. 
INTRODUCTION The genus Cucurbita has 12–15 species and approximately 20 taxa considered subspecies, most of them distributed and with a center of origin in Mexico (Lira et al., 2016). They are monoecious, creeping, climbing, and sub-shrubby plants. Their flowers are pollinated by various insects, which favors gene flow and hybridization between related wild and cultivated species (Montes-Hernández and Eguiarte, 2002).  This genus is noted for its economically important food species. In addition to their food use, pumpkins can be used for industrial, commercial, medicinal, and traditional purposes, as well as containers for handicrafts (Cerón, 2010). In Mexico, 11 wild species of this genus are present, but there are not enough representative accessions of them. C. okeechobeensis subsp. martinezii (L.H. Bailey), T.C. Andres & G.P. Nabhan, ex-T.W. Walters & D.S. Deckham, & G.P. Nabhan, ex-T.W. Walters, 2002, is one of these wild species. At present, two subspecies have been recognized: one of them is endemic to the region around Lake Okeechobee in Florida, and the other to the state of Veracruz in Mexico (Andres et al., 1988). In Mexico, this species has been found in humid areas near streams from southern Tamaulipas to northern Oaxaca and Chiapas, as well as in the states of San Luis Potosi, Querétaro, Puebla, and Veracruz (Nee, 1993; Lira, 2001). 
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Today, this species is included in the Mexican Official Standard NOM-ECOL-059-2010 (Semarnat, 2010) as well as in the list of conservation concerns (G1, critically endangered); this taxon is also included in the United States endangered species list (USFWS, 2019).  In México, this species has been considered a weed in cultivated areas and has been displaced from its natural areas due to land use change. Similarly, being considered a weed, it has been constantly eliminated from cultivation areas, and a decrease in the number of pollinators in the study habitat cannot be ruled out (Lira et al., 2009). Like other wild Cucurbita species, C. okeechobeensis is resistant to biotic and abiotic factors. This makes it a valuable resource for the introgression of its genes for resistance to diseases or other abiotic factors into other edible pumpkin species (Khoury et al., 2020).  On the other hand, its fruits have been used as a substitute for soap as well as in traditional medicine to cure dermatitis and burns. Infusions of its fruits are used for their properties as laxatives, emetics, antidiabetics, antioxidants, anti-inflammatories, and for the treatment of dysentery, among other conditions (Osuna, 2005). Although these medicinal advantages have not yet been formally corroborated, there is information on the use of extracts from the fruit of this species to inhibit cell proliferation in vitro in human cancer cell lines (Morales-Vela et al., 2020). Based on the records of accessions in the Squash Network of the National Seed Inspection and Certification Service (SNICS), the presence of only three accessions of this species in the germplasm banks of the SNICS in Mexico has been indicated (Rios-Santos et al., 2018).  It is therefore of great importance to carry out prospecting work and implement actions for the conservation of these valuable endemic genetic resources in Mexico. Despite its importance, there is not enough information on this endemic species of Mexico. For this reason, it was proposed to develop this work, for which fruits of this species were collected at three sites in the cloud forest zone, near the municipality of Xalapa, Veracruz.  Seed viability was evaluated by the TTZ method, and the effect of different LED light spectra on in vitro seed germination was determined, with the objective of contributing to the conservation and propagation of this valuable wild genetic resource in Mexico. 
MATERIALS AND METHODS In the period between October and January 2021, sampling was carried out in the cloud forest area near the municipality of Xalapa, Veracruz, Mexico. In this area, it has been reported that specimens of this species can be found on shrubs of species such as Coffea 
arabica L., Platanus mexicana Moric., Juglans pyriformis Liebm., and other species of the Veracruz low deciduous forest (Nee, 1993).  Specimens of this species were located between 1000 and 1500 m.a.s.l. (Conabio, 2016) in the area adjacent to the road "Las Trancas-Coatepec", belonging to the municipality of "Emiliano Zapata" in Xalapa, Veracruz, on the Camino Real to "Puerto Rico", municipality of Coatepec, as well as on the road "San Marcos", Xico, Veracruz (Figure 1). A total of 17 specimens were collected at the three study sites and transferred to the Institute of Biotechnology and Applied Ecology, of the "Universidad Veracruzana" for study. The viability of the collected seeds per study site was evaluated according to International Seed Evaluation Standards (ISTA, 2014).  
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Figure 1. Locations of the sites of C. okeechobeensis collected in Xalapa, Veracruz.  The cover of each of the seeds was removed manually, and a 1 mm deep transverse incision was made to allow staining of the embryo. In this way, they were submerged in a freshly prepared 1% solution of 2, 3, 5-triphenyl tetrazolium (TTZ). The submerged seeds were kept for 24 hours in the dark, at room temperature (25 ºC), without shaking. After this time, excess moisture was removed on blotting paper, and the percentage of viability of the seed was evaluated based on the intensity of the staining of the embryo. Seeds showing at least 25% reddish-pink staining were considered viable, and those showing no staining were considered non-viable. Subsequently, the viability percentage of the seeds was determined using the formula proposed by Salazar-Mercado et al. (2020).  Seed viability percentage =   x 100 

Effect of LED lights on in vitro seed germination  Based on the viability results of the evaluated seeds, viable material was selected to evaluate in 
vitro germination. The seeds selected were kept under constant agitation for 24 hours in a 1 mgL-1 gibberellic acid (GA3) solution. Subsequently, the seed coat was removed before being disinfected for 15 minutes. In a sodium hypochlorite (NaClO) solution at 15%, add 100 µL of Tween-20 (Sigma-Aldrich, St. Louis, Missouri, USA) and 0,5 mL of Microdyne®, per 100 mL of sterile distilled water. The seeds were then rinsed three times with sterile distilled water. The effects of three different LED light spectra: white (400–750 nm), red (700–800 nm), and blue (400–500 nm), on in vitro seed germination and plantlet morphometric traits were evaluated. For this purpose, 50% Murashige and Skoog (1962), MS medium supplemented with 30 gL-1 sucrose, 2 mgL-1 GA3, and 2.5 gL-1 Phytagel (Sigma-Aldrich, St. Louis, Missouri, USA) as a gelling agent was used. The pH of the culture medium was adjusted to 5.8 with 0.5 N NaOH and subsequently sterilized at 121 °C for 15 min in an autoclave (FE-84 299 Felisa®, Mexico) at 1.5 kgcm-2. The cultures were incubated at a temperature of 22 ± 2 °C. After 22 days, the germination percentage of each treatment was evaluated with an LED light spectrum. At 3 weeks of culture, morphometric characteristics (length and thickness of stem and roots, number of leaves, number of roots, and length and width of leaves) of germinated seedlings were evaluated for each LED light treatment. The data were analyzed by ANOVA, followed by Tukey's test (P <0.05). The germination percentage for each treatment, the LED light 
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spectrum, and viability are plotted graphically. In all cases, the STATGRAPHICS program, Centurion XIX, was used. 
RESULTS AND DISCUSSIONS  A very limited number of C. okeechobeensis specimens (a total of 17) were found in the three sites studied, corresponding to a cloud forest ecosystem near the city of Xalapa, Veracruz. The presence of specimens of this wild species in these sites is consistent with what has been reported, given the actual and potential distribution of Cucurbita in Mexico (Rios-Santos et al., 2018). Likewise, it confirms the distribution indicated by several authors (Nee, 1993; Lira et al., 1995; Lira, 2001) that goes from sea level to 1500 meters above sea level, both on the banks of streams and in areas with primary or secondary vegetation (coffee plantations, cane fields, and other crops).  Regarding the viability with the TTZ method, we observed variations in the viability percentages of the seeds, finding values of 48, 53, and 75 % viability in the three study sites (Figure 2). The seeds evaluated in the "San Marcos" site (Xico) presented a viability of 75 percent, which contrasted with the 48 percent viability detected in the "Puerto Rico" site (Coatepec) (Figure 2). 

Figure 2. Variation in the TTZ viability of C. okeechobeensis seeds from three study sites. The variation in TTZ staining observed in the seeds of the specimens evaluated, could be due to the presence of increased degradation of cell membranes by lipid peroxidation and non-enzymatic peroxidation, which could have contributed to the degradation of seed viability (Hidayat and Ridhawati, 2020) observed in the seeds of the specimens from the "E. Zapata" and "Coatepec" sites. Specimens from the San Marcos-Xico Road showed the highest percentage of seed viability. Previous studies have indicated that seeds from this population also present larger sizes, so it is possible that the higher viability of seeds from this site is due to this, considering that Steiner et al. (2019) indicated that they could contain a higher content of starch and other energy reserves necessary for germination and survival.  The variability of this study agrees with Eguiarte et al. (2018) regarding the fact that domesticated Cucurbita species found in Mexico present high genetic variation in their populations. Similarly, an effect of the different LED light spectra evaluated on seed germination in vitro was observed. The highest germination percentage was obtained under the red-light spectrum (Figure 3). The specimens from the population of San Marcos-Xico Road showed the highest percentage of seed viability. Previous studies have indicated that specimens from this population also have larger seed sizes. It is possible that the higher viability of seeds from this site is due to this characteristic, considering 
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what Steiner et al. (2019) indicated: larger seeds could contain a higher content of starch and other energy reserves necessary for germination and survival. The variability of this study agrees with Eguiarte et al. (2018) regarding the fact that domesticated Cucurbita species found in Mexico present high genetic variation in their populations. Similarly, an effect of the different LED light spectra evaluated on in vitro seed germination was observed. The highest germination percentage was obtained under the red-light LED spectrum (Figure 3). 

 
Figure 3. Effect of LED lights (red, white, and blue) on the percentage of in vitro germination of C. 

okeechobeensis seeds obtained after 22 days. Error bar: confidence interval These results confirm the findings of Schmidt et al. (2020), who found that when 
Cucurbitaceae seeds were exposed to different LED spectral qualities, they showed differential responses in germination, growth, and development processes. Light induction of germination is known to be mediated by phytochrome B and other phytochromes, that sense the relationship between the red (600–700 nm) and far-red (700–800 nm) light spectra (Stutte, 2009). Seed germination is mainly induced by the action of monochromatic red light (RL) (Bae and Choi, 2008).  In this regard, several authors have evidenced the stimulating effect of the red LED light spectrum on seed germination. Wang et al. (2021) reported that red LED light promoted the germination of Momordica 
charantia L. (bitter gourd) seeds, which maintained a high germination potential. This work also confirmed the higher growth shown by seedlings germinating under the red LED light spectrum (Table 2).  

Table 2. Effect of LED light spectra on morphological characteristics of in vitro germinated C. 
okeechobeensis seedlings.   

* 
LED 
light
: B: 

whit
e; A: 

blue; R: red. LS: seedling length; LH: hypocotyl length; ST: stem thickness; NL: number of leaves; LL: 
leaf length; LW: leaf width; NR: number of roots; LR: length of the main root. Values represent the 

mean ± standard error. According to Tukey's test (P  0.05), different letters show differences. 

*LED 
light 

LS 
(mm) 

LH 
(mm) 

ST 
(mm) 

NL LL 
(mm) 

LW 
(mm) 

NR LR 
(mm) 

W 
 

B 
 

R 

20±7b 10±5b 5±1a 2–1b 15±7ab 10±5b 5-0b 40±9b 15±8d 6±1d 2±1d 2–1b 14±8b 7±4d 3–1c 20±4c 60±12a 50±8ª 5±2a 4–1a 14±7b 10±5b 6-0a 60±7a 
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The results obtained confirm the findings of Solano et al. (2020) on the positive effect of the red LED light spectrum, on plant germination, growth, and development. It is noteworthy that under the blue LED light spectrum, germinated seedlings showed lower growth compared to seedlings from seeds germinated under the red LED light treatment (Figure 4). 

Figure 4. In vitro germination of C. okeechobeensis seeds at 14 days under different LED light spectra. A) white LED light; B) blue LED light; and C) red LED light The results of the present work also confirm the usefulness of the application of LED lights, compared to white fluorescent lights, to promote not only germination but also the 
in vitro growth of various plant species (Xu et al., 2020; De Araujo et al., 2022). Finally, these results could contribute to the development of future conservation work for this valuable genetic resource. CONCLUSIONS  The presence of specimens of C. okeechobeensis was confirmed at three sites (Emiliano Zapata, Coatepec, and San Marcos-Xico) in the cloud forest near Xalapa, Veracruz, Mexico. Differences in seed viability were observed at the three sites evaluated. The highest seed viability was observed at the site located in San Marcos-Xico, Veracruz. It was found that the red LED light spectrum favorably influenced the germination and growth of germinated seedlings. The results obtained may contribute to increasing the chances of successful conservation of this valuable genetic resource. 
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ABSTRACT 

In this study, the in luence of different LED light spectra on the rooting, 
growth, and development processes of grapevine shoots under in vitro culture 
conditions were investigated. Photometric measurements were conducted for three 
types of LED-based arti icial light sources (Osram, Germany), with variations in 
parameters such as PPFD, DLI, and color temperature (T). The study results 
indicated that the development of both the aboveground and underground parts of 
the vitroplants was most strongly stimulated by illumination with the "white- warm" 
spectrum, where T ≤3200 K, PPFDmax = 30 μmol·s−1·m−2, and DLImax = 2.04 
mol·m−2·d−1 "white-warm". Presented the weakest results, on the studied 
morphological parameters, illumination with the "white-cool" spectrum, 
characterized by T = 6000K, PPFD=63 μmol·s−1·m−2, and DLImax=4.05 mol·m−2·d−1. 
”Fito” light spectrum, characterized by parameters T ≤1700 K, PPFDmax =25 
μmol·s−1·m−2, and DLImax =1.64 mol·m−2·d−1, Overall, the type of illumination had a 
moderate impact on grapevine plants cultivated under controlled in vitro 
conditions. 
Keywords: Vitis vinifera L., in vitro, microplants, propagation, LED light spectrum, PPFD, DLI.  
INTRODUCTION 

In vitro culture represents a method of plant propagation carried out under strictly controlled laboratory conditions and is used for various purposes, such as the rapid multiplication of plants, their sanitation to eliminate diseases, the preservation of genetic diversity, and conducting studies on plant physiology and genetics. The development of plants in this controlled environment is in luenced by both the composition of the nutrient substances in the growth medium and the conditions within the culture chamber, such as temperature and light. Light is one of the most signi icant environmental factors that affect how a plant develops, in luencing the appearance and growth rate of different parts of the plant through morphological and physiological changes, in a sequence largely determined by the plant's genetic inheritance. The effects of light are caused by the total amount of energy that reaches a plant and how much light it utilizes (George and Davies, 2008). In laboratory-controlled conditions, the intensity of plant photosynthetic processes is signi icantly in luenced by essential characteristics of light, especially Photosynthetic 
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Active Radiation (PAR), Photosynthetic Photon Flux Density (PPFD), and Daily Light Integral (DLI). PAR refers to the range of wavelengths in sunlight that spans from 400 to 700 nanometers (nm), (Gensler, 1984), within which plant photosynthetic pigments absorb light energy to perform photosynthesis. In other words, PAR is the 'useful light' for plants in their growth and development process. On the other hand, PPFD is a measure that indicates how many photosynthetic photons reach the canopy level of plants. This measure quanti ies how much light energy reaches the plants and is available for photosynthesis in a speci ic area or cultivation surface. DLI is the parameter that represents the total amount of photosynthetic light delivered to the plants each day (Faust 
et al., 2018). Previous studies have shown that red light plays a signi icant role in the production of photosynthetic substances, the regulation of carbohydrate metabolism, stem and shoot elongation, as well as in determining internode length and rooting frequency, along with biomass accumulation. On the other hand, blue light is essential for chlorophyll synthesis and the accumulation of photosynthetic pigments. It also in luences the development of stomata and has an impact on the accumulation of soluble proteins and the carbon photosynthetic metabolism. It has also been demonstrated that the presence of monochromatic red or blue light alone does not meet the normal requirements for plant development; only a combination of red and blue light seems to be suitable for some crops, as indicated by the mentioned research (Moon et al., 2006; Silva et al., 2014). In recent research, it has been proven that for plants cultivated in the laboratory, it is essential to use a light source that closely mimics natural sunlight. This light source should encompass a cultivar of wavelengths, ranging from ultraviolet, violet, blue, green, yellow, orange, red, and even far-red (Park et al., 2023).  Because research on the in luence of light spectra on the growth and development of grapevine plants in in vitro cultures has been limited until now (Poudel et al., 2007; Fallah and Kahrizi, 2016; Sadigova et al., 2021), the results of experiments conducted in this direction are particularly valuable both from a scienti ic and practical standpoint. Therefore, this study aims to investigate the impact of spectral light variables on the processes of rooting, growth, and development of grapevine plants under in vitro culture conditions. 
MATERIALS AND METHODS  

Plant material. As biological material, grapevine plants of the native cultivar 'Fetească regală', tested negative for viral, phytoplasma, and bacterial canker diseases, were used. 
In vitro culture. Plant material was collected during the active growth period. The initial explants were sterilized with 10% calcium hypochlorite for 10 minutes, followed by rinsing three times with sterile distilled water under a laminar flow hood for 30 minutes. Sterilization was followed by inoculating the explants onto agar-solidified nutrient medium in 14 cm-high test tubes, with the top covered with aluminum foil. To stimulate the growth and development of plantlets, the MS medium was supplemented with phytohormones (IAA - 1 ml/l; 2iP - 1 ml/l) and vitamins. Agar was used for solidification at a concentration of 4.75 g/l, and the pH was adjusted to 6.2. Sucrose at a concentration of 18 g/l was used as a carbon source. 
Growth chamber environment. The test tubes containing inoculated explants were transferred to the growth chamber, equipped with racks and equipment to maintain a stable temperature of 25°C and a photoperiod of 16/8 hours throughout the entire year. 
Description of LED light sources used in the study. For this study, three types of LED-based arti icial lighting (Osram, Germany) were used, all with the same electrical power consumption (P = 36 W) but with different color temperatures. The white light source with 
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a white-cool spectrum has the following manufacturer speci ications: color temperature T = 6000 K. For the white-warm spectrum light source, the parameters are T = 2500 K, and the third type of lighting source, labeled as "Fito" has the following speci ications: P = 36 W, T = 1700 K. Each shelf was illuminated with 3 bars, installed at 50 cm. The emission spectra of each lighting source were recorded using an MDR-23 monochromator, with its photomultiplier connected to a UNIPAN RS232 lock-in ampli ier, ADC, and subsequently linked to a computer for signal digitization. Lux measurements were performed using a CEM DT-1308 digital luxmeter. The parameters of PPFD and DLI were recorded using a MQ-200X PAR meter. DLI measurements were conducted for the 18-hour duration of the light day. 
Photometric measurement method and experimental setup. Given that, for any type of wave, the value of a physical quantity at a given point in space is inversely proportional to the square of the distance from the source of the ield, referred to as the inverse square law, photometric measurements were conducted on a rectangular surface with dimensions of 1650 mm x 880 mm. To study the distribution of photometric parameters, the surface was divided into zones with dimensions of 150 mm x 80 mm, thus creating a grid (Figure 1a). The lighting ixtures were installed at a height of 50 cm, the same as on the laboratory shelves. The surface of the grid was made from material with a low re lection coef icient, with the 'X' representing the area where sensors were placed for photometric measurements (Figure 1b). 

Statistical analysis of data. This study involved three distinct analytical replications. For each of these replications, a total of 90 samples were prepared, subsequently divided into three subsamples, each containing 30 samples. To determine the leaf lamina area, specialized software called 'Peti̦ole' was used. The collected data were statistically analyzed using a univariate analysis of variance method, with a signi icance level set at 0.05 or 5%. For the qualitative assessment of parameters, the Chaddock scale was applied, where values between 0.1 and 0.3 were considered indicative of weak in luence, between 0.3 and 0.5 of moderate in luence, and between 0.7 and 0.9 of signi icant in luence. The study was conducted between the years 2021-2023. 
RESULTS AND DISCUSSIONS  
In this study, photometric measurements were conducted to assess the performance of three different types of lighting ixtures used in the experiment. These measurements included the measured temperature, photosynthetic photon lux density, and daily light integral for each lighting ixture. These data were collected to evaluate the impact of the lighting spectrum on photometric parameters and its potential effect on plant development. The maximum measurement values are presented in Table 1. 

Figure 1. Arrangement for photometric measurements, a - placement of the lighting fixture and the grid-like surface, b - Measurement cell and the area where photometric measurement sensors were placed. 
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Table 1. Photometric measurement results 
№ Lighting source T measured, K PPFDmax, 

μmol�s−1�m−2 
DLImax, mol·m−2·d−1 

1 White-cool 5950±50K 63 4.05 
2 White-warm 3200±50K 30 2.04 
3 "Fito" ≤1700 K 25 1.64 The white-cool lighting ixture provided the highest measured color temperature (6000K) and the highest values for PPFD (63 μmol⋅s−1⋅m−2) and DLI (4.05 mol·m−2·d−1). In contrast, the "Fito" lighting ixture had the lowest temperature (1700K) and the lowest values for PPFD (25 μmol⋅s−1⋅m−2) and DLI (1.64 mol·m−2·d−1). The white-warm lighting fell in an intermediate range, with T ≤ 1700 K, PPFD (25 μmol⋅s−1⋅m−2), and DLI (1.64 mol·m−2·d−1). 
Analysis of the emission spectra of lighting ixtures used in the experiment. The photochemical reactions crucial for plant development occur when plants are exposed to rays from the visible spectrum of light (PAR). Plants primarily absorb light from the blue and red spectra. Chlorophylls, the pigments responsible for photosynthesis, absorb rays in the violet-blue region with greater intensity, but carbon ixation, which is a crucial step in photosynthesis, occurs more intensely in the red spectral region. In addition to PAR, plants also utilize a portion of the light from the light spectrum, such as far-red light. Photometric measurements yielded the emission spectra of the lighting ixtures used in the experiment (Figure 2). Photometric measurements of the surface distribution of PAR parameters indicate a non-uniform distribution of values, which correlates with the inverse square law. 

Figure 2. Emission spectra of the used lighting ixtures: a - spectrum corresponds to the white-warm lighting ixture, b - spectrum corresponds to the white-cool lighting ixture, and c - spectrum corresponds to the "Fito" lighting ixture. In Figure 2a, a peak in the blue range is observed at a wavelength of 465 nm. The rest of the spectrum, ranging from 480 to 675 nm, including the green, yellow, orange, and red range, represents approximately 20-25% of the intensity of the blue range. This indicates that the lighting has a significant concentration of blue light compared to other wavelengths in the spectrum. In Figure 2b, we can observe a peak in the blue light spectrum at a wavelength of 460 nm. Similarly, light from the green to red spectral range is present. However, for the wavelength range between 550 nm (green) and 600 nm (yellow light), the intensity of the light is much lower compared to Figure 2a. In comparison to the lighting fixtures in Figures 2a and 2b, in Figure 2c, which represents the "Fito" lighting fixture, we can observe a complete absence of wavelengths from 500 nm to 575 nm, indicating the absence of blue-green, green, and yellow light in the spectrum emitted by this lighting fixture. This lighting fixture focuses on the colors blue and red, where the blue peak is at λ=465 nm, and a weaker 
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second peak in the red at λ=650 nm, with a broader spectrum in these colors, including the near-infrared spectrum, between 575 nm and 750 nm.   
Analysis of surface distributions of PPFD parameter. In plant production, each plant species requires the optimal PPFD density to be determined (Banerjee and Roychoudhury, 2016; Miller et al., 2019). The light intensity level in in vitro cultures is lower than in greenhouse cultivation. In in vitro culture conditions, the low light levels serve as suf icient informational signals to determine plant morphogenesis, and this effect is ampli ied by the presence of sugar in the growth medium, which provides the plant with the necessary energy. Additionally, these conditions of low light result in more ef icient energy utilization, and plants do not overheat when grown in closed containers (George and Davies, 2008). Light levels can vary depending on the species (Alvarenga et al., 2015; Silva 
et al., 2017), but for most herbaceous plants cultivated in this environment, the optimal light level falls in the range of 30 to 40 µmol∙m-2∙s-1, although it varies from 7 to 120 µmol∙m-2∙s-1 depending on the species and their speci ic requirements. Light intensity signi icantly impacts how plants grow and develop their branches (Liu et al., 2002). This in luence affects both the physiological and morphological aspects of plants, which are closely linked to how plant genes are activated in response to environmental signals. Comparing the datasets for PPFD for the three lighting sources (Figure 3) on the same measuring surface (1650 mm x 880mm), the following observations can be made: In Figure a, for white-cool lighting, the highest PPFD values were recorded, ranging from 14 to 63 μmol⋅s−1⋅m−2. There is also a signi icant variation in PPFD across the entire measured surface. The lowest PPFD values were recorded for the "Fito" variant, with values ranging from 5.4 to 25 μmol⋅s−1⋅m−2. In Figure b, for white-warm lighting, the maximum recorded PPFD values were 30 μmol⋅s−1⋅m−2. This suggests that white-cool lighting provides a greater amount of light available for photosynthesis compared to white-warm and "Fito" lighting on the same measuring surface. Furthermore, all three datasets exhibit non-uniform variation of PPFD across the measured surface, which may indicate non-uniform distribution of light emitted by the lighting sources. This aspect can be signi icant in the context of plant growth studies as it can in luence the development and yield of plants based on their position on the shelf relative to the light sources.  

 

 
 

Figure 3. Surface distributions of the PPFD parameter: a - white-cool; b- warm white; c- ”Fito” 
 
Analysis of the DLI parameter surface distributions. Many studies have shown that an adequate DLI could promote the growth and development of plants, such as the germination rate of photoblastic seeds, biomass of shoots and roots (Currey and Lopez, 2012; Walters and Curry, 2018; Solis-Toapanta and Gómez, 2019), stem diameter (Baumbauer et al., 2019), leaf surface area and leaf number (Kelly, 2020), and differentiation of loral buds (Graver et al., 2018; Lee et al., 2019;). However, prolonged high-light DLI or long photoperiod can cause damage to the photosynthetic system and inhibit photosynthetic production (Velez-Ramirez et al., 2017). It is known that excessive 

                          a                              b                           c 
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light intensity can induce light stress in plants. Understanding the effects of these excesses still requires extensive research. High-light intensity stress leads to photodamage to the photosynthetic apparatus and degradation of photosynthetic proteins (Robinson, 2001). Plants respond to this stress by reducing the level of chlorophyll (Banerjee and Roychoudhury, 2016), accumulating anthocyanins, and causing bleaching or yellowing of leaves (Singh et al., 2017), thereby resulting in reduced yield (Fu et al., 2012). In arti icial light conditions, DLI is entirely supplied by lamps and varies by adjusting light intensity or photoperiod. Therefore, an optimal DLI that can meet the growth and development demands of plantlets in vitro needs to be identi ied for each culture.  Comparing the daily light integral (DLI) distribution across the three lighting sources on the measurement surface (Figure 4), we can make the following observations: the dataset for the white-cool lighting ixture has the highest DLI values, reaching a maximum of 5.54 mol·m-2·d-1, while the dataset for the white-warm lighting indicates a maximum DLI value of 2.04 mol·m-2·d-1, and the dataset for the "Fito" lighting ixture reaches a maximum of 1.64 mol·m-2·d-1. The data for all lighting ixtures represent different illumination level distributions and vary depending on the measurement locations. 

Figure 4. Surface distribution of the DLI parameter: a - white-cool; b – white- warm; c - "Fito" 
Impact of lighting spectrum on rooting and morphogenesis in grapevine in vitro plantlets. The results obtained in this study indicate the significant influence of different lighting spectra on the process of rooting and shoot morphogenesis in grapevine plants cultivated in vitro. After 14 days of culture, it was observed that the "Fito" spectrum lighting initiated the most intense process of root formation, resulting in the rooting of 20 out of the total 30 explants inoculated, representing a success rate of 66.6%. In contrast, the white-cool and white-warm lighting systems had a less pronounced effect, with a rooting rate of only 40% (Figure 5). 

Figure 5. The number of grapevine explants that developed roots after 14 days from inoculation, depending on the type of lighting Figure 6. The rooting rate (%) of microplants in vitro, depending on the type of lighting, after 30 days  

a b c 
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At 30 days of culture, a significant evolution of the results highlighted in the case of the "Fito" lighting led was observed regarding the rooting rate of 90%, while in the case of the other two lighting type, a rate of 63.3% was recorded (Figure 6). However, regarding the other morphological parameters studied (Table 2), the plants grown under the influence of "Fito" lighting recorded the lowest values, compared to the other types of lighting analyzed.  These plants exhibited shoots with uneven internodes, a reduced number of leaves, and small leaf sizes.  
Table 2. The effect of the type of lighting in vitro on the morphological parameters of the 

'Fetească regală' 

*letters a,b  indicate the significance of differences compared with control at P < 0.05. Analyzing the data collected over 30 days of culture, it can be observed that the three lighting systems studied have different in luences on both the process of rooting and the morphogenesis of newly formed shoots (Table 2). Under white-warm lighting, there was a promotion of both above ground and underground growth of the plantlets, characterized by the development of shoots with the most internodes (7.68), the most leaves (7.84), and the longest roots (20.68 cm).  Regarding the white-cool spectrum lighting, it favored the development of leaves with the largest leaf area (cm2). This lighting, characterized by the highest values for T=6000K, PPFD 63 μmol⋅s−1⋅m−2, and DLI=4.05 mol·m-2·d-1, resulted in the development of leaves with an average surface area of 2 cm2, which is 1.57 times larger compared to the leaves of plants grown under white-yellow light, and 1.78 times larger than those under ”Fito” lighting. This morphological leaf development was evident through well-developed shoots with regular internodes (±1 cm) and healthy leaves.  
 
CONCLUSIONS 
 The results obtained indicate that plants have varying lighting requirements depending on their developmental stages. To stimulate the process of rhizogenesis in grapevine explants, it was found that the "Fito" spectrum with parameters T≤1700, PPFD (25 μmol⋅s−1⋅m−2), and DLI (1.64 mol·m−2·d−1) proved to be optimal. For the growth of in vitro plants characterized by the largest leaves and internodes, the most effective lighting was provided by the white-cool spectrum, with a color temperature of 6000K, PPFD (63 μmol⋅s−1⋅m−2), and DLI (4.05 mol·m−2·d−1). The growth of both aerial and underground parts of the vitroplants was stimulated by the white-warm light, where T≤3200 K, PPFD (30 μmol⋅s−1⋅m−2), and DLI (2.04 mol·m−2·d−1) Grapevine seedlings grown under controlled in vitro conditions were moderately affected by the type of lighting used. 

Lighting source Rooted Plants (%) 
Callus (%) Internodes (no) Leaves (no) Plant Height (cm) 

Root Length (cm) Leaf Area (cm2) 
White-cool 63.3±0.4b  0 6.36±3.1ab 6.04±2.8ab 6.04±3.b 13.63±9.3a 2±0.87a 
White- warm 63.3±0.49b 36.6±0.49 7.68±2.8b 7.84±3.8b 6.6±2.7b 20.68±13.5b 1.27±0.6b 
"Fito" 90±0.18a 0 5.4±1.6a 6.1±2.0a 4.2±1.8a 11.67±7.4a 1.12±0.48a 

Statistical 
analysis 
of data 

28%   28% 39% 7% 34% 
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ABSTRACT  

The two-spotted spider mite (Tetranychus urticae Koch) is an important pest 
present in squash crops under high plastic tunnels and in the field, that can reduce 
yield quantitatively and depreciating it qualitatively. The attack is frequent in dry 
and hot years, reaching a maximum development in the months of July-August. On 
the leaves, following the attack, depigmentations appear followed by their drying. 
The experiment done in 2023, aimed to evaluate the effectiveness of two products 
based on Neem oil (Oleorgan) and hexythiazox (Nissorun 10 WP) for controlling the 
pest on squash crops. The 'Perfect' cultivar and the 'Lorea' hybrid were used as 
biological material. The yield on variants and replicates was recorded, being 
between 12.30 and 22.58 t/ha. Based on the obtained results, the efficacy (%) was 
calculated and was between 64.4 and 96.0%. 

Keywords: hexythiazox, neem oil, squash, two-spotted spider mite 
INTRODUCTION Squash is a vegetable species with a high nutritional value, essential for the metabolism and vitality of the human body because it contains various vitamins, sugar, starch, fats, proteins and minerals such as calcium, magnesium, potassium, sodium, phosphorus, and iron (Abdallah et al., 2018). The squash crop can be established both in the open field and in protected spaces, being attacked by several phytophagous species of pests (Abdallah et al., 2012). Among them, the two-spotted spider mite (Tetranychus urticae Koch), is present on leaves, stems and branches, reducing yield quantitatively and depreciating it qualitatively (Abdallah et al., 2018). It is a worldwide, ubiquitous and economically important agricultural pest that feeds on a wide range of host plant species throughout the world (Shukla, 2018). The two-spotted spider mite (Tetranychus urticae Koch) is one of the most important pests of the Cucurbitaceae family, which can attack more than 200 species (Shen et al., 2021). It is a member of the family Tetranychidae which includes many harmful species of plant-feeding mites (Farouk and Osman, 2011; Shukla, 2018). The pest is adapted to various environmental conditions and protected spaces are ideal for its development, where it can have a generation in a week (Düzgünes and Çobanoglu, 1983; Shoorooei et al., 2012).   Attack of the pest is frequent in dry and warm years. Located on the underside of the leaves, it is recognized by the drying of the tissues between the veins, which become like the parchment. Larvae and phytophagous adults absorb the sap from the tissues by 
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stinging, the affected areas showing depigmentations. In the field, the attack reaches its maximum evolution in July-August (Șovărel et al., 2020). In recent years, pesticides based on plant extracts are increasingly used to combat mites. Azadirachtin, one of the most active constituents of neem oil, acts as a feeding inhibitor and limits the growth of insects and mites. Neem extract is also a powerful repellent, that stops or inhibits feeding, growth regulator and oviposition deterrent affecting more than 200 pest species (Yanar et al., 2011). The experiment aimed to evaluate the effectiveness of the products Oleorgan (40% saponified Neem oil) and Nissorun 10 WP (hexytiazox 10%) in controlling the two-spotted spider mite in squash crops under high plastic tunnel. 
MATERIALS AND METHODS  The experience established at RIFVG Vidra, in 2023, aimed to test the effectiveness of two control products, one biological based on neem oil 40% (Oleorgan) and one chemical, hexythiazox 10% (Nissorun 10 WP). The biological material was represented by a Romanian cultivar ('Perfect') and a hybrid ('Lorea') of squash. The plant density was 9 333 plants/ha and the planting was made on May 17 and three variants (V1. Oleorgan, V2. Nissorun 10 WP and V3. Untreated control) were placed in 4 repetitions and 5 treatments were applied at intervals of 7 days. On May 24, the first attack of the pest was registered. Dynamic observations were made on 3 noted plants, evaluating the infested areas on a surface of at least 50 cm2 (25 discs of 1.5 cm in diameter were cut) according to EPPO standard PP1/037(2), recording the number of eggs, nymphs and alive adults separately. During the experience, ten harvests were made and the average number of fruits per plant, average weight and length of fruits, yield per plant and yield per hectare were calculated. The obtained data were processed statistically by the variance analysis method, using the ANOVA program. Based on the obtained results, the efficacy (%) was calculated. 
RESULTS AND DISCUSSIONS  Following the treatments applied in squash crop (fig. 1), to the 'Perfect' cultivar, it was found that for all stages of the pest, the variants with the 2 products were significantly different from the untreated control variant (table 1, 2 and 3). The Oleorgan product had an efficacy between 86.3 and 92.0% (91.1% for the egg stage, 92.0% for the nymph stage and 86.3% for the adult stage). The efficacy of the Nissorun 10 WP product was 94.8% for the egg stage, 94.4% for the nymph stage and 95.3% for the adult stage of the pest. 

Figure 1. Squash crops under high plastic tunnel In the control of adults of the common red spider, a lower mean value is observed in the variant Oleorgan compared to the variant Nissorun 10 WP (table 3). 



47 
 

Table 1. The number of eggs and efficacy (%) at the 'Perfect' squash cultivar   Variants The number of eggs  (average value)   Signification   E % Average value Difference from untreated control 
% compared to the untreated control V1. Oleorgan 26.3 -268.2 8.9 *** 91.1 V2. Nissorun 10 WP 15.2 -279.2 5.2 *** 94.8 V3. Untreated control 294.5 - 100.0 - - 

LD 5% = 11.8; LD 1%= 17.2; LD 0,1% = 25.8 

Table 2. The number of nymphs and efficacy (%) at the 'Perfect' cultivar 

  LD 5% = 9.9; LD 1%= 14.6;   LD 0.1% = 22.6 

Table 3. The number of adults and efficacy (%) at the 'Perfect' cultivar   Variants The number of adults  (average value)   Signification   E % Average value Difference from untreated control 
% compared to the untreated control V1. Oleorgan 16.0 -100.7 13.7 *** 86.3 V2. Nissorun 10 WP 5.5 -111.2 4.7 *** 95.3 V3. Untreated control 116.7 - 100.0 - - 

 LD 5% = 14.1; LD 1%= 20.3; LD 0,1% = 29.8 At the Lorea hybrid, significantly different results were recorded in the variants with treatments compared to the untreated control variant (tables 4, 5 and 6).   
Table 4. The number of eggs and efficacy (%) at the 'Lorea' squash hybrid   Variants The number of eggs  (average value)   Signification   E % Average value Difference from untreated control 

% compared to the untreated control V1. Oleorgan 71.5 -129.5 35.6 *** 64.4 V2. Nissorun 10 WP 14.2 -186.7 7.1 *** 92.9 V3. Untreated control 201.0 - 100.0 - - 
LD 5% = 14.1; LD 1%= 20.3;  LD 0,1% = 29.9  

  Variants The number of nymphs  (average value)   Signification   E % Average value Difference from untreated control 
% compared to the untreated control V1. Oleorgan 9.2 -106.7 7.9 *** 92.0 V2. Nissorun 10 WP 6.5 -109.5 5.6 *** 94.4 V3.  Untreated control 116.0 - 100.0 - - 
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The efficacy of the Oleorgan product was between 64.4 and 83.3%, and the product  Nissorun 10 WP had an efficacy between 92.9 and 96.0%. The highest efficacy of Nissorun 10 WP was recorded at the nymph stage of the pest (96,0%; table 5) and the lowest at the adult stage (90,1%; table 6). 
Table 5. The number of nymphs and the efficacy (%) at the 'Lorea' squash hybrid 

Variants The number of nymphs (average value) Signification E % Average value Difference from untreated control 
% compared to the untreated control V1. Oleorgan 18.0 -89.5 16.7 *** 83.3 V2. Nissorun 10 WP 4.2 -103.2 3.9 *** 96.0 V3. Untreated control 107.5 - 100.0 - - 

LD 5% = 9.2; LD 1%= 13.2; LD 0,1% = 19.4 

Table 6. The number of adults and the efficacy (%) at the 'Lorea' squash hybrid 
Variants The number of adults (average value) Signification E % Average value Difference from untreated control 

% compared to the untreated control V1. Oleorgan 27.2 -70.7 27.8 *** 72.2 V2. Nissorun 10 WP 9.7 -88.2 9.9 *** 90.1 V3. Untreated control 98.0 - 100.0 - - 
  LD 5% = 10.8; LD 1%= 15.5; LD 0,1% = 22.7 At the product Oleorgan variant, the best efficacy in controlling egg stage of the T. urticae pest was recorded at the 'Perfect' cultivar squash (91,1%) compared to 'Lorea' squash hybrid (64.4%; fig. 2). In the same squash cultivar, the highest efficacy was recorded for the variant with Nissorun 10 WP (94.8%). 

Figure 2. Comparison of the efficacy of the 2 squash species for the egg stage of the T. urticae pest For the control of the nymph stage, the Oleorgan product registered an efficacy of 92% in the 'Perfect' cv. in comparison with the 'Lorea' hybrid where the efficacy was 83.3% (fig. 
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3). The Nissorun 10 WP product registered the best efficacy at the 'Lorea' hybrid (96,0%) and 94.4% at the 'Perfect' squash cultivar. 

  
Figure 3. Comparison of the efficacy of the 2 squash species for the nymph stage  of the T. urticae pest  Comparing the 2 species of squash, for the control of the adults of the pest, in the 'Perfect' 

cv. the efficacy of the Oleorgan product was 86.3% and in the 'Lorea' hybrid it was 72.2%. The Nissorun product registered a higher efficacy in the 'Perfect' cv. (95.3%) compared to the 'Lorea' hybrid (90.1%; fig. 4).  

  
Figure 4. Comparison of the efficacy of the 2 squash species for the adult stage  of the T. urticae pest  Regarding the yield, in the 'Perfect 'cultivar the highest yield was obtained in the variant with Nissorun 10 WP (22.58 t/ha; table 7) and was significantly different from the untreated control 16.05 t/ha.  

Table 7. The yield obtained at the 'Perfect' squash cultivar   Variants Average number of fruits /plant 
Average weight/ fruit (kg) 

Fruit length (cm) Yield /plant (kg) Yield (t/ha) % compared to the untreated control 
Difference from untreated control (t/ha) 

  Signification 
1. Oleorgan 9.12 0.240 22.62 2.19 20.44 127.35 4.39 *** 2. Nissorun 10 WP 10.52 0.230 23.07 2.42 22.58 140.69  6.53 *** 3.Untreated control 7.82 0.220 22.53 1.72 16.05 100.00 - - 
LD 5% = 0.96; LD 1% = 1.38 ; LD 0.1% = 2.03 
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In the 'Lorea' hybrid at the variant with Nissorun 10 WP was recorded 19.13 t/ha (table 8), being significantly different from the untreated control (12.30 t/ha). The variant with Oleorgan product (15.40 t/ha) was different from the untreated control. 
Table 8. The yield obtained at the 'Lorea' squash hybrid 

Variants Average number of fruits /plant 
Average weight/ fruit (kg) 

Fruit length (cm) Yield /plant (kg) Yield (t/ha) % compared to the untreated control 
Difference from untreated control (t/ha) Signification 

1.Oleorgan 8.25 0.200 21.24 1.65 15.40 125.20 3.10 *** 2. Nissorun10 WP 9.80 0.210 20.93 2.05 19.13 155.53 6.83 *** 3.Untreated control 6.50 0.200 20.89 1.30 12.30 100.00 - - 
LD 5% = 0.93; LD 1% = 1.35 ; LD 0.1% = 1.98 

CONCLUSIONS 

 Following the experiments carried out, it was found that both control products areeffective in combating the Tetranychus urticae pest, the 'Perfect' cultivar  being lesssensitive to the pest's attack.
 For the Oleorgan product, at the 'Perfect' cultivar, an average effectiveness of89.8% was recorded, and for the Nissorun 10 WP product 94.8%.
 At the 'Lorea' hybrid, the average effectiveness was 73.3% for the Oleorganproduct and 93.0% for the Nissorun 10 WP product.
 The highest yield was recorded for the 'Perfect' cultivar, at the variant with theproduct Nissorun 10 WP 22.58 t/ha.
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ABSTRACT  
The present research aimed to investigate the impact of both organic and 

inorganic fertilizers on cucumber growth and yield. The experiment followed a 
randomized complete block design with three replications, involving seven 
treatment combinations: T1 (control), T2 (FYM), T3 (Vermicompost), T4 (NPK), T5 
(NPK + 0.5% B), T6 (NPK + 0.5% Ca), and T7 (NPK + 0.5% Calbomin). The results 
revealed significant differences among the treatments. Treatment T2 (FYM) 
exhibited notable effects on various growth parameters, including the number of 
true leaves (35.91), leaf size (97.81 cm²), number of flowers (4.12), and number of 
fruits (4.37). On the other hand, T3 (vermicompost) significantly influenced plant 
height (156.9 cm), fruit size (34.902 cm²), and cucumber yield (17.53 Mt/ha). 
Conversely, the control group (T1) displayed the lowest response in terms of 
cucumber growth and yield parameters. Based on the findings, it is recommended 
that in inner Terai regions, such as Tulsipur, Dang in the Nepal, the application of 
the recommended dose of vermicompost be considered to achieve maximum yield, 
specifically in the range of 2-3 tons per hectare. 

Keywords: Cucumber, Cucumis sativus, fertilizers, Calbomin, vermicompost 
INTRODUCTION Cucumber (Cucumis sativus L.) belongs to the Cucurbitaceae family (Kumar et al., 2018). 'Cucurbit' was coined by Liberty Hyde Bailey to refer to cultivated species commonly known as the gourd family, which includes 117 genera and 825 species found in warmer regions worldwide (Singh et al., 2017). It holds significance as a summer vegetable crop that thrives under specific growing conditions, typically requiring temperatures between 26 to 30 °C with plenty of sunlight (Saeed et al., 2015), and is cultivated extensively across many countries globally. It is believed to have originated in India and Africa (Alhasnawi et 
al., 2020; Marliah et al., 2020). Cucumbers are primarily cultivated for their fruits, which are consumed fresh in salads, cooked dishes, or pickled preparations.  Nutrients play a crucial role in promoting crop growth and are vital for achieving maximum productivity. When there is an insufficient supply of these nutrients, it can lead to specific disorders in the plants, ultimately resulting in reduced yields and financial losses for the growers (Kumar et al., 2018). Nitrogen assumes a primary role in the biochemical processes of plants. When nitrogen levels are low, it can lead to a reduction in the availability of other 
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essential mineral nutrients (Oke et al., 2020). Cucumber cultivation typically relies on fertile soils. When grown in infertile soils, cucumbers tend to produce bitter and misshapen fruits, which are often rejected by consumers due to their undesirable taste and appearance (Eifediyi and Remison, 2010).  
The study was carried out in Dang, Nepal, situated at 82.2855° E longitude and 28.0069° N latitude, with an altitude of 603 meters above mean sea level. Dang is characterized by an inner terai (plain) topography and features a humid subtropical climate, with an average maximum temperature of 20°C and a minimum temperature of 10°C. The study was conducted using the Meera cultivar of 'Korean F1' hybrid. There were a total of seven treatments, including one control group and six distinct nutrient media, as outlined in Table 1 below. The recommended fertilizer doses were as follows: FYM: 20 tons/ha, Vermicompost: 3 tons/ha, NPK: 120:60:50 kg/ha. 

Table 1. Treatments applied No              Treatments  variant 1 T1 - Control 2 T2 - FYM3 T3 - vermicompost 4 T4 - NPK 5 T5 - NPK + 0.5 % Boron 6 T6 - NPK + 0.5 % Calcium 7 T7 - NPK + 0.5 % Calbomin The experiment used a Randomized Complete Block Design (RCBD) with three replications. Each replication included all seven treatments, which were randomized independently within each replication. Each plot measured 9.6m², with a plant-to-plant spacing of 0.60 meters and a row-to-row spacing of 1 meter. Data collection involved observing a total of 4 plants in each plot. According to the treatments, full doses of FYM and vermicompost were applied to each planting area by digging pits measuring 25-20cm deep. NPK was applied following the recommended application guidelines, and micronutrients were applied using foliar application during the cropping season. To begin, a nutrient medium was prepared by combining FYM, vermicompost, and topsoil at a 1:1:1 ratio, and this mixture was tightly packed into poly bags. A single seed was sown in each poly bag. The seedlings were watered twice daily, and they were ready for transplantation 25 days after sowing. These 25-day-old seedlings were transplanted into the main field by digging pits that were 25-30 cm deep. Light irrigation was provided immediately after transplanting to ensure the seedlings' proper establishment, with subsequent irrigation occurring every 3-5 days due to the hot climate. Staking was performed using large bamboo poles and nylon rope to support the weight of cucumber vines and fruits. Cucumbers were harvested when they reached the desired size and market demand, and the harvest was weighed on a plot-by-plot basis. 
Data collection  Sampling was conducted at 15-day intervals until the date of the final cucumber harvest. Four central plants were chosen from each treatment and replication for the study. 
Growth and yield Parameters  The number of leaves, height, and number of nodes of the sampled plants were recorded at various time points after transplantation, specifically at 15 days, 30 days, 45 days, 60 days, and 75 days. For the leaves, we calculated the average count after measuring the number of leaves on each plant. For the height, we measured the distance from the base just above the 
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soil surface to the top of the plants at each time point. To determine leaf size, we randomly selected five leaves from each sampled plant and measured their length and width, ensuring a representative sample from each plant. Finally, for the number of nodes, we counted and calculated the average value at the same time points after transplantation. Flower initiation was monitored in each plot, and the number of flowers on sampled plants was documented at 30 days, 45 days, 60 days, and 75 days after transplantation. Additionally, we recorded the number of fruits on sampled plants at the same time points, i.e., 30 days, 45 days, 60 days, and 75 days after transplantation. To assess fruit dimensions, we employed a measuring scale to measure the length of the fruits and used a Vernier Caliper to measure the diameter (in centimetres). A minimum of five fruits from each sampled plant were measured to calculate their size. These measurements were taken at the same intervals: 30 days, 45 days, 60 days, and 75 days after transplantation. The fruits that met marketable size criteria were harvested at regular intervals using scissors. The yield weight of fruits from different plots was measured individually to maintain a comprehensive record of the yield. Throughout the research period, there were a total of 8 harvests. The data we obtained was inputted using MS Excel (2019). We then analysed the gathered data using Gen-stat (18th edition). To compare the average values of each set of data, we employed DMRT, as described by Gomez and Gomez (1984).  
RESULTS AND DISCUSSIONS  The data regarding the number of true leaves showed high significance, indicating that the treatment had a highly significant effect on the number of leaves per plant. Among the different treatments, T6 (Normal NPK + 0.5% Calcium) exhibited the highest number of leaves at 15 days, with 11.58 leaves per plant, followed by T3, T2, T4, T7, T5, and T1, respectively. However, at 30 days, T3 had the highest number of leaves, with 36.27 leaves per plant, followed by T2, T4, T1, T6, T7, and T5, respectively. Similarly, T2, which received the recommended dose of FYM, demonstrated a higher number of leaves at 45, 60, and 75 days, with values of 44.02, 55.18, and 50.21 leaves per plant, respectively. This was followed by T3, T1, T4, T6, T7, and T5 in each respective time period. In contrast, treatment T5 (Normal dose of NPK + 0.5% boron) exhibited lower numbers of leaves at 45, 60, and 75 days, with values of 22.68, 27.83, and 25.76 leaves per plant (Table 2). The notable impact of farmyard manure (FYM) on leaf count corresponds with the findings of Orluchukwu and Amadi (2022), who observed that the timely utilization of nutrients fosters enhanced growth and leaf proliferation.  Plant height was measured at 15, 30, 45, 60, and 75 days after transplantation (DAT), respectively. The data of plant height were found to be significant. In general, there was a consistent increase in plant height from the time of transplantation to the final harvest. A summary of the data is presented in Table 3 below. Cucumber vine height exhibited a highly significant increase with the application of T3 (dose of vermicompost) after 75 DAT, reaching the tallest height of 156.9 cm followed by T4, T2, T5, T6 and T1 with respective heights of 152.60 cm, 136.3 cm, 121.4 cm, 116.2 cm, and 115.4 cm, while the lowest height was observed with T7 (NPK dose + 0.5% calbomin) at 96.50 cm. The observed increase in plant height can be attributed to the incorporation of the recommended amount of vermicompost, a phenomenon supported by various studies (Law-Ogbomo and Osaigbovo, 2018)  The leaf area index, or leaf size of cucumber, was measured at 15, 30, 45, 60, and 75 days after transplantation (DAT), respectively. A review of the data is presented in Table 4. The data concerning the leaf area index exhibited significance primarily during the initial phases of plant growth, namely at 15 and 30 DAT. At 15 days, T1 (control) displayed the highest value, measuring 41.11 cm², while the lowest value was observed with T7 (NPK 
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dose + 0.5% Calbomin) at 14.5 cm². Among the various treatments, T2 (dose of FYM) recorded the largest leaf area at 30 DAT, measuring 135.9 cm², while the smallest leaf area was observed with T1 (control) at 88.4 cm². However, the leaf area was found to be non-significant at 45, 60, and 75 DAT. Among the different treatments, T2 (dose of FYM) consistently recorded the highest leaf area, measuring 135.1 cm², 144.2 cm², and 136 cm² at 45, 60, and 75 DAT, respectively. T4 (NPK dose) had the smallest leaf area, measuring 103 cm² at 45 DAT, while T7 (NPK dose + 0.5% Calbomin) had the lowest value of 118.2 cm² at 60 DAT, and T4 (NPK dose) had the lowest value of 125 cm² at 75 DAT. The lack of statistically significant findings concerning leaf size could be linked to the genetic makeup of the cucumber seeds, as proposed by Ikeh et al. (2012). 
Table 2. Response of organic and inorganic fertilizers on growth of true leaves of cucumber  (Cucumis sativus) at Tulsipur, Dang, Nepal, 2022 Treatments Number of  true leaves 15 DAT 30 DAT 45 DAT 60 DAT 75 DAT Control 5.833b 20.45bc 30.17bc 35.73bc 33.22bc Recommended dose of FYM 7.08b     23.08b 44.02a 55.18a 50.21a Recommended dose of vermicompost 10.25a    36.27a 34.99b 38.59b 36.14b Normal NPK dose 6.90b    22.00bc 27.93bc 32.28bc 29.77bc Normal NPK dose + 0.5 % Boron 6.40b    15.58c 22.68c 27.83c 25.76c Normal NPK dose + 0.5 % Calcium 11.58a    17.18bc 27.33bc 31.64bc 28.81bc Normal NPK dose + 0.5 % Calbomin 6.67b    17.10bc 28.66bc 28.20c 27.70bc 

CV % 22.3    17.7 14.4 14.7 15.4 
LSD 2.99    6.70 7.75 9.15 8.93 
F-test **   ** ** ** ** 

CV: Coefficient of variation; LSD: Least significant difference; **Significant at 1% level of significance; Means 
within a column that share the same letter are not significantly different at the 5% level. 

Table 3. Response of organic and inorganic fertilizers on the height of vines of cucumber  (Cucumis sativus) at Tulsipur, Dang, Nepal, 2022 Treatments Plant height 15 DAT 30 DAT 45 DAT 60 DAT 75 DAT Control  23.03b  42.88bc 56.38e 100.0de 115.40bc Dose of FYM 24.10b 66.29a 94.10ab 127.9bc 136.30ab Dose of vermicompost 20.55ab 49.58b 97.09a 150.0a 156.90a NPK dose 14.89a 41.84bc 81.58bc 140.3ab 152.60a NPK dose + 0.5 % Boron 17.10ab 42.81bc 77.84cd 113.9cd 121.40b NPK dose + 0.5 % Calcium 20.07ab 48..02b 64.51de 97.7de 116.20bc NPK dose + 0.5 % Calbomin 15.42a 33.83c 62.97e 90.8e 96.50c 
CV % 19.8 11.6 10.20 9.60 10.20 
LSD 6.67 9.38 13.62 19.62 22.79 
F-test NS ** ** ** ** 

CV: Coefficient of variation; LSD: Least significant difference; **Significant at 1% level of significance, 
NSNon-significant; Means within a column that share the same letter are not significantly different at 
the 5% level. Among the various treatments, T2 (dose of FYM) recorded the maximum number of nodes, measuring 5.83, 42.25, and 45.56 at 15, 60, and 75 DAT, respectively. Conversely, T4 (NPK dose) had the highest number of nodes at 30 DAT, with a value of 14.28, while T3 (dose of vermicompost) exhibited the highest number of nodes at 45 DAT, with a value of 24.92. On 
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the other hand, T4 (NPK dose) displayed the lowest number of nodes at 15 DAT, measuring 3.54, while T5 (NPK dose + 0.5% Boron) had the lowest number of nodes at 30 DAT, with a value of 9.00, T6 (NPK + 0.5% Calcium) recorded the lowest number of nodes at 45 DAT, 60 DAT, and 75 DAT, with values of 14.18, 17.58, and 21.20, respectively (Table 5). The significant findings illustrating the impact of different treatments on the number of nodes in cucumber plants are consistent with the observations made by Oke et al. (2020). According to their research, the increased absorption of nitrogen and nitrates within the root zones, facilitated by the application of farmyard manure (FYM), had a substantial influence on the growth of nodes in the plants. 
Table 4. Response of organic and inorganic fertilizers on the size of the leaves of cucumber  (Cucumis sativus) at Tulsipur, Dang, Nepal, 2022 

Treatments Size of  leaves 15 DAT 30 DAT 45 DAT 60 DAT 75 DAT Control 41.11a 88.4b 96.7b 109.6b 111.0a Dose of FYM 37.88ab 135.9a 135.1a 144.2a 136.0a Dose of vermicompost 35.73ab 92.5b 112.4ab 121.0ab 119.4a NPK dose 17.10c 99.0b 103.0b 119.8ab 112.5a NPK dose + 0.5 % Boron 29.90b 95.7b 115.4ab 130.2ab 121.1a NPK dose + 0.5 % Calcium 31.12ab 101.9b 114.2ab 128.2ab 118.4a NPK dose + 0.5 % Calbomin 14.50c 88.4b 117.5ab 118.2ab 113.6a 
CV % 18.5 10.9 12.3 12.0 12.10 
LSD 9.60 19.62 24.37 26.12 25.20 
F-test ** ** NS NS NS

CV: Coefficient of variation; LSD: Least significant difference; **Significant at 1% level of significance, 
NSNon-significant; Means within a column that share the same letter are not significantly different at 
the 5% level. The number of flowers on cucumber plants was recorded at 30, 45, 60, and 75 days after transplantation (DAT), as presented in Table 6. The data concerning the number of flowers exhibited significant differences, indicating that the use of different treatments had varying effects on cucumber flowering. Among the different treatments, T6 (NPK + 0.5% Calcium) recorded the maximum number of flowers, with 4.75 at 30 DAT. Dose of FYM T2 (T2) recorded the highest number of flowers, with 7.5 and 7.92 at 45 and 60 DAT, respectively. Dose of FYM  (T2) recorded the highest number of flowers, with 7.5 and 7.92 at 45 and 60 DAT, respectively. Dose of vermicompost (T3) had the highest number of flowers, with 3.93 at 75 DAT. Conversely, among the different treatments, T1 (control) had the lowest number of flowers, with 1.92 at 30 DAT. T6 (NPK + 0.5% Calcium) had the lowest number of flowers, with 2.33 at 45 DAT. T7 (NPK dose + 0.5% Calbomin) exhibited the lowest number of flowers, with 1.66 at 60 DAT, and T6 (NPK + 0.5% Calcium) had the lowest number of flowers, with 1.91 at 75 DAT. Among the various treatments, both FYM and Vermicompost exhibited a more favorable response in stimulating cucumber flowering, in line with the conclusions drawn by Marliah et al. (2020). Their research further elucidated that organic materials typically have positive effects on the flowering process. The data pertaining to the number of fruits exhibited significant differences, indicating that the use of different treatments had varying effects on cucumber fruiting. Among the different treatments, T3 (dose of vermicompost) recorded the highest number of fruits per plant, with 4, 4.16, 4.13, and 2.91 at 30, 45, 60, and 75 days, respectively, as presented in 
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Table 7. Conversely, T5 (NPK dose + 0.5% Boron) had the lowest number of fruits, with 1.22 at 30 days while T1 (control) exhibited the lowest number of fruits per plant, with 2.58 at 45 DAT. T5 (NPK dose + 0.5% Boron) also had the lowest number of fruits per plant, with 1.41 and 1.33 at 60 and 75 DAT, respectively. The conversion rate from flowers to fruits was relatively low, possibly owing to various challenges encountered during the research, including factors such as rainfall and high-speed wind flow, as noted by Singh et 
al. (2017). Nevertheless, when it comes to vermicompost, more favorable outcomes were observed due to the enhanced establishment of the plant base, as substantiated by other parameters in the study (Singh et al., 2017).  

Table 5. Response of organic and inorganic fertilizers on number of nodes of cucumber  (Cucumis sativus) at Tulsipur, Dang, Nepal, 2022  Treatments Number of  nodes 15 DAT 30 DAT 45 DAT 60 DAT 75 DAT Control  5.33a 10.25ab 14.68a 21.75d 24.37bc Dose of FYM                            5.83a 13.08a 23.33a 42.25a 45.56a Dose of vermicompost 5.17a 10.67ab 24.92a 37.59ab 38.29ab NPK dose 3.54a 14.28a 19.10a 24.50cd 23.31bc NPK dose + 0.5 % Boron 3.66a 9.00ab 21.01a 37.75abc 35.28abc NPK dose + 0.5 % Calcium 5.25a 9.44ab 14.18a 17.58d 21.20c NPK dose + 0.5 % Calbomin 3.75a 7.17b 18.29a 28.90bcd 25.41bc 
CV % 30.9 28.7 34.4 22.3 25.9 
LSD 2.521 5.307 11.674 11.605 13.855 
F-test NS NS NS * * 

CV: Coefficient of variation; LSD: Least significant difference; *Significant at 5% level of significance, NSNon-
significant; Means within a column that share the same letter are not significantly different at the 5% level.  

Table 6. Response of organic and inorganic fertilizers on flowering of cucumber  (Cucumis sativus) at Tulsipur, Dang, Nepal, 2022  Treatments Number of flowers (days) 30 DAT 45 DAT 60 DAT 75 DAT Control 1.92b 4.67ab 3.42b 2.35ab Dose of FYM                            2.25b 7.50a 7.92a 3.17ab Dose of vermicompost 4.50a 6.33a 3.87b 3.93a NPK dose 4.00ab 3.33b 4.03b 2.75ab NPK dose + 0.5 % Boron 2.42b 2.83b 3.66b 2.00bc NPK dose + 0.5 % Calcium 4.75a 2.33b 3.41b 1.91bc NPK dose + 0.5 % Calbomin 4.58a 2.75b 1.66b 0.58c 
CV % 31.8 37.40 40.6 37.70 
LSD                                                 1.94 2.78 2.84 1.57 
F-test * ** * * 

CV: Coefficient of variation; LSD: Least significant difference; *Significant at 5% level of significance,  
**Significant at 1% level of significance; Means within a column that share the same letter are not significantly 
different at the 5% level.  The size of fruits on cucumber plants was measured at 30, 45, 60, and 75 days after transplantation (DAT), respectively (Table 8). The data collected regarding the size of fruits showed significant differences, indicating that the use of different treatments had varying effects on the size of cucumber fruits. Among the different treatments, T3 recorded the largest size of fruits, measuring 34.48 cm², 45.09 cm², 50.09 cm², and 43.72 cm² at 30, 45, 60, and 75 DAT, respectively, as presented in Table 9. Conversely, T4 (l NPK 
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dose) had the smallest size of fruits, measuring 15.30 cm² at 30 DAT, while T7 (NPK dose + 0.5% Calbomin) exhibited the smallest size of fruits, measuring 29.17 cm² at 45 DAT. T6 (NPK dose + 0.5% Calcium) had the smallest size of fruits, measuring 28.77 cm² and 25.71 cm² at 60 and 75 DAT, respectively.  
Table 7. Response of organic and inorganic fertilizers on fruiting of cucumber (Cucumis sativus) at Tulsipur, Dang, Nepal, 2022 Treatments Number of fruits 30 DAT 45 DAT 60 DAT 75 DAT Control 1.50c 2.58c 3.00ab 2.10ab Recommended dose of FYM 2. 83ab 3.66abc 3.10ab 2.16abRecommended dose of vermicompost 4.00a 4.16ab 4.13a 2.91a Normal NPK dose 1.83bc 3.05bc 1.51cd 1.82b Normal NPK dose + 0.5 % Boron 1.22c 3.05bc 1.41d 1.33b Normal NPK dose + 0.5 % Calcium 3.08b 4.21ab 2.85abc 2.18ab Normal NPK dose + 0.5 % Calbomin 1.41c 4.91a 2.69bcd 1.88ab 

CV % 29.70 22.10 27.30 26.70 
LSD 1.19 1.42 2.84 0.96 
F-test ** * ** *

CV: Coefficient of variation; LSD: Least significant difference; *Significant at 5% level of significance, **Significant 
at 1% level of significance; Means within a column that share the same letter are not significantly different at the 
5% level. 

Table 8. Response of organic and inorganic fertilizers on size of fruits of cucumber (Cucumis sativus) at Tulsipur, Dang, Nepal, 2022 Treatments Size of fruits 30 DAT 45 DAT 60 DAT 75 DAT Control 22.70bc 29.22b 35.73bc 38.17ab Dose of FYM 16.98c 31.09b 41.60ab 33.99abc Dose of vermicompost 34.48a 45.09a 50.09a 43.72a NPK dose 15.30c 28.14b 39.16abc 34.32abc NPK dose + 0.5 % Boron 29.94ab 30.50b 37.47bc 28.24bc NPK dose + 0.5 % Calcium 34.11a 30.78b 28.77c 25.71c NPK dose + 0.5 % Calbomin 21.91bc 29.17b 41.56ab 41.56ab CV % 21.5 18.7 15 17.9 LSD 9.42 10.48 10.29 10.63 F-test ** * * * 
CV: Coefficient of variation; LSD: Least significant difference; *Significant at 5% level of significance, **Significant 
at 1% level of significance; Means within a column that share the same letter are not significantly different at the 
5% level. 

This observation concurs with the findings of Nwofia et al. (2015), underscoring the growth-enhancing attributes of bioactive constituents present in vermicompost. 
The yield of cucumber was measured after harvesting the matured fruit. The highest yield, 
at 17.53 metric tons per hectare (Mt/ha), was achieved with the application of ver-
micompost, while the lowest yield was observed under control conditions, at 6.09 Mt/ha, 
as presented in Table 9. Similar results when applying vermicompost were reported by 
Kumar et al.  (2018),  Alhasnawi et al., (2020) 
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Table 9. Response of organic and inorganic fertilizers on yield of cucumber (Cucumis sativus) at Tulsipur, Dang, Nepal, 2022 Treatments Yield per ha Control 6.09d Recommended dose of FYM 14.00b Recommended dose of vermicompost 17.53a Normal NPK dose 7.72d Normal NPK dose + 0.5 % Boron 11.35c Normal NPK dose + 0.5 % Calcium 8.66d Normal NPK dose + 0.5 % Calbomin 7.28d 
CV % 14.1 
LSD 2.56
F-test **

CV: Coefficient of variation; LSD: Least significant difference; **Significant at 1% level of significance; Means 
within a column that share the same letter are not significantly different at the 5% level. 

CONCLUSIONS Based on the findings of the present study, it is concluded that cucumber yield has exhibited a remarkable response to the application of T3 (dose of vermicompost), yielding values of exceedingly high significance. The highest recorded yield reached a staggering 17.53 metric tons per hectare, while the lowest yield was observed in the control condition, registering at 6.09 metric tons per hectare. Likewise, the application of T2 (dose of FYM) has demonstrated a substantial response in terms of growth parameters. 
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ABSTRACT  

Seaweed-based biostimulants have the potential to stimulate the growth and 
development of young plants and increase plant resistance to stress induced by 
abiotic factors, such as drought or high temperatures, due to their rich content in 
macro and microelements, in phytohormones and in plant essential aminoacids. In 
the present experience, we aimed to study the influence of some foliar treatments 
with seaweed biostimulators on fruit weight, number of fruits per plant and 
eggplant yield. For the treatments, three seaweed-based biostimulators were used, 
Agrocean B, Auxi 4C and Kelpak, each product containing a different species of 
seaweed (Laminaria digitata (Huds.) Lamour., Ascophyllum nodosum (L.) Le Jolis. 
and Ecklonia maxima (Osbeck) Papenfuss). The treatments with the product 
Agrocean B (Laminaria digitata (Huds.) Lamour.) determined a 46.60% increase in 
production, compared to the untreated variant. Significant increases were also 
caused by treatments with the product Kelpak (Ecklonia maxima (Osbeck) 
Papenfuss), which led to a 32.37% higher yield.   

Keywords: biostimulants, eggplant, seaweed, yield, fruit weight 

INTRODUCTION Eggplant (Solanum melongena L.) have become, in the last 50-60 years, more and more well-known in Romania, due to the high preferences of consumers, as well as the fact that this species finds favorable conditions for cultivation, both in the field, as well as in protected spaces, which ensures good economic efficiency. In the open field, it is recommended to place crops in the southern part of our country. Eggplant is a nitrogen and potassium loving species (Munteanu, 2003; Stan et al., 2003, Tudor et al., 2009), being at the same time affected by magnesium (Munteanu, 2003), iron, boron and molybdenum (Tudor et al., 2009) deficiencies. The specific consumption of eggplant is 6-7 kg N, 1-1.5 kg P2O5, 6-7.5 kg K2O, 0.2-0.5 kg CaO and 0.6-0.8 kg MgO, for the formation a ton of fruit (Apahidean and Apahidean, 2001; Tudor et al., 2009). In general, it is recommended to make a basic fertilization, by incorporating into the soil by plowing, with 40-60 t/ha of fermented manure (Munteanu, 2003; Voican et al., 2006). Two or three foliar fertilizations can be carried out, after the appearance of flower buds, to complete the required nutrients 
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(Munteanu, 2003). One of the main advantages of foliar fertilization is the ease with which nutrients are metabolized, unlike fertilization applied in the soil (Fageria et al., 2009). The transition to an ecological, sustainable agriculture with minimal negative impact on the environment is very topical. Biostimulants based on seaweed can be used successfully because they are rich in organic substances, micronutrients, aminoacids and phytohormones (Battacharyya et al., 2015; Crouch and Van Staden, 1993; Trinchera et al., 2014; Verkleij, 1992). Some species of seaweed also have antibacterial, antifungal, antiviral or even antinematodic and insecticidal effects (Hamed et al., 2018). The most common form of presentation of this type of biostimulants is the seaweed extract (Battacharyya et al., 2015). Some studies indicate the potential of obtaining favorable results through the use of seaweed-based biostimulants in eggplant, which determined the increase in plant height, leaf area, number of fruits and fruit size, both in field culture (Abd El-Gawad and Osman, 2014), as well as in protected spaces (Khazaal and Rashed, 2018).    
Laminaria digitata (Huds.) Lamour., Ascophyllum nodosum (L.) Le Jolis (Blanco-Pascual et 
al., 2014) and Ecklonia maxima (Osbeck) Papenfuss (Stirk et al., 2014) are three species of brown seaweed, and which are included in the composition of some commercial biostimulants.   There are few studies on the influence of biostimulators with seaweed from the Laminaria 
digitata (Huds.) Lamour. species. The use of this species in combination with Ascophyllum 
nodosum (L.) Le Jolis led to the reduction of the stress caused by the lack of water in tomatoes (Campobenedetto et al., 2021). Biostimulants based on Ascophyllum nodosum (L.) Le Jolis were among the most studied in horticultural research. Positive results were obtained regarding the use of this seaweed at pepper yield (Eris et al., 1995), at tomatoes yield (Ali et al., 2016). It was found that treatments based on Ascophyllum nodosum (L.) Le Jolis can improve the quality of eggplant fruits, by improving the content of sugars and anthocyanins (Pohl et al., 2019, a) and have a positive influence in stimulating flowering (Pohl et al., 2019, b). Studies with biostimulants based on Ecklonia maxima (Osbeck) Papenfuss have shown that their use can cause a significant increase in tomato yield (Cozzolino et al., 2021). 
MATERIALS AND METHODS  The present experience was carried out at Research and Development Institute for Vegetable and Flower Growing Vidra, Romania, Ilfov county.  There was studied the influence on the eggplant yield of some types of biostimulants based on seaweed. Three seaweed-based products were used for the foliar treatments. Each of the products contains a different species of seaweed. The product Agrocean B is based on Laminaria digitata (Huds.) Lamour.  extract. The composition of Auxi 4C is based on Ascophyllum nodosum (L.) Le Jolis, and the product Kelpak - on Ecklonia maxima (Osbeck) Papenfuss.  As biological material was used the eggplant variety Luiza.  The experimental variants and the treatments applied to them are shown in Table 1. 

Table 1. Commercial products, concentration used and time between treatments Experimental variant Products Concentration in water solution Number of foliar treatments V1 Untreated - three treatments at an interval of 10 days V2 Agrocean B 2 mL / L V3 Auxi 4C 2 mL / L V4 Kelpak 2 mL / L 
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The experimental variants were placed in the field according to the experimental technique, in three replications, in randomized plots. The surface of an experimental plot was 21 m2. The variants were placed on mulched ground, two rows per furrow. The distance between rows was 70 cm, and the distance between plants was 40 cm. Phytosanitary treatments were carried out depending on the attack and the warning bulletins issued by the competent authorities, in the concentrations specified for each individual product, being applied in the same way to all variants. The harvesting of the fruits was carried out in stages, when the fruits reached technological maturity. The fruits were then weighed, making the following measurements: - the number of fruits per plant; - the average weight of a fruit; - yield per hectar. The statistical analysis of treatment results was processed by the variance analysis method. 
RESULTS AND DISCUSSIONS  Eggplants responded differently to treatments based on flowering stimulators. Some treatments caused yield significant increases.  Table 2 shows the influence of different applied biostimulants on the number of fruits per plant.  

Table 2. The number of eggplant fruits per plant, depending on the biostimulants used 
The variant Biostimulants used Medium value (number of fruits) 

The difference in percentages compared to the control 
Difference compared to control Meaning 

V1 Untreated 3.04 100.00 0.00 Control V2 Agrocean B 4.13 136.16 1.10 ** V3 Auxi 4C 3.30 108.73 0.27 ns V4 Kelpak 3.73 122.98 0.70 *          LSD 5% = 0.6273;   LSD 1% = 0.8795;   LSD 0.1% = 1.2431; (ns = not significant) The number of eggplant fruits per plant was very significantly influenced by the variant in which treatments were applied with the Agrocean B product (V2), a product that contains an extract from the seaweed species Laminaria digitata (Huds.) Lamour.  This variant determined the significant growth with one fruit per plant. Significant differences were also obtained in the case of variant V4, in which were applied treatments with Kelpak product, the composition of which includes seaweed from the 
Ecklonia maxima (Osbeck) Papenfuss. The increases obtained in the case of the V3 variant (Ascophyllum nodosum (L.) Le Jolis) are not significant.  The influence of treatments with seaweed-based biostimulants on the fruit size is another important objective which must be studied. The eggplant fruit quality is directly reflected in the weight. Increasing the number of fruits on the plant can lead to an undesirable decrease in the weight of a fruit, which would affect their quality.  The influence of the treatments on the weight of eggplant fruits is presented in Table 3. The weight of a fruit was not significantly influenced. However, there were increases in the case of all treatment options, between 29.75 and 33.25 grams. The greatest weight gain 
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was obtained in the case of treatments with the Kelpak product (Ecklonia maxima (Osbeck) Papenfuss), but they were not enough to be significant. 
Table 3. The weight of eggplant fruits, depending on the biostimulants used 

The variant Biostimulants used Medium value (g) 
The difference in percentages compared to the control 

Difference compared to control Meaning 
V1 Untreated 307.00 100.00 0.00 Control V2 Agrocean B 330.50 107.65 23.50 ns V3 Auxi 4C 329.75 107.41 22.75 ns V4 Kelpak 333.25 108.55 26.25 ns 

          LSD 5% = 44.8783;   LSD 1% = 62,9202; LSD 0.1% = 88,9327; (ns = not significant) Table 4 shows the influence of some treatments with biostimulants on the eggplant yield per hectare. 
Table 4. The eggplant yield per hectare, depending on the biostimulants used 

The variant Biostimulants used Medium value (t/ha) 
The difference in percentages compared to the control 

Difference compared to control Meaning 
V1 Untreated 37.34 100.00 0.00 Control V2 Agrocean B 54.75 146.60 17.40 ** V3 Auxi 4C 43.47 116.41 6.13 Ns V4 Kelpak 49.43 132.37 12.09 *         LSD 5% = 10.2222;   LSD 1% = 14.3317;   LSD 0.1% = 20.2567; (ns = not significant) Eggplant yield was distinctly significantly influenced by the variant with the Agrocean B biosimulant product (with Laminaria digitata (Huds.) Lamour.) (variant V2) were used for foliar fertilization. This led to important yield increases of 46.60%, meaning 17.40 t/ha. At the same time, significant differences were also obtained in the case of variant V4, in which treatments with Kelpak (with Ecklonia maxima (Osbeck) Papenfuss) were applied, which led to increases of 32.37%, meaning 12.09 t/ha. The V3 variant (Auxi 4C - Ascophyllum nodosum (L.) Le Jolis) determined yield increases of 6.13 t/ha, but these were insufficient to be significant. Although the use of this type of seaweed can increase eggplant yield, different cultivars can have a distinct response, and therefore, not be significantly influenced (Pohl et al., 2019, a). 

CONCLUSIONS  The present study showed that seaweed-based biostimulators can be used successfully in the eggplant fertilization program.  The treatments with Agrocean B (Laminaria digitata (Huds.) Lamour.) and those with Kelpak (Ecklonia maxima (Osbeck) Papenfuss) determined significant increases in eggplant production. Although there were increases in fruit weight in all treatments applied, these were not enough to be significant. 
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Anyway, it is recommended to continue and deepen the studies regarding the use of biostimulators based on seaweed in eggplant fertilization.  
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ABSTRACT 

The paper presents the results analysis of evolution stages on Fruit Growing 
Institution created in 1910 and of the scientific research carried out, as well as the 
contribution of scientists in the development of shrub species cultivation within 
Scientific Research Institute of Fruit Growing, Viticulture and Winemaking in 
Moldova during the 1946 to present, which were involved more than 70% of women 
researchers. The period of 2011-2019, compared with the period of 1974-1989 the 
average of strawberry harvest increased by 67.98% and average weight of berry by 
60.84%. The average of blackcurrant harvest increased by 53.73%, the berry weight 
- by 20.0%. The average raspberry harvest increased by 78.31%, the berry weight 
by 4.17%. The average of gooseberry harvest increased by 85.4%, while the average 
of berry weight decreased by 19.4%. 

Keywords: agricultural sciences, shrub species, cultivars, productions, Republic of Moldova. 
INTRODUCTION Fruit bushes are small plants, that are distinguished by early fruiting, easy reproduction, high and regular productions, relatively safe adaptation to development conditions, and cultivation technology. They are the first to open the supply season with dietary produce, which has unlimited demand among the population. The high yield, and ecological plasticity, selected by mechanization cultivation technologies, create advantageous conditions from an economic point of view for the cultivation of shrub species both in large industrial plantations and on small producers (Cazacov, 2009).The cultivars of fruit bushes, although they are propagated vegetative and have a relatively stable heredity, still show a certain degree of ecological plasticity, they can adapt to some extent to environmental conditions somewhat different from those for which they were created. The further these conditions are from those needed by the cultivar, the less satisfactory the results will be. The cultivation area must be chosen according to the cultivar's requirements, the same cultivar can give very good results in some regions, and poor in others (Cepoiu et al., 1996).  The favorable natural conditions, the centuries-old traditions of cultivating strawberries and fruit bushes, the economic and social importance, and the export of fruits and products derived from them have defined fruit growing as one of the main branches of agriculture in the Republic of Moldova (Sava, 2012). Cultivars of shrub species, in addition must meet the requirements of the market in terms of quality, must also be productive, having different cultural technologies compared to fruit trees. Shrub culture, although it 
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requires considerable investment, brings substantial incomes (Sava, 2016), already from the first years after the investment.  The scientific-practical research carried out by scientists throughout the development period of shrub crops, as well as today, allowed the creation of cultivars with different qualities and destinations, cultivation techniques, and technologies, based on which these precious crops became profitable, being extremely demanded by consumers due to its qualities. 
MATERIAL AND METHOD The study includes the analysis of the stages of evolution since the creation of the Fruit Growing Research Institute in 1910, of the Scientific-Practical Research carried out and the contribution of scientists in the development of fruit growing, especially in the direction of fruit-bearing shrubs within the Institute of Scientific Research in Fruit Growing, Viticulture and Winemaking in Moldova during the years 1946 to the present. The results obtained as a result of the scientific research carried out during the development of the field of cultivation of shrub species during the years 1946-1989 by the scientists from the Selection and Improvement of fruit and shrub crops section, and the Fruit Shrubs group from the Nursery section were analyzed comparatively over 700 cultivars of 4 shrub species: strawberry, raspberry, currant, gooseberry (Dushutina, 1946-1964; Maciucova, 1958-1974; Policarpova, 1958-1989). Starting from 1984 to present in the Small Fruits Laboratory on scientific and practical research has been carried out, the study of over 150 cultivars of 14  species of shrubs (strawberry, raspberry, black currant, red currant, white currant, josta, aronia, blackberry, gooseberry, seabuckthorn, blueberry, rose hip, chokeberry, viburnum, honeysuckle), (Sava, 1982-2023; Caterenciuc, 2011-2023; Rusnac, 2011-2023; Gherasimova, 2013-2022 ) have led to the developing of cultivation technologies. 
RESULTS AND DISCUSSION Horticultural research in Moldova began with the creation of the Plantation, Viticulture and Winemaking Station in 1910 on the territory of the Costiujeni estate, Chisinau district (fig. 1), which, starting in 1906, had a well-thought-out period of preparation and restructuring for the creation of the demonstration field experimentally (fig. 1).  As a result of various agrarian reforms, the Institution created for horticultural research and implementation, later evolved, operating under different names and forms, but which in fact was the basic pillar in the development of horticulture for the Republic of Moldova. In addition to the Research Institution developed during the Soviet period, there was an experimental field for the implementation of the results of scientific research obtained in fruit growing and viticulture. It also owned a wine factory, where winemaking research was carried out, a section for experimenting with fruit preservation and processing methods, as well as a professional school for rapid training and qualification of fruit and viticulture workers. The development of agriculture in step with technological progress and the continuous growth of the market's requirements for quality agricultural production imposed the approach of the problem from a scientific point of view. The promotion and spread of the precious shrub species, economically profitable for producers and highly demanded by consumers, due to its phyto-therapeutic properties. The research carried out to study and appreciate the native assortment, as well as the new performing cultivars introduced from abroad, which did not always adapt to the soil and climate conditions in our country, which were different from those for which they were 
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created, oriented the horticultural research towards the creation of new local cultivars of strawberry and fruit bushes. These new cultivars had to combine qualities and destinations, cultivation techniques and technologies, which would be the most favorable for the conditions of our country. In 1946, a collection was established for the study of 40 strawberry cultivars brought from different regions abroad of our country. In the study carried out by Dushutina (1961), the cultivars 'Moldovanca' (local cultivar) and 'Comsomolca' (cultivar created at the experimental fruit growing station in Moscow) were highlighted. These strawberry cultivars were among the most widespread cultivars in that period (50s-60s), and the 'Moldovanca' cultivar occupied over 50% of cultivated areas in Moldova (Condratiev, 1962). As part of the research carried out on the improvement of cultivars of shrub species during the period 1956-1962, the 5 strawberry cultivars were created and described by Dushutina (1962): Mergeli (fig. 1 a), 'Frumushica', 'Orighinalinaia', 'Kishiniovscaia' and the native vcultivar 'Moldovanca' was selected. A clone of a western European raspberry cultivar of unknown origin was also selected, which acclimatized to the conditions of Moldova and was called Kishiniovscaia (tabl.1) shown in fig. 1 b (Duşutina, 1962; 1966).  

 a                                                                           b Fig.1. Cultivars of shrub crops created at the Institute: a) photo of the appearance of the strawberry 'Mergeli' cv.; b) photo of the raspberry 'Kishiniovscaia' cv.   
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Table 1. Strawberry and raspberry cultivars created in Moldova Species and cultivar Author name, year of creation Year and publication Strawberry:  Moldovanca-local clone Duşutina, K.K., 1946 Duşutina, K.K.  Novie dlia Moldavii sorta iagodnih culitur. Chişinău, 1962, 12 p. Strawberry:  Mergeli(Moldovannca x Misovca) Duşutina, K.K., 1953 Duşutina, K.K (1962).  Author certificate nr.307 din 06.12.1965 Strawberry:  Frumushica (Moldovannca x Poydniaia iz Zagoria) Duşutina, K.K., 1953 Duşutina, K.K (1962).  Author certificate nr.257 din 09.11.1965 Strawberry:  Orighinalinaia (Moldovannca x Crasavitsa Zagoria) Duşutina, K.K., 1953 Duşutina, K.K (1962).  Author certificate nr.306 din 06.12.1965  Strawberry:  Kishiniovscaia (Moldovannca x Crasavitsa Zagoria)  Duşutina, K.K., 1953 Duşutina, K.K. Novie dlia Moldavii sorta iagodnih culitur. Chişinău, 1962, 12 p.  Raspberry : Kishiniovscaia – local clone  Duşutina, K.K., 1958 Duşutina, K.K.  Novie dlia Moldavii sorta iagodnih culitur. Chişinău, 1962, 12 p. 
At the same time, they were studied and appreciated over 300 cultivars of strawberry and raspberry (Dushutina, 1961, 1962, 1966), over 200 cultivars of raspberry, currant, gooseberry (Masiucova, 1967); over 200 cultivars of strawberry, raspberry, currant, gooseberry (Policarpova, 1989); over 180 cultivars of shrub species (Parascovia Sava, 2003, 2012, 2015, 2016, 2019, 2021; Sava, Gherasimova, 2020; Rusnac and Sava, 2020; Caterenciuc and Sava, 2020; Sava and Caraman, 2022), the results of which had an important contribution to the development of this sector. The number of types of shrub species studied by our scientists in the framework of the research carried out during the development periods of the institute to identify the adaptable and productive ones for the new cultivation conditions were shown in fig. 2. According to the data included in fig. 2 during the years 1958-1964, the most cultivars of shrub crops were studied (250 cultivars), and the fewest during the years 1964-1974 (63 cultivars). As a result of the analysis of the research carried out for 76 years, it was established that this period was divided into two parts of 38 years each (fig. 3): the period up to the creation of the laboratory in the years 1946-1984 and the period within the laboratory in the years 1985-2022. 
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Figure 2. The number of shrub cultivar studied by the scientists on the Institute during the research  period 1946-2022.  

 
Figure 3. Species and cultivars of strawberry and fruit bushes studied in different periods of research for 38 years by the scientists of the Institute.  In the first period (years 1946-1984), 616 cultivars were studied in 4 species of shrub crops such as: strawberry, black currant, raspberry and gooseberry. In the second period (years 1985-2022); 183 cultivars were studied in 14 species of shrub crops such as: strawberry, raspberry, black currant, red currant, white currant, gooseberry, blackberry, seabuckthorn, blueberry, chokeberry, rose ship, viburnum, honeysuckle and josta. Within 
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the Fruit Shrubs group in the Fruit Nursery section, during the years 1974-1989, research was carried out by Policarpova (2015) on the following species: strawberry, blackcurrant, raspberry and gooseberry. The most widespread and cultivated shrub species in that period were strawberry and raspberry. In strawberry culture, 5 cultivars were distributed, 'Melitopoliscaia aromatnaia', 'Kuliver', 'Festivalinaia', 'Talisman', 'Senga Sengana' and 8 perspective cultivars: 'Pakahontas', 'Lvovscaia raniaia', 'Gorella', 'Kembrige Favorit', 'Red Gauntlet', 'Ada', 'Neiscerpaemaia', 'Sahalinscaia'. The raspberry culture in the catalog was present with two district cultivars: Latham, Fenix. At the same time, 10 perspective cultivars were included: 'Malling promiss', 'Malling juwel', 'Barnaulscaia', 'Novokitaevscaia', 'Taganka', 'Babie leto', 'Maroseica', 'Sputnitsa', 'Balzam', 'Scromnitsa', 'Brigantina'.  The blackcurrant was included in the Catalog with 5 district cultivars: 'Raniaia desertnaia', 'Golubca', 'Cercaşceanka', 'Altaiscaia desertnaia', 'Iunkor' and with 11 perspective cultivars: 'Seianets golubki', 'Ciornoglazaia', 'Minai Şhmariov', 'Beloruscaia sladcaia', 'Dicovinca', 'Liubimitsa Altaia', 'Pamiati Jucicovu', 'Izmailovskaia', 'Pushistaia', 'Krasa Altaia'. The assortment of red currants was not determined, but the cultivars: 'Ścedraia', 'Ciulcovscaia', 'Red cross', 'Holland red', 'Varshevicea' and of white currants: 'White Versailles', 'Smolianinovscaia' presented interest. The gooseberry assortment was not established, because it was cultivated only on small areas, in private households. Thus, in gooseberry culture, the following cultivars were of interest: 'Angliischii zelionai', 'Moscovschii crasnai', 'Capitan', 'Coloboc', 'Angliiskii joltai', 'Smena', 'Ruskii', 'Finic', 'Orlionoc', 'Iubileinâi', 'Malahit'.  The research carried out and the experience accumulated during the years 1982-2022 within the Fruit Shrubs group of the Fruit Tree Nursery section and the Fruit Shrubs and Strawberry laboratory within the research institute allowed the doctoral theses to be defended in 2003 on the topic: "Gooseberry productivity in depending on the cultivar and planting distance" and a qualified doctor in agricultural sciences in 2019 on the topic. Increasing the gooseberry and raspberry productivity in intensive culture by selecting cultivars and improving the structure of plantations (Sava, 2003; 2019). Scientific research related to the creation of new cultivars of strawberry and fruit bushes better performing than the existing ones, with large, qualitative fruits and increased harvests, has essentially evolved from one stage to another. In the past, breeders and producers were satisfied with the average fruit mass of strawberry 10-20 g, raspberry, blackberry, gooseberry 2.0 g. Nowadays it has become possible to obtain cultivars with the mass of strawberry fruit 40-50 g, raspberry, blackberry, gooseberry of 5-6-8 g, and the cultivars with the biggest fruits even reach 12-15 g (Masiucova, 1967).  The mass of the berries is an important indicator of the value of the cultivar and the commercial aspect of the crop. However, the mass of berries in one and the same cultivar is not constant and varies depending on the growing conditions, the amount of the harvest, the place of cultivation, weather conditions, etc. It was established that among the studied strawberry cultivars with very large berries (average mass over 12 g) were: 'Alba', 'Vaybrant', 'Cupid', 'Mathis', 'Hanoiye', 'Elsanta', which significantly exceeded the standard 'Senga-Sengana' cv.  with an average berry mass of 10.3 g (Novic, Clactscaia, 2021). The analysis of the average mass of the fruits and the average harvest obtained in the cultivated cultivars of strawberry and fruit bushes during the years 1974-1989 is shown in figure 4. 
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Figure 4. Berry weight average and harvest average of strawberry, blackcurrant, raspberry, gooseberry in the period of the years 1974-1989 
 According to the data included in fig. 4 among the shrub species studied, the highest fruit yield was obtained for strawberry, which reached 6.5 t/ha, and the lowest for gooseberry with 1.4 t/ha. The highest average mass of the fruits was obtained in strawberry reached 7.3 g, and the lowest in black currant - 0.8 g (Policarpova, 1989). The analysis of the average mass of the fruits and the average harvest obtained in the cultivated cultivars of strawberry and fruit bushes during the years 2011-2019 is presented in fig.5.  

 
Figure 5. The berry weight average and the harvest average of strawberry, blackcurrant, raspberry,  gooseberry, blackberry during years 2011-2019  According to the data included in fig. 5, the highest average yield is obtained for strawberry (22.8 t/ha), and the lowest for blackcurrant and blackberry (6.7 and 6.4 t/ha). The berries with the highest average mass were obtained from strawberry (16.6 g), and the lowest (1.0 g) from black currant (Sava, 2021).  In the studied periods of the years 1974-1989 and 2011-2019, the mass of fruits and the amount of harvest in strawberry, blackcurrant and raspberry evolved positively creating 
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cultivars with better and more productive qualities depending on the adaptation capacity of the cultivars and shrub species. At the same time, more diseases and pests developed and appeared, the climatic conditions became more changeable, negatively influencing the plants. Analyzing the accumulated data on the studied cultivars of shrub crops in the periods of the years (1974-1989 and 2011-2019) we established that, compared to the first period, the strawberry fruit mass increased by 67.98%, and the harvest by 60.84%. The mass of currant fruits increased by 20.0%, and the harvest by 53.73%. The mass of raspberry fruits increased by 4.17%, and the harvest increased by 78.31%. While the mass of gooseberry fruits decreased by 19.4%, and the harvest increased by 85.4%, the cultivars becoming more productive, but with smaller fruits.  Between 2000 and 2015, the research were oriented towards the study in the central area of the Republic of Moldova on the phenological, biochemical, growth, development and fruiting indices of the cultivars introduced by: raspberry-20, gooseberry-29, mulberry-4, dogwood-3, sea buckthorn-5, blueberry-28 cultivars. The planting distances studied for raspberry are 2.5-3.0 x 0.5 m, for gooseberry and currant 2.5-1.5 x 0.75-1.0 m, for blackberry 2.5-3, 0 x 1.0-1.5 m, in heather, chokeberry, sea buckthorn 3-4 x 2-2.5 m, (Sava, 2016). As a result of the research, it was found that most of the shrubs species studied: raspberry (Rubus Idaeus), black currant (Ribes nigrum), red currant (Ribes rubrum) and white currant, gooseberry (Ribes Grossularia L.), Josta (Ribes x nidigrolaria), mulberry (Rubus caesius L.), white sea buckthorn (Hippophae rhamnoides L.), blue honeysuckle (Lonicera camciatscaia), blueberry (Vaccinium corrymbossum L.), dogwood (Viburnum opulus L.), chokeberry (Aronia melanocarpa Elliott), rosehip (Rosa rugosa Thnb) have an early vegetation start, which coincides with March, flowering - takes place in April, and ripening in June-July; The earliest species is the honeysuckle whose vegetation begins between 03.03-09.03, flowering takes place between 30.03-26.04, and its fruits are good to harvest already in the second half of May (19-25.05), before the ripening of the strawberry fruits; The raspberry has a later start of vegetation (09.-21.04), it blooms during May with the beginning of ripening in June. Everbearing raspberry cultivars start flowering in July and ripen in August; The blackberry has the latest start in vegetation (24.04-04.05), with the latest flowering, 18.05-04.06, a fact that allows the plants, and especially the flowers, to overcome the danger of being affected by the late spring frosts, and the ripening being staggered, with beginning in July lasts up to 30-40 days (Sava et al., 2022). The productivity of the sea buckthorn cultivars ('Otradnaia', 'Botanicescaia', 
'Trofimovscaia', 'Podaroc sadu') studied during the years 2015-2018 varied between 5.1-15.00 t/ha, and the weight of the fruits oscillated between 0.42-0.7 g.  In 2017, the highest harvest was obtained with the 'Otradnaia' cv., and the largest fruits with the 'Podaroc sadu' cultivar (Sava, and Gherasimova, 2020). As a result of the study of mulberry cultivars ('Darrow', 'Smoothstem', 'Thornfree') during the years 2015-2018, it was determined that their harvest varied between 3.4-6.7 t/ha, and the weight of the fruits oscillated between 3.0-5, 1 g In 2018, the highest harvest and the largest fruits were obtained for the 
'Thornfree' genotype (Caterenciuc and Sava, 2020). The research carried out regarding the fruit production obtained depending on the species, allowed us to establish that the gooseberry harvest varied between 7.36-11.9 t/ha, at Josta between 4.7-8.2 t/ha, at black currant between 4.3-8.1 t/ha, red currant between 4.3-8.5 t/ha, and white currant between 3.7-7.8 t/ha. In the conditions of a favorable year, 2015, the highest harvests were obtained for black currant - 8.1 t/ha; in 2016 gooseberry - 11.8 t/ha, Josta - 8.2 t/ha, red currant - 8.5 t/ha, white currant - 8.2 t/ha. (Sava, Caraman, 2022). The research carried out during the years 2000-2010 on the summer bearing raspberry culture allowed us to establish that the most productive cultivars with an average harvest between 9.3–
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10.3 t/ha are: The 'Latham', 'Rubin', 'Kirjaci, 'Delbard Magnific', and for the everbearing genotypes: 'Polana', 'Autumn Bliss' with a yield of 16.2-18.7 t/ha. The average weight of the fruits in summer bearing cultivars varied between 2.7-3.1 g, and on everbearing cultivars between 1.7-3.1 g. In raspberry plantations, which exceed the exploitation period of 8-9 years, the growth and development processes of the plants, the photosynthetic activity, the harvest and its quality are reduced, and as a result they are no longer efficient to be maintained (Sava, 2016).  
CONCLUSIONS The scientific research carried out at the Institute of Scientific Research in Fruit, Viticulture and Winemaking from Moldova under the conditions of the Republic of Moldova (currently IP IŞPHTA) during the years 1946-2022 by the predecessor scientists and the current researchers have contributed essentially to the development of the planting material production sector and strawberry fruits and fruit bushes through: The creation and development of the fruit tree research base, of the shrub crops direction starting from the period of 1946 until now; 

 The study of 616 cultivars (4 species) of strawberry, blackcurrant, raspberry and gooseberry to identify the most productive and qualitative ones during the period 1946-1984; 
 Studying during the years 1985-2022 in the laboratory 183 genotypes of 14 species of strawberry and fruit bushes to identify the most productive and qualitative ones; 
 Creation of new autochthonous cultivars of strawberry: 'Mergeli', 'Frumushica', 'Orighinalinaia', 'Kishiniovscaia', ' Moldovanca'; and raspberry - 'Kishiniovscaia'; 
 The improvement and implementation in production of the technologies for the cultivation of strawberries and fruit bushes in the traditional culture, as well as the ecological one; 
 Appreciation of the degree of adaptability, the influence of climate changes, the maintenance conditions of the plants and the influence of the cultivar on productivity; 
 Determination of the average fruit harvest during the years: 1974-1989 varied between 6.5 t/ha (strawberry) and 1.4 t/ha (gooseberry); 2011-2019 varied between 6.7 t/ha (blackcurrant) and 22.8 t/ha (strawberry); 
 Determination of the average mass of fruits during the years: 1974-1989 varied between 0.8 g (blackcurrant) and 7.3 g (strawberry); 2011-2019 varied between 1.0 g (blackcurrant) and 16.6 g (strawberry); 
 Elaboration for producers of recommendations for the application of methods and technological elements aimed at reducing the influence of various factors on shrub species.  
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ABSTRACT 

In Romania, the most used plum rootstock, ‘Mirobalan’ does not any problems 
in terms of graft compatibility and that is why it is widely used. However, it was 
found that this generative rootstock has low compatibility with the ‘Tuleu gras’ cv. 
and with all the plum cultivars obtained from it. In this paper, we study the degree 
of compatibility of 5 plum cultivars (‘Andreea’, ‘Pitestean’, ‘Romanța’, ‘Čačanska 
Lepotiča’, ‘Jojo’) with 7 Romanian rootstocks (‘Adaptabil’, ‘Mirobolan dwarf’, 
‘Mirodad 1’, ‘Mirodad 2’, ‘Redutabil’, ‘BN-4Kr’ and ‘B 83/8’). The evaluation of graft 
compatibility of these cultivar-rootstock combinations was made through two 
indices: morphological thickness index of the grafting area (IMÎZA - as a result of the 
ratio between the surfaces section of the scion, rootstock and grafting union) and 
anatomical similarity index of the symbionts (IMAAtS) calculated based on the 
number and diameter of the woody vessels in the scion, rootstock and graft union. 
Following the measurements, very significant results were obtained, which can 
explain the degree of affinity between cultivars and rootstocks. The morphological 
thickness index of the grafting area had values above 0.300, which indicates good 
and very good graft compatibility in most of the cultivar-rootstock combinations 
studied, with the exception of the association with ‘Redutabil’ rootstock which have 
values below 0.300, and the thickness differences between scion, rootstock and 
graft union were very large, indicating a low level of compatibility between the 
cultivars studied and this rootstock. The anatomical similarity index of the 
symbionts had values close to 1, indicating good and very good compatibility. The 
exception was the combinations of cultivars with the ‘Redutabil’ rootstock, the 
anatomical similarity index of the symbionts having values below 1. 

Keywords: cultivar, rootstock, compatibility, morphological thickness index, anatomical similarity index. 
INTRODUCTION In Romania, plums are the main types of fruit crops, occupying an area of 66.730 hectares and producing 807.170 tons of fruit (Butac et al., 2014; Butac et al., 2015; Coman et al., 2012; Data FAO, 2023). The most popular rootstock in most European countries is ‘Myrobalan’ seedling (Prunus 
cerasifera), which has some disadvantages: large tree vigor, sensitivity to Plum Pox Virus, incompatibility with some cultivars (e.g. ‘Tuleu gras’ and its progenies), late bearing and 
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intensive suckering (Blažec and Pištěková, 2009. 2012; Butac et al., 2016; Kaufmane et al., 2007; Sosna, 2002).  According to different authors (Errea et al., 2001; Mladin et al., 2006; Zarrouk et al., 2006; Zlati, 2009; Zlati et al., 2007, 2009; Dogra et al., 2018) the compatibility / incompatibility between rootstock and cultivar is a limiting factor for orchard performance and longevity.  The mechanism of graft incompatibility is not yet fully understood. Much research has been carried out in this direction to understand the mechanisms of graft development.   Graft incompatibility can be determined by genetic, anatomical, physiological and biochemical factors but also by external factors such as temperature, water, soil and pathogens. Symptoms of incompatibility may appear in the first year after grafting or later, after several years in the orchard and can lead to major economic losses (Asanică, 2012; Dogra et al., 2018; Rasool et al., 2020; Arghavan et al., 2022).  Two types of incompatibility are recognized: translocated and localized graft incompatibility (Asănică, 2006, 2012; Dogra et al., 2018). The first type of incompatibility is usually expressed in the nursery, in the first year after grafting as growth cessation, yellowed foliage, fragility and breakage of the graft union and has been associated with biochemical and functional alterations at the graft union due to carbohydrate blockage at the scion, above the graft union (Monig et al., 1988; Asănică, 2006, 2012; Dogra et al., 2018; Zamfirescu, 2022). The second type of incompatibility is characterized by anatomical irregularities at the graft union which induce mechanical weakness in the union area (interruption in vascular and cambial continuity of undifferentiated parenchyma and poor vascular connections) (Mladin et al., 2006; Zlati et al., 2007, 2009; Koepke and Dhingra, 2013; Dogra et al., 2018). This type of incompatibility appears in the orchard after several years. To avoid the occurrence of graft incompatibility in the orchard there are different possibilities of early detection.   The aim of this paper was to determine graft compatibility of 5 plum cultivars (‘Andreea’, ‘Pitestean’, ‘Romanța’, ‘Čačanska Lepotiča’, ‘Jojo’) with 7 Romanian rootstocks (‘Adaptabil’, ‘Mirobolan dwarf’, ‘Mirodad 1’, ‘Mirodad 2’, ‘Redutabil’, ‘BN-4Kr’ and ‘B 83/8’) using anatomo-morphological indices for early detection, from the nursing phase, of incompatible cultivar-rootstock combinations to the plum species. 
MATERIALS AND METHODS The research was carried out within the Propagation Laboratory in the second field of the nursery, between 2020-2022 periods. 5 Romanian and foreign cultivars (‘Andreea’, ‘Piteștean’, ‘Romanța’ – Romanian cultivars, ‘Čačanska Lepotiča’ – Serbian origin, ‘Jojo’ – German origin) grafted on 7 Romanian vegetative and generative rootstocks (‘Adaptabil’, ‘Mirobolan dwarf’, ‘Mirodad 1’, ‘Mirodad 2’, ‘Redutabil’, ‘B 83/8’ – vegetative rootstock and ‘BN-4Kr’ – generative rootstock) were studied. The experimental plot comprises 3 trees of each combination cultivar - rootstock in 3 replications. In order to highlight the differences of vigor between the partners, the diameter of the stem was determined 5 cm upper and under the graft union, as well as on the contact graft area between symbionts. The difference of thickness between the symbionts was determined by the calculation of the surfaces section of the scion (SSTA), rootstock (SSTPA) and the graft union (SSTZÎ), by applying the formula: SST = (D/2) 2 x 3.14, in which SST = surface section of stem (cm2); D = diameter of stem (cm). After performing the three measurements, the morphological thickness index of the grafting area (IMÎZA) was calculated as the result of the ratio between the surfaces section of the scion, rootstock and graft union (Mladin et al., 2006). - IMÎZA = SSTA/SSTPA/SSTZÎ. 
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When this index has values higher than 0.330, combinations cultivar-rootstock has very good compatibility – type A; when the index is between 0.300 – 0.330 the compatibility is good – type B and when the index is under 0.300 – the compatibility is poor – type C (Mladin et al., 2006). In order to carry out some anatomical and morphological evaluations from the grafted trees removed from the nursery, biological samples were taken, respectively 4-5 cm stem fragments from the graft union and then fixed in ethylic alcohol 70o. After that, transversal and longitudinal sections were made through the graft union with the microtome. On transversal micro sections, microscope observations were made regarding: the number and diameter of woody vessels in the scion at 5 cm upper the graft union, in the rootstock at 5 cm under the graft union as well as on the joining point. Also, on longitudinal micro sections were made observations concerning the continuity and orientation of the xylem vessels through the joining point; the way of arrangement of the vessels - if they are linear or if they present involution and sinuous aspect, if xylem fascicle is continuous or interrupted in the joining point, if the parenchyma cells are differentiated or not (asymmetrical cells or their complete lack). After these measurements and observations, the anatomical similarity index of the symbionts (IMAATS) was calculated, applying the following formula (Mladin et al., 2006): - IMAAtS = [(N.v.a/N.v.pa + N.v.a/N.v.zî + N.v.pa/N.v.zî)/3] / [(Ø.v.a/Ø.v.pa + Ø.v.a/Ø.v.zî + Ø.v.pa/Ø.v.zî)/3], in which: - IAAtS = anatomical similarity index of the symbionts; - N.v.a. = number of woody vessels at 5 cm upper the joining point; - N.v.pa = number of woody vessels at 5 cm under the joining point; - N.v.zî = number of woody vessels on the joining point; - Ø.v.a. = diameter of woody vessels at 5 cm upper the joining point; - Ø.v.pa = diameter of woody vessels at 5 cm under the joining point; - Ø.v.zî = diameter of woody vessels on the joining point. When this index has a value 1 or close to 1, the graft compatibility is good and very good (Mladin et al., 2006). The data were statistically interpreted with the SPSS 14.0 program, which uses the Duncan test (multiple t-tests) at a 0.05 level of probability.  
RESULTS AND DISCUSSION  
Morphological thickness index of the grafting area After the measures, very significant results have been obtained, which can explain the degree of affinity between cultivars and rootstocks. In all cultivar-rootstock combinations, it was found that the surface section of the scion at 5 cm upper the graft union was smaller than under the graft union and on the joining point. If the value of the stem section in the graft union of symbionts is farther than the values of the stem section at 5 cm upper and under the graft union of symbionts the graft compatibility of the combination is lower. The morphological thickness index of the grafting on all 5 plum cultivars associated with the ‘Redutabil’ rootstock had low value (below 0.300), and the differences between the surface section of the scion and the surface section of the rootstock were very large, which indicates a low level of compatibility (Table 1).  When the plum cultivars were grafted on ‘Redutabil’ rootstock, the values of the morphological thickness index of grafting area varied from 0.255 to the ‘Andreea/Redutabil’ combination to 0.295 to the ‘Romanța/Redutabil’ combination, and the thickness differences between the cultivars and rootstock were between 0.50 cm2 at the ‘Romanța/Redutabil’ combination and 0.79 cm2 at the ‘Piteștean/Redutabil’ combination.  
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If the plum cultivars were associated with the other rootstocks, the morphological thickness index of the grafting area had values over 0.300 which indicates a good and very good compatibility (Table 1). 
Table 1. The morphological evaluation of the grafting area at cultivar-rootstock combinations 

Cultivar Rootstock Surface section of stem (cm2) Thickness difference between scion and rootstock (cm2) IMÎZA SSTA SSTPA SSTZÎ 

Andreea 
Mirodad 1 2.17 b 1.86 b 2.51 c 0.31 b 0.341 b Mirodad 2 2.07 b 1.77 bc 2.42 d 0.30 b 0.353 b Mirobolan dwarf 1.94 b 1.58 c 2.32 e 0.36 b 0.351 b Adaptabil 2.66 a 2.35 a 2.92 a 0.31 b 0.303 c Redutabil 2.05 b 1.33 d 2.54 c 0.72 a 0.255 d BN 4 Kr 1.92 b 1.70 bc 2.21 f 0.22 c 0.401 a B 83/8 2.68 a 2.32 a 2.83 b 0.36 b 0.306 c 
Average 2.21 1.84 2.53 0.37 0.330 

Piteștean 
Mirodad 1 2.49 a 2.14 a 2.73 a 0.35 d 0.314 e Mirodad 2 2.40 b 2.06 b 2.70 b 0.34 d 0.318 e Mirobolan dwarf 1.70 f 1.35 f 2.00 e 0.35 d 0.397 a Adaptabil 2.10 c 1.61 c 2.32 c 0.49 b 0.330 d Redutabil 1.96 d 1.17 g 2.31 c 0.79 a 0.258 f BN 4 Kr 1.89 e 1.54 d 2.23 d 0.35 d 0.365 b B 83/8 1.85 e 1.43 e 2.17 e 0.42 c 0.356 c 
Average 2.05 1.61 2.35 0.44 0.334 

Romanța 
Mirodad 1 1.76 a 1.43 b 2.06 a 0.33 bc 0.394 d Mirodad 2 1.65 b 1.33 c 1.97 b 0.32 cd 0.409 b Mirobolan dwarf 1.59 c 1.29c 1.83 d 0.30 e 0.443 b Adaptabil 1.80 a 1.49 a 2.09 a 0.31 de 0.396 cd Redutabil 1.57 c 1.07 d 1.88 c 0.50 a 0.295 e BN 4 Kr 1.34 d 1.00 d 1.90 c 0.34 b 0.393 d B 83/8 1.66 b 1.33 c 1.98  b 0.33 bc 0.405 bc 
Average 1.62 1.27 1.96 0.35 0.391 

Jojo 
Mirodad 1 2.80 b 2.55 b 3.02 a 0.25 d 0.302 c Mirodad 2 2.77 b 2.50 c 3.00 a 0.27 c 0.301 c Mirobolan dwarf 2.24 d 1.93 e 2.61 c 0.31 b 0.330 b Adaptabil 2.86 a 2.60 a 3.03 a 0.26 cd 0.300 c Redutabil 1.40 e 0.81 g 2.00 d 0.59 a 0.289 d BN 4 Kr 1.32 f 1.02 f 1.68 e 0.30 b 0.460 a B 83/8 2.66 c 2.35 d 2.94 b 0.31 b 0.301 c 
Average 2.29 1.96 2.61 0.33 0.326 

Čačanska Lepotiča 
Mirodad 1 1.83 b 1.49 b 2.11 b 0.34 b 0.386 d Mirodad 2 1.68 d 1.35 d 1.99 d 0.33 bc 0.404 c Mirobolan dwarf 1.74 c 1.43 c 2.04 c 0.31 de 0.403 c Adaptabil 2.25 a 1.95 a 2.57 a 0.30 e 0.337 e Redutabil 1.35 f 0.79 f 2.00 d 0.56 a 0.292 f BN 4 Kr 1.26 g 0.93 e 1.65 f 0.33 bc 0.447 a B 83/8 1.63 e 1.31 d 1.95 e 0.32 cd 0.412 b 
Average 1.68 1.32 2.04 0.36 0.383 

*Duncan multiple ranges test. Numbers followed by the same letter within a column are not
significantly different (P≤0.05). 
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Anatomical similarity index of the symbionts One of the theories regarding the causes of the incompatibility phenomenon suggests that it would be generated by the differences between the number and diameter of the woody vessels in the scion and the rootstock. That is why the anatomo-morphological analysis of the grafting union was performed, correlating the size of the xylem vessels with some anomalies that appear in cultivar-rootstock combinations with a low degree of affinity (Mladin et al., 2006; Zlati, 2009). At the incompatible combinations, discontinuities of the woody vessel, zone of undifferentiated parenchyma tissue between cultivars and rootstocks, and in some cases necrotic parenchyma tissue appear.  At the compatible combinations, the grafting union between cultivars and rootstocks has a satisfactory development, with a completely differentiated woody tissue, but with deviations from the radial structure of the location of the xylem vessels due to the grafting process. Anatomical studies were performed under a microscope with a size unit 7x10 = 70, on micro sections made with microtome. The microscopic analysis of the transversal sections at the cultivar-rootstock combinations studied at 5 cm upper the grafting union, 5 cm under the grafting union and through the grafting union, highlighted a variable number of woody vessels with different diameters from one combination to another (Fig. 1).          Fig. 1. Transversal section at the ‘Piteștean/Adaptabil’ combination  a - upper the grafting union; b - under the grafting union; c - on the grafting union  The number and diameter of the woody vessels were higher under the grafting union than through the grafting union and upper the grafting union at all the combinations studied except the combinations with the ‘Redutabil’ rootstock to which the number and diameter of the woody vessels were higher through the grafting union than under and upper grafting union. The average number of woody vessels was 50.28 vessels in scion with variations from 49.85 (‘Jojo’ cv.) to 49.09 (‘Romanța’ cv.); 49.09 vessels in rootstock ranging from 51.42 (‘Andreea’ cv.) to 50.28 (‘Romanța’ cv.); 49.42 vessels in the grafting area ranging from 50.14 (‘Jojo’ cv.) and 48.66 (‘Andreea’ cv.) (Table 2). The average diameter of the woody vessels was 0.49 µ in scion, 0.52 µ in rootstocks and 0.48 µ in the grafting area, between the cultivar-rootstock combinations being significant differences. The average diameter of the woody vessels varied between 0.49 µ (‘Andreea’, ‘Piteștean’, ‘Romanța’, ‘Čačanska Lepotiča’ cvs.) and 0,48 µ (‘Jojo’ cv.) in scion; 0.52 µ (‘Andreea’, ‘Piteștean’, ‘Romanța’ cvs.) and 0.53 µ (‘Jojo’, ‘Čačanska Lepotiča’ cvs.) in rootstock; 0.47 µ (‘Andreea’ cv.) and 0.48 µ (‘Piteștean’, ‘Romanța’, (‘Jojo’, ‘Čačanska Lepotiča’ cvs.) in grafting union (Table 2). The anatomical similarity index of the grafting area had values close to 1, indicating good and very good compatibility. The exception made the combinations of cultivars with ‘Redutabil’ rootstock, at which this index had values less than 1, respectively 0.70 at 

a b c 
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‘Andreea’ cv., 0.72 at ‘Piteștean’ cv., 0.69 at ‘Romanța’ cv., 0.71 at ‘Čačanska Lepotiča’ cv. and 0.72 at ‘Jojo’ cultivar (Table 2). 
Table 2. The anatomical evaluation of the grafting area at cultivar-rootstock combinations Cultivar Rootstock Number of woody vessel Diameter of woody vessel (µ) IMAAtS SSTA SSTPA SSTZÎ SSTA SSTPA SSTZÎ 

Andreea 
Mirodad 1 50.33 b 52.66 ab 45.00 c 0.48 b 0.50 c 0.46 bc 1.05 a Mirodad 2 51.00 ab 53.66 a 47.33 b 0.50 a 0.52 b 0.49 a 1.04 a Mirobolan dwarf 48.00 b 51.00 b  46.00 c 0.51 a 0.53 b 0.50 a 1.03 a Adaptabil 50.00 b 53.66 a 48.66 b 0.50 a 0.51 bc 0.49 a 1.04 a Redutabil 41.66 c 40.00 c 52.33 a 0.46 c 0.57 a 0.44 c 0.70 c BN 4 Kr 52.33 a 54.00 a 50.00 a 0.48 b 0.50 c 0.46 bc 1.00 b B 83/8 53.00 a 55.00 a 51.33 a 0.49 b 0.51 bc 0.47 b 0.99 b 
Average 49.47 51.42 48.66 0.49 0.52 0.47 0.98 

Piteștean 
Mirodad 1 51.00 ab 52.33 a 46.00 b 0.49 b 0.51 c 0.47 bc 1.03 a Mirodad 2 50.00 b 52.66 a 47.00 b 0.51 a 0.53 b 0.50 a 1.04 a Mirobolan dwarf 49.00 b 52.00 a 47.00 b 0.50 a 0.52 bc 0.51 a 1.06 a Adaptabil 51.00 ab 52.66 a 49.33 ab 0.49 b 0.50 c 0.48 b 1.02 a Redutabil 40.00 c 39.00 b 50.66 a 0.45 c 0.56 a 0.44 c 0.72 c BN 4 Kr 51.33 a 53.00 a 52.00 a 0.49 b 0.51 c 0.47 bc 0.96 b B 83/8 52.00 a 54.00 a 51.00 a 0.50 a 0.52 bc 0.48 b 0.98 b 
Average 49.19 50.81 49.00 0.49 0.52 0.48 0.97 

Romanța 
Mirodad 1 50.33 ab 51.00 b 46.33 c 0.50 a 0.52 c 0.48 b 1.01 a Mirodad 2 51.00 a 51.66 b 48.00b 0.50 a 0.51 d 0.49 b 1.02 a Mirobolan dwarf 49.33 b 51.66 b 48.33 b  0.51 a 0.53 b 0.50 a 1.01 a Adaptabil 50.33 ab 51.33 b 49.66 b 0.50 a 0.52 c 0.49 b 0.98 a Redutabil 39.00 c 38.33 c 51.33 a 0.40 b 0.55 a 0.43 c 0.69 b BN 4 Kr 52.00 a 54.33 a  51.00 a 0.50 a 0.52 c 0.49 b 1.00 a B 83/8 51.66 a 53.66 a 51.33 a 0.50 a 0.52 c 0.49 b 0.99 a 
Average 49.09 50.28 49.42 0.49 0.52 0.48 0.96 

Jojo 
Mirodad 1 51.66 ab 53.00 a 49.00 c 0.50 b 0.52 b 0.49 a 1.01 a Mirodad 2 51.00 b 52.33 b 48.66 c 0.48 c 0.51 b 0.47 b 0.99 a Mirobolan dwarf 50.33 c 51.66 b 49.33 c 0.50 b 0.52 b 0.49 a 0.99 a Adaptabil 51.66 ab 53.00 a 50.33 b 0.50 b 0.53 ab  0.49 a 0.98 a Redutabil 41.00 d 39.33 c 52.00 a  0.40 d 0.55 a 0.45 c 0.72 b BN 4 Kr 52.00 a 53.66 a 51.00 b 0.52 a 0.54 a 0.50 a 0.98 a B 83/8 51.33 b 53.66 a 50.66 b 0.49 b 0.51 b 0.48 b 1.00 a 
Average 49.85 50.95 50.14 0.48 0.53 0.48 0.95 

Čačanska Lepotiča 
Mirodad 1 51.00 a  52.33 b 48.66 b 0.51 a 0.53 a 0.49 a 1.00 a Mirodad 2 51.33 a 52.00 b 48.33 b 0.49 a 0.51 b 0.48 a 1.01 a Mirobolan dwarf 50.00 ab 52.00 b 49.00 b 0.50 a 0.52 b 0.49 a 1.00 a Adaptabil 51.00 a 52.33 b 50.00 a 0.51 a 0.53 a 0.50 a 0.99 a Redutabil 40.00 b 38.00 c 51.00 a 0.41 b 0.54 a 0.44 b 0.71 b BN 4 Kr 51.66 a 53.33 a 51.33 a 0.51 a 0.53 a 0.50 a 0.99 a B 83/8 51.00 a 54.00 a 50.00 a 0.51 a 0.52 b 0.49 a 1.01 a 
Average 49.43 50.57 49.76 0.49 0.53 0.48 0.96 *Duncan multiple ranges test. Numbers followed by the same letter within a column are not

significantly different (P≤0.05). 
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 Microscopic observations on longitudinal sections have shown that besides the combinations of cultivars with ‘Redutabil’ rootstock, signs of incompatibility have also appeared at the ‘Pitestean/Adaptabil’ combination manifested by discontinuities of the woody vessels, the trajectory of wood vessels being sometimes interrupted by undifferentiated parenchyma (Fig. 2). It is known that the ‘Adaptabil’ rootstock was registered mainly for peaches, but also for some plum cultivars except for the ‘Tuleu gras’ cv. and its progenies (Duțu et al., 2001; Mazilu et al., 2013).  The ‘Piteștean’ cv. is a descendent of the ‘Tuleu gras’ cv. and maybe that is why such discontinuities of the woody vessels appear (Zamfirescu, 2022). That is why a compatibility evaluation is recommended in the orchard. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 2. Longitudinal section on the grafting area at the ‘Piteștean/Adaptabil’ combination 
 
CONCLUSIONS 
 Early diagnosis of graft compatibility was performed by the complex morpho-anatomic analysis of the grafting area. Evaluation of the compatibility of 5 plum cultivars grafted on 7 Romanian rootstocks was made through two indices: morphological thickness index of the grafting area (IMÎZA - as a result of the ratio between the surfaces section of the scion, rootstock and graft union) and anatomical similarity index of the symbionts (IMAAtS) calculated based on the number and diameter of the woody vessels in the scion, rootstock and graft union. The different growth rates of the symbionts in the grafting area recorded by the calculation of the surface section of stem at 5 cm upper and under the grafting union area, as well as on the grafting union, constituted in morphological thickness index, provided significant information for assessing the degree of compatibility. The morphological thickness index of the grafting area had values above 0.300, which indicates good and very good graft compatibility in most of the cultivar-rootstock combinations studied, with the exception of the association with ‘Redutabil’ rootstock which have values below 0.300, and the thickness differences between scion, rootstock and graft union were very large, indicating a low level of compatibility. The number, diameter and trajectory of woody vessels in the grafting area, with different values depending on the cultivar-rootstock combination, have correlated with more or less successful welding of symbionts. The anatomical similarity index of the partners in the grafting area, calculated by an original formula, has highlighted the delayed incompatibility at all the studied cultivars grafted on the ‘Redutabil’ rootstock. Also, the ‘Piteștean/Adaptabil’ combination shows some discontinuities of the woody vessels, the trajectory of wood vessels being sometimes interrupted by undifferentiated parenchyma - a sign of incompatibility. 

Continuous woody vessel 

Interrupted woody vessel 
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ABSTRACT  

The plum tree (Prunus domestica L.) is the dominant fruit tree species in 
Romania, according to the FAOSTAT (2021) data base. Globally, Romania ranks the 
second place after China at the top of major plum growing countries. This species is 
susceptible to various economically impactful diseases such as brown rot, produced 
by Monilinia spp. Climatic conditions have an important role in the occurrence and 
frequency of disease damage depending of a cultivar. Therefore, in 2023 at the FRDS 
Bistrita, was monitored the behaviour of brown rot damage on 18 plum cultivars 
with different ripening periods. During the growing stage, 12 conventional 
phytosanitary treatments were applied up to the harvest time. The determinations 
were made in the field after fruit harvesting, at the consumer's ripeness stage. 
Expectedly, the response to brown rot infection on fruits was different through all 
the cultivars studied. The results revealed low infections with Monilinia spp. on 
‘Zamfira’ (6.9%), ‘Anna Späth’ (7.0%), and ‘Doina’ (7.7%), while ‘Matilda’ (39.5%), 
‘Elena’ (33.1%), and ‘Jubileu 50’ (31.9%) expressed symptoms and a higher 
percentage of infected fruits. All the data obtained are statistically supported. The 
results are encouraging, allowing a selection of resistant or tolerant cultivars to 
brown rot, considering the increasing impact of climate change. Furthermore, the 
global trend toward organic farming requires the use of resistant cultivars to 
problematic pathogens for successful farming.  

Keywords: brown rot, climatic changes, cultivar diseases, plum. 
INTRODUCTION 

Prunus domestica L., commonly known as the plum tree, is a highly popular and valued fruit-bearing species worldwide. Due to its high adaptability to various environmental conditions and its nutritional value (vitamins and antioxidants), it is recommended to consume 2–4 fruits daily for a healthy diet (Gil et al., 2002; Ortega-Vidal et al., 2022). Plums are enjoyed fresh, processed (dried plums, jams, preserved) and distilled to produce alcoholic beverages (plum brandy – Botu el al., 2008). Interest in plums is continuously increasing, as evidenced by the over 2000 cultivars of this species available (Sottile et al., 2022). According to data base from FAOSTAT (2021), worldwide plum production ranks fifth after apples, bananas, pears and oranges. Regarding the top plum-
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producing countries, China leads in global plum fruit production with 6.61 million tons and Romania ranks second with 0.8 million tons.  The trend among farmers to establish high-performance orchards, in Romania, has led to the introduction of new, largely unknown foreign cultivars, in terms of their adaptability and behavior in the face of various economically impactful diseases. In this context, both foreign and Romanian cultivars require increased attention to their susceptibility to specific pathogens, especially in the context of increasingly prevalent climate changes (Milošević and Milošević, 2023). 
Monilinia laxa, Monilinia fructicola and Monilinia fructigena are a group of fungal diseases that cause the brown rot of the fruits in many fruit species including Prunus spp. They belong to the phylum Ascomycota, class Leotiomycetes, order Helioteliales, family Sclerotiniaceae, and genus Monilinia (Tronsmo et al., 2020). All these three Monilinia species have resembling symptoms on tree organs including fruits, and consequently, visual observation is not enough to differentiate them. Therefore, for precise identification molecular techniques are required (Oliveira Lino et al., 2016).  All of these species have been reported over all continents and the genetic similarity is extremely high: 97.5% of the DNA is identical to M. fructigena and M. fructicola and 99.1% of Cyt b gene is identical for M. fructigena and M. laxa (Hily et al., 2011). This is the reason why many researchers including the present study referred to the above-mentioned species of Monilinia as Monilinia spp.  For growers, it is low interest to perform an accurate of the fungus identification because species of Monilinia have similar damaging effects on fruits and the treatments are similar. Although damages various tree organs (blossoms, twig, immature and mature fruits) the most sensitive phenological phase is represented by the blossoms and the mature fruits before and after harvesting. Brown rot is an extremely dangerous disease due to its long period of incidence, from bloom to fruit maturity and divers’ climatic factors that favour disease spread (Florian and Puia, 2021).  These characteristics added up to the restrictions on pesticide use and low availability of biological control methods form an accurate picture of the difficulty of brown rot control. In these circumstances, the objective of finding resistant cultivars to fruit brown rot and breeding new cultivars with this trait is considered very important all over the world. Selecting cultivars with reduced requirements for external control methods is even greater when aiming for the ecological cultivation of plums (Moldovan et al., 2022). The behavior of different stone fruit cultivars (including plum) has been studied in many parts of the world but the results are difficult to compare because of the variability of the method used to investigate the susceptibility (Oliveira et al., 2016) and maybe even more important because of the high variability of the behavior of the disease in different conditions. This is the reason for which it is very important to know how the cultivars behave in specific conditions and it is the aim of our study.  
MATERIALS AND METHODS   The study was performed in a young plum orchard (Fig. 1) established in 2020 at the Fruit Research and Development Station Bistrita (FRDS Bistrita). It involved a sample of 18 different plum cultivars, both Romanian (‘Matilda’, ‘Elena’, ‘Gras ameliorat’, ‘Zamfira’, ‘Iulia’, ‘Agent’, ‘Flora’, ‘Andreea’, ‘Jubileu 50’, ‘Minerva’, ‘Doina’, ‘Centenar’, ‘Carpatin’ and ‘Diana’) and foreign (‘French Improved’, ‘Jojo’, ‘Anna Spath’, ‘Stanley’) with varying ripening periods.  The cultivars were monitored throughout the entire growing season to assess their behavior in response to various pathogens. In the current study, the focus was on the 
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sensitivity of plum cultivars to brown rot (Monilinia spp.) infection. All data were collected from the same plot, under the same environmental conditions, and using the same agricultural methodology. 

Figure 1. The plum orchard where the study was performed During the growing season 12 conventional phytosanitary treatments were applied, distributed along the vegetative period (Table 1). 
Table 1. Chemical fungicide treatments applied into experimental plot 

In the current study, to establish the sensitivity of cultivars to brown rot infection, the frequency (F%) of disease on fruit was assessed. Six trees of each cultivar (3 repetitions x 2 trees) were selected for this assessment. From the total fruit yield on each tree, healthy fruits were separated from those affected by Monilinia spp., and then affected fruits were quantified and expressed as a percentage relative to the total number of fruits per tree. The calculation formula used to determine the frequency was: 
The fruit harvesting and the determination of the frequency of brown rot infection on fruits (Fig. 2) were carried out for each cultivar separately based on the fruit ripening period. Fruit inspection was conducted in the field visually, immediately after harvesting.  

Figure 2. Brown rot symptoms on ‘Centenar’ plum cultivar  

I. Winter treatments Copper (Cu) 380 g/l (3.3 l/ha) 
II. Growing season treatments

a.) Contact treatments Copper (Cu) 380 g/l (1.5 l/ha) 
b.) Systemic treatments 

Cyprodinil 500 g/kg (0.5 kg/ha) 26.7% Boscalid, 6.7% Piraclostrobin (0.5 kg/ha) Cyprodinil 375 g/kg, Fludioxonil 250 g/kg (1kg/ha) 



88 

During the study, all climatic indices that may favour the occurrence of infection with brown rot, such as the average monthly temperature, the average air humidity and the amount of precipitation, were monitored. The summer was hot and humid, and the winter was dry and cold. The micrometeorological parameters were recorded using an Adcon Telemetry automated weather station into the orchard. Statistical analysis was performed to determine the differences between plum cultivars considering susceptibility to brown rot. The data were analysed using the XLSTAT by Addinsoft software (version 2019.3.2 - Addinsoft. XLSTAT, 2019), which utilizes the MS Office Excel Professional Plus 2019 platform. The XLSTAT program was used to perform the analysis of variance (ANOVA - Fisher, R.A., 1925). Afterward, Duncan’s Multiple Range Test (Duncan, D.B., 1955) was used to analyse the differences between the different variants at p < 0.0001. 
RESULTS AND DISCUSSIONS Expectedly, the response to brown rot infection on fruits was different between cultivars (Fig. 3) The obtained results regarding the damages produced by brown rot on plum fruits revealed that the most affected cultivars were 'Matilda' (39.5%) and 'Elena' (33.1%), followed by 'Jubileu 50' (31.9%), and 'Stanley' (30.2%).  

Figure 3. The frequency of brown rot infection on fruits in plum experimental plot (2023) The least affected plum cultivars, which behaved as the most tolerant to fruit brown rot infection, in terms of the recorded frequency (F%), proved to be: 'Zamfira' (6.9%), 'Anna Späth' (7.0%), 'Doina' (7.7%), and 'Andreea' (7.8%) (fig. 3).  The results obtained from field observations regarding the frequency of brown rot disease infection that the various damages were largely influenced by favorable climatic conditions for the spread of the disease. The year 2023 was atypical, especially 
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considering the significant amounts of rainfall recorded during the growing season, with a total exceeding 350 mm (table 2). The rainfall, combined with high humidity and elevated temperatures, created a conductive environment for the appearance and development of brow rot disease.   
Table 2. Climatic conditions recorded at FRDS Bistrita during the 2023 growing  period  Month April May June July August Septembrie T med (˚C) 8.40 14.12 20.89 17.90 21.40 18.52 Air humidity (%) 63.50 56.63 70.38 69.02 58.75 61.66 Rainfall (mm) 80.20 33.20 108.20 86.80 70.80 14.20  Data was statistically interpreted to determine the differences between plum cultivars in terms of susceptibility infection to brown rot. Following the analysis of variance (ANOVA) and subsequently using Duncan's Multiple Range Test, the assessed cultivars were grouped into 15 major significance classes (Table 3). According to the statistical analyses, the significance class (o) includes the cultivars 'Zamfira' and 'Anna Späth', which have good behaviour of fruits on brown rot infections, while 'Matilda' cv. belongs to the significance class (a) and proved to be the most susceptible to brown rot infection.  

Table 3. Brown rot damage frequency on plum statistical analyses 
No. Plum cultivar Fruit rot damage (F%) 1 'Matilda' 39.545 ± 0.006 a 2 'Elena' 33.115 ± 0.137 b 3 'Jubileu 50' 31.223 ± 0.110 c 4 'Stanley' 30.236 ± 0.212 d 5 'Iulia' 25.241 ± 0.015 e 6 'Jojo' 22.466 ± 0.102 f 7 'Centenar' 19.094 ± 0.035 g 8 'Gras ameliorat' 16. 848 ± 0.025 h 9 'Diana' 12.857 ± 0.173 i 10 'French Improved' 12.465 ± 0.529  j 11 'Agent' 10.541 ± 0.010 k 12 'Minerva' 9.568 ± 0.152 l 13 'Flora' 9.488 ± 0.080 l 14 'Carpatin' 8.277 ± 0.122 m 15 'Andreea' 7.846 ± 0.050 n 16 'Doina' 7.722 ± 0.057 n 17 'Anna Späth' 6.967 ± 0.115 o 18 'Zamfira' 6.867 ± 0.025 o 

Pr > F(Model) 
Significant 

< 0.0001 
Yes 

Note: The values presented in the table are averages of the damage frequency of Brown rot to every 
plum cultivar studied. Averages followed by different letters indicate differences at p < 0.0001 
according to Duncan`s Multiple Range Test. On the one hand, the tolerant plum cultivars that achieved results of brown rot infection below 10% could be good candidates for establishing orchards in an ecological system or other integrated systems with a reduced number of treatments in the Northern 
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Transylvania region. On the other hand, the sensitive cultivars with a frequency exceeding 10% of brown rot infection require a more thorough evaluation over a longer period to observe their behavior under various weather conditions.  The obtained results are encouraging and provide valuable information regarding the susceptibility of plum cultivars to brown rot in the context of increasing climate change issues and the growing trend of organic fruit farming, which is becoming more and more attractive to farmers. 
 
CONCLUSIONS  The behaviour of 18 plum cultivars to brown rot fruit infection under climatic conditions of the year 2023 allowed identifying six plum cultivars ('Zamfira', 'Anna Späth', 'Doina', and 'Andreea') which behaved as the most tolerant to fruit brown rot infection. Opposite, the other four plum cultivars (‘Stanley’, ‘Jubileu 50’, ‘Elena’ and ‘Matilda’) were seriously affected.  
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ABSTRACT 

Research on the monitoring of the pathogen Coccomyces hiemalis sin. Blumeria 
jaapi took place on the territory of the Research Station for Fruit Growing Iasi, within 
the research polygon. The observations were made on 5 cultivars approved at RSFG 
Iasi and belong to the category of early ripening cultivars. 'Cetățuia', 'Cătălina', 
'Andreias', 'Cociuvas' and 'Mihailis' cultivars were studied, their monitoring began in 
May, analysing 3 trees of each cultivar, 300 leaves from each tree in three repetitions, 
observing the frequency and intensity of the pathogen's attack. During the growing 
season of 2022, 4 treatments with fungicides, insecticides and foliar fertilizers were 
used for phytosanitary maintenance. Following the observations made, the analysed 
cultivars recorded a minimum attack degree of 0.825% on the 'Cetățuia' cultivar and 
the highest of 1.63% for the ‘Mihailis’ cultivar. The low degree of attack was due to the 
earliness of the cultivars studied. 

Keywords: anthracnose, cherries, degree of attack, phytosanitary protection. 
INTRODUCTION  The climatic conditions of the northeastern area of Romania are those which favor the appearance and development of pathogens in cherry plantations, so cherry plantations face the attack of Coccomyces hiemalis Higg and Monilia laxa, M. Fructigena, M. The Tinierea (Beşleagă et. al., 2014). A multi-year study reports that cherry growing and cherry production areas have been in a continuous decline. Thus, the cherry tree covered a national area of 17400 ha in 1990 and almost 28 years later only 7058 ha (Dascălu, 2020). Measures are necessary, to protect the cherry trees against the fungus Coccomyces hiemalis Higg, which are found over time, such as the testimonies of Lewis FH and AB Groves (1948), when they notice that the attack of the fungus has reached a significant loss of 10% in a single growing season. 
MATERIALS AND METHODS  The research was carried out on the behavior of five cherry cultivars attacked by 
Coccomyces hiemalis Higg, at the experimental lot of the Research Station for Fruit Growing Iasi. Observations and determinations were made on the frequency, intensity and degree of attack of the agent Coccomyces hiemalis Higg. The experience includes a number of 5 variants and each variant has 3 repetitions with 3 cherry trees. To determine the attack 
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caused by Blumeriella jaapi Higg, three trees were observed (each tree represented a repetition), during the maximum attack period when we analyzed 300 leaves (from 3 branches, located differently at the top of the trees). Depending on the frequency and intensity of the attack Coccomyces hiemalis Higg, the cultivars were classified into 5 groups, as follows: 
 Very light attacked (VLA, where F = 0.1 – 3%, 1 = 3%)
 Slightly attacked (SlA, where F = 3.1 – 11%, 110%)
 Attacked environment (MA, where F = 11.1 – 25%, 1 = 25%)
 Strongly attacked (SA, where F = 25.1 – 50%, 1 = 50%)
 Very strongly attacked (VSA, where F = 50.1 – 100%, 1 > 50%).

RESULTS AND DISCUSSIONS  The environmental conditions of the area where the observations were made favorably influence the attack of Coccomyces hiemalis HIGG, an agent that is present in the cherry plantations (Fig. 1). 

Figure 1. Presence of anthracnose on the leaf The fungus Blumeriella jaapii spreads in an optimal temperature range of 16-20 °C. The infection is inactive when the temperature is below 8 °C. The accentuated attack of trees is favored by years with many rainy periods and cooler summers. In the year of the study, the climatic conditions of the vegetation period were favorable from April when the average monthly temperature exceeded the growth threshold of the fungus, registering 10.20 °C and the precipitation of the period amounted to 119.4 mm. (Fig.2). The optimum temperature for the development of the fungus in 2022 was achieved during May from 11 of the month when the trees were at BBCH stage 74-80. 

Figure 2. Climate conditions of 2022 at RSFG Iasi 
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Of the 5 cultivars studied (Table 1) we can see that the percentage of attack degree of the pathogen agent is between 2.36 and 4.89, being highlighted in the cultivars 'Cetățuia' and 'Mihailis' respectively. The table below shows the situation of the degree of attack in the cultivars studied. According to the percentage registered, the cultivars fall into two classes of the 5 classifications of the attack degree. Thus, the 'Cetățuia' and 'Cociuvas' cultivars with percentages of up to 3% are ranked in the very lightly attacked class (VLA) and the 'Cătălina', 'Andreias' and 'Mihailis' cultivars are ranked in the second class of classification, slightly attacked (SlA) where the percentage is between 3.1-11%. 
Table 1. Anthracnose attack degree in cherry five cultivars in 2022, in RSFG Iasi 

No. Cultivar Attack degree% Repetition S      TOTAL Mean I II III 1 'Cetățuia' 1.27 0.41 0.68 2.36 0.825 2 'Cătălina' 0.95 1.08 1.18 3.21 1.07 3 'Andreias' 08 1.04 1.19 3.03 1.01 4 'Cociuvas' 0.66 1.4 0.91 2.97 0.99 5 'Mihailis' 2,09 1.9 0.9 4.89 1.63 6 Average 1.15 1.17 0.97 3.29 1.10 Among the cultivars studied, the ‘Mihailis’ cultivars distinguished themselves with a distinctly significant difference because showed a surplus of attack to the control (average of 0.53.) The cultivars 'Cetățuia'and 'Cociuvas' recorded a distinctly significant difference from the control with a deficit of -0.275 and -0.11 respectively of the degree of attack. The 'Cătălina' and 'Andreias'cultivars recorded a very significant difference in the degree of attack compared to the control, with the value of -0.03 respectively -0.09.  
Table 2. The degree of attack on five cherry cultivars, at RSFG Iasi in 2022. 

No. Cultivar Frequency F% Intensity I% Attack degree GA% Difference compared to control Significance Classification 1 'Cetățuia' 27.5 3 0.825 -0.275 00 FSA 2 'Cătălina' 26.9 4 1.07 -0.03 000 SA 3 'Andreias' 25.3 4 1.01 -0.09 000 SA 4 'Cociuvas' 24.8 4 0.99 -0.11 00 FSA 5 'Mihailis' 40.8 4 1.63 0.53 ** SA 6 Average 29.06 3.8 1.1 - - - 
                 DL 5% = 0.49;  DL1%=0.72; DL 0.1%= 1.08 The cultivars observed are maintained with specific products, both for pathogens found in cherry plantations and for pests. For the agent concerned, the fungicides Bouille Bordelaise WDG and Signum (Table 3) were used for the prevention and control of anthracnose.  Bouille Bordelaise WDG is used in the BBCH 07-10 phase for curative and preventive effects in a single treatment. Signum is used in the growing period BBCH 59-81, from the opening of the first flowers to the beginning of typical fruit colouring, fungicide prevents 
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the germination of spores, the growth of the germinal tube and mycelium, as well as sporulation.  
Table 3. Phytosanitary program applied to the cherry cultivars studied at RSFG Iasi in 2022 

No. Product Conc.% Dose T1  BBCH 07-10  B. Bordelaise wdg 0.5% 5.0 kg/ha Mospilan 20 SG 0.03% 0.45 kg/ha Polyactiv B 0.1% 1.0 l/ha T2  BBCH 65  Signum 0.05% 0.5 kg/ha Decis 25 wg 0.045% 0.045 kg/ha Polyactiv B 0.1% 1.0 l/ha T3  BBCH 74-80  Folicur solo 0.075% 0.75 l/ha Rezistevo 0.4% 4.0 kg/ha Karate zeon 0.025% 0.25 l/ha T4   BBCH 84  Signum 0.05% 0.5 kg/ha Exirel 0.075% 0.75 l/ha Rezistevo 0.4% 4.0 kg/ha 
 
CONCLUSIONS  
 The fungus studied Coccomyces hiemalis HIGG sin. Blumeria jaapi meets in 2022 in the analyzed orchard of RSFG Iasi favorable conditions for its development. This was observed in all five cultivars studied. Anthracnose is among the main pathogens that cause significant damage in cherry plantations, so it is necessary to include it in the fungicide treatment program to control and limit the attack produced. The intensity of the attack of Coccomyces hiemalis Higg was kept under control by the use of phytosanitary treatments with specific fungicides (Bouille Bordelaise, Signum). The plant protection products used in the treatment schemes contribute to the protection of trees with copper, pyraclostrobin and boscalid products, reducing the risk of tree defoliation and loss of plantations. After analyzing the five cultivars of the attack of Coccomices hiemalis Higg, it resulted that the ‘Mihailis’ cultivar was slightly more affected by the fungus than the average by a percentage of 0.53. The other four cultivars 'Cetățuia', 'Cătălina', 'Andreias' and 'Cociuvas' recorded a percentage between -0.03 and -0.275. The reduction of the anthracnose attack can be done since the establishment of cherry plantations by choosing cultivars that shows low sensitivity to the attack of the pathogen. 
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ABSTRACT  

Hazelnut is an essential species for nut production worldwide; extensive 
orchard areas have recently been planted in Romania. To choose the best cultivars 
to be grown in the future, a study was done on the behavior of seven hazelnut 
cultivars in the eco-pedoclimatic conditions of the Bucharest area. 'Hall’s Giant', 
'Tonda Gentile delle Langhe', 'Romavel', 'Red Lambert', 'Tonda di Giffoni', 'Tonda 
Gentile Romana', and 'Vâlcea 22' were planted in the Experimental Orchard of the 
Faculty of Horticulture within the University of Agronomic Sciences and Veterinary 
Medicine of Bucharest. The results presented the behavior of hazelnut cultivars 
detailing the number of branches per tree, according to their age, and annually for 
each branch, length, and total cross-section area were measured. The influence of 
cultivars on yield and fruit characteristics at the harvest moment was detailed. 
'Romavel' and 'Vâlcea 22' had the fruits with the highest weight, more than 3.3 
g/fruit, while 'Red Lambert' and 'Tonda di Giffoni' presented the lowest values. 
'Hall’s Giant' was the most vigorous cultivar, and 'Vâlcea 22' the less vigorous. 
Interesting growth dynamics for each cultivar and all studied branches in the two 
experimental years were detailed. First and second-year branches had the highest 
TCSA growth rhythm, but that was not maintained for the third to fifth-year 
branches.   

Keywords: Corylus avellana, fruit, tree vigor, annual growth 
INTRODUCTION  Hazelnut (Corylus avellana) is an essential species for nut production worldwide; extensive orchard areas have recently been planted in Romania. Hazelnuts, walnuts, and almonds are known for their large amounts of protein and fat. The content of protein substances (12-28%), carbohydrates (12-22%), and mineral salts (2-3.05%) places hazelnuts ahead of walnuts, and the fat content (52-69%) is higher than that of almonds. Compared to other nuts, Hazelnuts also contain salts of potassium, phosphorus, magnesium, and calcium, which play an essential role in human metabolism. The fruits are consumed fresh but mainly processed and widely used in the food industry. The oil extracted from hazelnuts is also used in the pharmaceutical industry, cosmetics, industrial varnish manufacture, and painting (Cimpoieș, 2018). Worldwide, the production of hazelnuts in the shell was, at the level of 2021, 1,077,117.1 (150% increase compared to 
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1994 production) tones from 1,039,147 ha (doubled than 1994 surface). Asia (77.2%) and Europe (17.7%) have the highest production. Turkiye, followed by Italy, is the biggest producer in the world (Faostat, 2023). In Romania, correlated to the investments received in the fruit-growing domain, there was an increase in the hazelnut orchards, with a large number with organic technology. Hazelnut is a shrub species resistant to frost, cold, diseases, and pests; it is easy to grow with low maintenance costs; it provides high yields and incomes in small areas and is easily harvested by hand and shaking at full maturity (Botu, 1987). The assortment of hazelnut cultivars is relatively small worldwide compared to other fruit species and consists of cultivars adapted to certain areas. There is ongoing research into breeding and genetics to improve hazelnut production and quality. This includes the development of new cultivars with desirable traits such as disease resistance, yield, and nut size. The behavior of hazelnut cultivars can vary depending on the eco-pedoclimatic conditions of the area where they are grown. Some factors that can affect the growth and productivity of hazelnut cultivars include temperature, rainfall, soil type, and exposure to wind and other environmental stresses.  Temperature: Hazelnut cultivars have different temperature requirements for optimal growth and nut production. For example, some cultivars are adapted to cooler climates and may not perform well in regions with hot summers. In general, hazelnuts prefer moderate temperatures, with an average annual temperature range of 8-15°C optimal. Rainfall: Hazelnuts require adequate moisture to grow and produce nuts, but excessive rainfall or poorly drained soils can lead to root rot and other fungal diseases. Drought stress can also impact hazelnut growth and yield, especially in regions with low rainfall or limited water resources. Soil type: Hazelnuts prefer well-drained soils with good fertility and a pH between 5.5 and 7.5. They can grow in various soil types but best in sandy loam or loamy soils. Soil structure and nutrient availability can impact hazelnut growth and productivity. Environmental stresses: Hazelnut cultivars may be exposed to a cultivar of environmental stresses, including wind, frost, and pests and diseases. Wind can cause physical damage to the trees and reduce nut yield, while frost can damage buds and flowers and reduce nut set. Pests and diseases can also impact hazelnut productivity. Overall, the behavior of hazelnut cultivars in eco-pedoclimatic conditions is complex and can vary depending on various factors. Cultivar selection, management practices, and environmental monitoring can all play a role in optimizing hazelnut growth and productivity in different regions. Extended research was performed in specific hazelnut growing areas to optimize the specific cultivars' usage or technology. Shahi-Gharahlar et al. (2016) evaluated the performance of six hazelnut cultivars under drought. Ozenc (2014) researched the potassium fertilizer requirements in hazelnuts. Iordănescu et al. (2014) characterized some of the hazelnut cultivars in the southern area of Timis County. Cosmulescu et al. (2013) presented the mineral composition profile in different hazelnut cultivars.  This study aims to present the results of two-year research regarding the behavior of seven cultivars in the Bucharest area.  
 

MATERIALS AND METHODS   In order to choose the best cultivars to be planted in the future, a study was done regarding the behavior of seven hazelnut cultivars in the eco-pedoclimatic conditions of the Bucharest area. 'Hall’s Giant', 'Tonda Gentile delle Langhe', 'Romavel', 'Red Lambert', 'Tonda di Giffoni', 'Tonda Gentile Romana', and 'Vâlcea 22' were planted in the Experimental Orchard of the Faculty of Horticulture within the University of Agronomic Sciences and Veterinary Medicine of Bucharest (44°25′57″N, 26°6′14″E, 90 m altitude).  
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The ‘Hall’s Giant’ is a cultivar of unknown origin, with great vigor, erect habit, and few suckers. Easy to be led with a single stem. Flowering is in February; the cultivar is precocious and bears well and consistently (Turcu et al., 2001). The fruit is large (3.6 g), ovoid, elongated. The yield in the core is 48-49%. The fruits ripen in the third decade of September. The 'Tonda Gentile delle Langhe' cultivar is of Italian origin, and medium vigor. It blooms early (January-February). The cultivar is precocious, very productive, and bears fruit year after year. The fruit is medium to small (2.3 g) and round in shape. The core has a yield of 49%. Fruit ripening is early, starting from the second decade of August. It is sensitive to 
Botrytis and Eriophydae. It is considered the most valuable cultivar for the chocolate industry. It can be grown in areas with less frosty winters. The 'Romavel' cultivar is of Romanian origin, with plants of great vigor. It blooms late (end of February-beginning of March) and is homogamous. It begins fruiting quickly and bears fruit very well and constantly. The fruit is medium to small (2.8 g), round-compressed. The yield in the core is 49.51%. Fruit ripening is early, in the second decade of August. The cultivar  is resistant to frost, bacteriosis, and hazelnut spiders. It is recommended for all favorable cultivation areas under irrigation conditions. The 'Red Lambert' cultivar has medium vigor; the leaves and involucre are colored garnet-red, and small, ovoid fruits, 5-10 in the involucre, with 53-59% core, of excellent quality. It ripens at the end of August. The 'Tonda di Giffoni' is a medium-early cultivar, fruit harvesting begins in the third decade of August. Is precocious and productive. The fruits have woody skin, the center is round brown with a distinct band and very pronounced grooves on the sides. It goes into production as early as year 3-4, with a productivity of 4-5 tons per hectare. The 'Tonda Gentile Romana' is medium vigor, with very strong stemming, has frost-sensitive seeds, and is precocious and reasonably productive. This cultivar is similar to 'Mari de Piedmont,' from which it differs by the shorter involucre, the costlier fruits, and the more convex base; the ripening of the fruits is later. The 'Vâlcea 22' is a Romanian cultivar with low-vigor plants and many suckers. It flowers early (January-February) and is protogynous – homogamous. The fruit is large (3.5–4.0 g), round-compressed, and light brown. The core has a yield of 48%. Ripening occurs in the first decade of September. It is early and productive; the fruits are intended for direct consumption and are resistant to frost and diseases. At the study, the plants were six years old. Distance planting was at 4.5 x 2.0 m. An integrated technology was applied with no pesticides or chemical fertilizers. Irrigation of the analyzed cultivars was applied in the dry years with norms of 350-400 m3/ha. Four plants/cultivars were studied, determining the number of branches per tree according to their age. Annually, the length and total cross-section area were measured for each branch.  For the descriptive statistics of the data, Microsoft Excel 2016 and IBM SPSS v. 28.0.1.1 were used for a significance level of p = 0.05. 

Figure 1. Romanian hazelnut cultivars 'Romavel' and 'Vâlcea 22' (source Cociu, 2011) 
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RESULTS AND DISCUSSIONS  
 The research results on the behavior of hazelnut cultivars in the eco-pedoclimatic conditions of the Bucharest area expressed the influence of cultivars on the number and length of shoots by age on the shoot’s cross-sectional area and growth rate. At the same time, fruit characteristics at the harvest moment were detailed. In the first year, 'Tonda Gentile delle Langhe', 'Romavel', and 'Vâlcea 22' presented the highest number of new shoots. In the second year, all the cultivars presented fewer new shoots due to the technologies applied with severe pruning. In the bush architecture, the 4th and 3rd-year shoots were more numerous (Fig 2 and 3), the value ranged between 18% ('Tonda Gentile Romana') and 28% ('Romavel') at 3rd-year shoots and between 16% ('Vâlcea 22') and 31% ('Tonda Gentile Romana') for 4th-year shoots. 

 
Figure 2. The influence of the cultivar on the number of shoots by age 

 
Figure 3. The rate of shoot number For each variant, shoot length was measured in each year of the study and varied from one cultivar to another. In the shoots of the first year, the average length varied between 1.03 m ('Vâlcea 22') and 2.01m ('Romavel'), the shoots of the 2nd-year shoots had values between 1.21 m ('Vâlcea 22') and 2.43 m ('Romavel'), 3rd-year shoots between 1.24 m 
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('Vâlcea 22') and 3.14 m ('Hall’s Giant'), 4th year shoots between 2.07 m ('Vâlcea 22') and 3.43 m ('Romavel') expressing the dynamic of growth specific for each year of the shoots. The results showed that the lowest vigor was highlighted in the 'Vâlcea 22' cultivar and high vigor for 'Romavel', the other cultivars analyzed registered intermediate values. The rate in total growth length is presented in Figure 4.  

 
Figure 4. The rate of shoot length  Each year, the shoot's cross-sectional area (cm2) was measured for every shoot type. The results presented the growth dynamic for shoot age (Table 1). The influence of the cultivar on the shoot’s growth is presented in Figure 5. The highest growth for all cultivars is in the second year compared to the first year, followed by the third and fourth years. The growth rhythm is slowed after the shoot cross-sectional area.   

Table 1. The influence of the cultivar on the shoots cross-sectional area (cm2) 

 
Figure 5. The influence of the cultivar on the shoots cross-section area growth rate (cm2) 
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For each cultivar, fruit weight and percentage of the seeds (Table 2) were evaluated.  ‘Hall’s Giant’ and ‘Tonda Gentile delle Langhe’ while ‘Romavel’ had fruits with higher values (3.44 g compared to 2.8 g). ‘Vâlcea 22’ had also results compared to the literature (3.3 g compared to 3.5-4.0 g). More research is needed to have a conclusive report on productivity.  
 

Table 2. The influence of the cultivar on the shoot's cross-sectional area 

Cultivar Fruit (g) Seed (g) Seed ratio (%) ‘Hall’s Giant’  1.699 0.853 50% ‘Tonda Gentile delle Langhe’ 1.667 0.480 29% ‘Romavel’ 3.442 1.405 41% ‘Red Lambert’  1.158 0.420 36% ‘Tonda di Giffoni’ 0.808 0.168 21% ‘Tonda Gentile Romana’ 1.685 0.609 36% ‘Vâlcea 22’ 3.301 1402 42% 
 
 
CONCLUSIONS  
 The present study showed details regarding seven cultivars' behavior in South Romania using integrated technology. ‘Romavel’ and ‘Vâlcea 22’ had the fruits with the highest weight, more than 3.3 g/fruit, while ‘Red Lambert’ and ‘Tonda di Giffoni’ presented the lowest values. ‘Hall’s Giant’ and ‘Romavel’ were some of the most vigorous cultivars, and ‘Vâlcea 22’ was the least vigorous.  Interesting growth dynamics for each cultivar and all studied branches in the two experimental years were detailed and influenced by the cultivar and the annual climatic conditions. First and second-year branches had the highest CSS growth rhythm, but that was not maintained for the third to fifth-year branches. 
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ABSTRACT  

The characterization of 22 grapevine accessions (Vitis vinifera L.), considered 
old, autochthonous and in danger for extinction, was performed using 49 OIV 
descriptors. The evaluation of the ampelographic descriptors for the young shoot, 
the young and mature leaf, the bunch, as well as some production and quality 
parameters, highlighted the diversity of the epigenetic characteristics of the newly 
introduced accessions into collection. The morphological description revealed the 
main features of each accession and the applied statistical approaches confirmed 
the possible relatedness among studied genotypes linked to all 49 descriptors. 

Keywords: grapevine, ampelography, identification, morphological description, dendrogram. 
INTRODUCTION The grapevine is considered an important crop due to its profit income for the national economy and its nutritional value for food and human health (Bounab and Laiadi, 2019). Grapevine is one of the oldest known fruit species in the world and therefore researchers have always wanted to know more about it (Galet, 1956, 1998; Khouni, 2023). Ampelographic studies are essential for differentiating grapevine genotypes and are considered indispensable for their characterization. For a complete characterization, beside the morphological description, the molecular genetic methods are now added and bring accurately and certitude for grapevine genotypes identification (Maul et al., 2015; Popescu et al., 2017). In 1984, the International Vitis Varietal Catalog (VIVC) was founded (Alleweldt, 1988) and according to Maul et al. (2014), this represents a database containing approximately 23,000 primary names and 42,000 synonyms of various grapevine species and cultivar/cultivars. In addition, the International Organization of Vine and Wine (OIV) published a guide for varietal identification (2009) which is 
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considered a guide unanimously accepted by ampelography specialists. Through these publications, it was established a consensus for applied descriptors by the International Plant Genetic Resources Institute (IPGRI), the International Union for the Protection of New Cultivars (UPOV) and the OIV. In this study, we set out to present a more accurate description of the ampelographic characters of some old vine genotype, using the internationally accepted methodology. Our objective was to verify the authenticity of the new accessions by comparing them with the old, initial descriptions (in the case of those for which we found information), representing the important initial stage for the complete identification of the old genotype, considered autochthonous and valuable for enriching the varietal assortment in our collection. 
 
MATERIALS AND METHODS   
Plant materials.  Were analysed 22 accessions (Table 1) grown and maintained into grapevine germplasm collection belonging to the National Research and Development Institute for Biotechnology in Horticulture Stefanesti-Arges (NRDIBH).    
Ampelographic description. Forty-nine OIV features were monitored over two consecutive growing seasons in 2021 and 2022 (OIV, 2009, Cost action FA1003-GROPENET). The most important ampelographic characteristics for the morphological characteristics of young shoots, young leaves, shoots, flowers, mature leaves, grapes and berries and grape yield per m2 were registered. The ampelographic characterization of each accession was carried out according to the ampelographic methodology, to specific plant organs in certain stages of development and maturation.  
Statistical analysis.  
 

Table 1. The accessions analysed in this study and newly introduced into germplasm collection No. Accessions name Berry colour No. Accessions name Berry color 1 'Balaban alb' White 12 'Muscat tămâios' White 2 'Bacator' White 13 'Negru de Căușani' Black 3 'Bicane' White 14 'Negru tinctorial' Black 4 'Cabasmă albă' White 15 'Om rău' White 5 'Cabasmă neagră' Black 16 'Papască neagră' Black 6 'Coarnă neagră aromată' Black 17 'Pȋrciu' White 7 'Coarnă neagră tămîioasă' Black 18 'Rară albă' White 8 'Frumoasă de Ghioroc' White 19 'Țȋța caprei albă' White 9 'Galbenă măruntă' White 20 'Țȋța vacii albă' White 10 'Chasselas crocant' White 21 'Tigvoasă' White 11 'Moroștină' White 22 'Zghihară rară' White 
 The 49 descriptors evaluations were used to obtain a dissimilarity matrix among all descriptors for all accessions according to “Euclidean distance”. According to the generated matrix, the morphological distance coefficients were calculated by NTSYS-pc 
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version 2.2 (Rohlf, 2009). The dendrogram was obtained using unweighted pair group method with arithmetic (UPGMA) (Sneath and Sokal, 1973) for further evaluation of ampelographic differences between accessions.  
RESULTS AND DISCUSSIONS  
 
Phenotypic variability of the main morphological characteristics. 
 The ampelographic characterization with standard descriptors applied for the 22 accessions grown in the same collection (Table 1), highlighted the similarities and differences among grapevine genotypes. All the morphological characteristics and evaluations carried out during the growing seasons in our ex situ germplasm collection were analyzed in comparison to the description of each genotype from the reference documents (the ampelographies published between 1960 and 1966). Excepting the seven genotypes ('Balaban alb', 'Galbenă măruntă', 'Chasselas crocant', 'Moroștină', 'Muscat tămâios', 'Negru tinctorial' and 'Zghihară rară') for which no detailed information of their ampelographic characteristics was found, all the other accessions showed to have the specific characteristics as they were initially described.  With all accessions no differences were recorded for the following descriptors:  1) young shoot - opening of the shoot tip (OIV 001) and distribution of anthocyanin coloration on prostrate hairs of the tip (OIV 002); 2) mature leaf with absence of the teeth in the petiole sinus (OIV 81-1) and absence of teeth in the upper lateral sinuses (OIV 083-2); 3) berries with complete formation of the seeds (OIV 241); 4) phenological stages for budburst (OIV 301) and flowering (OIV 302). The other 42 descriptors and their evaluations revealed the differences and distinctiveness among accessions (data not shown).  For the young shoot aspect, most accessions showed none or very low intensity of anthocyanin coloration on prostrate hair (OIV 003) of the shoot tip (81.8%), with a distinct high intensity recorded for 'Țîța vacii albă'. Concerning the presence and density of prostrate hairs on the shoot tip (OIV 004) were noted different degree of variation, from non or very low density of prostrate hairs for 'Cabasmă neagră', 'Negru tinctorial', to very high density for 'Om rău'. The shoots characteristics regarding the coloration on dorsal (OIV 007) and ventral (OIV 008) side of shoot internodes, our registrations for the analysed accessions showed variation from green (36.4%), to green with red lines (50.0%) and uniform red (13.6%). The mean value of the length of the tendrils (OIV 017) varied from very short, or up to 10 cm ('Galbenă măruntă' and 'Papască neagră'), to long tendrils, or about 25 cm ('Bicane', 'Cabasmă neagră', 'Chasselas crocant' and 'Moroștină'). With the young leaves were registered different quotation for color of the upper side of the 4th blade (OIV 051) from green (31.8% of the accessions) to copper – reddish color for 9.1% of the studied accessions ('Pîrciu' and 'Rară albă').     The mature leaves presented specific features for V. vinifera, with a medium size of the blade (OIV 065) for most of the accessions (63.6%), and also with pentagonal shaped (OIV 067) and five lobes (OIV 068) leaves for the most genotypes (81.1%). Anthocyanin coloration of main veins on the upper side of blades (OIV 070) were generally weak, or absent (45.5% of the accessions), distinct being the accessions 'Bacator' and 'Rară albă' with the presence of anthocyanin coloration beyond the second bifurcation of the veins.  The main characteristic of the flower for grapevine is the development of the reproductive organs. Similarly to our previous studies (Popescu et al. 2018, Ilina et al. 2023), was noticed a high proportion of accessions developing female-type flowers. Most of the analyzed accessions have hermaphrodite flowers, but six of them ('Bacator', 'Bicane', 'Moroștină', 'Negru de Căușani', 'Țȋța vacii albă' and 'Tigvoasă'), representing 27.3% of the 
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total, develop female flowers with anthers inclined to the outside of the ovary and produce pollen with reduced germination capacity, or infertile pollen. For the bunches and berries characteristics, the notations carried out revealed a high level of variability among accessions. For the length of the bunches (OIV 202), were registered accessions with short bunches ('Om rău' and 'Pîrciu', or 9.1% from the total), with medium sizes (68.2%) or long length ('Bicane', 'Cabasmă neagră', 'Frumoasă de Ghioroc', 'Papască neagră' and 'Țȋța caprei albă', or 22.7% from the total). Concerning the compactness of the bunches of grapes (OIV 204) and its shape (OIV 208) among studied accessions, all types of quotations were registered, standing out 'Galbenă măruntă' and 'Frumoasă de Ghioroc' for funnel shaped of the bunch, and 'Cabasmă neagră' and 'Negru de Căușani' with a very high density of the berries in the bunch. Looking for the number of wings in the bunch (OIV 209), more than half of the grapevine cultivars (59.1%) have one to two wings, another 36.4% (8 accessions) produced bunches without wings, and only 'Galbenă măruntă' distinguished by bunches with 3-4 wings. A high heterogeneity among the studied accessions was registered through the ampelographic descriptors for berry characteristics. Thus, was noticed berry length (OIV 220) variations from short to long, with narrow to medium width (OIV 221), only 'Om rău' differing by a wide average around 23 mm of the berries.  The shape of the berry (OIV 223) was established and recorded after the measurements of lengths and widths of normally and health berries taken from the middle part of 10 bunches. Were registered the following types of shapes: 1) globose shape registered for 63.6% among analyzed accessions; 2) obtuse ovoid for 'Coarnă neagră aromată', 'Coarnă neagră tamȋioasă' and 'Frumoasă de Ghioroc'; 3) ovoid berry for 'Om rău', 'Țȋța vacii albă' and 'Tigvoasă'; 4) broad ellipsoid shaped for 'Bicane' and 'Țȋța caprei albă'. At the maturity were made observations and evaluations of the color of the berries (OIV 225) from the middle part of 10 bunches. Were distinguished four groups: 1) green yellow for the 68.2% of the accessions; 2) blue black colour of skin for four genotypes ('Muscat tămȃios', 'Negru de Căușani', 'Negru tinctorial', 'Papască neagră'); 3) red colour for 'Coarnă neagră aromată' and 'Coarnă neagră tamȋioasă'; 4) dark red violet for 'Cabasmă neagră'.  A very important feature for breeders and wine makers is the particular flavor of the berries at the maturity (OIV 236). Among the 22 accessions, the majority (86.4%) were characterized by the lack of a special taste, only one ('Muscat tămȃios') highlighted a muscat flavor and two genotypes ('Coarnă neagră aromată' and 'Coarnă neagră tamȋioasă') had special flavors, others than muscat, foxy or herbaceous. Analyzing the main moments of plant development, we found that 'Frumoasă de Ghioroc', in comparison to all the other accessions, is distinguished by an earlier time of beginning of berry ripening (OIV 303) and also an earlier time of full physiological maturity of the berry (OIV 304).  All the studied accessions, are characterized by single bunch weight (OIV 502) and single berry weight (OIV 503) varying between very low and medium values, and also by a medium sugar content and low acidity of the must.  Among the 22 accessions, are standing out 'Bacator' producing must with a high sugar content (OIV 505) and 'Papască neagră' producing must with a high acidity (OIV 506). 
Statistical analysis applied to evaluate the diversity of ampelographic descriptors.  For a visual presentation of the differences between the accessions (each to each other) according to the ampelographic descriptors presented previously, we used the dissimilarity matrix based on Euclidian distance, and the dendrogram obtained with these Euclidean distance values. In table 2 is presented the dissimilarity matrix based on Euclidian distance showing the degree of variability of morphological evaluations between 
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each accession to all the others. The data showed an epigenetic difference ranging from 0 in the case of 'Coarnă neagră aromată' and 'Coarnă neagră tamîioasă' (no ampelographic differences were recorded) to 12.97 between 'Frumoasă de Ghioroc' and 'Pȋrciu' (differences for 23 out of 49 descriptors). The highest differences were noticed between 'Frumoasă de Ghioroc' and all the others accessions (total 232.6), and the lowest differences between 'Muscat tămȋios' and all the other accessions (total 166.4). Using Euclidean distance and Ward's method was obtained a dendrogram showing the relationships among the studied accessions (Fig. 1). The dendrogram based on ampelographic characteristics for 49 descriptors revealed three distinct groups. 

Figure 1. Representation of Agglomerative hierarchical clustering (AHC) dendrogram of Euclidian distance showing the relationships among the 22 accessions based on 49 OIV descriptors Group A comprises 12 genotypes, 9 of them producing white color skin berry and 3 of them black color. Accessions with black grapes ('Negru tinctorial', 'Cabasmă neagră' and 'Muscat tămâios'), are similar each other by 23 descriptors, but 'Muscat tămâios' is remarked in comparison with the other two accessions by density of prostrate hairs on the shoot tip, yellow color of the young leaf, and conical shape of the bunch. A Euclidian distance of 7.42 was obtained between 'Pîrciu' and 'Moroștină', due to only 15 descriptors with different quotations, most of these for mature leaf and grape features. Both genotypes are characterized by very large blade with 3 lobes and wedge-shaped, with short berry length, of globose shape and without flesh anthocyanin coloration. The second group (B) put together four genotypes with white grapes ('Balaban alb', 'Zghihară rară', 'Tigvoasă' and 'Galbenă măruntă'), and two with black color grapes ('Papască neagră' and 'Negru de Căușani'). For all these accesions were registered the same quotations for 16 descriptors. Among them, 'Zghihară rară' and 'Tigvoasă' show the highest degree of similarity, and a very low value of distance (6.47), and 'Tigvoasă' and 'Negru de Căușani' are distinct by the type of functionally female flower. In group C are gathered together three very appreciated table grape accessions ('Coarnă neagră aromată', 'Coarnă neagră tămîioasă' and 'Țîța vacii albă'). These accessions are 
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characterized by berries with narrow ellipsoid shape and large size, fleshy and crunchy core with particularly pleasant taste. If 'Tîța vacii albă' is considered as an autochthonous genotype, cultivated since ancient times in Romanian vineyards (Constantinescu et al. 1962), the other two accessions were selected in 1948 by Gherasim Constantinescu and Elena Negreanu in old vineyards as free-pollinated hybrids. Both are supposed to have the same origin parent, 'Coarnă neagră', and this could be the reason of their complete similarity regarding to their morphological features and technological parameters. We consider that only molecular analysis could bring new information and clarifications regarding the origin of these two accessions and relationships between them.   As it was found from the ampelographic determinations, and it is obvious from the dendrogram, 'Frumoasă de Ghioroc' is distinguished by the similarities of its characteristics with all other accessions. We know about this genotype that it was identified in the vineyards of Banat, and its origin is unknown. 
Table 2. Euclidean distance obtained by Ward's method showing the relationships among accessions based on 49 OIV ampelographic traits evaluation 

A1-'Balaban alb', A2-'Bacator', A3-'Bicane', A4-'Cabasmă albă', A5-'Cabasmă neagră', A6-'Coarnă neagră 
aromată', A7-'Coarnă neagră tămîioasă', A8-'Frumoasă de Ghioroc', A9-'Galbenă măruntă', A10-'Chasselas 
crocant', A11-'Moroștină', A12-'Muscat tămâios', A13-'Negru de Căușani', A14-'Negru tinctoria'l, A15-'Om rău',  
A16-'Papască neagră', A17-'Pȋrciu', A18-'Rară albă', A19-'Țȋța caprei albă', A20-'Țȋța vacii albă', A21-'Tigvoasă', 
A22- 'Zghihară rară'. 

CONCLUSIONS  The ampelographic method by standardized description was used to obtain an up-to-date description of the 22 neglected old grapevine accessions. The evaluation of the morphological features and their comparison with the old reference documents were important to confirm the authenticity of newly plant material introduced into germplasm 
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collection. The ampelographic characterization of the accessions represents only the first step in preventing information for ‘true-to-type’ status, and also is essential in the management of germplasm collections. The 49 OIV descriptors evaluated by us during two consecutive years were applied to obtain and complete the description file for each accession, and the applied statistical methods revealed the diversity of their morphological features and degree of similarity. Starting from the consideration that viticultural germplasm collections represent a valuable source of biodiversity, correctly and completely characterized accessions represent a guaranteed biological material for scientific and economic activities. Among the accessions studied and presented in this article, the following can be distinguished: 'Frumoasă de Ghioroc' by precocity, 'Bacator', 'Bicane', 'Moroștină', 'Negru de Căușani', 'Țȋța vacii albă' and 'Tigvoasă' by the type of flower, 'Om rău', 'Țȋța caprei albă', 'Țȋța vacii albă' and 'Tigvoasă' for the size and commercial aspect of the bunch, 'Coarnă neagră aromată and 'Coarnă neagră tămîioasă' for the special flavor of the berries, and 'Bacator' and 'Papască neagră' for the quality of the obtained must. The existing genetic resources in the germplasm collections bring new opportunities for reconsidering the old grapevine genotypes, removed from the cultivated varietal assortment and for their efficiently used in breeding and winemaking programs. Moreover, the genetic resources are very important for ensuring the sustainability of grapevine production under climate change.  
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ABSTRACT  

In the context of the current global and zonal climate changes, the practice of 
sustainable viticulture by capitalizing on the ecopedoclimatic conditions specific to 
each viticultural area and reducing the amounts of pesticides applied through 
phytosanitary treatments, requires the obtaining and promoting practice of new 
vine cultivars with complex biological resistance, with qualitative potential and 
superior productivity, with good tolerance to biotic and abiotic stress factors. To 
respond to this desire, at R.D.S.V.O. Odobesti, using the direct sexual hybridization 
between the cultivar ‘Traminer roz‘and the interspecific hybrid ‘Isabelle‘, was 
obtained and approved in 2022 the ‘Dacicus‘  cultivar. This new creation is 
characterized by medium to large sized grapes (227 g), with medium sized berries 
(1.64 g), with pink skin, and more intense on the sunny side. The pulp is juicy, with 
low firmness, without anthocyanin coloration. The average production of grapes is 
6.10 kg/vine, respectively 23.0 tons/ha. It presents high biological resistance to the 
main cryptogamic diseases. The grapes reach full maturity in the 5th epoch. From 
this cultivar one can obtain high-quality white wines, dry or semi-dry, with a slight 
aromatic tinge, with high alcoholic potential (12.7 – 13.9 vol % alcohol), a total 
acidity of 5.9 – 6.5 g/L tartaric acid and a high values of the non-reducing dry extract 
(19.8 - 23.6 g/L). 

Keywords: vines, breeding, resistance, cultivar, sustainable viticulture  
INTRODUCTION  Practicing sustainable viticulture in tandem with environmental and health concerns is currently one of the most important goals of the wine world. That also involves the diversification of genetic resources by creating new v cultivars which have an important role in protecting the environment, being known that native cultivars have genes with tolerance and resistance to disease and pests, ensuring its sustainable development at the national, regional and local level (Fregoni, 1998; Mestre et al., 2018; De Nardi et al., 2019; Giacomelli et al., 2019). In this context, the research carried out in the last four decades in our country led to the creation of several grapevine genotypes with increased disease tolerance and resistance to stress factors (frost, drought), and the results led to the creation of a base with valuable genetic material and the homologation of many cultivars (Calistru and Damian, 1999; Damian et al., 2012; Culcea et al. 2004; Bosoi et al., 2020, Bosoi et al.,2022). 
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Following this direction for creation of new resistant genotypes, a new cultivar for white wine, called ‘Dacicus‘, has been approved at Research and Development Station for Viticulture and Oenology Odobesti. This cultivar was obtained by direct sexual hybridization between the cultivar ‘Traminer roz‘ and the interspecific hybrid ‘Isabelle‘. This paper presents the agrobiological and technological potential of this cultivar and the main characteristics of the obtained wine. 
MATERIALS AND METHODS  The research was carried out in a plantation of over 30 years old located on a leached chernozem type soil, in the biological field of the Research and Development Station for Viticulture and Oenology (RDSVO) Odobesti, with geographical coordinates 45º45′ north latitude, 27º06′ east length, and an altitude of 150 m. The study was conducted during the years 2020-2022.  The biological material was represented by the new resistant cultivar ′ Dacicus′, grafted on Kobber 5 BB rootstock, placed in three repetitions with five vine plants each. The pruning system practiced was the Dr. Guyot system, using a fruit load of between 38-44 buds/vine, distributed on canes with 8-9 buds and spurs with 2 buds. The training system was semi-high. To establish the agrobiological potential, observations and determinations were made regarding: the phenological spectrum by monitoring the vegetation phases, the vigor of growth by measuring the shoots during the period of intense growth; elements of fertility and productivity by calculating the percentage of fertile shoots (FS%), fertility coefficients (Cfa and Cfr) and productivity indices (Ipa and Ipr); behavior to the main vine diseases and stress factors (frost, drought) by scoring  from 1 to 9 according to the resistance scale developed by OIV (2009). To establish the technological potential, determinations were made regarding the quantity (kg/vine, t/ha) and quality of grape production (g/L sugars, g/L tartaric acid). The general compositional profile of the wines was obtained by performing the main physico-chemical analyzes: alcoholic concentration (% vol. alc), total acidity (g/L tartaric acid), non-reducing dry extract (g/L). The 'Băbeascǎ gri' cultivar was taken as a control for comparison. The results were statistically interpreted through the Anova test (analysis of variance) using Microsoft Excel. Climate data for the study period were provided by the AgroExpert weather station and the multi-year climate database of the R.D.S.V.V. Odobesti. 
RESULTS AND DISCUSSIONS  Climatic conditions. The research period (2020-2022) was characterized by high heliothermal availability, the thermal regime expressed by the average annual temperatures (ºC) and the sum of the useful temperature degrees (∑ºtu) registering values much higher than the multiannual values in the years 2020 and 2022, and close value by the multiannual average in 2021. Compared to the multiannual values for these climatic elements (11.1 °C and 1630.8 °C respectively), the annual average temperature recorded an excess of 2.3 °C in 2020 and 1.6°C in 2022 and for the sum of useful temperature degrees (∑ºtu), a thermal excess of 359.8°C was recorded in 2020 and 403.3°C in 2022 (Table 1).  The precipitation regime in all three years of study was deeply deficient, both during the year and during the vegetation period. Compared to the multiannual values recorded for the entire period of a year and during the vegetation period (621.3 mm, respectively 391.4 mm), the amount of precipitation recorded represented only 68.4%, respectively 55.8% in the year 2020, 81.7%, respectively 74.0% in the year 2021 and 57.4%, respectively 65.1% 
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in the year 2022. Another negative characteristic of the precipitation during the three years of the study was represented by the defective quantitative distribution, especially during the vine vegetation period. These aspects show the fact that the study period (2020-2022) was a dry one for the Odobesti wine-growing area. 
Table 1. The main climatic parameters from the study period (Odobesti, 2020 - 2022) Climate parame ter  / Month  

Average temperature (°C) The sum of the useful temperature degrees (°C) Rainfall (mm) Multi annual 2019/ 2020 
2020/ 2021 

2021/ 2022 
Multi annual 2019/ 2020 

2020/ 2021 
2021/ 2022 

 Multi  annual 2019/ 2020 
2020/ 2021 

2021/ 2022 XI 5.2 9.0 5.3 7.6 9.9 49.4 0.0 11.7 46.8 68.2 12.2 12.0 XII 0.3 3.0 2.5 1.5 0.5 0.0 0.0 0.0 40.0 42.8 98.6 76.2 I -1.5 1.7 0.6 1.9 0.1 0.0 0.0 0.0 32.5 0.4 47.0 6.4 II 0.0 5.6 1.6 4.9 0.9 2.3 2.0 0.8 32.4 9.0 4.4     4.8 III 4.5 8.6 4.6 4.9 12.3 30.8 0.4 23.3 33.0 20.2 46.8 1.2 IV 11.2 12.2 8.9 11.6 70.8 82.1 15,3    76.1 48.9 5.2 41.0 65.8 V 16.8 15.8 16.5 17.7 218.7 179,6 200.5 239.6 73.5 55.6 22.8 31.6 VI 20.2 21.8 20.3 22.7 312.5 353.3 309.0 380.6 84.6 85.2 134.6 48.2 VII 22.1 23.5 24.3 24.0 375.6 419,1 443.5 432.5 78.6 28.2 40.0 51.0 VIII 21.6 24.3 22.9 24.3 360.3 441.8 398.6 442.2 60.2 13.0 45.0 31.6 IX 17.0 20.6 16.7 17.2 212.1 317.5 199.8 214.6 45.6 31.4 6.2 26.8 X 11.0 14.2 10.6 13.8 66.1 123.7 35.1 221.7 45.2 66.0 9.4 1.2 Annual average amount  11.1 13.4 11.2 12.7 1639.8 1999.6 1604.2 2043.1 621.3    425.2 508.0 356.8 vegetation period  18.2 19.7 18.3 19.6 1550.0 1793.4 1568.7 1785.6 391.4   218.6 289.6 255.0 
The phenological spectrum. The phenology of the new cultivar with biological resistance ′Dacicus′ and the control cultivar ′Bǎbeascǎ gri′ are presented in Table 2. In the climatic conditions specific to the study period (2020 - 2022) the growth and development processes of the vine evolved relatively normally (Figure 1). The vegetation phases for the two cultivars were initiated and completed 5 to 15 days earlier in the years 2020 and 2022 compared to 2021. 

Table 2. The dynamic of the main phenological stages (Odobesti, 2020 -2022) The cultivar of vine  Year The phenological stages  Active vegetation period  (days) Budburst  Flowering Veraison Full ripening Date ∑tu (°C) Date ∑tu (°C) Date ∑tu (°C) Date ∑tu (°C) 
'Dacicus' 2020 13.IV 60.3 04. VI 256.0  06.VIII 833.5 11.IX 497.6 152 2021 29.IV 12.9 11.VI 296.1  15 VIII 876.2 18.IX 338.3 143 2022 15.IV 60.6 01.VI 291.6  29.VII 1077.4 09.IX 537.0 148 

Average 19.IV 44.6 05.VI 281,2  06.VIII 929.0 13.IX  457.6 148 
'Băbească gri ' (Control) 2020 12.IV 56.4 04.VI 259.9  09.VIII 884.4  17.IX 528.2 159 2021 28.IV 12.2 14.VI 318.0  17.VIII 886.5 23.IX   320.9 151 2022 15.IV 54.5 01.VI 284.0  06.VIII 1160.1 11.IX   467.3 150 

 Average 18.IV 41.0 06.VI 287.3  11.VIII 977.0 17.IX   438.8 154 For the two grape cultivars the budburst and flowering phenophases are close, instead the phenophases of veraison and full ripening of the grapes were recorded 4 - 5 days earlier in case of the new vine cultivar. The duration of the active vegetation period varied between 
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143-152 days for the ′Dacicus′ cultivar and 150-159 days for the ′Băbeascǎ gri′ cultivar (control).  The average value calculated over the study period (2020-2022) shows that for the initiation and development of the budburst phenophase, the ′Dacicus′ cultivar needed a sum of useful temperature degrees of 44.6 °C, a value close to that recorded for the control cultivar (41.0°C). The flowering phenophase occurred after an accumulation of a sum of useful temperature degrees of 281.2 °C for the new grape cultivar, a value close to that recorded for the control cultivar (287.2°C.). On the other hand, for reaching the veraison phase, the new grape cultivar ′Dacicus′ required a lower value of ∑tu (929.0 °C) compared to that recorded for the control (977.0 °C). For the full ripening of the grapes, the ′Dacicus′ cultivar needed 457.6 °C ∑tu, a value higher than 18.8 °C compared to the control cultivar (Figure 1). 

Figure 1. The grape 'Dacicus' cultivar (young shoot, adult leaf) Fertility and productivity characteristics. The fertility and productivity characteristics of the new grape ′Dacicus′ cultivar were evaluated by the percentage of fertile shoots, fertility coefficients (absolute and relative) and productivity indices (Table 3).  
Table 3. The fertility and productivity characteristics (Odobesti, 2020-2022) The cultivar of vine Year Fertile shoots (%) Fertility coefficients  Average weight of grape (g) Productivity indices  Relative Absolute Relative Absolute 

'Dacicus' 2020 61,7 0,75 1.22 254,0 191 310 2021 69,9 0.89 1.27 236.5 210 300 2022 46,9 0.57 1.22 190.0 108 232 
Average 59.5 0.73 1.23 226.8 170 281 

'Băbească gri ' (Control) 2020 62.1 0.70 1.13 268,2 188 303 2021 66,7 0.73 1,10 282,4 206 311 2022 62,7 0,68 1,09 263.6 179 287 
Average 63,8 0.70 1,10 271.4 191 300 Anova test - analysis of variance  (p-value) p=0,56315 p=0,74012 p=0,00319* p=0,08886 p=0,54513 p=0,48358 



115 

Although the average value obtained for the percentage of fertile shoots was lower compared to the control cultivar (59.5%), the fertility coefficients (relative and absolute) recorded slightly higher values compared to the control (Cfr - 0.73; Cfa - 1.23). Due to the lower average weight of the grapes, the ′Dacicus′ cultivar showed slightly lower productivity index values (Ipr - 170; Ipa - 281) compared to the control cultivar.  The statistical interpretation of the–data obtai–ed for the main fertility elements (% 115 fertile, fertility coefficients, productivity indices) was carried out by analysis of variance using the Anova test. The values obtained for the probability – p value show that between the two grape cultivarsthere are no significant differences in terms of % of fertile shoots, relative fertility coefficient, and productivity indices (p>0.05). However, a significant positive difference compared to the control ′Băbeascǎ gri′ cv. was recorded for the absolute fertility coefficient (p < 0.05). Behavior to the main diseases of the vine. The assessment of biological resistance to the main cryptogamic diseases of the grapevine (downy mildew, powdery mildew, gray rot) was carried out in each year of the study on the leaves and grapes, by calculating the following indicators: frequency of attack (F%); attack intensity (I%) and attack degree (GA%). Based on the values obtained for the degree of attack, the classification was made regarding the resistance to the main cryptogamic vine diseases, according to OIV descriptors 452, 453, 455 456, 458 and 459 (Table 4).  
Table 4. The behavior of the main diseases of the vine  

The grape  cultivar Downy mildew  (Plasmopara viticola) Powdery mildew 
(Uncinula necator) Gray rot  

(Botrytis cinerea) Leaf OIV 452 Grape OIV 453 Leaf  OIV 455 Grape      OIV 456 Leaf  OIV 458 Grape      OIV 459 
'Dacicus' 9 7-9 7-9 9 7-9 7 

'Băbească gri' (Control) 7 5-7 7 5-7 7 5 During the study period (2020-2022), the vegetation period recorded favorable climatic conditions for the attack of cryptogamic diseases, especially for powdery mildew. According to the OIV descriptors, the new grape ′Dacicus′ cv. presented high (7), high to very high (7-9) and very high (9) resistance to downy mildew, powdery mildew and gray rot, compared to the control ′Băbeascǎ gri′ cv. Technological characteristics. The study of the technological characteristics of grape production completed the elements which characterize the new grape cultivars (Table 5).  
Table 5. The quantitative and qualitative characteristics of grapes and juice (Odobesti, 2020-2022) The vine cultivar  Year No. bunch/vine Weight of grape (g) Weight of 100 berries  (g) Kg/vine The juice  Sugars g/L   Acidity g/L acid tartric

'Dacicus' 2020 28.0 254,0 181 7,11 235 6.00 2021 30.1 236.5 185 7.12 214 7.77 2022 21.5 190.0 125 4.09 253 5.63 
Average 26.5 226.8 164 6.10 234 6.46 

'Băbească gri' (Control) 2020 22.8 268,2 240 6.00 213 7.34 2021 23.8 282,4 223 6.54 212 8.11 2022 21.6 263.6 246 6.65 230 7.13 
Average 22.7 271.4 236 6.39 218 7.52 
Anova test - analysis of 

variance  p=0,22713 p=0,08886 p=0,02412* p=0,79188 p=0,28465 p=0,29079 
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The average value for the number of grapes per bunch was 26.5, being with 14.3% higher compared to the control cultivar. The value for the average weight of the grape calculated during the three years of the study was 226.8 g, 16.4% lower compared to the control (Figure 2). The average value obtained for grape production per vine for the new vine cultivar was 6.1 kg/vine, with 0.29 kg lower than the control cultivar- 6.39 kg/but. (Figure 2). Regarding the quality of grape production, the new grape accumulated a large amount of sugars in the juice (234 g/L), compared to the control cultivar (218 g/L), and the acidity of the juice expressed in tartaric acid had an average values of 6.46 g/L in the new grape ′Dacicus′ cv. and 7.52 g/L in the control ′Băbeascǎ gri′ cv., which represents one of the reference cultivars for high acidity. 

Figure 2. The grape 'Dacicus' cultivar (grape, berry) The statistical interpretation of the data obtained for the main technological elements of grape production through the analysis of variance shows that there are no significant differences between the two grape cultivars (p-value >0.05), which proves that the new grape cultivar with biologically resistance ′Dacicus′ presents a valuable technological potential similar to vinifera cultivars. The values of the technological indices resulted from the mechanical analysis of 1 kilogram of grapes, completing the qualitative properties of the new cultivar ′Dacicus′ (Table 6). 
Table 6. Mechanical composition of grapes for 'Dacicus' cultivar (average data 2020 – 2022) Elements determined 'Dacicus' 'Băbească gri' (Mt.) 

1 kg grapes: berries g 974.5 975.3 bunch, g 25.5 24.7 no. berry normally developed 658.7 422.7 must, g 778.3 792.7 volume of juice, cm3 715.3 725.0 
100 berries: average weight, g 163.7 236.3 skin weight, g 19.2  18.8 core weight, g 136.9 210.4 seeds weight, g 7.6 7.1 number of seeds 216.7 217.7 weight of 100 seeds, g 3.5 3.1 Technological indices berry index 65.9 46.5 structure of the grape index 38.2 39.5 composition of berry index 5.8 4.2 yield index 4,9 4,2 



117 

The values obtained for the main technological indexes (grape structure index, berry index, composition of berry index and yield index) show that the new grape with biological resistance ′Dacicus′ can be qualified as a cultivar for wine grapes (Figure 3).  

Figure 3. The grape 'Dacicus' cultivar (productive potential) The compositional profile of the wine obtained from the new vine cultivar ′Dacicus′, established by performing the main physico-chemical analyses, shows a valuable oenological potential. Quality white wines, dry or semi-dry, can be obtained, with a slight aromatic tinge reminiscent of the maternal parent ′Traminer roz′, with a high alcoholic concentration (12.7 – 13.9% vol. alc), supported by a fairly good acidity (5.99 - 6.50 g/L tartaric acid) and a high non-reducing dry extract value (19.8 – 23.6 g/L). 
CONCLUSIONS From a climatic point of view, the experimental period (2020-2022) was characterized by a surplus of thermal regime along with a quantitative and distributive deficient rainfall regime, which determined the installation of the atmospheric drought phenomenon and the accentuation of the pedological drought. In these conditions, the new grape cultivar with biological resistance ′Dacicus′ showed valuable agrobiological and technological characteristics, close in value to the control vinifera cultivar. Being a genetically resistant cultivar, it showed high (7) and very high tolerance (9) to the main cryptogamic vine diseases compared to the control. In experimental conditions characterized by a prolonged drought, were obtained from the Dacicus grape high quality dry or demi-dry white wines, with high alcoholic potential (over 12% vol. alc), with good average acidity (6.2 g/L tartaric acid) and good extractivity (21.8 g/L non-reducing dry extract).  The valuable agrobiological, technological and oenological potential demonstrated by the new grape cultivar recommends it to be tested in different wine-growing areas in order to introduce and expand it in practice to diversify the assortment of cultivars for quality white wines with high ecological plasticity. 
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ABSTRACT 

Anthropogenic activity significantly disrupts the composition and quantity of 
greenhouse gases in the environment. The increase in the concentration of greenhouse 
gases in the atmosphere, as a result of industrial activity, contributes to the 
strengthening of the greenhouse effect, and finally, the additional warming of the 
atmosphere takes place. The amount of greenhouse gases in the atmosphere is 
determined by the difference between greenhouse gas emissions and sequestrations. 
Photosynthesis, respiration, transpiration, stomatal conductance, assimilation, etc. can 
be used in the plant breeding process, with the aim of identifying plant genotypes with 
an increased potential for capturing CO2 from the atmosphere. In carrying out the 
study, grapevine genotypes of intraspecific origin Vitis vinifera L. and genotypes of 
interspecific origin (Vitis vinifera L. x Muscadinia rotundifolia Michx.) were used. 
Measurements were made during the period up to flowering, berry formation (growth) 
and mature berry (formed) period. Phytomonitoring was carried out by   using the 
PTM-48A monitor, which is an automatic CO2 exchange monitoring system. It was found 
that the interspecific grapevine genotypes have a much higher performance than the 
intraspecific genotypes in relation to the change of climatic factors. The respective 
methodology can be applied in the breeding process of other plant crops. 

Keywords: genotype, rhizogen, grapevine, climatic changes, climatic factors
INTRODUCTION Climatic changes require specific premises to review the techniques and methods of cultivating plants: horticultural, cereal, leguminous, medicinal, etc. The expenses for the production of planting material and the establishment of plantations, the procurement and use of chemical, necessary to combat diseases and pests, the agrotechnical works, etc. the end it influences the productivity and quality of the derived products, as well as the final marketing cost. Based on the above, it is necessary to create and select genotypes and vine cultivation technology, with the minimal application and/or exclusion of protective chemical products, which contribute to the maintenance of biological diversity, as well as the presence of these compounds in minimal quantities in grapes and in wine-derived products. The adaptation potential of plants to the environment represents a response to climatic factors, at the same time demonstrating a certain quantitative and qualitative capacity of productivity and derived products. The creation of grapevine genotypes with superior properties of productivity, quality, to biotic and abiotic factors, will significantly influence the health of the population and contribute to a sustainable development of society (HGRM No. 1009 / 10.12.2014.; HGRM No. 301 / 24.04.2014). 

RJH Vol. IV, 2023: 119-124 
10.51258/RJH.2023.14 
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MATERIALS AND METHODS Grapevine genotypes of intraspecific origin from the Vitis vinifera L. group were used as material for the study, such as: 'Muscat of Alexandria', 'Corna Neagră', 'Sauvignon', 
'Cabernet-Sauvignon', etc. Genotypes of interspecific origin (Vitis vinifera L. x Muscadinia 
rotundifolia Michx.), such as: 'Amethyst', 'Alexandrina', 'Augustina', 'Nistreana', 'Malena', 
'Sarmis', etc. (Alexandrov  et. al., 2020; Catalog, 2021). The measurements were made in the period up to flowering, the formation (growth) of berries and in the period of mature berries (formed) (Dobrei et al., 2021). Phytomonitoring was carried out by using the PTM-48A monitor, which is an automatic CO2 exchange monitoring system. The system is equipped with four leaf-mounted cameras that operate sequentially. The working mechanism of this system consists in the analysis of the gas exchange based on the CO2 concentration at the exit of the measuring chamber of the leaf in relationin the environment at the time of measurement.  

Figure 1. Phytomonitor PTM-48A. 

RESULTS AND DISCUSSIONS Grapevine is a perennial crop that can be grown on soils which are impractical for other agricultural crops. The productivity of agricultural crops depends on climatic conditions, cultivar, and the technology applied in plant management and maintenance, fruit preservation and processing. The change in climate factors is ongoing and taking place significantly in a very short period of time, and the adaptation of living organisms to these changes requires a much longer period of time. So, as a result of the rapid change in climatic factors, we find that many species of plants and animals will not be able to adapt to the respective changes in the environment, and with time one species will disappear (Alexandrov E., 2023). As a result of the study carried out, it was found that the amount of greenhouse gases (GHG) globally has reached the critical level. From the total volume of GHGs released into the atmosphere, it was found that CO2 represent the largest amount, about 80%, and it is usually produced as a result of anthropogenic activities. Other GHGs are released in smaller quantities, but have a much higher heat-trapping capacity than CO2. For example: methane is 80 times stronger than CO2 over a 20 year period.  The trend of the average values for the air temperature on the territory of the Republic of Moldova in the last period was found to be. The average temperature average temperature of the air for the June - August 2023 period, where the studies were conducted, was found to be increasing (fig. 2). The amount of precipitation for the June - August period of 2023 was decreasing, and compared to the norm, a non-uniformity is observed (fig. 3.). 
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Figure 2. Average temperature per decade of air,  (oC), June – August, 2023 Figure  3. The amount of precipitation per decade (mm) for the period June - August, 2023 By analyzing the average monthly temperature indices for the January - September period of the years 2022 and 2023, and comparing with the normal temperatures, we come to the conclusion that these indices are increasing (fig. 4.). By analysing the amount of monthly atmospheric precipitation for the period January - September, of the years 2022 and 2023, and comparing it with the amount of normal precipitation, we find that it is decreasing and the phenomenon of non-uniformity is highlighted (fig. 5.). 

Figure. 4. Amount of monthly precipitation (mm), (January-September 2022; 2023) Figure. 5. Average monthly temperature (oC), (January – September 2022; 2023) Taking into account the fact that the average temperature, for the period January - September is 11.46 oC, and for the same period, in 2022 were recorded - 13.41 oC, respectively 14.260C in 2023. Compared to the norm, we observe an increase of temperature with 2.8 oC,  (fig.6.).  

Figure 6. Average temperature (oC)  for the period  January - September, 2022; 2023 
Figure 7. The amount of atmospheric precipitation (mm), for the period  January - September, 2022; 2023The amount of atmospheric precipitation for the period January - September, the norm, is 415 mm, for the same period of the year 2022, there were recorded 334 mm, and for the 
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year 2023 - 313 mm. Consequently, we find a deficit of 102 mm, so about 24.58% of the norm (fig. 7.). The amount of annual precipitation is uneven. In the future, this unevenness will be more pronounced. Calculating the total amount of annual precipitation, we come to the conclusion that in some cases we have the necessary annual rate of precipitation. If we distribute this amount of precipitation over weeks or months, we find that over a long period of time (3-6 months) no precipitation is reported, but in a very short time an abundant amount of precipitation can fall, far exceeding the norm for that period. Based on the situation that the atmospheric precipitation has an uneven character and with time it will intensify even more, actions are required to reduce the process of water evaporation and its preservation in the soil. Various techniques and methods are known for keeping water in the soil, one of them is mulching the soil with organic and inorganic materials. Stabilization of the climate change process could reduce the probability of the occurrence of extreme weather phenomena, but in this case urgent actions are required in all areas of society at the global level. There are two real solutions for rectifying the situation: 
 increasing the consumption of CO2 from the atmosphere as a result of the activity ofphotosynthesis, thus contributing to the increase of forested areas;
 decrease of industrial emissions of CO2 into the atmosphere by implementing eco-efficienttechnologies, protecting the environment and sustainable use of natural resources.
 The maintenance of life on Earth is ensured by the process of photosynthesis, and theeffectiveness of this process depends on the degree of use of solar energy and the abilityto capture carbon dioxide from the atmosphere. So, the green screen of land and oceans:tropical and continental deciduous forests, coniferous forests, grasslands, steppes, semi-deserts, marine and freshwater plankton, the benthos of the World Ocean, fields withfield crops and perennial plantations (orchards, vineyards, etc.) – represents a giganticenvironment for absorbing solar energy, thus summing up, a reactor of thephotosynthesis process. Climate change does not depend on emissions from a particularyear or the lifetime of a plantation, but on the CO2 concentration from the atmosphere,which accumulates/deposits over a much longer period. The CO2 molecules, unlike othersubstances, for example, methane, do not enter into chemical reactions with othersubstances in the atmosphere and are removed from it only when are absorbed by theplanetary ocean or terrestrial ecosystems. The adaptability of organisms is a key issue inthe process of evolution. The adaptation of plants to climatic factors is nothing more thanthe modification of the physiological-biochemical and morphological-anatomicalcharacters of the organism in the process of ontogenesis and the creation of other newcriteria in the phylogenetic process. The adaptation potential of plants represents theirability to survive, multiply and self-develop in the continuous change of climatic factors.An essential feature of the adaptation potential is the self-regulation capacity, i.e.maintaining a dynamic balance of the system: substance – energy – information. Plantsensure the exchange of substances with the environment; absorb, transform and usesolar energy; perceive, process, store and transmit information about climate factors.Controlling the efficiency of the photosynthesis process of the green layer of the Earth, itwould be possible by capturing CO2 from the atmosphere and keeping the global averagetemperature within the limits, which would not lead to the intensification of thegreenhouse effect process and the change of   climatic factors.In this case, it is necessary to apply the techniques and methods of plant breeding in the creation and selection of plant genotypes both for the expansion of forested lands, the stopping of desertification processes, the creation of protective forest strips, the valorization of agricultural lands, etc., which will demonstrate a performance of the process of photosynthesis in the new climatic conditions. Establishing the dependence of photosynthesis on solar radiation allows the evaluation of the effectiveness of the use of light energy by the plant organism. This principle being established in the genetic code, 
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represented by the mechanism of the use of light energy and the transformation of inorganic biogenic compounds into organic substances. The light saturation curve for photosynthesis allows the perception of the ecophysiological characters of a species, and in turn these indices give us the opportunity to compare different plant genotypes in more or less similar conditions, thus determining the productivity capacity and resistance to environmental factors.  In the pre-flowering stage, in the genotypes (fig. 7. - 8.): 
 intraspecific ('Sauvignon', 'Muscat de Alexandria', etc.) it was found that:

◦ at a light intensity of 1000-1500 micromol/m2*s, the photosynthetic activity inthe environment is 7-9 micromol (CO2)/m2*s, and from a sunlight intensity of1500 micromol/m2*s, the intensity of photosynthesis activity is decreasing.
◦ at a temperature of 15 0C, the intensity of transpiration is 4.5-6.0 mg/m2*s, andat a temperature of 30 0C the intensity of transpiration is - 25-30 mg/m2*s.

 interspecific ('Amethyst', 'Augustina', 'Alexandrina', 'Regent', 'Viorica', etc.):
◦ at a light intensity of 1000-1500 micromol/m2*s, the photosynthetic intensityin the environment is 10-12 micromol (CO2)/m2*s, these indices ofphotosynthesis are also maintained at a sunlight intensity of 2000-2500micromol/m2*s.
◦ at a temperature of 15 0C – transpiration - 3.75-5.25 mg/m2*s, and at - 30 0C,transpiration - 23-26.5 mg/m2*s.In the fruit development stage, the genotypes: 

 intraspecific ('Sauvignon', 'Muscat de Alexandria', etc.):
◦ at a light intensity of 1000-1500 micromol/m2*s, demonstrates aphotosynthesis activity of 8-10 micromol (CO2)/m2*s, these indices are alsomaintained at a light intensity of 2000 micromol/m2*s, then the intensity ofphotosynthesis decreases.
◦ at temperatures of 20 0C, perspiration - 4-5 mg/m2*s, and at - 35 0C –perspiration - 50-55 mg/m2*s.

 interspecific ('Amethyst', 'Augustina', 'Alexandrina', 'Regent', 'Viorica', etc.):
◦ at a light intensity of 1000-1500 micromol/m2*s, demonstrates aphotosynthesis activity of 8-11 micromol (CO2)/m2*s, these indices are alsomaintained at a light intensity of 2000 micromol/m2*s , and at a light intensityof 2500 micromol/m2*s a decrease is observed.
◦ at a temperature of 20 0C, transpiration - 5.75-7.75 mg/m2*s, and at - 35 0C,transpiration - 42.5-45 mg/m2*s.In the fruit maturation stage, the genotypes: 

 intraspecific ('Sauvignon', 'Muscat de Alexandria', etc.):
◦ at a light intensity of 1000-1500 micromol/m2*s, demonstrates an activity ofphotosynthesis in the environment of 3-6 micromol (CO2)/m2*s, these indicesare maintained up to a light intensity of 1700 micromol/m2 *s, then the trendis down.
◦ at a temperature of 200C, transpiration - 8-10 mg/m2*s, and at - 300C,transpiration - 38-45 mg/m2*s.

 interspecific ('Amethyst', 'Augustina', 'Alexandrina', 'Regent', 'Viorica', etc.):
◦ at a light intensity of 1000-1500 micromol/m2*s, demonstrates an averagephotosynthetic activity of 8-9 micromol (CO2)/m2*s, these indices ofphotosynthesis are maintained up to a light intensity of 2000 micromol (CO2)/m2*s, and at a stronger light intensity the photosynthetic activity shows a slightdecrease.
◦ at an air temperature of 20 0C, transpiration - 7.75-9.75 mg/m2*s, and at - 350C, transpiration - 35-40 mg/m2*s.
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It was found that the interspecific grapevine genotypes have a much higher performance than the intraspecific genotypes in relation to the change of climatic factors. Taking into account the effectiveness of physiological processes, such as: photosynthesis, respiration, transpiration, stomatal conductivity, assimilation, etc. in the process of plant breeding, it is possible to identify plant genotypes with an increased potential for capturing carbon dioxide from the atmosphere, thus contributing to maintaining the global average temperature within the limits, which would not lead to the intensification of the greenhouse effect and the change of climatic factors. The respective methodology can also be applied in the improvement process of different plant crops. 
CONCLUSIONS Physiological processes, such as: photosynthesis, respiration, transpiration, stomatal conductivity, assimilation, etc. can be used as indicators in plant breeding, which allow the identification of plant genotypes with an increased potential for capturing carbon dioxide from the atmosphere, thus contributing to the reduction of CO2 concentration in the environment. The respective methodology can also be applied in the improvement process of different plant crops. In this case, it is necessary to apply the techniques and methods of plant breeding to create plant genotypes both for the expansion of forested lands, stopping desertification processes, the creation of protective forest strips, the sustainable utilization of agricultural lands and those not practiced for agriculture, etc., which they will demonstrate a performance of the photosynthesis process in the new climatic conditions. 
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ABSTRACT 

 At the Research and Development Station for Viticulture and Vinification 
Murfatlar, in the period 2019 – 2022, was carried out clonal selection work on two 
cultivars for table grapes, respectively: 'Victoria' and 'Coarnă neagră'. The research 
consisted of the comparative study of five clonal elites of each cultivar, regarding 
their agrobiological and technological qualities, correlated with the specific climatic 
conditions of the Murfatlar vineyard. The five elites of each cultivar were studied 
and analyzed compared to the characters of the initial cultivar (the control). In the 
case of the 'Victoria' cultivar, out of the five elites under study, the one that stands 
out is the clonal elite  ‘Victoria 57/4/7', which has great vigor, good fertility 63-73%, 
and high productivity. The preservability of grapes on the bush is long, about 30 
days. Grape production is high, over 16-18 t/ha, of which 83-85% is commodity 
production. When are ripe for consumption, the grapes accumulate 140-150 g/l 
sugars, and the acidity is relatively low 3.8-4 g/l H2SO4. Regarding the cultivar 
'Coarnă neagră', of the five elites under study, the one that stands out is the clonal 
elite 'Coarnă neagră’ 14/5/22', which has great vigor, high fertility, and medium 
ripening. The grape is large, cylindrical or cylindrical-conical in shape. Grape 
production is high, 20-25 t/ha, of which 85% is commodity production. The 
preservability on the bush is high, between 25-30 days. When are ripe for 
consumption, grapes accumulate 170–180 g/l sugars, and 5 g/l H2SO4 total acidity. 

Keywords: clonal selection, grapes for consumption, climate, productivity, quality 
INTRODUCTION On the two hemispheres of the globe, the vine is cultivated between 28° and 50° latitude (Belliturk et al., 2023). The competitiveness of viticulture is, generally, determined by the quality of the vine assortment, the role of this factor becoming decisive, especially depending on the specifics of the cultivation area, as a whole, as well as the geographical peculiarities of the vineyards (Savin and Cornea, 2015). Due to the attractive external appearance, the particularly pleasant taste and the high energy value, table grapes are among the most valuable fruits that are consumed fresh (Muntean and Ionica, 2006). 
MATERIALS AND METHODS The research was carried out over a period of four years (2019 – 2022), and consisted in the study of clonal selections coming from 2 cultivars for table grapes, respectively: 
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'Victoria' and 'Coarnă neagră'. During this period, five clonal elites of each cultivar were comparatively analyzed, regarding their agrobiological and technological qualities, correlated with the specific climatic conditions of the Murfatlar vineyard. The agroproductive behavior of the 10 clonal elites was evaluated compared to the 2 initial cultivars (control), using variance analysis and Tukey's post hoc test. Observations and determinations were made regarding the biological characteristics of fertility, the development of the phenophases of vegetation, the phytosanitary status, but also some morphological components, production capacity, and the technological characteristics of the grapes were determined and analyzed in the laboratory. 
RESULTS AND DISCUSSION For most agricultural systems and especially for viticulture, climate is a major factor dividing the spatio-temporal distribution due to the vulnerability of climate inconsistency occurring during the year and climate change (Gouveia et al., 2011). The climatic conditions specific to the Murfatlar vineyard are favorable for the cultivation of vines, as the climate is continental, with warm summers and moderate winters. The climatic data presented in Table 1 were analyzed throughout the wine-growing years, with an emphasis on the vegetation period (April - September). 

Table 1. The main climatic elements in the Murfatlar vineyard, in the years 2019 – 2022 
Elemente climatice analizate Multiannual 

average 2019 2020 2021 2022 Global thermal balance, (∑t°g) 4790,7 5534,4 4999,6 4396,8 5053,3 The active thermal balance, (∑t°a) 4300,7 5061,8 4500,5 3693,3 4573,8 Useful heat balance, (∑t°u) 2178,9 2811,8 2270,5 1850,1 2228,8 Average temperature in July, °C 25,5 26,7 26,3 30,3 25,7 Average temperature in August, °C 24,7 27,5 25,8 25,1 26,1 Average temperature in September, °C 19,3 22,8 21,7 17,6 19,56 Temp. min. absolute in air, °C -22 -10,5 -13,9 -13,1 -10,6 Temp. min. absolute at the ground surface, °C -15,5 -15 -9,8 -10,8 -12,1 Average annual temperature T°C 13,0 14,8 14,9 13,8 13,9 Maximum air temperature, °C 44 39 33,9 39,5 36,0 ∑ annual precipitation, mm 522,6 311,4 267,9 661 383,7 ∑ precipitation during the vegetation period, mm 324,2 180,4 161,7 339,3 206,7 ∑ hours of insolation per vegetation period, hours 1612,1 2125,5 1574,6 1300,6 1401 Average maximum temperatures in August, °C 30,8 33,8 30,4 31 32 The average temperature in the first and second decades of June 22,9 26,3 22,1 19,5 22,2 No. days with temp. maximum >30°C 51 98 57 44 64 Duration of the bioactive period, no. days 188,4 162 186 213 158 Real heliothermal index (IHr) 3,6 4,5 5,7 3 4,5 Hydrothermal coefficient (CH) 0,8 0,4 0,4 0,9 0,6 Bioclimatic index (Ibcv) 13,2 22,6 20,3 6,4 12,3 Oenoclimatic suitability index (IAOe) 5178,6 5847,5 5457 4700,3 5250,7 Heliothermal Huglin index (IH) 3130,1 4583,7 4584 2856,3 2520 
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The values for the global, active and useful heat balance, according to Table 1, during the study period (vine years 2019 – 2022), were higher than the multiannual average values, indicating years with high heliothermal availability. The rainfall regime was deficient (in the years 2019, 2020, and 2022), with precipitation amounts below the multiannual average. Only in the 2021 wine year, the amount of precipitation recorded exceeded the multiannual average. The values for the Real Heliothermal Index (IHr) (Blanco-Ward et al., 2019), during the study period, exceeded the multi-year average, which indicates that there are sufficient heliothermal resources for the ripening of grapes, including the late cultivars. The hydrothermal coefficient (CH) had values between 0.4 - 0.9, much lower, compared to normal values (1 - 1.9), this indicates the need to install drip irrigation systems (Table 1). Regarding the fertility percentage values, during the study period, for each elite, they were higher than those of the control cultivars. The superior clonal elites, in this period, are: - The elite ‘Victoria 57/4/7’ (the clone that imposes itself due to its earliness and high productivity), recorded a 92% fertility percentage, compared to the 66% normal fertility values of the original cultivar; - The elite 'Coarnă neagră 14/5/22’ (clone which is imposed by great vigor, large and compact grapes), recorded 86% fertility percentage, compared to the normal fertility of the original cultivar of 56% (Table 2). 
Table 2. The main statistical elements of the studied genotypes in 2019 – 2022 

Cultivars Clonal elite 
Total 
buds/ 
trunk 

Total 
shoots/ 
trunk 

Fertile 
shoots 

No. of 
inflorescences

/trunk 

Fertility 
percentage 

% 
2019 

‘Victoria’ 

53/5/4 20 14 9 12 86 57/4/7 27 22 19 20 91 52/2/5 28 21 15 20 95 55/4/7 24 20 15 18 90 50/7/3 22 17 9 14 82 
Control (initial cultivar) 19 16 10 13 81 

‘Coarnă 
neagră’ 

9/7/4 28 21 10 19 90 17/5/3 20 14 8 12 86 24/7/8 25 18 10 16 89 14/5/22 30 22 10 20 91 32/1/6 27 21 9 18 86 
Control (initial cultivar) 21 17 13 14 82 

2020 

‘Victoria’ 

53/5/4 26 17 13 15 88 57/4/7 32 25 20 23 92 52/2/5 25 14 5 7 50 55/4/7 27 14 10 12 85 50/7/3 25 15 7 12 80 
Control (initial cultivar) 26 20 15 16 80 

‘Coarnă 
neagră’ 

9/7/4 26 19 10 17 89 17/5/3 20 15 9 13 87 24/7/8 24 14 10 12 86 14/5/22 27 21 14 19 90 32/1/6 23 16 11 13 81 
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Cultivars Clonal elite 
Total 
buds/ 
trunk 

Total 
shoots/ 
trunk 

Fertile 
shoots 

No. of 
inflorescences

/trunk 

Fertility 
percentage 

% 
Control (initial cultivar) 22 18 10 14 78 

2021 

‘Victoria’ 

53/5/4 21 13 10 12 92 57/4/7 30 17 16 14 82 52/2/5 23 17 10 15 88 55/4/7 25 18 11 16 89 50/7/3 21 15 13 14 93 
Control (initial cultivar) 22 20 13 15 75 

‘Coarnă 
neagră’ 

9/7/4 26 21 13 18 85 17/5/3 23 17 10 15 88 24/7/8 25 18 13 16 89 14/5/22 29 22 12 20 91 32/1/6 24 19 10 15 79 
Control (initial cultivar) 24 22 16 18 82 

2022 

‘Victoria’ 

53/5/4 23 18 15 17 94 57/4/7 28 21 16 26 93 52/2/5 26 19 15 17 89 55/4/7 20 16 12 13 81 50/7/3 19 15 7 10 67 
Control (initial cultivar) 21 17 13 13 76 

‘Coarnă 
neagră’ 

9/7/4 19 14 10 12 86 17/5/3 18 15 8 13 87 24/7/8 22 16 11 14 87 14/5/22 25 21 18 20 95 32/1/6 20 13 10 11 84 
Control (initial cultivar) 19 15 11 12 80 According to Table 3, in the years of the study, in the climatic conditions of the Murfatlar vineyard, for the cultivar 'Victoria' (control), and the five studied elites, the budburst occurred between April 15 and April 23, the flowering between May 30 and 07 June, veraison between July 30 and August 28, and full maturity between August 27 and September 26. Following the data in table 3, for the cultivar 'Coarnă neagră' (control), and the five elites studied, the budburst occurred between April 25 and 26, the flowering between June 4 and June 10, the ripening between August 28 and September 20, and full maturity between September 24 and October 3. The leaf fall phenophase took place between October 25 and November 5, depending on the climatic conditions of each studied year. From figure 1, it can be seen that the clonal elite 'Victoria 57/4/7’ (characterized by earliness and high productivity), registered a very significant difference (***) compared to the control, with an average of 7.19 kg/vine, compared to 3.40 kg/vine, the average for the control. Regarding the to/ha production, according to figure 2, the clonal elite ‘Victoria 57/4/7’ had an average of 25 to/ha, well above the value of the control (15 to/ha) 
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Table 3. Development of vegetation phenophases during the study period 
Cultivars 

Budburst (BBCH 08-09) 
2019 2020 2021 2022 

Date T useful 
0C Date T useful 

0C Date T useful 
0C Date T useful 

0C 'Victoria' 15.IV 27,6 17.IV 25 23.IV 17,2 21.IV 52,7 'Coarnă neagră' 25.IV 28,3 26.IV 53,4 26.IV 17,0 25.IV 75,6 
Cultivar Flowering (BBCH 65-68) 

2019 2020 2021 2022 
Date T useful 

0C Date T useful 
0C Date T useful 

0C Date T useful 0C 'Victoria' 30.V 332,9 07.VI 405 04.VI 285,9 02.VI 394,8 'Coarnă neagră' 05.VI 403,5 08.VI 419,1 04.VI 285,9 10.VI 486,9 
Cultivar Ripening (BBCH 85) 

2019 2020 2021 2022 
Date T useful 

0C Date T useful 
0C Date T useful 

0C Date T useful 0C 'Victoria' 30.VII 1342,3 28.VIII 1701,4 22.VIII 1446,7 02.VIII 1270,2 'Coarnă neagră' 03.IX 1410,2 02.IX 1774,6 28.VIII 1526,6 20.IX 1565 
Cultivar Full maturity (for consumption) (BBCH 89) 

2019 2020 2021 2022 
Date T useful 

0C Date T useful 
0C Date T useful 

0C Date T useful 0C 'Victoria' 27.VIII 1821,7 26.IX 2061,3 08.IX 1642,5 08.IX 1809,5 'Coarnă neagră' 03.X 2000,4 30.IX 2095,1 29.IX 1825,8 24.IX 1924,1 
Cultivar Falling leaves (BBCH 95-97) 

2019 2020 2021 2022 
Date T useful 

0C Date T useful 
0C Date T useful 

0C Date T useful 0C 'Victoria' 25.10 2361,5 11.10 2181,8 30.10 1969,4 05.11 1977,2 'Coarnă neagră' 25.10 2107,3 11.10 2215,6 30.10 1989,4 05.11 2091,8 

Figure. 1 Production (kg/vine) of clonal elites in the period 2019-2022 compared to the control cultivar 'Victoria' 
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Figure. 2 Production (to/hectare) of clonal elites in the period 2019-2022  compared to the control cultivar 'Victoria' Analyzing figure 3, the clonal elite 'Coarnă neagră 17/5/3’ had a significant difference (*) compared to the control, but the elite 'Coarnă neagră 14/5/22’ (characterized by high vigor, large and compact grapes) registered a distinctly significant difference (**) compared to the control, having an average of 11.83 kg/vine compared to 7.45 kg/vine average for the control. Analyzing figure 4, where the production to/ha is presented, the clonal elite 'Coarnă neagră 17/5/3’, had on average in the years of study, 25 to/ha, exceeding the production of the control (18 to/ha). 

Figure. 3 Production (kg/vine) of clonal elites in the period 2019-2022 compared to the control cultivar 'Coarnă neagră' 

Figure. 4. Production (to/hectare) of clonal elites in the period 2019-2022 compared to the control cultivar 'Coarnă neagră' 



131 

In the years 2019 - 2022, for the ten clonal elites and for the control, their sugar and acidity were monitored. Analyzing the data in table 3, regarding the amounts of accumulated sugars, the differences between the elites and the control are on average positive, the grapes of the clonal elites accumulated significant amounts of sugars and implicitly the acidity was lower, the superior elites of the two control cultivars being: ‘Victoria 57/4/7’ and 'Coarnă neagră 14/5/22’. Overall, under the conditions of these years, the elites studied developed normally and accumulated large amounts of sugars, which demonstrates their readiness for good cultivation in Dobrogea and other areas with a similar climate. 
Table 4. Sugar and acidity of the elites compared to the control cultivars 

Cultivar Clonal elite 
Sugars g/l Acidity g/l 

2019 2020 2021 2022 2019 2020 2021 2022 

'Victoria' 
53/5/4 177,3 172,3 136,2 144,7 4,6 3,40 2,8 1,42 57/4/7 206,5 204,1 137,3 178,2 3,4 3,50 2,6 1,75 52/2/5 180,1 165,4 136,4 152,5 4,2 3,25 2,7 1,50 55/4/7 183,2 173,7 136,2 160,3 3,6 3,36 2,7 1,57 50/7/3 161,4 152,4 135,9 167,2 4,7 3,49 2,8 1,64 
Control 
(initial 

cultivar) 142 146,3 112,4 149,5 4,3 4,23 3,84 4,52 

'Coarnă neagră' 
9/7/4 163,0 158,4 191,7 158,4 4,6 5,1 5,4 2,31 17/5/3 160,1 160,1 198,4 150,6 6,8 4,6 3,8 2,16 24/7/8 150,2 164,2 194,5 160,7 7,2 6,2 3,9 2,30 14/5/22 187,2 186,4 203,2 162,2 5,4 4,8 2,7 2,33 32/1/6 149,5 160,9 194,2 156,8 6,5 5,3 3,7 2,25 

Control 
(initial 

cultivar) 
140,4 139,8 152,4 121,6 6,0 5,5 4,0 3,80 

The clonal elites  ‘Victoria 57/4/7’ and 'Coarnă neagră 14/5/22’ have a special commercial value, they are significantly different from the control but also the other elites, due to the size of the grapes, the compactness and consistency of the core (Table 4).  
Table 5. Technological characteristics of clonal selections with an emphasis on commercial value 
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‘Victoria’ 57/4/7 Very large 400- 600g Large   and non-uniform Loose Oval, greenish yellow Medium Very  firm Mediumcrisp Fully formed Other taste No  flavour 
'Coarnă neagră’ 14/5/22 Large 180- 350g Large and uniform Medium Ovoid, bluish black Medium Medium  firm Crisp Fully formed Other taste No  flavour 
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Figure. 5. Clonale elite  ‘Victoria 57/4/7’ and cultivar 'Victoria' (martor) 
Figure. 6. Clonale elite 'Coarnă neagră 14/5/22’ and cultivar 'Coarnă neagră' (martor) 

CONCLUSIONS During the studied period, the clonal elite ‘Victoria 57/4/7’ was constantly maintained at a higher level than the other elites and the control. It has great vigor, good fertility (63-73% fertility percentage) and high productivity. The preservability of grapes on the trunk is long, about 30 days. Grape production is high, over 16-18 t/ha, of which 83-85% is commodity production. When are ripe for consumption, the grapes accumulate 140-150 g/l sugars, and the acidity is relatively low 3.8-4 g/l H2SO4. In the wine years 2019 - 2022, the clonal elite 'Coarnă neagră 14/5/22’, constantly had higher values than the other elites and the control. This elite has high vigor, high fertility, and medium ripeness. The grape is large, cylindrical or cylindrical-conical in shape. Grape production is high, 20-25 t/ha, of which 85% is commodity production. The preservability on the trunk is high, between 25-30 days. When are ripe for consumption, the grapes accumulate 170–180 g/l sugars, and 5 g/l H2SO4 total acidity. 
REFERENCES 1. Bellitürk K., Çelik A., Kiliç M., Hanedar A., Tanik A., Arslan B. and Kausar M. M. (2023). Climate Change and Soil-Plant-Environment Interactions (Ankara, Turkey, Iksad Publishing House), pp.474.  2. Blanco-Ward,D., Ribeiro A., Barreales D., Castro J., Verdial J., Feliciano M. and Miranda A. A. (2019). Climate change potential effects on grapevine bioclimatic indices: A case study for the Portuguese demarcated Douro Region (Portugal). In BIO Web of Conferences (Vol. 12, p. 01013). EDP Sciences. 3. Gouveia C., Liberato M. L. R., Dacamara C. C., Trigo R. M. and  Ramos A. M. (2011). Modelling past and future wine production in the Portuguese Douro Valley. Climate Research, vol. 48, nr. 2-3, pag. 249-262. 4. Muntean C. and Ionica L. (2006). Struguri de masa si materii prime pentru industria vinicola. Ed. Sitech. Craiova. 5. Savin Ghe. and Cornea V. (2015). Ameliorarea viței de vie in Republica Moldova. Horticultura, Viticultura si Vinificatie, Silvicultura si Gradini Publice, Protectia Plantelor. Vol. 42 (2). Chisinau. Moldova.  
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ABSTRACT 

The objective of this study was to evaluate the influence of climate variability 
from the last two years, namely 2021-2022, on the development of the pathogen 
Plasmopara viticola in two vineyards renowned for the quality of their wines, 
Murfatlar (Romania) and Val de Loire (France). The study was carried out on four 
grapevine cultivars: 'Sauvignon blanc' and 'Cabernet sauvignon', authorized for the 
production of CDO Murfatlar wines; and Cot and Chenin, authorized for the 
production of CDO Touraine wines. The results regarding the appearance and 
development of the disease on leaves and bunches in different grapevine 
development stages, on the two variants of the experiments (treated and untreated) 
highlighted different levels of attack depending on the distribution of precipitation 
and the evolution of average air temperatures during the vegetation period. The 
excess rainfall regime in 2021 of 339.3 mm in Murfatlar and 351.8 mm in Val de 
Loire, and the air temperatures of 20-25°C generated optimal conditions for the 
spread of disease on the leaves in the untreated variant, reaching a maximum of 
48.3% in Murfatlar and 9.5% in Val de Loire during veraison. The disease also 
spread to the bunches, reaching a maximum of 86.2% in Murfatlar, endangering 
almost completely the production of grapes. In the case of the variant where 
phytosanitary treatments were applied, the degree of attack was a maximum of 4%. 
In 2022, against the background of quantitatively reduced precipitation compared 
to 2021, with 64.15% in Murfatlar and 45.01% in Val de Loire, the first oil spots 
were identified in the untreated variant during BBCH 55 (the emergence of 
inflorescences), having an insignificant spread, reaching a maximum of 8.9% in the 
cluster compaction phenophase (BBCH 77). 

Keywords:  Plasmopara viticola, air temperature, rainfall, degree of attack, grapevine disease 
INTRODUCTION Downy mildew is one of the most damaging diseases of grapevine (Vitis vinifera L.), being caused by the pathogen Plasmopara viticola (Rumbolz et al., 2002). The spores overwinter in the soil, on the infected leaves, and the oospores germinate in the spring and produce 
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sporangia. Rain and wind can disperse primary zoospores generated by sporangia on grapevine leaves, which can swim through water droplets and enter the leaf through stomata (Massi et al., 2021). The sporangia production process takes place at night (for at least 4 hours) in conditions of high humidity (95 -100%) and at a favorable temperature (optimum is around 25 °C). The number of infections varies from year to year, primarily depending on climatic factors. In favorable weather conditions, the disease can cause significant losses due to the infection of all the green organs of the grapevine. The worst epidemics occur in years with wet winters and springs, followed by hot summers with occasional rain showers (Gesller et al., 2011). It is necessary to know some meteorological parameters such as temperature, precipitation and relative humidity in order to take preventive measures against the occurrence of the disease, the values of these factors being necessary to determine the incubation period so that immediate action can be taken (Mezei et al., 2022). The observations carried out over the years, regarding the appearance, spread and evolution in time and space of the main phytopathogenic agents of the grapevine, including grapevine downy mildew (Plasmopara viticola), have highlighted different levels of attack, depending on the climatic conditions of each year (Bois et al., 2017), the presence of the inoculum, the history of the disease and the sensitivity of the given cultivars (Tomoioaga, 2013). The traditional monitoring of grapevine diseases involves visual assessments, carried out by specialists, having the disadvantage of being subjective and time-consuming. In recent years, intelligent sensor-based methods have been developed to implement management strategies in precision viticulture (Mahlein, 2016). It is well known that in the effective fight against any disease, the best measure is its prevention. From specialized studies it is known that, for the appearance and development of the pathogen Plasmopara viticola, favorable environmental conditions are necessary, namely: minimum temperature of +7.9°C, optimum of +24°C, maximum of +32°C, and nocturnal humidity higher than 60% (Tulbure and Haidarli, 2013). According to other authors (Mezei et al., 2022), the three 10 rule is necessary: shoot length of at least 10 cm, a minimum of 10 mm of precipitation in 24–48 hours and average daily air temperature equal to or greater than 10 °C. Persistent rain, high humidity and average daily temperatures above 11-14 °C are essential for primary infection cycles. Secondary infections only occur if the primary infection has already spread. The spread of the primary infection is directly observed in theform of so-called "oil spots" on the leaves. Secondary infection can only occur in favorable conditions during the night: high humidity, wind and temperatures over 12 °C (Kennely et al., 2007). Most of the current disease management strategies include the application of appropriate phytosanitary products (copper-based fungicides or systemic fungicides, etc.). The application of treatments generally follows a fixed calendar, which results in a series of unnecessary treatments and significant costs, also producing a negative impact on human health and the environment (Mahlein, 2016). A current approach in precision agriculture involves using accurate data about environmental conditions (climate, soil or plants) and predicting periods of infection. Accurate data can enable timely warnings for both primary and secondary infections (Zia-Khan et al., 2022). Understanding and anticipating the impact of biotic factors on plants is necessary in order to assess how diseases and pests may affect agriculture in the future, so that adaptations of cultivation technologies can be suggested according to plantation requirements to minimize crop losses (Altimira et al., 2019).The purpose of this work was to evaluate the influence of climate variability from the last two years, namely 2021-2022, on the development of the pathogen Plasmopara viticola in two vineyards renowned for the quality of their wines, Murfatlar and Val de Loire. 
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MATERIALS AND METHODS 

Experimental site The study was carried out on four grapevine cultivars for white and red wines: 'Sauvignon blanc' and 'Cabernet sauvignon', authorized to obtain quality wines with Controlled Designation of Origin (CDO) Murfatlar, Romania (SCV); and Cot and Chenin, with the CDO Touraine, France (IFV) in two consecutive years: 2021 and 2022.  The vineyards in the Murfatlar wine center were established after 2009, on Berlandieri x Riparia rootstock, selection Oppenheim 4, clone 4 (SO4-4). The rows have a N-S exposure, with a planting distance of 2.2 m between rows and 1.2 m between vines, with a density of 4132 vines/ha, bilateral cordon training system, and a stem height of 0.8 m. For the experimental lots in Amboise, the plantation was established in 1975 for Chenin and in 1976 for Cot, at a planting distance of 1.5 m between rows and 1 m between vines, the plantation having a density of 6666 vines/ha, the training system being Gobelet.  The experimental scheme was placed in blocks with two variants for the application of phytosanitary treatments: treated and untreated, each variant having 15 vines, in three repetitions. The phytosanitary treatments (systemic and contact) were applied depending on the warnings and the climatic conditions of the year. Thus in 2021, at SVM 7 treatments were applied and 8 in 2022, while at IFV 7 treaments were applied in 2021 and 8 in 2022. 
Climate data Climatic parameters (maximum, minimum temperature and precipitation) were recorded at the weather station iMetos 3.3 (SCV) and the CIMEL weather station operated by Meteo France - the French national meteorological service (IFV). 
Monitoring of the pathogen Plasmopara viticola During the vegetative season in each variant (treated and untreated), once a week, the evolution of downy mildew was monitored in different grapevine development stages, according to the BBCH scale (Lorenz et al. 1995). To determine the frequency (F), intensity (I%) and degree of attack (G.A.%) of grape downy mildew, the visual graphic scale with seven levels of disease severity was used for leaves (Buffara et al., 2014,) and for the bunches (Caffi et al., 2010). 
RESULTS AND DISCUSSION Climatic conditions, especially air temperature and precipitation, have an important role on the evolution of the studied pathogen. The evolution of the minimum and maximum temperatures recorded during the vegetation period (April-September) at Murfatlar (SCV) and Val de Loire (IFV) in the two studied years (2021, 2022) are highlighted in table 1. We observe in the months of spring in the case of both vineyards, very large differences (27°C on average) between the minimum (-2.8°C-0.9°C in April and 0.8°C -4.8°C in May) and the maximum temperatures (24 .3°C -27.7°C in April and 25.2°C-30.8°C in May). The summer months (June, July, August) show minimum values in the range of 8.4°C-14.6°C, higher values by at least 2°C at SCV (10.3°C -14.6°C) compared to IFV (8.4°C -12.5°C). Regarding the evolution of maximum temperatures in the summer months, we can observe temperatures higher than 30.6°C, with even temperatures of 39.5°C being recorded in August 2021 at SCV and in June and July 2022 at IFV. In September, the minimum temperatures dropped in the range of 3.9°C -5.4°C and the maximums oscillated in a fairly narrow range between 30.0°C-33.6°C. 
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Table 1. The evolution of the minimum and maximum temperatures  in the two studied grapevine growing areas Year / Vineyard 2021 2022 IFV, France SCV, Romania IFV, France SCV, Romania Month/ temperature Min. Temp. Max. Temp. Min. Temp. Max. Temp. Min. Temp. Max. Temp. Min. Temp. Max. Temp. IV -2,8 26,9 -2,6 24,3 -2,7 23,1 0,9 27,7 V 1,2 25,2 0,8 28,8 4,8 30,6 1,3 30,8 VI 10,6 32,0 10,3 32,6 8,5 39,4 10,3 34,5 VII 11,5 30,6 12,1 37,0 8,4 39,3 11,8 36,0 VIII 9,2 32,2 11,1 39,5 12,5 36,9 14,6 35,9 IX 3,9 31,8 5,4 30,0 4,5 32,1 3,8 33,6 Average during the vegetation period 5,6 29,8 6,2 32,0 6,0 33,6 7,1 33,1 
Analyzing the evolution of the average air temperatures in the two studied years, (Figure 1), we can see different values for this parameter when comparing them to the multi-annual average. As we can see, in the year 2021 (a), the values recorded at SCV are significantly higher in the months of July (26.3°C) and August (25.1°C), whereas IFV recorded lower values of 19.5°C in July and 18.7°C in August. We observe the same differences of at least 2°C in 2022 for the summer months between SCV and IFV. From the observations made, we find that in both vineyards, the average air temperatures were higher in comparison to the multi-annual average by 1.5°C to 2.8°C. 

Figure 1. The evolution of average air temperatures compared to the multiannual average Among the environmental factors, water has a crucial role, being the most important constituent of the vegetative organs of the grapevine, ensuring the many metabolic functions, participating in biochemical reactions and in the transport of synthesized materials and products. The precipitation regime, represented as the number of days with rain, classified according to the amount in three classes (>0.1; >5;>10), are presented in 
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table 2, where we can see that IFV registered in 2021 the highest number of rainy days, especially  under 0.1 mm (64 days), compared to SCV, where only 59 days were rainy. In the year 2022 their number was lower, summing 53 days at IFV and 48 days at SCV. Regarding the number of days with over 10 mm of rainfall, they reached a maximum of 7 at SCV in June 2021, while for IFV the maximum was 5 days in June 2022. 
Table 2. The evolution of the number of days with rain in the two studied grapevine growing areas 

Year/ 
Vineyard 

2021 2022
IFV, France SCV, Romania IFV, France SCV, Romania 

No. of days with 
rain 

No. of days with 
rain 

No. of days with 
rain 

No. of days with 
rain Month >0,1 >5 >10 >0,1 >5 >10 >0,1 >5 >10 >0,1 >5 >10 IV 5 0 0 14 3 2 13 3 1 8 8 0 V 15 6 3 12 3 2 6 1 1 9 2 0 VI 15 5 4 17 8 7 14 6 5 10 1 1 VII 11 5 2 9 2 2 4 1 0 7 3 2,0 VIII 7 2 0 4 0 0 8 3 0 5 0 0 IX 11 2 1 3 1 1 8 5 3 9 4 2 Total/ vegetation period 64 20 10 59 17 14 53 19 10 48 18 5 

Regarding the amount of precipitation recorded during the vegetation period, we observe an uneven distribution. In 2021, periods with excess rainfall (April, May and June) at SCV and (May, June, July, August, September) at IFV alternated with deficit periods (July, August, September) at SCV and April at IFV. In the year 2021, the amount of precipitation was 339.3 mm at SCV and 351.8 mm at IFV, the values being higher in comparison to the multiannual average of 245.7 mm at SCV and 333.3 mm at IFV. For the year 2022, the amount of precipitation recorded was 206.7 mm at SCV and 242.6 mm at IFV, values lower than in 2021 by 64.15% at SCV and 45.01% at IFV. 

Figure 2. Precipitation evolution in 2021 (a) and 2022 (b) compared to the multi-annual average Grapevine downy mildew, produced by Plasmopara viticola, is a very widespread disease that can produce strong infections during periods of high humidity; the most frequently attacked organs are the leaves, and without the application of phytosanitary treatments the 
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disease can easily spread to the bunches. Analyzing the evolution of the disease in the studied cultivars during the two studied years, we can see in Figure 3 that at SCV, in the year 2021, the first oil spots appeared on the leaves of the 'Sauvignon blanc' cultivar in the untreated variant, in the phenophase of shoot growth (BBCH 19), the attack spreading slightly in the following stages of grapevine development, reaching a maximum of 27.2% in the stage of berry growth and development (BBCH 73). In the treated variant, the degree of attack showed lower values, recording a maximum of 12.3% during the aforementioned development stage (BBCH 73), the degree of infection in this variant being lower due to the application of phytosanitary treatments. Although the amount of precipitation at IFV in 2021 was higher than at SCV, the degree of attack produced by Plasmopara viticola appeared only in the untreated variant, in the BBCH 81 phenophase and was maintained in BBCH 85, with low values of 7.2%. In the case of cultivars for red wines, the disease manifested itself more aggressively in the untreated version, appearing on the leaves at the end of flowering (BBCH 69) and expanding until reaching a maximum of 48.3% during veraison (BBCH 85). In thetreated variant, the spread was kept under control, reaching maximum values of 8.8% in BBCH 69. At IFV, the first signs of the disease appeared in the bunch compaction phase (BBCH 77) maintaining a relatively constant value until the veraison stage (BBCH 85), the degree of attack being 8.4-9.5% only in the untreated version. In the year 2022, characterized by lower precipitation for both of the studied vineyards, the first oil spots were identified at SCV, in the untreated variant during the BBCH 55 stage (inflorescences begin to swell), having an insignificant degree of expansion in the other phenophases. At IFV, the disease manifested itself during the stage of bunch compaction (BBCH 77), reaching values of 8.9% in the untreated version and 1.6% in the treated version. The lack of precipitation in the following period led to the cessation of infection spread in the vineyard. 

Figure 3. The evolution of downy mildew on leaves in the conditions of the year 2021, for white (a) and red (b) grapevine cultivars; and in 2022, for white (c) and red (d) grapevine cultivars. 
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Regarding the grapes, the first infections produced by Plasmopara viticola in the year 2021 at SCV, were manifested in the untreated variants, at the end of the flowering phenophase (BBCH 69), the values being 27.6% for the Sauvignon blanc' cultivar and 32.2% for 'Cabernet sauvignon', as can be seen from Figure 4. The disease spread in the following development stages, the values reaching a maximum of 86.2% in the veraison stage (BBCH 85) in the 'Cabernet sauvignon' cultivar, endangering the production of grapes. In 2022, the values of the degree of attack of downy mildew at SCV were much lower compared to 2021, the values being for both cultivars in the range of 1.1-1.8%. Higher values were recorded during the stage of bunch development (BBCH 73). At IFV, in 2021, the disease settled in the untreated variant at the end of flowering (BBCH 69), the degree of attack for both cultivars oscillating in a fairly narrow range between 3.4-9.4%, while in 2022, the degree of attack in the case of both cultivars showed a maximum value of 7.7-8.1% during the bunch compaction stage  (BBCH 77). 

Figure 4. The evolution of downy mildew on bunches in the conditions of the year 2021, for white (a) and red (b) grapevine cultivars; and in 2022, for white (c) and red (d) grapevine cultivars. 
CONCLUSIONS The climatic conditions of the two studied years had a decisive role regarding the establishment and evolution of pathogens, in this case Plasmopara viticola. The year 2021, characterized as a rich year from a rainfall point of view, with abundant precipitation, showing an uneven distribution during the growing season, with average air temperatures of 20-25°C, ensured favorable conditions for the emergence and development of the pathogen both on leaves and on bunches. In the year 2022, considering the reduced amount of precipitation in comparison with the year 2021, with 64.15% in Murfatlar and 45.01% in Val de Loire, the degree of disease attack was insignificant.  
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ABSTRACT 

In this study, the aromatic compounds of some interspecific genotypes were 
analyzed for both white and red wines. The analysis of the aromatic spectrum of the 
interspecific rhizogenic vine genotype (Vitis vinifera L. x Muscadinia rotundifolia 
Michx.) 'Amethyst' genotype (blue-purple berry) was compared with red wine 
genotype 'Fetească neagră', 'Cabernet sauvignon' and Malbec'. The aromatic 
compounds are formed in the berries, and during the development and ripening of the 
berries, depending on the fluctuations of the climatic factors, they form the aroma 
specific to the grapevine genotype and, as a result of the processing, they form the 
bouquet of the derived product. Grapevine berries mostly contain the same aromatic 
chemical compounds, the specific aroma is only due to their different weight within the 
aromatic complex of each genotype. The results showed that the aromatic spectrum of 
the interspecific genotypes was as pronounced as that of the reference genotype. 

Keywords: flavor, berry, chemical compound, genotype, rhizogen, grapevine. 
INTRODUCTION Climate change represents an unprecedented challenge facing human society, and the degree of impact of these changes will depend on the level of awareness of the trade-offs accepted and made at the global level. The real and opportunity costs will increase with future climate change, affecting the health and economic well-being of the population. Therefore, society's greatest challenge lies in the integration of environmental sustainability in the context of economic development. The development of society through the lens of the green economy provides for the restoration and maintenance of a sustainable, long-term balance between economic development and the integrity of the natural environment, in forms understood and accepted by society (Georgescu et al., 1991). During the development and ripening of berries, depending on the fluctuations of climatic factors, the flavor characteristic of the grape genotype is formed, and as a result of processing the grapes, a bouquet of young wine is formed. Grape berries contain, for the most part, the same aromatic chemical compounds, however, the specific flavor is due not only to their different mass concentration but also to their ratios in the aromatic complex of each genotype. The specific shade of the flavor of the specific genotype and the accent of the aromas of the specific genotype depends to a greater extent on the transfer of hereditary traits from the parent pairs of crossing, the degree of ripening of the berries, the phytosanitary level of the plantations and the influence of the factors of the growing 
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environment. The purpose of this research is the define and compare the analysis of aromatic compounds in berries of rhizogenic interspecific grape genotypes in comparison with intraspecific genotypes (Alexandrov, 2020a; Alexandrov et al.,2020b). 
MATERIALS AND METHODS  The interspecific rhizogenic grapevine genotypes (Vitis vinifera L. x Muscadinia rotundifolia Michx.) approved in the Republic of Moldova served as the object of study: 'Amethyst' (blue-violet berry); 'Alexandrina', 'Augustina', 'Malena', 'Nistreana', 'Algumax', 'Sarmis' (green-yellow berry) (Alexandrov, 2020). From the Vitis vinifera L. group, the indigenous genotypes: 'Fetească albă' and 'Fetească neagră', 'Malbec' and 'Cabernet sauvignon'. Complex interspecific genotypes 'Rithon' and 'Legenda'. The Shimadzu GC analysis system and the GC/MS-QP2010 Plus mass spectrometer, equipped with the АОС-500 sample injection complex, were used to determine the volatile compounds with aromatic potential. For micro-extraction in the solid phase, Carboxen PDMS with dimensions of 100 µm was used, with which the volatile compounds were extracted in concentrations of 10 ррv and 10 ррm. Data analysis was performed using the Software GC/MS Solution system (Shimadzu), equipped with SCAN/SIM (FASST) (Methods of analysis in the field of winemaking, 2011; Țîrdea, 2007; Methodology for the description of grapevine cultivras, 1988). 
RESULTS AND DISCUSSIONS Aromatic compounds (odorant composition) accumulate in the berries, forming the aroma specific to the genotype. During the period of development and ripening of the berries, primary (varietal) aromas are formed, then secondary aromas are formed as a result of processing and alcoholic fermentation, and finally, as a result of keeping the derived product in wooden vessels (maturation) and then keeping it in glass vessels (aging) tertiary aromas are formed, and these, in turn, finalize the bouquet of the derived product.  The purity and accent of the aromas of a certain genotype depends on the degree of ripening of the berries, the phytosanitary level, and the climatic factors of the cultivation environment. However, the final aromatic bouquet depends on the initial volatile chemical compounds (Dobrei et al., 2021). The results regarding the qualitative comparative analysis highlighted the increased concentration of cis-3-hexenal-1-ol (31.3+/-0.21 mg/dm3 for the Amethyst cultivar, 66.9 +/- 0.08 mg/dm3 for Cabernet-sauvignon). An essential component of wines, which renders floral, basil or lavender nuances, is Linalool. According to the results, the amount of Linalool varied between 20.1+/-0.6 mg/dm3 in the 'Fetească neagră' genotype and 42.0+/-0.11 mg/dm3 in the 'Cabernet-sauvignon' genotype, which reproduces shades of basil or lavender.  The results revealed higher concentrations for the chemicals No - diendiol -1 (113.4+/-0.007 mg/dm3 in berries of 'Amethyst' genotype lower 78.8 +/-0.03 mg/dm3 in 'Malbec' genotype). Similarly, Diethyil succionat varied between 550.3+/-0.029 mg/dm3 in the 'Malbec' and 447.0+/-0.03 mg/dm3 in the 'Amethyst' genotypes (Table 3). From an organoleptic point of view, the dry red wine obtained from the grapes of the 
'Amethyst' genotype is characterized by an increased intensity of astringency and extra vitality. In the young wine, nuances of the aromas of black berries are be felt. Based on the results exposed to the odorant nuances, although the differences between the 5 genotypes for red wines are small, the aromatic spectrum shows that in all the grapevine genotypes analyzed, aromas with fruity nuances predominate (Tables 1, 2 and 3). The results regarding the aromatic samples for the white wines showed that in all analyzed grapevine genotypes aromas with fruity nuances dominate. Analyzing the aromatic spectrum of the juice of the yellow-green berries of the grapevine genotypes 
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included in the study, it was found that the nuances of vegetable and floral aromas of the interspecific grapevine genotypes were more pronounced in the case of the 'Fetească albă', 
'Riton' and 'Legenda' genotypes (Table 4. - 7.; fig. 1. and 2). 

Table 1. The chemical compounds in blue-violet berries that form floral flavors  
Flavor  Chemical 

compounds 
Grapevine genotypes 

'Ametist' 'Fetească neagră' 
'Cabernet-sauvignon' 

Malbec 

Citrus – floral Nerol  7,5±0,3 6,9±0,4 6,3±0,31 2,9±0,14 
Basil – floral – 
levander 

Linalool  21,4±0,14 20,1±0,8 4,2±0,11 3,8±0,09 

Bergamot – floral – 
orange 

Alpha - terpeniol  6,3±0,4 4,9±0,3 7,2±0,2 5,4±0,7 

Floral Trans - 8 - dihydrosilinalool  14,1±0,1 10,7±0,9 19,4±0,7 17,6±0,3 

Floral – lily of the 
valley 

Endiol  5,4±0,3 4,1±0,2 6,6±0,4 3,9±0,4 

Floral – pelargonium 
– rose

Geraniol  9,6±0,9 8,8±0,4 11,7±0,09 7,8±0,9 

Rose Cis - 8 - dihydrosiralol  29,2±1,3 19,4±0,7 21,3±0,06 17±0,09 

Rose – fruits Citronellol  11,4±0,8 7,3±0,3 17,9±0,07 14,4±0,03 
Viola – forest fruit Beta - ionone < 1,0±0,1 < 1,0±0,1 2,9±0,07 3,1±0,05 
Floral – fruits 3-oxo-alpha-ionol 3,7±0,3 2,5±0,6 3,9±0,4 2,8±0,6 
Rose – bee honey Beta-damascenon e 2,9±0,2 1,1±0,1 2,2±0,3 1,7±0,7 
Viola – fruits Beta - ionone 1 1 2,3±0,2 0,9±0,8 
Rose – bee honey – 
tabaco 

Ethyl-phenyl-acetate 
3,9±0,6 2,7±0,3 3,3±0,6 2,0±0,02 

Carnation  Eugenol  2,3±0,2 1,9±0,1 4,9±0,7 2,4±0,9 
Orange flowers - 
honey bees 

Phenyl acetate - aldehyde 
5,5±0,9 3,9±0,3 6,2±0,2 4,4±0,8 

Table 2. The chemical compounds in blue-purple berries that form vegetable flavors 
Flavor Chemical 

compounds  
Grapevine genotypes 'Ametist' 'Fetească neagră' 'Cabernet-sauvignon' 'Malbec' 

Unripe fruits - herbs  Cis-3-hexene-1-оl 31,3±0,21 51,9±0,7 66,9±0,08 55,3±0,07 
Camphor – woody Аctindiolo 1 < 1 < 1 < 1 < 1 
Camphor – woody Actindiolo 2 1,7±0,2 1,9±0,1 2,7±0,3 2,9±0,8 
Camphor – 
eucalyptus  

Vitispirin - 1 2,0±0,2 < 1,0±0,1 2,7±0,2 0,9±0,3 

Camphor – 
eucalyptus 

Vitispirin - 2  3,2±0,1 1,9±0,3 3,3±0,6 2,4±0,4 

Woody – divin Ethyl - lactate 1494±0,0039 
1424±0,0021 

1559±0,0043 
1434,4±0,029 

Birch tree Ethyl - 3 - hydroxybutanoate 
231±0,019 217±0,014 420,7±0,091 370,7±0,039 

Peppermint  Methyl - salicytat  4,3±0,7 5,6±0,8 7,9±0,3 4,4±0,07 
Green tea Methyl - vanillin  28,7±0,12 35,6±0,18 49,3±0,06 33,0±0,06 Many factors are known to regulate the emission of aromas by fruits. Genotype influences flavor (Kongor et al., 2016). The final flavor profile is affected by environmental conditions such as climate, sunlight, soil, fruit ripening, harvesting time and post-harvest processes (Kongor et al., 2016, 2017). Environmental stresses (eg temperature and drought) influences fruit metabolism and the content of aromatic compounds (Romero et al., 2021). 
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Table 3. The chemical compounds in the blue-purple berries that form fruity flavors 

Flavor Chemical 
compounds 

Grapevine genotypes
'Ametist' 'Fetească neagră' 'Cabernet-sauvignon' 

'Malbec' 

Muscat No - diendiol -1 113,4±0,007 79,3±0,09 83,8±0,07 71,8±0,03
Muscat No - diendiol - 2 5,9±0,6 3,1±0,1 4,4±0,6 3,9±0,7
Fruits Diehyil succionat 447±0,051 523±0,049 490,7±0,037 550,3±0,029
Coconut Gamma - nanolactone 10,8±0,17 9,6±0,9 21,1±0,012 18,8±0,07 

Peach Gamma - butyrolactone 1139±0,029 1055±0,077 1017,2±0,0013 970,4±0,019 

Banana Ethyl-2-hydroxyvalerianate 5,5±0,3 6,6±0,7 7,9±0,6 5,4±0,8 

Fruit - apple Ethyl - hexanoate 159±0,011 143±0,05 219±0,013 198,2±0,039
Fruit – vine
grapes Ethul - decanoate 88,9±0,02 77,1±0,03 168±0,044 90,3±0,37 

Kiwi -
banana - 
pineapple 

Ethyl - butanoate 107,3±0,031 91,4±0,04 99,3±0,03 87,8±0,21 

Pear - apple 
- pineapple Ethyl - acetate 9,0±0,3 7,8±0,2 17,7±0,09 12,0±0,07 

Fruity –
balsamic Benzyl alcohol 417±0,031 431±0,034 569,4±0,029 467,1±0,072 

Fruity -
herbaceous 
– apple

Trans-3-hexen-1-оl 33,7±0,22 51,4±0,25 67,7+/-0,09 49,0±0,06 

Bitter 
almond Benzaldehyde 8,1±0,4 8,7±0,5 11,0±0,02 13,7±0,09 

Vanilla Vanillin 14,3±0,19 11,5±0,15 21,6±0,07 17,3±0,04

Figure. 1. Generalization and grouping of aromatic chemical compounds, blue-purple berry 
Table 4. The chemical compounds in the yellow-green berries that form floral aromas 

Flavor Chemical 
compounds 
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Orange flowers - 
bee honey 

Phenyl - acetate - aldehyde 3,4 3,1 4,0 3,9 2,9 3,3 4,1 4,4 5,7 
Flowers – herbs 1-hexanal 1120 1188 1730 1449 1340 1517 1498 1537 1548 
Rose – bee honey B – phenyl – ethyl – acetate 141 17 9 149 192 129 163 407 498 551 
Carnation Eugenol 3,4 3,9 1,9 2,3 2,9 1,2 2,9 4,0 4,4 
Rose – bees 
honey – tobacco 

Ethyl - phenyl - acetate 3,7 3, 0 2,7 3,2 2,9 2,0 3,7 4,0 4,7 
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Table 5. The chemical compounds in the yellow-green berries that form vegetable flavors 

Flavor Chemical 
compounds 
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Peppermint – 
spices 

Metil – saliacetat 7,3 6,6 5,9 7,8 7,9 4,6 2,5 3,1 2,8 

Woody – divin Etil – lactat 2231 2114 2300 2278 2170 1949 2340 2248 2349 

Green tea  Metil-vanilin  22,5 20,7 16,3 19,1 11,7 10,1 16,6 21,9 23,4 

Table 6. The chemical compounds in the yellow-green berries that form fruit flavors 

Flavor Chemical 
compounds  
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Fruity– 
balsamic  

Benzyl alcohol 43,5 37,4 39,2 40,0 41,4 50,2 56,2 59,3 60,3 

Fruity-
herbaceous-
apple  

Trans-3 hexaen-1-ol 50,3 54,2 61,4 59,2 61,1 66,9 51,3 49,3 50,4 

Fruity – apple Ethyl-hexanoate 
149 123 151 133 147 130 155 163 169 

Fruity–vine 
grapes 

Ethyl – decanoate 
70,7 63,9 77,7 69,9 557 50,5 60,3 69,8 72,7 

Kiwi - banana - 
pineapple  

Ethyl – butanoate 
261 244 229 266 240 179 240 233 251 

Pear - apple - 
pineapple  

Ethyl -acetate 
9,3 10,4 11,3 14,2 7,9 7,3 11,8 10,9 12,4 

Bitter almond Benzaldehyde 
3,3 2,9 2,8 3,6 3,3 2,9 2,7 2,2 2,4 

Strawberry  Furaneol 15,7 14,3 16,3 15,5 14,7 13,4 16,3 17,0 19,7 
Vanillin  Vanillin 11,7 12,4 10,9 11,1 10,9 9,3 13,3 14,9 15,5 

Table 7. The chemical compounds in the yellowish-green bath, which form specific aromas 

Flavor Chemical compounds 
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Boiled 
potato 

Methionol  1137 1049 1207 1216 1141 1316 1014 1037 1011 

Bese  Etil – 3 hidroxibutonoat  148 113 140 188 193 201 258 266 249 
Burnt  Furorurol  10,4 11,0 9,7 8,8 7,3 9,2 10,4 9,2 8,8 
Pressed 
cheese  

Hexanoic acid 1437 1520 1240 1340 1341 1144,9 1244 1349 1149 

Pressed 
cheese 

Octanoic acid 2349 2916 2130 3040 2411 2179 2140 2749 3020 

Of 
smoke  

Phenol  1,7 1,4 1,6 1,4 1,9 2,0 1,5 1,3 1,6 
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Figure 2. Generalization and grouping of aromatic chemical compounds, yellow-green berry Based on the results shown in figure 2, we note that in the juice of the greenish-yellow berries, the chemical compounds that form genotype-specific aromas predominate, followed by the chemical compounds that form vegetal aromas. 
CONCLUSIONS Climatic changes impose the need to review the assortment and areas of vine cultivation. The chemical analysis of the aromatic spectrum of the interspecific rhizogenic genotype 'Amethyst' allowed to establish the fact that little differs from the aromatic spectrum of grapevine genotype such as 'Cabernet-sauvignon', 'Fetească neagră' and 'Malbec'. The interspecific rhizogenic genotypes of vines 'Amethyst', 'Alexandrina', 'Sarmis', 
'Augustina', etc. can be used in the creation of organic vine plantations. 
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ABSTRACT 

Dry white wines with an increased content of bioactive substances, known as 
"Orange wines," have become a captivating subject in the wine industry, rooted in the 
millennia-old tradition of the South Caucasus and gaining global popularity. In the 
Republic of Moldova, producers such as ”Crama Domească”, ”Gogu Winery”, and 
”Vinăria Novac” have explored the "Orange wine" method with indigenous cultivars, 
bringing innovations to the wine landscape. The study, conducted at the Laboratory of 
"Biotechnologies and Microbiology of Wine," focused on four promising local 
cultivars: 'Viorica', 'Floricica', 'Riton', and 'Legenda'. To optimize the content of 
bioactive substances, the process involved selecting grapes at technological maturity, 
crushing-destemming with sulfiting, and fermentation with active yeasts. The 
maceration-fermentation process, ranging from 30 to 90 days, proved to be a crucial 
factor for the maximum extraction of phenolic substances. Physico-chemical analyses 
revealed slight changes in titratable acidity and pH, remaining within appropriate 
limits, with significant concentrations of antioxidant phenolic substances. In this 
context, "Orange" wines from Moldavian cultivars have demonstrated the potential to 
provide an innovative alternative in the wine market. However, in light of the results, 
further studies are recommended to precisely determine the influence of 
technological procedures on the composition of "Orange" wines and identify other 
cultivars with increased potential. This approach would strengthen the position of the 
Republic of Moldova in the production of wines with high bioactive substance content, 
solidifying its reputation in the global wine landscape. 

Keywords: new selection grapes cultivars, proanthocyanidins, must, maceration-fermentation, bioactive substances (BAS) 
INTRODUCTION         Dry white wines with elevated levels of bioactive substances have become a prominent focus of research and innovation in the wine industry, known as "Orange wine," a term coined by British importer David Harvey in 2004. Originating from the ancient winemaking traditions of the South Caucasus, particularly in Georgia for over 8,000 years (Makhviladze and Kvartskhava, 2022) this method has generated increasing interest in countries such as Italy, Slovenia, and Georgia, presenting an innovative alternative less embraced in France, Austria, Croatia, and the USA. The "Orange" wines gained high popularity in 2017, earning the title of the "drink of the 
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year" by "The Independent" newspaper. In the Republic of Moldova, these wines are still relatively undiscovered, but local producers, including 'Crama Domească', 'Gogu Winery', 
'Castel Mimi', 'Carlevana Wineri', 'Vinăria Novac', 'Vinăria Purcari', 'Basavin Wineri', 
'Crama Mercești', and 'Kvint' (*https://diez.md/2022/08/27/lista-vinariilor-din-moldova-care-produc-vinuri-orange-cu-arome-intense/), have started to gain significant attention by adopting the "Orange wine" method, introducing innovation to the Moldavian wine industry. Despite extensive research on the production of red wines rich in bioactive substances, there are few reports regarding the influence of technological processes on the physicochemical composition of dry white wines, especially concerning antioxidant phenolic substances. Market trends increasingly emphasize the production of wines from new or indigenous grape cultivars, fully leveraging the terroir effect of the viticultural area and creating original wines specific to each country. In this context, the technology for producing dry orange wines from indigenous grape cultivars in the Republic of Moldova represents a relatively high-profile area, more of an experiment in limited quantities than a planned and stable process due to the lack of extensive research in this domain. The study focuses on four promising grape vcultivars from the Republic of Moldova:'Viorica', 'Floricica', 'Riton', and 'Legenda' evaluating their high potential to produce (Perstniov et. al, 2020; Makhviladze and Kvartskhava, 2022) wines with an increased content of bioactive substances and analyzing the high impact of various technological processes on the physicochemical, microbiological, and organoleptic characteristics of the obtained "Orange" (https://diez.md/2022/08/27/lista-vinariilor-din-
moldova-care-produc-vinuri-orange-cu-arome-intense/). 
MATERIALS AND METHODS The research was conducted at the Laboratory of Biotechnologies and Microbiology of Wine at the Scientific Practical Institute of Horticulture and Food Technologies (SPIHFT) in the Republic of Moldova. White dry wines obtained from newly selected grape cultivars 
'Viorica', 'Floricica', 'Riton', and 'Legenda', (Taran, 2022) cultivated in the mother vineyards of SPIHFT, were used for the research. To produce white wines with an increased content of bioactive substances and to avoid SBA oxidation, grapes reaching technological maturity with a minimum sugar content of 220 g/dm³ were used. The grapes underwent the process of crushing-destemming with the addition of sulfur dioxide to the must at a rate of 70 mg/kg SO2. The obtained must was transferred to fermentation vessels and inoculated with dry active yeasts Oenoferm Freddo (ERBSLOH) at the recommended dose of 2-3 g/hL and a complex fermentation activator, Phosphates titres (IOC) 2.5 g/hL, and vitamin B1 Actibiol (LAMOTHE-ABIET) 2-3 g/hL. Fermentation took place at temperatures ranging from 14 to 18°C. After the fermentation process was completed, the vessels were filled and sulfited with a dose of 30 mg/dm³. Additionally, the must underwent a maceration process for 30, 60, and 90 days, which is a mandatory condition for the maximal extraction of phenolic substances and proanthocyanidins predominantly located in the grape seeds. Physico-chemical indices were determined according to standardized methods and OIV methods outlined in the Technical Regulation "Methods for the Analysis in the Field of Wine Production" (Government Decision of the Republic of Moldova No. 708 dated September 20, 2011). The total content of phenolic substances was determined using the spectrophotometric method with the Folin-Ciocalteu reagent, where gallic acid served as the reference substance (Gherjicova et al., 2022). Gallic acid and ascorbic acid were determined using the gas-liquid chromatograph HP 4890D with a flame ionization detector (Scorbanov et. al., 2012) The total content of 



149 

proanthocyanidins was determined using the spectrophotometric method with DAMAC reagent (Tardea, 2007). 
RESULTS AND DISCUSSION In the context of the Republic of Moldova, the technology of producing dry orange wines from native grape cultivars represents a relatively new field, characterized more as an experiment than a planned and widespread process. For this reason, we selected four promising new selection cultivars from the Republic of Moldova, 'Viorica', 'Floricica', 
'Riton', and 'Legenda' to assess their technological potential in producing dry white wines with an increased content of bioactive substances. One of the essential factors in the technological process is the use of grapes rich in phenolic compounds, and their optimal ripening influences the content of proanthocyanidins in seeds and skins, contributing to achieving a superior aromatic and antioxidant profile in the resulting wines. The evaluation of the technological potential of these grape cultivars included determining the optimal contact period between the liquid and solid phases, with detailed results presented in Table 1, which encompasses the physico-chemical data of wines from the 'Riton', 'Floricica', 'Viorica', and 'Legenda' cultivars, harvested in 2022 and subjected to maceration for up to 90 days. 

Table 1. Physico-chemical indices of dry white wines with advanced content of bioactive substances produced from new selection grape cultivars with varying maceration periods  (harvested in 2022).   
№ Grape  

cultivar 
Maceration 

time 

Ethyl 
alcohol, 
% vol. 

Mass concentration of 

pH sugars, 
g/dm3 

titratable 
acids, 
g/dm3 

volatile 
acids, 
g/dm3 

SO2 
free / 
total 

g/dm3 1. 
'Riton' blank 13,2 0,9 6,68 0,33 30/100 3,15 2. 1 month 12,8 1,5 6,60 0,33 13/85 3,44 3. 2 months 12,7 1,5 6,53 0,46 15/85 3,44 4. 3 months 12,7 1,5 6,38 0,40 15/85 3,46 5. 

'Floricica' blank 15,4 2,6 7,05 0,36 15/107 3,13 6. 1 month 15,5 2,7 6,98 0,40 10/80 3,28 7. 2 months 15,4 2,8 6,90 0,40 12/66 3,28 8. 3 months 15,4 2,7 6,80 0,43 25/62 3,29 9. 
'Vioroca' blank 15,8 3,0 6,45 0,33 38/93 3,28 10. 1 month 15,7 2,1 6,38 0,40 16/74 3,48 11. 2 months 15,5 1,9 6,30 0,46 16/74 3,50 12. 3 months 15,4 1,4 6,23 0,50 10/71 3,50 13. 
'Legenda' blank 15,6 2,8 5,93 0,40 23/105 3,18 14. 1 month 15,6 2,6 5,85 0,46 26/80 3,28 15. 2 months 15,5 2,2 5,78 0,46 21/75 3,31 16. 3 months 15,5 2,2 5,70 0,50 20/69 3,33 From the results presented in Table 1, it can be observed that the lowest ethyl alcohol content in dry white wines was determined in the 'Riton' dry white wine with maceration-fermentation periods of 2 and 3 months, having an alcohol content of 12.7% vol., while the 

'Riton' (control) wine has an alcohol content of 13.2% vol. The dry white wine from the 
'Floricica' (control) has an alcohol content of 15.4% vol., and the variants with maceration-fermentation periods of 1, 2, and 3 months all have an alcohol content of 15.5% vol. The 
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dry white wine from the 'Viorica' cv. (control) has the highest alcohol content of 15.8% vol., and the variants with maceration-fermentation periods of 1, 2, and 3 months have alcohol concentrations of 15.7%, 15.5%, and 15.4% vol., respectively. The difference between alcohol content values based on the maceration process ranges from 0.07% to 0.13% alc., which is approximately 1% of the respective parameter value. Therefore, we can conclude that the influence of the maceration-fermentation process is not significant on the alcohol content. Regarding the mass concentration of titratable acids in dry white wines, it decreased after alcoholic fermentation, with values ranging from 5.70 to 7.05 g/dm³. Wines obtained from the 'Floricica' cultivar have a higher concentration of titratable acids (6.98 and 7.05 g/dm³), but the values fall within the limits for dry white wines. The 'Riton' dry white wine has a titratable acid concentration ranging from 6.38 to 6.68 g/dm³, and from the 'Viorica' grape cultivar, a concentration of 6.23 and 6.45 g/dm³ is observed. Regarding the influence of the maceration-fermentation process on the mass concentration of titratable acids, a decrease of about 3% can be observed in all wines obtained with maceration-fermentation. The studied dry white wines present low values of volatile acidity within the permissible limits for young wines, without exceeding the limit of 0.46 g/dm³. pH index values vary between 3.13 and 3.50 in the studied white wines, with the lowest value recorded for the 'Floricica' dry white wine and the highest for the Viorica dry white wine. In the case of the 'Legenda' cultivar, the pH index value varies between 3.18 and 3.33. During the maceration-fermentation process, an increase in the pH index was observed in all studied wines, with the most significant increase recorded in the 'Riton' wine, where an increase of 0.29 units was determined. In this way, the maceration-fermentation process lasting 30-90 days does not negatively influence the basic physico-chemical indicators of dry white wines. The mass concentration of titratable acids registered a slight decrease after maceration, and the pH values showed a slight increase, but they remained within the appropriate limits for dry white wines. Additionally, the maceration process had a minor impact on the alcohol content. The content of phenolic substances and proanthocyanidins was determined in the dry white wines. The results are presented in Figure 1. 

Figure 1. The content of phenolic substances and proanthocyanidins in dry white wines with different maceration time. Analyzing the data in Figure 1, it can be observed that extending the maceration duration for the white wines obtained from the 'Riton' cv. leads to an increase in the concentration of phenolic substances, especially in the first 60 days. The concentration of 
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proanthocyanidins accumulates intensively in the first 30 days, increasing on average by 125 mg/dm³ per month and reaching a value of 932 mg/dm³ at 90 days of maceration. Initially, dry wines produced from the 'Floricica', 'Viorica', and 'Legenda' cvs. have a higher content of phenolic substances. However, during the maceration process, the extraction is more intense in the first 60 days. Prolonging the maceration duration to 90 days is characterized by a reduced accumulation of phenolic substances, and in the case of wine produced from the 'Legenda' cv., there is a decrease in these compounds. The accumulation process of proanthocyanidins follows the same dynamic as phenolic substances, but the total accumulated amount is lower compared to the 'Riton' cv. Furthermore, the impact of the maceration duration on the production of Orange wines from the studied new selection cultivars was evaluated, considering the content of gallic and ascorbic acid, two compounds important for the antioxidant capacity of wine. The results of these analyses are presented in Figure 2. From the obtained results described in Figure 2, it can be observed that dry white wines from the 'Riton' new selection cultivar record the highest gallic acid content, reaching 31.2 mg/dm³, with a constant extraction throughout the entire maceration process. These are followed by dry white wines produced from the 'Viorica' cultivar. Dry white wines from the 'Legenda' cv. have a medium gallic acid content, highlighting efficient extraction up to 60 days of maceration. In the case of dry white wines produced from the 'Floricica' cv., the lowest gallic acid content is recorded, reaching its maximum at 3 months of maceration, with a value of 7.9 mg/dm³. 

Figure 2. The content of gallic acid and ascorbic acid in dry white wines  with different maceration time. 
The positive role of ascorbic acid as an antioxidant is well-known, which is why its content has been evaluated in the studied wines to analyze its contribution to the total biologically active substances in wines derived from the 'Riton', 'Floricica', 'Legenda' and 'Viorica' grape cultivars. The highest content of ascorbic acid is identified in 'Legenda' wine, reaching 2.5 mg/dm³. Dry white wines from the 'Riton' and 'Floricica' cvs. record the lowest values of ascorbic acid, ranging from 0.6 to 1.1 mg/dm³. In all wine samples, the highest values are recorded in the control samples, and the maceration-fermentation process leads to a reduction in the concentration of this antioxidant. 
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In the samples of dry white wines, the content of rutin, quercetin, resveratrol, and the redox potential were measured, because these are also components of the biologically active substances. The results are presented in Table 2. From Table 3, it can be observed that the concentration of resveratrol in all samples of dry white wines is below the method's detection threshold. Maceration-fermentation up to 30 days increases the content of rutin and quercetin, especially in the dry white wines produced from the 'Floricica' and 'Viorica' cultivars. However, these values are lower compared to red wines. The extension of the maceration period leads to a decrease in these compounds in all examined samples. 
Table 2. Rutin, quercetin, resveratrol concentrations, and redox potential in dry white wines obtained from newly selected grapes at different maceration periods (h.y. 2022) 
№ Grape  

cultivar 
Maceration 

time 
Routine, 
mg/dm3 

Quercetin, 
mg/dm3 

Resveratrol, 
mg/dm3 

Redox 
potential, 

mV 1. 
'Riton' 
'Riton' Martor !!! 0,3 0,2 ≤ 0,1 216 2. blank 0,2 0,2 ≤ 0,1 219 3. 1 month 0,3 0,1 ≤ 0,1 220 4. 2 months 0,3 0,2 ≤ 0,1 220 5. 
'Floricica' 
'Floricica' 3 months 4,6 2,2 ≤ 0,1 213 6. blank 4,4 2,3 ≤ 0,1 228 7. 1 month 4,0 1,9 ≤ 0,1 228 8. 2 months 3,2 2,0 ≤ 0,1 229 9. 
'Vioroca' 
'Vioroca' 3 months 3,4 1,8 ≤ 0,1 208 10. blank 5,2 1,1 ≤ 0,1 216 11. 1 month 4,1 1,3 ≤ 0,1 216 12. 2 months 3,8 1,9 ≤ 0,1 221 13. 
'Legenda' 
'Legenda' 3 months 5,0 0,9 ≤ 0,1 212 14. blank 4,8 0,6 ≤ 0,1 232 15. 1 month 3,9 0,7 ≤ 0,1 233 16. 2 months 3,2 1,0 ≤ 0,1 231 

The redox potential in all analyzed dry white wines increases due to the maceration process, but extending the process beyond 30 days practically does not modify this index. Dry white wines with an increased content of bioactive substances underwent organoleptic evaluation by the Sensory Analysis Commission of IȘPHTA, and the results obtained are presented in Figure 3.  
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Figure 3. The organoleptic evaluation of dry white wines with different maceration time. The organoleptic analysis from Figure 3 of the dry white wines produced from the new selection cultivars 'Riton', 'Floricica', 'Viorica', and 'Legenda', with different maceration periods, reveals significant variations in organoleptic characteristics. 
'Riton' Orange wines (1-month maceration) receive an average score of 81.0 points, characterized by a light straw color, a clean aroma with fruit nuances, and a fresh, full taste with slight tannins and extract. Extending the maceration period to 2 months improves the qualities, reaching 82.0 points, but prolonging it to 3 months results in a decrease in quality. 
'Floricica' and 'Viorica' wines show variability depending on the maceration duration. 
'Floricica' with 1 month of maceration scores 79.4 points, while the 2 and 3-month variants highlight oxidation and alcoholization nuances, affecting quality. 'Viorica' with month scores 80.1 points, and those with 2 and 3months exhibit orange and tannin nuances, with average scores of 82.0 and 79.6 points, respectively. 
 The 'Legenda', with 1 month of maceration, scores 79.6 points, and those with 2 and 3 months show oxidation nuances, with a decrease in quality and average scores of 78.0 points. In conclusion, the analysis shows that the maceration duration significantly influences the qualities of the wines, with notable variations depending on the cultivar and processing period. Analyzing the presented data highlights that the new selection cultivars with the highest potential for producing wines with an increased content of bioactive substances are 'Riton' and 'Viorica'. These cultivars have achieved notable results regarding the concentration of phenolic substances, especially proanthocyanidins, depending on the maceration duration. They have also demonstrated superior organoleptic qualities compared to the other cultivars, showcasing clean, complex and full aromas, fresh taste. 
'Riton', in particular, achieved the highest content of phenolic substances, and the 2-month maceration variant highlighted the best organoleptic characteristics. On the other hand, 
'Viorica' presented a complex and intense aroma with specific cultivar notes and received notable ratings, especially for the 2-month maceration variant. In conclusion, 'Riton' and 'Viorica' represent cultivars with the highest potential for producing dry white wines with an increased content of bioactive substances, offering a balanced combination of chemical and organoleptic aspects. 
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The results of maceration on dry white wines from the cultivars ' Riton', 'Floricica', 'Viorica', and 'Legenda' indicate that the maceration-fermentation process does not negatively affect their basic physico-chemical properties. Titratable acids and pH remain within appropriate limits, with slight changes in concentration and pH. For obtaining an optimal concentration of bioactive substances (BAS), the maceration-fermentation process of dry white wines from 'Riton' cultivar demonstrates remarkable efficiency in extracting these substances, with significant values throughout up to 90 days of maceration.   
'Riton' and 'Viorica' cultivars stand out as having the highest potential in producing wines with an increased content of bioactive substances. In light of the obtained results, it is evident that the 'Riton' and 'Viorica' cultivars show significant potential for producing "orange" wines with an increased content of bioactive substances. It is crucial to continue studies to confirm and strengthen these conclusions and determine the optimal maceration-fermentation periods, ensuring the success and stability of the technological process. 
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ABSTRACT  

Sri Lanka has become one of the hot spots for quality floricultural products in 
South Asia. As floricultural products, Sri Lanka exports ornamental foliage plants, 
cut decorative foliage, cut flowers, aquarium plants, landscaping plants, flowers 
seeds and tissue culture plants. In the current floricultural market in Sri Lanka 
Orchid has been established well as a cut flower and potted plant. Dendrobium, 
Phalanopsis, Cattlya and Vanda are the most popular orchid genera in family 
Orchidaceae. Vanilla belongs to Orchid genera and is well-known ingredient in the 
food industry. Orchids have been used in Chinese and Japanese medicinal 
treatments since ancient times. Medicinal properties of orchids include anti-
inflammatory, antiviral, neuroprotective, wound healing and other valuable 
properties. Secondary metabolites which are known as phytochemicals leads to 
create these properties in orchids. Orchid cultivation in Sri Lanka can be developed 
by introducing new technologies such as gene transformation, biotechnology etc. 
methods. Developments in infrastructural facilities also contribute to uplift the 
industry in the future. This article focused on the status of orchid cultivation in the 
current floricultural industry in Sri Lanka.  

Keywords: floriculture industry, food, Sri Lanka, medicine, Orchid, ornamental  
Geographical suitability of Sri Lanka Sri Lanka is an island that belongs to the tropical region of the world. Even though Sri Lanka is a tropical country, there is a wide range of climatic variations within the country (Kumara 
et al., 2022). Basically it is divided into three parts climatic zones; wet zone, intermediate zone and dry zone. In each part of this zone contains unique climatic conditions in contrast to others. Due to this specific reason Sri Lanka has become one of the hotspots in the world's best-quality floriculture production centers (Gamage et al., 2017).  Orchids are a diverse group of plants that have varying climatic, soil, and nutritional requirements depending on their specific species. However, in general, here are some of the basic requirements for growing healthy orchids (Barman and Devadas, 2013). As Climatic requirements: Temperature: Orchids generally prefer warm to hot temperatures during the day, ranging from 60-85°F (16-29°C) with cooler nights. However, specific orchid species can have different temperature preferences. Humidity: Most orchids require a high level of humidity, around 50-70%. Light: Orchids require moderate to bright, indirect light. Direct sunlight can burn the leaves and damage the plant. Air circulation: Orchids need good air movement to prevent stagnant air which can lead to fungal and bacterial growth (McConnell and Cruz, 1996). 
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As Soil requirements: Orchids prefer well-draining, porous soil mixtures that allow for good air circulation around their roots. Most orchids are epiphytes, which means they grow on other plants or surfaces, rather than in soil. Therefore, they can also be grown in specialized orchid bark mixtures, sphagnum moss, or even mounted on a wooden or cork board. Nutritional requirements: Orchids require a balanced fertilizer that contains nitrogen, phosphorus, and potassium, as well as other trace elements such as calcium, magnesium, and iron. The pH of the soil or growing media should be slightly acidic, around 5.5-6.5, to ensure proper nutrient uptake (Nabieva et al., 2020). Some orchids also require periodic applications of calcium and magnesium, especially if grown in pure bark mixtures or rainwater. In summary, orchids require warm temperatures, high humidity, moderate to bright light, good air circulation, well-draining soil or growing media, and a balanced fertilizer with trace elements. Careful attention to these requirements can help ensure healthy and vibrant orchids. 
History of flower cultivation For various religious and cultural reasons, flower cultivation has existed in Sri Lanka sine ancient times. During the time of British governs the cultivation of flowers turned into hobby of some gorgeous people. With the open economy, the arrival of new cultivars to the island expanded the availability of flower diversity in Sri Lanka. The year 1970 was a milestone in Sri Lankan economy since the cultivation of flowers turned into the floriculture industry (Ranil et al., 2015). Flower culture in Sri Lanka has a long and rich history dating back to ancient times (Premathilake and Seneviratne, 2015). Sri Lanka is home to a wide cultivar of native flowers, including the blue water lily, the Sri Lankan rose, the frangipani, and the flame tree, which have been used in various cultural practices and religious ceremonies. The ancient Sinhalese kingdom, which dates back to the 4th century BC, was known for its elaborate floral decorations and gardens. The Sinhalese people believed that flowers had spiritual significance and were used in rituals and ceremonies to honor the gods (Nandadeva, 2009). During the colonial era, Sri Lanka's flower industry expanded with the introduction of new flowers and plants from Europe, including roses, chrysanthemums, and carnations. These flowers were grown on large plantations and exported to other countries. Today, the floriculture industry in Sri Lanka is a major contributor to the country's economy. The country exports a wide cultivar of flowers and plants to markets around the world, including the United States, Japan, and Europe. Flowers are also used in Sri Lanka's tourism industry, with many hotels and resorts featuring elaborate flower gardens and displays. In recent years, the Sri Lankan government has taken steps to promote the floriculture sector, including providing tax concessions and other incentives to encourage investment in the industry. This has led to increased growth and development in the sector, with many small-scale farmers now involved in flower cultivation and trade (Lakshanthi et al., 2019). 
General description about orchid Orchids are a diverse family of flowering plants, which are known for their stunning and intricate flowers, which come in a wide range of colours, shapes, and sizes. Orchids have been cultivated for thousands of years and are one of the most popular plants for indoor and outdoor gardening. Orchids belong to the family Orchidaceae with 850 generas, 25,000 species (Singh et al., 2012) and 30,000 cultivars (Philips et al., 2020). Now there are more than 100,000 of man-made registered hybrids in the market. Orchids are more popular as cut flowers and ornamental plants in the international market. With the technology achievements, scientists were able to develop hybrid cultivars with 8 – 12-week shelf life. Long duration of shelf life helps to uplift the value of orchids. In tropical countries, the native 
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cultivation of orchids can identified and their distribution is abundant in tropical rain forests in South and Central America, India, Sri Lanka, Myanmar, South China, Thailand, Malaysia, Philippines, New Guinea, and Australia. Brazilian Cattelyas, Mexican Laeleyas, and Indian Dendrobium, Cymbidiums and Paphilopedilum are the valuable parental plants that lead to producing modern hybrid orchids (Wraith et al., 2020). Orchids are bilaterally symmetrical as human faces in their morphology (Zipori et al., 2020). Due to their morphological features, they arrest pollination by insects. The reproductive parts of orchid are like insect that they hope to attract and once the insect is interested, the orchid's pollen sticks to the bug until it flies off to find another orchid that it mistakes for a mate. A fossil which is 20 million years ago found that a pollen of Orchid which attached to a bee. So, it can conclude be concluded that the Orchidaceae family is quite old (Rezamand et al., 2020). Most orchids are epiphytes, meaning they grow on other plants or surfaces, rather than in soil. They have adapted to this lifestyle by developing specialized aerial roots that absorb moisture and nutrients from the air. Orchids also have a unique reproductive system, with their flowers producing a sticky substance called pollinia that attaches to pollinators such as bees, butterflies, and moths (Pemberton, 2010). Orchids have a long history of cultural significance and have been used for medicinal purposes, food, and even perfume. They are also highly valued for their ornamental qualities, and many species and hybrids are bred specifically for their beauty. Despite their reputation as delicate and difficult plants to grow, many orchids can be relatively easy to care for with the right conditions. They require good air circulation, moderate to bright indirect light, high humidity, and a well-draining growing medium. Proper fertilization and watering are also important to ensure healthy growth and vibrant blooms (Wang and Gregg, 1994) 
CURRENT STATUS OF FLORICULTURE INDUSTRY IN SRI LANKA Now the floriculture industry has become one of the major sources of foreign exchange producers in Sri Lankan economy. Not only in foreign exchange but also it stands as one of the most popular self-employment ventures in both rural and semi-urban communities. The total number of direct employment generated with this is about 4000 in rural and semi-urban areas. In the recent past Sri Lankan government also contributed their capacity to enhance the productivity of the floriculture industry through the programs of Divinaguma and Suwahas mal (Padmini and Kodagoda, 2017). Economic reports status that there is a 5% growth in foreign exchange in the year 2021 by 2020 exporting floricultural products while making total earnings of US$ 5.2 million (Table 1). This status indicates that there is a developing demand in foreign countries for floricultural products from Sri Lanka (Sri Lanka Export Development Board, 2022). When considering about the world floricultural trade, Sri Lankan contribution is less than 0.2% towards this. The main buyers of our floricultural products are Europe (40%), Asian countries (40%) and USA (3%), (Table 2)  When considering the world market Taiwan is the world’s largest producer of orchids by shipment number and the Netherland owns the name for the largest producer by its income. In the global floricultural market Orchids are significant as cut flowers and potted plants and the contribution of fresh orchids is 10%. In the year 2021, more than 40 countries export orchids, and 60 countries import Orchids for their purposes. The total global value for the orchids is US$ 504 million, (Tiwari et al., 2022).  Now a day’s government has identified floriculture as a fast-emerging industry in Sri Lanka. So that development programs and export promotions are being conduct throughout the country in order to enhance the status of this industry. A ‘’Floriculture Policy’’ document is being prepared to focus the key resources in the country for the development of the sector (Tiwari et al., 2022). 
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The Department of National Botanic Gardens is a leading institute which provides certain training programs for growers in Sri Lanka. Also, the National Plant Quarantine service under the Department of Agriculture accomplishes a great service for the development of the floriculture industry by providing extension services for pest and disease control. On the side of government, they provide various tax concessions, and loan facilities as well as encourage foreign direct investments in the floricultural sector. The Department of National Botanic Gardens is responsible for the management of the National Botanic Gardens, which is a public botanical garden located in Dublin, Ireland. The gardens are renowned for their collection of plants from around the world, including rare and endangered species. The floriculture sector refers to the cultivation and sale of flowers, including cut flowers, potted plants, and ornamental trees and shrubs. This sector is an important contributor to the agricultural economy of many countries, including Ireland. In recent years, the Irish government has been promoting the development of the floriculture sector by providing various tax concessions, loan facilities, and other incentives to encourage investment in this area. The Department of Agriculture, Food, and the Marine also provides support and funding to the sector through various programs and initiatives. 
Table 1. Merchandise Export Performance 

Exports of 
Goods 

Jan-May 
2020 

Jan-May 
2021 

Jan-May 
2022 

% 
Growth 

May 
2021 

May 
2022 

% 
Growth Apparel & Textiles 1,534.6 2,064.2 2400.6 16.3 370.9 482.7 30.1 Tea 456.7 526.6 460.9 -12.5 109.2 93.7 -14.2 Rubber-based 280.3 424.5 414.3 -2.4 91.2 76.7 -15.9 Coconut-based 216.6 317.2 350.0 10.4 66.7 70.6 5.8 Diamond, Gems&Jewelry 61.0 107.0 115.0 7.5 14.2 16.9 18.8 Electronics & Electronic Components 113.1 164.3 188.3 14.6 35.2 41.8 18.8 

Spices and Essential Oils 82.8 162.0 128.6 -20.6 25.3 21.5 -14.9 Food & Beverges 124.7 147.7 164.6 11.5 30.2 32.2 6.4 Seafood 74.8 90.6 105.8 16.7 15.1 16.8 11.8 Omamental Fish 4.4 5.9 7.1 19.7 0.9 1.3 41.1 Vegetables 9.7 9.6 9.7 1.7 1.7 1.8 1.1 Fruits & Nuts 14.2 14.8 12.8 -13.4 2.8 2.3 -18.3 Other Export Crops 29.9 23.5 34.1 45.0 4.5 10.8 139.1 Flowers & Foliage 5.2 5.7 6.0 6.3 0.9 1.1 18.1 Boat Building 1.3 1.5 5.3 254.7 0.5 0.1 -73.6 Petroleum Products 141.0 51.1 72.2 41.1 27.7 7.1 -74.4 Others 368.3 575..8 670.0 16.4 94.6 102.9 8.7 Total Merchandize Exports 3,518.6 4,692.0 5,145.4 9.7 891.7 980.2 9.9 
Sources: Central Bank of Sri Lanka, Sri Lanka Customs & Sri Lanka Export Development Board Sri Lanka’s Export Performance in Major Markets. Strong Export Growth was recorded for the top 5 export markets in May 2022 and the period of January to May 2022 (Table 2). 
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During May 2022, exports to the United States, Sri Lanka’s single largest export destination, increased by 25.02% to US$ 266.42 Mn compared to May 2021. The better performance was led by an increase in exports of Apparel & Textile (40.83%) and coconut-based products (29.69%) and flowers and foliage become 7th best export item. The single largest export destination of the United States of America recorded US$ 1,364.08 Mn worth of exports in the period of January to May 2022 – a significant year-on-year increase of 20.32 % in comparison to US$ 1,133.71 Mn recorded in 2021 (Table 1). 
Table 2. Top 10 Export Destinations (Values in USS Mns) 

Country Jan-May 
2020 

Jan-May 
2021 

Jan-May 
2022 

% 
Growth 

May 
2021 

May 
2022 

% 
Growth United States 905.10 1,133.71 1,364.08 20.32 213.11 266.42 25.02 United Kingdom 296.21 366.53 411,62 12.30 72.29 78.22 8.20 India 220.53 302.63 364.99 20.61 55.28 82.51 49.26 Germany 195.85 286.00 303.55 6.14 53.80 56.20 4.46 Italy 135.66 226.02 243.86 7.89 40.45 51.45 27.19 Belgium 94.35 132.18 122.07 -7.65 26.71 27.05 1.24 Netherlands 88.16 162.21 161.58 -0.39 27.71 31.18 15.01 Canada 71.92 114.98 144.76 25.90 20.47 28.70 40.21 China 71.21 116.96 98.29 -15.96 20.91 18.56 -9.33 UAE 77.09 93.20 109.52 17.51 23.03 20.34 -11.68 Other Markets 1,362.52 1,757.58 1,821.08 3.61 338.54 319.18 -5.72 Total 3,518.6 4,692.0 5,145.4 9.7 891.7 980.2 9.9 

Sources: Central Bank of Sri Lanka, Sri Lanka Customs & Sri Lanka Export Development Board 

Western Province (Gampaha, Kaluthara, and Colombo districts), northwestern province (Kurunegala, Puttalam districts), and Central Province (Kandy, Kegalle, Matale, Nuwaraeliya, Bandarawela districts) are the major areas engaged in floriculture industry. The possible areas for expansion are the Southern Province and Sabaragamuwa Province (Sri Lanka Export Development Board, 2022). The climatic conditions in those areas are best fit with the flower types that are grown. There are two kinds of flower types grown in Sri Lanka, namely temperate flowers and tropical flowers. Temperate flowers need cool climatic conditions, so they are popular in the highlands of the central province. Carnation, Rose, Statice, Gypsophyla, Alstroemeria, Chrysanthemum, Lilies, and Irises are the major types of temperate flowers that are grown in highlands. Carnations and roses are the most demanded cut flower in the export market, so there huge range of cultivars of carnations and roses in cultivation (Ranil et al., 2015; Padmini and Kodagoda, 2017). The first written evidence about Sri Lankan orchids was in Carl Linnaeus collection as Zeuxine strateumatica (L.) Schltr. and Peristylus cubitalis (L.) Kraenzlin. Then J. G. König (1728-1785) reported some native orchids in Sri Lanka with Sinhala names. Establishment of botanical gardens was a milestone in Sri Lanka during the English colonial period. Colonel J. T. Walker and Mrs. A. W. Walker (fl.1830- 1840), George Gardner (1812-1849), George Henry Kendrick Thwaites (1812-1882), Henry Trimen (1843- 1896), J. D. Hooker (1898) and Don Martin Arthur Jayaweera (1912-1982) were the people who spent their valuable time and effort in identification of orchid in Sri Lanka (Kottawa-Arachchi and Gunasekara, 2020), (Table 3). 
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Table 3. Number of orchid species described in many leading works  on Sri Lankan plants 
Publication Genera Species Endemic Moon, 1924 10 17 - Thwaites, 1864 65 145 - Trimen, 1885 57 165 - Hooker in Triment, 1896 61 158 67 Hooker, 1888-1890 57 151 76 Willis, 1911 61 161 78 Abeywickrama, 1959 67 160 - Ekanayake, 1975 66 166 87 Jayaweera, 1981 69 168 74 Sumaithrarachchi, 1986 68 170 65 Fernando et al., 2003 69 173 66 Present list 78 188 55 
Source: Kottawa-Arachchi and Gunasekara, 2020 

Sri Lanka is home to a diverse range of orchids, with over 200 species recorded on the island. Many of these orchids are endemic, meaning they are found nowhere else in the world. Some of the endemic orchids in Sri Lanka include: Vanda tessellata - commonly known as the tessellated vanda, this orchid is found in the wet zone forests of Sri Lanka. It has fragrant white flowers with purple spots and blooms in the winter months. 
Dendrobium maccarthiae - this orchid is named after Margaret MacCarthy, who was a botanist and the first woman to climb Adam's Peak in Sri Lanka. It is found in the central hills of Sri Lanka and has small white flowers that bloom in the summer months. 
Bulbophyllum neilgherrense - this orchid is found in the montane forests of Sri Lanka and has small yellow and red flowers (Fernando and Ormerod, 2008). It blooms in the winter months. Eria coronaria - commonly known as the crowned eria, this orchid is found in the lowland rainforests of Sri Lanka. It has white and purple flowers and blooms in the summer months. Habenaria monticola - this orchid is found in the montane forests of Sri Lanka and has small white flowers with yellow centers. It blooms in the summer months. These endemic orchids, along with many other native species, are an important part of Sri Lanka's biodiversity and are protected under the country's conservation laws. Many of these orchids are also used in traditional medicine and have cultural significance in Sri Lanka's history and folklore. In Sri Lanka there is about 25% annual export income from floricultural products. In year 2021 the total value of exports is 5.7 US $ million from cut flowers (Sri Lanka Export Development Board, 2022). When considering about orchids the total quantity of export in year 2011 is about 17.3 metric tons. It earned 25.37 million rupees of value to the Sri Lankan economy (Sri Lanka Export Development Board, 2021; Li et al., 2021). Among orchid cultivars dendrobium is the most demanded cut flower in the export market since it has the most brilliant and contrasting colour variation (Kottawa-Arachchi and Gunasekara, 2020). 
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Figure 1. Cut flowers in Sri Lanka (A-Phalantoposis, B-Dendrobium, C-Vanda, D-Cattelya) As cut flowers dendrobium, vanda, phalanopsis and cattelya (Figure 1) are more popular in the international market. In Sri Lanka there is a developing trend towards Orchid cultivation among urban and semi-urban populations. Some of them engaged in this cultivation as a hobby in their retirement age; some do this as their livelihood. Anyway, this theme has introduced a new concept for current and future youth to survive as entrepreneurs. Orchids can be grown easily if the required conditions are supplied correctly. As Sri Lankans we have all the assets that are given by our surroundings; temperature, humidity, water resources, adequate amount of space as well as the technology also available in Sri Lanka now. The most critical thing is the growers’ interest and their day-to-day (Nage et al., 2006; Pillion and Chase, 2007). There are many commercial florists in Sri Lanka namely, Lassana Flora, Kapruka, Shirohana Petal Puru, Blooms Flower Shop, Greenet Plants & Flowers Privet Limited etc (Padmini and Kodagoda, 2021). They encourage local flower cultivators to grow standard and quality products. When the quality of the product increases the profit of the grower also increases. Commercial-scale tissue culture plant producers (K Orchids, Serandib flora, Heyleys Agro Biotec) supply quality plantlets to the market to maintain quality flower cultivation in Sri Lanka (Padmini and Kodagoda, 2021). Some orchid importers who are importing tissue-cultured orchid plantlets and mature plants from different countries. They import them via the National Plant Quarantine Service. The vigor of these plants is not well as Sri Lankan plants, due to acclimatization failures and climate changes. Even if they are well-established for a few period there after they may restrain their growth. But tissue/seed cultured plants in Sri Lanka perform well than imported orchid plants due to high adaptability to Sri Lankan climatic conditions (Kumar and Rawat, 2022; Fernando et al., 2008).  Climate change can have a significant impact on orchids, and their ability to acclimate or adapt to changing conditions can be crucial for their survival (Reina-Rodríguez et al., 2017). Acclimatization refers to the ability of an individual organism to adjust its physiology or behaviour to better cope with changes in its environment. In the case of orchids, acclimatization may involve changes in their growth rate, flowering patterns, or physiological processes such as water use or nutrient uptake. However, if the changes in 
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the environment happen too rapidly or are too severe, orchids may not be able to acclimate in time to avoid negative impacts on their survival and reproduction. On the other hand, successful adaptation refers to genetic changes in a population that occur over multiple generations in response to changing environmental conditions. In the case of orchids, successful adaptation may involve genetic changes that allow them to tolerate higher temperatures or drought conditions (Cozzolino and Widmer, 2005). Adaptation can take many years or even centuries to occur, but it can provide a long-term solution to the challenges posed by climate change. Unfortunately, orchids are particularly vulnerable to the effects of climate change, as they are often highly specialized to specific environmental conditions, and their distribution may be limited to narrow ranges of temperature and rainfall. As a result, many orchid species are at risk of extinction due to climate change, and it may be difficult for them to acclimate or adapt quickly enough to cope with the rapid changes in their environment. In conclusion, while acclimatization and adaptation are important mechanisms for orchids to cope with climate change, the severity and speed of the changes may make it challenging for orchids to keep up. Therefore, conservation efforts are necessary to help protect orchids and other vulnerable species from the impacts of climate change. Even though orchid cultivation is time-consuming, it has a good market in Sri Lanka. As a cut flower and potted plant, it plays a significant role in Sri Lankan economy. After the establishment of these plants, it requires less attention and money, so it suits Sri Lankan housewives as a business. 
POSSIBLE USES OF ORCHIDS 

Sustainable products and technologies in orchid culture  Orchid cultivation can benefit from the adoption of sustainable products and technologies to reduce environmental impact, conserve resources, and promote eco-friendly practices.  Organic Fertilizers: Replace synthetic fertilizers with organic alternatives such as compost, vermicompost (worm castings), or organic liquid fertilizers. These options minimize the use of chemical inputs, enhance soil health, and reduce water pollution risks. Water-Efficient Irrigation: Implement water-saving irrigation techniques like drip irrigation or hydroponics. These methods deliver water directly to the plant roots, minimizing water wastage through evaporation or runoff. Energy-Efficient Lighting: Utilize energy-efficient lighting systems, such as LED (Light Emitting Diode) grow lights, to reduce energy consumption during the cultivation of orchids. LEDs provide targeted light wavelengths, consume less electricity, and have longer lifespans compared to traditional lighting technologies. Rainwater Harvesting: Collect and store rainwater to supplement irrigation needs. Install rainwater harvesting systems that capture rainwater from roofs or other surfaces and store it for later use in watering orchids. This approach reduces reliance on municipal water sources and conserves water. Natural Pest Control: Implement integrated pest management strategies to control pests and diseases in an environmentally friendly manner. This involves using beneficial insects, such as ladybugs or predatory mites, as natural predators, as well as employing cultural practices like proper sanitation and plant selection to minimize pest issues. Recyclable or Biodegradable Pots: Opt for pots made from recyclable materials like recycled plastic or biodegradable options like coconut coir pots. These alternatives reduce plastic waste and promote sustainable disposal practices. Renewable Energy Sources: Consider utilizing renewable energy sources, such as solar panels or wind turbines, to power greenhouse operations or other energy-intensive processes. This approach reduces reliance on fossil fuels and lowers greenhouse gas emissions. 
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Sustainable Packaging: Use eco-friendly packaging materials for transporting and selling orchids. Choose recyclable or biodegradable packaging options that reduce waste and minimize environmental impact. Composting and Waste Management: Implement a composting system to manage organic waste generated during orchid cultivation. Composting helps reduce waste, improve soil fertility, and close the nutrient loop on-site. Education and Awareness: Promote sustainability practices among orchid growers and consumers. Provide information and resources on sustainable cultivation techniques, eco-friendly products, and the importance of conservation to encourage the widespread adoption of sustainable approaches. By incorporating these sustainable products and technologies into orchid cultivation practices, growers can contribute to the preservation of the environment, reduce resource consumption, and promote a more sustainable and resilient industry. 
Post-Harvest technologies Post-harvest technologies play a crucial role in maintaining the quality, prolonging the shelf life, and ensuring the marketability of orchids. Temperature and Humidity Control: Orchids are highly sensitive to temperature and humidity changes. Post-harvest facilities should have proper climate control systems to maintain optimal conditions for the specific orchid species. This helps prevent wilting, dehydration, and deterioration of flowers or foliage. Cold Chain Management: Orchids are often transported over long distances, and maintaining a cold chain is essential to preserve their freshness. Cold storage facilities or refrigerated transportation ensure that the orchids are kept at the appropriate temperature from harvest to market, minimizing quality degradation. Ethylene Management: Orchids are susceptible to ethylene gas, which accelerates aging and wilting. Ethylene-sensitive cultivars should be stored separately from ethylene-producing fruits or flowers. Ethylene inhibitors or absorbers can also be used to reduce ethylene levels and extend the shelf life of orchids. Water Management: Proper water management is critical to prevent dehydration and maintain the turgidity of orchid flowers and foliage. Post-harvest treatments like hydration solutions, water sprays, or wet packaging materials help retain moisture and keep the orchids hydrated during transportation and storage. Anti-Microbial Treatments: To control microbial growth and prevent diseases, orchids can undergo treatments with fungicides or bactericides. These treatments are typically applied as dips, sprays, or fumigations to minimize the risk of post-harvest infections. Packaging: Orchids require careful packaging to protect them from physical damage and maintain their aesthetic appeal. Packaging materials should provide adequate support, ventilation, and protection against temperature fluctuations. Common packaging options include plastic sleeves, foam supports, mesh bags, or boxes with proper cushioning. Grading and Sorting: Orchids are graded based on size, quality, color, and uniformity. Sorting techniques, such as manual sorting or automated grading machines, help categorize orchids into different grades for targeted markets or specific customer requirements. Post-Harvest Physiology Management: Post-harvest treatments, such as pulsing or conditioning, can enhance the longevity of orchids. These treatments involve immersing the cut stems or spikes in solutions containing nutrients, sugars, or growth regulators to improve water uptake, delay senescence, and maintain flower quality. Traceability Systems: Implementing traceability systems, such as barcoding or RFID (Radio Frequency Identification) tags, allows for the tracking and monitoring of orchids throughout the post-harvest process. This helps ensure transparency, quality control, and better management of the supply chain. Research and Development: Continuous research and development efforts are essential for improving post-harvest technologies in the orchid industry. This includes exploring new treatments, storage techniques, and packaging innovations to extend shelf life, enhance quality, and reduce post-harvest losses. 
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By implementing these post-harvest technologies, orchid growers and distributors can optimize the quality, shelf life, and market value of their products, meeting consumer expectations and maintaining the overall sustainability of the orchid industry. 
Molecular Biology and Biotechnologies Molecular biology and biotechnologies have significantly contributed to the understanding and advancement of orchid research and cultivation. Genetic Analysis: Molecular techniques such as DNA sequencing, PCR (Polymerase Chain Reaction), and DNA fingerprinting are used to study the genetic diversity, phylogenetics, and taxonomy of orchid species. These tools help identify and classify orchid cultivars, study their evolutionary relationships, and conserve rare or endangered species. Tissue Culture and Micropropagation: Orchids are commonly propagated through tissue culture techniques. Explants, such as meristems, protocorms, or seeds, are cultured on a nutrient-rich medium supplemented with growth regulators to induce shoot multiplication and plantlet regeneration. Tissue culture allows for large-scale production of orchids with desirable traits and facilitates the conservation of rare or endangered species. Somatic Embryogenesis: Somatic embryogenesis is a biotechnological technique used to produce orchids from somatic cells. It involves the induction of embryogenic cells and the regeneration of embryos from non-reproductive tissues. This method enables the mass production of orchid plantlets and the production of orchid hybrids with specific characteristics. Genetic Engineering: Genetic engineering techniques, such as gene transfer or transformation, have been employed in orchids to introduce desirable traits. Genes associated with traits like enhanced fragrance, longer shelf life, disease resistance, or altered flower color can be introduced into orchid genomes. Genetic engineering also provides a tool for studying gene function and understanding the molecular mechanisms underlying various biological processes in orchids. Metabolic Engineering: Metabolic engineering involves modifying metabolic pathways to enhance the production of specific compounds in plants. In orchids, this technique has been used to enhance the production of secondary metabolites, such as fragrance compounds or medicinal compounds with potential pharmaceutical applications. Molecular Markers and Marker-Assisted Breeding: Molecular markers, such as microsatellites or SNP (Single Nucleotide Polymorphism) markers, are utilized for genetic mapping, marker-assisted selection, and breeding programs in orchids. These markers help identify and select plants with desired traits, accelerating the breeding process and improving the efficiency of orchid breeding programs. Transcriptomics and Gene Expression Analysis: Transcriptomics involves studying the expression patterns of genes in different tissues or under specific conditions. Techniques like RNA sequencing (RNA-Seq) enable the identification and analysis of genes that are involved in key processes such as flower development, fragrance production, or stress responses in orchids. Epigenetics: Epigenetic modifications, such as DNA methylation or histone modifications, play a crucial role in gene expression regulation. Studying epigenetic modifications in orchids helps us understand the mechanisms underlying gene regulation and responses to environmental cues. Epigenetic modifications can also be manipulated to induce changes in gene expression and phenotype. Cryopreservation: Cryopreservation techniques are used for the long-term preservation of orchid germplasm. Orchid seeds, protocorms, or shoot tips can be cryopreserved at ultra-low temperatures, allowing for the long-term storage of genetic resources and conservation of rare or endangered orchid species. Phytochemical Analysis: Molecular biology techniques are employed to analyze the presence and quantity of phytochemicals in orchids. This helps identify bioactive compounds with medicinal or industrial potential and guides the selection and breeding of orchids with desired phytochemical profiles. These molecular biology and biotechnological approaches have revolutionized orchid 
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research, conservation, and commercial cultivation, enabling the production of improved cultivars, conservation of genetic diversity, and the development of sustainable practices in the orchid industry. 
Propagation, Micropropagation  Propagation of orchids can be achieved through various methods, and micropropagation is a popular technique due to its ability to produce a large number of orchid plantlets with desirable traits in a relatively short time. Selection of Explants: The first step in orchid micropropagation is selecting suitable explants, which are small sections of plant tissue used as starting materials. Common explants include meristems (apical or axillary buds), protocorms (seedlings), or shoot tips. These explants are chosen based on their potential for rapid shoot multiplication and regeneration. Surface Sterilization: Explants are surface sterilized to eliminate potential contaminants like bacteria or fungi. This is usually done by washing the explants in a sterilizing solution (e.g., bleach or alcohol) followed by rinsing with sterile water to remove any residual sterilizing agents. Initiation of Cultures: Sterilized explants are placed on a nutrient-rich medium, commonly referred to as the initiation medium. The initiation medium contains essential nutrients, vitamins, and growth regulators like cytokinins to induce shoot initiation from the explant. Multiplication: After initiation, the explants are transferred to a multiplication medium. This medium is optimized to promote the rapid proliferation of shoots. Cytokinins, such as kinetin or BA (benzyladenine), are often used in the multiplication medium to stimulate shoot multiplication. Subculturing: As the shoots multiply and grow, they are periodically subcultured onto fresh multiplication media to maintain their vigor and prevent overcrowding. This process helps ensure that each shoot receives adequate nutrients and space for growth. Rooting: Once the desired number of shoots is obtained, the shoots are transferred to a rooting medium. The rooting medium contains plant growth regulators, typically auxins like indole-3-butyric acid (IBA) or naphthalene acetic acid (NAA), which promote root development. Rooting is crucial for the establishment of plantlets that can be transferred to soil or another growing medium. Acclimatization: Once rooted, the plantlets undergo a gradual acclimatization process to adapt to normal greenhouse or outdoor conditions. This involves transferring the plantlets to a controlled environment with high humidity and reduced light levels. Over time, the environmental conditions are gradually adjusted to mimic the conditions in which the mature orchids will be grown. Transfer to Soil or Containers: Finally, the well-acclimatized and rooted plantlets are transferred to pots or growing containers filled with suitable growing media. Orchid-specific media, such as bark mixtures or sphagnum moss, are commonly used. The plantlets continue to grow until they reach maturity and are ready for sale or further cultivation. Micropropagation allows for the rapid multiplication of orchids, including rare or endangered species, and facilitates the production of orchids with desired characteristics. It also plays a significant role in orchid conservation and commercial production by providing a reliable method for mass propagation and ensuring a consistent supply of high-quality plants. 
Virology of horticultural species  Virology of horticultural species orchids focuses on the study of viruses that infect orchid plants. Orchid viruses can cause significant economic losses by reducing plant growth, altering flower morphology, and negatively impacting overall plant health.  Virus Identification: Various viruses have been identified in orchids, including Cymbidium mosaic virus (CymMV), Odontoglossum ringspot virus (ORSV), Cattleya mosaic virus (CtMV), and others. Identification of these viruses is typically done using molecular techniques such as PCR, serological assays, or next-generation sequencing. These methods help in diagnosing viral infections and determining the specific viruses present in orchids. 
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Virus Transmission: Orchid viruses can be transmitted through different routes. One common mode of transmission is through vegetative propagation, where infected plant materials are used to produce new plants. Other modes of transmission include insect vectors (e.g., thrips or aphids), contaminated tools, or sap contact between plants. Understanding the transmission routes is crucial for implementing effective management strategies. Symptomatology: Orchid viruses can cause various symptoms in infected plants. These symptoms may include mosaic patterns on leaves, ring spots, chlorotic patterns, stunting, distorted growth, or flower abnormalities. However, it's important to note that viral symptoms can vary depending on the specific virus and the orchid species involved. Impact on Orchid Cultivation: Orchid viruses can have a significant impact on the horticultural industry. Infected plants may exhibit reduced growth, delayed flowering, or diminished flower quality, resulting in economic losses for growers. Additionally, viruses can negatively affect the establishment and survival of orchids during tissue culture propagation. Detection and Elimination: Early detection of viral infections is essential for preventing the spread of viruses within orchid collections or commercial operations. Regular testing of plants using diagnostic techniques allows for the identification of infected individuals, enabling prompt action to prevent further transmission. Infected plants are typically removed and destroyed to prevent the spread of the virus to healthy plants. Virus-Free Production: Virus-free orchids are highly valuable for commercial production and conservation purposes. Tissue culture techniques, such as meristem culture or thermotherapy, can be employed to produce virus-free orchids by eliminating viruses from infected plant materials. This process involves culturing and propagating virus-free meristems or subjecting infected plants to controlled heat treatments that eliminate the viruses. Quarantine Measures: Quarantine protocols are essential to prevent the introduction and spread of viruses in orchid collections or commercial operations. Strict quarantine measures, including testing, isolation, and proper sanitation practices, help minimize the risk of introducing or spreading viral infections. Research and Management Strategies: Ongoing research is focused on understanding the biology, ecology, and epidemiology of orchid viruses. This knowledge contributes to the development of effective management strategies, such as the use of insecticides to control viral vectors or the development of resistant orchid cultivars through breeding or genetic engineering. Efforts in virology related to horticultural orchids aim to improve virus detection, prevention, and control measures, leading to healthier orchid plants, increased productivity, and the preservation of orchid genetic resources. 
Food Vanilla belongs to family Orchidaseae with taxonomically known 110 species. Capsules/pods are commercially valuable plant parts thats result in hand pollination. Countries with tropical climates favour the growth of vanilla such as Madagascar, Indonesia, Mexico, Comoro. Indonesia is the largest producer of vanilla in the world. Among 110 species only 3 vanilla species are important in the commercial market (Vanilla planifolia, Vanilla Pomona, Vanilla tahitensis) (Pansarin and Suetsugu, 2022). Vanillin is the economically important compound that is extracted from vanilla beans. Vanillin is used as flavour ingredient in the confectionery industry, perfumery and pharmaceutical industries (Anderson et al., 2022). Sri Lanka is also cultivating vanilla as a commercial crop (Thenuwara Acharige, 2022). The major vanilla growing areas are Kandy, Nuwaraeliya and Matale districts. The total extent is less than 100 ha and the production is about 1.5mt (Department of Export Agriculture, 2022). 
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Health benefits Modern social human spends their life with numerous relationships and responsibilities. This makes his life depressed and it leads to several non-contagious diseases such as high blood pressure, mental imbalance, cholesterol, diabetes heart attacks etc. To escape from these conditions mind relaxation provides enormous help (Meng, W. and Guozeng, 2022). Orchid potted plants with flowers can be used as a method of mind relaxation by establishing them indoors and outdoors. Due to its aesthetic value and its natural beauty orchids are used in indoor homes and outdoor gardens. Most of the people who are in retirement age maintain their orchid cultivation in order to relax their minds. It acts as a stimulant to their sluggish lifestyle and helps to refresh their life. Other than using orchid as a horticultural crop these kind of benefits enhance the value of orchids in nature (Fay, 2018). 
Horticulture Orchids are grown all around the world as display plants due to their natural beauty (Utomo et al., 2020). The different colour variations and shape the diversity of the flower add enormous value to the orchid plant. As an indoor plant and outdoor plant orchid has a high value in export as well as local market (Yuan et al., 2021). For landscaping purposes, orchid adds an advantage to improve the appearance of the design. Local home gardens provide evidence to prove the importance of orchids and it is common to see at least one orchid plant in each home garden.  
Ornamental flower The ornamental value of an orchid is high due to its longest vase life and flower colour variation. According to the flower type, the value of the flower also varied. Orchids are among the most highly valued flower among the ornamental flowers (Wang et al., 2021). Phalanopsis flowers are the most expensive in the market while dendrobium is the lowest. Orchid flowers are taken to different cultural festivals including weddings, parties as well as funerals in order to design floral decorations. Orchids were cultivated for commercial purposes in Britain in the early 18th century. But thereafter they usedmodern agricultural biotechnology tools (tissue culture, hybridization, gene transformation etc.) to improve the quality and ornamental value of flowers by changing the flower shape, colour and vase life (Gale et al., 2019). Due to the wide range of colour and shape diversification, the purpose of using this flower is different. Vanda, Phalanopsis and Cattlya as cut flowers with more bright and contrasting colours are more expensive they are used mostly in gorgeous occasions. The rich-looking appearance of these flowers expresses the blissfulness of a moment. Such cultivars like dendrobium with quite small flowers and dull colours are suitable for occasions such as funerals. This specifies the wide range of uses for the orchid flower as an ornamental flower (Pujari and Babu, 2022; Li et al., 2021). 
Perfume industry Modern hybrids those are having a fragrant can be used as a source for perfumes. There are several hybrids with different aromas such as Caularthron bicornutum with a mild citrusy fragrance and Oncidium Sharry Baby with vanilla-chocolate scent (Irimescu et al., 2020).  Orchids are a popular ingredient in the perfume industry. The flower's delicate and exotic fragrance is widely used in perfumes, colognes, and other scented products. There are many different species of orchids, each with its unique scent profile. Some of the most commonly used orchids in perfumery include Vanilla planifolia, Cattleya, and Phalaenopsis. Vanilla planifolia, also known as Bourbon vanilla, is one of the most popular orchids used in perfumes. The scent of the vanilla orchid is warm, sweet, and comforting, making it a popular choice for creating cozy and inviting fragrances. 
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Cattleya orchids, also known as corsage orchids, are another popular choice in perfumery. They have a strong and complex fragrance, often described as floral with a hint of spice. Cattleya orchids are commonly used in floral and oriental perfumes. Phalaenopsis orchids, also known as moth orchids, have a delicate and fresh scent. They are commonly used in lighter and more refreshing fragrances, such as floral or citrus-based scents. Overall, orchids are a popular and versatile ingredient in the perfume industry, offering a range of unique and alluring scents for perfumers to experiment with. 
Expand the Job Market  The commencement of orchid cultivation of one person will provide the foundation for several other job opportunities too. Once the cultivation is started by one person it will provide jobs for the people who are the nursery structures builders, potters, labors etc. People who are occupied in fertilizer companies also earn benefits from orchid industry. Not only them, but the responsibility of scientists is also to launch new flower cultivars to farmers in order to develop this industry (Kriel, 2019). 
Fresh and dry form of floral decoration Due to the ornamental value of the orchid, it is widely used in floral decorations. Fresh floral decorations are seen on some occasions while dry flowers can be seen in the wall hangers. In modern culture, the flower bouquet of a bride may be preserved as a memory of that occasion. There is a high market value for floral preservation, while orchids add gorgeous value (Varfolomeeva et al., 2021). 
Medicine Orchids are well-known as ornamentals and valued cut flowers due to their exotic beauty and their long long-lasting blooming period. Other than these identifications orchids are known as the source of herbal medicines. Chinese and Japanese people used orchids for medicinal purposes at the beginning. Many generas including Dendrobium, cymbidium, vanilla, and vanda contain the marvelous properties of medicine (Bhattacharyya et al., 2020). These kinds of orchids are most popular in Traditional Chinese Medicine. Medicinal orchids are distributed around the tropical rain forests of southern cChina, japan, Sri Lanka, India and Nepal. Roots, leaves, bulbs, pseudo bulb, rhizome, tubers, stem, swollen stem base, fruits and even whole plant are also used for medicinal purposes (Jodh et al., 2022). The medicinal properties of orchids include that anti rheumatic, anti- inflamma-tory, antiviral, anti-carcinogenic, anticonvulsive, diuretic, neuroprotective, relaxation, anti-aging, wound healing, hypoglycemic, antitumor and anticancer, antimicrobial (Bhatt et al., 2018), antiviral and many other activities. Different phytochemicals (secondary metabolites) such as alkaloids, flavonoids, stilbenoids, anthocyanins, triterpedoids, orchinol, hircinol, cypripedin, bibenzyl derivatives, phenanthrenes, jibantine, nidemin and loroglossin leads to enhance the medicinal properties of orchids (Bhatt et al., 2018). 
Bletilla striata (commonly called Pe-chi) 
Bletilla striata is commonly used in Chinese medicine and the distribution of this plant is confined to Asian region. The dried parts of this plant are used to treat tuberculosis (Pant, 2013), coughing up of blood from the respiratory tract, gastric and duodenal ulcers, bleeding and cracked skin on the hand and feet, pus, malignant swellings, breast cancer, flatulence, dysentery, fever, coughs, and chest pain (Jiang et al., 2019). 
Dendrobium anosmum (commonly called Shih Hu) Even though there are so many Dendrobium species in china only few of species are used for medicinal purposes (Yang et al., 2020). Among them Chin Chai Shih Hu (Golden Hairpin 
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Dendrobium) Dendrobium nobile is the most common in Chinese treatments and dendrobine is the major alkaloid that is isolated from dendrobium species. More than 14 alkaloids of dendrobine species and other valuable phytochemicals are used as treatments for alleviating gastric, fever, inflammation, pain, and epilepsy. It is also used to treat rheumatism, excessive perspiration, bodily weakness brought about by thirst, vaginal discharge, and menstrual pain (Semiarti et al., 2020; Ramesh et al., 2019). 
Gastrodia elata (commonly called Tianma) 
Gastrodia elata is an orchid which is grown symbiotically with a specific soil fungus. Tuber’s rhizomes of Gastrodia elata are used for various diseases including headache, dizziness, blackout, numbness of limbs, paralysis of one side of the body, epilepsy, cramps, spasms, migraine, rheumatism and vertigo (Chen et al., 2020; Li et al., 2020). 
How to improve orchid cultivation in SRI LANKA Introduction of new cultivars should be introduced to local market that is matched with Sri Lankan climatic conditions. Since most of the imported cultivars do not perform a better survival rate; then our responsibility is to introduce new cultivars with high adaptability to tropical climatic conditions. Since many native orchid species in the country, it is possible to develop new cultivars through genetic breeding programs. New orchid cultivars can be created through genetic breeding programs, which involve selectively breeding orchids with desirable traits in order to produce offspring with those same traits. One approach to orchid breeding is to cross two orchid plants with different desirable traits, such as flower color, size, or fragrance. The resulting offspring, or hybrids, may exhibit a combination of the parents' traits or a new trait altogether. These hybrids can then be selectively bred with other hybrids or with purebred orchids to further refine their desirable traits. Another approach to orchid breeding is through genetic modification, which involves introducing new genes into an orchid's DNA to create desired traits, such as disease resistance or improved flower color. This process is often more complex and controversial than traditional breeding and requires careful consideration of potential risks and ethical concerns. Regardless of the approach used, orchid breeding programs typically involve careful selection, propagation, and testing of new cultivars over several years before they are released for commercial cultivation. In Sri Lanka, several institutions that conduct research on orchid breeding and work to develop new cultivars of orchids, such as the Department of National Botanic Gardens and the Sri Lanka Orchid Society. These organizations work to promote the conservation and cultivation of native orchid species, as well as the development of new cultivars that can be used for ornamental purposes or in traditional medicine. Funding the farmers to develop and expand their cultivation The Initial establishment of orchid cultivation is quite expensive due to the cost of Shade houses, materials, and irrigation systems. So there may be a retreat for farmers to go ahead with their cultivation. Financial assistance which is lounged by the government is essential towards developing this industry in Sri Lanka. Financial assistance from the government can be essential for the development of the orchid industry in Sri Lanka. The orchid industry, like many agricultural sectors, requires significant investment in infrastructure, research, and marketing to reach its full potential. Government financial assistance can take many forms, including tax incentives, subsidies, grants, and low-interest loans. These resources can be used to support the development of 
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new orchid cultivars, establish and maintain orchid nurseries, upgrade infrastructure such as greenhouses and irrigation systems, and support marketing and promotion efforts. In addition to financial assistance, the government can also play a role in creating a favorable policy environment for the orchid industry. This includes measures such as streamlining regulations for orchid cultivation and export, ensuring fair market access and competition, and promoting sustainable farming practices. By supporting the development of the orchid industry in Sri Lanka, the government can create new opportunities for economic growth and job creation, while also promoting the conservation of the country's native orchid species. This can be especially important for small-scale farmers and rural communities, who may benefit from increased access to markets and new income streams. Ultimately, a thriving orchid industry can help to diversify and strengthen Sri Lanka's economy, while also promoting the country's rich cultural and natural heritage. Collaborate with university students University students who know floriculture, especially in orchids can contribute their knowledge farmers in purpose of developing their cultivation. These students have the theoretical knowledge of all floricultural aspects, while the farmers have the practical knowledge. In combination of these two, may result in a wonderful creation. Collaborating with university researchers can be a valuable way for orchid cultivators to access new knowledge and expertise that can help them improve their cultivation techniques and develop new cultivars. University researchers often have specialized knowledge in areas such as plant genetics, plant pathology, and soil science, which can be directly applied to orchid cultivation. By working with researchers, orchid cultivators can gain insights into the underlying biological processes that affect orchid growth and development, as well as access to the latest research findings and techniques. University collaborations can also provide opportunities for orchid cultivators to participate in research projects, such as breeding programs or studies on orchid pests and diseases. This can help cultivators develop new cultivars that are better adapted to local growing conditions, as well as identify and manage potential threats to their crops. Collaborations with university researchers can also lead to the development of new technologies and techniques that can improve orchid cultivation practices. For example, researchers may develop new irrigation systems, lighting technologies, or fertilization methods that can help orchid cultivators optimize their growing conditions and improve yields. Overall, collaborating with university researchers can be a valuable way for orchid cultivators to stay abreast of the latest developments in their field, access new knowledge and expertise, and develop new cultivars and cultivation techniques that can help them to remain competitive and successful in the marketplace. Increase Government Intervention Since the floriculture industry is an emerging industry in Sri Lanka government should pay attention to this industry. Importation of materials for green houses, tissue culture labs and for other related work will be more advantageous for semi-urban farmers. The huge initial capital cost is the major reason that affects for the stagnation of this industry.  Increased government intervention in orchid cultivation can bring many benefits, including improved crop yields, increased profitability for growers, and greater sustainability and conservation of native orchid species. One way that the government can increase intervention is through the provision of financial assistance, as discussed earlier. This can include grants, low-interest loans, and subsidies that can help orchid cultivators invest in infrastructure, research, and marketing. This can help to expand the industry and make it more competitive, while also providing opportunities for small-scale growers and rural communities. In addition to financial assistance, the government can also increase intervention by providing technical assistance to orchid cultivators. This can include training programs, 
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workshops, and seminars that can help growers improve their cultivation techniques, manage pests and diseases, and identify new market opportunities. The government can also play a role in developing policies and regulations that support sustainable and responsible orchid cultivation practices. This can include measures to promote the conservation of native orchid species, ensure fair market access and competition, and reduce the environmental impacts of orchid cultivation. Overall, increased government intervention in orchid cultivation can help to support the growth and development of the industry, while also promoting sustainable and responsible practices. This can lead to a more competitive and profitable orchid industry, while also promoting the conservation of Sri Lanka's unique and diverse orchid species. The increase in extension services and Technology Lack of proper extension services is one of the reasons tardy growth in the floriculture industry. Farmer’s attitude is difficult to change regarding new cultivars and technologies. So it is necessary to conduct proper extension services to pass new technologies (fertilizer application, drip irrigation, aeroponics and shade management) to flower growers. Subsidize farmers there are so many women seeking work in the rural and semi-urban areas. The major difficulty with them is to lack of initial finance to start up the cultivation. If financial support has been provided this workforce category can effectively contribute to the national GDP (Gross Domestic Products). Financial support encourages farmers to initiate and develop the existing floricultural industry. Increase opportunities for exporting Even though there is rich cultivation, if there is no market in local and foreign levels farmers will discouraged. So it is important to expand the local orchid industry targeting foreign markets is essential. Increasing opportunities for exporting orchids can be a valuable way to promote the growth and development of the orchid industry in Sri Lanka. Exporting orchids can help growers to access new markets and increase their profitability, while also promoting the conservation of native orchid species through the cultivation of new cultivars. To increase opportunities for exporting orchids, growers can focus on producing high-quality, unique, and desirable orchid cultivars that can stand out in international markets. This can involve investing in research and development to produce new orchid cultivars that are better suited to export markets, as well as adopting best practices in cultivation, harvesting, and packaging to ensure the quality and freshness of the orchids. Growers can also work with government agencies and trade organizations to identify new export markets and develop export strategies. This can involve participating in trade fairs and exhibitions, as well as engaging in market research and analysis to understand the preferences and needs of international buyers. In addition to these efforts, the government can play a key role in supporting the export of orchids by providing technical assistance and resources to growers. This can include providing training and support in export regulations, logistics, and documentation, as well as investing in infrastructure such as transportation and storage facilities that can help to ensure the quality and safety of exported orchids. Overall, increasing opportunities for exporting orchids can be a valuable way to promote the growth and development of the orchid industry in Sri Lanka, while also contributing to the conservation of the country's native orchid species. By working together with growers, government agencies, and trade organizations, it is possible to identify new export markets, develop export strategies, and promote the unique and diverse orchid cultivars that Sri Lanka has to offer. Developing infrastructure facilities to develop facilities like electricity, water, roads and transport are essential to enhance the floriculture sector. Orchid industry be able to develop in rural areas too, if the required infrastructure facilities are provided. Also designing and constructing of greenhouses and net houses while minimizing the use of 
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electricity (eg. Solar panels, transparent windows, air circulation pathways) is important to maximize profit. Developing infrastructure facilities for orchid cultivation can play an important role in supporting the growth and development of the orchid industry in Sri Lanka. By investing in infrastructure, growers can improve their cultivation practices, increase their yields, and reduce their costs, which can help to make the industry more competitive and sustainable over the long term. One important infrastructure facility that can be developed is a research and development center for orchid breeding and cultivation. These centers can provide growers with access to the latest research findings and techniques in orchid cultivation, as well as opportunities for collaboration with researchers and other growers. Another important infrastructure facility that can be developed is modern greenhouses and shade houses that can provide optimal growing conditions for orchids. These facilities can help to regulate temperature, humidity, and light levels, which can improve orchid growth and yield. They can also provide protection from pests and diseases, which can reduce the need for pesticides and other chemicals. In addition to these facilities, the government can also invest in transportation and storage facilities that can help to ensure the quality and freshness of orchids during transit and storage. This can include refrigerated trucks and warehouses that can maintain optimal temperature and humidity levels, as well as packaging materials and labeling systems that can help to identify the origin and quality of the orchids. Overall, developing infrastructure facilities for orchid cultivation can help to support the growth and development of the industry in Sri Lanka, while also promoting sustainability and conservation of native orchid species. By investing in research and development, modern greenhouses and shade houses, and transportation and storage facilities, it is possible to improve orchid cultivation practices, increase yields, and reduce costs, which can lead to a more competitive and profitable industry over the long term.  Conduct awareness and training programs to expand the orchid cultivation it is very important to conduct awareness programs among rural and semi-urban populations. School students, jobless women, and retired adults can contribute to these programs. 
CONCLUSION  The current floricultural industry can uplifted through developments of orchid cultivation since orchids with enormous uses as ornamental, horticultural, medicinal, and other miscellaneous values. Keeping indoor and outdoor orchid pots has several unexpected benefits to your overall health and well-being. Orchid vendors have a large selection of orchid flowers for you to choose from for that special person, special occasion, or yourself. 
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ABSTRACT   

Translocation of maturity factors through the basal plate of double-nose 
L. longiflorum Thunb. ‘Nellie White’ and L. ×elegans Thunb. was investigated. 
Both mother (M) and daughter (D) scales were attached (+M+D) or the 
scales were removed (-M-D) from one or both sides of the double-nose 
bulb. The double-nose ‘Nellie White’ bulbs were grouped into +M+D/+M+D, 
+M+D/-M-D, and -M-D/-M-D. The basal plate of the +M+D/-M-D ‘Nellie White’ 
bulb was separated 0, 10, 20, 30, and 40 days after potting. The basal plate of 
the +M+D/-M-D 'Inferno' bulb was separated at 0, 4, 8, and 16 days after potting. 
The maturity factor evaluated by the speed of shoot emergence and the number 
of flowers and leaves was translocated from the +M+D bulb to the -M-D bulb of 
the non-separated +M+D/-M-D bulb. The translocation of maturity factors in 
‘Nellie White’ bulbs was completed before bulb separation in 40 days after 
potting. In ‘Inferno’ no differences in the number of flowers and leaves were 
observed between shoots that emerged from the +M+D bulb and the -M-D bulb of 
the +M+D/-M-D bulb, indicating that the maturity factors in ‘Inferno’ were not 
translocated. The differences in translocation responses between ‘Nellie White’ 
and ‘Inferno’ are that the shoot apex in ‘Nellie White’ is under the vegetative 
growth stage and the shoot apex in ‘Inferno’ is under the reproductive 
development stage when the vernalized bulbs are potted following scale 
removal treatment. 

Keywords: basal plate, flower bud formation, vernalization. 
INTRODUCTION Bulb for forcing the Easter lily (Lilium longiflorum Thunb.) and the Asiatic hybrid lily (Lilium ×elegans Thunb.) is composed of mother and daughter scales, basal plate, and basal roots (De Hertogh et al., 1971; Roh 1990; Roh and Wilkins, 1977a, b). Bulb vernalization of the Easter lily (Roh and Wilkins, 1977c) and Asiatic hybrid lilies (Lee et al., 2008; Roh, 1985) induced a uniform shoot emergence and early flowering. However, bulb vernalization of the 
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Easter lily reduced the number of flower buds (Roh and Wilkins, 1977c), while increasing the number in the Asiatic hybrid lily (Lee et al., 2008, 2010). Roh and Wilkins (1977a) reported that when the bulb harvest dates were delayed, the maturity factors were primarily concentrated in the daughter scales, which had shifted away from the mother scales. Maturity in L. longiflorum is defined as shoot emergence without delay and acceleration of flowering responding to bulb vernalization (De Hertogh et al., 1971).  Once maturity is induced by bulb vernalization (De Hertogh et al., 1971) in both the Easter lily (Roh and Wilkins, 1977c) and Asiatic hybrid lily (Lee et al., 2008; Roh, 1985; 1990), maturity factors in the bulb is considered as the main physiological response and the translocation must be completed before the basal plate of a double-nose bulb is separated into two single-nose bulbs. The basal plate of double-nose bulbs should be connected to observe the translocation of the maturity factors.  There was no report on the translocation of maturity factors influenced by the timing of separation of a double-nose bulb into two single-nose bulbs in L. longiflorum and further in L. ×elegans Asiatic hybrid lily. Therefore, translocation of maturity factors from the bulb with all scales that were not removed (+M+D bulb) to the bulb after removing mother scales (M) and daughter scales (D) (-M-D bulb) in the +M+D/-M-D double-nose bulb was investigated. These experiments were initiated using double-nose bulbs to (a) evaluate the differences in the translocation of maturity factors between ‘Nellie White’ and ‘Inferno’ and (b) investigate the effect of separation of double-nose (DN) bulbs into two single-nose bulbs in ‘Nellie White’ and ‘Inferno’.  
MATERIALS AND METHODS 

Plant materials and general culture  Double-nose L. longiflorum ‘Nellie White’ and L. ×elegans ‘Inferno’ lily bulbs were used in the experiments. All scales were intact on one side of a double-nose bulb [(+M+D) bulb] and all scales, except the 5 innermost small scales were removed on the other side [(-M-D) bulb] which was not separated through the basal plate of the double-nose bulb (+M+D/-M-D bulb). The scales were not removed (+M+D/+M+D bulb) or removed from both sides (-M-D/-M-D bulb). The shoot in ‘Nellie White’ did not elongate and did show an evident stem surrounded by the unfolded leaves (Fig. 1). However, in ‘Inferno’ the shoots were elongated by approximately 1 – 2 cm with folded leaves.  

Figure 1. Scale removal treatments of double-nose L. longiflorum ‘Nellie White’.  
All scales were not removed (+M+D bulb) or removed leaving 5 inner scales (arrow) (-M-D bulb). 

Scales in the -M-D bulb connected to the +M+D bulb in +M+D/-M-D bulb through the basal 
plate were enlarged as compared to scales attached to the -M-D bulb in -M-D/-M-D bulb.  

Bulbs were lifted 20 days after potting at the sign of shoot emergence from the -M-D axis  
for photographing 
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After the scales were removed, the bulbs were potted singly about 5 cm deep from the surface of the growing medium to the nose of the +M+D bulb or 10 cm deep from the tip of the shoot in 15 cm pots filled with a growing medium as described (Lee et al., 2008) and grown in a greenhouse maintained at 20/16oC (day: 08:00-16:00hr/night: 16:00 – 08:00hr). There were 10 bulbs per treatment and each plant was considered an experiment unit. All pots were completely randomized following bulb separation during forcing in the greenhouse. 
Translocation in L. longiflorum ‘Nellie White’ as influenced by removal of the scales 
and separation of the basal plate of the double-nose bulb Bulbs (18 – 21 cm in circumference) were treated for 8 weeks at 2.5oC, and after scale removal treatments in the double-nose bulbs (+M+D/+M+D, +M+D/-M-D, and -M-D/-M-D bulb) bulbs were potted on Jan. 4 (Table 1). The basal plate of the +M+D/-M-D bulb was separated into two single-nose bulbs using a scalpel and forceps 10, 20, 30, or 40 days after potting (Table 2). The growing medium was carefully separated without disturbing the basal roots and stem roots when the double-nose bulbs were separated 40 days after potting.  
Translocation in L. ×elegans ‘Inferno’ - separation of the double-nose bulb after potting Double-nose bulbs (14 – 17 cm in circumference) were packed in vermiculite and Metro Mix 250 growing medium (Sun Grow Horticulture, Bellevue, WA, USA) (1:1, by volume, 50% moisture; packing medium) after 8 weeks at 2.5oC. Scales were removed as described in L. longiflorum, and bulbs were first placed on top of 5 cm deep of the packing medium and covered with another layer of 5 cm packing medium. Bulbs were stored at 21/12.5oC for 3 days in the packing medium, and then the presence of flower buds was confirmed by dissecting the shoot apices from 5 bulbs under a microscope (AO - American Optical Microscope, Buffalo, NY, USA). Bulbs were lifted from the packing medium 0, 4, 8, 12, and 16 days after storing bulbs, and then double-nose bulbs were separated, and then potted on Jan. 14 as described above. 
Data analysis  The number of days to shoot emergence and flowering was counted from the date of potting. At anthesis, the number of flowers and leaves, and plant height were recorded as described previously (Roh and Wilkins, 1977b) for both cultivars. Data were subjected to analysis of variance using general linear model procedures (Lee et al., 2008). The variables were scale removal treatment (Table 1) separation of the double-nose ‘Nellie White’ bulbs (Table 2), and scale removal and bulb separation for ‘Inferno’. The number of flower buds (x) was transformed using the formula [(x + 0.5)1/2] and analyzed. Regression analysis was performed for the variables of bulb separation in time.  
RESULTS AND DISCUSSIONS  The biochemical nature of maturity factors in Lilium is not fully understood yet. Therefore, physiological characteristics such as shoot emergence, flowering, plant height, and the number of flower buds are used as indicators of maturity. Bulb maturity in terms of shoot emergence and flowering may also depend on the fulfilment of cold temperature requirements for the daughter axis (Roberts and Moller, 1971; Roberts et al., 1978). Some factors associated with the speed of shoot emergence and flowering, and the number of flower buds in 'Nellie White' bulbs are partially translocated from the +M+D side to the -M-D side through the basal plate of the +M+D/-M-D double-nose bulb when double-nose 
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bulbs are not separated (Roh and Wilkins, 1977a, b). However, the scales present attached to the +M+D axis may not have sufficient reserves to fully support the flowering and increase the number of flower buds in the -M-D side to the same level as the +M+D side of the +M+D/-M-D double-nose bulb. The exact nature of the reserves that are translocated from the +M+D side to the -M-D side in double-nose bulbs, whether they are carbohydrates or glycerol, a primary metabolite primarily synthesized in the outer scales (Lazare et al., 2019), is not yet known. 
Translocation in L. longiflorum ‘Nellie White’ as influenced by removal of the scales 
from the non-separated double-nose bulb When the basal plate of the double-nose bulb was not separated and all scales were not removed from both sides of the double-nose bulbs (+M+D/+M+D bulb), shoots emerged in 15 days with a difference of 0.5 days between the two bulbs. However, shoots emerged in 8 or 9 days when the scales of both single bulbs in the double-nose bulb were removed and non-separated (-M-D/-M-D bulb), which was significantly earlier as compared to shoot emergence from the +M+D/+M+D bulb. Shoots from the -M-D bulb emerged significantly later in 11 days in the +M+D/-M-D bulb than in -M-D/-M-D bulb, but earlier than the +M+D/+M+D bulb which emerged in 15 days from the +M+D bulb (Table 1, Fig. 1).   Shoot from the -M-D bulb in the +M+D/-M-D bulb emerged 4.1 days earlier than that from the +M+D bulb; however, 3 days later from the -M-D bulb in the -M-D/-M-D bulb (Table 1). Flowering was significantly delayed from 110 – 112 days when scales were attached to both bulbs (+M+D/+M+D bulb) to 126 days when scales were removed from both shoots (-M-D/-M-D bulb) (Table 1; Fig. 2). Flowering was significantly accelerated to 119 days from the -M-D bulb in the +M+D/-M-D bulb, as compared to bulbs which took 110 – 112 days in the +M+D/+M+D bulbs. The number of flowers was 3.5/3.7 in the +M+D/+M+D bulb, and significantly fewer than 0.9 flowers (-M-D/-M-D bulb) (Table 1). However, the number of flowers from the -M-D bulb was 2.0 when connected to the +M+D bulb which produced 3.4 flowers. The difference in the number of flowers was the greatest (1.4) in the +M+D/-M-D bulb as compared to the +M+D/+M+D bulbs (0.2) and the -M-D/-M-D bulbs (0.0). Plant height in ‘Nellie White’ increased from 14 - 16 cm in the -M-D/-M-D bulb to 17 cm from the -M-D bulb in the -M-D/+M+D bulb (data not presented). The number of leaves was significantly increased from the -M-D bulb (77 leaves) in the -M-D/+M+D bulb as compared to 40 - 44 leaves from the -M-D/-M-D bulb. The reduction of plant height from both +M+D and -M-D bulbs as compared to the heights in both shoots (24 cm) of the +M+D/+M+D bulb showed a similar trend in the number of flower buds. 

Figure 2. Flowering of double-nose L. longiflorum ‘Nellie White’ bulb as affected by scale removal treatments. From left to right; non-separated +M+D/+M+D; +M+D/-M-D; M-D/-M-D  double-nose bulb 



Table 1. The effect of scale removal treatment on the growth and flowering of L. longiflorum ‘Nellie White’ Treat-ment 
Number of days to No. of leaves Number of flowers  Scale treatment z Shoot emergence  Flowering +M +D (A) -M -D (B) A B DI y A B DI A B DI A B DI 

+ + 15 15 0.5 110 112 -2.3 78 81 -3.0 3.7 3.5 0.2 - - 9 8 0.9 126 126  0.9 40 44 -3.8 0.9 0.9 0.0 + - 15 11 4.1 117 119 -2.0 75 77 -1.7 3.4 2.0 1.4 HSD x p<0.01 2.9 2.4 1.2 2.3 3.1 0.97 10.8 9.7 0.92 1.52 2.03 0.58 
z Scale treatment; +, all scales were attached to one side (+M+D bulb; A); -, all scales were removed 
from the other bulbs (+M+D or -M-D bulb; B) of the double-nose bulb (+M+D/-M  -D bulb).; y Difference 
(DI) in shoot emergence, flowering, number of flowers, and number of leaves between the +M+D bulb 
(A) and the -M-D bulb (B); x Tukey's HSD (honestly significant difference) test at p<0.01. 

Translocation in L. longiflorum ‘Nellie White’ as influenced by the removal of the 
scales and the separation of the basal plate of the double-nose bulb When the basal plate of the M+D/-M-D double-nose bulb was separated 10, 20, 30, and 40 days after potting, a shoot emerged in 11 days from the -M-D bulb which was not significantly different from 11 – 13 days, depending on the separation dates in the +M+D/-M-D bulb (Table 2). Shoot emergence from the +M+D bulb took 18 days when the basal plates were separated 30 days after potting. The differences of shoot emergence between +M+D/-M-D bulbs was 2.6 days when double-nose bulbs were separated 10 days after potting, and differences were greater than 3.7 days when +M+D/-M-D bulbs were separated in 20 and 40 days. There were no significant differences in flower numbers from the +M-D bulbs when double-nose bulbs were separated 20 - 40 days after potting over bulbs when the bulbs were not separated. Plant heights from the +M+D and the -M-D bulbs did not differ significantly as affected by separation dates of the +M+D/-M-D bulb (data not presented). However, the number of leaves from the -M-D bulb was increased to 74 when bulbs were separated 40 days after potting, which was not significantly different from the bulbs that were not separated (data not presented). When bulbs were separated 10 and 20 days after potting, the number of leaves was the fewest (56 leaves), which was significantly different from bulbs that were not separated or were separated 30 and 40 days after potting. 
Translocation in L. ×elegans ‘Inferno’ – removal of scales and separation of the 
double-nose bulb Only two -M-D ‘Inferno’ bulbs of the -M-D/+M+D bulbs emerged, and shoot emergence (16 days) was not different from that (17 days) of the +M+D/+M+D bulbs (Table 4). When bulbs were not separated or separated 4 and 8 days after potting, shoot emergence (16 days) was not different from that (17 days) of the +M+D/+M+D bulbs (Table 3). When bulbs were not separated or separated 4 and 8 days after potting, shoot emergence from the -M-D bulb took 13 and 12 days, respectively, and shoot emergence was delayed to 15 or 17 days when bulbs were separated 12 and 16 days after potting, respectively.  Shoot emergence of ‘Inferno’ bulbs that were separated 16 days after potting of the +M+D/+M+D bulb took 18/17 days, which was not different from bulbs that were not separated or the -M-D bulb of the +M+D/-M-D bulb that were separated 16 days after 
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potting. However, both shoots from the -M-D/-M-D bulb failed to flower even when both bulbs were not separated (Table 3).  
Table 2. The effect of scale removal treatment and bulb separation on the growth and flowering of 

L. longiflorum ‘Nellie White’ Treatment Number of days to Number of flowers SC z Sepa-ration y 
Shoot emergence Flowering 

A B DI x A B DI A B DI A B + -        0 w 15 11 4.1 117 119 -2.0 3.4 2.0 1.4 + - 10 15 12 2.6 115 123 -7.1 3.4 0.9 2.5 + - 20 17 11 5.4 114 124 -9.7 3.1 1.1 2.0 + - 30 18 13 5.0 117 126 -8.8 3.5 1.7 1.8 + - 40 15 11 3.7 117 128 -9.9 3.0 1.9 1.1 HSD v p<0.01 2.2 2.1 1.9 5.3 6.4 3.8 0.87 0.92 0.94 
z Scale treatment (SC); +, all scales were attached to one side (+M+D bulb; A); -, scales were removed 
from the other side  (-M-D bulb; B) of the double-nose bulb (+M+D/-M-D bulb); y The basal plate of the 
double-nose bulb was not separated (-) or separated 10, 20, 30, and 40 days after potting on Jan. 4; x 

Difference (DI) in shoot emergence, flowering, and the number of flowers between the +M+D bulb (A) 
and the -M-D bulb (B); w Number of days after potting when the basal plate of the double-nose bulb 
was separated; v Tukey's HSD (honestly significant difference) test at p<0.01. 

The -M-D bulb flowered ranging from 54 to 58 days when the +M+D/-M-D bulb was not separated or separated between 4 and 16 days after potting, respectively, which were not different from the flowering of the +M+D bulbs. Plant height of the +M-D bulb did not differ significantly between the +M+D/+M+D bulbs that were not separated; however, plant height was significantly shorter when separated 4, 8, 12, and 16 days after potting, ranging from 23 to 29 cm. The number of flowers was not significantly different by scale removal treatments, which produced 4.1 and 4.4 flowers from the +M+D bulb, and 4.0 and 4.6 flowers from the -M-D bulb when double-nose bulbs were not separated and separated 4 to 16 days after potting, respectively (Table 3). This could be attributed to the fact that flower bud initiation is completed before shoot emergence when bulbs are fully vernalized (Lee et al., 2008, 2010; Ohkawa et al., 1990; Pergola and Roh, 1987; Roh, 1985; 1990). 
CONCLUSIONS  In L. longiflorum ’Nellie White’, maturity factors evaluated by the speed of shoot emergence, the number of flowers and leaves, and plant height are translocated from the +M+D bulb to the -M-D bulb through the basal plate of the vernalized and non-separated double-nose +M+D/to -M-D bulb. The translocation is successful before the bulb separation in 40 days after potting before the initiation of flower buds. In L. ×elegans 
‘Inferno’, maturity factors were not translocated and were not affected by scale removal treatment in the -M-D bulb of the +M+D/-M-D double-nose bulb. The observed differences in translocation responses of maturity factors might be attributed to the contrasting differences in the time of flower bud initiation; shoot apex under a vegetative growth in 'Nellie White' and under a reproductive development in 'Inferno' at the time of potting of the vernalized bulbs after scale removal treatments.  
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Table 3. The effect of scale removal treatment and bulb separation on the growth and flowering of 
L. ×elegans ‘Inferno’ 

Treatment Number of days to Plant height (cm) Number of flowers Scale z Separa-tion y Shoot emergence Flowering A B A B A B A B A B + + 0 17 17 54 54 33 33 4.6 4.7 + - 0 17 16 54 54 34 34 4.1 4.0 - - 0 16 (2)x --w -- -- -- - -- -- + - 4 17 13 57 57 26 29 4.2 4.6 - - 4 -- -- -- -- -- -- -- + - 8 17 12 56 56 29 32 4.6 4.4 - - 8 -- -- -- -- -- -- -- + - 12 17 15 55 56 25 27 4.7 4.3 - - 12 17 (5) 17 (3) -- -- -- -- -- + - 16 17 17 57 58 23 23 4.4 4.1 - - 16 18 (7) 17 (5) -- -- -- -- -- -- + + 16 18 17 55 55 32 33 4.8 4.8 Level of significance HSD v p<0.01 1.9 3.2 2.8 4.1 3.4 2.5 0.54 0.65 Regression analysis u Separation - linear ns * ns ns * * ns ns -quadratic ns ns ns ns ** ** ns ns 
z Scale treatment; +, all scales were attached to one side (+M+D bulb; A); -, all scales were not or 
removed from the other side (+M-D or -M-D bulb; B) of double-nose bulb (+M+D/-M-D bulb); y The 
basal plate of the double-nose bulb was not separated (0) or separated 10, 20, 30, and 40 days after 
potting; x Number of days to shoot emergence and the number of bulbs with emerged shoots when all 
scales were removed from both bulbs of the double-nose bulb (-M-D/-M-D bulb); w Failed to emerge 
and flower when all scales were removed from both axes; v Tukey’s HSD (honestly significant 
difference) test; u ns, *, **: non-significant, significant at 5% and 1%.  
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ABSTRACT 

This article explores the use of Sedum species in landscape design, focusing on 
their adaptability to different pedoclimatic conditions and their ability to thrive in 
conditions of neglect. The article discusses the importance of understanding a 
plant's place of origin and natural habitat when considering its cultivation in a 
different area and the benefits and drawbacks associated with different types of 
substrates. Sedums are identified as an excellent choice for those who want to enjoy 
the aesthetic value of plants without the hassle of regular upkeep. The study 
investigates the growth and survival patterns of three Sedum cultivars in different 
growth media without additional watering or fertilization. The findings have the 
potential to provide insights into landscaping solutions and the evolution of these 
succulent species in arduous conditions. The study also explores Romanian identity 
and tradition by incorporating traditional motifs and patterns as mosaics into the 
landscape, creating a new style of landscaping. In addition to our main objective, we 
were interested in displaying an intricate landscape design to further illustrate the 
negative visual impact an un-cared-for outdoor environment can have. 

Keywords: succulent, stress tolerance, ramification, traditional motifs, substrates 
INTRODUCTION We inhabit a changing society with erratic weather patterns, where global climate shifts complicate rainfall predictions. Urbanization often favours functional designs over green spaces, resulting in a scarcity of green areas in cities. Additionally, this urban expansion may require the removal of structures, including historically significant edifices. Green roofs provide ecological advantages in such contexts without negatively impacting communities. Contemporary challenges in maintaining aesthetically pleasing landscapes due to busy lifestyles necessitate solutions that demand minimal upkeep. Relocating plants from their native habitats to unfamiliar environments with disparate soil and climate conditions heightens maintenance requirements but by aligning a plant's origin and habitat with its new setting, its horticultural needs and hardiness can be determined and put into practice (Stephenson, 1994). Assessment of a plant's natural habitat aids in gauging protection requirements in the new environment. Stonecrops from rocky sites necessitate excellent drainage, while forest glade species thrive in moist, partly shaded borders. Coastal annuals demand sandy substrates, and alluvial lowland species favour rich loam. Certain plants exhibit rock preferences, warranting suitable top dressings like volcanic chips or calcareous gravel. An 
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adequate growth substrate is pivotal for plant support and nourishment, with associated benefits and drawbacks (Ampim et al., 2010). For our case study, plants were chosen to match various substrates and climatic conditions, requiring drought resistance, minimal nutrient needs, ground coverage, ease of maintenance, and rapid root establishment. Sedums (stonecrops) were identified as suitable due to their adaptability, resilience, and low upkeep. In practice, the optimal plant choice for extensive green roofs has predominantly featured succulent plants, particularly species from the Sedum genus (Snodgrass, 2006). These plants are favoured for extensive green roofs due to shallow roots, efficient water use, Crassulacean Acid Metabolism (CAM), and resilience to harsh conditions (Kluge, 1977; Terri et al., 1986; Durhman et al., 2006; Lu et al., 2014, 2015; Rayner et al., 2015). Their adaptability and efficiency in resource utilization make them ideal for shallow soils (Getter, 2008; Benvenuti et al., 2010; Ondoño et al., 2015; Balaj, 2017). This study investigates the consequences of neglect on landscape designs and the resilience of sedums, mirroring conditions commonly found on green roofs without ongoing irrigation and fertilization. The primary objective of this study is to gain insights into the influence of the inherent characteristics of these plants on their survival and branching patterns within a south-facing roof garden context. The findings from this research may offer valuable insights for landscape design solutions and contribute to the evolutionary understanding of succulent species in demanding environmental conditions. 
MATERIALS AND METHODS Conducted between 2020 and 2021, this study took place in Cluj-Napoca, Romania, specifically on the southern terrace of the Institute of Advanced Horticultural Research of Transylvania, situated in the University of Agricultural Sciences and Veterinary Medicine of Cluj-Napoca. The documented mean yearly temperatures ranged from 10.6°C to 9.8°C. Additionally, the cumulative precipitation during this period was 1,114.47 mm, encompassing both rainfall and snowfall. The primary focus of this inventory was to document the survival rates and morphological adaptations exhibited by each plant cultivar in response to the growth substrates employed. The study employed specific growth substrates, including a semi-intensive green roof substrate (G.R.), a commercial topsoil blend containing minor quantities of dolomite and perlite (C.M.), and river sand (R.S.). These substrates corresponded exactly to those detailed in a prior research publication (Cotoz et al., 2023). Each of the 12,276 Sedum cuttings, representative of three colour-categorized cultivars (Figure 1) – Sedum spurium 'Purpur Winter' (SS’PW’), Sedum spathulifolium 'Cape Blanco' (SS’CB’), and Sedum spathulifolium 'Purpureum' (SS’P’), underwent rigorous examination. These cuttings were distributed among 2,046 individual containers, each measuring 17x17x13 cm, and suspended across six distinct metal mesh structures of varying elevations (Figure 2). 

Figure 1. Traditional motif design used in the landscape design 
Colour categorization: SS’PW’ – red, SS’CB’ – light green and SS’P’ – dark red
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The inventory procedure involved meticulous monitoring and data collection. For each cutting, the following parameters were recorded: 
 Survival Rate: The number of specimens from the initial 12,276 cuttings that remained viable throughout the study duration; 
 Ramification Count: Each branch, secondary shoot, and offshoot was enumerated to establish the extent and intricacy of growth adaptation in response to the different growth substrates and stress factors.  

 Through this comprehensive methodology, the survival and growth behaviour of the 
Sedum cultivars to the specific growth substrates were systematically assessed.  The collected data may pave the way for a deeper understanding of how these succulents respond to challenging pedoclimatic conditions and provide essential information for both horticultural practices and ecological restoration efforts.  
RESULTS AND DISCUSSIONS  In this section, the outcomes of this botanical inventory were presented, shedding light on the survival rates and morphological adaptations of our specimens. The data presented in Tables 1–3 illustrate the survival and growth patterns of Sedum 
spurium ‘Purpur Winter’ (S.S.’PW’), Sedum spathulifolium ‘Cape Blanco’ (S.S.’CB’), and 
Sedum spathulifolium ‘Purpureum’ (S.S.’P’) grown in three different substrates (green roof sub-strate, commercial mix, and river sand).  

Table 1. Plants inventory for the green roof substrate (G.R.) X and 1 through 6 mark the number of plants per container, where X is equal to 0  
Specification Plant cultivars X 1 2 3 4 5 6 

number of pots 
SS'PW' 3 1 4 4 4 23 109 SS'CB' 25 32 42 84 76 43 23 SS'P' 49 37 43 31 26 17 6 

initial plant 
inventory 

SS'PW' 888 100% Total 4,092 SS'CB' 1,950 SS'P' 1,254 
survived plants 

inventory 

SS'PW' 806 91% Total 2,272 SS'CB' 1,025 53% SS'P' 441 35% 
number of  

ramifications 

SS'PW' 2,292 plants/pot 5.56 stems/plant 15.81 SS'CB' 4,367 3.42 14.56 SS'P' 1,984 2.76 12.40 

 G.R. (a)  C.M. (b)  R.S. (c)    
Figure 2. (a, b, c) Planting – completion, density and structure 
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Table 2. Plants inventory for the commercial mix substrate (C.M.) X and 1 through 6 mark the number of plants per container, where X is equal to 0 
Specification Plant cultivars X 1 2 3 4 5 6 

number of pots 
SS'PW' 4 - - 5 14 26 118 SS'CB' 14 41 92 105 49 10 18 SS'P' 43 47 48 24 13 6 5 

initial plant 
inventory 

SS'PW' 1,002 100% Total 4,092 SS'CB' 1,974 SS'P' 1,116 
survived plants 

inventory 

SS'PW' 909 91% Total 2,130 SS'CB' 894 45% SS'P' 327 29% 
number of  

ramifications 

SS'PW' 5,805 plants/pot 5.58 stems/plant 35.61 SS'CB' 6,971 2.84 22.13 SS'P' 2,635 2.29 18.43 Table 3. Plants inventory for the river sand substrate (R.S.)  X and 1 through 6 mark the number of plants per container, where X is equal to 0 

Green roof substrate – G.R.  According to the data collected in the inventory, out of the 4,092 cuttings initially planted, only 2,272 managed to survive. These surviving cuttings were further categorized into three groups based on their species. The first grouping was comprised of Sedum spurium ‘Purpur Winter’ (SS'PW’), encompassing 806 specimens with a survival rate of 91%. The second grouping involved 
Sedum spathulifolium ‘Cape Blanco’ (SS'CB’), containing 1,025 specimens and exhibiting a survival rate of 53%. The final group consisted of Sedum spathulifolium ‘Purpureum’ (SS'P’), containing 441 plants and displaying a survival rate of 35%. Among a total of 682 containers, 77 exhibited complete loss of initially planted cuttings, denoted by the symbol ‘X’ – 3 containers for SS'PW’, 25 for SS'CB’ and 49 for SS'P’. The maximum number of SS’PW’ containers was 109, each containing six cuttings. The highest number for SS'CB’ containers reached a maximum of 84, each housing three cuttings, whereas SS'P’ containers peaked at 43, each with two cuttings. In terms of branching, SS'PW’ demonstrated a total of 2,292 newly formed stems, while SS'CB’ exhibited 4,367. In contrast, SS'P’ displayed the least vigorous growth with 1,984 newly established stems. Furthermore, averages for the number of plants and stems per container were calculated. For SS'PW’, the average was 5.56 plants and 15.81 stems per container. SS'CB’ showed an average of 3.42 plants and 14.56 stems per container, while SS'P’ exhibited an average of 2.76 plants –the highest amount of plants/pot for this cultivar among all treatments–and 12.40 stems per container. 

Specification Plant cultivars X 1 2 3 4 5 6 

number of pots 
SS'PW' 4 2 1 6 22 47 85 SS'CB' 30 21 40 64 66 57 51 SS'P' 86 33 23 16 14 14 0 

initial plant 
inventory 

SS'PW' 1,002 100% Total 4,092 SS'CB' 1,974 SS'P' 1,116 
survived plants 

inventory 

SS'PW' 855 85% Total 2,256 SS'CB' 1,148 58% SS'P' 253 23% 
number of  

ramifications 

SS'PW' 1,449 plants/pot 5.25 stems/plant 8.89 SS'CB' 3,288 3.84 11.00 SS'P' 927 2.53 9.27 
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Commercial mixture of topsoil with traces of dolomite and perlite – C.M. The acquired dataset unveiled that among a total of 4,092 cuttings initially established, a mere 2,130 managed to persist. Noteworthy among these enduring specimens was SS'PW’ again, exhibiting the highest survival rate at 91%. In contrast, SS'CB’ displayed a survival rate of 45%, whereas SS'P’ demonstrated the least robust survival rate, standing at a mere 29%. Of the overall inventory involving 682 pots, a subset of 61 pots incurred the complete loss of their plant constituents marked with ‘X’– 4 containers for SS'PW’, 14 for SS'CB’ and 43 for SS'P’. The highest concentration of container was marked by SS'PW’ amounting to 118, each accommodating 6 cuttings. Similarly, SS'CB’ occupied a maximum of 105 pots, with 3 cuttings/pot. In comparison, SS’P’ was limited to 48 pots, each containing 2 cuttings. When analyzing the growth of ramifications, the data suggests that SS'PW’ exhibited a cumulative count of 5,805 newly formed stems, SS'CB’ – 6971, and SS'P’ – 2,635.  Further dissection of the data highlighted that SS'PW’ exhibited an average of 5.58 plants and 35.61 shoots per individual pot, –the highest numbers for plants/pot and shoots/plant for this cultivar among all treatments –. In the case of SS'CB’, these figures were reduced to 2.84 plants and 22.13 shoots per pot –the highest amount of shoots/plant for this cultivar among all treatments –, while SS'P’ demonstrated an average of 2.29 plants and remarkably, 18.43 shoots per pot –the highest amount of shoots/plant for this plant among all treatments. 
River sand – R.S. Out of 4,092 cuttings that were planted, 2,256 managed to survive. Specifically, SS'PW had a survival rate of 85% with 855 plants, SS'CB had a survival rate of 58% with 1,148 individuals, and SS'P had a survival rate of 23% with 253 individuals. Out of a total of 682 pots, 120 pots lost the total number of cuttings, ‘X’ – 4 containers for SS'PW’, 30 for SS'CB’ and 86 for SS'P’, while the maximum number of SS'PW’ was 85 pots with 6 cuttings each, the maximum number of SS’CB’/pot was 66 with 4 cuttings each, and the maximum number of SS'P was 33 pots with 1 cutting each. Regarding stem development, SS’PW’ had a total of 1,449 stems, SS’CB’ had a total of 3,288 stems, and SS’P’ had a total of 927. In terms of average number of plants and stems per pot, SS'PW’ had 5.25 plants and 8.89 ramifications per pot, SS'CB’ had an average of 3.84 plants – the highest amount of plants/pot for this plant among all treatments – and 11.00 ramifications per pot, and SS'P' had 2.53 plants and 9.27 newly formed shoots. The consensus among numerous studies is that the viability and development of plants are intricately tied to the composition of the growing medium. These play a pivotal role in influencing critical aspects like the presence of water and nutrients, the expansion of roots, and soil temperature (VanWoert et al., 2005b; Durhman et al., 2007; Getter, 2009).  For example, insufficient water availability resulting from subpar growing media can induce a state of water stress. This stress impairs plant growth and can lead to wilting and plant death (Arora et al., 2002; Taiz, 2002; Seghatoleslami et al., 2008). The availability of nutrients also holds a pivotal importance in facilitating plant growth (Ampim et al., 2010). Furthermore, the temperature of the soil profoundly influences root expansion, nutrient absorption, and various other physiological processes within plants (Bevington, 1985). In a study carried out in 2015 (Nektarios et al., 2015) an experiment using a soil-less growing medium placed at deeper levels of 15 cm, combined with higher irrigation, resulted in increased plant height. Significant differences were found in the type of growing medium, suggesting Sedum plants may prefer porous substrates. During the initial water-stress period, Sedum plants in shallower substrates grew taller than those in deeper ones. This was likely due to the shallow and fibrous root system benefitting more from the shallower substrate. On the other hand, researchers (Lassalle, 1998; Durhman et al., 2007), have demonstrated that a deeper substrate can retain more water. This characteristic proves beneficial in situations 
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where water supply is limited, enabling plants to maintain healthier physiological states. Consequently, a deeper substrate tends to enhance the growth rate, survival, and overall development of Sedum species (Durhman et al., 2007; Getter, 2009; Thuring et al., 2010). Nonetheless, researchers (Dunnett, 2004) have found that some sedums didn't experience advantages from extra water present in deeper substrate profiles of 200 mm, unlike some other plant species. Our results in G.R. and R.S. showed promise, though they may not be visually perfect. However, it's important to note that some irrigation and fertilization would be necessary for healthy plant development. Therefore, choosing the right growing medium is crucial for achieving optimal plant growth and yield. Besides substrate composition and depth, climate conditions significantly affect plant survival. In a 2021 study by Lee et al., it was found that under 50% shade, plant survival reached 97.1%. This highlights that although Sedum plants prefer sunlight for growth, some shade and a cooler micro-climate can be beneficial for their survival. Another aspect to consider when selecting plants for different designs is their place of origin. For example, in a study (Gurevitch et al., 1986), three distinct groups of Sedum 
wrightii were collected along an elevation gradient – 360 meters, 1,500 meters and 2,400 meters. Their study compared plants under two treatments: "wet" with frequent watering and "dry" with reduced watering. The results were closely linked to the plants' native habitats. Those from 360 m altitude performed best under limited water availability, while plants from 2,400 m altitude struggled. Planting density matters for Sedum plants. Research in Kosovo found that planting them closer together, at 25 plants per square meter, resulted in better coverage. They tested different planting densities (25, 20, and 16 plants/m²) on green roofs and found that 25 plants/m² provided the best horizontal coverage (Balaj, 2017). This information can guide the optimal spacing for Sedum mosaics, ensuring efficient area coverage. In our investigation, even though 54% of the observed plants managed to survive, the complete loss of plants/pots can be seen in Figure 3 – 258 containers of 6 plants. It's important to highlight that the greatest mortality rate was observed at the outer boundaries of the “work tables”, precisely in the areas most susceptible to severe weather conditions. 

Figure 3. Pot distribution with maximum plant losses 
Black cells mark the containers with total plant loss The findings indicate that Sedum spurium ‘Purpur Winter’ (SS’PW’) demonstrated higher rates of survival and newly formed stems across all types of growing media. This plant exhibited a survival rate of 91% in both the green roof (G.R.) and commercial mix (C.M.) substrates, with 85% in the river sand substrate (R.S.). Sedum spathulifolium ‘Purpureum’ (SS’P’) displayed the lowest survival rate and the least robust branching across all substrates. This suggests that SS’P’ may not be a suitable choice for this type of design.  Overall, the results show that in comparison to G.R., with a total survival rate of 59.50%, C.M. and R.S. had similar values with 55.10% and 55.39% respectively.  
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The overall poor survival percentages in R.S. may be due to the lack of proper water and nutrient availability, indicating the importance of selecting appropriate long-term substrates for roof gardens. SS'PW' exhibited a superior performance across the board. A substantial number of SS'PW' plants survived in all substrates: 5.56 plants/pot in G.R., 5.58 in C.M., and 5.25 in R.S. Among all the treatments, Sedum spathulifolium ‘Purpureum’ (SS'P') exhibited its highest survival percentage in the green roof substrate (G.R.), with 2.76 plants per pot. On the other hand, the commercial mix substrate (C.M.) had the highest number of stems formed, with an average of 18.43 per pot. Notably, the plants in G.R. showed approximately 8.78% better results in terms of plants per pot compared to those in the C.M., and 1% better results than in the river sand substrate (R.S). Comparing the experimental treatments, it's apparent that Sedum spathulifolium 'Cape Blanco' (SS'CB') and 'Purpureum' (SS'P') have similar values. In contrast, SS'P' displayed the least favorable survival rates, with only 2.76 in G.R., 2.29 in C.M., and 2.53 in R.S. Furthermore, the data related to plant development favoured the C.M., with SS'PW' boasting the highest number of newly formed stems per pot at 35.61. This was followed by SS'CB' with 22.13, and SS'P' plants with 18.43. On the other hand, in G.R., for SS'PW', SS'CB' and SS'P' the results were less desirable with 15.81, 14.56 and 12.40 newly formed stems per pot. Overall, in R.S., for SS'PW', SS'CB' and SS'P' the results were the worst, with 8.89, 11.00 and 9.27 newly formed stems per pot.  
CONCLUSIONS 

 Creating a floral mosaic demands careful consideration of the substrate used, as it plays a pivotal role in plant growth and survival in roof gardens. Commercial substrates, designed to cater to a wide range of plant types, offer advantages such as a balanced nutrient composition and moisture-retention properties, reducing the need for frequent fertilization and watering. However, it's essential to acknowledge that not all commercial substrates are equally effective, and some may retain too much water, which can be detrimental to certain plants. In our study, we observed that SS’CB’ and SS’P’ struggled to thrive in C.M. This indicates that these cultivars may have unique requirements not fully met by this particular substrate. Nonetheless, despite concerns about survival rates, the surviving plants in this substrate managed to produce a significant number of stems per pot, partially offsetting the issue. SS'PW' demonstrated the best growth and survival in C.M., underscoring the importance of substrate selection for successful roof garden plantings. On the other hand, SS'CB' exhibited the highest survival rate in G.R. and the most newly formed stems in C.M. In contrast, SS'P' performed poorly across all substrates, making it unsuitable for this type of design, especially in environments with long periods of neglect. These findings emphasize the substantial impact of maintenance, substrate type and climate on plant growth and survival. When incorporating plants like stonecrops into mosaic designs, thorough consideration of their origin and appropriate usage is crucial. While sedums are known for their hardiness and ability to endure challenging conditions, they cannot be simply planted and left unattended, especially in mosaic designs where maintenance is key. In mosaics, while plant survival remains a key consideration, the benefits of branching and spreading growth should not be overlooked, particularly when designing high-density mosaics with intricate patterns in mind. Ultimately, careful substrate selection and ongoing maintenance are both pivotal factors in achieving vegetation coverage and overall success on green roofs while preserving the desired aesthetic. 



192 

REFERENCES 1. Ampim P.A., Sloan J.J., Cabrera R.I., Harp D.A. and Jaber F.H. (2010). Green roof growing substrates: types, ingredients, composition and properties, Journal of Environmental Horticulture, 28(4), 244-252. 2. Arora A., Sairam R.K. and Srivastava G.C. (2002). Oxidative stress and antioxidative system in plants, Current Science, 82(10), 1227–1238. 3. Balaj N. and Balaj S. (2017). Sedum vegetation characteristics on extensive green roofs in Kosovo urban areas: Influence of different plant in distances and growing substrate, In 17th International Multidisciplinary Scientific Geo Conference SGEM, pp. 729-73. 4. Benvenuti S. and Bacci D. (2010). Initial agronomic performances of Mediterranean xerophytes in simulated dry green roofs, Urban ecosystems, 13, 349-363. 5. Bevington K.B. and Castle W.S. (1985). Annual root growth pattern of young citrus trees in relation toshoot growth, soil temperature, and soil water content. Journal of the American Society for Horticultural Science, 110(6), 840-845. 6. Cotoz A.P., Dan V.S., Gocan T.M., Andreica I., Rózsa S. and Cantor M. (2023). Sedum growth patterns under different pedoclimatic conditions, Plants, 12(14), 2739. 7. Dunnett N. and Nolan A. (2004). The effect of substrate depth and supplementary watering on the growth of nine herbaceous perennials in a semi-extensive green roof. Int. Conf. Urban Hortic., 643. 305-309. 10.17660/ActaHortic.2004.643.40. 8. Durhman A.K., Rowe D.B. and Rugh C.L. (2006). Effect of watering regimen on chlorophyll fluorescence and growth of selected green roof plant taxa. HortScience, 41(7), 1623-1628. 9. Durhman A.K., Rowe D.B. and Rugh C.L. (2007). Effect of substrate depth on initial growth, coverage, and survival of 25 succulent green roof plant taxa. HortScience, 42(3), 588-595. 10. Getter K.L. and Rowe D.B. (2008). Selecting plants for extensive green roofs in the United States, Michigan State University Extension, East Lansing, MI, USA. 11. Getter K.L. and Rowe D.B. (2009). Substrate depth influences Sedum plant community on a green roof. HortScience, 44(2), 401-407. 12. Gurevitch J., Teeri J.A. and Wood A.M. (1986). Differentiation among populations of Sedum wrightii(Crassulaceae) in response to limited water availability: water relations, CO 2 assimilation, growth and survivorship, Oecologia, 70:98-204. 13. Kluge M., (1977). Is Sedum acre L. a CAM plant? Oecologia, 29:77-83. 14. Lassalle F. (1998). Wirkung von trockenstreßauf xerophile pflanzen. Stadtund Grün, 6(1998), 437-443. 15. Lee J.H., Lim Y.S. and Nam S.Y. (2021). Optimization of shading levels, potting media, and fertilization rates on the vegetative growth of Sedum zokuriense Nakai, 29(4), 239-246. 16. Lu J., Yuan J.G., Yang J.Z., Chen A.K. and Yang Z.Y. (2014). Effect of substrate depth on initial growth anddrought tolerance of Sedum lineare in extensive green roof system. Ecological Engineering, 74:408-414. 17. Lu J., Yuan J.G., Yang J.Z. and Yang Z.Y. (2014). Responses of morphology and drought tolerance of Sedum
lineare to watering regime in green roof system: A root perspective, Urban forestry & urban greening, 13(4), 682-688. 18. Nektarios P.A., Ntoulas N., Nydrioti E., Kokkinou I., Bali E.M. and Amountzias I. (2015). Drought stress response of Sedum sediforme grown in extensive green roof systems with different substrate types and depths. Scientia Horticulturae, 181:52-61. 19. Ondoño S., Martínez-Sánchez J.J. and Moreno J.L. (2015). Evaluating the growth of several Mediterranean endemic species in artificial substrates: Are these species suitable for their future use in green roofs? Ecological engineering, 81, 405-417. 20. Rayner J.P., Farrell C., Raynor K.J., Murphy S.M. and Williams N.S. (2015). Plant establishment on a green roof under extreme hot and dry conditions: The importance of leaf succulence in plant selection, Urban forestry& urban greening, 15, 6-14. 21. Seghatoleslami M.J., Kafi M. and Majidi E. (2008). Effect of drought stress at different growth stages on yield and water use efficiency of five prosomillet (Panicum m. L.) genotypes, Pak. J. Bot, 40(4), 1427-1432. 22. Snodgrass E.C. and Snodgrass L.L. (2006). Green roof plants: a resource and planting guide, (Portland, OR, USA TimberPressInc.) 23. Stephenson, R. (1994). Sedum: Cultivated Stonecrops, (Portland, OR, USA TimberPressInc.), pp.27–210. 24. Taiz L. and Zeiger E. (2002). Plant Physiology. Third Ed, Sinauer Associates Inc. Sunderland, MA, USA. 25. Terri J.A., Turner M. and Gurevitch J., (1986). The response of leaf water potential and crassulacean acid metabolism to prolonged drought in Sedum rubrotinctum, Plant physiology, 81(2), 678-680. 26. Thuring C.E., Berghage R.D. and Beattie D.J. (2010). Green roof plant responses to different substrate types and depth sunder various drought conditions, HortTechnology, 20(2), 395-401. 27. Van Woert N.D., Rowe D.B., Andresen J.A., Rugh C.L. and Xiao L. (2005b). Watering regime and green roof substrate design affect Sedum plant growth. HortScience, 40(3), 659-664. 



193 

Breeding of Asiatic hybrid lily cultivars to flower with 
increased number of flowers in one year from bulbils 

Y.K. Yoo1, Y.S. Roh2 and M.S. Roh2, * 

1 Department of Horticultural Science, College of Natural Science, Mokpo National 
University, Korea 

2The Institute of Natural Resource Development, Mokpo National University, 
Korea *Corresponding author e-mail: marksroh@gmail.com

ABSTRACT  

The objective of this research was to produce Asiatic lily (Lilium ×elegans 
Thunb.) hybrids in one year starting from small propagules with more than 3 
flowers. Bulbils were harvested 30 days after flower (DAF) and treated with a 
sequential temperature treatment at 5oC for 2 weeks followed by 20oC for 2 weeks, 
and finally at 5oC for 2 weeks (5oC/2 W – 20oC/2 W – 5oC/2 W) and potted. Flowering 
was the earliest when ’Inferno’ was used as a maternal parent; however, incidence to 
virus symptoms and a few flowers produced did not favor the use in breeding. 
Selected hybrid of ‘Connecticut Lemon Glow’ × ‘Beni no Mai’ produced 3.3 flowers 
and is considered suitable as a potted plant; however, flower morphologies should 
further be improved. Selected hybrid of ‘Yellow Blazer’ × ‘Horner’s Back Gold’ 
produced more than 3.5 flowers on a short stem (28 – 31 cm) and considered as 
suitable for potted plants. Hybrid of ‘Beni no Mai’ × (‘Yellow Blazer’ × ‘Horner’s Back 
Gold’) was considered as suitable for cut flower use, as 2.9 – 3.5 flowers were 
produced on a stem longer than 70 cm. To produce more than 3 flowers starting 
from bulbils, new hybrids should be bred based on the incidence of virus infection, 
early flowering, floral morphology, and plant height. 

Keywords: Lilium×elegans, bulb harvest, pot plant, cut flower, forcing bulblets, virus susceptibility 
INTRODUCTION  Two to three years are usually required to produce bulbs for commercial forcing in the greenhouse of the Easter lily (Lilium longiflorum Thunb.) (Blaney and Roberts, 1966) or at least two years are usually required to produce the Asiatic hybrid lily (Lilium ×elegans Thunb.) from scaling or bulbils that are naturally forming at the leaf axils using as a propagule (Roh, 1996). Therefore, bulbils that are naturally forming at the leaf axils in several Asiatic hybrid lilies should be used as a propagule for forcing. The Asiatic hybrid ‘Beni no Mai’ that produced bulbils in the leaf axils at flowering produced a minimum of two flowers in less than a year when mature bulbils were treated with a sequential temperature treatment of 14 to 20 days each at 5oC – 15oC – 20oC – 5oC (Roh, 1992; Suh et al., 2013; Suh and Roh, 2014). Breeding of bulbil forming Asiatic hybrid lily was reported (Grassotti et al., 1996); however, those hybrids were not evaluated for flowering starting from bulbils. 
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The growing period starting from bulbils to flower could be divided into two phases. The total growing period starting from bulbils to flower is about 300 to 330 days by-passing the bulb production period in the field that may be equivalent to the first phase from potting the treated bulbils to shoot emergence (about 200 to 230 days) and forcing phase from shoot emergence to flowering (about 100 days), (Roh, 1996, 2011; Suh and Roh, 2014; Yoo et al., 2023). The first phase can be considered as bulb production phase in the field that last longer than a year or two. If bulb production phase is eliminated, dormancy and maturity and disease and insects’ infestation could be eliminated. If bulbils are used to produce quality plants growing mother plants in the protected system, these problems can be eliminated.  However, regardless of various sequential temperature treatments applied to the mature bulbils, controlling the maturity of bulbils as influenced by flower bud removal and forcing temperatures, and different size of bulbils, forcing bulbils of  ‘Beni no Mai’ Asiatic hybrid lily produced mostly one flower and rarely two flowers per mature bulbil weighing about 400 mg  harvested 40 – 50 days after flowering (DAF) are treated with such as 5oC/2 W – 20oC/2 W – 5oC/2 W various low-high-low sequential temperature treatment (SEQ CD)(Roh, 1992; Suh and Roh, 2014; Yoo et al., 2023) to break dormancy and induce maturity (Roh and Wilkins, 1977a, b; Roh, 1978).  Forcing bulblets of ‘Beni no Mai’ failed to produce more than two flowers per plant regardless of induction of maturity following manipulation of bulbil harvest dates and various bulbil treatments (Yoo et al., 2023). Only one flower was produced from bulblets weighing 10 g obtained after field production (Suzuki, 1974) or two flowers forcing bulblets of Asiatic hybrid lily ‘Rouge’ weighing 4 g (Zhang et al., 1990). Therefore, to produce more than two flowers per plants from bulbils, new hybrids should be bred and evaluated. The objectives of this research were (a) to bread new hybrids producing bulbils and (b) to force bulbils or bulblets to flower ensuring more than three flowers either for potted plant or cut flower production with desirable floral morphologies in less than a year. 
MATERIALS AND METHODS 

Plant material and general culture. These experiments were conducted following the general cultural practices described previously (Suh and Roh, 2014). Hybrids with bulbil forming characteristic were bred in 1987 as described (Table 1) and seeds were sown on 1, Oct. 1989. Large bulbs were grown in the greenhouse and at flowering between 27 Apr. and 23 May in 1991, one representative plant per each hybrid was selected, based on the floral morphology and bulbil forming characteristics (Table 1). Forcing experiment of new hybrids starting from bulbils were carried out, first comparing all hybrids under the same environment in the greenhouse (Table 2). Bulbils were harvested on 12 July and treated with sequential temperature treatment of 5oC/2 W – 20oC/2 W – 5oC/2 W (SEQ CD) and potted on 24 Aug. 1991. Bulbils received SEQ CD treatments were grown in the greenhouse and bulblets as described in Table 3 were harvested after removing scaly leaves. Plants were grown in the growth chamber maintained at 21/19. 25/23, and 27/25oC (07:00 – 17:00, day/night) from 24 Aug. to 25 Oct. Irradiance during the day was 35 W·m-2 (400–700 nm), provided by incandescent bulbs and cool white fluorescent tubes (Table 3). After these treatments, plants were moved to greenhouse and were grown at 21/15.5oC until 10 Dec. at 21/12.8oC until 27 Dec., at 10oC until 30 Jan. and finally at 21/15.5oC until flowering in the greenhouse.  
Data analysis. All data were subjected to the analysis of variance using Microsoft Excel (Microsoft Corporation, 2019) and means were compared by Duncan’s Multiple Range (DMR) test or Tukey’s ω-procedure (highly significant difference; hsd) test, depending on 
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the number of means. At anthesis, the number of leaves and plant height measured from the growing medium surface to the bract were recorded (Suh and Roh, 2014). The number of flowers (x) were analyzed after square root transformation (x + 0.5)1/2.  
RESULTS AND DISCUSSIONS    Plants forced from bulbils of Asiatic hybrid lily ‘Beni no Mai’ produced mostly one flower with rarely a maximum of two flowers on a stem taller than 60 cm with more than 60 leaves, regardless of treatments given to bulbils after harvest (Roh, 1992; Suh et al., 2013; Suh and Roh, 2014; Yoo et al., 2023). To increase the number of flowers more than two, new hybrids forming bulbils with a potential to produce 3 - 4 flowers both for potted plant and cut flower use should be developed.   Overall characteristics of selected Lilium ×elegans hybrids describing the bulbil forming position on the stem and bulbil weights, flower bud orientation, and general morphological characteristics are presented (Table 1). Both up-facing for cut flower and pot plant production and side-facing hybrids for pot plant production were selected in all hybrids. The bulbils were generally formed in the middle and upper portion of stem in most of the hybrids, and flower bud orientation was up-facing when ‘Inferno’ was used as a female parent. However, difference in flower bud orientation was observed in ‘Connecticut Lemon Glow’ crossed with ‘Beni no Mai’ producing up-facing selection among for selections.  Although ‘Connecticut Lemon glow’ × ‘Beni no Mai’ selections A, C, and D produced more than two flowers, floral morphology of these selections is not considered ideal either as a potted plant or cut flower use as petals are easily separated from the receptacle due to one large lip-like petal (Frame B, Fig. 1). Further, selection of hybrids should be made free of floral abortion/blast (Frame A-1 and B-1, Fig. 1) which lowers the number of flowers reaching to anthesis even when plants were not exposed to high temperatures as reported by Roh (1990). The weight of bulbils in ‘Connecticut Lemon Glow’ crossed with ‘Beni no Mai’ was either small (319 mg in selection D and 326 mg in selection A) or large (437 mg in selection B and 482 mg in selection B), (Table 2). Therefore, segregation of general morphological characters was noticed as both parents were propagated vegetatively, that required selection for forcing experiment.  Since only a few plants from each hybrid were evaluated, it is not certain whether the weight of bulbils is related to the number of flowers. ‘Connecticut Lemon Glow’ x ‘Beni no Mai’ selection B produced 1.2 flowers when forced bulbils that weighted 437 mg, while selection D produced 2.2 flowers.  Hybrid selection ‘Yellow Blazer’ × ‘Horner’s Back Gold’-B was also promising the highest number of flowers (3.5) produced on a 28 cm tall plant height among all evaluated hybrids. With this selection, planting 2 bulbils per pot would produce finished pots with 7 flowers in 220 days starting from bulbils. For cut flower production, ‘Beni no Mai’ × (‘Merry Jean’ × ‘Jolly Green Giant’) is suitable as the plant height is 80 cm with 2.8 flowers (Frame A, Fig. 2). Hybrid, ‘Beni no Mai’ × (‘Yellow Blazer’ × ‘Horner’s Back Gold’) can be used for cut flower production, while hybrid, ‘Yellow Blazer’ × ‘Horner’s Back Gold’ selection B producing 3.5 flowers on a 45 cm plant height for potted plant production (Frame B, Fig. 2). Flowering was the earliest in hybrids ‘Inferno’ × ‘Beni no Mai’ selection A and B in 210 and 219 days, respectively, using ‘Inferno’ as a female parent (Table 2) and this could be inherited from ‘Inferno’ which can flower without bulb vernalization treatment and classified as the early flowering cultivars (Lee et al., 2007; Roh, 1990) even when hybridized with a late flowering ‘Beni no Mai’, due to a flower bud initiation that occurs after shoot emergence (Ohkawa et al., 1990). However, both selections showed virus symptoms such as color breaking (Kim et al., 1996), mainly in the flower petals (mild color 
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breaks) (Fig. 3), and this trait was inherited from ‘Inferno’ as this cultivar is susceptible to virus (Roh, unpublished data). As the number of flowers of these two selections was less than two, it is not desirable to use ‘Inferno’ as a female parent in breeding.  

Figure 1. ‘Beni no Mai’ × (‘Merry Jean’ × Jolly Green Giant) L. ×elegans hybrid lily, suitable for cut flower production (A) and Yellow Blazer’ × ‘Horner’s Back Gold’ B hybrid lily, suitable for potted plant production showing upright facing flowers and long basal leaves (B-1) and close-up images of inflorescence (B-1). Bar = 10 cm. 

Figure 2. Short stemmed L. ×elegans lily with a potential use as potted plant production; Yellow side facing flowers (A) and red side-pendent flowers  (B) showing aborted flower bud  as indicated by arrow  (A-1 and B-1).  Bar = 10 cm. 

Figure. 3.  Virus symptom expression of Lilium ×elegans lily, ‘Inferno’ × ‘Beni no Mai’; entire flower (A), single petal showing color break (dark streak) (B) and diagnostic by tissue blotting immunoassay showing infected (1) and clean (2) leaves (C). 
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Table 1. The position of bulbil formation, flower bud orientation, and general morphological characteristics of selected Lilium ×elegans hybrids 
Parentage of hybrid Position of bulbil formation y Flower bud orientation General characteristics Female Male Se z Lo Mi Up ‘Beni no Mai’ ‘Merry Jean’ × ‘Jolly Green Giant’ Yes Yes Yes up-facing No characteristics were recorded ‘Yellow Blazer’ × ‘Horner’s Back Gold’ 

No No Yes side-facing 
Medium size bulbils, and may not produce enough bulbils to harvest and did not produce bulbils in the middle and lower portion of the stem 

‘Connecticut Lemon Glow’ ‘Beni no Mai’ 
A No Yes Yes up-facing Small bulbils. 22 bulbils are formed. B Yes Yes Yes side-facing Large bulbils, and easily separated from the stem. C Yes Yes Yes side-facing Large bulbils, and easily separated from the stem. 
D yes Yes Yes side-facing 

Numerous small bulbils from each leaf axil. Floral morphology is not desirable due to a space between petals.  
‘Inferno’ ‘Beni no Mai’ A Yes Yes Yes up-facing 

Small bulbils. Leaves showing virus symptom. Flower morphology like ‘Inferno’. B Yes Yes Yes up-facing Small bulbils. Desirable floral morphology with orange red petals.  
‘Yellow Blazer’ ‘Horner’s Back Gold’ A No Yes No side-facing 

Small bulbils. Leaves showing virus symptom. Flower morphology like ‘Inferno’. 27 bulbils were formed. B yes Yes yes side-facing Large bulbils formed mainly in the middle of stem. Easily separated from the stem. 
z Selection (Se); y Low (Lo), middle (Mi), and upper (Up) of stem that formed bulbils. 
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Table 2. Evaluation of Lilium ×elegans hybrids forcing from bulbilsParentage of hybrid Se z
No. of 

height (cm) 
No. of repli-cation/ Bulbil weight (mg) 

Female Male Days to flower Flower Leaves 
‘Beni no Mai’ ‘Merry Jean’ × ‘Jolly Green Giant’ 232 a 2.8 b 54 b 80 a 10/418 ‘Beni no Mai’ ‘Yellow Blazer’ × ‘Horner’s Back Gold’ 228 bc 2.4 bc 51 bc 54 b 5/381 ‘Connecticut Lemon Glow’ ‘Beni no Mai’ A 228 bc 2.2 bcd 49 bc 39 d 6/326 B 228 bc 1.2 e 35 d 34 d 7/437 C 218 d 2.2 bcd 37 cd 36 de 5/482 D 226 c 2.0 cd 49 bc 49 bc 6/319 ‘Inferno’ ‘Beni no Mai’ A 210 e 2.0 cd 63 a 43 cd 5/285 ‘Inferno’ ‘Beni no Mai’ B 219 d 1.6 de 46 c  39 d 5/299 ‘Yellow Blazer’  ‘Horner’s Back Gold’ B 236 a 1.6 de  52 b 28 f 13/328 ‘Yellow Blazer’ ‘Horner’s Back Gold’ A 220 d 3.5 a 45 c 28 e 10/489 

z Selection (Se);y Means with the same letter in a column is not significantly different by Duncan’s 
multiple range test at p ≤ 0.01 Selection criteria for hybrids are preferably set to the number of flowers and plant height for pot plant and cut flower use as time of flowering that differs 26 days among these hybrids can further be reduced by temperature treatment during development after potting treated bulbils (Roh and Wilkins, 1977a) and may not be reduced by photoperiod as floral initiation is completed upon shoot emergence (Lee et al., 2010; Roh, 1985). Further hybridizations are suggested to produce as many bulbils observed in ‘Yellow Blazer’ × ‘Horner’s Back Gold’ (10 to 13 bulbils evaluated) as possible to select that flower less than 200 days with more than 3.5 flowers.  When these hybrid selections were forced starting from bulblets, shoot emerged in less than 20 days in all hybrids (Table 3). When ’Inferno’ was used in hybridization, virus symptom in petal is observed. Based on the floral morphology, ‘Connecticut Lemon Glow’ may not be used as one of parents, although ‘Connecticut Lemon Glow’ × ‘Beni no Mai’ produced higher than 3.3 flowers per plant and is considered suitable as a potted plant. ‘Yellow Blazer’, ‘Horner’s Back Gold’, and ‘Beni no Mai’ is considered suitable to use as parental cultivars as ‘Yellow Blazer’ × ‘Horner’s Back Gold’ produced more than 3.5 flowers on a short stem (28 – 31 cm) which is ideal for potted plant. ‘Beni no Mai’ × (Yellow Blazer’ × Horner’s Back Gold’) produced 2.9 – 3.5 flowers on a stem longer than 70 cm which is ideal for cut flower production. The relationship between the weight of bulblets and the number of flowers may not exist, although the heaviest bulblets (489 mg) produced the highest number of flowers (3.5 flowers) in ‘Yellow Blazer’ × ‘Horner’s Back Gold’ hybrids. 

Plant 
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Table 3. Effect of temperature treatments to bulblets from 24 Aug. to 25 Oct. on growth and flowering of Lilium ×elegans hybrids Treatment Temp (oC) No. of days to No. of flowers Plant height(cm) No. of leaves Leaf emergence Anthesis ‘Beni no Mai’ × (‘Yellow Blazer’ × ‘Horner’s Back Gold’). N=15. 4.93 g, fresh weight 21/19 16 b 229 a 2.9 b 70 c  46 b 25/23 18 ab 230 a 3.1 b 76 a 49 a 29/27 17 ab 230 a 3.5 a 73 b 48 a ‘Beni no Mai’ x (‘Merry Jean’ × ‘Jolly Green Giant’). N=20. 4.29 g, fresh weight 21/19 19 a 225 c 2.9 a 44 a 41 b 25/23 18 a 229 b 2.9 a 43 a 46 ab 29/27 19 a 233 a 2.5 b 41 b 45 a ‘Connecticut Lemon Glow’ × ‘‘Beni no Mai’ - A. N=20. 21/19 17 a 220 b 2.8 b 38 a 42 a 25/23 18 a 226 a 2.5 b 37 a 36 b 29/27 17 a 225 a 3.3 a 36 a 36 b ‘Yellow Blazer’ × ‘Horner’s Back Gold’ selection A. N=10. 4.67 g, fresh weight 21/19 16 a z 223 b 2.0 a  52 a 37 a 25/23 17 a 224 b 2.0 a 50 a 36 a 29/27 16 a 226 a  1.9 a 47 b 34 a ‘Yellow Blazer’ × ‘Horner’s Back Gold’ selection B. N=10. 5.13 g, fresh weight 21/19 17 a 213 a 3.5 a 31 a 41 a 25/23 16 ab  212 a 3.7 a  30 a 40 a 29/27 15 b 212 a 3.6 a 28 a 40 a 
z Means with the same letter in a column per cultivar is not significantly different by Duncan’s 
multiple range test at p ≤ 0.01. 

CONCLUSIONS Generally, it is not possible to produce ‘Beni no Mai’ with two flowers per plant and this is the maximum potential, regardless of various temperature treatments given to bulbils or bulblets. Therefore, to produce more than three flowers starting from forcing bulbils, breeding of new hybrids for either potted plant or cut flower production becomes necessary. Selection of hybrids should be based on the incidence of virus symptom expression, the number of flowers, and floral morphology.  As the number of flowers are higher than three starting from bulbils on a 28 cm or forcing bulblets on a 28 to 31 cm short stem that were harvested a year later in ‘Yellow Blazer’ × ‘Horner’s Back Gold’, production of quality plants is proved possible starting from bulbils by-passing bulb (let) production phase that requires a year. 
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ABSTRACT 

In this study, SV 18402 interspecific hybrid (PIWI group grapevines) was 
subjected to processing by syruping the berries before boiling.  The variants were: 
V1.1. - grape product from berries without skin – filtered; V1.2. - grape product from 
berries without skin – unfiltered; V2.1. - grape product from berries with skin–
filtered; V2.2. - grape product from berries with skin – unfiltered. Before processing, 
raw material was assessed for total soluble solids (186 g/l sugar), pH (3.25), and 
acidity (7.35 g/l tartric acid). The variants of products measure soluble dry 
substance over 67% the minimum amount stipulated by the international standard, 
which guarantees the conservability of the product. Regarding sensory comparison, 
products from the whole berries (skin, pulp, and seeds) proved to be more 
acceptable by the general public, as compared to the other variants.  

Keywords: grape, interspecific hybrid, jam, dry substance, organoleptic appreciation 
INTRODUCTION  A wide range of products can be processed from grapes, juices, and jams, to various traditional products specific to each wine region. Even though Romania has a millennial winemaking tradition, the processing of grapes into different products is not done on an industrial level, only in small family businesses. Grape processing could be made from any grape cultivar once it has attained appropriate maturity. In traditional wine-producing countries, grape processing is made from Vitis vinifera grape cultivars. In other countries, the grapes are processed from Vitis labrusca grape cultivars or PIWI, which present as the main feature of the preservation of the natural 203flavor after pasteurization (Cosme et al., 2022). The American grape cultivars keep the characteristic aroma of the natural grape after processing (Pop and Pop, 2015). Due to consumers’ preferences for aroma, color, and 203flavor, grape juice is mainly made from American cultivars of Vitis labrusca species. In many European countries, grape juice and other secondary products are produced from Vitis 
vinifera grape cultivars (Soyer et al., 2003). Most Vitis vinifera grape cultivars have an unpleasant taste after the heat treatment. In the United States and South American continent countries, the main cultivars used for processing production are mainly Concord and Muscadine (Vitis rotundifolia) cultivars (Cosme et al., 2018). PIWI grape cultivars have a high resistance to fungal diseases and enable a significant reduction in the use of pesticides. 
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Therefore, these robust and innovative grape cultivars are an obvious addition to conventional, traditional grape cultivars with intensive plant protection (de Melo et al., 2015). PIWI, by the way, is short for PilzWiderstandsfähig, a German term for vine cultivars that have been described previously as hybrids, direct producers, interspecific, disease-resistant, or disease-tolerant. Villard grapes are French wine hybrid grapes, which include the skin Villard noir and the white-wine cultivar Villard blanc. The Seyve-Villard 18402 is an interspecific grape, with typically dark blue or purple, it is a slip-skin cultivar, meaning that the skin is easily separated from the fruit. SV 18402 grapes have large seeds, with a weak aromatic (Bunea et al., 2018). For traditional jam production process uses pectin as the gelation agent, which needs high temperatures for the gel formation (Pop et al., 2015). Various studies have demonstrated that an increase in temperature is the main responsible factor for the loss of color of these pigments (El-Kassas et al., 2014). Some of the PIWI grape cultivars are used for processing, due to their good nutritional and aromatic properties and being well-accepted by the consumers. Some hybrid cultivars are used for color improvement in products deficient in this sensory attribute (Costa et al., 2019). The motivation of this work is to study a way of revaluating the raw material – SV18402 grapes – which cannot be marketed or vinified for various reasons, but also to bring a new assortment of processed organic horticultural products. 
MATERIAL AND METHODS 

Figure 1. Technological scheme to obtain the variants of product  from S.V. 18402 grape The research was made in 2022, on Seyve-Villard 18402 interspecific hybrid grapes from the Ampelografic Collection of the Faculty of Horticulture and Business in Rural Development – University of Agricultural Science and Veterinary Medicine of Cluj Napoca, Romania. The Ampelografic Collection is in Cluj Napoca City, an area that is not included in a viticultural region. The grape samples were harvested at full maturity, in October 2022. The research methods consisted of evaluating the quality of the raw material before processing (sugar content – refractometric method, titratable acidity – titrimetric method, and pH – ph meter) (Rozsa et al., 2020). Grape products prepared on a laboratory scale by boiling grape juice resulted from the removal of spared from stem, skin and seeds according to the Figure 1. The quality of the finished product's dry matter content was made as described by Rozsa et al., 2020, after 60 days of storage. The prepared products were evaluated by 20 students, assessed by the panelist according to the hedonic scale (Lawless and Heymann, 2010) where 9 represented extremely like and 1 for extremely dislike. Sensory evaluation of jams was conducted to evaluate the quality characteristics including color, taste and aroma, and overall acceptability by following the methodology 
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described by Wichchukit and O'Mahony (2015). Technological scheme and experimental variants – Figure 1: V1.1. - grape product from berries without skin – filtered; V1.2. - grape product from berries without skin – unfiltered; V2.1. - grape product from berries with skin–filtered; V2.2. - grape product from berries with skin - unfiltered. The obtained data followed ANOVA and Tukey’s test (5%) for comparison of means. 
RESULTS AND DISCUSSIONS In the current study, the SV 18402 interspecific grapes cultivar was analyzed for the proximate composition and used for product development. Before processing, the raw material had the following characteristics: 186 g/l sugar, 7.53 g/l tartric acid, and a pH of 3.25. The prepared products were subjected to further analysis. The results obtained in the research work are discussed below. The dry matter had the highest values in the variants where berries with skin were used (V2). The highest dry matter value was determined for the variant V2.2.-72.7%, followed by V2.1.-69.4% (Table 2.) The refractometric measurement of soluble dry substance passed over the minimum amount of 67% stipulated by international standards, which guarantees the conservability of the product (Pop et al., 2015). The pH values of variant jams were higher than raw material, maybe due to the citric acid added as a conservative (Table 1). Some studies showed that the pH of grapes jam could decrease with storage time (Umar et al., 2022). 

Table 1. Analyzed results of grape processed product variants Variant Dry substance % pH V.1.1 64.6 c 3.29 c V1.2. 68.7 b 3.33 b V.2.1. 69.4 b 3.32 b V.2.2. 72.7 a 3.35 a 
Means followed by the same small letter within the lines and the same capital letters within the columns were not 

statistically different in Tukey’s test (5%). NS = Non-significant 

 b)                                                                                                                    c) 
Figure 2. Organoleptic appreciation of products variants a) taste and aroma; b) color;  

c) the overall appearance The organoleptic evaluation was done by of students, aged between 21-24 years and an equal proportion between women and men. Scores ranged from 1 (unpleasant) to 9 (pleasant). Color is a major parameter of the product for the cogent assortment by the 

a)
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consumer side. The color of grape product is influenced by the natural color of cultivars. The highest score in terms of color was for V2.2.-8.8 and V2.1.-8.2, probably due to the initial color of the skinless grape berries (Figure 2a.).  The aroma was better appreciated in the products where were used the whole berries, with the skin: V2.2.-8.3 and V2.1.-8,8 (Figure 2b.). As a result of the organoleptic evaluation, it was found that the products from the skinned berries obtained the highest average for overall appearance, for V.2.2.-8.2 and at V2.1.-7.8 (Figure 2c). Research finds that the jams obtained from black grape was more appreciated regarding overall appearance than the variant obtained from green grapes. Also, these findings describe that the appearance of grapes jams decreases due to storage time. During grape processing, heat treatments can adversely impact grape flavor, aroma and taste (Umar et al., 2022). Organoleptic evaluations can be used to improve existing products, develop new recipes, or ensure compliance with food regulations and standards. Nevertheless, organic production systems have been an increasing trend lately. It justifies the interest in implementing such systems in regions where the abiotic conditions are more favorable (Comșa et al., 2023).  
CONCLUSIONS Grapes are perishable commodities with substantial nutritional profiles and health benefits. Post-harvest shelf life of grapes is too short so the development of value-added products like jam will be a great approach to commercialize. The present study is the first attempt carried out on SV-18402, and its suitability for processing - in terms of obtaining a new grape processed product, through which the material can be exploited. In the worldwide market, in the last few years, there has been a wide range of food additives and nutritional products originating from grapes. Even with this distribution, consumers search the nutraceutical products' characteristics, but also their palatability. 
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