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Identification of Arisaema Species by leaf arrangement 
and molecular markers 

H.M. Kim 1, S.H. Ma 1, Y.H. Joung 1, J.K. Suh 2 and M.S. Roh 2, 3 *

1 School of Biological Sciences and Technology, Chonnam National University, Korea 

2 Department of Environmental Horticulture, College of Bioresource Science, 
Dankook University, Korea 

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

The objectives of this study were to identify three Arisaema amurense, A. 
ringens and A. triphyllum specious based on molecular markers and to select 
accessions with unique morphological characters. Tentative identification based on 
leaf morphology was verified using single nucleotide polymorphisms (SNPs) 
generated from sequence analysis of the nuclear transcribed spacer of rDNA gene 
(nrITS) and the chloroplast intergenic spacer of trnL-trnF gene (cpIS). Specific SNPs 
from nrITS for A. amurense and A. triphyllum were identified. However, A. ringens-
specific SNPs could not be identified because of multiple variations in the nrITS 
sequences of the species. Species-specific SNPs for the conserved cpIS sequenced in 
the same species were identified for each species. Morphological characteristics 
based on the number of leaflets were not sufficient to characterize closely related 
species such as A. amurense and A. ringens. Arisaema amurense with a unique leaf 
morphology with variegated, serrated, and denticulate foliage could be selected for 
further evaluation as a source of new ornamental germplasm. 

Keywords: germplasm collection, leaf morphology, molecular analysis, new ornamental plant, sequence analysis 

INTRODUCTION  The genus Arisaema Mart. has a unique morphology characterized by a fleshy spadix surrounded by a leaf-like spathe and leaflets that has a great potential as a landscape plant. Eight species of Arisaema, including the most common A. amurense Maxim., A. 
ringens (Thunb.) Schott., A. heterophyllum Blume, and A. thunbergia Blume occur in Korea. 
Arisaema ringens is characterized by a broadly ovate 3-leaflet with acuminate apices, and 
A. amurense is characterized by a 5-leaflet with entire, denticulate, or serrate leafletmargins. Arisaema thunbergii has leaves with 9-21 lanceolate to linear-lanceolate leafletswith entire margins and acuminate apices (Figure. 1). Arisaema heterophyllum has over adozen leaflets, entire margins and acute to short acuminate apices (Ko and Kim, 1985;Gusman and Gusman, 2006).The phenotypes are influenced by their environments (Joung and Roh, 2005; Joung et al.,2010) and this required use of molecular markers to identify germplasm. Arisaema specieshas been investigated using nucleotide molecular markers (Lee et al., 2011; 2013) and the

RJH Vol. III, 2022: 9-16 10.51258/RJH.2022.01 
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chloroplast intergenic spacer genes (Renner et al., 2004). Single nucleotide polymorphisms (SNPs) of the nuclear internal transcribed spacer 1, 2 regions in the rRNA gene (nrITS) or the chloroplast intergenic spacer of trnL-trnF gene (cpIS) have proven useful to examine speciation in natural populations of Kolkwitzia amabilis Graebn. in the genus of Hemerocallis germplasm, and 11 species of Lilium native to Korea including L. 
hansonii Leichtlin ex D.D.T. Moore (Park et al., 2014; 2022; Suh et al., 2013).  

Figure 1. Leaf morphology and arrangement of 15 Arisaema accessions (AN)   showing an acute (AN1) and round (AN2) leaflet apex and serrated leaflet margins (AN4);  (A), 5-leaflet identified as A. amurense, (B), 3-leaflet identified as A. ringens, and  (C), A. triphyllum (AN9), A. thunbergii (AN5), and A. heterophyllum (AN12).  Refer to Table 1 for collection information (Bar=5 cm). The objectives of this research were to compare and confirm accessions based on the leaf morphology and sequences of nrITS and cpIS for A. amurense, A. ringens, and closely related species, and to potentially recognize new germplasm with unique leaf morphology for use as a landscape ornamental plant. 
MATERIALS AND METHODS  

Plant materials. Accessions (AN) of A. amurense including accession with serrated and denticulate leaflet margin from Pungdo, Korea [accession no. (AN) 4] and with entire leaflet with silver variegation from Jeju, Korea (AN 14) and of A. ringens and A. 
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heterophyllum was evaluated (Table 1). Accessions of A. triphyllum (AN17, 18, 19) were also included (Lee et al., 2011). Additionally, accessions of A. triphyllum collected from the USA were included. 
DNA extraction and PCR. Genomic DNA was extracted as described (Lee et al., 2011). For nrITS, primers ArITS-1 (5’-TTT CCG TAG GTG AAC CTG CG-3’) and ArITS-2 (5’-CCT GAC CTG GGG TCG CAA T-3’) were designed. The PCR reaction mix and the PCR amplification conditions were as described (Park et al., 2014). The PCR products which showed double peaks in the sequencing chromatogram of AN 5, AN 10, AN 15, and AN 16 were cloned into a T-Blunt vector (SOT01-K020, SolGent, Daejeon, Korea) following the manufacturer’s instructions. The ligation mix was transformed into E. coli DH5α cells. More than ten clones were selected from each accession and sequenced.  Table 1 Leaflet morphology of Arisaema accessions and tentative identification based on leaflet morphology and identification by molecular markers of nrITS and cpIS. Characteristics of used amendment  

Acce-ssion (AN) Location z Leaf morphology Identification of Arisaema species based on basal connection leaf apex margin Leaf  y nrITS  x cpIS w 1 Pungdo, Korea petiolate mucronate entire  amurense (5) amurense (I) amurense (A) 2 Pungdo, Korea petiolate round entire  amurense (5) amurense (I) amurense (A) 3 Pungdo, Korea petiolate acute Entire, variegated amurense (5) amurense (I) amurense (A) 4 Pungdo, Korea subsessile acute Serrated, denticulate  ringens (3) amurense (I) amurense (A) 
5 HBG, Korea pedate pointed, narrow entire  thunbergii (10) thunbergii (V) thunbergii (C) 6 Jeju, Korea petiolate acute entire  amurense (5) amurense (I) amurense (A) 8 Jeju, Korea sessile acute entire  ringens (3) ringens (III) ringens (B) 9 Ann Arbor, MI, USA sessile acute smooth veins  triphyllum (3) triphyllum (IV) triphyllum (E) 

10 Jeju, Korea pedate pointed entire Heterophyllum (12) heterophyllum (II) Heterophyllum (D) 11 Jeju, Korea sessile acute entire ringens (3) ringens (III) ringens (B) 12 Jeju, Korea sessile acute entire  ringens (3) ringens (III) ringens (B) 13 Jeju, Korea petiolate acute entire  amurense (5) amurense (I) amurense (A) 14 Jeju, Korea petiolate acute Entire, silver marks  amurense (5) amurense (I) amurense (A) 15 Jeju, Korea sessile pointed entire  ringens (3) ringens (V) ringens (B) 16 Jeju. Korea sessile pointed entire  ringens (3) ringens (III) ringens (B) 
17 Carroll Valley, PA, USA Sessile green petiole acute smooth  triphyllum (3) triphyllum (IV) triphyllum (E) 
18 Beltsville, MD, USA Sessile black petiole acute smooth  triphyllum (3) triphyllum (IV) triphyllum (E) 
19 Easthampton, MA, USA sessile acute smooth  triphyllum (3) triphyllum (IV) triphyllum (E) 

z Accessions from Jeju were collected within a 500 m radius from 33-22-40 N latitude, 126-25-13 E 
longitude, and 721 m altitude. Accessions from Pungdo were collected within a 300 m radius from 37-
06-65 N latitude, 126-23-20 E longitude, and 50 m altitude. HBG (Hantaek Botanical Garden, Korea). y 
the tentative identification of these accessions followed the description key for the Arisaema native to 
Korea (Ko and Kim, 1985) and Gusman and Gusman (2006). Leaflet numbers were represented in 
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parentheses. x Clades of nrITS (Figure 2) are presented in parenthesis. w Clades of cpIS (Figure 3) are 
presented in parenthesis. For amplification of the cpIS, gene specific primers IS-F (5’-TAC TCT TTC ACA AAA AGA TTC G-3’) and IS-R (5’-GAT TTT CAG TCC TCT GCT CTA C-3’) were designed. The PCR conditions were the same as for the nrITS amplification, except annealing was 50°C.  The PCR products were purified, cloned, and sequenced as described (Park et al., 2014). Sequences were registered in National Center for Biotechnology Information GenBank (NCBI) (http://www.ncbi.nlm.nih.gov/). 
Data analysis. Phylogenetic trees for the nrITS including a selected clone of each accession and cpIS sequences were constructed with the neighbour-joining (NJ) method using MEGA 6.0 software (Tamura et al. 2013). Bootstrap values, as indicated at each node, were obtained after 500 replications.  To identify the SNP markers, the sequence data of each accession were aligned with the ClustalW method (Mesquite version 3.04 http://mesquiteproject.wikispaces.com/). 
RESULTS AND DISCUSSIONS The nrITS sequences in the most of accessions were direct sequenced of the PCR amplicons. However, the nrITS of AN5, 10, 15 and 16, showed double peaks at position 236 and other positions or sequence shifts resulting from sequence substitution and in/del sites (data not presented); therefore, PCR amplicons were cloned and sequenced for each accession and consensus sequences were selected. For nrITS, accessions formed five clades (Figure 2). In clade I, all A. amurense collected from Pungdo (AN 1, 2, 3) and Jeju (AN 6, 13) and AN 14 with an entire leaflet with silver variegation (AN 14), as well as the three-leaflet with serrated denticulate leaf margin A. ringens collected from Pungdo (AN 4), were clustered together and the nrITS sequences of these accessions showed 100% homology among these accessions. Three clones of AN10 with twelve leaflets identified as 
A. heterophyllum were clustered into clade II. In clade III, all A. ringens with three leaflets collected from Jeju, except AN 15, were clustered together (Figure 2). In clade IV, all A. 
triphyllum (AN 9, 17, 18, 19) with three leaflets were clustered together. The AN15 sequences that were clustered into clade V that included AN 5 were identified as A. 
thunbergii with ten leaflets.  The sequences of clone 1 of AN 5 (AN 5-1) and AN 5-3 were 100% identical to A. 
thunbergii Genbank accession KT634007 and KT634002, respectively, and showed high homology with several A. thunbergii accessions such as Genbank accession KT634006, KT634005 and KT634004. For cpIS, PCR amplicons of all accessions were direct sequenced. Accessions formed five clades by the clustering analysis created by the NJ method (Figure 3).  In clade A, all A. amurense collected from Pungdo (AN 1, 2 and 3), Jeju (AN 13 and 14) and 
A. ringens collected from Pungdo (AN 4) were clustered together.  The cpIS sequence of these accessions showed 100% homology. All A. ringens collected from Jeju (AN8, 11, 12, 15 and 16) were included in clade B, and the sequences of these accessions also showed 100% homology. All A. thunbergii were clustered together in clade E.  
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          Figure 2. Clustering of Arisaema accessions with the NJ method based on a sequence analysis of nrITS. The sequences of nrITS for AN5-1 and -3, 10-2, -4 and -6; 15-2, -7 and -9; and 16-2, -5 and -8 were from clones. NCBI registry numbers are presented in the parenthesis.  The SNPs were detected at 150 positions in the nrITS region; among them, ten SNP markers were A. amurense specific, 9 markers were A. heterophyllum specific and another 9 markers were A. triphyllum specific (Table 2). However, an A. ringens-specific SNP marker could not be confirmed because the nrITS sequences were highly variable between the accessions. Furthermore, the nrITS sequence of AN 15 was closely related to that of A. thunbergii. In the cpIS region, the sequences were highly conserved among accessions in the same species and SNPs were detected only in 9 positions, including a long in/del sequence at positions of 128-150 (Table 3).  
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Figure 3. Clustering of Arisaema accessions with the NJ method based on sequence analysis of cpIS. NCBI registry numbers are presented in parenthesis: AN1 (KT719373), AN8 KT719375), AN5 (KT719376), AN9 (KT719377), and AN10 (KT719374) Table 2 Summary of position numbers from multiple alignments of the nrITS sequence 
Clade z Position y 16 18 30 39 75 76 108 118 126 137 152 153 165 172 234 472 494 563 633 640 667 670 692 I C T G G G G A T A T T C C C C C T C G C C T G II T T A A - - A C A C - - T C C T G T G C A C G III T T A A - - A T A T - - C C C C G T G C A G G IV T C A A - - G T G T - - C T T C G T A T A G A V T T A A - - A T A T - - C C C C G T G C A G G 
z Clade I: A. amurense (AN1, 2, 3, 4, 6, 13 and 14), II: A. heterophyllum (AN10-2, -4, and -6), III: A. ringens 
(AN8, 11, 12 and 16), IV: A. triphyllum (AN9), V: A. ringens (AN15), and A. thunbergii (AN5)  
y Position numbers are from multiple alignments of the nrITS sequence. Dash represents a deletion in an 
in/del site. Underlined nucleotide letters indicate species-specific SNP markers.  
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Table 3 Summary of position numbers from multiple alignments of the cpIS sequence  Clade (species) Position z  35  119 128-150 159 180 194 216 519 224 A (A. amurense) C  C - C - A T A C B (A. ringens) C  T - C - - C A T C (A. thunbergii) C  C ATACACTT A - - T A T D (A. heterophyllum) C  C TTTGTTAGGTTATCCTTACACTT C - A T C T E (A. triphyllum) A  C - C T A T C T  
z Position numbers are from multiple alignments of the cpIS sequence. Dash represents a deletion  
in an in/del site. Underlined characters indicate species-specific SNP markers. 
 Based on the SNPs of nrITS and cpIS, the 3-leaflet AN4 collected from Pungdo, tentatively identified as A. ringens based on the morphology, should now be identified as A. amurense. The clustering analysis of nrITS and cpIS showed that A. triphyllum was separated from A. 
amurense and A. ringens. Between nrITS and cpIS, the clustering analysis showed incongruent patterns. The A. heterophyllum clade was closely related to A. amurense clade in nrITS, but it was not closely related to A. amurense in terms of cpIS; however, it was rather closely related to A. triphyllum. This difficulty to identify AN 4 could be related to the sex which is not determined at the time of collection. A male plant of A. amurense has 3-leaflet and a female plant has 5-leaflet (Gusman and Gusman, 2006). The characterization of species in scet. Pistillata in Arisaema based on morphology is rejected by the molecular data based on the combined chloroplast genes (Renner et al., 2004).  Constructing specific primers to identify and separate A. amurense AN 4 or AN 14 may not be feasible using sequences based on nrITS since the leaflet morphologies could not be distinguished from the typical A. amurense (AN 1, 2, 3, 6, 13). Also, sequences of AN 4 and AN 14 showed 100% homologies with other typical A. amurense. In the previous report (Lee et al., 2013), several primer sets including trnL-IS-trnF gene specific (DQ400875) and two other nuclear genes could not separate A. amurense from A. ringens.   A new form of Arisaema with variegated, serrated, and denticulate leaves will be desirable to increase diversity. Arisaema amurense (AN 14) with silver variation in leaves is unique morphologies and could have some potential as new germplasm to utilize in a landscape.  
CONCLUSIONS  Germplasm identification and characterization based on the morphology is the result of phenotypic evaluation under certain environmental conditions and must be completed and corroborated with molecular analysis. Therefore, single nucleotide polymorphisms from nrITS and cpIS generated with current primers could not be effectively used to differentiate 
A. amurense closely related germplasm. Morphological characteristics based on the number of leaflets were not sufficient to characterize closely related species such as A. amurense and 
A. ringens. Arisaema amurense (AN 4) collected from Pungdo with serrated and denticulate leaves tentatively identified as A. ringens should further be evaluated.  Arisaema amurense (AN 14) with silver variation in leaves could be considered as having some potential for further evaluation.   
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ABSTRACT  

Grapevine virus diseases are widely spread in all viticultural areas of the world 
and they are considered detrimental, their presence is the most limiting factor of 
plants performances and vineyard life lasting. A large number of viruses have been 
identified in grapevine. From them, reported for the first time in 2012, Grapevine 
Pinot gris virus (GPGV) is spread all over the world. This study brings new knowledge 
about the virus distribution in plants throughout one year, the organ and period of 
sampling, for a reliable diagnostic. Additionally, the influence of high temperature on 
the physiological processes was investigated. Plants belonging to the 'Negru mare' 
genotype, natural infected with GPGV and Grapevine fleck virus (GFkV), maintained in 
a greenhouse, constituted the biological material. ELISA analyses of different 
grapevine organs and tissues (apex, leaf blade, petiole, young shoot, tendril, 
inflorescence, cane) located along the length of the shoot, carried out on different 
phenophases (before flowering, after flowering, veraison, dormancy) revealed that 
the conductive tissue was the most appropriate for diagnosis in the active growth 
period when the air temperature did not exceed 30°C. The measurement of the leaf 
temperature in two moments of the day (morning and afternoon), when the air 
temperature records increasing values revealed that at high temperatures (above 
37°C), as a result of the intensification of the transpiration processes, the 
temperature at the leaf level does not increase progressively with the air 
temperature. Measurements of stomatal opening in two periods of the day in infected 
and virus-free grapevines showed that GPGV+GFkV complex infection caused 
sometimes a significant increase in stomatal opening both in the morning and in the 
afternoon, which could be a deficiency in the management of water and gas exchanges 
in plants. 

Keywords: Vitis, GPGV, GFkV, ELISA, virus distribution, stomata, leaf temperature 
INTRODUCTION Grapevine viral diseases are widely spread in all viticultural areas of the world and they are considered detrimental, their presence is the most limiting factor of plant's performances and vineyard life lasting (Martelli and Boudon-Padieu, 2006; Giribaldi et al., 2011; Mannini and Digiaro, 2017). Until now, 86 viruses belonging to different families have been reported to infect grapevines (Fuchs, 2020). Viral infection produces physiological and structural alterations, affecting: photosynthesis, gas exchange, chlorophyll content, carbon translocation, phloem transport, and cellular metabolism (González et al., 1997; Bentamini 
et al., 2004; Endeshaw et al., 2014, Martínez-Lüscher, 2019; Kappagantu et al., 2020).   
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Grapevine (Vitis spp.), a woody species, is a model plant for the study of plant–virus interactions in both controlled and field conditions (Perrone et al., 2017), but the evaluation of the effects of a virus disease is not easy because a grapevine plant can be infected by numerous viral entities at a time. Also, the losses produced by virus infection depend on the plant age, environmental and growing conditions, grapevine cultivars and rootstock (Golino 
et al., 2003; Mannini, 2003; Pesqueira et al., 2012).  Thus, it should not be forgotten that field-grown plants are simultaneously subjected to different abiotic and biotic stress factors (Suzuki et al., 2014). Belonging to Trichovirus genus in the Betaflexiviridae family, Grapevine 
Pinot gris virus (GPGV) has been reported in the last few years in the major grapevine growing regions of the world - USA, China, Canada, Europe, Australia (Saldareli et al., 2017). Having symptomatic and asymptomatic strains, it is known to occur in both red and white wine grape cultivars, as well as in table grapes or rootstock, most of the time in combination with other viral infections. This paper aims to supplement the knowledge on GPGV infection with new data on the distribution of the virus in the plant, in order to establish a correct diagnosis (the period of sampling and the type of tissue), as well as its influence on the development of physiological processes in the plant, under the conditions of global warming.
MATERIALS AND METHODS  The studies were carried out on three grapevine plants belonging to V. vinifera L. 'Negru mare' genotype, maintained in vegetation pots in the greenhouse, identified as being infected with the viral complex GPGV and Grapevine fleck virus (GFkV).  The viral distribution in the plant was monitored during the vegetation phenophases (before flowering, after flowering, veraison, dormancy) by analyzing different organs (apex, leaf blade, petiole, young shoot, tendril, inflorescence, cane) collected from three shoots/plant, from three zones of the shoot (base, middle, top), by Enzyme linked-immunosorbent assay (ELISA) method (Clark and Adams, 1977), using commercial reagents (Bioreba, Switzerland). ELISA results were presented as optical density (OD) read on spectrophotometer, with a double filter, at 405/492 nm. All values above the cut-off (x3 OD mean of negative control) calculated for each test series, were positive considered. The air temperature in the greenhouse was monitored throughout the vegetation period using a digital thermometer (Huger Electronics GmbH, Germany). The influence of abiotic factors represented by temperature, and biotic factors represented by a viral infection on the development of physiological processes in grapevines, in the context of plant adaptation to global warming, was studied by biometric measurements of the stomatal ostiole correlated with the temperatures measured at the leaf level (registered with the device FLIRONE PRO, Estonia) and of the environment. In 2021 two days of July, in the morning and the afternoon, the temperatures were recorded in three areas of each leaf (top, lower lobes), located in the middle zone of the shoot of each plant under study. The imprints were taken from the three zones of each leaf (Gokbayrak et al., 2008) and analyzed with an OLYMPUS BX 41 (Germany) microscope, equipped with a digital camera. From each zone/imprint, 5 fields were analyzed, each field measuring the opening of the ostium of 10 stomata, using the Quick PHOTO MICRO 2.2 photo documentation system. In the graphical representation, values are mean ± sd based on 150 measurements/leaf. The control was represented by three grapevine plants of 'Negru Mare' genotype, GPGV+GFkV-free, regenerated by in vitro chemotherapy from infected plants, maintained under the same conditions. Statistical significance of differences between virus-infected plants compared with the control (healthy) was analyzed by SPSS 10 for Windows, taking P<0.05 as significant according to one-way ANOVA. 
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RESULTS AND DISCUSSIONS   Since the development of laboratory methods for viral diagnostic, it has been studied, depending on each virus, which is the most reliable organ/tissue to analyze as well as the period suitable for sampling: Walter and Etienne (1987), Bovey et al. (1980), Fiore et al. (2009) for Grapevine fanleaf virus (GFLV); Monis and Bestwick (1996) for Grapevine leafroll-
associated virus type 1, 2, 3 (GLRaV-1, 2, 3); Buciumeanu et al. (2008) for Grapevine virus A (GVA). As a rule, ELISA diagnostic kits recommend the tissue type and optimal sampling period. GPGV being one of the last grapevine virus that can be identified by ELISA, the insert kit states: analysis of leaf samples collected from the same plant from the base, middle and apex shoot demonstrated that the best tissue for diagnosis is represented by young leaves located at the top and middle of the plant, collected in the spring.  At the same time, phloem tissue scraped from canes during the dormant period remains a good tissue for diagnosis.  In the present study, samples collected in April 2021, from various organs of a plant previously diagnosed with the GPGV + GFkV complex led to positive ELISA results only from the shoot placed at the base of the plant for GPGV, while GFkV was identified in all analyzed organs (Table 1). The plant from which the samples were collected had four internodes and showed symptoms of GPGV (deformations of the leaves, leaf mottling) at that time.  
 Table 1. Optical density values at 405/492 nm in samples collected from various grapevine organs belonging to the 'Negru mare' genotype, for the diagnosis of GPGV and GFkV, in the phenophase before flowering (April 2021). Values marked in red are ELISA positive. Cutt-off values were 0.123 for GPGV and 0.114 for GFkV Virus Apex Basal leaf Apical leaf Basal shoot Apical shoot Inflorescence GPGV 0.093 0.042 0.046 0.128 0.073 0.098 GFkV 0.171 1.112 0.851 3.409 0.266 0.330 
  In the phenophase of active growth of the plant, after flowering, when the shoots reached the size of 8-20 internodes (June 2021), the petiole of the leaves located at any level of the shoot was ELISA positive for GPGV (except 3 cases out of 23 tests), while only the leaf blade at the top, but in a rather small proportion (3 out of 9 tests), registered a positive result. Also, all samples of tendril were positive for GPGV (Table 2). Regarding the diagnosis for GFkV, with two exceptions, all types of organs analyzed led to positive results, confirming viral infection (Table 3). 
 Table 2. Optical density values at 405/492 nm in samples collected from various grapevine organs of three plants belonging to 'Negru mare' genotype, for the diagnosis of GPGV, in the phenophase    of berries developing (June 2021). Values marked in red are ELISA positive. Cutt-off values were 0.105 and 0.108 (two series of analyses) 
Plant  Shoot  Type of organ  Inter- nodes   (No.) Basal leaf Middle leaf Apical leaf Apex Tendril Blade Petiole Blade Petiole Blade Petiole 1 1 0.038 0.165 0.037 1.218 0.075  -  0.118 0.299 20 2 0.037 0.097 0.042 0.726 0.043 0.072 0.093 0.197 18 3 0.039 0.236 0.046 0.605 0.056 1.428 0.069 1.104 8 2 1 0.042 0.366 0.043 0.241 0.112   -  0.113 0.261 19 2 0.034 0.156 0.041 0.504 0.431 1.507 0.067 0.351 12 3 0.044 0.284 0.042 0.597 0.095 0.869  -  0.691 12 3 1 0.040 0.071 0.040 1.020 0.764  -   -  3.297 12 2 0.040 0.529 0.040 1.054 0.052 1.727  -  2.648 13 3 0.043 0.112 0.042 0.363 0.102  -   -  2.833 13 
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The veraison period is not reliable for the GPGV diagnosis because, with four exceptions (a petiole sample of a top leaf, 2 apices, and 2 tendrils), all analyzed organs were ELISA negative (Table 4). At the same time, the same samples tested for GFkV were positive (Table 5). Table 3. Optical density values at 405/492 nm in samples collected from various grapevine organs of three plants belonging to the 'Negru mare' genotype, for the diagnosis of GFkV, in the phenophase    of beries developing (June 2021). Values marked in red are ELISA positive. Cutt-off values were 0.105 and 0.096 (two series of analyses)  
Plant  Shoot  Type of organ  Inter- nodes  (No.) Basal leaf Middle leaf Apical leaf Apex Tendril Blade  Petiole  Blade  Petiole  Blade  Petiole  
1 1 2.093 0.075 3.418 3.471 0.444  -  0.777 3.523 20 2 2.525 2.556 0.450 2.748 1.099 0.307 0.856 0.279 18 3 2.046 1.133 0.280 1.957 0.802 0.385 0.101 1.510 8 2 1 2.290 1.392 0.128 1.202 0.740   -  0.508 2.702 19 2 2.086 1.398 2.097 0.035 1.105 0.651 0.313 1.245 12 3 2.828 1.190 3.067 2.142 1.876 0.997  -  1.829 12 
3 1 3.532 2.884 2.688 1.954 1.930  -   -  1.656 12 2 3.522 2.582 2.141 2.058 2.752 1.761  -  2.046 13 3 3.542 2.774 1.588 1.676 2.390  -   -  1.892 13 Table 4. Optical density values at 405/492 nm in samples collected from various grapevine organs of three plants belonging to the 'Negru mare' genotype, for the diagnosis of GPGV, in the veraison phenophase (August 2021). Values marked in red are ELISA positive. Cutt-off values were 0.102 and 0.204 (two series of analyses) 

Plant Shoot Type of organ  Basal leaf Middle leaf Apical leaf Median leaf of lateral shoot Apex Tendril  Blade Petiole  Blade Petiole Blade Petiole  Blade Petiole  
1 1 0.042 0.044 0.040 0.043 0.041 0.043 0.055 0.043  -  0.055 2 0.042 0.042 0.042 0.042 0.041 0.05 0.034 0.041  -   -  3 0.041 0.042 0.041 0.041 0.043 0.041 0.033 0.045  -   -  
2 1 0.041 0.041 0.041 0.042 0.041 0.041 0.037 0.042  -   -  2 0.043 0.042 0.040 0.042 0.042 0.061 0.033 0.078  -   -  3 0.046 0.042 0.040 0.051 0.093  0.111 0,077 0.117  -   -  
3 1 0.074 0.072 0.068 0.077 0.071 0.259 0.066 0.073 1.357 0.269 2 0.079 0.079 0.112 0.076 0.08 0.086 0.082 0.109  -   - 3 0.090 0.088 0.087 0.087 0.084  -  0.08 0.093 0.721 0.426 Regarding the use of phloem tissue as material for virus detection in grapevine, while for GFkV all samples collected along the length of the cane were positive, in the case of GPGV in only five out of nine tests viral infection was confirmed (Table 6). In all tables, the OD 405/492 nm values give information on viral concentration in different organs or tissues of the plant. Studies on the efficiency of viral diagnosis by ELISA for the most important and damaging grapevine viruses revealed the period of sampling as a limiting factor in connection with the temperatures recorded at the time of sampling, without mentioning which should be the temperature threshold for a reliable diagnostic.  GFLV was consistently identified in the leaves of the shoot tip throughout the growing season (June–October), with viral 
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concentration decreasing in the middle and lower leaves at the end of the season (Bovey et 
al., 1980). In the case of GLRaV-3, from April to November, the basal leaf blades and petioles were the most suitable tissues for diagnosis (de Sousa, 1997). For GPGV, the insert kit does not recommend testing from mature leaves during the summer and at the end of the growing season.  Table 5. Optical density values at 405/492 nm in samples collected from various grapevine organs of three plants belonging to the 'Negru mare' genotype, for the diagnosis of GFkV, in the veraison phenophase (August 2021). Values marked in red are ELISA positive. Cutt-off values were 0.114, 0.204 and 0.171 (three series of analyses)

Plant Shoot Type of organ  Basal leaf Middle leaf Apical leaf Median leaf of lateral shoot Apex Tendril  Blade Petiole  Blade Petiole Blade Petiole  Blade Petiole  
1 1 1.491 1.593 1.652 2.837 1.445 0.367 2.276 2.119  -  2.637 2 1.628 1.741 1.135 1.924 1.373 1.030 1.989 1.945  -   -  3 1.160 1.702 2.919 1.532 0.499 0.473 0.161 3.244  -   -  
2 1 1.573 2.186 2.416 1.251 1.720 1.506 0.680 1.900  -   -  2 2.586 3.180 2.254 1.574 1.525 1.924 3.058 3.308  -   -  3 2.057 1.862 1.897 2.288 3.556 3.584 3.556 3.559  -   -  
3 1 3.586 3.576 3.526 3.528 1.131 1.357 3.552 3.421 1.064 3.370 2 3.559 3.566 3.574 3.574 3.552 3.531 3.001 2.850  -   - 3 2.328 1.321 2.019 2.170 0.574  -  3.447 2.942  -  1.306 Table 6. Optical density values at 405/492 nm in samples collected in the dormant period (December 2021) along the length of the cane, on three plants belonging to the 'Negru mare' genotype, for the diagnosis of GPGV and GFkV.  Values marked in red are ELISA positive. Cutt-off values were 0.336 for GPGV and 0.171for GFkVVirus Plant 1 Plant 2 Plant 3 Inter-node 1 Inter-node 8 Inter- node 15 Inter-node   Inter-node 8 Inter-node 15 Inter-node 1 Inter-node 8 Inter-node 15 GPGV 0.924 0.458 0.279 0.315 0.245 0.211 1.116 0.349 0.770 GFkV 2.683 2.494 3.236 3.549 3.506 3.127 3.540 3.543 3.533 During the study, the temperature range in the greenhouse around sampling (8-14 April 2021) was between 37.4 and 42.4°C, when only a single young shoot sample at the base of the plant was positive. The phenophase after flowering, with thermal amplitudes between 26.9 and 29.6°C, was the one in which the maximum efficiency of GPGV diagnosis was recorded in all tested organs. Although the temperatures decreased at the end of August (15.2-19.4°C thermal range), the efficiency of GPGV diagnosis is not improved. Therefore, the efficiency of GPGV detection can be influenced by high temperatures, over 40°C during sampling, but most likely, the most correct diagnosis is the ones resulting by testing the plant organs having conductive tissues (petiole, young shoot, tendril, cane). In the context of global warming, the influence of high air temperature on grapevine plants was evaluated by comparing the air temperature in the greenhouse at two times of the day, two different days, with the temperatures recorded in different zones of the leaf. On the morning of the first day, at an air temperature of 26.4°C, the leaf temperature was around 25.8°C both in the upper lobe and in the basal lobes of the leaf. Similarly, in the next set of measurements, at an air temperature of 29.6°C, the leaf temperature was around 29°C. When midday air temperatures increased to 37°C, differences from leaf temperatures began to 
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increase, probably as a result of increased transpiration. The figures show that there are no differences in the temperature values recorded on different zones of the leaf (Figure 1, 2). 

The photosynthesis and transpiration are two physiological processes regulated by the functionality of stomata. Also, stomata opening represents the gateway for the bacteria or fungi. The influence of viral infection on the stomatal function has been poor studied. Incipient studies showed that Tobacco mosaic virus caused a significant decrease in stomatal index, stomatal density, and transpiration rate in tobacco plants (Murray et al., 2016). In the present study, GPGV+GFkV complex viral infection induced an increase in stomatal opening both in the morning and in the afternoon, with significant differences as compared to the control in the first set of measurements (day 1) in the afternoon and the second measurement (day 2) in the morning (Figure 3, 4). The ability of some pathogens (bacteria, fungi) to modify the stomatal behavior in host plants has been studied before (Melloto et al., 2006, Allègre et al., 2007). Research regarding the influence of GFLV on some characteristics of the stomata showed that the viral infection causes an increase in length, a decrease in diameter, as well as a decrease in stomata density, especially in symptomatic leaves (Guță and Buciumeanu, 2011). 

Figure 1. The temperature recorded in the morning at the base of a leaf from the  middle of the shoot, using the FLIR device 
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Day 1 25.87 25.77 33.87 34.17
Day 2 29.1 28.97 35.93 35.4
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Figure 2. Temperature of the leaf. Values are averages, bars represent the standard deviation of the mean, letters represent the significance of differences  of averages of temperature recorded in day 1 compared to day 2, at P < 0.05,  

Healthy Infected Healthy Infected
Day 1 Day 2

Morning 6.55 7.52 7.13 9.91
After noon 6.08 7.68 7.73 8.88
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Figure 3. Stomatal opening in GPGV+GFkV-infected  grapevine compared to healthy plants. Values are  means, bars represent standard deviations, letters represent the significance of differences at P < 0.05 
Figure 4. Microscopic capture (x400)  of stomata in GPGV+GFkV-infected grapevine, Negru mare 
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CONCLUSIONS Most often, the grapevine is subjected in nature to the simultaneous action of several viral infections. Therefore, it is difficult to evaluate the influence of only one virus without associating it with the climate conditions, age of the vineyard, the agricultural technique applied, and the area of culture. 
Grapevine Pinot Gris virus is among the last identified and described grapevine viruses that have spread rapidly in vineyards worldwide, whose pathogen-plant interaction is in the process of elucidation. The availability of the ELISA diagnostic kit for Grapevine Pinot Gris virus allowed the processing of a large number of samples collected from different organs of the plant, during the phenophases of vegetation. The results revealed that organs with conducting tissues (petiole, tendril, young shoot, cane) seem to be the most reliable samples for viral diagnosis. The reliability of the diagnosis cannot be based on only one analysis. The temperature at the level of the leaf is close to the air temperature, but when the temperatures reach high values, the transpiration and implicitly the temperature in the plant is regulated through the stomata opening mechanisms. The presence of viral infection can affect this mechanism leading to effects on plant development.  
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ABSTRACT 

A major concern in the grape breeding programs is represented by the impact of 
the viral infections in the vineyards performance and the importance of producing 
virus-free material, measure controlled and regulated also by the governmental 
institutions. The aim of this study was to identify the presence of the most common 
and damaging viruses, active in Romanian vineyards, and to evaluate the effect of the 
viral infection on the selected grapevine plant performance. A total of 21 grapevines 
belonging to two Romanian cultivars were randomly selected from a plantation 
located in the Valea Calugareasca viticultural center, in order to be verified for the 
presence of ArMV, GLRaV-1+3 and GFkV viruses, by using Enzyme-linked 
immunosorbent assay method. From the total of 21 vines, four vines (FN 3, FN 4, FN 8, 
FN 14) were identified as having present one virus and five grapevine (FN 1, FN 5, NA 
1, NA 3, NA 4) plants showed, in different combination, infection with two viruses. The 
presence of a single virus respectively, mixed virus combinations, had a visible 
impact on the results for both types of the analyzed parameters, technological and 
physicochemical. The current study confirmed the influence of the viral infection 
presence and highlighted the importance of the virus-free material on the grapevine 
plant performance. 

Keywords: grapevine, virus, DAS-ELISA, technological parameters, physicochemical               parameters 

INTRODUCTION Viral diseases impact represents a major concern in grapes breeding, presently being a problem widespread throughout all viticultural regions of the world. Several studies reported that simultaneous infection with multiple viruses, significantly increase the symptoms severity respectively can be associated with a reduced cropping capacity and grape juice quality, decrease of the soluble solids, a higher titratable acidity and sometimes can affect the amount of aromatic compounds in muscadine and phenolic substances in red grapes (Gutha et al., 2010; Santini et al., 2011; Mannini and Digiaro, 2017, Risovannaya et al., 2020). In present, a very high diversity of viral pathogens, with more than 86 viruses from 34 genera, have been identified in grapevine, being also the crop with the largest number of viruses (Martelli, 2014; Fuchs, 2020).  In Romania, for a cultivar/clone multiplication it is necessary to certify that the material is virus-free of the most common and damaging virus infections encountered in this area: Arabis mosaic virus (ArMV), Grapevine fanleaf virus (GFLV), Grapevine leafroll – associated virus 1 (GLRaV-1), Grapevine leafroll – associated virus 3 (GLRaV-3), Grapevine fleck virus (GFkV) Order 1267/2005. The ArMV along with GFLV are two virus species of Secoviridae 
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family, Nepovirus genus, which are specifically transmitted from grapevine to grapevine by two distinct ectoparasitic dagger nematodes of the genus Xiphinema (Meng et al., 2017). The ArMV presence can be expressed by several symptoms like mottling and flecking on the leaves and leaf deformation including enations (bumps), shortened internodes and vine decline (Oliver and Fucks, 2011). The symptoms are similar to those of Grapevine Fanleaf Virus (GFLV) and mixed infections of ArMV and GFLV are common. Infections are often symptomless, and expression varies based on type of rootstock, variety, and environmental conditions. Grapevine leafroll disease (GLD) is the most widespread from the grapevine virus diseases and with major impact economically. The virus species GLRaV-1 and GLRaV-3 are the most prevalent ones and all common cultivars as well as interspecific hybrids and rootstocks are infected, even though not all infected plants develop strong symptoms.  As symptoms, yield and quality of the grapevines can be affected with substantial losses. Leafroll symptoms usually include downward rolling of leaves respectively reddening or yellowing of the leaf tissue between the main veins. The main veins may remain green, even in some cultivars the discoloration can affects all the leaf tissue. For the white cultivars, the discoloration may be less obvious (Constable and Rodoni, 2014). The fleck disease produced by Grapevine fleck virus (GFkV), which belongs to the 
Tymoviridae family of Maculavirus genus (Martelli et al., 2012), is another of the most important grapevine viral diseases and is expressed by leaves with intense flecking that are wrinkled, twisted, and may curl upward (Hewitt et al., 1962, 1972).   The pathogenicity of GFkV it’s still unclear but it’s direct effect on the viability and productivity of plants lead to deterioration of the main organelles of the cell and, along with other viruses, the chemical composition of berries (Jones et al., 2015; Martelli, 2017; Sabanadzovic et al., 2017). Because direct plant protection measures against viral infections are not available, preventive measures should be applied, these include the use of healthy planting material – virus-free, containment of viral vectors and selection and breeding of resistant or tolerant cultivars (Maliogka et al., 2015). Visual diagnosis of the viral infections is a starting point for establishing further activities and strong identification of pathogenic virus, but methods including biological indicators, as well as ELISA and advanced PCR assays are the most efficient in confirming the virus entity (Zherdev et al., 2018). 
MATERIALS AND METHODS In this study, 21 red vines (17 grapevines of 'Fetească neagră' and 4 of 'Negru aromat'), were randomly selected to be verified for viral infections presence (single virus and/or multiple-mixed) by using the Enzyme-linked immunosorbent assay (ELISA) method (Clark and Adams, 1977). A number of 3-4 leaves/vine was harvested from the field in June of 2022 and analyzed in the lab in the harvesting day. In order to evaluate if any significant difference can be detected for the virus presence impact, the ELISA results of the infected and healthy grapevines were compared for several technological and physicochemical indicators. The studied material is part of a 34-year-old grapevine plantation located in the Valea Calugareasca viticultural center.  The ELISA method is based on “sandwich” technique, using two specific antibodies (DAS-ELISA = double antibody sandwich ELISA). For the ELISA analyses we used the ArMV Kit Complete 480, the GFLV Kit Complete 480 and the GLRaV-1+3 Complete kit 480. The mixture of the selected antibodies for GLRaV-1+3, allows a broad-spectrum detection of all scientifically recognized and published isolates in a single test (DAS-ELISA).  The reagents were prepared accordingly with the producers’ recommendations, certified NUNC MaxiSorp F-96 microtiter plates, 200 µl/well volume were used, and after, the protocol 
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followed the recommended steps (BIOREBA, Switzerland). The data readings were used to interpret the results by applying the cut-off formula, represented by the three times the mean value of the negative control - NC (all values above this cut-off were regarded as positive):  Cut-off = 3x mean value (NC) Technological and physicochemical determinations were performed on grapes at harvest, consisting in medium bunch grape (g), weight of 100 grape berries (g), the volume of 100 grape berries (cmc), healthy grape berries/bunch (%), sugar content (g/L), titratable acidity (g/L), pH, total polyphenolic index (IPT), anthocyanin content (mg/L) and total potential anthocyanins (mg/L). The sugar concentration in grape musts was determined by establishing the refractive index at 20°C and the results were expressed as an absolute value and as a percentage by mass of sucrose (OIV-MA-AS2-02 method).  Titratable acidity was determined by titration with 0.1M NaOH, with 1% phenolphthalein and the results were expressed in g/L–1 H2SO4 (OIV-MA-AS313-01 method). The phenolic potential of grapes at harvest was determined by using the standard ITV (Cayla and Renard, 2008) method based on the following analytical parameters: anthocyanins, total anthocyanin potential and total polyphenol index. An aqueous acid solution was used to extract the phenolic compounds from the grapes. Maceration of the samples was done for one hour at room temperature. Fifteen milliliters of ethanol (95%) and 85 mL of 0.1% HCl were added to the 50 g of grape juice. The samples were shacked for one minute from quarter to quarter. The extracts are filtered through quantitative filter paper in order to clarify the solutions.  The dilution of the samples to 1/100 was done in double-distilled water followed by the measurement of the absorbance at 280 nm in a 1 cm quartz vat, against a blank of distilled water and the total polyphenolic index (IPT) was determined as follow:  Total polyphenolic index (IPT) = DO 280 x 100 x [(weight of grape pomace + 100)/ weight of grape pomace]. The samples were diluted 1/20 in 1% hydrochloric acid solution and absorbance was measured at DO 520 nm against a blank of distilled water. The concentration of anthocyanin and the total anthocyanin potential were determined following formulas: Anthocyanins (mg/L) = DO 520 x 22.75 x 20 Total anthocyanin potential (mg/Kg) = anthocyanins (mg/L) x [(weight of grape pomace + 100)/ weight of grape pomace]. The healthy grape berries/bunch ratio was calculated after removing and counting all the healthy and sick berries from each bunch. Data was analyzed by applying the Dunnett test, addressing a special case of multiple comparisons problem — pairwise comparisons of multiple groups with a single control group (Dunnett, 1964). With the principal component plot (biplot) we tried to provide an image to complete the descriptive statistics and to discover underlying patterns. All the statistical analyses were performed with the JMP 16 statistical software.  
RESULTS AND DISCUSSIONS 

 From the total 21 grapevines analyzed by using DAS-ELISA, four of them were identified as being infected with only one virus (19.1%) and five of the grapevines (23.8%) were detected with simultanous infections, by having different combination of two viruses (Table 1). The positive samples detected after DAS-ELISA, were compared with two specific virus-free controls (one for each cultivar), selected from the analyzed samples, for the technological and physicochemical parameters. The negative controls were selected based on the bunch aspect, respectively the number of healthy berries/grapes. The selected bunch controls had the highest healthy/sick berries ratio from the total samples identified as negative after the ELISA tests. 
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Table 1. DAS-ELISA results for the analysed material Grapevine Code* Virus ArMV GLRaV-1+3 GFkV FN 1 - + + FN 2 - - - FN 3 - - + FN 4 + - - FN 5 + + - FN 6 - - - FN 7 - - - FN 8 - + - FN 9 - - - FN 10 - - - FN 11 - - - FN 12 - - - FN 13 - - - FN14 - + - FN 15 - - - FN 16 - - - FN 17 - - - NA 1 - + + NA 2 - - - NA 3 + + - NA 4 + + - 
*FN – 'Feteascã neagră'; NA –'Negru aromat'The Dunnett test results are presented in Table 2 and Table 3 and was used to compare each number from a group with a single control per cultivar. Table 2 indicate that no pattern in the analyzed material was observed, determined by the presence of a specific virus/virus combination which may affected the quality or quantitative traits of the bunch.  From all the infected grapevines, one presented a significative variance ('NA 1') and two of them ('FN 4' and ' NA 3') were distinct significative for only one trait, compared with the virus-free control, rest of the samples being negatively affected at two or three parameters.  Table 2. Technological characteristics of the analyzed material 

 

** distinct significative compared with the control according to Dunnett test; * significative compared with the 
control according to Dunnett test; (*) a ArMV; b  GLRaV - 1+3; c GFkV; From Table 3 it can be observed that grape juice quality was affected by the viral infection presence, the most visible impact being noticed for the total polyphenolic index situation in which was observed a decrease of 7-42%, and for the anthocyanin content, respectively for total potential anthocyanins, the values being lower with 32-64% for 'FN' and 24–65% for the 'Na', compared with the control. 

Grapevine code & Viral infection (*)  Bunch medium weight (g) 100 grape berries weight (g) 100 grape berries volume (cmc) Healthy grape berries /bunch (%) FN 17 - Control 124.00 121.00 107.00 92.00 FN 1 b c 119.00** 97.80** 90.00 79.90** FN 3 c 45.00** 82.90** 75.00* 53.20** FN 4 a 42.60** 119.80 105.00 61.00** FN 5 a b 78.50** 97.30** 85.00* 47.50** FN 8 b 86.70** 114.20* 100.00 85.60* FN 14 b 80.20** 96.50** 85.00* 76.60** NA 2 - Control 106.00 144.89 135.00 80.00 NA 1 b c 103.40 158.50 145.00 50.70* NA 3 a b 53.30** 144.50 130.00 65.20 NA 4 a b 80.30* 137.60* 125.00 72.40  
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Table 3. Physicochemical characteristics of the analyzed material  

 
** distinct significative compared with the control according to Dunnett test; * significative compared with the 
control according to Dunnett test;(*) a ArMV; b  GLRaV - 1+3; c GFkV;   From the Figure 1a and Figure 1b, we can observe that the weight and volume of 100 grape berries are positively correlated and the sugar content with the pH values, pairs of vectors being closely localized.   

 Figure 1. Biplot of principal component scores and loading vectors for the technological determinations (a) and for the physicochemical determinations (b) 
 The biplots present the observations (as quadrates) formed by the two principal components which expressed more than 89.5% from the variability for the technological characters and 80.8% for the physicochemical ones. The values for both types of observations are distributed at variable distance and only a few of the samples were localized close to the virus-free controls, 'FN1' and for the 'FN' cultivar, respectively 'NA 1' and 'NA 4' for Na cultivars. 
 
CONCLUSIONS  
 From the total 21 grapevine analyzed, 42% of them were identified as having one virus (four samples) or combination of two viruses (five samples). A pattern for a specific virus presence with influence on the technological or physicochemical parameters was not highlighted. 

Grapevine code & Viral infection  Sugar content (g/l) 
Titratable acidity (g/l tartaric acid) pH Total polyphenolic index (IPT) Anthocyanin content (mg/l) Total potential anthocyanins (mg/l) FN 17 - Control 255.67 3.30 3.65 42.00 313.95 941.85 FN 1 b c 264.00 3.68** 3.55* 33.00** 213.85** 641.55** FN 3 c 221.50** 3.75** 3.42** 27.00** 159.25** 477.75** FN 4 a 217.30** 3.83** 3.37** 39.00 318.50 955.50 FN 5 a b 198.10** 3.60** 3.55* 24.00** 113.75** 341.25** FN 8 b 236.40* 3.83** 3.51* 24.00** 136.50** 409.50** FN 14 b 191.80** 4.05 3.37** 27.00** 172.90** 518.70** NA 2 - Control 240.00 2.93 3.56 37.80 194.29 582.86 NA 1 b c 232.10* 2.78** 3.48** 29.70** 147.42** 442.26** NA 3 a b 232.10* 3.30** 3.36** 30.30** 68.25** 204.75** NA 4 a b 236.40 3.15** 3.54 29.40** 78.72** 236.15**  

a b 
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The presence of a single virus respectively, mixed virus combinations, had a visible impact on the results for both types of the analyzed parameters, technological and physicochemical. The current study confirmed again the influence of the viral infection presence and highlighted the importance of the virus free material on the grapevine performance. 
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ABSTRACT  

Successful micropropagation of black chokeberry (Aronia melanocarpa) 
cultivars ‘Nero’, ‘Melrom’ and ‘Galicjanka’ was realized using young shoots with the 
aim of an optimized hormones concentration for initiation, multiplication and rooting 
phases. Good potential of initiation was observed at ‘Nero’ and ‘Galicjanka’ cultivars, 
respectively of shoots regeneration at ‘Galicjanka’ and ‘Melrom’ cultivars. Results 
showed that the use of antioxidant solutions is crucially in the initiation phase in 
order to prevent explants oxidation. Good initiation rates were obtained at ‘Nero’ (57 
%) and ‘Galicjanka’ (57%) cultivars, while for ‘Melrom’ the rate was only 33% by 
using a hormonal balance of 0.7 mg/L BAP and a reduced level of 0.3 mg/L GA3. The in 
vitro shoots multiplication rate was relatively stable during the first subcultures. Best 
micropropagation rates were obtained at ‘Galicjanka’ and ‘Melrom’ cultivars followed 
by ‘Nero’ cultivar, using a 0.7 mg/L BAP and 0.5 mg/L GA3. The study showed also that, 
rooting process is enhanced when the culture medium contains activated charcoal 
(1.2 g/L) and a lower IBA concentration (0.5 mg/L) compared with the application of 
higher auxin concentration of the same hormone (1.0 mg/L). Activated charcoal 
seems to promote a good rooting process, thus being very important in the rooting 
phase. Researches revealed that the genotype influences the capacity of inoculums 
regeneration, the multiplication capacity and the rooting ability.  

Keywords: propagation, rooting, woody lant medium, ‘Nero’, ‘Melrom’, ‘Galicjanka’  
INTRODUCTION 

Aronia spp. are an important group of plants because they have great potential as ornamental plants for landscape projects and as a novel fruit plant with nutraceutical properties (Brand, 2017). Black chokeberry (Aronia melanocarpa) is a shrub highly regarded for its rich fruits in anthocyanins, polyphenols and vitamins (Kulling and Rawel, 2008; Brand et al., 2017). All cultivars of black chokeberry are really appreciated for their fruits, ‘Viking’ has the biggest fruit weight, ‘Nero’ is preferred for his quality and stability regarding nutrients, while ‘Galicjanka’ has lower polyphenols and anthocyanins in fruits according recent researches (Arus and Rätsep, 2022). Successful in vitro plant micropropagation from excised meristems have been reported for A. melanocarpa by several researches (Brand and Cullina, 1990; Kwak et al., 2015; Şuţan et al. 2017). Somatic tissues can be a reliable source of explants (Borsai et al., 2017; Rusea et al., 2018). Cultivars ‘Nero’ and ‘Viking’ are the most in vitro micropropagated (Kwak et al., 2015; Șuțan et al., 2017) using different culture media as WPM and MS (Murashige and Skoog, 1962). The aim of the present research was to study the behaviour of several chokeberry Aronia 
melanocarpa cultivars regarding the initiation, multiplication, rooting and acclimatization by 
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optimizing all the micropropagation stages, in order to provide a modern improved technology. 
MATERIALS AND METHODS   Young shoots of black chokeberry cultivars ‘Nero’, ‘Melrom’ and ‘Galicjanka’ were harvested in February from the field at Bistrița Fruit Research and Development Station. Uninodal shoots were washed for 10 minutes under running tap water, then disinfected by immersing in boscalid and pyraclostrobin (0,5%) fungal solution. Explants were washed three times in sterile de-ionized water on the plate with magnetic stirrer for 15 minutes. The following operations were carried out in the horizontal laminar air flow hood: firstly, shoots were disinfected for 1 minute in 70% ethanol and then for 20 min in 80% ACE bleach. 2-3 drops of Tween 20 were added and then were subsequently rinsed four times with sterile de-ionized water. In order to avoid oxidation in the first inoculation procedures, the uninodal shoots were kept in an antioxidant solution: citric acid 0,15 g/L and ascorbic acid 0,1 g/L.  All cultivars were inoculated on Woody Plant Medium (WPM) (Lloyd and McCown, 1980) supplemented with 0.7 mg/L BAP (6-benzylaminopurine), 0.3 mg/L GA3 (gibberellic acid), 36.7 mg/L FeNaEDTA, 0.5 mg/L, 0.5 mg/L PVP (polyvinylpyrrolidone) to prevent meristem oxidation, 30 g/L sugar as carbon source and 6 g/L Phytoagar for solidification. Shoots were forced in warmed spaced at 25°C for 4-5 days. Caulinar and apical apexes were used for culture initiation and after four weeks the initiation rate was determined. Multiplication medium was WPM supplemented with 0.7 mg/L BAP, 0.5 mg/L GA3, 0.5 mg/L PVP, 50 mg/L ascorbic acid, 30 g/L sugar and 6 g/L Phytoagar. After subcultivation at three-four weeks in three cycles, multiplication rate and shoots length were determined. The same WPM culture medium was used for rooting stage, supplemented with 40 mg/L phloroglucinol, 30 g/L sugar and 5.8 g/L Phytoagar. Regarding hormonal balance, two variants were tested: V1: 0,5 mg/L IBA (indole 3-butyric acid) with 1,2 g/L activated charcoal and V2: 1 mg/L IBA. Rooting rate and roots’ length were determined. The Aronia cultures were incubated in the vegetative growth room at 25°C in artificial light conditions providing 4000 lux and 16/8-hour photoperiod. Acclimatization stage will be done first in perlite with water and after in mixture of soil:perlite:sand 1:1:1. Research data was analysed with the aid of XLSTAT statistical software (Addinsoft, France) ver. 2019 1.1, embedded in MS Excel, using Duncan`s multiple range test.  
RESULTS AND DISCUSSIONS  

In vitro culture initiation Initiation stage showed different success rates for all cultivars. Best initiation rates were obtained with cultivars ‘Nero’ (57%) and ‘Galicjanka’ (57%), while ‘Melrom’ rate was only 33% (Table 1), considered that genotype influences the regeneration capacity of inoculums. These results are in agreement with the results obtained by Sivanesan et al. (2016) and Clapa et al. (2021). Table 1. The influence of cultivars on the initiation rate of several chokeberry cultivars (Aronia 
melanocarpa) Cultivars Initial number of explants Number of explants after 30 days Initiation rate (%) ‘Nero’ 7 4 57 ‘Melrom’ 15 5 33 ‘Galicjanka’ 7 4 57 
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In vitro multiplication Multiplication rate (Figure 1) was adequate for all cultivars, that indicate the culture medium and hormones used are suitable for multiplication protocols. The performed statistical analysis showed that ‘Galicjanka’ and ‘Melrom’ chokeberry cultivars behaved better than ‘Nero’ in the multiplication phase with 0.7 mg/L BAP and 0.5 mg/L GA3. 

Figure 1. The influence of genotype and culture medium composition on the multiplication rate of ‘Nero’, ‘Melrom’, ‘Galicjanka’ chockeberry cultivars All cultivars developed well on WPM culture medium: cultivar ‘Nero’ (Fig 2), ‘Melrom’ (Figure 3) and ‘Galicjanka’ (Figure 4). WPM medium supplemented with 0.7 mg/L BAP and 0.5 mg/L GA3 is suitable for a proper developed of all cultivars, these results are in concordance with Pırlak and Almokar (2018). 

Figure 2. In vitro propagation of Aronia melanocarpa cultivar ‘Nero’: initiation stage (A), multiplication stage (B), rooting stage (C), acclimatization stage (D) 
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Figure 3. In vitro propagation of Aronia melanocarpa cultivar ‘Melrom’: initiation stage (A), multiplication stage (B), rooting stage (C) 

Figure 4. In vitro propagation of Aronia melanocarpa cultivar Galicjanka: initiation stage (A), multiplication stage (B), rooting stage (C), acclimatization stage (D) Results regarding the shoots’ length (Table 2) showed that ‘Galicjanka’ and ‘Melrom’ achieved a shoot length ranged between 2.290-6.510 cm while ‘Nero’ cultivar achieved 3.933 cm in the multiplication process. The two cultivars ‘Galicjanka’ and ‘Melrom’ shoot length were statistically higher that of the cultivar ‘Nero’.  Table 2. Shoots length of ‘Nero’, ‘Melrom’, ‘Galicjanka’ during multiplication stage Variant/Cultivar Shoots length (cm) ‘Galicjanka’ 6.510a ‘Melrom’ 6.290a ‘Nero’ 3.933b 
Pr>F <0.0001 

Significant Yes 

*Different lowercase letters indicate significant differences between the multiplication rates obtained on
different medium according to Duncan`s test (p≤0.05) 
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In vitro rooting Researches regarding the roots’ length (Table 3), showed that ‘Nero’ had the longest roots ranged between 2.65-2.84 cm in the beginning of rooting process followed by ‘Galicjanka’ cultivar (2.020 cm) in variant V1. The rooting media composition which contained activated charcoal, showed a good effect in the rooting process. Results showed that smaller roots length was registered in higher IBA hormone concentration application in the other cultivars ‘Galicjanka’ and ‘Melrom’.  Table 3. Roots length of ‘Nero’, ‘Melrom’, ‘Galicjanka’ cultivars 

*Different lowercase letters indicate significant differences between the multiplication rates obtained on
different medium according to Duncan’s test (p≤0.05). 

CONCLUSIONS  The influence of genotype proved to be very important in the in vitro micropropagation of 
Aronia melanocarpa cultivars ‘Nero’, ‘Galicjanka’ and ‘Melrom’, revealing different behaviour in the whole multiplication process. Good potential of cell initiation was observed at ‘Nero’ and ‘Galicjanka’ and shoot regeneration at ‘Galicjanka’ and ‘Melrom’ cultivars respectively. The in vitro shoot multiplication rate was relatively stable during the first subcultures. Results showed that it is crucially to use antioxidant solutions in the initiation phase in order to prevent oxidation of explants and to use optimized hormone concentrations. Best micropropagation rates were obtained at ‘Galicjanka’ and ‘Melrom’ cultivars followed by ‘Nero’ cultivar using the optimized hormonal balance of medium concentration of BAP in order to prevent vitrification and a proper GA3 dosage to promote elongation of shoots. The study showed also that the rooting process is enhanced when the culture medium contains activated charcoal and a lower auxin (IBA) concentration when compared with higher concentration of IBA. Activated charcoal seems to promote a good rooting process in combination with an optimized auxin concentration.  
ACKNOWLEDGEMENTS  This research was funded by Bistrița Fruit Research and Development Station.  
REFERENCES 1. Arus L. and Rätsep R. (2022). Sordi mõju aroonia (Aronia sp.) viljade kvaliteedile. Agronoomia 2022 Agronomy 2022, 206. 2. Borsai O., Clapa D., Fira A., Hârța M., Szabo K., Dumitraș A.F. and Pamfil, D. (2017). In vitro propagation of 

Aronia melanocarpa (Michx.) Elliott. In II International Symposium on Fruit Culture along Silk Road Countries 1308 (pp. 213-222). 3. Brand M.H. (2017). Propagation of Aronia by seed, cuttings, tissue culture and grafting. Acta Horticulturae, (1174), 197–204. doi:10.17660/actahortic.2017.1174.41  

Variant / Cultivar Roots length (cm) V1-‘Nero’ 2.844 a V2-‘Nero’ 2.656 a V1-‘Galicjanka’ 2.020 b V1-‘Melrom’ 1.570 c V2-‘Galicjanka’ 1.540 c V2-Melrom’ 1.270 c 
Pr > F(Model) < 0.0001 
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ABSTRACT 

The purpose of the present work was to identify and characterize several yeast 
strains useful in fermentation process and present in the Stefanesti-Arges vineyards. 
The biological material used was freshly squeezed grape must from the white wine 
grape cultivar, 'Fetească regală' one of the most widespread and appreciated cultivars 
for wine in the Arges region. In this study is described the procedure of obtaining the 
pure isolates and are presented the macroscopic and microscopic characteristics of 
these isolates retained on the culture medium. By microscopy and molecular analyses 
was confirmed that the selected isolates in pure culture belongs to the genus 
Saccharomyces. The morphological characteristics, complemented by the molecular 
ones of the PCR amplification of the region ITS1-5,8S -ITS2, as well as the analysis of 
the "killer" profile of the selected strains, proved that the four isolates obtained and 
analyzed are identical and belong to the species Saccharomyces cerevisiae. 

Keywords: epiphytic microflora, grapes, pure culture, ITS-RFLP, Saccharomyces.  
INTRODUCTION In the taxonomy field of viticultural and wine microflora, the reference study is the one prepared by Lodder (1970).  Since then, the taxonomy of the levurian microflora has been the subject of a significant number of research papers, such as that one written (Gayon et al., 2006). The studies regarding grapes and wine microflora is oriented towards the identification of new yeast strains and species that can be useful in the fermentation processes, or can contribute in solving the shortcomings that could appear in the production flows (González, 2007). On the grapes surface, in all phases of ripening, especially at grape harvest season, different categories of microorganisms are found. A wide cultivar of epiphytic microorganisms, including bacteria, yeasts and filamentous fungi, is found on grapes (Papadopoulou et al., 2022). Through the technological process of crushing, all these inevitably end up in the mash. Due to the rich nutritional composition of the grapes must, epiphytic microorganisms can proliferate and change must fermentation, causing either desired or unwanted changes. Yeasts studies have made significant progress in the recent years, especially in the field of genetics and cell biology. Characterization of individual species of yeasts by morphological, physiological and biochemical criteria is considered a first priority for winemaking (Lakatošová et al. 2014; Raymond Eder et al. 2017). These 
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contributed to the improvement of fermentative processes of winemaking (Molinet and Cubillos, 2020). Kántor and Kačániová (2015) pointed out that the grape surface is a generally unstable living environment for microorganisms. Maicas (2020) describes how wine is the result of the interaction of several species and strains of yeasts. The aim of this study is to identify and characterize endemic yeast strains from the Stefanesti-Arges vineyard that could be used in the fermentation process for winemaking.  
MATERIALS AND METHODS Grapes of 'Fetească regală' cultivar were used to isolate the epiphytic yeasts analyzed in this study. Grapes were harvested from the Germoplasm Collection of NRDIBH Stefanesti-Arges, in September 2021. This grape cultivar for white wine was preferred as it is one of the most well-known and widespread vine cultivars in the Arges wine-growing area, and as well in Romania. 
Yeast isolation and characterization In order to isolate new strains of epiphytic yeasts able to start the natural fermentation process of grapes’ must, freshly squeezed grapes were used.  Healthy grapes were crushed in sterile mortar and pestle sets. The resulted mash was let to stay in the laminar flow for 20 minutes for infusion. Must samples were processed by the serial decimal dilutions’ technique (Domerq, 1956) and plated on Potato-Dextrose-Agar with chloramphenicol (PDA/ch) culture medium (HiMedia Laboratories Pvt. Ltd., Mumbai, India). Cultures were incubated in electrical thermostat incubator (CLN 53 Smart, Pol-EKO) at 28°C for 48-72 hours. Resulting yeast colonies were selected based on their morphology and new strains were purified using YPG medium (Carl Roth GmbH + Co. KG, Karlsruhe, Germany) and the streak plate method (Cappuccino and Sherman, 2004).  The cells’ morphology of newly isolated strains was microscopic characterized using the "OPTIKA" digital binocular microscope, coupled with the B-290TB "OPTIKA" tablet according to Pintilie (2011) protocol for yeasts analysis.  Killer character was also evaluated for each newly isolated strain. To highlight the killer character the biosensor sensitive strain S. cerevisiae 17/17 was used. This strain was inoculated on the surface of specific medium for killer testing (phosphate citrate buffer 0.1M, pH4.8; glucose 2%; yeast extract 1%; peptone 1%, agar 2%; methylene blue 0.03-0.07%), while the studied yeast isolates were inoculated in streaks. Two reference strains of 
S. cerevisiae, SMR4 and X208, were used as positive controls strains with killer effect. Resistance to killer toxins was also evaluated. For this, the newly isolated yeasts were inoculated on the surface of killer testing media, while all the other isolated yeasts strains together with the references were inoculated in streaks. Incubation was made at room temperature, as the killer protein is thermolabile. 
Total DNA isolation  Total DNA was extracted from fresh yeast cultures. DNA isolation and purification were performed with the Wizard Genomic DNA Purification Kit (Promega Corporation, Madison, WI, USA) following the manufacturer protocol. The quantity and quality of total genomic DNA was performed by spectrophotometric method using a SpectraMax QuickDrop Micro-Volume Spectrophotometer nanodrop machine (Molecular Devices, Cambridge, UK).  
PCR technique for amplifying the ITS region The amplification of the ITS1-5,8S-ITS2 region was carried out using the universal primers ITS1(5'-TCCGTAGGTGAACCTGCGG-3') and ITS4 (5'-TCCTCCGCTTATTGATATGC-3') (White et al., 1990).  PCR reactions were carried out using the Mango TaqTM DNA Polymerase kit from Meridian Bioline (Meridian Life Sciences Inc., Memphis, Tennessee, USA), in 50 μl reaction volume, containing: 1X Buffer CL, 1.5 mM MgCl2, 0.2mM dNTPs, 0.5 μM of each primer, 0.25 U of MangoTag DNA Polymerase and a maximum of 20 ng of genomic DNA. The 
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amplification program (Table 1) was carried out in an Eppendorf 5331 MasterCycler Gradient Thermal Cycler (Eppendorf AG, Hamburg, Germany), as described below. Table 1. PCR program for amplification 
PCR Steps Cycles Parameters Initial denaturation 1 94°C, 3min Denaturation 35 94°C, 1min Annealing 55.5°C, 1min Elongation 72°C, 2min Final elongation 1 72°C, 7min 

Restriction fragment length polymorphism (RFLP)  ITS-PCR products were enzymatically cleaved with three restriction enzymes: HaeIII, HinfI, 
HhaI, (Thermo Fisher Scientific, Vilnius, Lithuania) according to Esteve-Zarzoso et al. (1999). Enzymatic digestion was performed in an Eppendorf 5331 MasterCycler Gradient Thermal Cycler (Eppendorf AG, Hamburg, Germany), for 2 hours at 37°C, according to the indications provided by the manufacturer for the reaction mixture. 
Gel electrophoresis  The ITS-PCR amplicons and the digested PCR products were examined by 1%, and 2% respectively, agarose gel electrophoresis (Promega Corporation, Madison, WI, USA) in 0.5X TBE buffer (Carl Roth GmbH + Co. KG, Karlsruhe, Germany), supplemented with ethidium bromide (Sigma Chemical Co., Steinheim, Germany). The electrophoretic profiles were then analysed under UV light using the BioDoc-It Imaging System (Ultra-Violet Products Ltd., Cambridge, UK). To estimate the size of the DNA molecules that were separated based on their mobility in an electrical field were used DNA ladder of 100 bp (Thermo Scientific, Vilnius, Lithuania). The restriction fragments profiles were compared with the electrophoretic patterns of various yeast species presented by Esteve-Zarzoso et al. (1999), Sabate et al. (2002), and Baffi et al. (2010).  
RESULTS AND DISCUSSIONS 

Isolated yeasts  The microbial load associated to freshly crushed grapes of 'Fetească regală' was evaluated at 106 CFU/ml. The semi-selective PDA/ch sustained the growth of yeasts and molds, as well as some bacteria resistant to chloramphenicol (Figure 1 a). Colonies showing round, risen or slightly domed, opaque, dull, with white to cream color were selected and purified (Figure 1 b). Four yeasts isolates were than obtained and named D1, D2, D3 and D4. Similar colony morphology was obtained on YPG agar medium (Figure 1 c). This method is mentioned to be more efficient than direct yeast isolation from undamaged grapes (Mercado et al., 2007; Valero et al., 2007) most probably due to the low density of fermentative Saccharomyces on the intact fruit skin compared to other microbial epiphytic colonizers, such as non-Saccharomyces yeasts and spores of filamentous fungi (Ükelgi, 2011). 
 Microscopic characteristics of newly isolated yeasts Microscopy studies have been conducted compared to the reference strain Saccharomyces 
cerevisiae 17/17. The cells showed ovoid shape, many of which were in the budding stage. In Lugol’s solution, vacuoles were revealed uncolored and large, inside cytoplasm, while glycogen granules were reddish-brown in color (Figure 2). The microscopic examination of obtained yeast cultures revealed that all the yeast strains used came from pure cultures. Cell morphology did not vary markedly from one strain to another, and cells showed ovoid shape. The measurements of yeast size cells showed small differences among the four isolates (Table 2). 
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Figure 1. Yeast cultures in different stages of isolation and purification 
a. in mixed cultures on PDA/ch, b. in pure cultures on PDA/ch, c. in pure culture on YPG agarThe microscopic examination of obtained yeast cultures revealed that all the yeast strains used came from pure cultures. Cell morphology did not vary markedly from one strain to another, and cells showed ovoid shape. The measurements of yeast size cells showed small differences among the four isolates (Table 2). It is known that the morphological characteristics of the yeasts present on the surface of the grape berries differ depending on the environmental conditions and the diameter of the cells varies on average between 3 and 4 µm (Walker et al. 2002). Our results proved that the four isolates have dimensions between 5.2 and 6.2 µm long and 4.7 and 5.1 µm wide. These measurements are in accordance to those mentioned by Milo and Phillips (2015), using light microscopy approaches and ranging between 4 μm in haploids and 6 μm in diploids cells. Also, these cell morphology size range are commonly found on single cells and one-budded mother cells of 

Saccharomyces yeasts (Aon et al., 2018). 

 Figure 2 Microscopic images of yeast cells obtained in pure cultures 
a. D1 new strains, b. Saccharomyces cerevisiae 17/17 reference strainTable 2. Average dimensions of yeast cells grown on the PDA/ch medium 

after three days of incubation 

All these macroscopic aspects of the cultures obtained on PDA/ch and YPD medium, as well as cytological aspects and the measurements strongly sustained that the yeast isolates belong to the genus Saccharomyces. 
DNA concentration and purity The results obtained and shown in Table 3, proved that the applied extraction method was efficient and were obtained eluted total DNA samples with high purities and in good quantities for further PCR reactions.  The higher values than 1.8 for A260/A280 ratio and the lower values than 2.0 for A260/A230 ratio indicated a certain degree of contamination 

Yeast strains 
Cell size 

Average length (μm) Average width (μm) 
D1 isolate 5.50±0.42 5.10±0.25 
D2 isolate 5.25±0.35 4.87±0.28 
D3 isolate 6.28±0.35 5.04±0.32 
D4 isolate 5.75±0.30 4.68±0.30 

a b c 

a b 
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with salts and carbohydrates of the extracted DNA. It is known that these types of contaminants could affect the efficiency of amplification during PCR reactions. With all total DNA samples were amplified properly the specific region of ITS 1-5,8S-ITS2, proving the efficiency of the applied extraction method and the good enough quality of the obtained eluted solutions.  Table 3. DNA concentration and purity  
Yeast 

strains Concentration 
<ng/μl> Optical density ratios 

A260/A280 A260/A230 D1 66 1.941 1.650 D2 48 1.920 1.714 D3 60 2.000 1.765 D4 74 1.956 2.312  
PCR amplified ITS1-5,8S -ITS2 region The amplified products obtained for ITS region using ITS1 and ITS4 primers were uniform and was revealed by a single band of 840 bp (Figure 3) for all the four isolates. According to White et al. (1990) and Arlorio et al. (1999) this band size is specific for isolates of 
Saccharomyces genus. Beside this confirmation, our results are similar to Cappello et al (2004) and proved the genetic homogeneity of the obtained isolates from 'Fetească regală' cv. 

 Figure 3. Electrophoretic pattern of yeasts ITS1-5,8S -ITS2 region obtained with ITS 1/4 primes set in 1% agarose gel; *Legend: 100pb = DNA ladder; D 1÷4 = isolated yeasts codes; NC = Negative control  
ITS-RFLP profile of newly isolated yeast strains A reliable identification of the yeast isolates was necessary. For this approach the ITS-PCR products were digested with three different restriction enzymes and the presence of certain bands, specific for region ITS1-5,8S -ITS2 were analysed (Esteve-Zarzoso et al., 1999; Sabate 
et al.., 2002; Baffi et al., 2010). Using HaeIII, HinfI and HhaI restriction enzymes, no variability was detected among the newly isolated strains (Figure 4). Moreover, the electrophoretic patterns and the restriction fragments’ length of the digested ITS-PCR products confirmed S. cerevisiae affiliation of all four isolated strains (Table 4). Analysis of restriction profiles demonstrated that yeast species can be differentiated by combining the results obtained with each restriction endonuclease. The four obtained isolates revealed, or had the same or very similar restriction profile, and could be classified in the same group.  
Killer profile of the new isolated S. cerevisiae strains In winemaking processes, grapes natural microbiota can influence the fermentative process, thus contributing to the local specificity of the final product. Killer factor is highly important in selecting fermentative yeasts for winemaking processes. When selecting competitive yeast strains, among the current techniques, killer factor is highly important. Strain resistance to killer toxin, as well as strain potential for killer effect are both taken into consideration.  

  100pb   D1   D2   D3   D4 NC 
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Yeast resistance to killer toxin enables the strain to survive and compete other related yeasts during fermentation. Therefore, this trait is desired in strains selected to perform controlled fermentation processes. As well, killer effect against other related yeasts spontaneously found in grapes natural microbiota is also important in wort fermentation. Killer yeasts are able to release a certain protein with toxic effect on other taxonomically related yeasts present in the same environment. This way killer yeasts are able to lyse sensitive yeasts cells. However, the producing strains are immune to this toxic protein, while the sensitive strains are killed in 48 hours (Figure 5). Such ability will give to the killer yeast the main role in conducting the fermentation process.  Table 4. RFLP analysis of the 5,8S-ITS region with three different restriction enzymes Yeast strains ITS-PCR product (pb) Obtained restriction fragments (pb) Identification 
HaeIII HinfI HhaI D1 840 320 + 230 + 180 + 130 360 + 120 360 + 330+130 S. cerevisiae D2 840 320 + 230 + 180 + 130 360 + 120 360 + 330+130 S. cerevisiae D3 840 320 + 230 + 180 + 130 360 + 120 360 + 330+130 S. cerevisiae D4 840 320 + 230 + 180 + 130 360 + 120 360 + 330+130 S. cerevisiae 

Figure 4. Restriction profiles of the ITS-5,8S region of yeast isolates after enzymatic digestion with 
HaeIII (left), HinfI (center) and HhaI (right). *Legend: M = 100pb DNA ladder; D 1÷4 = yeast isolates; 

NC = Negative control In winemaking processes, grapes natural microbiota can influence the fermentative process, thus contributing to the local specificity of the final product. Killer factor is highly important in selecting fermentative yeasts for winemaking processes. When selecting competitive yeast strains, among the current techniques, killer factor is highly important. Strain resistance to killer toxin, as well as strain potential for killer effect are both taken into consideration.  Yeast resistance to killer toxin enables the strain to survive and compete other related yeasts during fermentation. Therefore, this trait is desired in strains selected to perform controlled fermentation processes. As well, killer effect against other related yeasts spontaneously found in grapes natural microbiota is also important in wort fermentation. Killer yeasts are able to release a certain protein with toxic effect on other taxonomically related yeasts present in the same environment. This way killer yeasts are able to lyse sensitive yeasts cells. However, the producing strains are immune to this toxic protein, while the sensitive strains are killed in 48 hours (Figure 5). Such ability will give to the killer yeast the main role in conducting the fermentation process.  When testing the newly selected isolates for sensitivity to killer proteins, no such clear zones of lysis were seen in the vicinity of the killer reference strains S. cerevisiae SMR4 and X208. However, the sensitive reference strain S. cerevisiae 17/17 was killed. Dead cells being invaded by the methylene blue (Figure 6). In S. cerevisiae three types of killer toxins are known Kl, K2 and K3. However, Kl toxin is sensitive to high temperature, can be easily degraded by proteases, and remain stable at pH of 4.6-4.8. In wine, K2 type killer yeasts are 

HaeIII HinfI HhaI 
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relevant, due to K2 toxin stability at a wider acidic pH, from 2.8 to 4.8 (Van Vuuren and Wingfield, 1986).  

 Figure 5. Lysis zone caused by the killer strain in the culture of sensitive strain  
S. cerevisiae 17/17. Figure 6. S. cerevisiae D2 new strain resistant to killer toxin released by S. 

cerevisiae SMR4 and X208 reference strains.  The K3 killer yeast were shown as mutants of K2 killer yeasts (Wingfield et al., 1990). Beside competitivity within the fermentation, K2 and K3 type of killer toxins revealed an important trait in food safety, as they are expressing antibacterial effects against o wide range of foodborne pathogens (Lakshmi and Mitra, 2020).   
CONCLUSIONS 
 In order to obtain a characterization of the specific, autochthonous S. cerevisiae yeasts from the Stefanesti vineyards, which represent an important factor to promote natural fermentation and specific aroma of wines, from the cultures with mixed microbial load from the grape must of Fetească regală' cv. were obtained and analyzed four yeast isolates. Microbiologic and ITS-RFLP genetic studies revealed these strains belong to Saccharomyces 
cerevisiae.  These strains revealed to be resistant to the reference killer yeasts Saccharomyces 
cerevisiae SMR4 and X208 strains. Valuable strains for wine production, possessing resistance to killer yeast, could protect the wine fermentation against spoilage of contaminating killer yeasts. The results presented in this work were obtained for the first time with biological material from the Germplasm collection from Stefanesti-Arges and represent an important step for continuing the investigations and deepening the knowledge regarding the obtaining and capitalization of the local yeast cultures in the winemaking processes. 
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ABSTRACT     Ixora coccinea is one of the important ornamental plants, commercially 
propagated by stem cuttings. This study aims to determine the effects of different 
media on micropropagation and rooting and to investigate the genetic fidelity of 
regenerated plants using the Inter Simple Sequence Repeat (ISSR) marker. For this 
purpose, Murashige and Skoog (MS), and Woody Plant Medium (WPM) media were 
used for micropropagation and rooting experiments. All media were supplemented 
by 5.5g /l gelling agent (Agar) for micropropagation, MS media with different level of 
sucrose (15,30 ,45 and 60 g/l), 2.0 mg/l BAP with different concentrations of IBA (0.0, 
0.1, 0.25 and 0.5 mg/l), for rooting 10mg /l NAA used. In vitro rooted plantlets were 
transferred to plastic pots containing; peat moss with vermiculite (1:1; 2:1, and 1:2 v/
v) for acclimatization to ex vitro conditions. The ISSR markers were used for the
assessment of genetic fidelity between the mother plant and acclimatized plantlets
ISSR marker used. Total DNA was extracted from leaves of the acclimated plant by the
cetyltrimethyl ammonium bromide method (CTAB), and the data obtained were
analyzed and used to generate a similarity matrix using Jaccard’s similarity
coefficient. The best result in terms of regeneration of shoots was obtained from 30 g/
l sucrose on a full MS medium. MS media during the incubation period gave the best
results in terms of vegetative growth parameters compared to WPM. The estimation
of the genetic similarity coefficient based on the ISSR band indicated that
acclimatized plantlets derived from the 6th subculture were 100% similar to the
mother plant. Keywords: growth regulator; acclimatization; in vitro; genetic fidelity; DNA
INTRODUCTION 

Ixora coccinea is belong to the Rubiaceae family, in Sudan it is called Ixora (NISIR,2002, El Amin,1990). There are around 562 species according to WCSP (2017). Ixora is native to the tropical area but today it can be growing in the tropical and subtropical climates of the world (Thakur and Kumar, 2014, Idowu et al.,2010). Traditionally Ixora is propagated from stem cuttings. Plant tissue culture techniques have allowed strong and continued growth within the micropropagation industry (Onsa et al. 2018a, b). The MS media salts whether in the form of full or half strengths are considered to be the most common basal medium. Some reports also suggested there is the usage of other media such as the medium of the woody plant (WPM) (Lloyd and Mc Cown, 1980). Onsa et al. (2018 a, b) obtained the highest 
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regeneration rate at I. coccinea on full MS medium supplemented with 2.0 mg/L BAP, 0.5 mg/l IBA, and 30 g/l sucrose, using shoot tips as explants.  Li et al. (2019) and Sakr et al. (2010) obtained a high survival rate (80%) from I. chinensis and the best vegetative growth in I. undulata when they used full MS cultured media, respectively. In contrast, Lakshmanan 
et al. (1997) used full WPM media for the best result. The highest percentage of plant survival rate (60%) occurred when Sakr et al. (2010) used peat moss: sand (1:1v/v) to I. 
undulata in the acclimatization stage. Random amplified polymorphic DNA (RAPD) and ISSR markers are molecular-typing approaches that have been used to detect, identify and determine relationships between species and cultivars among plants (Raina et al. 2001; Williams et al.1986; Zeitkiewicz et al. 1994). Rajaseger et al. (1997) recorded the first report of the use of a DNA-based polymorphism assay to assess the level of variability in 22 Ixora cultivars depending on the RAPD marker. This study aims to develop an efficient micropropagation protocol of Ixora coccinea by using a different type of medium and then assess the genetic fidelity of micropropagation plantlets by using the ISSR marker. 
MATERIALS AND METHODS 

In vitro multiplication experiments The biological material used to initiate the in vitro culture of Ixora coccinea ('pink') was sampled from a mature healthy shrub. The plant material was washed under running tap water then transferred to a laminar airflow cabinet, rinsed with 70% ethanol for 10 seconds, washed with distilled water followed by immersing in 20% sodium hypochlorite solution (v/v) and 2-3drops of Tween 20 with continuous shaking to 15 minutes. The explant was carefully washed with sterile distilled water. For the initiation of in vitro culture, the following basal culture media were used Murashige and Skoog (MS) and Woody Plant Medium (WPM). These media were supplemented with 2.0 mg/l BAP, 0.5 mg/l IBA, and 5.5 g/l agar. MS media supplemented with different levels of sucrose (15, 30, 45, and 60 g/l). The culture media were sterilized by autoclaving at 121°C for 15 minutes. The pΗ of media was adjusted to 5.8 ± 0.02. The cultures were transferred to the growth room where controlled conditions of temperature (25±20C), with 16 hours of light and 8 hours of darkness, and light intensity (1000 lx, using white fluorescent lamps) were ensured. Four variants of the MS medium were used (quarter, half, full and double). The sterile shoot tip explants of I. coccinea were cultured and vegetative growth parameters such as; the number of leaves, the number of shoots, the length of shoots, and the number of nodes were measured weekly until the 8th week. The regenerated shoots were cultured on MS and WPM medium with 2.0 mg/l BAP and different concentrations of IBA (0.0, 0.1, 0.25, and 0.5 mg/l) to evaluate the effect of MS versus WPM on shoot morphogenesis of Ixora shoot tip explants.  
In vitro roots of Ixora plantlets with an average of 3.0 roots/ plant and 6.0 leaves /plant were taken out from the test tubes and washed thoroughly under running tap water to remove the medium from roots. The plantlets were transferred into plastic pots (5×10 cm) containing vermiculite, completely covered with plastic bags for acclimatization, and kept in an incubation room. By the end of the 3ed week, the plantlets were transferred to a 50% shade house for adaptation to ex vitro conditions. Plantlets were transplanted to plastic pots containing nutrient substrate peat moss with vermiculite by the different ratios (1:1, 2:1 and 1:2 v/v). The experiments were performed using a completely randomized design of three treatments. Growth parameters such as; the number of leaves, number of shoots, and length of shoots were measured then the data were recorded. The recorded data were analyzed by the Statistic Analysis System software program (SAS) using analysis of variance (ANOVA). Comparisons of means data were performed using Duncan Multiple Range Test (DMRT) at a probability of 5% 
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Genetic stability assessment: To the assessment of genetic fidelity between the mother plant and acclimatized plantlets, Inter Simple Sequence Repeat (ISSR) marker was used. The source of plant material used in this test was derived from plantlets after six subcultures, after the acclimatization of plants, the total DNA was extracted from the leaves of the five acclimatized plants individually by cetyltrimethylammonium bromide method (CTAB) (Doyle and Doyle 1987). The concentration and purity of isolated DNA were determined using the NanoDrop 2000 (Thermo Fisher Scientific Wilmington, USA). In this experiment, four ISSR primers were screened by Integrated DNA Technologies company and used for the analysis of genetic stability among five tissue culture acclimatized plantlets (AP) and their mother plant (MP).  Polymerase chain reaction (PCR) amplification was carried out for four ISSR primers in a 25 µl reaction volume. The PCR reaction contained 70 mg/µL genomic DNA, 2 X Dream Taq TM Green PCR Master Mix (Fermentas, International Inc.), and 0.4μM forward and reverse primers. Amplification was performed in a thermal cycler (Bio-Rad Laboratories, Inc.) for a total of 40 cycles after an initial denaturation of the template DNA at 94°C for 3 min. This was followed by 10 cycles of 94°C for the 40s. This was followed by 30 cycles of 95°C for the 40s, a final annealing temperature for 30s and 72°C for 1 minute, and a final extension of 72°C for 10 min. The amplification products were analyzed on 2% gel with a 50 bp DNA ladder (Ready to use). The gel was stained with Midori green, and visualized under ultraviolet light by a gel documentation system (Bio-Rad Company). Clear ISSR bands were scored ‘1’ if they were present and ‘0 if it absents within the gel was considered as a single dominant ISSR marker locus. The binary data obtained were analyzed and used to generate a similarity matrix using Jaccard’s similarity coefficient (Jaccard, 1908).  
RESULTS AND DISCUSSIONS 
  Referred to table 1 MS media with different concentrations of sucrose (15, 30, 45, and 60 g/l), 2.0 mg / l BAP, and 0.5 mg /l IBA after 8 weeks from culture, showed a highly significant difference between 30 g/ l and other concentrations. No growth parameters were recorded on media with 15 g/ l and 60 g/ l of sugar. This comes in the same line with Gamborg et.al (1976) who mentioned that carbon and energy source at 2-4% is preferred by most plant cells. George (1993) and Karhu (1997) stated that plant cell, tissue, or organ culture normally requires the incorporation of a carbon source into the culture medium. The result agreed with Onsa et al. (2018, b) and Amine et al. (2002). Although, Ixora is a woody plant that required large energy in culture media to grow well it didn't respond to the higher concentration of sugar (60 g/l).  Table 1. Effect of MS media supplemented with different concentrations of sucrose, 2.0 mg/l BAP and 0.5 mg/l IBA on shoot multiplication of Ixora coccinea after 8 weeks of culture Sucrose concentrations (g/l)  Vegetative Parameters Mean± SE Number of leaves Number of shoots Length of shoots(cm) Length of explants (cm) Number of nodes 15 0.0d 0.0c 0.0c 0.0b 0.0b 30 15.2±0.18a 2.4±0.25a 3.0±0.06a 1.5±0.09a 7.3±0.43a 45 4.0±0.20b 1.3±0.20b 0.5±0.04b 0.3±0.03b 0.0b 60 2.0±0.51c 0.0c 0.0c 0.0b 0.0b 
*Means with the same letters in the same column are not significantly different at 5% using Duncan 
Multiple Range Test. SE=Standard Error 
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The media strength had a significant effect on the vegetative parameters of the shoot tip of the Ixora explant (Table 2). The highest value of all parameters measured was obtained on full MS without significant difference from ½ MS except for the length of a shoot. 2MS didn't show any growth, this might be due to the toxic effect of a higher concentration of salts, in the same way, ¼ MS gave a poor result, thus, the two media could be excluded from in-vitro micropropagation of I. coccinea. It appeared from this study that I. coccinea shooting performs well under full MS salts mixture. This finding confirmed the previous one of Thakur and Kumar (2014) who used full MS to Ixora parviflora and Sakr et al. (2010) to 
Ixora andulata.  Amin et al. (2002) reported that the response of Ixora fulgens cultured on full MS was significantly better than on ½ or ¼ MS. Figure 1 showed the strength medium effect on shoot tips after 8 weeks from culture. Table 2. Effect of MS medium strengths supplemented with 2.0 mg/l BAP and 0.5 mg/l IBA on shoot regeneration of Ixora coccinea after 8 weeks from culture 

Media Vegetative Parameters Mean ± SE Number of leaves Number of shoots Length of shoots(cm) Length of explants(cm) Number of nodes ¼ MS 2.6±0.32b 0.3±0.30b 0.07±0.00c 1.3±0.33b 0.0b ½ MS 10.3±0.41a 2.1±0.11a 1.2±0.11b 1.7±0.11a 6.8±0.19a 1MS 15.7±0.50a 2.3±0.36a 3.1±0.24a 1.7±0.10a 7.0±0.28a 2MS 0.0c 0.0b 0. 0c 0.0b 0.0b 
*Means with same letters in the same column are not significantly different at 5% using Duncan Multiple
Range Test. SE=Standard Error 

Figure 1. Effect of MS medium strengths on shoot tip initiation of Ixora coccinea explant after 8 weeks from culture (a) ¼ MS (b) ½ MS (c) Full MS (d) 2MS The result of adding 2.0 mg / l BAP with different concentrations of IBA (0.1, 0.25,0.5 mg/l) to MS and WPM to enhance the growth and development of I. coccinea is shown in table 3. The combination of 2.0 mg /l BAP with 0.5 mg /l IBA on MS media recorded a significantly higher number of leaves, length of shoot, and explant length than other treatments used, while, WPM with 2.0 mg/l BAP + 0.1IBA recorded significantly higher growth parameters for Ixora except for the length of explant. This result agrees with Amin et al. (2002) who found that axillary buds of lxora fulgens showed sprouting within two weeks of incubation on MS medium fortified with 0.5 mg/l BAP and 0.1 mg /l NAA. In contrast, Lakshmanan et 
al.1997 found the number of regenerated axillary shoots of l. coccinea cultured in WPM medium increased with increasing the concentration of BA from 0.5 to 2.5 mg/l. Generally, all the results provided by MS media were far better than that obtained from WPM (Figure 2), so it could be recommended that the MS media is a suitable one for Ixora micropropagation. After three days of acclimatization under room temperature, most of the plantlets showed some wilting symptoms like slight stem bending and yellowing of leaves. After one week, the plantlets recovered slowly and started growing well again with a 70 % survival rate. After 
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three weeks, the plantlets were transferred to a 50% shade house for adaptation to ex-vitro situations. In this stage, new leaves unfolded and the plantlets recovered very well. Table 3. MS versus WPM supplemented with 2.0 mg/l BAP and different concentrations of IBA on 
Ixora coccinea regeneration after 8 weeks from culture Medium Different Combinations of BAP and IBA (mg/l) 

Number of leaves Number of shoots Length of shoots (cm) Length of explants (cm)  MS 0.0BAP+0.00BA 0.0e 0.0d 0.0c 0.0c WPM 0.0e 0.0d 0.0c 0.0c MS 2.0BAP+0.1IBA 15.7±0.27a 2.3±0.30a 1.3±0.14b 0.6±0.16bc WPM 11.2±0.42b 2.2±0.15a 1.7±0.04b 1.5±0.09ab MS 2.0BAP+0.25IBA 9.6±0.33c 1.3±0.30b 1.3±0.17b 1.0±0.20abc WPM 4.2±0.48d 0.2±0.06c 0.1±0.03c 1.5±0.13ab MS 2.0BAP+0.5IBA 16.3±0.37a 2.3±0.11a 2.3±0.21a 1.9±0.23a WPM 7.4±0.30c 0.2±0.06c 0.1±0.03c 1.8±0.16a 
*Means with same letters in the same column are not significantly different at 5% using Duncan Multiple 
Range Test. SE=Standard Error 
 

   Figure 2 (2a ,2b,2 c, 2d) Comparison between the number of leaves, number of shoots, length of shoots and length of explant of Ixora coccinea shoot tip explant during incubation period cultured on MS and WPM supplemented with 2.0mg/l BAP+0.5mg/l IBA. Vertical bars are indicating the standard deviation (±SD)  Figure 3 showed the survival rate among the three potting media used during acclimatization. The highest survival rate (60%) was obtained in a medium consisting of peat moss with vermiculite (2:1v/v) followed by 40% in (1:1v/v), and the lowest rate 20% was obtained in (1:2v/v).  A similar observation was reported by Sakr et al. (2010) who got a 60% survival rate and 90% by Amin et al.(2002) when coco-peat was used. 
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Figure 3. Survival rate of Ixora coccinea plant on different soil media after seven weeks. (A) peat moss + vermiculite (1:1v/v) (B) peat moss + vermiculite (2:1v/v) (C) peat moss + vermiculite (1:2v/v).  Table 4 revealed the significant differences in vegetative parameters. The media containing peat moss with vermiculite (2:1v/v) produced the highest number of leaves (8.0 leaves/ plant), shoot number (1.0/plant), and plant height (7.5 cm) This result agreed with Hartmann et al. (2007) who stated that when vermiculite combined with peat moss, cation exchange properties could possess which can hold and make ammonium, potassium, calcium, and magnesium available to the growing plants and promote quick anchorage to young roots. Kim (2011) emphasis that a mixture of more than 60% peat moss creates an optimum condition for plant growth. Nevertheless, in our study, the mixture of peat moss with vermiculite (2:1) resulted in an increased percentage of plant survival and plant height of Ixora so it could be a recommended medium for the acclimatization period. Table 4. Effect of different soil media on acclimatization of Ixora coccinea plant  after 8 weeks of planting Type of media Vegetative parameters  Media A Media B Media C Mean± SE Number of leaves 6.0±0.40b 8.0±0.50a 4.0 ± 0.26b Number of shoots/plants 0.0b 1.0±0.30a 0.0b Length of a plant (cm) 5.1±0.16b 7.5±0.29a 4.1± 0.59b 
*(A) peat moss+ vermiculite (1:1v/v); (B) peat moss + vermiculite (2:1v/v); (C) peat moss +vermiculite 
(1:2v/v); *Means with the same letters in the same row are not significantly different at 5%using 
Duncan Multiple Range Test. SE=Standard Error To Assessment of genetic fidelity DNA samples extracted from acclimated plantlets that derived from the 6th subculture were analyzed using Nano Drop Spectrophotometer at 260nm/280 nm, the reading on all DNA samples is shown in Table (5).  The high purity ratio of DNA samples was within 1.80 - 1.88 and the high concentration of DNA ranged from 997.9 to 1200 ng/µl in plants 1 and 5 respectively.  The extracted I. coccinea genomic DNA showed good purified extracted DNA obtained by running the DNA samples on 0.8% agarose gel.  Table 5. Purity of extracted DNA analyzed using Nano Drop   SpectrophotometerA260nm/A280nm. Sample Purity Ratio(A260/A280) DNA Concentration (ng/µl) Mother plant 1.85 1001.2 Plant 1 1.84 997.9 Plant 2 1.88 1100.5 Plant 3 1.83 998.1 Plant 4 1.80 1004.7 Plant 5 1.84 1200.1 

[VALOARE]

[VALOARE]

[VALOARE]

0

20

40

60

80

MediaA MediaB MediaC
Percen

tage



 

51 
 

The screening with selected four ISSR primers resulted in 78 scorable bands, the number of bands for each primer varied from 18 in primer 827,873 and 880 to 24in primer 855 with an average of 19.5 bands per ISSR primers (Table 6).  Table 6. Total number and amplified fragments size range and number of polymorphic fragments amplified by four ISSR primers in micropropagated shoots of Ixora coccinea 
Primer Primer Sequence  Tm Total bands scored No. of polymorphic band No. of monomorphic bands Similarity Index (SI)  UBC 827 5ʼ-ACA CAC ACA CAC ACA CG-3ʼ 53.0 18 0.00 18 1.00 UBC 855 5ʼ-ACA CAC ACA CAC ACA CYT-3ʼ 53.1 24 0.00 24 1.00 UBC 873 5ʼ-GAC AGA CAG ACA CACA -3ʼ 47.4 18 0.00 18 1.00 

UBC 880 5ʼ-GGA GAG GAG AGG AGA-3ʼ 47.9 18 0.00 18 1.00 Total  4  78 0.00 78   
Average    19.5 0.00 17   In this study, the estimation of the genetic similarity coefficient based on the ISSR band indicated that acclimatized plantlets regenerated by in vitro culture were 100% similar to the mother plant where the similarity index equaled 1.0. This result emphasized that the amplified products exhibited monomorphisms among all the in vitro plants that were similar to their mother plant which proved no polymorphisms or changes in the amplified DNAs within micro propagated plants. During in vitro culture, the propagation methods, genotype, nature of the tissue, type and concentration of growth regulators, and duration of subcultures are important factors that determine the frequency of variation (Pierik, 1997, Bairu et al.,2006) this result same to Smikal et al.,( 2007) who found pea maintained over an elongated period (24 years) remained genetically secure and was similar to the original genotype and different from Rodrigues et al. (1998) who found 3.8% somaclonal variants in Nanicao appeared after 11 subcultures, that emphasize the extended time in culture increase the number of somaclonal variants as that noticed in wheat regenerate and banana (Hartmann et al., 1989, Bairu et al.2006)  
CONCLUSION 
 The conclusion that could be drawn from this study is that full MS media supplemented with 30 g/l sugar was the best media for Ixora micropropagation and MS media was far better than WPM because it is much richer in macro and micronutrients than WPM. The estimation of the genetic similarity coefficient based on the ISSR band indicated that acclimatized plantlets derived from the 6th subculture were 100% similar to the mother plant.   REFERENCES 1. Amin M.N., Ahmed S., Alam M.R and Azad M.A. (2002).  In vitro rapid clonal propagation of an ornamental plant 
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ABSTRACT 

Orchid is one of the most important cut flowers, grown in Sri Lanka for export 
and local market. One of the majors constrains in expanding the orchid cultivation is 
limited supply of quality planting materials. Micropropagation techniques can be 
successfully applied for mass propagation of orchids by the micropropagation is 
expensive thus increase the cost of production. Therefore, this research was 
undertaken for replacement of expensive agar for in vitro subculturing of Cattaleya 
seedlings. Two-month-old Cattleya seedlings were subcultures on Murashige and 
Skoog media (MS) as basal media. As gelling agents’ sago, semolina, corn flour, 
semolina + agar, and corn flour + agar was used. Control treatment was carried out 
with agar. Cultures were maintained inside the culture room. Number of leaves, 
number of roots, leaf length, leaf width and percentage of contaminations were 
recorded at four-week intervals. Sago and semolina + agar showed higher 
performance and low contamination percentage as alternative gelling agent in the MS 
media. The results of this study propose that sago, semolina, and corn flour can be 
used as an alternative gelling agent in MS media for subculture practices of orchids. 

Keywords: alternative gelling agent, alternative water source, Orchid subculture 
INTRODUCTION Micropropagation is the practice of rapidly multiplying stock plant material to produce many progenies plant under specific control environment condition. It is used to multiply novel plants, such as those that have been genetically modified or bred through conventional plant breeding method. It is also used to provide enough plantlets from a stock plant which does not produce seeds or does not respond well to vegetative reproduction. Using the appropriate growing conditions for each explants type, plants can be induced to rapidly produce new shoots and new roots with the addition of suitable hormones. These plantlets can also be divided, usually at the shoot stage, to produce large numbers of new plantlets. The new plants can then be placed in soil and grown in the normal manner. 
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A Tissue culture was used for the first time in 1960 (Arditti and Ernst, 1993). Tissue culture technique is highly successful to get virus free plants. Today tissue culture is preferred for commercial propagation of orchids. Both liquid and solid media are used for the orchid tissue culture. The explants after being isolated from the shoots are cultured in or on the desired medium under sterile conditions; offer to produce clones of a plant. Arditti and Ernst (1993) stated that many protocols have been developed for large- scale propagations of several orchid species (including Cymbidium, Vanda, Phaphiopedilum and 
Phalaenopsis) through in vitro culture of various plant parts. Tissue culture is one of the most important developments in the commercial production of orchids (Prasad, 2019). Most of the orchids of commercial importance have been propagated using tissue culture through the formation of protocorm like body (PLB) except for some recalcitrant species such as 
Paphiopedilum (Tokuhara and Mii, 2001). Proliferation of PLB is often the only means of increasing the number of orchids, which produce few seeds or may not germinate well (Murdad et al., 2006). The success in cell, tissue and organ culture technology depends on the culture medium. As no single medium will support the growth of all tissue cultures therefore modifications in the nutritional component including growth regulators are often necessary for different types of growth responses in a single explants’ material (Álvarez et al, 2019). There are various media compositions which are frequently used for plant tissue culture. A nutrient medium generally contains inorganic salts, vitamins, growth regulators, a carbon source and gelling agent. Other components added for specific purposes include organic nitrogen compounds, amino acids, antibiotics, and plant extracts (Álvarez et al, 2019). Arditti and Ernst, (1993) stated that both solid and liquid media are suitable for orchid proliferation, which is generally faster and more extensive in the latter, both shaken and stationary, except for Paphiopedillum. Apart from Knudson C, media used in tissue culture of orchids include Murashige and Skoog medium (MS), Nitsch and Nitsch (NN), Vacin and Went, White, Gumborg, Bergeff etc. commercially available formulations of culture media also used (Bose et al., 2002). Gelling or solidifying agents are commonly used for preparing semi solid or solid tissue culture media (Álvarez et al, 2019). Washed or purified agar of TC grade or Difco-bacto agar grade is used in tissue culture. In static liquid cultures the tissues or cells become submerged and die due to lack of oxygen.  Gel provides a support to tissues growing in static conditions. The media which is used for tissue culture technique is expensive because of media components are costly, such as for chemicals and gelling agent. However, media chemical cost is cheaper than the gelling agent. Media chemicals cost less than 15% of micro-plant production (Prakash et al, 2004). In some cases, the cost may be as low as 5% for the medium components. The gelling agents such as agar contribute 70% of the costs. Other ingredients in the media - salts, sugar and growth regulators have minimal influence on production cost and are reasonably cheap. However, low-cost options are available to replace expensive gelling agents, sugars and reduce the cost of water.  The growth of cultures and production of shoots or roots is strongly influenced by the physical consistency of the culture medium. Gelling agents are usually added to the culture medium to increase its viscosity because of which plant tissues and organs remain above the surface of the nutrient medium. Many gelling agents are used for plant culture media, e.g., agar, ‘Agarose’, and ‘Gellan gum’, and are marketed under trade names such as ‘Phytagel, Gelrite’ (Sigma Co., Merck & Co. Inc, Kelco division), and ‘Gel-Gro’ (ICA Biochemicals). Agar is the most used gelling agent for preparation of solid and semi-solid media. It contributes to the matrix potential, the humidity and affects the availability of water and dissolved substances in the culture containers (Debergh, 1983).  Various brands and grades of agar are available commercially, which differ in the amounts of impurities, and gelling capacity. Agar brands vary widely in price, performance, and 
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composition. It is the actual use and experience, which ultimately determines the choice of agar brand in a specific system and for a plant species. It is usually unnecessary to use high purity agar for large-scale micropropagation; cheaper brand of agar have been successfully used for industrial scale micropropagation (Boxus and Druart, 1986). 
Cattleyas are among the most grown orchids, and their culture is often used as the basis for comparison with other types of orchids. Like most other cultivated orchids, Cattleyas are epiphytes, or air plants. They have well-developed water-storage organs (called pseudobulbs) and large, fleshy roots. They should be potted in a porous, free-draining medium.  The most used are fir bark, shredded tree-fern fibber, various types of rock, processed coconut fibber and, lately, mixes based on peat moss and perlite. Keep out of cold, dry air while in bloom. For a long period, a Cattleya arrangement was a requirement for any special occasion and as a result the Cattleya has often been called the Queen of Orchids. While no longer the reigning queen of the orchid floral industry it is difficult not to be impressed by a well-flowered Cattleya. No longer limited to white and various shades of lavender and purple, high-quality flowers are available in the entire colour scale (except true blue) and in a wide range of plant sizes. Most Cattleyas and their relatives are easy to grow. With reasonable care, they can be grown anywhere in the world. The use of alternative media instead of agar is profitable to lower the cost of production of tissue culture technique. Cheaper alternatives to agar include various types of starches and plant gums (Pierik, 1989, Mohapatra and Batra, 2001). The National Research Development Corporation, India (NRDC, 2002) has listed low-cost agar alternatives, which are worth evaluating for routine use in commercial micropropagation. Gelrite can be replaced with starch-Gelrite mixture (Kodym and Zapata, 2001). The use of liquid media eliminates the need o f agar. Other options include wheat flour, laundry starch, semolina, potato starch, rice powder and sago. For micropropagation of ginger and turmeric, the combination of certain gelling agents gave growth as good as on agar-based media. The use of laundry starch, potato starch and semolina in a ratio of 2:1:1 reduced the cost of gelling agent by 70-82% (Ahloowalia et al, 2004). However, the addition of such gelling agents to the medium also has some disadvantages. Some gelling agents contain inhibitory substances that hinder morphogenesis. Appropriate concentration of agar should be used for large-scale production. To lower the cost of production in large scale alternative gelling agents can be used. Sometimes it is more advantageous than using expensive agar. The shoot proliferation is better on corn starch-medium than on agar. The cost of Corn starch was $1.8/kg compared with $200/kg of agar. Find out an alternative gelling agent/combination of gelling agents to replace agar. When practicing the tissue culture technology in Asian countries, people are facing to various problems. It needs special equipment and materials. When consider about cost of media, chemicals, gelling agent, and water, these are the continuance cost of tissue culture. In some cases, the cost may be as low as 5% for the medium components. The gelling agents such as agar contribute 70% of the costs. Other components which are used for tissue culture techniques are having minimum influence on the cost of production since they are very cheap. Plantlet producers must reduce the cost for gelling agents and water. With the development of tissue culture techniques there are some pathways to reach low-cost alternative medium components. Agar is the most used gelling agent for preparation of solid and semi-solid media.  It contributes to the matrix potential, the humidity and affects the availability of water and dissolved substances in the culture containers. In this study our focus on sago, semolina, corn flour, wheat flour, laundry starch, rice powder and potato powder can be used as alternatives for agar.   This study was focused on evaluating the effect of alternative media components on growth and development of Cattleya seedlings. 
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MATERIALS AND METHODS The experiments were conducted at the Tissue Culture Laboratory, Floriculture Research Unit, Royal Botanical Gardens, Peradeniya. All the glassware including culture bottles, Petri dishes, and conical flasks, beakers, reagent bottles, measuring cylinders and pipettes were washed thoroughly using water and detergent solution (Teepol) and finally rinsed with distilled water. Metal tools (Scalpers and Forceps) and petri dishes were covered with papers and were sealed in cellophane bags. Then all the glassware and metal tools were sterilized using autoclave with 121°C temperature and 1.06 kg/cm2 pressure (wet heat) for 20 minutes. Thoroughly cleaned culture bottles were sterilized using oven under 160°C temperature for 2 hours. Table 1. Required chemical amounts, need to prepare one 1-liter stock solutions of MS media and concentrations of the stock solutions. 

Stock solution Included Chemicals Chemical 
amount 

per 1L of 
media(mg) 

Required 
chemical 

amount(g) 

Concentration 
of stock 

solution (mL/L) 

MS A 
(10*concentration) 

NH4NO3 1650 16.50 100 KNO3 1900 19.00 
MS B 
(10*concentration) 

CaCl2 440 4.4 100 
MS C 
(10*concentration) 

MgSO4.7H2O 370 3.7 100 KH2PO4 170 1.7 
MS Micro 
(100*concentration) 

H3BO3 6.2 0.62 10 MnSO4.4H2O 22.3 2.23 ZnSO4.7 H2O 8.6 0.86 Na2MO4 0.25 0.025 CuSO4.5 H2O 0.025 0.0025 CoCl2.6 H2O 0.025 0.0025 KI 0.083 0.083 
MS IS 
(100*concentration) 

FeSO4.7H2O         27.8 2.78 EDTA 37.3 3.73 10 
MS Vitamin 
(10*concentration) 

Nicotinic acid       0.5 0.005 100 Glycine                 2 0.02 Thiamine              0.1 0.001 Pyridoxine            0.5 0.005 Inositol                 100 1 
Kinetin 100mg/100ml 
2,4-D 100mg/100ml The tools that have been sterilized were removed from their wrapping, dipped in 100% ethyl alcohol, and exposed to the heat of a flame. After each step instrument which was used previously was dipped again in ethyl alcohol and reframed. The laminar flow cabinet was switched on 20 minutes before start culturing and surface sterilized with 100% alcohol. Murashige and Skoog (MS) media was used in all the experiments. Exact amounts of chemicals which required preparing the stock solutions (Table 1) were weighted correctly with analytical balance and dissolved in de-ionized doubled distilled water while stirring. After the chemicals were dissolved well, their volume was adjusted up to correct volume and stored in the refrigerator (4°C). Distilled water was used as water source. pH was adjusted to the range of 5.6-5.80. Solution was heated by using gas cooker. When the nutrient solution was boiling, gelling agent was dissolved by thoroughly stirring. The media was poured into sterilized empty jam bottles covered by cellophane film. 45ml of media was 
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poured into each bottle, and media height was about 1.5cm. Finally, the media was autoclaved under 121°C and 1.5kg/cm2 for 20 minute. Using sterilized tools under a laminar flow cabinet mature old leaf of two-month-old in vitro cultured seedlings were cut and removed. Seedlings were established on different gelling agent media bottles by using forceps. Four seedlings were established in one jam bottle. The culture bottles were sealed well with cellophane films and maintained in an air-conditioned growth room at 26 ± 2°C, 25 % RH and under fluorescent illumination with 16-hour photoperiod. After about 4 weeks (after the plants were well established on the medium showing a better growth) the established plants were transferred to a same media. They were also maintained under the same conditions as described above. The experiment was arranged as a RCBD (Randomized complete block design) with 10 replicates. Observations and data collection were done accordingly.  Data were analyzed by using SAS computer package to check whether significant differences exist between treatments by ANOVA procedure at 5% probability level. Mean separation was done using Dunnett’s test. 
RESULTS AND DISCUSSIONS When using sago as a gelling agent there was no significant difference in growth parameters compared with control (agar) (Table 2). Then contamination occurred in sago medium was 13% (Figure 2). Semolina treated medium was not significantly affected on the growth parameters, except leaf length when comparing with control. Leaf length showed the lowest significant difference compared with agar medium (Table 2). Also, the contamination percentage was quite higher than in other medium. It was 20% contamination occurred in semolina medium (Figure 2). Corn flour treated medium was not significantly affected on growth parameters except number of leaf & leaf length, when compared with agar medium. Number of leaf and leaf length showed lowest significant difference compared with agar medium (Table 2). The contamination percentage was 12%in corn flour medium (Figure 1). Semolina and agar medium were not significantly affected on all growth parameters, when compared with control (Table 2). The contamination percentage was 13 % (Figure 2). Corn flour and agar mixture of gelling agent also not significantly affected on growth parameters except for number of leaves compared with control. Number of leaves showed lowest significant difference compared with control (Table 2), while making the contamination percentage was 11% in this medium (Figure 2). In this study we also assess the cost of the media which was used for propagation of Cattleya seedlings. Semolina shows a huge profit somewhat 87% which is way forward compared with the other gelling agent (Table 3). To reduce the cost, we combined Semolina with the Agar, variant which also shows a 50% profitable with less contamination (Data not shown).  Table 2. Effect of different gelling agent on growth parameters in MS media 

Treatment No of roots No of leaves Leaf length(mm) Leaf width(mm) Sago 4.81 5.125 12.25 7.15 Semolina 4.625 4.55 11.675*** 7.575 Corn flour 4.395 4.175*** 11.725*** 6.375 Agar - Control 4.975 5.1 16.1 7.325 Semolina+Agar 5.775 5.125 14.775 8.265 Corn flour + Agar 4.85 4.225*** 14.775 7.2 
Comparisons significant at the 0.05 level are indicated by ** 



58 

Figure 1. Growth of Cattleya seedlings in different mediums of MS A-Sago, B-Semolina, C- Corn flour, D-Agar, E-KNC control media Table 3. Cost reduction in MS media for different gelling agent 
Treatment g/l l/kg Wt. of Agar need 

to produce 142.8 l 
of media (kg) 

Price/kg 
(Euro) 

Total cost 
(Euro) 

Profit 
(Euro) 

Profit 

 % Sago 120 8.3 17.2 0.86 14.77 42.48 74 Semolina 90 11.1 12.9 0.57 7.39 49.87 87 Corn flour 90 11.1 12.9 1.29 16.62 40.63 70 Agar 7 142.8 1 57.25 57.25 0.00 0 

Figure 2. Contamination percentage of different gelling agent on MS media 
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Worldwide people are enthusiastic on micro propagation and facing a great difficulty to reduce the cost of production. In Africa sweet potato (Ipomoea batatas (L.) Lam) is the second most important root crop after cassava. Kodym has focused to reduce the cost of sweet potato tissue culture nutrients by using affordable alternative nutrient sources (Kodym et al., 2012). They developed a new medium with conventional sources of Murashige and Skoog (MS) salts were substituted with Easygro® vegetative fertilizer containing both macro and micronutrients. Low-cost banana tissue culture was carried by substituting the following ingredients such as normal tap water, table sugar, and agar is replaced by isabgol in MS medium. Norhayati et al., (2011) used four kinds of commercial starch or flour as alternative for gelling agents and coconut water as an organic additive in the culture medium has reduced the cost of the medium and there is no significant growth difference compared to the original gelling agents. In low-cost media, tapioca was used as substitute of agar and replacing sucrose with sugar cane, because of low cost and easy availability (George and Manuel, 2013). Calcium ammonium nitrate, Single super phosphate Muriate of potash and sugar cane were used as low-cost media in place of MS salts. The plants produced using LC media were consistently better for shoots and proliferation. 
 
CONCLUSIONS  
 It has been stressed time and again that in the long-term agriculture and forestry need to be sustainable, using little or no crop-protection chemicals, have low energy inputs and yet maintain high yields, while producing high quality material. Biotechnology-assisted plant breeding is an essential step to achieve these goals. Plant tissue culture techniques have a vast potential to produce plants of superior quality, but this potential has not been fully exploited in the developing countries. According to the results it can be concluded that agar can be replaced with sago and Agar + Semolina as gelling agent in MS media and agar used in KNC media to reduce the production cost and obtain quality material. In this study we found an alternative gelling agent. Sago and semolina + agar showed higher performance and low contamination percentage as alternative gelling agent in the MS media. Sago, corn flour, sago + agar, semolina + agar and corn flour + agar showed higher performances and low contamination percentage in KNC media.  
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ABSTRACT 

Broomrapes (Orobanche and Phelipanche spp.) rely on the presence of a host 
plant for nourishment. Based on the release of specific molecules by the crop plant, 
their seeds germinate and eventually establish a vascular connection with host roots 
through a haustorium. Therefore, they deprive their hosts of water and nutrients, 
posing a severe threat to vegetable and legume crops worldwide. Due to their growth 
behaviour, amount and longevity of seeds released, and, generally, a large variety of 
hosts, the control of parasitic plants is rather difficult. In this review, we give an 
update about agronomic and genetic approaches controlling host-parasite 
interactions. Management of broomrapes in vegetables and legumes relies on 
different approaches: trap and catch crops; suicidal germination by strigolactones 
(SLs), analogues and mimics; SL degradation; biological and chemical control; other 
control methods. Further, the production of resistant cultivars is highly desirable. 
Some natural sources of resistance have been identified in landraces and wild 
relatives of vegetable and legume crops. Additional variability has been discovered by 
artificial mutagenesis, but it has been poorly exploited for breeding commercial 
cultivars. Recent genomic knowledge in parasitic and host species opens new 
perspectives for the comprehension of molecular bases of interaction and applied 
breeding, using molecular assisted breeding and biotechnological approaches aimed 
to modify genes controlling the various stages of parasitization. Anyway, the 
combination of different genetic resistance mechanisms with agronomical 
management practices is mandatory to develop a durable containment strategy. 

Keywords: Broomrapes, Orobanche, Phelipanche, Strigolactones, Vegetables, Legumes. 
INTRODUCTION Hemi- and holoparasitic plants depend on a host plant for nourishment, using a haustorium that establishes a vascular connection between the two organisms. They lack a root apparatus and have lost, partially or completely, the ability to photosynthesize. Broomrapes (Orobanche and Phelipanche spp.) and witchweed (Striga spp.), members of Orobanchaceae, and dodders (Cuscuta spp.), belonging to Convolvulaceae, can determine significant yield losses (Fernández-Aparicio et al., 2016; Rubiales et al., 2018). 
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While Cuscuta spp. grow above-ground and attack the epigean organs of many crops, (Albert 
et al., 2008; Runyon et al., 2010; Kebede and Ayana, 2018), broomrapes and witchweed grow underground, after the perception of secondary metabolites released in the rhizosphere by host roots (Bouwmeester et al., 2021). Subsequently, tubercles develop on infected roots from which new shoots will grow (Figure 1). Striga affects mainly cereals (e.g., sorghum - Sorghum bicolor L.; rice - Oryza sativa L.; maize - Zea mais L.) and legumes (cowpea – Vigna unguiculata (L.) Walp.) in tropical and sub-tropical areas (Joel, 2000), whereas Orobanche spp. and Phelipanche spp. are preferentially present in agroecosystems with a Mediterranean climate (i.e., southern Europe, northern Africa, and Middle East, but also some areas of California, Chile, and Australia (Casadesús and Munné-Bosch, 2021). The infestation of Orobanche and Phelipanche spp. involved about 16 million hectares in 1991 worldwide (Parker, 2009). 

Figure 1. Infestations of Orobanche crenata (a,b) and Phelipanche ramosa (c) in broad bean and tomato fields, respectively. In (d) germinating seeds of P. ramosa. Bar in panel d is about 1 mm. Out of ten broomrape species relevant to agriculture, five (P. ramosa (L.) Pomel., P. 
aegyptiaca (Pers.) Pomel., O. crenata Forssk., O. foetida Poir. and O. cernua Loefl.) affect vegetables and legumes (Kebede and Ayana, 2018) (Figure 2). O. crenata, and to a lesser extent O. foetida, preferentially colonize carrot (Daucus carota L.) and legumes, especially faba bean (Vicia faba L.), chickpea, pea (Pisum spp.), lentil (Lens esculenta Moench.), with about 4 million Ha of legumes at risk in the Mediterranean region (Parker, 2009). O. cernua 
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constitutes a severe risk in Solanaceae crops, including tomato, pepper (Capsicum annuum L.) and eggplant (S. melongena L.). Tomato and potatoes can be parasitized also by P. ramosa (L.) Pomel., with up to 80% of losses in tomato production (Casadesús and Munné-Bosch, 2021). P. aegyptiaca affects the same hosts as P. ramosa plus cucurbits (Cucurbitaceae) and legumes (Parker, 2009; Fernández-Aparicio et al., 2012; Rubiales et al., 2016; Casadesús and Munné-Bosch, 2021). Agronomic and genetic approaches to combat Orobanche spp. and Phelipanche spp. attacking vegetable and legume crops are discussed in the present review.  

 Figure 2. Distribution of Orobanche crenata, O. cernua, Phelipanche aegyptiaca and P. ramosa in Europe and the Mediterranean Basin. Extracted from The Euro+Med PlantBase (https://europlusmed.org/).  
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LIFE CYCLE Seeds of Orobanche spp. and Phelipanche spp. can persist in the soil for many years. They germinate only in appropriate moist and temperature conditions, and in the presence of the proper stimulus (Bouwmeester et al., 2021).  The latter is exuded in the rhizosphere by host roots (Waters et al., 2017) and is represented mainly by strigolactones (SLs), phytohormones involved also in the inhibition of secondary shoot branching, thus in plant architecture, and interactions with arbuscular mycorrhizal fungi (AMF) (López-Ráez et al., 2008a; Casadesús and Munné-Bosch, 2021). Parasites can discriminate against hosts based on the identity of exudated SLs (Clarke et al., 2019). Indeed, plant species/ecotypes produce more than 25 SL types and combinations (Brun et 
al., 2021). They derive from carotenoids and several key genes of their biosynthetic pathway have been characterized in past years (Seto et al., 2014; Jia et al., 2018). Other molecules (e.g., sesquiterpene lactones, polyphenols, and isothiocyanates) can be also involved in the germination of some parasitic species, such as O. cumana (Raupp and Spring, 2013), O. 
foetida (Evidente et al., 2010), and P. 66ramose (Auger et al., 2012). Upon germination, pseudo-roots of the parasitic plant move towards host roots sensing an SL gradient. Thereafter, a haustorium is differentiated thanks to specific haustorium-inducing factors (HIF) (i.e., flavonoids, phenolic acids, quinones, cyclohexene oxides, and cytokinins). The parasite’s endogenous levels of auxins and cytokinins allow for the correct growth and development of haustorium, until it reaches and invades the host root (Goyet et 
al., 2017, 2019; Clarke et al., 2019; Casadesús and Munné-Bosch, 2021).  Auxins and cytokinins are fundamental, respectively, also for the correct formation of the vascular continuum between the two organisms (Aloni, 2015), and for the maintenance of the source-sink connection (Roitsch and Ehneß, 2000). Jasmonic acid, salicylic acid and abscisic acid (ABA) are also involved in the initial stages of holoparasitic plant–host communication (Gutjahr and Paszkowski, 2009; Torres-Vera et al., 2016). After the attachment to the host root vasculature, tubercles develop on the root surface. These structures contain a reserve of hexoses, amino acids, and starch necessary to support the emergence of above-ground shoots carrying flowers and seeds (Draie et al., 2011; Abbes 
et al., 2009). Seeds, very small and numerous, facilitate the dispersion and formation of a persistent seed bank in the soil (Delavault, 2015).  Parasite plants withdraw water, nitrogen, and carbohydrates from the host (Péron et al., 2017), exchanging, at the same time, micro-RNAs that interfere with host mRNAs connected to several functions (auxin receptors, development regulators, pathogen defense, and phloem function) that increase the parasite fitness (Clarke et al., 2019). The management of Orobanche spp. and Phelipanche spp. is not an easy task, due to interactions with multiple hosts, the underground mechanism of parasitism, the ability to synchronize the life cycle with that of the host, and the high reproductive potential (Fernández-Aparicio et al., 2016). 
MANAGEMENT The main difficulties in controlling parasitic Orobanchaceae weeds are due to the characteristics of the parasitism and the properties of their seeds. The physical and physiological connection between host and parasite hamper most of the direct control methods (e.g., mechanical, physical, and chemical) attempting to control the weed without damaging the host.  The enormous seed production by each plant, the minute size of the seeds, their longevity, and easy dispersal cause a rapid increase in the soil seed bank, even when the original infested area is minimal, or when only a few plants are left after effective management 
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practices, making of an infested field, a field permanently infested. Thus, the ‘indirect’ control, i.e., the containment of infested areas and prevention of seed dispersal should be a major objective of parasitic weed management strategies, besides direct control interventions against the parasites.  Table 1. Examples of control strategies for the management of Orobanche and Phelipanche spp. in vegetables and legumesa. 

a For a more comprehensive list of control strategies, see Fernández-Aparicio et al. (2016) 
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Considering the importance of SLs in the life cycle of these parasites, some management strategies act at this level, e.g., trying to prevent the stimulation of seed germination, or conversely to favor it, in the absence of a host (Table 1). 
Trap and Catch Crops Trap crops are non (false)-host crops, the roots of which release strigolactones, thus stimulating parasitic plant seed germination. Since they are not a host, the viable connection of the haustorium to the host root is prevented, and thus any further development of the parasite (Parker and Riches, 1993). Catch crops are host plants that also produce strigolactones but do allow attachment by the parasite. In this case, the crop is simply removed from the field after the parasite seeds have germinated (and possibly attached), but before flowering and seed dispersal of the parasite are initiated. Thus, any susceptible crop can be a potential catch crop. What makes a species more suitable as a catch crop is thus the structure of the root system and the capability to release SLs. The aim of using trap and catch crops is not to directly control the parasitic weeds, but rather to reduce the infestation over time, by reducing the seed bank in the soil. This effect is also defined as “suicidal” germination. Trap crops can be used both for intercropping, i.e., by growing it in between the main crop, and as the main crop on itself.  Besides its main effect, the induction of seed germination, a non-host crop can potentially also contribute to parasitic weed control by providing shade and reducing soil temperature (as a cover crop). Several trap crops have been reported to reduce broomrape seed banks (even if some of them were effective only under controlled conditions), such as sorghum (S. bicolor), flax (Linum usitatissimum L.) and soybean (Glycine max L.) (Al-Menoufi, 1989; Kleifeld et al., 1994; Saxena et al., 1994). Other examples of effective broomrape trap crops include different wheat cultivars against O. minor, radish, linseed, fennel, and cumin against P. 
aegyptiaca; and hybrid maize against O. cumana (Acharya, 2014; Aksoy et al., 2016).  Important crops reported as potential catch crops for broomrape control are faba bean, field mustard (Brassica campestris L.), white mustard (Sinapis alba L), lentil (Lens culinaris Medik.), berseem clover (Trifolium alexandrinum L.) and fenugreek (Trigonella foenum-
graecum L.) (Sauerborn and Saxena, 1986; Parker and Riches, 1993; Kleifeld et al., 1994; Dhanapal et al., 1996; Acharya et al., 2002; Fernández-Aparicio et al., 2008). 
Suicidal Germination by SLs, Analogues and Mimics As an alternative to trap and catch crops, which require that they are grown for a certain period on the contaminated field, suicidal germination can potentially also be provoked by applying compounds with stimulatory activity directly to the field. Also, in this case, the parasitic seeds would germinate in the absence of a host and then would not survive. Generally, the most active molecules inducing seed germination are the naturally occurring SLs. Unfortunately, the structures of natural SLs are very complex, and thus their synthesis for effective field applications is not feasible. Therefore, alternative approaches to producing germination stimulants have been explored, such as the synthesis of simpler and cheaper SL analogs, the use of natural compounds from other sources, and the use of other compounds from whatever origin with stimulatory activity. Natural products that have similar activity as SLs have been isolated from a cultivar of sources. For example, dehydrocostus lactone was identified in the root exudates of sunflower as the natural germination stimulant for O. cumana, a root parasite specific of 
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sunflower (Joel et al., 2011); dihydrosorgoleone was identified in the root exudate of sorghum and proved to stimulate the germination of S. asiatica seeds (Chang et al., 1986); peagol and peagoldione were isolated from pea (Pisum sativum) root exudates and exhibited germination stimulatory activity in particular on P. aegyptiaca (Evidente et al., 2009), whereas soyasapogenol B and trans-22-dehydrocampesterol were isolated from common vetch (V. sativa) exudates and stimulated germination of different broomrape species (Evidente et al., 2011). However, most of these compounds proved to have only a modest stimulatory activity only under lab conditions. Thus, their use for controlling parasitic weeds is very far from being put into practice. 
 
SL Degradation 
 A different approach proposed for controlling root parasitic weeds is the degradation of the SLs soon after they are released into the soil by the host roots, and before the stimulatory signal reaches the seeds of the parasite. In this case, the aim of this approach would not be a reduction of the seed bank over time, but rather to enable the growth of susceptible crops on infested fields. To achieve this, both chemical and biological approaches were explored.  For the chemical approach, borax, an inexpensive and eco-friendly salt, was successfully tested under laboratory conditions (Kannan and Zwanenburg, 2014).  For practical field applications, formulation of borax would be necessary, and the method should be optimized to avoid too high a concentration of boron in the long run due to its continuous use. For the biological approach, microbes able to degrade SLs were tested in lab conditions (Boari et al., 2016). However, both strategies are still very far from practical field application. 
 
Biological control 
 This approach is based on the use of living organisms (e.g., insects, pathogenic fungi, and bacteria) to suppress or reduce parasitic weed growth and diffusion. This control method was and still is considered very promising because the long underground growth stages of the parasitic plants are ideal targets for the biological control agents. However, although considerable attention and efforts have been given to this approach, until now no biological control agents have reached the field application. Many insects have been collected on Orobanche, but most were not specific to parasitic plant species (Klein and Kroschel, 2002).  The fly Phytomyza orobanchia Kalt was reported to be host specific on Orobanche, but its effectiveness and the distribution of its population are limited because of the presence of antagonists and some cultural practices. Moreover, since only the insect’s immature stages are seed-feeders, the impact is limited to the reduction of the seed bank into the soil over time. The results indicated that the biocontrol agents in most cases do not provide the level of control desired by farmers. Soil microorganisms interfering with parasite life cycle are also very attractive. Numerous fungi and bacteria can infect parasitic weeds (Barghouthi and Salman, 2010), while other microbes may improve crop growth and deter parasitic attacks. Soils that naturally suppress populations of parasitic weeds occur (Zermane et al., 2007). Vital and intensive interactions occur amongst the host plant, soil, and microorganisms in the rhizosphere of parasitic plants. Important biochemical interactions and exchanges of signal molecules occur between parasitic plants and soil microorganisms (Bouwmeester et al., 2007). Like other plants, also broomrapes can be attached by plant pathogenic fungi. There were early attempts in the former Soviet Union, Hungary, China, and Iran to exploit pathogens 
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including Fusarium lateritium Nees: Fries, F. solani (Martius) Saccardo, F. oxysporum, and 
Rhizoctonia solani J.G. Kuhn for broomrape biocontrol, including the formulation and distribution of a quite mysterious ‘Product F’ in Russia (Parker and Riches, 1993). Later, many other fungal isolates were reported to be promising biocontrol agents for the control of Orobanche. Approximately 30 fungal genera are reported to occur on Orobanche spp., being Fusarium sp. the most frequently associated with diseased Orobanche (Watson, 2013). The Fusarium (FOO) isolate exclusively attacks O. cumana and susceptible biotypes of O. aegyptiaca (Thomas, 1998). Other Fusarium isolates [F. oxysporum (FOXY) and F. 
arthrosporiodies (FARTH)] attack O. aegyptiaca, O. cernua, and O. ramosa (Amsellem et al., 2001). Strains of F. oxysporum and F. solani were isolated in southern Italy (Boari and Vurro, 2004). 
Chemical control Chemical control has been extensively explored since the ‘70s, and three main approaches have been taken into consideration, i.e., (a) soil fumigation (Foy et al., 1989); (b) application of the herbicide through the soil (Hershenhorn et al., 1998a ; Goldwasser et al., 2001); (c) leaf application with translocation of the herbicide through the host plant foliage into the root-attached parasite (Goldwasser et al., 2001 Eizenberg et al., 2004).  Methyl bromide was a highly effective fumigant for controlling broomrape seeds in the soil, but it has been banned since many years due to its very negative impact on the environment; other registered fumigants (e.g., dazomet, metham sodium, 1,3-dichloropropene, methyl iodide, ethylene dibromide) have proved to be less effective in broomrape seed control. Obviously, this approach aims at eliminating all the seeds of the parasitic plant species. It is effective also against other organisms (even beneficial) living in the soil and can be applied only in absence of the crop.  A more ‘natural’ approach is the use of crops able to release allelopathic compounds acting as natural fumigants and able to inhibit seed germination (see above). Broomrapes are more sensitive to herbicides in the underground stages of their lifecycle than in the above-ground developmental stages (Eizenberg et al., 2004, 2018). Therefore, understanding the dynamics of parasitism is necessary to effectively control the parasite using herbicides. In non-parasitic weeds, the herbicide rate can be specifically adjusted according to the phenological stage when weeds are observable. However, the target stage for broomrape control using herbicides occurs when the broomrapes are in their subsurface stages, for example at the stage of seedlings or small attachments.  Another issue that is critical for the success of chemical control is delivering the herbicide to the broomrape throughout the growing season, considering that the seeds of the parasites continuously germinate and infect new roots. A limited number of herbicide modes of action are appropriate for broomrape control.  As broomrapes completely lack chlorophyll, herbicides that inhibit the photosynthetic system cannot be considered. Moreover, the parasite tissues are directly connected with host root tissues, allowing systemic herbicides to move from host to parasite. Thus, chemical control is complicated because: (i) chemical control can only be used as a prophylactic treatment, because in most cases the level of infestation is unknown, (ii) the parasite is directly connected to the host and, therefore, only highly selective herbicides can be used, (iii) if the herbicide reaches the parasite through the conductive tissues of its host, the host must be tolerant to the herbicide by mechanisms which are not based on its metabolic degradation or inactivation, (iv) the parasite germinates continuously throughout the season and throughout the entire cultivated soil-depth profile. 
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Herbicide application through the soil is intended to control germinating broomrape seeds or young attachments on host roots.  The effectiveness of this mode of application depends mainly on the phytotoxicity of the herbicide to the parasite and its selectivity to the host crop (Hershenhorn et al., 1998b; Goldwasser et al., 2001). Approaches for the selective control of broomrape using systemic herbicides are based on the aromatic amino acid synthesis inhibitor glyphosate, or the branched-chain amino acid synthesis, acetolactate synthase (ALS) inhibitors, imidazolinones and sulfonylureas (El-Rokiek et al., 215). Sulfonylurea herbicides are applied to the host plant and are rapidly translocated to the roots and the parasite (when attached) via acropetal and basipetal translocation.  Imidazolinone herbicides are absorbed and translocated through the host to the meristematic tissues where the ALS enzyme is highly active. Herbicide effectiveness and timing of application vary depending on the crop species (host) and herbicide. To achieve successful control, the developmental stage of the parasite should be known.  In the past, as it was unpredictable, an empirical approach to broomrape control was used. The time for herbicide application was estimated according to the calendar and did not consider thermal or physiological time. Protocols were based on the application of herbicides belonging to the sulfonylurea or imidazolinone families, or glyphosate, applied at low rates two to four times to crop leaves or to soil, starting 3 weeks after planting. However, the success of these control methods was limited or at least variable. 
Developing Models for Optimising Chemical Control of Root Parasitic Weeds.  The recent advent of new technologies allows the monitoring of parasite development under the soil surface, facilitating the development of modelling approaches for precise parasite control at its desired subsurface developmental stage. Therefore, new protocols based on predictions of the exact developmental stage of the parasite have been introduced.  The modelling approach describes and facilitates the prediction of host–parasitic weed interactions and population dynamics, by dealing with the order of specific phenological events such as seed germination, attachment to the host, tubercle development or parasitic weed emergence. The rate of germination of parasite seeds is estimated in terms of a particular number of germinating seeds in the host rhizosphere.  Thermal time-based models (cumulative growing degree days) to predict the dynamics of broomrape parasitism have been developed for O. cumana in sunflower, P. aegyptiaca in tomato and O. minor in red clover (Ephrath and Eizenberg, 2010; Vurro et al., 2017). The objective of these models is to predict the timing of specific developmental stages of the parasite which are sensitive to the herbicide, in order to facilitate optimal chemical control. For example, the integration of soil-applied herbicides together with post-emergence applied herbicides for P. aegyptiaca control in processing tomato proved to be particularly effective when following the application of a combination of one to three sulfosulfuron applications between 200 and 600 growing degree days (GDD) and one or two imazapic applications at a later growth stage. Overhead irrigation using either moving pivot or sprinkler irrigation for delivering sulfosulfuron into the soil was essential for successful applications.  
Herbicide-Resistant Crops for Broomrape Control. Herbicides used for broomrape management are not adequately selective to the crops. Long-term control could be attained if the crops do not metabolise the herbicide, that is, have target-site resistance.  When the host is target-site resistant to herbicides, systemic herbicide rates could be optimised for parasitic weed control.  Target-site resistances have allowed foliar applications of herbicides inhibiting enolpyruvylshikimate phosphate synthase (EPSPS) (glyphosate), acetolactate synthase (ALS) (e.g., chlorsulfuron, imazapyr) and dihydropteroate synthase (asulam) for Orobanche 



72 

control in experimental conditions with various crops (Gressel, 2009, and references therein). Large-scale use of imazapyr as a seed dressing of imidazolinone-resistant maize has been commercialised for Striga control (Gressel, 2009).  Herbicide-resistant hosts could be obtained by classical breeding (Clearfield cultivars), genetic engineering and mutagenesis. So far, it seems that only classical breeding and genetic engineering have the potential for commercialisation. Further research should be invested in breeding crops resistant to herbicides, either genetically modified or by mutagenesis or Clearfield selected. Even though the introduction of genetically modified crops is currently limited, herbicide companies are highly motivated to release Clearfield cultivars. Crop resistance to herbicides could represent a useful instrument for controlling parasitic weeds. However, the use of herbicide-resistant crops should be carefully managed to reduce the risk of developing herbicide resistances in the parasites.  In addition, research into the mechanism of herbicide action in host–parasite systems may open the way to using new herbicide families for the chemical control of parasitic weeds.  
Other control methods Cultural, mechanical, and physical practices have been attempted for parasitic weed control, including crop rotation, fallowing, transplanting, hand-pulling, nitrogen fertilization, time and method of planting, intercropping, and solarization (Parker and Riches, 1993).  The impact of these methods is quite modest, or evident only in the long run. Moreover, in general, only a few can be considered control methods (i.e., hand-pulling and solarization) whereas all the others tend to give some advantages to the crop with respect to the parasite (e.g., escape the germination, grow faster, or produce more biomass to better tolerate the attack of the parasite). These methods could contribute preventing the distribution of parasite seeds from infested to uninfected areas. 
Hand-pulling. This method could be effective for some crops, especially in fields with a relatively low infestation or where the land cover by crops is low, but it is very expensive and time-consuming. However, parasitic plants can be removed only after their emergence, when most of the damage has been accomplished.  Thus, removing mature plants from an infested field before seed dispersal will reduce only the number of seeds, not increase the host yield in the short term (Verkleij and Kuiper, 2000). 
Solarization. The exploitation of summer sunlight to reach high temperatures (55 °C) under clear polyethylene mulch covering the soil for several weeks is another approach to achieve the destruction of the parasitic weed soil seedbank.  Soil solarization was successfully applied in some European Countries and the Middle East for crops of tomato, eggplant, faba beans, lentil, and carrot, where the environmental conditions are favourable to the use of this method (Sauerborn et al. 1989; Mauromicale et 
al., 2005). 
Genetic Strategies Due to their growth behaviour, amount, and longevity of seeds released, and, generally, a large cultivar of hosts, the control of parasitic plants can be difficult.  The production of resistant crop cultivars, achieved by a number of different means, can represent a durable and reliable alternative to reduce their impact on cultivations (Table 2). 
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Table 2. Examples of various genetic approaches pursued to obtain resistant genotypes to Orobanche and Phelipanche spp. in vegetables and legumes 
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Conventional breeding Diverse genetic sources of resistance to Orobanche spp. and Phelipanche spp. have been identified in cultivated vegetable and legume cultivars  as well as corresponding wild relatives. The release of germination stimulants or haustorium-inducing factors in low amounts or in a different and/or less-inducing composition is responsible for pre-attachment resistance mechanisms, leading to the escape of parasitic-seed germination or haustorium-initiation. On the other hand, a resistance reaction directed to the establishment of the parasite depends on the accumulation of phenolic compounds (callose or suberin) in the cortex of a non-susceptible host plant, while a post-establishment resistance, gradually reducing parasite viability, is based on the accumulation into host vascular cells of mucilage-like substances that block nutrient translocation (Yoder and Scholes, 2010). Only moderate levels of resistance against P. aegyptiaca, P. ramosa and O. cernua were detected in tomato cultivars (Dalela and Mathur, 1971; Qasem and Kasrawi, 1995; Avdeyev 
et al., 2003; El-Halmouch et al., 2006; Hershenhorn et al., 2009; Draie, 2017). In some cases, an effect of host plant age on the response to P. aegyptiaca, likely depending on the varying composition of root exudates, was found (El-Halmouch et al., 2006; Hershenhorn et al., 2009). The tomato line PZU11 was reported to be completely resistant to P. ramosa and P. 
aegyptiaca only in field tests carried out in Russia, where is still used in breeding programmes (Avdeyev and Scherbinin, 1977; Foy et al., 1987; Avdeyev et al., 2003; Hershenhorn et al., 2009). Partial resistance against Orobanche and Phelipanche spp. was also shown by the tomato mutant line high pigment 2dg (hp-2dg) derived by the Manapal cultivar (Konsler, 1973), correlated to a low SL presence in root exudates (López-Ráez et al., 2008b). Some wild tomato relatives (Solanum pennellii, S. hirsutum, S. pimpinellifolium and S. 
chilense) showed absent or reduced amounts of emerged P. aegyptiaca shoots. Besides having the lowest capacity in inducing P. aegyptiaca seed germination, root exudates of S. 
pennellii displayed an inhibiting effect on developing tubercles, with an incompatible interaction following the haustorium penetration (El-Halmouch et al., 2006). Possible loci and genes involved in the resistance of the wild species to P. aegyptiaca were identified in two introgression lines (ILs) of S. pennellii LA716 in the genetic background of the tomato M82 (Bai et al., 2020). Pavan et al. (2016) selected a pea landrace highly resistant to O. crenata, with good yields in strongly infested soils. Compared to control, its root exudates showed a reduced concentration of SLs and stimulation of O. crenata seed germination. Advanced pea breeding lines resistant to O. crenata were obtained from a wide cross-programme between P. fulvum, 
P. sativum ssp. elatius, P. sativum ssp. syriacum and pea landraces. Such resistance occurred at the level of either reduced tubercle formation or further development. Remarkably, in broomrape-infested fields these lines gave higher yields than the parental pea cultivar Messire (Rubiales et al., 2020). In faba bean, several cultivars, derived mostly from the Egyptian donor line Giza402, showed variable degrees of resistance against O. crenata, based on a reduced penetration of the latter through the host vasculature (Nassib et al., 1982; Maalouf et al., 2011; Fernández-Aparicio et al., 2012). On the other hand, two breeding lines, Quijote and Navio, showed a lower induction of O. crenata, O. foetida and P. aegyptiaca seed germination, due to reduced release of germination stimulants in the root exudate (Fernández-Aparicio et al., 2012). In further experiments, the cultivar Baraca showed a broad-spectrum resistance and resulted to be the most resistant against all three species mentioned above (Rubiales et al., 2016). Chickpea accessions, resistant to O. crenata due to the reduced parasite seed germination, were also identified (Rubiales et al., 2003). Moreover, three chickpea genotypes partially 
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resistant to O. foetida showed a lower number of both attached and developed tubercles per host plant (Nefzi et al., 2016).  
Mutation breeding 
 Conventional mutagenesis was also applied to induce resistance to parasitic weeds in tomato and chickpea. Compared to the parental line M82, the tomato line Sl-ORT1 (S. 
lycopersicum Orobanche Resistant Trait 1), obtained by fast-neutron treatments, showed to be resistant against diverse Orobanche and Phelipanche species. In the mutant line, SL deficiency, together with reduced transcription of the gene SlCCD7 involved in SL biosynthesis, were found to be associated to the resistant phenotype. The latter was characterized also by increased branching, due to the lack of growth suppression of axillary buds related to SLs deficiency, and reduced AMF colonization (Dor et al., 2010, 2011; Koltai 
et al., 2010). Kostov et al. produced a large EMS-mutagenized tomato population, and six M2 plants were more resistant to P. ramosa infestation (Kostov et al., 2007). More tomato genotypes resistant to P. ramosa, P. aegyptiaca and O. minor were identified in TILLING (Targeting Induced Local Lesions IN Genomes) collections produced in Red Setter and Micro-Tom backgrounds. In the former case, the resistant genotype displayed an altered SL synthesis (Minoia et al., 2010; Disciglio et al., 2016;), while the Micro-Tom mutants were characterized by a point mutation in the CCD8 gene and by a branched phenotype. On the other hand, compared to the wild type, flower and fruit traits showed no significant differences (Hasegawa et al., 2018). Resistance against O. foetida was attained in five radiation-induced chickpea mutants, where the occurrence of either the alteration of SL exudation or the release of germination inhibitors was hypothesized (Brahmi et al., 2016), and in two faba bean mutants, which showed lower induction of seed germination and enhancement of some enzyme activities (Mejri et al., 2018).  
QTL mapping and molecular marker-assisted breeding 
 In some cases, genomic regions associated with resistance to broomrape were identified by employing molecular markers, genetic maps, and Quantitative Trait Loci (QTL) analysis (Fondevilla et al., 2010). In faba bean, three QTLs for broomrape resistance against O. 
crenata, scored as the number of emerged broomrapes, were found in a F2 population screened with isozymes, RAPD, seed protein genes and microsatellites. They explained 74% of the observed phenotypic variation (Román et al., 2002). In an F2 population of pea plants, two QTLs for O. crenata resistance were detected, but they explained only a moderate portion of the observed variation (Valderrama et al., 2004). In a subsequent work, four QTLs associated with field resistance, explaining a maximum of 33% of phenotypic variation, were identified in a RIL (Recombinant Inbred Lines) population derived from a cross between the wild Pisum sativum ssp. Syriacum, resistant to O. crenata, and a susceptible pea cultivar. Afterward, QTLs governing specific mechanisms of resistance, such as lower induction of O. crenata seed germination, lower number of established tubercles per host root length unit, and slower development of tubercles were highlighted (Fondevilla et al., 2010).  
Biotechnological approaches 
 Classical transgenic strategies have been employed to generate herbicide-resistant genotypes, which were insensitive to the herbicidal treatment, the active principle reaching and damaging the attached parasite, while moving through the root apparatus. In 
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acetolactate-synthase (ALS) transgenic carrots resistant to imazapyr (Aviv et al., 2002) and in transgenic asulam-resistant potatoes (Surov et al., 1998), effective control of P. aegyptiaca was achieved. In another strategy, the insect-derived sarcotoxin IA gene was expressed under a root-specific promoter in tomato. Pathogenicity assays with P. aegyptiaca-inoculated seeds showed the necrosis and abnormal growth of tubercles due to sarcotoxin effect, while tomato plants were not affected by the transgene (Radi et al., 2006). A key Orobanche gene (Mannose 6-phosphate reductase), involved in mannitol biosynthesis, was silenced in P. aegyptiaca after translocation of a M6PR-siRNA from engineered tomato plants. Because of the suppression of M6PR-mRNA, more necrotic tubercles and fewer underground shoots were observed (Aly et al., 2009). Similarly, tomato transgenic genotypes expressing a multiple-sequence RNAi construct targeting three P. aegyptiaca key genes – PaACS (1-amino- cyclopropane-1-carboxylate synthase), PaM6PR and PaPrx1 (peroxidase) showed the reduction of the number of tubercles (Dubey et al., 2017). When the RNAi approach was addressed to the tomato host genome, silencing two key genes involved in SL biosynthesis, CCD7 and CCD8, the level of SLs in both mutants decreased as well as P. 76amose root colonization, but plant morphology was severely affected by the SL deficiency, inducing dwarfing and increased branching in RNAi plants (Vogel et al., 2010; Kohlen et al., 2012). More recently, various genes involved in SL biosynthesis or transport have been edited in tomato through CRISPR/Cas9 technology, which allows to obtain precise mutations in the site of interest (Wakabayashi et al., 2019; Bari et al., 2019; Bari et al., 2021a; Bari et al., 2021b; Nicolia et al., 2021a). No or very low levels of SLs were detected in the root exudates of all mutants, which furthermore showed resistance to P. aegyptiaca infestation and, in one case, also to O. crenata and S. hermonthica. Except in one case (Wakabayashi et al., 2019), mutants showed the expected branched phenotype. Mutants in SlCCD8 and SlCCD7 genes were also obtained from protoplasts of tomato transfected with ribonucleoprotein complex (RNP) constituted by purified Cas9 and specific single guide RNAs (Nicolia et al., 2021b).  This procedure could allow the rapid generation of DNA-free tomato mutants carrying novel alleles conferring resistance against Phelipanche spp. and Orobanche spp. 
CONCLUSIONS AND PERSPECTIVES 

Orobanche and Phelipanche spp. represent an insidious threat to vegetable and legume crops, with increasing damage due to climate changes. The lore about the complex interaction between those parasitic species and their hosts has been improved only recently, with potential positive impacts on the development of innovative agronomic and genetic strategies. Several approaches for the management of these pests in the field have been developed and tested in the past few years. They include methods aiming to reduce the parasite seed banks in the soil, enable the growth of susceptible crops on infested fields, and suppress or reduce the growth and diffusion of parasitic weeds.  These objectives can be achieved by different agronomic, biological, or chemical methods, with different impacts on the environment and varying effectiveness in open field cultivations.  The latter two aspects must be wisely considered before adopting one or another approach, and a combined integrated management strategy is likely necessary for most situations. The development of novel digital and modelling approaches to monitor the parasite development under the soil surface will facilitate the implementation of more effective and 
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environmentally sound control methods (Eizenberg et al., 2012; Cochavi et al., 2017; Lati et 
al., 2019). The cultivation of crop cultivars resistant to parasitic weeds is also a powerful approach for broomrape management (Hershenhorn et al., 2009; Rubiales, 2003).  Nevertheless, it is fundamental to get more insights into the mechanisms by which the resistance occurs, with the aim to widen the genetic basis of resistance and limit the occurrence of new broomrape sub-species and ecotypes. Several broomrape-resistant genotypes were identified in germplasm collections and used in conventional breeding approaches. Such approaches, however, are complex and long, and frequently led to incomplete resistance.  Molecular-assisted breeding and biotechnological approaches are faster, and some interesting results have been already obtained. Genome sequences and functional information derived by -omics studies, now available not only for host species but also for diverse parasitic species, as for instance P. ramosa, P. aegyptiaca, S. asiatica and C. australis (Yao et al., 2016; Yoshida et al., 2019; Yoshida and Kee, 2021), can help develop novel breeding approaches. Access to information about genome structure and function as well as to efficient transformation/regeneration procedures is necessary to implement such new biotechnological approaches in a wide range of vegetable and legume crops (Cardi et al., 2017). The integration of agronomical management practices with different genetic resistance mechanisms is, however, mandatory to build a more effective and durable strategy to manage parasitic plant infestations in vegetables and legumes (Fernández-Aparicio et al., 2016, 2020; Jamil et al., 2021; Zarban et al., 2021).  
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ABSTRACT  

It is extremely challenging to control the Leucinodes orbonalis Guenee, also 
known as the brinjal shoot and fruit borer (BSFB) in brinjal cultivation. Considering 
the prevailing dangerous effects of chemical pesticides on human health and ecology, 
biopesticides can be an effective weapon to sustain against BSFB. Among the different 
types of biopesticides, Spinosad was found to be more effective @0.4ml/L to 
recommend as it was elucidated the lowest shoot infestation (10.19%) and fruit 
infestation (25.53%) followed by Abamectin @1.2ml/L (12.82% and 30.71%). 
Furthermore, other biopesticides like Buprofezin, Abamectin, Neem oil, Mahogony oil, 
Neem leaf extract, and Garlic bulb extract are also used to finding out the best 
possible solution of existing threats from BSFB. Consequently, with the higher efficacy 
of Spinosad the economic point of view can be accentuated through the highest 
benefit-cost ratio (2.28) and quantity of marketable fruit yields (36.62 tons/ha) in the 
study area.  

Keywords: Biopesticides, brinjal, eco-friendly management, Leucinodes orbonalis. 
INTRODUCTION Brinjal (Solanum melongena) is a highly edible and demandable Solanaceous vegetable commercially grown in Southeast Asia (Thapa, 2010). It comprises around 15% of Bangladesh's total vegetable growing area, with more than 1,600,000 ha under cultivation globally and 50 million Mt of production (Rahman, 2005 and FAO, 2018). From seedling until senescence, numerous insects can harm brinjal. Leucinodes orbonalis Guenee (Lepidoptera: Pyralidae), a brinjal shoot and fruit borer, is the most deleterious pest among these insects and is regarded as a limiting factor in both the quantity and quality of brinjal fruit harvest. The pest is very active during the rainy and summer season and may cause 85 to 90 % damage. The larvae bore into tender shoots at the vegetative stage causing withering and drooping of young shoots. A single larva can infest 4 to 7 fruits during its life 
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span (Jayaraj and Manisegaran, 2010). Therefore, about 70-92% yield loss is really obvious from this certain pest attack (Murugesan and Murugesh, 2009).  Chemical control is the most common practice in Bangladesh to control Leucinodes orbonalis as well as to produce blemish-free brinjal fruits. More precisely, 98% of brinjal-growers relied exclusively on the use of conventional pesticides and they used those pesticides 140 times or more in the 6-7 month cropping season. Being a vegetable crop, in brinjal the use of conventional chemical insecticide leaves shows considerable toxic residual effects on the fruits, and it also increases the 40-50% production cost in Bangladesh (SUSVEG-Asia, 2007). Consequently, the numerous and indiscriminate uses of insecticides against this pest cause substantial difficulties for plant survival viz., insecticide resistance, toxic residues in fruits, killing of natural enemies and ultimately pest resurgence. In addition to being expensive, it also harms the ecosystem's beneficial fauna as well as the environment, human consumption, and human health.  It is now a crucial need to use safe but effective, biodegradable insecticides with no or less toxic effects on non-target organisms. Uses of biopesticide products have many potentials to overcome these adversities. Biopesticides originated from natural materials (such as animals, plants, bacteria, and minerals) and have low toxicity on non-target organisms including humans, animals, natural enemies and the environment. Most Asian countries like China, Japan, and Korea are intensively using bio-pesticides, but there are very low uses in Bangladesh (Srinivasan and Ying, 2014).   Considering the above points, the present research work has been planned to study the damage assessment and to develop a suitable eco-friendly management strategy using some biopesticides (Spinosad, Buprofezin, Abamectin, Neem oil, Mahogony oil, Neem leaf extract & Garlic bulb extract). 
MATERIALS AND METHODS  The experiments were carried out at Somaspur village in Godagari Upazila under the district Rajshahi from April to September 2021. Land preparation was done by breaking the clods through continuous ploughing. The prepared main field with weed-free and good tilth condition was divided into 3 distinct blocks comprised of 8 equal plots (1.5 1.5 m2) each. A distance of 60 cm between the plots and 80 cm between the blocks was maintained. Finally, the unit plots were prepared as 10 cm raised beds along with basal doses of recommended fertilizers maintaining a single pit in each bed.  
Materials used and experimental design This study was implemented with Singnath (Upshi) as the tested cultivar. Healthy and disease-free brinjal seedlings 30 days old were collected from the Chapainawabganj horticulture center, Chapainawabganj. The collected seedlings were transplanted in the experimental plots @4 seedlings/plot maintaining the spacing of 80 cm × 60 cm. Then, different cultural operations like weeding, irrigation, mulching, and top dressing of urea were done when necessary. A total of 24 plots were used for the efficacy of different types of biopesticides- i. T1= Spinosad @0.4ml/L, ii. T2= Buprofezin @1ml/L, iii. T3= Abamectin @1.2ml/L, iv., T4= Neem oil @3ml/L, v. T5= Mahogony oil @4ml/L, vi. T6= Mahogony leaf extract @50g/L, vii. T7= Garlic bulb extract @30g/L & viii. T8= Untreated Control. A total of three sprayings were given in the experimental field at 7 days intervals. Spraying was done from 9.00 to 11.00 AM to avoid bright sunshine and drift caused by the strong wind. Spinosad (Tracer 45 SC manufactured by Auto Crop Care Ltd), Abamectin (Ambush 1.8 EC manufactured by Haychem Bangladesh Ltd) and Buprofezin (Award 40 SC manufactured by Square Pharmaceuticals Ltd) were collected from the local market. Neem and Mahogony oil were collected from the local dealer of a company situated at Gazipur, Dhaka. Neem leaf extract and Garlic bulb extract were prepared by crushing the leaves & cloves using a hand 
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blender. The treatments were laid out in a Randomized Complete Block Design (RCBD) with three replications. Data were collected on shoot and fruit infestation & fruit yield in the quantitative means. In the case of shoot infestation, data were collected at 3 and 7 days after providing each spray. On the other hand, fruit infestation data was recorded after each harvest. After collection, shoot and fruit data were converted into a percentage using the following formulae used by Karmakar et al. (2018): 

After harvesting successive grading was done based on their degrees of infestation and the weight of marketable and infested fruits was taken from the three replicated plots regarding the treatments and yield was converted into tones/hectare (t/ha). Finally, the total yield (t/ha) was calculated by adding marketable and infested yields from four pickings. Brinjal fruits were harvested after 7 days of each spray and then marketable fruits were separated carefully from total fruits. The marketable brinjal fruits were defined as the visibility of no hole or even no deformation on the fruits. In contrast, infested fruits were defined as the visibility of clear holes or excreta on the fruits.  For statistical analysis, all the collected data were compiled and tabulated. The MSTAT program was used to analyze variance (ANOVA) (Nissen, 1990). Duncan's Multiple Range Test (DMRT) and Least Significant Difference (LSD) were used to determine treatment mean differences as needed. 

Figure 1. Experimental plots and treatment application 

RESULTS AND DISCUSSIONS  It was observed that each of the treatments was significantly effective against brinjal shoot and fruit borer compared to control. The highest percentage of shoot infestation was observed in the case of untreated control, which ranged from 18.54% to 33.37% where the 
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cumulative mean of infestation was 29.51% (Table 1).  Among individual treatments, the lowest percentage of shoot infestation was exhibited from Spinosad (10.19%) treated plots which were followed by Abamectin (12.82%), Buprofezin (14.53%), Neem oil (14.54%), Neem leaf extract (14.74%), Mahogony oil (15.03%) and Garlic bulb extract (16.68%) respectively.  Table 1. Mean percentage of shoot infestation caused by BSFB at different sprayings against different treatments 
Treatments Mean percent of shoot infestation at different DAT 1st spray 2nd spray 3rd spray Cumulative mean Percentage 3 DAT 7 DAT 3 DAT 7 DAT 3 DAT 7 DAT T1=Spinosad 5.12e 8.130d 9.873d 11.29d 9.26c 17.48c 10.19e T2=Buprofezin 8.59cd 9.583d 13.92bc 15.26cd 17.85b 21.94b 14.53cd T3=Abamectin 6.78de 8.370d 11.13cd 14.11cd 17.48b 19.08bc 12.82d T4= Neem oil 9.99bc 12.79bc 12.84bcd 16.78bc 16.31b 18.54bc 14.54cd T5=Mahogony oil 9.10cd 10.24cd 13.68bc 17.07bc 17.85b 22.22b 15.03bc T6= Neem leaf extract 8.85cd 11.30cd 13.68bc 17.07bc 17.85b 19.68bc 14.74c T7= Garlic bulb extract 12.39b 15.26b 14.60b 20.26b 18.14b 19.41bc 16.68b 
T8= Control 18.54 a 28.39a 33.37a 32.87a 31.98a 31.92a 29.51a 
LSD0.05 2.69 2.96 3.02 4.00 3.91 3.53 1.67 

SE (±) 0.887 0.975 0.995 1.32 1.29 1.16 0.551 

Level of significance ** ** ** ** ** ** ** 

CV (%) 15.50 12.97 11.19 12.62 12.17 9.47 5.96 

** = Significant at 1% level of probability On the other side, at maturity, the highest percentage of infested fruits from all 4 pickings was obtained when brinjal plants were left untreated where the cumulative mean was found at 71.39% (Table 2). Among individual treatments, the lowest percentage of fruit infestation was recorded from Spinosad (25.53%) treated plots which were followed by Abamectin (30.71%), Buprofezin (39.41%), Neem oil (41.48%), Neem leaf extract (43.93%), Mahogony oil (49.93%) and garlic bulb extract (51.16%) respectively. For the shoot and fruit protection, all the selected biopesticides significantly reduced percent fruit infestation in comparison to the control treatment (Figure 2 and Figure 3). More precisely, Spinosad showed both cases the most effective result in the case of protection i.e., 65.47% for shoot protection and T1=64.24% for fruit protection. However, T2=Buprofezin and T7= Garlic bulb extract was found less effective than the other treatments in both cases.  The present findings conform with those of Sinha and Sharma (2008), and Mamun et al. (2014) who reported the effectiveness of Spinosad against brinjal shoot and fruit borer. Gayathri et al. (2019) also reported that Spinosad performed best among different rationales used to manage brinjal shoots and fruit borers. The present findings agree with the results of many researchers. 
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Figure 2. Percentage of protection shoots over control for different biopesticides 
Figure 2. Percentage of protection shoots over control for different biopesticides Table 2. Effect of treatments against BSFB on percent fruit infestation at different pickings 

Treatments Mean percent fruit infestation at different pickings 1st counting 2nd counting 3rd counting 4th counting Cumulative mean percentage T1= Spinosad 20.06 e 26.78 c 23.50 d 31.78 c 25.53 e T2=Buprofezin 39.29 cd 37.14 bc 41.07 bcd 40.12 bc 39.41 cd T3= Abamectin 30.36 de 26.19 c 34.52 cd 31.74 c 30.71 de T4= Neem oil 43.39 bcd 34.72 bc 46.29 bc 41.11 bc 41.38 bc T5=Mahogony oil 46.67 bc 53.33 ab 43.33 bcd 53.33 b 49.17 bc T6= Neem leaf extract 37.03 cd 45.83 abc 50.00 abc 42.86 bc 43.93 bc T7= Garlic bulb extract 54.17 b 43.33 abc 59.52 ab 47.62 bc 51.16 b T8= Control 68.33 a 62.22 a 70.00 a 85.00 a 71.39 a 
LSD0.05 13.31 18.23 19.58 17.39 9.98

SE (±) 4.39 6.01 6.46 5.73 3.29
Level of 
significance ** ** ** ** **

CV (%) 17.92 25.27 24.29 21.26 12.92
** = Significant at 1% level of probability 



88 

Figure 3. Percentage of protection fruits over control for different biopesticides  In the case of marketable fruit yield, the highest marketable fruit yield (ton/ha) was exhibited from Spinosad treated plots (36.62 ton/ha) which are followed by Abamectin (33.16 ton/ha), Buprofezin (29.51 ton/ha), Neem oil (28.53 ton/ha), Neem leaf extract (27.92 ton/ha), Mahogony oil (25.90 ton/ha) and Garlic bulb extract (25.49 ton/ha) respectively.  Table 3. Marketable fruit yield and Benefit Cost Ratio of brinjal production 
Treatments Marketable fruit yield and Benefit Cost Ratio Yield (ton/ha) Net return (Tk/ha) The total cost of production (Tk/ha) Benefit-cost ratio (BCR) 
T1= Spinosad 36.62a 915500.00 a 401530.00 d 2.28 a T2= Buprofezin 29.51c 678730.00 b 429575.00 c 1.58 c T3= Abamectin 33.16b 829000.00 a 394760.00 d 2.10 b T4= Neem oil 28.53cd 656190.00 b 449445.00 b 1.46 d T5=Mahogony oil 25.90e 569800.00 b 463250.00 b 1.23 f T6= Neem leaf extract 27.92d 614240.00 b 454990.00 b 1.35 e T7= Garlic bulb extract 25.49e 560780.00 b 505205.00 a 1.11 g T8= Control 22.10f 298350.00 c 324295.00 e 0.92 h 
LSD0.05 1.45 136707.44 17285.62 0.096

SE (±) 0.477 45066.08 5698.26 0.032

Level of 
significance ** ** ** **

CV (%) 2.88 12.19 2.31 3.36

** = Significant at 1% level of probability 
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In the case of benefit-cost ratio, the highest benefit-cost ratio was observed from Spinosad treated plots (2.28) which are followed by Abamectin (2.10), Buprofezin (1.58), Neem oil (1.46), Neem leaf extract (1.35), Mahogony oil (1.23) and Garlic bulb extract (1.11) respectively. These significant results depict the effectiveness of Spinosad for ensuring economic sustainability in brinjal cultivation. Similar findings of Islam et al. (2019) support the Spinosad application benefits with higher BCR outcomes. To ensure the quality of brinjal the infestation was morphologically detected by eye inspection. This may help to grade the infested plants and their fruits. Evident visibility of clear holes or excreta on the fruits spotted in the field throughout the cultivation season (Figure 4B). Meanwhile, the infested plants also show their infestation on their various nodes and shoots of the plant (Figure 4A). These might be useful for effective isolation of unaffected plants and for applying the aimed treatments which were used in this experiment. 

Figure 4. BSFB infestation throughout the season. (A) Shoot infestation and (B) Wounded fruit by BSFB 
CONCLUSIONS Due to its availability and high nutritional value, brinjal is a very well-liked vegetable. However, the high levels of the brinjal shoot and fruit borer infestation are causing an alarming decline in brinjal productivity. Spinosad @0.4ml/L was the most effective biopesticide tested in this trial, followed by Abamectin and Buprofezin, according to the results of the current investigation. The results of the study can assist farmers in reducing the usage of synthetic chemical insecticides, which can ensure BSFB management practices in brinjal that are both environmentally and economically sound. 
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ABSTRACT 

Perillus bioculatus F. (Heteroptera, Pentatomidae), or the two-spotted stink bug, 
is considered an important predator of Colorado potato beetle egg masses, larvae and 
adults. He is attracted to the volatile substances emitted by damaged plants. In Bacau 
County, the species was observed in 2022 in the eggplant culture at Vegetable 
Research and Development Station Bacau, during the survey of the Colorado potato 
beetle. The first apparition of the predatory insect was recorded at the beginning of 
August when we found 10 imago and 5 egg masses, that have been collected and 
transported into the laboratory. After a few days, 69 nymphs hatched from a total of 
73 eggs. A total of 30 imago’s and 25 first instar nymphs of the two-spotted stink bug 
were found in the second decade of August. The P. bioculatus dynamics proved to be 
affected by feeding conditions or conventional insecticide applications. In this study 
we report the presence of a new predator that is the natural enemy of the Colorado 
potato beetle in eggplants cultures, the focus of the present study being the density 
and dynamics of this insect as a potential key factor in the development of biological 
management strategies for L. decemlineata Say pest control at Solanum melongena L. 

Keywords: eggplant crop, two-spotted stink bug, plant protection, predatory insects, biological control of Colorado potato beetles. 
INTRODUCTION Eggplant, Solanum melongena L. is one of the most popular vegetables in the world. It occupies a distinct place in the realm of vegetable crops. Is a perennial plant, but they are grown commercially as an annual crop. Rich in antioxidants, the plants play an essential role in the prevention of chronic and degenerative diseases, including heart disease and cancer (Daunay et al., 2001; Frary et al., 2007; Gürbüz et al., 2018). In 2020, FAO statistics estimate that approximately 1,876,710 hectares (ha) were harvested worldwide, resulting in 56,618,843 tonnes (t) of production, 28,285 ha were harvested in Europe, yielding 960,227 t, and 4,710 ha were harvested in Romania, yielding 74,040 t (FAOSTATISTIC, 2022). Approximately 4.5 kg of eggplants are consumed per person annually in Romania (Kovács et 
al., 2016). Among the most important eggplant, growing areas in Romania are Matca-Tecuci, Galati; Cosereni, Ialomita; Izbiceni-Cilieni, Olt; Vidra, Giurgiu; Seleusi-Curtici, Arad (Kovács 
et al., 2016). In Romania the main pests of solanaceous plants in general and the eggplant in special are: aphids (Aphis gossypii Glov., Myzus persicae Sulzer), thrips (Frankliniella 
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occidentalis Pergande, Thrips tabaci Lind.)  cotton bollworm (Helicoverpa armigera Hübner) and Colorado potato beetle (Leptinotarsa decemlineata Say) (Călin, 2005; Cindea, 1980; Costache et al., 2003). At Vegetable Research and Development Station Bacau (VRDS Bacau) the main pest in the eggplant culture is Colorado potato beetle (Leptinotarsa decemlineata Say) (Coleoptera: Chrysomelidae).  
L. decemlineata is the most important pest insect for potatoes, but it also attacks other solanaceous vegetables and causes significant damage to eggplants and can lead to a large yield loss. In the past, the insect has been successfully suppressed by pesticides, but in our days most conventional insecticides have had little effect on it because it has rapidly developed resistance to them (Kadoić Balaško et al., 2020; Molnar and Rakosy-Tican, 2021). In 1950 this insect evolved resistance to DDT and more recently imidacloprid. Currently, many countries integrated pest management (IPM) programs on cultural and biological control methods, with a highly limited number of insecticide applications, in an attempt to minimize the Colorado potato beetle exhibits (Clements et al., 2017; Schnaars-Uvino and Baker, 2021).  The European entomologists began studying the Colorado potato beetle's natural enemies not long after it acclimated in Europe and became a pest species. An insect predator called two-spotted stink bug (Perillus bioculatus Fabricius), whose biology had been studied in North America, was introduced into Europe in order to restrain the Colorado potato beetle (Elisoveţcaia et al., 2016). The first attempts to acclimatize the two-spotted stink bug species were conducted by French researchers in the 30's of the 20th century. Due to the outbreak of the Second World War, the investigation stopped and was not resumed until 50-60 years later, but this time, in several European countries: France, Germany, Belgium, Yugoslavia, Czechoslovakia, Hungary, Bulgaria, Poland and the USSR (Derjanschi and Elisovetskaya, 2014).  This attractive species is easy to recognise. The common color form is red and black but the species show color polymorphism. They have a distinct black “Yshaped” marking on the pronotum and two black spots on the thorax. This species has five instars. The body length of first instar have approximately 1-1.5 mm; 2nd instar 2-3 mm; 3rd instar 4-5 mm; 4th instar 6-7 mm; 5th instar are about 8 to 9 mm long and the image has a length between 8.5-11.5 mm (Elisoveţcaia et al., 2016; Paiero et al., 2013). A study conducted during 1960-90 examined the reproduction, application, and acclimatization of P. bioculatus species in ex-USSR. It was concluded that two-spotted stink bugs develop in the north and mountainous areas in two generations, but in the south, three or four generations (Derjanschi and Elisovetskaya, 2014). As a result of its climatic conditions, it is estimated that in the Republic of Moldova, P. bioculatus develops 3 generations during the season, one in June-July, one in July-August, and one in August-September (Elisoveţcaia et al., 2016). It is possible that in Romania this insect also develops up to three generations during the season, but more studies are needed on the bioecological peculiarities of our Country.  The nymphs and adults of the two-spotted stink bug prey with egg mass, larvae, and adults of L. decemlineata (Tarla and Tarla, 2018) but they prefer eggs and larvae of the Colorado potato beetle, and only adult of predator feed on the imago of L. decemlineata (Lacey et al., 2001). A minimum of 1.5 individuals (nymphs or adults) of P. bioculatus per plant reduces the number of Colorado potato beetles to zero in seven days (Ferro, 1994 quoted by Elisovețcaia et al., 2016).  Despite all the efforts made by European researchers, the species was not able to adapt to the climatic conditions of the new continent (Jermy, 1980). In 2004, the species P. bioculatus was discovered on the potato plants in the European part of Turkey and Greece for the first time (Kivan, 2004; Péricart and Heiss, 2010). Russian scientists discovered several populations of two-spotted stink bugs in 2008 in Krasnodar region. There were between 10-20 larvae and adults per 1 m2 on Ambrosia artemisiifolia L. plants (Ismailov and Agasieva, 2010). Based on a few samples of P. bioculatus, new faunistic reports were published in 
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Bulgaria (Simov et al., 2012) and Serbia (Protić and Živić, 2012) in 2012 and in Romania (Rădac and Teodorescu, 2021) in 2021. As far as we know from the literature, in Romania, are no mention of P. bioculatus until 2021 and there were no recent releases done in agriculture (Kazimir, 2018; Rădac and Teodorescu, 2021). In the north-eastern area of Romania, Bacau County, (46.34566°N, 26.57144°E), the species P. bioculatus was identified in an agricultural crop in field conditions, namely on eggplants. So far, the studied specimens were found in three sites in southern Romania in 2017, 2018 and 2020 (2017-2018 - 45.07366°N, 28.80058°E/ 45.13205°N, 28.58267°E; 2020 - 44.40906°N, 26.18689°E) and they are not associated with agricultural lands (Rădac and Teodorescu, 2021). P. bioculatus probably arrived in Romania naturally, either from the Republic of Moldova or Bulgaria (Rădac and Teodorescu, 2021).  The species can be a potential key factor in the development of biological management strategies for Leptinotarsa decemlineata. This study aimed to report that the species P. 
bioculatus was found for the first time in a crop of economic importance for Romania such as eggplant in the northeast region, and to record the population density of this predatory bug under the conditions of an eggplant crop in conventional agriculture.  
MATERIALS AND METHODS Seedlings of the eggplant, 'Alexandra' cultivar, were transplanted in the field on 13 May 2022, at a distance of 70 cm between rows and 40 cm between plants per row, resulting in a plant density of 35 714 plants per hectare. Observations on the presence of P. bioculatus in eggplant crops were carried out on an area of 1500 m2 in the experimental field for conventional agriculture at VRDS Bacau in 2022. To determine the dynamics of L. 
decemlineata in eggplant, the attack estimation was determined using the following indicators: frequency of attack (F%) and intensity of attack (I%), every 10 days, for 100 plants, against a background of natural infestation. With the data obtained, the degree of attack (DA%) was calculated. The dynamic of the insect was graphically represented.  During the observations of Colorado potato beetle dynamics in eggplant, specimens of imago 
Pentatomidae were observed feeding on larvae of L. decemlineata in the eggplant experimental field. The predator was observed in culture starting with the first decade of August. Five adult of stink bug specimens were collected by hand for laboratory determination. The determination of specie was performed using the literature available in international databases but also using diagnostic characters keys from Perillus species provided by Paiero et al. (2013) in ”Stink bugs (Pentatomidae) and parent bugs (Acanthosomatidae) of Ontario and adjacent areas: A key to species and a review of the fauna”. The collected specimens were preserved in 70% alcohol for preservation in the entomological collection of VRDS Bacau. Also, five egg masse were collected and transported to the laboratory for counting. The eggs were numbered at a stereomicroscope and then each egg mass was placed in individual test tubes to see how many nymphs will hatch. In situ images were taken with the Xiaomi Redmi Note 9 PRO phone camera and stereomicroscope images were taken using the Toupcam L3CMOS digital camera and ToupView software version x64, 4.11.18081.20201205 compatible with Windows 7/8/10. The climatic condition were registered with the FielClimate weather station.
RESULTS AND DISCUSSIONS  In the climatic conditions of 2022, with average temperatures not exceeding 25°C in the summer months and low rainfall (figure1 A and B), this is the first time when a two-spotted stink bug, a predatory pentatomid bug, has been found in Bacau County. In our Country, the 
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species was recorded for the first time by Rădac and Teodorescu in 2021 in southern Romania. 

A B Figure 1. (A) The average air temperature recorded by the Field  Climate weather station at VRDS on decades in 2022; (B) The sum of precipitation recorded by the Field Climate weather station at VRDS on decades in 2022 This year, during the survey of Colorado potato beetle (figure. 2.A), in the experimental field for conventional agriculture at VRDS Bacau, it has been seen that imago Pentatomidae were feeding on the larvae of L. decemlineata (figure 2.B), which are pests for the eggplant. From 10 imago observed per 100 plants examined 5 specimens were collected by hand and transported to the laboratory for determination. A literature search of international databases was conducted to determine the species, as well as diagnostic character keys from 
Perillus species provided by Paiero et al. (2013) in ” Stink bugs (Pentatomidae) and parent bugs (Acanthosomatidae) of Ontario and adjacent areas: A key to species and a review of the fauna”. The literature suggests that P. bioculatus is a monophagous species that feed exclusively on Colorado potato beetles, but in the laboratory studies, some alternative host foods have been used (Tarla and Tarla, 2018). Dina Elisovetcaia et al. (2020) studied the reproduction of P. bioculatus species and observed that when nymphs were fed exclusively on Galleria mellonella L. (Lepidoptera: Pyralidae) larvae, the percentage of malformed individuals of two-spotted stink bugs during molting increased in comparison with other nymphs that fed additionally with Colorado potato beetle. Also, the study revealed that in the first group, the death rate reached 20 to 75% compared with the individuals fed and with Colorado potato beetle larvae (Elisovetcaia et al., 2020). At VRDS Bacau the species were observed feeding in the eggplant crop only on eggs and larvae of L. decemlineata.  The species show color polymorphism (Ismailov et al., 2019) in eggplant culture being identified with two color variations (red/black and ivory/brown) (figure 2, C and D) but in the literature, three forms of color are shown for this species (red, yellow, and black & white form) (Elisoveţcaia et al., 2016). Some authors claim that the color form depended on the temperature conditions (Elisoveţcaia et al., 2016) and other authors have reported that the insect's food is responsible for its color (Kaur et al., 2017). However, there is a possibility that the amount of carotin deposited in the hypodermis of insects can be permanently modified by the environment (Palmer and Knight, 1924) 
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A B 

C D Figure. 2. (A) Leptinotarsa decemlineata Say larvae on a Solanum melongena L. plant; (B) Perillus 
bioculatus F. imago feeding with a Leptinotarsa decemlineata Say larvae on a Solanum melongena L. leaf; (C) Perillus bioculatus F. red/black color variation; (D) Perillus bioculatus F. ivory/brown color variation The eggs found are laid by the female on the upper part of the eggplant leaves (figure 3, A). The egg mass is arranged in compact rows containing a total of 10 to 18 barrel-shaped eggs.  At first, the egg has a yellow color after which it turns black and are cemented to the substrate. The chorion has reticulated markings (figure 3, B). After hatching, nymphs are red/black, round to oval in shape, and stay in groups until the exoskeleton hardens (figure 3, B and C). Prasad and Pal (2015) studied the incubation period and duration of other stages of the life cycle of P. bioculatus and they observe that the first instar nymph consumed 1-2 grubs of Zygogramma bicolorata Pallister (Coleoptera, Chrysomelidae), 2nd and 3rd instar nymphs consumed 3 grubs, 4th instar nymph consumed 10-11 grubs and the adult bug consumed 6-7 grubs. During their life period, a single two-spotted stink bug consumed a ranged of 20-22 Z. bicolorata grubs (Prasad and Pal, 2015).  

Figure 3 (B) Perillus bioculatus F. female laying eggs on a Solanum melongena L. leaf; (B) Perillus 
bioculatus F. eggs seen at stereomicroscope, detail of the chorion with reticulated markings; (C)Perillus bioculatus F. nymphs hatching on a Solanum melongena L. leaf; (D) Perillus bioculatus F. nymphs seen at stereomicroscope 

A B 

C D 
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The experimental field for conventional agriculture at VRDS Bacau was used to observe the dynamics of the L. decemlineata species under 2022 climatic conditions. The Colorado potato beetle began attacking eggplant crops in the first decade of July (figure 4.A) and the degree of attack increased until the second decade of August. During the first decade of August, 10 individuals (figure 4, A) and 5 egg masses of the predatory insect P. bioculatus were found per 100 eggplants examined (figure 4, B). Five adults and the egg masses were collected by hand for laboratory determination. The collected eggs were numbered and then each egg masse was placed in individual test tubes. Out of a total of 73 eggs collected, after a few days, 69 nymphs hatch from the eggs. The next day after counting all nymphs were released into the same eggplant crop. In the second decade of August, 30 imago of two-spotted stink bug were found per 100 eggplants examined and a number of 25 first-instar nymphs was a count (figure 4,B). Weissbecker B. et al. (2.000) studied the volatile substances emitted by damaged potato plants to observe whether the species P. bioculatus is attracted to these substances. It has been observed that the two-spotted stink bug loses its attractiveness after one hour if the plant is mechanically damaged, however, the attraction was long-lasting if the plants were damaged by the Colorado potato beetle (Weissbecker et 
al., 2000). This may explain why the density of P. bioculatus increased in the eggplant culture in the second decade of August at VRDS Bacau with the increase of the degree of attack of the species L. decemlineata. 

A B 

C Figure 4. (A) The dynamic of Leptinotarsa decemlineata Say in Solanum melongena L. crop under 2022 climatic conditions; (B) The density of Perillus bioculatus F. imago, egg masses and first instar nymphs per 100 eggplants examined; (C) Number of Perillus bioculatus F. eggs collected and number of hatched nymphs A decline of the species in the third decade of August may be the result of the insecticide Mospilan being used against the Colorado potato beetle in the eggplant crop (figure 4.B). The abundance of P. bioculatus may be influenced by feeding conditions or by the 
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application of conventional insecticides. In small-scale field cage experiments has been reported 100% mortality of P. bioculatus imago exposed to various chemical pesticides (Hough, 1991). Also, the temperature can play an important role in the embryologic and post-embryologic development for two-spotted stink bug (Coudron et al., 2009; Jermy, 1980). Therefore, more studies on the impact of this species in crops affected by L. 
decemlineata should be carried out in Romania, because the two-spotted stink bug can be used in biological control which offers a more sustainable and less expensive alternative to chemicals. 
CONCLUSIONS The present study reports the presence of an important predator of the Colorado potato beetle in eggplant crops from northeast Romania. The detection of P. bioculatus in natural conditions on the territory of our Country shows that this species, which originates from the North American region, has acclimatized spontaneously because there are no official reports of releases in agro-ecosystems from Romania. Also, the data presented will contribute to a better understanding of the species range in Europe and Romania. Chemical control of L. 
decemlineata is still used by farmers. However, alternatives are being explored since the species is increasingly resistant to chemicals.  Chemicals can also be the cause of major human health and environmental problems. Biological control approaches seem very promising but require a number of conservation measures to protect natural enemies for a long period. The integration of the predatory heteropteran species P. bioculatus in solanaceous crops (especially in potato and eggplant crops) will allow the natural reduction of the Colorado beetle population. Therefore, in the coming period, new research will be needed in Romania to help us understand more about the distribution, ecological relationships, and introduction of two-spotted stink bugs in natural and agricultural environments. 
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ABSTRACT 

The need for breeding research to obtain new cultivars of baking pumpkin 
results from the fact that in the Official Catalog of Cultivated Plant Cultivars in 
Romania, edition 2021, there are only 4 cultivars: 'Alb mare', 'Dorin', 'Baron' and 
'Tudor'. As a result, at Dabuleni Research-Development Station for Plant Culture on 
Sands (RDSPCS), in the period 2020-2022, the 'D19' baking pumpkin genotype was 
studied as part of the creative breeding process. The results obtained showed that 
both the weight of the fruit and the thickness of the fruit flesh (determining 
characters for the agronomic value of a cultivar) recorded constant values from year 
to year, which constitute important arguments in support of the enrolment of the 
'D19' genotype at State Institute for Cultivars Testing and Registration for testing in 
order to homologation. 'D19' pumpkin genotype also showed good stability for the 
characters fruit height, fruit diameter, seed cavity diameter and shape index. The 
statistical analysis of the characters analyzed during the 3 years of the study 
highlighted the fact that the 'D19' pumpkin genotype behaved well in the 
pedoclimatic conditions of Dabuleni and steps can be taken to test and approve it as a 
crop plant cultivar in Romania. 

Keywords: pumpkin, cultivar, sandy soils, conservative selection, breeding program 
INTRODUCTIONCucurbita is native to South America and has been widely cultivated for over 10,000 years in America (Grubben et. al., 2004) and for more than 500 years in Europe (Paris, H.S. Summer, 1996) where it was known by the indigenous peoples. Pumpkin was introduced to Chile and Argentina before finally spreading to Asia and Europe. Irrespective of altitude, they are cultured in almost all parts of the world (Yadav, et al., 2010). In Europe, pumpkin has been cultivated since the 16th century. In Romania, the first writings in which the pumpkin was mentioned were identified in Agricultură practică by D. Alexandrescu, published in 1973, where has been mentioned the following cultivars: yellow pumpkins with hard skin, white pumpkins with thin skin (Vînătoru et al., 2019). There are three species of Cucurbita: Cucurbita pepo L., Cucurbita maxima Duch. and 
Cucurbita moschata Duch., which have different climatic adaptations and are widely distributed in agricultural regions around the world (Robinson and Decker-Walters, 1997; Paris and Brown, 2005; Wu et al., 2007). Several studies made by Whitaker and Robinson (1986); Montes-Hernandez et al., (2005), mentioned that the phenotypic diversity within Cucurbita populations is high and includes 
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significant variability in characteristics such as fruit shape, size and color, number and size of seeds, the quality, color and thickness of the fruit pulp.  The edible pumpkin is grown for its fruits, which are consumed at physiological maturity in different forms: baked, boiled, candied, jellies and used to prepare pies, cakes, juices, etc. (Ciofu et al., 2003). Pumpkin seeds are eaten directly as a snack by people around the world, being particularly popular in Arab countries where they are eaten salted and fried (AlKhalifa, 1996). Although pumpkin seeds are rich in oil and protein, and pumpkin could become another source of vegetable oil and protein (Seymen, 2016; Rani, 2021), detailed studies on oil composition and properties are limited.  Although the pumpkin has multiple uses, the assortment of cultivars existing in the Official Catalog of Cultivated Plant Cultivars in Romania from 2022 contains only 4 cultivars: 'Alb mare', 'Dorin', 'Baron', and 'Tudor'. As a result, the improvement of this species in terms of obtaining new cultivars is necessary. At the research level, the diversity of genetic resources in collections can increase the effectiveness of efforts to improve a species (Geleta et al., 2005). On the other hand, determining the degree of variation of quantitative and qualitative traits present in genetic resources is important in vegetable breeding programs (Escribano et al., 1998).
MATERIALS AND METHODS The research was carried out at Dabuleni Research-Development Station for Plant Culture on Sands, in the 2020-2022 period and aimed at improving the 'D19' pumpkin genotype. In this sense, biometric determinations and morphological observations were carried out on the main quantitative and qualitative characters of 100 fruits, obtained in a selection field. When choosing the elites, the health status of the plants, the shape, size and external appearance of the fruits, the color of the pulp, the shape, size and color of the seeds were taken into account.  The study was carried out on a psammosol with low natural fertility, poorly supplied in nitrogen (0.03%), well supplied in phosphorus (165.95 ppm), medium supplied in potassium (80 ppm), with a neutral pH, slightly alkaline (7.2). During the three years of the study, the following characteristics of pumpkin fruits were analyzed: fruit height, fruit diameter, seed cavity diameter, shape index, fruit weight, pulp thickness, and seed weight per fruit. The biometric data were processed statistically, calculating for each character the arithmetic mean (X), the standard deviation (sd), the coefficient of variation (CV % 0-15 very little variability; 15-30 medium variability; >30 very high variability). The indicators of the central tendency of the sample (mean, median and module), as well as the indicators of the dispersion of the values around the mean, were statistically processed. Then they were interpreted through Histograms of the class distribution with absolute frequencies for fruit weight, flesh thickness and seed weight. 
RESULTS AND DISCUSION The data from Table 1 show us that the variability of the fruit height character is small with mean values between 8.50 cm (2020) and 9.10 cm (2021) which indicates that the 'D19' pumpkin cultivar is quite uniform from this point of view. 'D19' genotype shows the same good uniformity (stability) in terms of fruit diameter with mean values between 19.38 cm (2020) and 23.14 cm (2022), seminal cavity diameter between 14.89 cm (2021) and 15.83 cm (2020) and the shape index with 0.37 cm (2022) and 0.44 cm (2020).  
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Table 1 Variability of some characteristics of pumpkin fruits (Cucurbita maxima L.) Characteristics Statistical indicators Years of observation 2020 2021 2022 Fruit height (cm) Average 8.50 9.10 8.61 
Standard deviation 0.90 1.15 0.88 

CV% 10.59 12.63 10.22 Fruit diameter (cm) Average 19.38 22.73 23.14 
Standard deviation 2.05 1.47 1.42 

CV% 10.57 6.47 6.14 Seminal cavity diameter (cm) Average 15.83 14.89 15.35 
Standard deviation 1.74 1.38 1.28 

 CV % 10.99 9.27 8.34 Shape index (cm) Average 0.44 0.40 0.37 
Standard deviation 0.06 0.06 0.04 

CV % 13.63 15.00 10.81 
*Note: 0-15Very little variability; 5-30 Medium variability; ˃30 Very high variability; Values are mean 
on three years  Table 2 Variability of quantitative characteristics of pumpkin fruits (Cucurbita maxima L.) 
Characteristics Statistical indicators Years of observation Average / years of study 2020 2021 2022 Fruit weight (kg) Average 2.46 3.70 3.62 3.26 Standard deviation 0.74 0.58 0.56 0.36 

 CV % 30.08 15.67 15.46 11.04 Flesh thickness  (cm) Average 3.55 3.93 4.31 3.93 Standard deviation 0.64 0.93 0.82 0.51  CV% 18.02 23.66 19.02 12.98 Seeds weight (g/fruit) Average 57.17 50.09 64.25 57.17 
Standard deviation 11.18 19.03 18.66 11.18 

CV % 19.56 37.99 29.04 19.56 
*Values are mean on three years Table 2 shows the variability of the fruit weight, pulp thickness and seed weight/fruit characters. Fruit weight in 2020 had an average value of 2.46 kg, and 3.70 kg in 2021, which shows a very high variability for this character. This emphasizes the need to continue the selection process to standardize the material.  The thickness of the pulp had close values in the 3 years of the study: 3.55 cm in 2020, 3.93 cm in 2021 and 4.31 cm in 2022, with the coefficient of variation having a medium value in 2020 (18, 02 %) and 2022 (19.02 %) and high in the 2021 year (23.66 %). The study of the variability of the weight of seeds in a fruit showed that from this point of view the 'D19' pumpkin genotype has medium variability in 2020 year (19.56), high variability in 2022 year (29.04) and very high variability in 2021 year (37.99). On average over the 3 years of study, the coefficient of variation recorded values between 11.04% (fruit weight) and 12.98% (pulp thickness), which indicates that for these characters the D19 genotype is uniform (stable). The sample mean in the three years of study was 3.26 kg, with values between 2.46 kg (2020) to 3.70 kg (2021). The histogram of all analyzed fruit weight values is asymmetric to the left, (values are higher than the average), being different from the normal distribution, a sign that there are significant influences between the years of study in terms of fruit weight. The frequency of elites by variation classes shows that 56 of the elites fall into the 3-3.5 kg variation class (Figure 1). 
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Fig 1. The frequency of elites in the 'D19' pumpkin genotype, by absolute class intervals, for the fruit weight character  

Fig 2. The frequency of elites in the 'D19' pumpkin genotype, by absolute class intervals, for the thickness of the fruit pulp character  Regarding the thickness of the flesh (the edible part of the 'D19' pumpkin), it is found that 96 of the elite fruits have a thickness between 3.0 – 5.0 cm (Figure 2), which qualifies the 'D19' genotype as very valuable. Although the seed weight of a pumpkin fruit has high variability from year to year, so the mean value was 57.17grams in 2020 and 64.25 grams in 2022, on average over the 3 years of study 81 of the elites have a seed weight/fruit between 44-72 grams (Figure 3). 
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 Fig 3. The frequency of elites in the D19' pumpkin genotype, by absolute class intervals, for the character seeds weight / fruit   
CONCLUSIONS 
 The results obtained on 'D19' pumpkin genotype showed that both the weight of the fruit and the thickness of the fruit flesh have constant values from year to year 3.55 cm in 2020, and 4.31 cm in 2022 year, the variability for these characters being very small. The 'D19' pumpkin genotype also shows good stability for the characters' fruit height with values between 8.50 cm (2020) and 9.10 cm (2021), fruit diameter, seed cavity diameter 14.89 in 2021 year and 15.83 in 2020 year. The statistical analysis of the characters analyzed during the 3 years (2020 – 2022) shows that the 'D19' pumpkin genotype behaved well in the pedoclimatic conditions of Dabuleni and can be enrolled at State Institute for Cultivars Testing and Registration for homologation.  
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Abstract 

The present paper studied the influence of mineral or organic fertilizers, 
applied together or separately, to soil or foliar administered in three applications 
between 51-89 BBCH, on the processes of flowering, growth, and fruiting of three 
cultivars of tomato grown in protected space at the National Institute of Research 
Development for Biotechnologies in Horticulture Stefanesti. The 2-year experiment 
was planned in a completely randomized block, with three replicates and four 
fertilization treatments (mineral soil fertilization, combined fertilization – soil and 
foliar Ca, combined soil fertilization and organic Biohumus applied foliar; v4- foliar 
fertilization). Significant, correlations were found in growth and fruiting processes, 
for all 4 fertilization methods (variants). In both years of the study, the combined 
fertilization of soil + foliar organic Biohumus induced an increase in SSC %, which 
attracted a higher MA %, while the combined fertilization of soil and Foliar Ca+ 
determined a higher percentage of fruit firmness, in both years of study. The highest 
productions were observed in the case of mineral fertilization combined with 
Biohumus organic foliar fertilization, with a production increase of 1.25 kg/plant 
compared to the application of foliar fertilization. Nitrates from fruits do not exceed 
the limits allowed for growing tomatoes in the greenhouse. 

Keywords: Solanum lycopersicum L.; mineral elements, foliar fertilization, production, indicators of fruit quality 

INTRODUCTION Tomato (Solanum lycopersicum L.) is one of the most important vegetable crops (Savić et al., 2008) with an extensive distribution worldwide and a massive economic value (FAOSTAT, 2020). The yield and quality characteristics of tomato crops are, of course, affected by fertilization. Fertilization can be ensured by applying nutrients to both soil and foliage. Also, synthetic fertilizers can be administered, as well as organic or biofertilizer. As a rule, among the fertilizers with soil application, the synthetic ones ensure quickly the necessary mineral 
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elements of the plants (they are easily accessible), but their use is correlated with the risk of leaching, being easily entrained by irrigation water or precipitation, therefore, nutrient removal by plant crops cannot be compensated if no fertilizer input is used (Chen, 2006). Bilalis et al. (2018) reported an increase in yield-related parameters with inorganic fertilization, while color, total soluble solids, and the ratio of total soluble solids to titratable acidity were significantly higher in tomatoes grown with organic or combined fertilization. Hernández et al. (2014) found that the combined application of organic and inorganic fertigations improved some soil biochemical parameters and resulted in tomato yield and fruit quality similar to the single inorganic fertigation control, suggesting that inorganic fertilizers can be reduced by about 40% For more sustainable agriculture, numerous researchers have studied the synergistic effects of applying organic fertilizers, combined with inorganic fertilizer (Bilalis et al., 2018; Murmu et al., 2013; Hallmann et al., 2012; Polat 
et. al., 2010; Riahi et. al, 2009; Barrett et al., 2007), on the main chemical-physical properties of the soil and the yield and quality parameters of a tomato cultivar. Considering that fertilizers—and, in particular, nitrogen (N)—represent the highest input cost for many crops since their production is energy intensive (Rothstein et. al., 2007) high-input farming systems are no longer sustainable, both from an environmental and energy cost perspective. This work aimed to study the synergistic effects of applying the combination of inorganic fertilization based on precision agriculture with organic or inorganic foliar fertilizers, on the main nutritional properties of tomato fruits and the yield and qualitative parameters of the crop, from a perspective of sustainable agriculture. 
MATERIALS AND METHODS  In the experimental plot, the tomato culture in protected spaces (250 m2 greenhouse) was established in the spring of 2020, respectively 2021, between March 27-30, the planting distance being 0.4 x 0.70 m, resulting in a density of 33,500 plants/ha. The irrigation system consists of 16 mm diameter tubes with drippers arranged at 40 cm and with a flow rate of 1.2 l/hour. Throughout the growing season, water was easily accessible to the plants through two daily waterings (a watering rate of 2.4 l/day of water). The experiment was arranged according to the block method, in three replicates according to the following scheme: A Factor –Tomato cultivars: 'Stefanesti 22', 'Stefanesti 24', and 'Costate 21' and, B factor – Method of the fertilizers applying: b1- soil fertigation, b2- fertilizer combinate (soil and Ca+ foliar fertilization, b3- combined fertilization (soil and Biohumus foliar fertilization and b4- foliar fertilization). During the vegetation period, the following doses and forms of mineral fertilizers were applied to the soil, in the experimental plot, adapted to the requirements of the species for an estimated harvest of 100 t/ha, all doses being calculated according to Smartfertilizer Plus, expert program: N180P140K300. Calcium nitrate (11:0:0:26.5) in a concentration of 0.5% and Biohumus were applied foliar.  Foliar fertilization (V4) was applied as follows: NPK: 20:20:20 in 3 applications throughout the vegetation period in the amount of 3 kg/ha, magnesium nitrogen applied during the flowering period 5 kg/ha, and during the period of formation and ripening the fruits were administered NPK in a ratio of 13:7:40 - 5 kg/ha and Calcinit 0.05%. All 3 repetitions of each graduation of A factor (a1, a2, a3), with the afferent graduations of B factor (b1, b2, b3), were arranged on a row of plants in the experimental plot. The 3 repetitions within the same row were separated from each other by leaving one untreated plant (isolation). The fruit samples were harvested in three replications, at the technical maturity of harvesting. The following fruit quality parameters: firmness (N), soluble solids content (SSC, % Brix), tartic (TA %), malic (MA %) and citric acids (CA %). Flesh firmness was measured on two 
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opposite sides of each fruit with a penetrometer HPE II Fff Qualitest (Qualitest Inc., Canada), with a plunger of diameter 0.25 cm2, results were expressed in kg cm2. The soluble solids content was determined with a digital refractometer (ATAGO PR-32, Japan). The malic, tartaric, and citric acids were determined by the method for determining total acidity in fresh juice using a minititrator by Hanna Instruments, model HI84532 (STAS 5957-71). Nitrates, potassium and calcium from the fruits were analyzed using Laquatwin NO3-, Laquatwin Ca2+ and Laquatwin K+, according to the working protocol and were expressed in mg/100 g. The data were analyzed using two-way ANOVA with IBM SPSS 14 software and MS Office Excel 2010. Duncan's Multiple Range Test was used to determine the significant differences (P<0.05).  
RESULTS AND DISCUSSIONS 
 Figure 1 describes the intensity of the existing correlation between fruit production per plant (y) and the volume of the aerial part of the plants (x) for each fertilization variant, in part (factor B). In other words, how are the assimilates distributed for the two important processes, growth and fruiting, according to fertilization methods and options, in the two years after application. It is observed that in all four fertilization methods (gradations), the correlations between growth and fruiting processes are very significant, but the slope of the regression lines differs. In the case of combined fertilization (soil and Biohumus - foliar application - 77.21%), the oscillation of fruit production was determined by the variation in the volume of the bushes (R2=0.7721***), 71.68% in the case of mineral fertilization on the soil (R2=0.7168***) and 50.30% in the case of foliar fertilization (R2=0.503***).  A significant correlation between fruit production and the annual growth of the plant volume is observed in the V1 variant (fertilization on the ground), (R2=0.7168*). For this fertilization variant, a tendency of decreasing vegetative growth could be observed as fruit production increased. Plants within the V3 variant produced a higher fruit yield (between 3.6 and 5.8 kg plant-1) and also had a lower vegetative growth (0.83-1.90 m3).  Foliar fertilization (V4) stimulated the vegetative growth of plants to the detriment of fruit production, more concretely the effect of foliar fertilization was materialized only in the vegetative growth of plants, the fruit yield per plant being between 2.0 and 5.0 kg, while the increases vegetative were from 1.21 and reached 2.2 m3.  Greenhouse tomato production has attracted attention as a potential adjustment to climate change (Sumedrea et. al., 2021, Truffault et al. 2019), and because controlled conditions increase fruit yield and quality (Peet and Welles 2005), and in terms of control of pests is easier with less need for chemical procedures (Jones Jr., 2007). To obtain good-quality tomatoes in greenhouses, good fertilization management is important (Sumedrea et. al., 2021, Gruda et al. 2018). Analyzing the tomato production obtained in the three studied cultivars (table 1), significant differences can be observed between the four fertilization methods, regardless of the study year. Both soil fertilization and combined fertilization (V3)- soil and foliar Biohumus, but also soil and foliar applied Ca (V2) determined increases in fruit production of 1.05 kg/plant, respectively 0.3 kg/plant, compared to the application of foliar fertilization (V4). In 2020, at 'Stefănești 22' cv., fruit production increased from 2.39 in the case of foliar fertilization, to 3.09 kg/plant in the case of soil and combined (soil and foliar) fertilization, the statistically significant difference ensuring an increased production of 0.70 kg/plant.  The same differences were also observed in the case of the 'Costate 21' cv., in both years of the study, which recorded the highest production in the case of soil fertilizer application and foliar Biohumus application (5.40 kg/plant in 2020, respectively 5.47 kg/plant in the year 
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2021), compared to only 4.10 (2020), respectively 4.34 kg/plant (2021) recorded in the case of foliar fertilization.  These differences led to a growth increase of 1.3 kg/plant in 2020, respectively 2.19 kg/plant in 2021. Sumedrea et al. (2021) also reported that both soil fertilization and combined fertilization caused increases in fruit production of 0.38 kg/plant and 0.3 kg/plant, respectively, compared to the application of foliar fertilization. 

Figure 1. Correlation between plant volume (m3) and fruit production (kg plant-1), for each type and fertilization method applied, Stefanesti-Arges, (2020-2021) The combined fertilization (V2- soil and Ca+0.5% foliar application) induced higher values regarding fruit firmness. Thus, in both years of the study in all three analyzed cultivars, the highest fruit firmness was recorded when applying the combined soil and foliar Ca 0.5% fertilization, with values between 58.65 N/cm2 and 65.33 N/cm2 in 2020, respectively 58.8 N/cm2 and 65.45 values recorded in 2021.  The lowest value was highlighted when applying combined soil fertilization and foliar applied Biohumus (V3), in both years of studies (between 50.48-53.45 N/m2 in 2020, respectively 47. In the 'Ștefănești 22' cultivars, the firmness increased from 59 N/cm2 in the case of soil fertilization, to 66.54 N in the case of foliar fertilization, the differences between them being statistically significant. Analyzing the soluble dry substance content of the fruits, differences induced by the fertilization methods of the three cultivars studied were found. Thus, all 3 cultivars 
'Ștefănești 22', 'Ștefănești 24' and 'Costate 21' recorded the highest content value in soluble dry mater when applying the combined soil and foliar fertilization Biohumus (V3), (between 4.71-4.9% in both years of the study), (table 2).  The highest content in SSC % was highlighted in 'Ștefănești 22' cv. (4.9% Brix) in both years of study. Gupta et al., (2011) reported that quality attributes such as the total soluble solids content of fruits varied between 3.67 and 6.0 % Brix. 
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Table 1. The effect of applied fertilization on production, firmness, and S.S.C (% Brix), in the three cultivars, studied at Stefanesti-Arges, in the 2020- 2021 period 

*Mean numbers and 5% least sig. difference of a Completely Random Designed experiment with four 
treatments and three replications, compared using Duncans’ multiple comparisons test (SPSS 14.0, 
ΑNOVA, P≤0,05). *Values with different letters are statistically different at 5% probability, the Duncan 
test  Tartric acid values varied according to the fertilization method. Thus, in the 'Ștefănești 22' cultivar, the highest concentration of CA % was evident when foliar fertilization was applied, in both years of study (1.56-1.62%), although the differences are not significant statistically ensured. (Table 1). The highest values of tartric acid were highlighted when fertilization was applied to the soil, for all three cultivars, in both years of the study, although the differences are not statistically significant. The same thing was highlighted in the case of the malic acid content of the fruits. It decreased in the 'Ștefăneşti 22' cultivar from 1.72 MA % in the case of the application of soil fertilization and of the combined fertilization (V2) (soil and Ca 0.5% foliar application) to 1.23% in the case of foliar fertilization (V4), in 2021, the differences between them being ensured from a statistical. In the 'Costate 21' cv., the increase in content was 0.2% MA, the highest content being recorded in the case of the application of combined 
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fertilization (V3) with 1.45 MA%) and the lowest with foliar fertilization (V4) (1.23 MA), in the year 2020, the differences being ensured from a statistical point of view (Table 2). Table 2. The effect of applied fertilization on tartaric (TA %), malic (MA %), and citric acid (CA %) in the three cultivars, studied at Stefanesti-Arges, in the 2020- 2021 period 

The NO3- content of tomato fruits at the time of harvest, depending on the fertilization method Method of fertilizer Subset for alpha = .05 soil 132. 25 b Combined fertilization (soil and foliar Ca0.5%) 
137.98 a 

Combined fertilization (soil and Biohumus foliar 3%) 
145.69 a 

Foliar 147.95 a 
Sig. 1.000 0.066 

Figure 1. Comparative graphic representation of the NO3- concentration distributions in the fruits, depending on the fertilization variant 
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The lowest values of the K+ content in fruits were obtained in the case of soil fertilization (148.7 mg/100 g fresh matter), and the highest in the case of combined fertilization (soil and foliar organic Biohumus) 187.4 mg/100 g fresh matter and statistically significantly different, for a 5% assurance level. 
 Table 4. The potassium (K+) content of tomato fruits at the time of harvest, depending on the fertilization method 

Figure 2. Comparative graphic representation of the K+ concentration distributions  in the fruits, depending on the   fertilization variant  The content of potassium (k+) in the fresh substance of the fruits is in a series of contents generally quoted in the literature (Voican and Lăcătuș, 1998, Sumedrea et. al., 2021). Voican and Lăcătuș present values of 244 mg/100 g fresh matter for potassium in the edible part of tomatoes, and Sumedrea et al. reported values between 240-243 mg/100 g.  Table 5. The potassium (Ca+) content of tomato fruits at the time of harvest, depending on the fertilization method 

Figure 3. Comparative graphic representation of the K+ concentration distributions in the         fruits, depending on the   fertilization variant  Analyzing the average values of the content of tomato fruits in calcium (mg/100g fresh matter) they varied between 10 mg/100g fresh fruit in the case of the soil fertilization option and 12.04 mg/100 g fresh matter, in the case of combined fertilization (V3- soil and foliar Biohumus organic), the differences between them being statistically significant. The content of calcium (Ca+) in the fresh substance of the fruits is in a series of contents generally quoted in the literature (Voican and Lăcătuș, 1998; Sumedrea et. al., 2021). 

Method of fertilizer Subset for alpha = .05 soil 148.75 b  Combined fertilization (soil and foliar Ca0.5%)  178.50 a Foliar  183.61 a Combined fertilization (soil and Biohumus foliar 3%)  187.40 a 
Sig. 1.000 0.353 

Method of fertilizer Subset for alpha = .05 soil 10.00b   Combined fertilization (soil and foliar Ca0.5%)   11.27a Combined fertilization (soil and Biohumus foliar 3%)   11.90a 
Foliar   12.04a 
Sig. 1.000 0.086 
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CONCLUSIONS 
 This study required the application of organic Biohumus organic foliar with mineral fertilizer had better effects on tomato growth and yield than soil or foliar application. Combined fertilization (soil and foliar organic Biohumus) determined increases in fruit production of 1.05 kg/plant compared to the application of foliar fertilization. Also, the fruit content in SSC increased from 4.07% in the case of foliar fertilization to 4.25% when applying mineral fertilization to the soil, recording the highest values when applying the combined fertilization 4.7% (soil and organic Biohumus applied foliar). The same differences were also evident in the fruit content in MA %, the highest values being obtained when applying foliar fertilization with organic Biohumus on a soil mineral fertilization. Therefore, we recommend mineral fertilization applied in optimal doses for the greenhouse culture of tomatoes supplemented with the organic fertilizer Biohumus applied foliar, increasing the yield and improving the quality indicators of the tomato fruits. 
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ABSTRACT  

Bell pepper has an important content of vitamins (C, A, E and B), minerals and 
sugar. It ranks the fourth place in Romania, after tomatoes, onions and cabbage. 
Grafted bell pepper crops from Romania obtain higher productions compared to non-
grafted bell pepper crops. The objective of the paper has been to establish the effect 
of some Capsicum rootstocks on some Romanian and Dutch bell pepper cultivars 
obtained in 2019 in the greenhouse from HORTING Institute. The biological material 
consists of cultivars of Capsicum genus: two scions (Dutch ‘Menta’ F1 bell pepper and 
Romanian ‘Regal‘ bell pepper) and three rootstocks (Romanian ‘L11A’ and ‘L12S‘ bell 
peppers and Dutch first-generation ‘Foundation’ hybrid). Dutch ‘Menta’ bell pepper 
and Romanian ‘Regal‘ bell pepper are commonly cultivated in fields, greenhouses, 
and solariums. There were studies in 6 grafted plant variants and 2 non-grafted plant 
variants of 36000 plants/ha. Grafting has influenced the yield and quality of bell 
pepper fruits fruit yield and the . Grafting has positively or negatively influenced 
content of biochemical compounds in grafted crops. The results of this research 
require an extension of the intra and interspecific grafting of the bell pepper, 
respectively into different rootstocks for the Romanian bell pepper crops from 
greenhouses, solariums, and fields. 

Keywords: Dutch bell pepper, grafting, quality, Romanian bell pepper, yield 
INTRODUCTION The bell pepper has an important content of vitamins (C, A, E and B) (Lagunovschi-Luchian and Vînătoru, 2016), mineral substances and sugar (Ciofu, 1996). It ranks fourth place in Romania, after tomatoes, onions and cabbage (www.madr.ro) and Dutch ‘Menta’ F1 bell pepper and Romanian ‘Regal‘ bell pepper are commonly cultivated in field, greenhouses and solariums.  Some results regarding the influence of grafting on bell pepper exist in numerous researches. Leal-Fernández et al. (2013) found that the rootstock 'CM334' negatively affected all agronomic and morphological characteristics, the rootstock 'AR96029' had a positive effect on plant yield and the rootstock 'Tresor' induced an increasing number of fruits, without increasing the yield. Donas-Ucles et al. (2015) investigated some rootstocks ('Serrano de Morelos 2' or 'SCM-334', 'Japaleno', 'Oscos', 'AR 9604040' and 'Tresor') and concluded that there was no correlation between yield and plant vigor determined by the rootstock. López-Marín et al. (2017) studied the effects of some rootstocks ('Atlante', 'Creonte', and 'Terrano') and observed the increased yield. Therefore, there are conflicting results regarding the influence of rootstocks on bell pepper crops. The objective of paper 
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has been to establish the effect of some Capsicum rootstocks on the Romanian and Dutch bell pepper crops obtained in the year 2019 in greenhouse from the HORTING Institute.
MATERIALS AND METHODS  The study was done in the greenhouse of the HORTING Institute in 2019 year. 
Biological material and experimental design The biological material consists of cultivars of Capsicum genus: two scions (Dutch ‘Menta’ F1 bell pepper and Romanian ‘Regal‘bell pepper) and three rootstocks (Romanian ‘L11A’ and ‘L12S‘ bell pepper and Dutch first-generation ‘Foundation’ hybrid). ‘Menta’ F1 and ‘Foundation’ F1 are from Rijk Zwaan Company, ‘Regal‘, ‘L11A’, and ‘L12S‘ are from SCDL Buzau. The external appearance of bell pepper fruits is shown in figure 1. 

‘Menta’      ‘Regal‘ Figure 1. Pepper fruits The experimental crops with bell pepper have been established at the density of 36000 plants/ha, in grafted and non-grafted variants grouped in randomized blocks. The experience has been organized by eight variants, 30 plants/variant, 3 repetitions/variant), with two experimental factors: 
 The first factor – scion1 – ‘Menta’;  2 – ‘Regal’.  
 The second factor – rootstock:1 – ‘Foundation‘;  2 – ‘L11A’; 3 – ‘L12S’. Eight variants with bell pepper have resulted, presented in table 1. Table 1. Experimental variants with peppers Variant Scion Rootstock Planting density (thousands of plants/ha) 

V1 ‘Menta‘ (control) - 36 V2 ‘Menta‘ ‘Foundation‘ 36 V3 ‘Menta‘ ‘L11A‘ 36 V4 ‘Menta‘ ‘L12S‘ 36 
V5 ‘Regal‘ (control) - 36 V6 ‘Regal‘ ‘Foundation‘ 36 V7 ‘Regal‘ ‘L11A‘ 36 V8 ‘Regal‘ ‘L12S‘ 36 
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The experience represented a comparative crop established with the 8 bell pepper cultivars to the last decade of May (May 29, 2019) and maintained under classical technological conditions, in a glass greenhouse at the HORTING institute.  The general and specific works for the bell pepper crop were applied throughout the vegetation period. 
Biometric determinations. The determinations regarding the total yield have been carried out by weighing the fruits in each research variant. 
Biochemical analyses on pepper fruits. The biochemical analyses have been carried out on fruits harvested at consumption maturity, so: the soluble dry substance has been determined using the ABBE refractometer (Prisma model); the sugar amount has been determined by the Bertrand method; the vitamin C has been determined by using the spectrophotometric method (Sora et al., 2019); total acidity has been determined by the volumetric method (Doltu et al., 2021). 
Statistical analysis. The statistical interpretation has been processed using analysis of variance (ANOVA) and Duncan’s test, after Iordăchescu (1976). 
RESULTS AND DISCUSSIONS  The fruits were harvested starting in the last decade of July (July 26, 2019). The fruit production on grafted bell pepper plants has been influenced by grafting. It has been superior to the 'Menta' and 'Regal' bell pepper plants grafted into the Dutch 'Foundation' rootstock compared to the grafted plants into the Romanian 'L12S' and 'L11A' rootstocks and the non-grafted plants (table 2). Table 2. The influence of rootstock on fruiting of bell pepper cultivars Variant No. of fruits /plant Yield Differences/plant (kg/plant) (t/ha) kg % 

‘Menta‘ (control) 8.7 1.38 49.68c - 100 ‘Menta‘ x ‘Foundation‘ 8.9 1.40 50.40d 0.02 101.4 ‘Menta‘ x ‘L11A‘ 8.9 1.34 48.24b – 0.04 97.1 ‘Menta‘ x ‘L12S‘ 8.5 1.30 46.80a – 0.08 94.2 
‘Regal‘ (control) 10.5 0.91 32.76c - 100 ‘Regal‘ x ‘Foundation‘ 12.1 1.12 40.32d 0.21 123.1 ‘Regal‘ x ‘L11A‘ 11.3 0.80 28.80a – 0.11 87.9 ‘Regal‘ x ‘L12S‘ 10.3 0.82 29.52b – 0.09 90.1 

*values followed by the same letter do not differ significantly from the 5% significance level, Duncan testProduction increases have been obtained for the bell pepper cultivars grafted on the 'Foundation' rootstock compared to the control (non-grafted); these have been between 0.02 ('Menta') and 0.21 ('Regal') kg/plant (1.4 – 23.1%). Negative production differences have been recorded on the pepper variants grafted into the 'L11A' and 'L12S' compared to the non-grafted plants (control). Colla et al. (2008) investigated some rootstocks (‘Snooker’, ‘Tresor’, ‘RX360’, ‘DRO8801’ and ’97.9001’.) for pepper (Capsicum annuum L.) grafting and an experiment was carried out to determine yield and fruit quality of two 'Edo' and 'Lux' bell pepper cultivars. Total and marketable yield and fruit number were significantly influenced by grafting. Grafted bell pepper plants produced 22-46% more yield than non-grafted plants (control) for the ‘Edo’ bell pepper. The grafted ‘Lux’ plants had 25% more yield in comparison to non-grafted plants. The use of grafted bell pepper plants represents a strategy for an increase in fruit yield (Ergun and Aktas, 2018). The biochemical composition obtained in the bell pepper variants is shown in the table 3. 
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Table 3. Biochemical composition of bell pepper variants Variant Soluble dry substance  (oR) Acidity (g malic acid/100 g) Total sugar (%) Vitamin C (mg/100g) ‘Menta‘ (control) 5.7 0.14 1.89 101 ‘Menta‘x‘Foundation‘ 5.3 0.18 1.81 85.9 ‘Menta‘x ‘L11A‘ 4.8 0.18 2.62 67.3 ‘Menta‘ x ‘L12S‘ 5.5 0.18 2.46 80.8 ‘Regal‘ (control) 6.5 0.18 2.71 82.6 ‘Regal‘ x ‘Foundation‘ 8.1 0.21 2.79 156 ‘Regal‘ x ‘L11A‘ 7.1 0.21 2.79 73.3 ‘Regal‘ x ‘L12S‘ 7.0 0.21 3.13 91.1 The content of soluble dry substance from fruits has varied between the investigated variants; higher values have been obtained for all the grafted 'Regal' bell pepper variants (7 – 8.1oR) compared to the non-grafted variant (control) (6.5oR) and higher values have beenobtained for the non-grafted 'Menta' bell pepper variant (control) (5.7oR) compared to the grafted 'Menta' bell pepper variants (4.8 – 5.5oR). At titratable acidity, lower values have been obtained in the non-grafted variants (control) of 'Menta' bell pepper (0.14 g) and 'Regal' bell pepper (0.18 g) compared to the grafted variants of 'Menta' bell pepper (0.18 g) and 'Regal' bell pepper (0.21 g). The nutritional qualities of fruits from the grafted bell peppers such as dry matter, total soluble solid contents, and titratable acidity were similar compared to those of non-grafted plants (Colla et al., 2008).  The content of total sugar from fruits has varied between the investigated variants; slightly higher values have been obtained for the grafted variants of the 'Regal' bell pepper  (2.79 – 3.13%) compared to the non-grafted variant (2.71%) and slightly higher values have been obtained for the 'Menta' bell pepper variants grafted into the 'L11A' ' and 'L12S' rootstocks (2.46 – 2.62%), then the non-grafted 'Menta' variant (control) (1.89%) and the 'Menta' variant grafted into the 'Foundation' rootstock (1.81%). Soluble sugars (average contents: 7.2 and 7.6ºBrix for the grafted ‘Edo’ and ‘Lux’ cultivars) in pepper fruits are not strongly affected by grafting (Colla et al., 2008). A higher value of vitamin C has been obtained in the non-grafted 'Menta' bell pepper variant (101 mg) compared to the values from the grafted variants (67.3 – 85.9 mg). An intermediate value of vitamin C has been obtained in the non-grafted 'Regal' bell pepper variant (82.6 mg) compared to the values from the grafted variants (73.3 – 156 mg). Grafting favors the presence of bioactive compounds in the bell pepper (β-carotenes, vitamin C, lycopene, total phenols) and the antioxidant activity of bell pepper using some scion/rootstock combinations ('Jeanette'/'Terrano', 'Sweet'/'Robusto', 'Fascinato'/'Robusto', 'Orangela'/'Terrano' and 'Fascinato'/'Terrano)'. 'Sweet'/'Robusto' had 1.3-fold higher content in vitamin C than 'Jeanette'/'Terrano', 1.2-fold more than 'Fascinato'/'Robusto', 1.16-fold more than 'Orangela'/'Terrano', and 1-fold more than 'Fascinato'/'Terrano'. 'Sweet'/'Robusto' registered an average content in vitamin C of 165.56 mg/100 g dry weight (Chávez-Mendoza et al., 2015). The correlation coefficients have been calculated for to highlight the correlation between the yield and sugar and vitamin C (figures 2 and 3). 
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'Menta' pepper                  'Regal' pepper Figure 2. Correlation between yield and total sugar content The coefficient of determination was positive between control plants and grafted plants, between yield and total sugar content (r2= 0.6452 'Menta' and r2= 0,7553 'Regal'); the significance of the correlation is distinctly significant. 

'Menta' pepper                  'Regal' pepper Figure 3. Correlation coefficients between yield and vitamin C The coefficient of determination was negative between control plants and grafted plants, between yield and vitamin C (r2= 0.5394 'Menta' and r2= 0,0387 'Regal'). 
CONCLUSIONS Grafting has influenced the yield and quality of bell pepper fruits.  fruit yield (‘Menta‘ and ‘Regal‘ grafted into The grafting has positively influenced the ‘Foundation‘ rootstock) and the content of vitamin C (‘Regal‘ grafted into ‘Foundation‘ and ‘L12S‘ rootstocks) fruit yield (‘Menta‘ and ‘Regal‘ grafted  either it has negatively influenced 
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into ‘ ‘ ‘ ‘ rootstocks and the content of vitamin C (‘Menta‘ grafted into L11A  and L12S ) ‘Foundation‘, ‘ ‘ ‘ ‘ rootstocks).  L11A  and L12SThe rootstock has influenced the content of soluble dry substance, positively for the 'Regal' pepper and negatively for the 'Menta' bell pepper; positive to titratable acidity in all variants, positive to sugar in all variants, except for the 'Menta' bell pepper grafted into the 'Foundation' rootstock. An optimal selection of rootstock before grafting is recommended to obtain an important fruit yield. The results of this research require an extension of the intra and interspecific grafting of the bell pepper, respectively into different rootstocks for the Romanian bell pepper crops from greenhouses, solariums, and field. 
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ABSTRACT  

National Institute of Research and Development for Potato and Sugar Beet 
Brasov is working constantly to create new potato cultivars adapted to changing 
climatic conditions, with high yield and resistance to diseases, suitable to the 
quantitative and qualitative demands of consumers.  Field experiments were carried 
out in the years 2018 - 2019 using a complete randomized block design with four 
replicates. Planting was made on 19 April 2018 and on 4 April 2019. In all cases, 
cultivation and maintenance was in line with current good agricultural practice. Eight 
Romanian potato cultivars ('Castrum', 'Sarmis', 'Marvis', 'Brașovia', 'Sevastia', 
'Christian', 'Asinaria' and 'Cezarina') were examined regarding the foliage and tuber 
susceptibility to late blight and the disease development during the season. Late 
blight appeared on July 3, 2018, relatively late compared to previous years. The 
significant quantities of rainfall and the favourable temperatures of June, when an 
average of 18.1°C was recorded, provided the necessary conditions for the onset of 
the late blight epidemic. In 2019 the first late blight spots were observed very early, 
on May 30 to the 'Brasovia' cv. The relatively high volume of rainfall in May and June, 
together with the optimum temperatures, led, in addition to the development of 
plants, to the attack of foliar diseases, whose control was relatively difficult. In 2018, 
'Christian' cultivar showed the lowest level of foliage resistance, followed by 
'Brasovia', 'Castrum' and 'Sarmis' cultivars presented a medium level of resistance. 
The cultivars 'Sevastia', 'Asinaria' and 'Marvis' were situated towards the upper limit 
of the resistance. In 2019 from the studied cultivars, 'Asinaria' and 'Cezarina' have the 
lowest attack level, followed by 'Braşovia', 'Castrum' and 'Sarmis. Sevastia, 'Marvis' 
and 'Christian' cultivars were the most susceptible to late blight. 

Keywords: potato, late blight (Phytophthora infestans), fungicides, cultivars, yield 
INTRODUCTION Regarding potato diseases by far the most destructive one is late blight caused by 
Phytophthora infestans. The disease has reached epidemic proportions in Europe, Russia and North America, due to the development of resistance to phenylamide fungicides in the populations of the pathogen and the widespread occurrence of new genotypes (Deahl et al., 1991; Fry et al., 1997). Late blight is considered a re-emerging disease encouraged by the increasing globalization of trade and climatic change (Servici et al., 2017). 
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Despite the considerable amount of knowledge that has been accumulated about this disease, late blight continues to be one of the main limiting factors for potato production in the world.  If the disease is not controlled, losses can reach 100%.  Even with low infection levels, the crop may be unsuitable for storage (Fernandez et al., 2000). Over the years the role of fungicides in controlling potato late blight increased and now, spraying is a normal and routinely practice all over the world. In Europe in years with severe blight attacks, in some countries up to 25 sprays were used per season (Hansen, 2009).  Nearly $ 4 billion is invested in the control of this pathogen (Judelson and Blanco, 2005; Haldar et al., 2006) and around € 9 billion per year is associated with production losses of these crops (Haverkort et 
al., 2016; Lucca et al., 2019). Fungicides have a negative impact on the environment due to the pollution of groundwater, energy costs for application and negative effects on human health (Haverkort et al., 2008; Pacilly, 2018). Chemical control of this disease is still playing a vital role in potato production as resistant cultivars are being less available. Fungicides encourage the development of resistance in Phytophthora infestans and the pathogen requires higher doses of fungicides in controlling the disease, which disturbs the cost benefit ratio and environment.  If weather conditions are the essential elements of epidemic development, it is imperative to take into account the evolution of the pathogen. For several years new strains have evolved (Duvauchelle and Ruccia, 2015).  The study of the effects of climatic conditions and their influence on potato production is becoming more and more important as regards the adaptogenic capacity of the plants to environmental conditions (Rosenzweig et al., 2002; Rymiza et al., 2015). Survival of P.  
infestans inoculum in order to initiate epidemic can be reduced through avoidance of introducing late blight into a field by planting only disease-free seed tubers, preferably certified, destroying all cull and volunteer potatoes, avoid frequent or night-time overhead irrigation and good soil coverage (Draper et al., 1994). The main cultivars grown in Romania are susceptible to late blight, especially on foliage. Disease control requires regular application of fungicides at high rates and short intervals throughout the growing season. To obtain this information it is necessary to test the efficacy of all new fungicides to control disease in the presence of the new isolates of P. infestans. 
MATERIALS AND METHODS  Trial was performed in the experimental field of the Technology and Good Agricultural Practice Laboratory at the National Institute for Research and Development for Potato and Sugar Beet Brasov. The experimental design was a randomized block with a factorial arrangement. The treatments were replicated three times. The plot size was 3.0 m × 8.4 m with 0.75 m and 0.3 m between rows and plants respectively. The experiment included two factors: potato cultivars and fungicides. The same eight Romanian potato cultivars created to NIRDPSB Brasov were planted in both years: 'Christian', 'Marvis', 'Sarmis', 'Sevastia', 'Cezarina', 'Castrum', 'Brasovia' and 'Asinaria'. Planting was made in 19 April 2018 and in 4 April 2019.  In all cases, cultivation and maintenance was in line with current good agricultural practice. In 2018 the first treatment was with Lieto (0.45 kg/ha) on 5 June, followed by Ridomil Gold Mz 68 WG (2.5 kg/ha) on19 June and 13 July, continued with Consento 450 SC (2.0 l/ha) on 3 July, Infinito 687,5 SL (1.4 l/ha) on 23 July, Drago 76 WP (2.0 kg/ha) on 31 July, Acrobat Mz (2.0 kg/ha) on7 August and lastly with Banjo 500 SC (0.4 l/ha) on 20 August. In 2019 the first treatment was with Polyram DF (1.8 kg/ha) on 29 May, followed by Infinito 687,5 SL (1.4 l/ha) on 7 June, Ridomil Gold Mz 68 WG (2.5 kg/ha) on 13 June, Equation Pro (0.4 kg/ha) on 24 June, Consento 450 SC SC (2.0 l/ha) on 3 July, Bravo 500 SC (2.0 l/ha) on 22 July, Carial Star 250g/l (0.6 l/ha) on 30 July and lastly with Shirlan 
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500 SC (0.4 l/ha) on 7 August. Each fungicide was applied using a manually-pumped knapsack sprayer of 10-liter capacity.  Plots were assessed for the extent of blight spots on the leaves. Disease severity was scored as follows 1: None or very few lesions on the leaflets (0% foliage affected), 2: (3% foliage affected), 3: (10% foliage affected), 4: (25% foliage affected),5: (50% foliage affected), 6: (More than 50% but less than 75% stem and foliage affected), 7: More than 75% but less than 90% affected), 8: Only very few green areas of stem and leaf (much less 10%) and 9: 100% foliage destroyed. Each plot is assessed as a whole for percentage disease severity using a standard accepted severity key. (Anonymous, 1947; Cruickshank, 1982). Harvest observations (17 September 2018 and 16 September 2019) mentioned the number and the weight of tubers with blight and yield. The produce was hand-picked and stored at a temperature of over 100C for two weeks to allow tuber blight symptoms to develop. The tubers was graded into the following grades: < 35 mm, 35-60 mm, > 60 mm, blighted tubers and other diseases. After grading the tubers were weighed and the yields were expressed in tons per hectare.  Data were subjected to statistical analysis by M-STATC software, the differences among means were performed using the least significant difference (LSD) at a 5% level.  
RESULTS AND DISCUSSIONS  Late blight incidence depends on environmental conditions. In the Brasov Depression area, the average annual temperatures have an uneven distribution, due to the influence of local factors (altitude, land forms, exposure, slope gradient and degree of vegetation cover). Compared to the multiannual average, the temperatures recorded sometimes differ quite a lot, both compared to the average and from one year to another. Table 1. Air temperature and rainfall during the experiment Year Month May June July August September Air temperature (°C) Average 2018 16.3 18.1 18.8 20.2 14.7 17.6 2019 13.4 19.6 19.0 15.5 14.8 16.5 Multiannual average of air temperature 13.6 16.5 18.1 17.5 13.6 15.9 

Amount of rainfall (mm) Total 2018 34.8 204.8 133.6 46.6 43.4 463.2 2019 98.6 110.0 68.6 86.2 8.9 372.3 Multiannual average of rainfall 82.0 96.7 99.8 76.4 52.5 407.4 
Late blight appeared on July 3, 2018, relatively late compared to previous years. The late emergence was influenced by the initially unfavorable climatic conditions both as an evolution of the potato crop and the disease. After March, when the amount of water added was 78.4 mm (271.3% compared to MAA), in April only 10.8 mm (21.6% compared to MaA) were achieved and in May 34.8 mm (42.4% compared to MAA), which influenced the emergence of plants and a slow start in vegetation. In June and July, the thermo-hydric conditions became favorable for the potato crop. Water needed for plant development was provided by abundant rainfall of 204.8 mm in June (211.8% compared to MAA) and 133.6 mm in July (133.9% compared to MAA). The significant 
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quantities of rainfall and the favorable temperatures of June, when an average of 18.1 ° C was recorded, provided the necessary conditions for the onset of the late blight epidemic. In 2019 the first late blight spots were observed very early, on May 30 at Brașovia' cv.  The months of March and June were characterized by higher than normal temperatures, with the monthly average exceeding 3.1oC. Between April and May, the average monthly temperatures were close to normal. In the second part of the vegetation period, in July, August and September the average monthly temperatures fluctuated, generally being around the MAA values (+ 0.9°C in July, -2.0°C in August and + 1.2°C in September). The month of May, rich in rainfall (98.6 l / sqm) and with temperatures close to the MAA contributed to a good start for potato crops. The relatively high volume of rainfall in May and June, together with the optimum temperatures, favored, besides the development of plants, the attack of foliar diseases, whose control was relatively difficult, being applied a large number of treatments. The low level of rainfall in August caused the maturation of the plants and the end of the vegetation of the semi-early cultivars (Table 1). For the occurrence of late blight, more important is the presence of rainy days than the amount of them, although the abundant rainfall influences the intensity of late blight attack. Being humidity conditions, the late blight appears without fail and there is an unlimited succession of secondary infections so that in a relatively short time, the attack is widespread throughout the whole potato crop (Hermeziu, 2017). Observations regarding the resistance of the cultivars to late blight attack take into account the infection pressure from the plot level starting from the moment of the installation of the epidemic everywhere when the resistance to the progression of infection even on less sensitive cultivars can be modified due to the interrelation that is created between the cultivars planted side by side.  Hence the difficulty, in this kind of tests, to measure the behavior of one cultivar without the disturbances induced by another more sensitive. 
 

 
Figure 1. Late blight development on foliage 2018In 2018, 'Christian' cv. showed the lowest level of resistance on foliage (40% attack level), followed by Brașovia' cv. (30% attack level). 'Castrum' and 'Sarmis' cultivars have an attack level of 20%. The cultivars 'Sevastia', 'Asinaria' and 'Marvis' were situated towards the upper limit of the resistance (attack degree 10%). It should be noted to these cultivars that the time required for the epidemic install is longer, even under conditions of high infection pressure and by the timely application of systemic fungicides there is the possibility that the general pressure in the plot will decrease progressively. 'Cezarina' cv. (1% attack degree), rated according to the field resistance determinations as the most resistant, has maintained a high level of resistance on both foliage and tubers (Figure 1). 
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Figure 2. Late blight development on foliage 2019 From figure 2 can be observed the slow evolution of the attack, even if the climatic factors during June and July were favorable for the epidemic development. Among the studied cultivars, 'Asinaria' and 'Cezarina' cvs. have the lowest level of attack, followed by ' Brașovia', 'Castrum' and 'Sarmis' cvs., and 'Sevastia', 'Marvis' and 'Christian' cvs. presented a higher level of attack. The reading of the graphs shows a very contrasting behavior according to the year for some cultivars. This is the case of 'Sevastia' and 'Marvi', which in 2018 showed resistance to infection, and in 2019 once infected, their resistance decreased dramatically. Analyzing 
'Cezarina' cv., from the point of view of resistance in vegetation, but also in the longer term, such a cultivar allows the entrance with one or two protective treatments at the beginning of the season and can withstand without annoying consequences less intensive treatment strategies, such as 14 days between treatments. Table 2. Number of tubers (Brasov, 2018)  

No. Cultivar  Total no. tubers from which: > 60 mm 35-60mm <35 mm Tubers with blight tub/sqm % 1 'Sevastia' 14.8         g 7.1     de 5.2      h 2.5        h 0.0      c 0.1       c 2 'Marvis' 40.4     cd 12.0      c 17.8   cde 10.4   cd 0.2      c 0.4      c 3 'Castrum' 30.2       ef 8.4       d 14.5   def 7.1  efgh 0.1      c 0.5      c 4 'Asinaria' 31.1       ef 15.3 ab 11.2     fg 4.6      gh 0.0      c 0.0      c 5 'Sarmis' 27.4         f 9.2      d 13.3   efg 4.6     gh 0.2      c 0.9      c 6 'Braşovia' 37.5     cde 14.1  abc 18.1  cde 5.2     gh 0.1      c 0.2      c 7 'Cezarina' 34.4     def 16.4 a 13.0   efg 5.0     gh 0.1      c 0.2      c 8 'Christian' 30.5       ef 13.2   bc 13.1   efg 4.0     gh 0.3      c 0.9       c 
Average 36.9 10.7 17.6 8.0 0.6 1.5 
(CV %) 10.6 13.8 18.1 21.2 58.4 76.1 
LDS 5% 6.5 2.4 5.3 2.8 0.5 1.9 % Significant differences in the number of tubers per plant were noticed among the cultivars. The total number of tubers varied very much, with statistically assured differences between 40.4 tubers/sm on 'Marvis' cv. (the highest number of tubers/square meter) and 14.8 
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tubers/sm on 'Sevastia' cv. (the lowest number of tuber/square meter). The other cultivars in descending order of the number of tubers are 'Brașovia' (37.5), 'Cezarina' (34.4), 
'Asinaria' (31.1), 'Christian' (30.5), ' Castrum' (30.2) and 'Sarmis' (27.4). For the majority of cultivars can be observed a high number of tubers and good protection due to the applied fungicides (Table 2). Table 3. Number of tubers (Brasov, 2019) 

No. Cultivar Total no. tubers from which: > 60 mm 35-60 mm <35 mm Tubers with blight tub /sqm % 1 'Sevastia' 24.17d 3.11d 13.42e 7.64c 0.00c 0.00c 2 'Marvis' 49.42ab 4.94cd 27.36bc 17.08a 0.02c 0.12c 3 'Castrum' 38.08c 6.64bc 19.50d 11.92bc 0.02c 0.22c 4 'Asinaria' 38.22c 8.25b 16.11de 13.83ab 0.02c 0.06c 5 'Sarmis' 43.17bc 12.17a 20.75d 10.11bc 0.14c 0.35c 6 'Brasovia' 49.58ab 8.81b 26.53c 14.14ab 0.11c 0.23c 7 'Cezarina' 53.39a 9.08b 31.89ab 12.39ab 0.03c 0.08c 8 'Christian' 57.97a 9.06b 34.19a 14.72ab 0.00c 0.00c 
Average 44.25 7.76 23.72 12.73 0.08 0.13 
(CV %) 12.69 28.44 18.81 25.24 186.86 201.87 
LDS 5% 8.255 5.91 4.49 1.18 0.124 0.404 From table 3 can observed the presence of a large number of tuber /sqm, the values being between 57.97 tubs. / sqm to 'Christian' cv. and 24.17 tubs. /sqm to 'Sevastia' cv. The good environmental conditions, temperature and rainfall, were reflected in a large number of count tubers to the almost cultivars. The other cultivars in descending order of the number of tubers were 'Cezarina' (53.39), 'Brasovia' (49.58), 'Marvis' (49.42), 'Sarmis' (43.17), 'Asinaria' (38.22), 'Castrum' (38.08).  The difference between cultivars is natural and varies with the genotype, physiological age of seed, number of stems per hill and environmental conditions during the initiation phase of growth (Mihovilovich et al., 2008; Tufa et al., 2019).  Based on these factors can be determinate the productive potential of a cultivar and its final destination. By example, 'Christian' cv. is recommended for summer-autumn consumption and for french fries processing and 'Sevastia' is a cultivar in which the tuber remains whole, being suitable for salads and cooking with water and steam. Table 4. Yield obtains in 2018 to NIRDPSB Brasov 

No. Cultivar Total yield Size categories: > 60 mm 35-60 mm <35 mm Tubers with blight Commercial yield t/ha % t/ha 1 'Sevastia' 23,93 i 14,1 ef 7,9  gh 1,9cdef 0,0 a 22,0   h 2 'Marvis' 44,79cd 28,2  c 14,3 def 2,2cde 0,1 a 42,5  cd 3 'Castrum' 31,76 gh  17,4 def 12,5  def 1,5efg 1,0 a 29,9  fg 4 'Asinaria' 49,40 bc 38,2  ab 9,9   gh 1,3fgh 0,0 a 48,1  bc 5 'Sarmis' 33,74 fg     21,8 d 10,3  fg 1,4fgh 0,9  a 32,1  efg 6 'Braşovia' 50,19 bc     32,2 c 16,5  de 1,4efg 0,2  a 48,7  bc 7 'Cezarina' 56,91 a     43,5 a 12,0   fg 1,3fgh 0,2  a 55,5 a 8 'Christian' 39,52def 28,3  c 10,2   fg 0,8gh 0,5 a 38,5   de 
Average 41,3 24,6 14,3 2,0 1,3 38,9 
(CV %) (8,9) (12,9) (16,9) (23,4) (95,3) (10,0) 
LDS 5% 6,1 5,3 4,1 0,8 2,0 % 6,5 
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From table 4 it appears that the total production is correlated with the commercial production. Very good commercial production was obtained to 'Cezarina' cv. (56.91 t/ha). In descending order are registered the cultivars 'Brașovia' (50.19 t/ha), 'Asinaria' (49.40 t/ha), 'Marvis' (44.79 t/ha), 'Christian' (39.52 t/ha), 'Sarmis' (33.74 t/ha), 'Castrum' (31.76 t/ha) and 'Sevastia' (23.93 t/ha). It is observed that the cultivar as a biological resource is an important factor in obtaining high yields, but adequate technology is meant to provide conditions for the production and quality of the initial qualities of the cultivar. Table 5. Yield obtains in 2019 to NIRDPSB Brasov 
No. Cultivar Total yield Size categories: Commercial yield > 60 mm 35-60 mm <35 mm Tubers with blight t/ha % t/ha 1 'Sevastia' 16.83e 5.01e 10.06c 1.77b 0.0b 15.06d 2 'Marvis' 31.08bcd 9.24de 18.03ab 3.78a 0.02ab 27.28bc 3 'Castrum' 27.17d 10.71cde 13.27c 3.16a 0.03ab 23.98cd 4 'Asinaria' 28.41cd 13.96bcd 10.63c 3.81a 0.02ab 24.58cd 5 'Sarmis' 44.06 26.26a 14.87bc 2.77ab 0.17a 41.12a 6 'Brasovia' 38.25abc 16.57bc 18.27bc 3.32a 0.09ab 34.84ab 7 'Cezarina' 43.30a 17.51b 22.70a 3.04a 0.04ab 40.21a 8 'Christian' 39.61ab 13.88bcd 21.99a 3.74a 0.00b 35.87ab Average 33.59 14.14 16.23 3.17 0.046 30.37 

(CV %) 19.79 28.44 18.81 25.24 203.25 20.91 
LDS 5% 9.774 5.914 4.487 1.179 0.139 9.337 It should be noted also the different number of tubers in terms of size fractions may be an indicator of what would be the final destination of a potato cultivar. The large number of tubers from the 35-60 mm size is observed in the 'Cezarina', 'Christian', 'Marvis' and 'Brasov' cultivars. A large number of tubers in the size > 60 mm were obtained to 'Asinaria' and        'Sarmis' compared to the one registered in the 35-60 mm size. It is worth noting the small percentage of tubers attacked by different diseases (late blight and dry rot) observed during harvest, due to the fact that the attack of the diseases in the vegetation was very well controlled. 

CONCLUSIONS  Due to the large number of treatments (8-9 treatments/season), through the timely application and the use of active substances with different mode of action, the evolution of the attack was slow and the cultivars taken in the study had a good and very good evolution. Results on the investigation of the effectiveness of fungicides to minimize the disease incidence of late blight in two years of field trials in 2018 and 2019 indicated that all the fungicides significantly reduced the disease incidence and increased yield.  Among the eight tested cultivars, in both years, 'Cezarina' cv. produced maximum yield. It should be emphasized once again that the potato late blight is an evolving, complex disease, which under the current climatic conditions when global warming takes place and the extreme phenomena are accentuated (torrential rain, short duration, large quantities of water in a short period) has the ability to be dynamic and to continue to pose serious problems to both researchers and farmers. 



128 

ACKNOWLEDGEMENTS  Funding by the project PN16-12-02-03 “Monitoring of potato foliar and storage diseases in climatic changes conditions and the study of pathogens influence on yield and quality parameters” led by the Romanian Ministry of Education and Research is gratefully acknowledged. 
REFERENCES  1. Anonymous. (1947). The measurement of potato blight. Trans. Brit. Mycological Society 31: 140-141. 2. Cruickshank G., Stewart H.E., Wastie R.L., (1982). An illustrated assessment key for foliage blight of potatoes. Potato Research25: 213-214. 3. Deahl K.L., Goth R.W., and Young R. (1991). Occurrence of the A2 mating type of Phytophthora infestans inpotato fields in the United States and Canada. American Potato Journal, 68: 717 – 726. 4. Draper M.A., Secor G.A., Gudmestad N.C., Lamey H.A. and Preston D. (1994). Leaf Blight Diseases of Potato. Late Blight. North Dakota State University Agriculture and University Extension 1084. 5. Duvauchelle S. and Ruccia D. (2015). Mancozeb: essential tool for sustainable protection of potato against late blight. In: H.T.A.M. Schepers (ed). PPO Special Report no. 17: 109-113. 6. Fernández-Northcote E.N., Navia O. and Gandarillas A. (2000). Basis of strategies for chemical control of potato late blight developed by PROINPA in Bolivia. Fitopatologia 35(3): 137-149. 7. Fry. W.E. and Goodwin S.B. (1997). Re-emergence of potato and tomato late blight in the United States. Plant Dis 81 (12): 1349-1357. 8. Haldar K., Kamoun S., Hiller N.L., Bhattacharje S. and Van Ooij C. (2006). Common infection strategies ofpathogenic eukaryotes. Nature Reviews Microbiology 4 (12): 922. 9. Hansen J.G. (2009). The development and control of late blight (Phytophthora infestans) in Europe in 2007 and 2008. In: H.T.A.M. Schepers (ed). PPO Special Report no. 13: 11-30. 10. Haverkort A.J., Bonnekamp P.M., Hutten R., Jacobsen E., Lotz L.A.P., Kessel G.J.T. and Visser R.G.F. (2016). Durable late blight resistance in potato through dynamic varieties obtained by cisgenesis: Scientific and Societal Advances in the DuRPh Project. Potato Research 59 (1): 35-66. 11. Haverkort A.J., Boonekamp P.M., Hutten R., Jacobsen E., Lotz L.A.P., Kessel G.J.T., Visser R.G.F. and Van der Vossen E.A.G. (2008). Societal costs of late blight in potato and prospects of durable resistance through cisgenic modification. Potato Research 51: 47-57. 12. Hermeziu M. (2017). Research regarding the influence of some technological measures of late blight control (Phytophthora infestans) concerning yield and quality. PhD thesis, USAMV Cluj Napoca 13. Judelson H.S. and Blanco F.A., (2005). The spors of Phytophthora: weapons of the plant destroyer. Nature Reviews Microbiology, 3 (1): 47. 14. Lucca M.F., Respeto S., Danies G., Acuna Ivette and Zanotta S., (2019). Monitoring of Phytophthora spp on potato crops and Solanaceous host in Latin America. In: H.T.A.M. Schepers (ed). PPO Special Report no. 19: 137-141. 15. Mihovilovich E., Carli C., Mendiburu de F., Hualla V. and Bonierbale M., (2009). Protocol Tuber bulking maturity assessment of elite and advanced potato clones. International Potato Center (CIP) working paper. Dela Papa. 16. Pacilly Francine. (2018). Social ecological modeling of potato late blight. PhD thesis, Wageningen University, Wageningen, the Netherlands. 17. Rosenzweig C., Philips J., Goldberg R., Carroll J.  and Hodges T., (2002).  Potential impacts of climate change on citrus and potato production in the US. American Journal of Potato Research 20: 259–270. 18. Rymuza Katarzyna, Radzka Rlzbieta, and Lenartowicz, T. (2015). Communications in biometry and crop science, vol. 10, no. 2: 65-72. 19. Servici M.F., Cabarrou G.M., Paniego N., Puelba A.F. and Lucca M.F. (2017). New genomic approaches to study 

Phytophthora populations. In: H.T.A.M. Schepers (ed). PPO Special Report no. 18, 77-83. 20. Tufa G.K., Mengistu F.G.  and Yadessa G.B. (2019). Effect of planting time and fungicide application frequency on severity of late blight (Phytophthora infestans), yield and yield components of potato (Solanum 
tuberosum L.) at Kulumsa, Southeast Ethiopia.  African Journal of Agricultural Research vol. 14(33), 1815-1825, doi: 10.5897/AJAR2019.14385. 



Fruit growing 





131 

Model-based assessment of Romania's climatic suitability 
for the extension of fig, Chinese persimmon  

and jujube crops 

E. Chitu 1*, M. Calinescu 1, I. Mazilu 1, M. Coman 1 and E. Mateescu 2

1Research Institute for Fruit Growing Pitesti, Romania  

2 National Meteorological Administration, Bucuresti Romania *Corresponding author email: emilchitu@gmail.com
ABSTRACT 

The warming trends of Romania's climate create favourable conditions for 
growing sub-tropical species. Meanwhile, low temperatures during the winter period 
do not always follow a similar increasing tendency throughout the country. The 
objective of this work was to use some models that would identify areas where 
climate conditions are likely to be suitable for fig, Chinese persimmon and jujube 
orchards over Romania. The models identified the areas where temperatures 
(minimum and cardinal of growing season ones), growing season duration and 
rainfall conditions are likely to be suitable for fig, jujube and persimmon orchards 
over Romania. Low minimum temperatures, which drop once in four years in most 
areas below the frost resistance of fig and persimmon species during the winter, was 
the most important climatic factor, by limiting their spatial distribution in Romania. 
The irrigation of persimmon crops increased the maximum suitability score by 0.8 
units (0-4 range) and expanded the favourable area of the species. Most of Romania's 
surface is suitable for jujube cultivation, excepting the mountainous and some areas 
where the minimum temperatures with 25% probabilities decrease below the frost 
resistance limit (-23°C). Nevertheless within the favourable climate regions, the 
thermal regime is variable and, therefore, there are some areas restricted by low 
minimum temperature. The heterogeneity and dynamics of climatic factors on the 
Romanian territory underlines the importance of models for calculating climatic 
suitability as a decision tool in establishing fig, Chinese persimmon and jujube 
orchards. 

Keywords: cardinal and frost temperatures, rainfall, growth season duration, sub-tropical species, warming tendency 

INTRODUCTION The warming trends of Romania's climate (Piticar and Ristoiu, 2012; Birsan et al., 2014, Busuioc et al., 2014; Chitu et al., 2015; Dumitrescu et al., 2015), create favourable conditions for growing sub-tropical species. However, due to the continental climate with varied influences from oceanic to arid and Sub-Mediterranean to those determined by the complex relief, not all areas lend themselves to the cultivation of warm climate species.  Therefore, most often, climate change is treated from the perspective of the warming trend, which is true and very well scientifically confirmed (Sima et al., 2015; Bandoc et al., 2018; 2022; Zait and Schwartz, 2018; Muscalu et al., 2020; Micu et al., 2022). However, another 
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environmental factor decisive for the productivity or even the survival of horticultural crops is the minimum temperature during the winter period (Chitu et al., 2016).  On the global warming trend background, climatic accidents such as late spring frosts can also cause damages. Croitoru and Piticar (2013) cite studies relating to the significant increase in extreme maximum temperatures, in duration, frequency and intensity, while simultaneously registering a significant decrease in minimum temperatures either globally or regionally, or even in smaller areas. The authors report results regarding the strong increasing trend of maximum temperatures, while minimum are becoming less extreme. Other authors (Bucur and Babes, 2016) present an increase in the frequency and intensity of frosts during the winter period responsible for damage to vine plantations, but also in temperatures over 30 and even exceeding 35 degrees during the summer. According to the authors, the strongest warming trends were observed in Transylvania, Moldova and coastal areas. Dumitrescu et al. (2015) also mentioned the decreasing tendency of cold related weather parameters and an increasing (and consistent) trend of warming indices. Knowing the degree of suitability of climatic factors in the case of a fruit tree species is an important step in the identification of potential new fruit tree species from a certain area/fruit tree basin. Most models to determine the climatic suitability of an area for fruit crops compares the major climatic preferences of the species with the geographical distribution of climate variables. For species Ficus carica L. and Dyospiros kaki L. under study (Table 1), preferences for climatic factors were adapted after Bowen and Hollinger (2004a, 2004b).  For the Chinese jujube (Zyzyphus jujuba Mill.), since little systematic research has been carried out in Romania, the data on the multiannual influence of the continental climate on the growth and development of this species were taken from the specialized literature that describes the conditions of maximum climatic favourability, especially from China. Thus, for the duration of the vegetation period, the interval of 100 – 180 days was the one established by Ming and Sun, 1986. At the same time, Chinese jujube remains in the dormant stage from the middle of October through the winter until the end of January (Kim et al., 1982). Jujubes have been shown to grow and fruit well in the hot and arid areas. Tagiev, 1992 mentioned that it can tolerate in Azerbaijan in summer, temperatures up to 36°C. Its growth is very slow in regions where the summers are cool, and the number of fruits produced is small, as compared with the fast growth, abundant and regular fruiting in zones where the temperature reaches sometimes up to 40°C (Thomas, 1924). The average daily temperature for areas currently growing jujube in Western Australia ranges from 10 to 28°C (Crawford et al., 2013) and that's why we chose the temperature of 28°C as the maximum optimum of jujube. Because of its late flowering, the jujube is free from spring frost injury. Regarding frost resistance, tolerance to low temperatures seems to be due to cultivar differences (Kucherova and Sin’ko, 1984; Sin’ko et al., 1987; Ivanova et al., 1989). Wild forms of Chinese jujube are also resistant to low temperatures. Because there are large oscillations between Chinese jujube frost resistance level according to different authors (-10 to -20°C, Ming and Sun, 1986; -22°C, Thomas 1924, -30°C, Troyan and Kruglyakov, 1972), we selected the lowest temperatures from the hardiness map of dominant jujube producing provinces (-23°C, 6-8 China hardiness zones). In China, Hebei, Henan, Shandong, Shanxi, and Shaanxi there are the five dominant jujube-producing provinces (90 per cent of the total production), but in the last 20 years, jujube orchards from the Xinjiang region, where the climate is arid and hot, have produced the best quality fruits in China (Liu, 2008).  Chinese jujubes grow in China in areas with annual rainfall sum between 87 and 2,000 mm (Liu, 2008) and in Western Australia, are currently grown in areas where precipitation ranges from around 200 to 1,000 mm annually (Crawford et al., 2013). 
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Table 1. Indicators of climatic suitability for the three studied species, used in the algorithms of the estimation models 
 Scientific name Growing days no. Cardinal temperatures (°C) Rainfall (mm) Frost resistance (°C) Min. Max. Maximum Minimum Min. Max. absolute optimum optimum absolute 

Ficus 
carica L. 120 300 38 26 16 4 700 1200 -18 
Dyospiros 
kaki L. 150 200 35 31 20 8 900 1500 -20 
Zyzyphus 
jujuba Mill. 100 180 36 28 20 7 500 800 -23 

 The objective of this work was to apply some models that would identify areas where climate conditions are likely to be suitable for fig, persimmon and jujube orchards over Romania. 
 

MATERIALS AND METHODS  The models applied in the study tried to identify the areas where temperature (frost, duration and the weight of cardinal hourly values in the growing season) and rainfall conditions are likely to be suitable for fig, persimmon and Chinese jujube orchards over Romania. The methodology adapted to the climatic conditions of Romania was applied. The methodology processed multiannual climatological databases from 121 meteorological stations, from the interval 1989-2018 (30 years), taken from National Meteorological Administration Bucharest, as follows: - Multiannual average daily values of mean, minimum and maximum air temperatures, plus the standard deviation of minimum and maximum temperatures (5 columns of weather data x 366 days/year x 121 weather stations). These values were necessary to establish the thermal suitability and the duration of the vegetation period; - The lowest minimum temperature of each year from 1989 to 2018 (30 annual minimum thermal values x 121 stations), values used to establish frost suitability; - Annual rainfall, from the interval 1989 – 2018 (30 annual precipitation x 121 localities), used for precipitation suitability. The mapping of the zones of climatic suitability of fruit tree species was done according to the four climatic parameters included in table 1 (duration of the growing period, thermal favourability during the growing season, favourability to frost and rainfall), by assigning them scores from 0 at 4, for each representative weather stations. Score 0 meant completely unfavourable location – excluding culture and score 4 very favourable location. To establish the degree of thermal suitability of a station for the 3 species, the 366 daily multiannual values of air temperatures: averages, minimum with a probability of 25% and maximum with a probability of 75% (the normal law was used to calculate the probabilities of the distribution of values, after accepting normality by the Shapiro – Wilk test), were transformed into hourly temperatures using sinusoidal functions. It is known that trees are in continuous interaction with the momentary temperature and not with the daily average.  With this subroutine, the daily sum of hours with temperatures between the cardinal thermal values presented in table 1 was calculated: sum no. 1 - the number of hours between the absolute maximum and the optimum maximum, sum no. 2 - between maximum optimum and minimum optimum and sum no. 3 - between optimum minimum and absolute 
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minimum. To convert the daily sums of the three intervals of the species' vegetation period into daily suitability scores (from 0 to 4), we proceeded to multiply the sum no. 1 and 3 by 3 and the sum no. 2 by 5, after which the sum was divided into the 24 hours of a day. A value between 0 and 4 of daily favourability was thus obtained. To determine the annual suitability, the sum of the daily favourability scores per growing season was calculated and then was divided by the number of days in the growing season of the year. The first day of the growing season was considered the day when the average maximum temperature exceeded the absolute minimum of the species, and the last day of the growing season was considered the first day in the second half of the year when the average minimum temperature fell below 0 °C. All calculations were performed in Microsoft Office EXCEL files, for each weather station (121) and species (3).  In order to establish the degree of suitability regarding growing season duration (GSD), reference levels were calculated as follows: a score of 0 was assigned if the growing season duration of the species in the respective locality, determined as above, was lower than the minimum limit (Lmin) of the species GSD from table 1; score 1 if GSD was between Lmin and Lmin + (0.125*species range GSD amplitude - Ampl); score 2 if it was between Lmin*1.125 and Lmin + (0.25*Ampl); a score of 3 was assigned if the GSD was between Lmin + (0.25*Ampl) and Lmin + (0.375*Ampl) and a score of 4 if the GSD was above this latter threshold. In order to establish the degree of favourability to frosts in winter, an updated annual database (30 years, 1989-2018) with the minimum temperature values recorded in each year was used. The value of the minimum temperature with the probability of achievement of 25% (value that appears once every 4 years) was established as a benchmark for awarding the 0 score of suitability. If the species' frost tolerance limit (Table 1) was less than or equal to this temperature, a score of 0 was given and the area was considered unfavourable for that species. Next, favourability scores 1, 2, 3 and 4 were awarded, adding one degree Celsius to the species' threshold. To establish the degree of suitability of precipitation, the average value for the interval 1989-2018 of the annual amount of rainfall was used. In order to assign favourable grades, the multiannual averages of the localities were compared with the minimum and maximum limits and the amplitude between the minimum and maximum limit of each species. The more the precipitation value was lower than the minimum limits and higher than the maximum limits of the species in table 1, the greater the penalty was. To obtain the 121 grades of global climate favourability, the following formula was applied in Microsoft Office EXCEL: Climatic favourability score = [thermal favourability score]*((([frost favourability score]*[precipitation favourability score]*[vegetation period duration favourability score]) / 64) 0.3). To calculate the score of climatic favourability with the optimization of the aero-hydric regime of the soils through irrigation and/or drainage, was assigned, within the above formula, the maximum score 4, for the suitability of rainfall. In general, in the zoning methodology, the range between score 0 and 0.5 was considered unfavourable for the respective species; the range between 0.5 and 1.5 score was considered slightly favourable; the range between 1.5 and 2.5 moderately favourable; the range between 2.5 and 3.5 favourable, and scores higher than 3.5 gave the respective location the qualification of very (extremely) suitable, which, of course, does not exclude the application of the basic technological measures for the respective crop. Climate suitability maps without irrigation and maps with irrigation (with optimization of soil water regime) of the three species and 30-year period (1989-2018) were created using Surfer® Version 9.11.947 Surface Mapping System (Golden Software, Inc.) software. A data grid was created using the default kriging routine. 
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RESULTS AND DISCUSSIONS  Considering fig species, in the conditions where irrigation is not applied, there are major restrictions regarding the climatic suitability of the crop due especially to the minimum temperatures in the winter period below the resistance limit of the plantations (-18°C), on large areas of the country's territory (scores between 0 and 0.2, figure 1). The most favourable areas are the Oravitei Depression and the Gataiei Plain which have maximum score of 3.0 (climate area with Mediterranean influence), the Strehaia Plain, the Blahnita Plain (1.4-2.3), Eastern Dobrogea and especially South- East part (1.8-2.4), the Cotmeana Platform (1.5-2.2), the Arad Plain (0.8-1.9), as well as the Salaj Depression (0.6-1.8). In the conditions where irrigation is applied in the plantations (Figure 2), the degree of suitability is higher, the areas being wider, and the scores higher, reaching a maximum of 3.4 (favourable area) in the South-Eastern part of Dobrogea, especially the Platform Coastline, Negru Voda Plateau of Mangalia and Istria. In addition to the areas of higher suitability previously shown, the fig tree also has areas neighbouring the cities of Timisoara and Ramnicu Sarat.            Figure 1. Climatic suitability of Romania for fig (Ficus carica L.) – non-irrigated Figure 2. Climatic suitability of Romania for fig (Ficus carica L.) - irrigated  Persimmon also encounters less suitable conditions (Figure 3, 4), especially due to its reduced resistance to frost (-20°C). Chinese persimmon has great restrictions regarding the location of the orchards in the territory of the country (scores between 0 and 2.4, in non-irrigated regime and between 0 and 3.2 in irrigated regime). In non-irrigated regime, the area of the species is excluded from the central and Eastern part of Transylvania (minimum temperatures below the resistance threshold of the species, of -20°C), from almost all of Moldova, from Baragan and from Dobrogea especially due to the drought, as well as from the plain of Vlasia, Gavanu-Burdea and Romanati. Also, with low scores in the irrigated regime, below 0.2, the central and Eastern part of Transylvania, the Barlad and Suceava Plateaus, but also the Vlasiei Plain and Gavanu Burdea with very cold winters, are pointed out. More favourable in the non-irrigated regime are the Southern hills (over 1.3) and a strip from North to South, from Baia Mare to Oravita towns (over 1.4). The greatest climatic suitability with irrigation is found in the Eastern and especially South-Eastern part of Dobrogea (over 2.6, with a maximum score of 3), in the Oravitei Depression and the Gataiei Plain which even reach scores of over 2.8, the Cotmeana Platform (over 2.6), as well as Strehaia and Blahnita Plain (over 2.4).    
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Figure 3. Climatic suitability of Romania for persimmon (Dyospiros kaki L.) - non-irrigated Figure 4. Climatic suitability of Romania for persimmon (Dyospiros kaki L.) -irrigated 
From the point of view of climatic suitability, the Chinese jujube species (Zyzyphus jujuba Mill., Figure 5 and 6), presents reduced restrictions regarding the location of the culture in most areas of the country, the average score in non-irrigated conditions being 1.87 and 2.14 in the irrigated regime, both scores being close and moderately favourable due to the species' low rainfall requirements (Table 1). The lowest grades, below 1.2 and the lowest climatic favourability, are in the Southern and Eastern part of Transylvania, the North of the Somesean Platform, the North of the Suceava Plateau with the Dragomirna Hills, the Central Moldavian Plateau and the North-East of the Mehedinti Plateau (in general, frequent frosts below the species' resistance threshold of -23°C).  

Figure 5. Climatic suitability of Romania for Chinese date (Zyzyphus jujube Mill.) – non-irrigated Figure 6. Climatic suitability of Romania for Chinese date (Zyzyphus jujube Mill.) – irrigated The greatest climatic favourability with irrigation of orchards is found in the Plain of Covurluiului, Siretului, Brailei and Eastern Dobrogea (scores over 2.8), then in the Plains of Lugojului and Timisului, the Plains of Crisana, Strehaia, Blahnitei and Cotmeana Plateau (scores over 2.6). 
CONCLUSIONS The models identified the areas where climatic conditions are likely to be suitable for fig, persimmon and Chinese jujube orchards over Romania.  Fig's low frost resistance drastically limits its spatial distribution. As presented, the suitable areas for this species are few: Oravitei Depression, Gataiei Plain (3.0), Strehaia Plain, the Blahnita Plain (1.4-2.3), Eastern Dobrogea and especially South-East part (1.8-2.4), the 
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Cotmeana Platform (1.5-2.2), the Arad Plain (0.8-1.9), Timisoara and Ramnicu Sarat areas, as well as the Salaj Depression (0.6-1.8). In irrigated fig culture, the suitable areas extend in the South-eastern part of Dobrogea, especially the Platform Coastline, Negru Voda Plateau of Mangalia and Istria. Area cultivated with persimmon is also limited by its frost resistance (-20°C). Applying irrigation improves the favourability score and expands the crop area. The most favourable areas of Chinese persimmon are the Southern hills (over 1.3) and a strip from North to South, from Baia Mare to the cities of Oravita (over 1.4), and to them are added, through the irrigation of the crop, areas from the Eastern and especially the South-eastern part of Dobrogea (2.6- 3 score), in Oravitei Depression and Gataiei Plain (scores over 2.8), Cotmeana Platform (over 2.6), as well as Strehaia and Blahnitei Plain (over 2.4). Some large areas in the North-East, South and the centre of the country remain unsuitable. Chinese jujube (Zyzyphus jujuba Mill.) species is restricted only in areas where the temperature drops below -23°C: Southern and Eastern part of Transylvania, the North of the Somesean Platform, the North of the Suceava Plateau with the Dragomirna Hills, the Central Moldavian Plateau and the North-East of the Mehedinti Plateau. Therefore it finds climatic suitability, in irrigated culture, in the Plain of Covurluiului, Siretului, Brailei and Eastern Dobrogea (scores over 2.8), then in the Plains of Lugojului and Timisului, the Plains of Crisana, Strehaia, Blahnitei and Cotmeana Plateau (scores over 2.6). According to the presented models, with some exceptions in the case of jujube, the decision to establish fig and persimmon crops on Romania's territory must be strongly sustained by prior climate favourability studies. 
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ABSTRACT  

Due to their nutritional and therapeutic properties of the fruits, elderberry 
orchards started to gain more and more ground in Romania as well. Therefore, the 
purpose of this research was to improve soil quality and yield production in an 
elderberry orchard from Carastelec by applying both organic and mineral fertilizers. 
For this purpose, five fertilization schemes (FS) were set up with different ratios of 
cattle manure, mineral fertilizers and soil amendments. The field experiment was 
carried out in a randomised block design with three replicates. The best plant and 
yield performance among the four fertilizer schemes were recorded in FS_4 when 
mineral fertilizers - NPK - 16:16:16 (0,8 kg/tree) + NH₄NO₃ (0,8 kg/tree) + CaCO3 (5 
kg/tree) were applied providing a yield of 204,89±1,87 kg/row equal to 4.09±0.13 kg 
fruit/tree and 106.93±2.57cm average annual shoot length. Double-dose organic 
fertilization (50 kg cow manure/tree) increased the yield by 23,8% as compared to 
control and shoot length by 15,28%, while lower doses of mineral fertilizers and 
without soil amendments improved yield performance by 38,08% and growth by 
11,85%. Therefore, the findings of this study reveal that large amounts of nitrogen 
are necessary to be applied in combination with soil amendments in order to improve 
soil quality and increase elderberry yield and growth performance up to 61%.  

Keywords: Sambucus nigra, preluvisol, cattle manure, fertilization, mineral, yield, shoot length 
INTRODUCTION 

Sambucus nigra L. also known as European elderberry, European black elderberry, European elder, black elderberry, elderberry, black elder, or elder belongs to Adoxaceae/Caprifoliaceae family which tolerates poor or disturbed soil conditions known as eutrophic soils. European elderberry, predominantly grows on moist woodlands on nutrient-rich, deep, moist, humus-rich clay or loam soils the companion of Urtica dioica or 
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Aegopodium podagraria indicating soils rich in bases and nutrients especially nitrates (Atkinson and Atkinson, 2002). Prefers sunny sites to partial shade, it is frost tolerant and grows well in urban sites exhibiting a slight intolerance of permanent exposure to acid smoke and gases. Very resistant to salt-laden air and winds and withstands drought (Atkinson and Atkinson, 2002; Rolbiecki et al., 2018). Due to birds’ activity, elderberry seeds are rapidly spread colonizing forest edges, road sides or rails and fence lines (Finn et al., 2008; Dulf et al., 2013). Sambucus nigra L. is a deciduous shrub that grows up to 3-7 m in height and 3 to 5 m in a spread. Annual growth is 60-80 cm in height and 45-60 cm spread forming a short-stemmed tree with a round, domed crown and arching branches. Young shoots are thick, with white porous pith while the old bark is grey, deeply furrowed and corky. Leaves are imparipennate, up to 30 cm long, dull dark green coloured which have a pungent specific smell when crushed. The flowers are creamy white arranged in wide panicles which start to bloom in June. The berries are small (3-8 mm in diameter) shiny dark blue or black, juicy drupes which occur in clusters and are ripe in late summer, from August until September (Ferreira et al., 2020). Elderberries present an increasing commercial value due to their nutritional and therapeutical properties frequently used as dietary supplements or as natural food colorants as an alternative to synthetic dyes or in the prevention or treatment of diseases. Sambucus has been known for centuries and different plant parts have been used in folk medicine to treat various diseases. Nowadays, elderberry is known specifically for its high content of bioactive compounds and diverse health functions that exhibits including antioxidant, anti-inflammatory, anticancer, anti-viral, anti-influenza, antimicrobial, antidiabetic, cardiovascular protective, and neuroprotective activities (Liu et 
al., 2022; Ağalar, 2018). Several cultivars of Sambucus nigra L. are known including Cae Rhos Lligwy, Donau, Franzi, Godshill, Haidegg 13, Haidegg 17, Haschberg, Korsor, Sambu, Samdal, Samidan, Samnor, Sampo, Samyl, Urban Lace, Viridis etc. but also local cultivars such as Ina, Nora and Bradet. However, among the vcultivars  known Sambucus nigra L. Haschberg is the most common European elderberry cultivar used for commercial orchards across Europe, especially in Germany and Austria (Szalóki-Dorkó et al., 2014; Veberic et al., 2009). Its popularity was gained by the promising antiviral and immunomodulatory effects of the abundant clusters of large, juicy, tasty, dark blue, blackish coloured berries that bear in September (Schön et al., 2021; Torabian et al., 2019). Its attractive foliage that comes in various colours (from light or dark green, or golden-yellow or a beautiful deep, dark red to purple-black and slightly glossy) makes this species highly appreciated as ornamental shrub as well. However, European elderberry has been known and harvested for long from the wild and not cultivated on a large scale, little is known about its yielding performance and growth in commercial orchards. Currently, in Romania there are only a few elderberry orchards summarizing approx. 12 ha situated in different parts of the country including Dambovita, Mures and Salaj Counties. Therefore, the main aim of this study was to determine the influence of organic and mineral fertilizers applied in different doses on yield performance and plant growth in Sambucus nigra L. ‘Haschberg’ to share useful information for potential farmers and stimulate future research in this topic. 
MATERIALS AND METHODS  

Site Location and Experimental Design In order to determine the impact of different fertilization schemes on fruit production and plant growth in elderberry, a field experiment has been carried out in a 6-years-old elderberry plantation situated in Carastelec, Salaj County in the North-Western part of Romania (N 47°16’60”, E 22°41’11”). The elderberry orchard is established on a slope of 2%, at the altitude of 220 m with sod culture practice and mono-stem elderberries to improve soil quality and soil stabilization (Figure 1). The soil type identified in the orchard is preluvisol with a clayish 
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or dusty-clayish texture in horizon A ocric (Ao) and loamy in horizon Bt (intermediate layer) with texture differentiation index of 1,3-1,5 (Ţarau et al., 2012; Florea and Munteanu, 2012). Coarse sand content is relatively low, of 0.4-2.8%, which reflects medium-fine texture for the parent material. Fine sand content is 23-34%, with insignificant differentiations between horizons. The lower horizons have a higher content of dust, of 22-39% (Figure 1). Preluvisols have moderate acid soil reaction, its pH being 5.45 but only in the upper horizons (Ao) and slightly alkali reaction, pH of 7.05 in the lower layer (Bt).  The degree of base saturation of preluvisoils is 53% (Deleanu et al., 2019; IUSS Working Group WRB., 2015; Mihuț et al., 2013). Regarding the physical and chemical properties of this soil type, preluvisoils are considered favorable for almost any crops due to its high humus content in the A layer (7.3%) and high total cationic exchange capacity, nitrogen supply (Dincă and Bratu, 2020).  However, in order to improve soil quality, it is recommended to apply balanced complementary fertilization consisting of organic manure and fertilizers. Organic manures help to improve soil tilth, aeration, water holding capacity and microbial activities.  

(a) (b) (c)Fig 1. Top view of the Elderberry plantation situated in Carastelec, Salaj County in the North-Western part of Romania (N 47°16’60”, E 22°41’11”) (a); Close up of the mono-stem trained elderberry plants 
(b); Sampled soil profile of Haplic Luvisol from the elderberry plantation (c). Elderberry, similarly to other fruit trees, uptakes large amount of nutrients from the soil during the fruiting period. The manure requirements of an orchard is strongly influenced by various factors such as age of the tree, type of the soil, climatic conditions and cultural practices that are going to be followed.  In this regard, to carry out this experiment four fertilizations schemes were set up and applied during a two-year (2020-2021) in the elderberry orchard as presented in Table 1 and Table 2. Table 1 Description of the fertilization schemes applied in the elderberry orchard 

Treatments Description and application doses of fertilizers 

Control No organic or mineral fertilizers were applied 
FS_1 25 kg of cattle manure/tree 
FS_2 50 kg of cattle manure/tree 
FS_3 NPK - 16:16:16 (0,8 kg/tree) + NH₄NO₃ (0,8 kg/tree) 
FS_4 NPK - 16:16:16 (0,8 kg/tree) + NH₄NO₃ (0,8 kg/tree) + CaCO3 (5 kg/tree) 
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Table 2 Characteristics of mineral fertilizers and amendments used in the elderberry orchard 
Name of fertilizer Characteristics Technical requirements 

NPK 16:16:16 Aspect Coloured granules Total N 16% Nitrate-N 7,2% Ammoniacal N 8,8% Total P2O5 16% Soluble P2O5 in water 63% Soluble P2O5 in citric acid 2% 98% K2O soluble in water from potassium chloride 16% pH Min. 4,5% Water content Max. 0,5% Granularity 1-4 mm min. 95% < 1 mm max. 5% 
NH₄NO₃ Aspect White granule, slightly coloured Total N 33,5% Nitrate-N 16,75% Ammoniacal N 16,75% pH Min. 0,45% Granularity 2-5 mm min. 90% < 1 mm max 5% < 0,5 mm max 3% 

CaCO3 – amendment Type Dust Application Roots pH 7,5 Solubility in soil Fast-release Water content Max. 20% Macronutrients N, Ca FS_1 and FS_2 and CaCO3 were applied in autumn prior to the growing period. NPK fertilizers were applied in spring at bud break, late March – early April, in single dose, while NH₄NO₃ was applied twice in equal doses, first in February and then in May. The experiment was carried out in a randomized block design in three replicates. Every treatment was applied to a number of 50 trees. To monitor the impact of fertilizers on plant growth, shoot length was measured during the active growing period at three-time intervals. Yield performance was determined based on the fruit quantity harvested following every treatment. At the end of the season randomly chosen fruit clusters (50 clusters/treatment) from every treatment were collected and weighed to confirm the efficiency of the treatment. 
Statistical analyses All the data recorded was averaged and presented as means, (±) standard error. In order to check the existence of any statistically significant difference between the means, ANOVA test was carried to analyse the means. When the null hypothesis was rejected, Tukey’s multiple range test was further performed to identify significant differences between the means at p=0.05 using the IBM SPSS Statistics 20 Software. 
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RESULTS AND DISCUSSIONS  The difference regarding the effect of different fertilization schemes applied in the elderberry orchard on growth and yield performance was evidenced by annual shoot growth and yield quantity being considered the two most relevant indicators for plant productivity. The results show that both organic and mineral fertilizers had beneficial effects on the vegetative and reproductive parameters measured (Table 3). Regarding plant growth, it has been observed, that the most intensive growth period in elderberry is from March to May, when shoots reach 80% of their annual growth, followed by flowering and fruit set, which slow down vegetative growth. Among the four fertilization schemes applied, FS_4 stimulated the most shoot growth exceeding 1 m in length (106.93±2.5) which was 23% higher as compared to control. This significant growth might be explained by the high amount of N and soil amendments that has been applied during this treatment. FS_2 had very similar effects, stimulating shoot growth by 13% more as compared to control. The double dose of cattle manure increased N uptake and implicitly growth but also yield. Similar results have been reported by Milošević and Milošević (2018) in red, black and white currants and also by Lund et al. (1980) and Suntoro et al. (2018) in various agricultural crops such as maize, pearl millet and rye. Lower doses of cattle manure stimulated plant growth more than NPK + NH₄NO₃ in lack of the application of soil amendments. Table 3. The influence of fertilization schemes on annual shoot growth in European elderberry 
Treatment 20/03/21-

29/05/21 
30/05/21-
15/06/21 

16/06/21-
05/07/21 Total length 

Control 70.40±0.72 a 6.10±0.11 a 5.30±0.10 a 81.8±2.91 a 
FS_1 (25 kg com manure/tree) 78.17±1.65 c 7.77±0.11 b 5.70±0.26 b 91.5±0.80 b 
FS_2 (50 kg cow manure/tree) 78.57±0.71 c 7.59±0.09 b 8.31±0.16 d 94.32±2.12 c 
FS_3 -NPK - 16:16:16 (0,8 kg/tree) + NH₄NO₃ (0,8 kg/tree) 74.30±1.01 b 8.60±0.26 c 7.30±0.10 c 90.2±1.04 b 
FS_4 - NPK - 16:16:16 (0,8 kg/tree) + NH₄NO₃ (0,8 kg/tree) + CaCO3 (5 kg/tree) 85.60±1.90 d 9.81±0.17 d 11.53±0.24 e 106.93±2.57 d 

Not only plant growth, but yield performance of the elderberry plants under study was significantly influenced by the fertilization treatments applied. Fruit bearing followed a very similar decreasing pattern of fruit bearing as shoot growth, the highest elderberry production being registered at the beginning of the harvest season (16/08/2021). The highest yield resulting from the first harvest time was 98.60±1.35 recorded in FS_4, followed by the yield of 82.33±1.11 recorded in FS_3 (Figure 2). Contrary to shoot length, the results show that the application of cattle manure had a positive influence on yield, but FS_4 consisting of NPK - 16:16:16 (0,8 kg/tree) + NH₄NO₃ (0,8 kg/tree) + CaCO3 (5 kg/tree) proved to be more effective in terms of fruiting capacity of elderberries. With the occasion of the first fruit harvest, more than 50% of the yield was picked up from the trees. During the second and third harvest the yield decreased depending on the fertilizers applied. Hence, it was observed that high content of N, and especially ammonium nitrate applications almost doubled the yield (increased by 56.11%) as compared to control. The findings of this research show that the higher content and more accessible forms of N significantly increased fruit production in elderberry. Therefore, the highest yield was recorded in FS_4, 

Time 
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204.90±1.57, followed by FS_3 (174.00±1.75) and FS_2 155.92±0.22 (Figure 2).  

Figure 2. Yield performance in elderberry obtained by the application of four different fertilization schemes; Control – no organic or mineral fertilizers were applied; FS_1 – 25 kg of cattle manure/tree; FS_2 - 50 kg of cattle manure/tree; FS_3 - NPK - 16:16:16 (0,8 kg/tree) + NH₄NO₃ (0,8 kg/tree); FS_4 - NPK - 16:16:16 (0,8 kg/tree) + NH₄NO₃ (0,8 kg/tree) + CaCO3 (5 kg/tree) The lowest, but statistically significant difference was registered in FS_1, when only a single dose of cattle manure was applied all through the growing season of the plants. Similar results have been reported in other fruit species as well, such as strawberry, when the yield increased by 38% and 84% in 'Camarosa' and 'Selva' cultivars, when the plants were grown in the 25NH4:75NO3 solution. The increased yield at the 25 NH4:75NO3 ratio was the result of the increase in fruit size, length and fresh weight of fruits (Tabatabaei et al., 2006). After harvest, beside the total fruit production/treatment, the fruit production/tree was also determined. As presented before, depending on the complexity of the fertilization scheme applied, the yield increased as the N application was increased. In this context, the results clearly show that FS_4 was the most efficient treatment applied to increase the yield performance of elderberry (Figure 2 and Figure 3).  

Figure 3. Yield per tree in European elderberry obtained due the application of four different fertilization schemes; Control – no organic or mineral fertilizers were applied; FS_1 – 25 kg of cattle manure/tree; FS_2 - 50 kg of cattle manure/tree; FS_3 - NPK - 16:16:16 (0,8 kg/tree) + NH₄NO₃ (0,8 kg/tree); FS_4 - NPK - 16:16:16 (0,8 kg/tree) + NH₄NO₃ (0,8 kg/tree) + CaCO3 (5 kg/tree) 
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The highest quantity of fruits recorded/tree in this treatment was 4.09±0.13, followed by FS_3 (3.47±0.49), FS_2 (3.12±0.22), FS_1 (2.89±0.15). The lowest fruit quantity was registered in control (2.52±0.10). In order to confirm the efficiency of FS_4, fruit clusters have been randomly harvested and weighed to prove the ultimate success of this fertilization scheme upon yield. According to the data recorded, the biggest and heaviest fruit clusters were obtained in FS_4 as presented in Figure 4. One fruit cluster weighed 152±0.12 g while 50 berries weighed 50±0.12 g, representing an increase of 38.4% against control.  

Figure 4. Fruit clusters obtained from FS_4 - NPK - 16:16:16 (0.8 kg/tree) + NH₄NO₃ (0.8 kg/tree)  + CaCO3 (5 kg/tree) 
CONCLUSIONS European elderberry (Sambucus nigra) is grown as a commercial fruit crop across Europe and not only. Based on market size and the increasing demand against this berry fruit, there are several opportunities to improve both the production and processing of elderberry through the value chain. Currently, the use of fruits or flowers as a natural dye for the food industry is on the rise, making elderberry a potential candidate for this purpose. However, it is important to mention that elderberry is listed as an underdeveloped commercial crop, because very little is known about its cultivation, orchard management, production, pest and disease control, yield and economical potential or soil requirements and productive longevity. The findings of this study, however, provide useful information regarding the fertilization success of elderberry and its yield and growth performance, serving also as pioneer research which could provoke more farmers and scientists to invest in this valuable species. 
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Abstract 

Similar to apple, pear is one of the most important horticultural crops with high 
nutritional and economical value. The biological and economic traits of the specie, as 
well as the fruits quality, make the pear growing much appreciated and to be given an 
increasing importance. Five pear cultivars ('Paramis', 'Paradox', 'Paradise', 'Isadora', 
'Pandora') registered in the last period by Research Institute for Fruit Growing 
Pitesti, Romania and one selection 'SP06C2P5' ('Packham’s Triumph' x 'Monica') were 
investigated regarding their physical-chemical parameters. Fruits quality attributes 
were determined by the external (weight, size, skin lightness) and internal (firmness, 
total soluble solids, acidity, pH). Observations and determinations were made in the 
season of 2019, 2020 and 2021, in field trial planted in 2016. For this study, 
comparisons were made with 'Monica', the most spread bred Romanian cultivar. 
Significant differences were encountered among the different cultivars for most of the 
quantitative characters, such as fruit weight, caliber, lightness, total soluble solids 
(TSS) and acidity. Based on these results, ‘Pandora’ cv. had the highest annual average 
of weight (243.17g), ‘Isadora’ cv. the highest amount of TSS (14.63%), ‘SP06C2P5’ the 
highest amount of malic (0.74%), citric (0.71%) and tartric acid (0.80%). The data 
referring to the external and internal fruit quality traits of new bred Romanian pear 
cultivars are useful for growers, but also to enrich germplasm collection and to select 
proper parents for breeding. 

Keywords: Pyrus, size, firmness, lightness, soluble solids content, acidity. 
INTRODUCTION As a member of the Rosaceae family, pear has a wide range of germplasm resources and an ancient cultivation history. There are at least 22 known Pyrus species, with over 5,000 accessions that are either cataloged or maintained around the world. Of all the species of the genus Pyrus, the species Pyrus communis is the most widespread, together with its countless forms is a very valuable genetic material for creating new cultivars, with superior characteristics. China is a major producer of pear, accounting for 71.40% of world pear production, and supplies approximately 17.60% of the export pear market (Jiaming et al., 2022). The total European pear production is rather stable and has ranged during the last four years at around 2 million ton. Netherlands, Spain and Belgium are the most important pear producing countries and account for 57% of the total European production. In Romania, according to the FAO Statistics, pear production at the level of the 2020 year was about 46,000 tons, which represent 3% of total Romanian fruit production and only 0.20% of the world’s pear production (FAO Stat Data Base, 2022). Regarding the assortment, even if there are a very large number of cultivars (over 6000), the world pear production (including the one in Romania) is based on a small number of cultivars, such as 'Conference', 'Williams', 'Beurre Bosc', 'Passe Crassane', 'Beurre Hardy', 
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'Abate Fetel', some of them being sensitive to diseases and pests, with mediocre quality and with low storage capacity (Militaru et al., 2010). Therefore, it is necessary to continue the pear breeding program. Thus, countries such as US, France, Italy, England, Russia, Bulgaria, Greece, Slovenia, Republic of Moldova and Romania carry out extensive breeding programs. The main breeding objectives are resistance to fire blight, scab and Psylla, fruit quality, productivity, etc. (Militaru et al., 2013). In Romania, the pear breeding program developed at Research Institute for Fruit Growing Pitesti has the main objective to release new cultivars with tolerance to the main pest and diseases such as Erwinia amylovora (Burill) Winslow et al., Venturia pirina (Aderhold), 
Cacopsylla pyri (L.), with crisp, juicy and flavor flesh, a long shelf life after cold storage (Budan et al., 2009; Militaru et al., 2010, Budan et al., 2012, Braniste et al., 2013, Militaru et 
al., 2013). The breeding strategy involves the intercrossing of European (P. communis) and Asian, Japanese and Chinese (P. pyrifolia Nakai, P. bretschneideri Rheder) pear types. However, obtaining new cultivars depends on the natural conditions in which their culture occurs and the economic factors that differ from one area to another (Militaru et al., 2010). It is recognized that there are no ideal cultivars for all regions and for all purposes. There are many cultivars that have excellent quality, but they are sensitive to diseases and pests, others give small productions, are sensitive to transport and storage, etc. The objective of this study was to evaluate under Maracineni climatic conditions the performance of new pear cultivars, registered in the last time at Research Institute for Fruit Growing Pitesti, that have fruit quality suitable for local and regional markets.  
MATERIALS AND METHODS 

Field trial and climatic conditions The pear field trial, establish in spring 2016, was planted in a randomized complete block design with five single-tree replicates per cultivar in a conventionally orchard. The trees, grafted on franc pear rootstock, were spaced at 3.5 m between rows and 3 m between trees.  The climate neighboring RIFG Pitesti is favorable for growing deciduous fruit species (including the pear). The average multi-annual temperature is 10.0°C, the maximum temperature is 38.8°C, whereas the minimum temperature is –24.4°C; total annual rainfalls recorded is 678 mm. The early autumn frosts usually occur at the end of October and the latest about mid-April (Figure 1). 

Figure 1. The values of the main meteorological parameters in the Maracineni area, between 1969-2021 
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Plant material Five pear cultivars ('Paramis', 'Paradox', 'Paradise', 'Isadora', 'Pandora') and one selection ('SP06C2P5') registered by Research Institute for Fruit Growing Pitesti were compared with 'Monica', the standard in terms of fruit quality, appearance and good storage capacity (Table 1).   Table 1. Origin of Romanian pear genotypes studied 
Cultivar Reported parentage Year released 

Paramis Monica x Passe Crassane 2008 
Paradox Monica x Pastravioare 2010 
Paradise H 26-67-73P x Pastravioare 2010 
Isadora Haydeea x Tse Li 2012 
Pandora Euras x Tse Li 2019 
SP06C2P5 Packham’s Triumph x Monica - 
Monica (Ct) Santa Maria x Principe Di Gonzaga 1994 

 
Measurement  The following biometrical and the biochemical indicators regarding the fruits quality were determined: weight, caliber, lightness, pH, acidity and soluble solids content.  Fruit quality data were collected immediately after harvest for three consecutive years (2019, 2020 and 2021), on a number of three fruits per each genotype in three replications. The fruit weight was measured using an electronic weighing balance (OAP-6-MA, Universal Enterprise) having the least unit of 0.001 g.  The fruit caliber (mm) was measured using a calibrator. Skin colour was measured on two opposite sites using a Konica Minolta chroma meter CR-400, based on light transmittance. The colour values were expressed on the CIE colour system with L*, a* and b* axis representing lightness (change from black to white), green-red and blue-yellow, respectively. The values of a* and b* axis converted to hue angle (H0), which represents the tonality, varying between red (00), yellow (900) and green (1800). The fruit firmness was determined with a digital penetrometer (Bareiss Qualitest HPE-II-FFF, Germany, at two distant places on each side of pear, and average values were reported. For measurement of total solids content (TSS), the total acidity (malic, citric and tartric acid) and pH, the juice of the pear was extracted using a domestic juice extractor and was filtered through a cotton cloth. The total soluble solids (TSS) was determined with the Hanna HI 96801 portable refractometer, in 0Brix of juice.  The total acidity and pH were determined by using Hanna HI 84532 minititrator. 
Statistical analysis. The data in this study were included in an Excel database and were statistically interpreted within the SPSS 14.0 program. The level of significance was defined as P < 0.05. Correlation analysis was performed in order to determine the relationships among fruit quality parameters.  
RESULTS AND DISCUSSIONS 
 The concept of quality of European pear fruit at the time of consumption is different from that of the quality of fruit during or after storage. In the latter case the absence of defects, disorders and diseases is sufficient to describe a good quality fruit, while for eating quality an appropriate texture is needed, with balanced sweet and sour taste, and full development of typical pear flavor (Eccher Zerbini, 2002). 
Fruit weight, determined on three fruits for each genotype in 3 replications, ranged from 152.4 g/fruit on 'Paradise' cv. to 230.68 g/fruit on 'Paramis' cv., between genotypes being very 
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significant differences. All genotypes studied, except 'Paradise' cv., have larger fruits than the control 'Monica', which has 174.02 g. Of the six new genotypes were noted with very large fruits 'Paramis' cv. with 230.68 g and 'Pandora' cv. with 243.17 g, the other genotypes having values of the fruits weight significantly lower, in varying degrees (Table 2). The results regarding the fruits weight are in accordance with those reported by the Butac and Militaru in 2017 for 'Isadora' and 'Monica' cvs. On the 'Paramis' and 'Paradise' cvs. the fruits weight was greater than the results reported by the same authors in 2017, which can be explained by the fact that the climatic conditions and the technology were better during in the our study period. Other authors, such as Braniste et al. (2013) and Budan et al. (2010, 2012) reports data on the fruits weight 'Paramis', 'Paradox' and 'Paradise' cvs. similar to those obtained by us. Regarding the 'Isadora' cv., Budan et al. (2012) reports an average fruit weight of 120 g and our results show an average fruits weight larger (178.50 g). 
Fruit caliber. The data on the fruit caliber (mm) showed that the values of the 'Paradise' and 'SP06C2P5' genotypes were significantly lower than the values of the control 'Monica'. In contrast, the other 4 Romanian cultivars had the fruits caliber significantly larger than of the control 'Monica' (Table 2). A differentiation of the genotypes studied in terms of fruits caliber can be done taking into account the classification made by Iglesias (2008) who showed that from a commercial point of view, the minimum fruit sizes establish for early cultivars were > 50 mm and for late cultivars > 60 mm, respectively. In our study, all pear cultivars showed fruit sizes > 64 mm. Table 2. External quality characteristics of Romanian pear genotypes studied (2019-2021) 

Cultivar 
Harvested time 

(month) 
Fruit weight 

(g) Caliber (mm) 
Skin colour L* H0 

Paramis IX 230.68a 81.19a 67.50a -79.77 
Paradox XI 184.91b 71.67b 69.25a 85.10 
Paradise XI 152.40c 64.31c 53.87d 58.64 
Isadora XI 178.50bc 73.00b 59.92c -69.21 
Pandora XI 243.17a 79.89a 66.92ab -81.20 
SP06C2P5 VIII-IX 182.24b 68.52bc 54.31d -85.87 
Monica (Ct) IX 174.02bc 68.84bc 62.80bc 76.60 
Duncan multiple ranges test. Mean values followed by the same letter within a column are not significantly different 
(P<0.05). 

Skin colour. Colour is also an important quality parameter that directly affects appearance and consumer acceptability (Predieri and Gatti, 2008). Color intensity depends on the cultivar due to pigments content, like anthocyanins. According to the CIELAB color scale it is noted that, there are significant differences between cultivars influenced by the genetic factor. The lightness (L) is ranging from 54.31 on 'SP06C2P5' to 66.92 on 'Pandora'. The values of hue angle (H0) are ranging from 58.64 on 'Paradise' cv. to -85.87 on 'SP06C2P5'. Thus, compared to the values of the lightness and hue angle recorded at the control Monica' (L=62.80; H0=76.60), three of the studied cultivars ('Paramis', 'Paradox', 'Pandora' cvs.) were registered significantly higher values, and in the other three ('Paradise', 'Isadora' and 'SP06C2P5' genotypes) were significantly lower values. The average values of lightness and hue angle indicate that the most cultivars studied had the yellow color like 'Monica' cv., except for the 'Paradise' cv. which had the red color and the selection 'SP06C2P5' which had a rust color (Table 2). 
Total soluble solids (TSS). Sugar, but also, acids and volatile substances are involved in taste and flavour of pears. Many seedlings, in the first generation cross, between European 
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and Asian pears had unpleasant flavours including unpleasant aromatics, alcoholic flavours, bitterness, grassiness and high acidity levels, but a few with European pear flavor and crisp or firm texture were identified (Brewer et al., 2006, 2008).  The soluble solids content of fruits varied between 11.16o Brix on 'Paramis' cv. and 14.33% Brix on 'Isadora' cv., between genotypes being very significant differences. Compared to the value of 12.38% Brix registered on the Monica cv., three of the cultivars were registered significantly lower values, and in the other genotypes significantly higher. Comparing the values of the TSS recorded on the six genotypes, a grouping can be made in: genotypes with high values (13.76-14.63% Brix) and genotypes with lower values (between 11.16-12.10% Brix) significantly differentiated (Tabel 3). The results regarding the soluble solids content of fruits are in accordance with those reported by the Butac and Militaru in 2017 only for 'Isadora'. On the 'Paramis', 'Paradise' and 'Monica' cvs. the fruits soluble solids content was smaller than the results reported by the same authors in 2017. 
Fruit firmness. Texture is especially difficult to obtain, because it depends on many factors: time of harvesting, conditions and duration of storage, conditions of post-storage ripening. If storage is too short or too long, pears can soften with a dry, coarse texture. Also, if all conditions are met to obtain a buttery and juicy texture, it may be difficult to obtain it at the right time for consumption. The texture of fruit conditions the possibility that other compounds contained in the cell (sugars, acids, volatile substances) can be extracted from the cell with mastication and so can be perceived by the consumer (Eccher Zerbini, 2002). All pear study cultivars demonstrated good fruit firmness (more than 75 HPE units), two of the genotypes ('Paradox' and 'SP06C2P5') were registered significantly higher values, and in the other four ('Paramis', 'Paradise', 'Isadora', 'Pandora' cvs.) were significantly lower values than 'Monica' cv. (Table 3). The results regarding the fruits firmness are similar to those obtained by Butac and Militaru in 2017. 
Acidity. Regarding acidity, the highest values for malic, citric and tartric acids were recorded for new selection 'SP06C2P5', which had a lowest total soluble solid content, the other cultivars studied having a lower acidity than the 'Monica' cv. (Table 3). 
pH. It can be seen from table 3 that for pH value statistically significant differences among cultivars were found. 'Pandora' cv. had higher pH value (4.97) compared to control Monica while 'Paradise' cv. had lower one (4.05) (Table 3). Regarding the fruits acidity, expressed by pH and the malic, citric, tartric acid, the results obtained in the period 2019-2021 show a lower content in acids compared to the results obtained by Butac and Militaru in 2017.  Table 3. Internal quality characteristics of Romanian pear cultivars studied (2019-2021) 

Cultivar TSS  
(0Brix) 

Firmness  
(HPE units) 

Acidity 
pH Malic 

acid 
Citric 
acid 

Tartric 
acid 

Paramis 11.16c 75.38b 0.203d 0.192d 0.230d 4.29cde 
Paradox 13.76a 79.95a 0.214d 0.201d 0.241d 4.56bc 
Paradise 12.10bc 76.25ab 0.258d 0.247d 0.288d 4.05e 
Isadora 14.63a 75.94ab 0.322c 0.314c 0.353c 4.73ab 
Pandora 14.53a 75.57b 0.214d 0.204d 0.240d 4.97a 
SP06C2P5 11.81bc 78.71ab 0.741a 0.718a 0.802a 4.43bcd 
Monica (Ct) 12.38b 76.37ab 0.408b 0.382b 0.455b 4.23de 
*Duncan multiple ranges test. Mean values followed by the same letter within a column are not significantly 
different (P<0.05). 
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There are distinctly significant correlations between:  - caliber and fruit weight (r=0.815) (Figure 2);  - fruit weight and lightness (r=0.404) (Figure 3);  - fruit weight and pH (r=0.263) (Figure 4);  - caliber and pH (r=0.351) (Figure 5);  - caliber and lightness (r=0.563) (Figure 6);  - lightness and acid malic (r=-0.493) (Figure 7);  - fruit soluble solids content and pH (r=0.438) (Figure 8);  - fruit soluble solids content and malic acid (r=-0.295) (Figure 9).  

Figure 2. Significant correlation between caliber (mm) and fruit weight (g)  Figure 3. Significant correlation between  fruit weight (g) and lightness 

Figure 4. Significant correlation between fruit weight (g) and pH Figure 5. Significant correlation between  caliber (mm) and pH 

Figure 6. Significant correlation between caliber (mm) and lightness  Figure 7. Significant correlation between fruit lightness and malic acid (%) 
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 Figure 8. Significant correlation betweenfruit soluble solids content (oBrix) and pH  Figure 9. Significant correlation between fruit soluble solids content (oBrix) and malic acid (%)  It is known that climatic factors can influence the fruits quality parameters, such as size, color and content in sugar and acids. The results obtained show that between quality parameters and climatic factors are not significant correlations. In this case, the frequency of obtaining such results in the Maracineni area, has not been calculated. 

        
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 Figure 10.  Pear cvs. studied: a - 'Paramis', b - 'Isadora', c - 'Paradox', d -'Paradise'  

 
CONCLUSIONS 
 The data referring to the external and internal fruit quality traits of new bred Romanian pear cultivars are useful for growers, but also for researchers to enrich germplasm collection and to select proper parents for breeding. Even if the genotypes taken in the study do not ripe in the same period, comparative observations and determinations have been performed in order to completing the assortment on different maturation stage. Thus, the 'Paramis' and 'SP06C2P5' genotypes can complete the autumn assortment, and the 'Paradox', 'Paradise', Isadora' and 'Pandora' cultivars can complete the winter assortment. These last cultivars seem to be interesting for the extension in the commercial culture in our country and abroad. 
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Also 'Isadora' and 'Pandora' cvs. offers important agronomical performances as size, taste and long storage, even if the standard 'Monica' proved a better general appearance.  Both 'Paradise' cv. for nice red skin colour and 'Paradox' cv.  for taste and flavor will be used in further works.  
REFERENCES 1. Brewer L., Morgan C., Volz R.K., Weskett R. and White A.G. (2006). 'Convenience'-the focus of the new age pear. 13th Australasian Plant Breeding Conference, Christchurch, New Zealand: 155-160. 2. Brewer L., Morgan C., Alspach P.A., Volz R.K. and White A.G. (2008). Interspecific pear breeding for flavor and texture. Acta Hortic. 800: 461-468. 3. Branişte N., Budan S., Butac M. and Militaru M. (2013). Recently achievements in fruit breeding at the Research Institute for Fruit Growing Pitesti, Romania. Lucrări științifice: Horticultură, Viticultură şi Vinificaţie, Silvicultură şi Grădini publice, Protecţia plantelor, vol. 36: 9-13. 4. Budan S., Branişte N., Butac M., Militaru M. and Glăman Gh. (2010). Some recent achievements in fruit breeding in Romania. In XXVIII International Horticultural Congress on Science and Horticulture for People (IHC2010): International Symposium on New Deevelopments in Plant Genetics and Breeding. Acta Hortic. 935: 153-160. 5. Budan S., Butac M. and Militaru M. (2012). New breeding releases from the Research Institute for FruitGrowing, Pitesti. AgroLife Scientific Journal, vol. 1: 93-96. 6. Butac M. and Militaru M. (2017). Quality of some Romanian cultivars in correlation with consumer preferences. Fruit Growing Research, 33: 11-17. 7. Eccher Zerbini P. (2002). The quality of pear fruit. Acta Hortic. 596: 805-810. 8. Iglesias I. (2008). Agronomical performance and fruit quality of early harvesting pear cultivars in Spain. Acta Hortic. 800: 249-261. 9. Jiaming Li, Zhang M., Li X., Khan A., Kumar S., Charles Allan A., Lin-Wang K., Espley R. V., Wang Ca., Wang R., et. 

al., (2022). Pear genetics: Recent advances, new prospects, and a roadmap for the future. Horticulture Research, volume 9: 1-19. 10. Militaru M., Braniște N., Sestraș A. and Andrieș N. (2010). Ameliorarea soiurilor de pere. Realizări și perspective. Ed. Universității din Pitești: 22-23 (in Romanian). 11. Militaru M., Braniște N., Sestraș A., Andreieș N., Butac M. and Stanciu C. (2010). Contributions to the improvement of the Romanian pear varieties in the past 10 years. Lucrări Științifice, Universitatea de Științe Agricole Și Medicină Veterinară "Ion Ionescu de la Brad" Iași, Seria Horticultură, 53(1): 341-346. 12. Militaru M., Braniste N., Butac M., Sestras A., Sotiropoulos T., Luki, M. and Dzhuvinov V. (2013). Review of pome fruit breeding in Balkan. Acta Hortic. 981: 177-184. 13. Predieri S. and Gatti E. (2008). Consumer evaluation of ‘Abate Fetel' pears. Acta Hortic. 800: 999-1004. 14. ***, 2022. FAO Stat Data Base. 



Viticulture 
and Oenology 





157 

Improving the assortment of table grape cultivars with 
new clones with increased adaptability to the current 

climate changes 

A.M. Ranca1*, T.S. Cosma1 and A.M. Tănase1 

1Research and Development Station for Viticulture and Oenology Murfatlar, 
Romania *Corresponding author email: auroraranca@yahoo.com

ABSTRACT  

In Romania, in the last three decades, it was registered a decrease of the 
vineyards surfaces planted with table grapes, this generating an increase in imports 
of this very healthy aliment. At the same time, the climate changes registered in 
recent years such as dry periods alternating with torrential rains, or climatic 
accidents which affected the existence of vineyard plantations, caused damages both 
on the quality and quantity of table grape productions. For this reason, at the 
Research and Development Station for Viticulture and Oenology Murfatlar, during the 
period 2008-2022, selection research was carried out in some of the valuable 
populations of table grape cultivars such as 'Centennial seedless', 'Bican roz' and 
'Moldova', by following the characters regarding the resistance of some individuals to 
stressful environmental factors. From the populations of the 3 cultivars, clonal elites 
for each of them were selected and tested virologically. The healthy elites were 
multiplied and transferred to the comparative field where, after 5 years of 
observations and determinations, the most valuable elites were   tested and 
registered. In the selection process, characters such as ampelographical, 
phenological, agrobiological qualities were followed. It were registered the following 
characteristics: ripening date, productivity, general appearance of the grapes, skin 
colour, compactness, shape and size of the berry, resistance to diseases and pests, 
adaptability to the stressful environmental factors such as drought, late frosts, etc. As 
a result of the selection activity spread over 14 years, these elites were tested by the 
State Institute for the Testing and Registration of Cultivars (I.S.T.I.S.) and registered in 
the Official Catalogue of Cultivars from Romania. This paper present the partial 
results of this research, respectively the following clones: 'Centennial seedless 48 M'f, 
'Bican roz 6 Mf' and 'Moldova 3 Mf'. 

Keywords: grapevine, clonal selection, resistance characters, environmental factors 
INTRODUCTION  According to the International Organisation of Vine and Wine statistics (STATE OF THE WORLD VITINICULTURAL SECTOR 2020), Romania takes the 10th place in the world in terms of wine-growing area and the 13th place in terms of grape production. In contrast, only 5% of the grapes produced are intended for fresh consumption. More than that, in the last three decades, it was registered a diminution of the vineyard’s surfaces planted with the table grapes, that generated an increase of the imports of this very healthy aliment  
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The basic unit of the initiation of the clonal selection scheme is represented by the individuals that expresses the maximum capacity of the ampelographic and agronomic characters that are part of the old populations.  Over time, the qualities of the old cultivars in the population tend to erode, for this reason the mass selection is necessary as a method of vegetative improvement of the cultivars. (Oprea and Moldovan, 2007). At the same time, climate changes become a greater challenge from year to year, which makes clonal selection a necessary practice to preserve the cultivar of grapes and to adapt it to the high maintenance costs, by increasing the production potential, thus developing a sustainable viticulture.  During 2008-2022, at Murfatlar was carried out the selection and multiplication of several valuable clonal elites that belong to the populations of some table grape cultivars found in the own plantations. The amelioration activity was oriented towards the creation and introduction into production of several new clones with high production potential, but also superior in terms of quality and with increased resistance to the unfavourable environmental factors induced by climate changes. 
MATERIAL AND METHOD It was used the OIV (International Organisation of Vine and Wine) regulation of clonal selection activity, recently improved, in 2017, (OIV-VITI resolution 564A-2017) which specifies the methodology for the correct performance of clonal selection. The biological studied material is represented by the cultivars cultivated in the old plantations of the Research and Development Station for Viticulture and Oenology Murfatlar. Valuable plants were chosen from the population whose characteristics stood out for their technological, organoleptic and taste properties, appearance, production and resistance to biotic and abiotic environmental factors.  Three of the table cultivars were studied: 'Centennial seedless', 'Bican roz', and 'Moldova'. From the populations of the 3 cultivars, 10 clonal elites for each cultivar were selected and tested virologically. The healthy ones were multiplied and planted in the comparative field, where they were studied further. After 5 years of observations and determinations, stable individuals from the agrobiological point of view and with resistance characters manifested constantly, were multiplied by grafting and passed into the field of perspective elites. The most valuable elites were registered for DUS (to reveal the characters of uniformity and distinctiveness) and UPOV (ampelographic description), were tested at I.S.T.I.S. and after 2 years of observations it was possible to approve them to be registered in the Official Catalogue. These clones were:  'Centennial seedless 48 Mf', 'Bican roz 6 Mf' and 'Moldova 3 Mf'. 
RESULTS AND DISCUSSIONS  There are presented below the main ampelographic, productive and qualitative characteristics of the obtained clones. 
Centennial Seedless 48 Mf  'Centennial seedless 48 Mf' is a productive and qualitative clone, with increased resistance to drought and downy mildew, obtained at Murfatlar in 2021. 
Ampelographic characters It is a clone of great vigour, where the young shoot has a reddish colour with the apex completely open and the bristles absent or very rare. The shoots are semi-erect and present long tendrils. 
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The colour of the young leaf on the upper side is light copper red, with soft bristles between the main veins, and on the lower side of the limb, the bristles are absent or very rare. The adult leaf has a shorter petiole compared to the median vein, and the limb is cordiforme, very large, weakly corrugated on the upper side, with sparse bristles on both sides (Figure 1). The flower has fully developed stamens and incompletely developed gynoecium. The cultivar is seedless, presenting the phenomenon of parthenocarpy. The grape is cylindrical-conical, long and large in size (Figure 1). The berry is narrow, elliptical in shape and large, uneven in size. The colour of the skin is yellow and the separation from the pedicel is easy. Have a medium thickness of the epidermis, semi-crispy pulp, moderately firm skin with adhesion to the pulp. Anthocyanin pigmentation is absent or very pale. 

Figure 1. Grape and leave of 'Centennial Seedless 48 Mf' 
Phenology 'Centennial seedless 48 Mf' is an early budding clone that blooms at the end of May or beginning of June, the ripening start in the first decade of August and the grapes reach full maturity in the first decade of September. The total vegetation period is 190 days. 
Agrobiological characters The clone has a fertility of 59%, a production per hectare 33% higher than the population, of 20 t/ha, with an average weight of grape of 527g and a weight of 100 berries of 198g (Table 1). The average values of the indexes of fertility and productivity are: CFR = 0.7; CFA = 1.1; IPR = 369; IPA = 596 It can accumulate up to 196 g/L sugar, having an acidity of 3.8 g/L expressed in sulphuric acid. In terms of resistance to environmental factors, the 'Centennial seedless 48 Mf' clone resists well at the drought, and has medium resistance to frost (Table 1). 
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Table 1.  'Centennial seedless 48 Mf' – the clone characterization in comparison with the population 
Tracked characters Population Clone Maturation epoque Medium Early-medium The compactness of the grape Lax Medium The size of the grape Medium Big The size of the berry Medium Big Epidermal thickness Thin Medium Fertility 40% 59 % Production 15 t/ha 20 t/ha Downy mildew resistance Medium Good Powdery mildew resistance Medium Medium Botrytis resistance Good Good Drought resistance Medium Good Frost resistance Poor Medium 

Cultivation area  The clone 'Centennial seedless 48 Mf' is recommended to be cultivated on the southern exposure lands, without strong air currents. 
Bican roz 6 Mf  'Bican roz 6 Mf' is a valuable clone, obtained from an old Romanian cultivar, at Murfatlar in 2022. 
Ampelographic characters It is a clone that shows great vigour. The shoot apex is completely open, green, with sparse bristles. The young leaf has a green upper face with anthocyanin areas and the lower face with dense, soft bristles between the main veins. The shoots are green, with very rare bristles and their port is semi-erect. For the mature leaf the petiole is slightly shorter than the median vein, green with brownish shades, the limb is pentagonal, medium embossing on the upper face with soft dense bristles between the main veins on the lower face (Figure 2). The grape has a cylindrical-conical shape, is long, very large, compact, and have a medium ripening period (Figure 2). The shape of the berry is truncated, large in size and pink in colour. Detachment from the pedicel is easy, the epidermis is thick, the pulp is moderately firm, the anthocyanin pigmentation is absent or very weak, and the seeds are fully formed. 
Phenology The clone ''Bican roz 6 Mf enters in vegetation in the last decade of April, flowering in the first decade of June. Ripening is starting in the middle of August, the grapes being fully ripe in September. The total vegetation period is 197 days.  
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Figure 2. Grape and leave of 'Bican roz 6 Mf' 
Agrobiological characters  The clone 'Bican roz 6 Mf' has a good fertility of 79%, with an average production per hectare 10% higher than the population from which it was selected, registering values of 20 t/ha (Table 2). The commercial production is 75-80%, and the production of grapes per plant is 10.76 kg. The average weight of the grape is 714 g, and the weight of 100 berries is, in average, of 225 g. Table 2.  'Bican roz 6 Mf'– the clone characterization in comparison with the population 

Tracked characters Population Clone Maturation epoque Late Medium The compactness of the grape Medium Compact The size of the grape Big Very Big The size of the berry Medium Big Epidermal thickness Medium Thick Fertility 56% 79 % Production 18 t/ha 20 t/ha Downy mildew resistance Good Good Powdery mildew resistance Medium Good Botrytis resistance Good Good Drought resistance Medium Good Frost resistance Poor Poor The average values of the indexes of fertility and productivity are: CFR = 0.7; CFA = 1,2; IPR = 500; IPA = 857;  The amount of sugar in grapes can reach 174 g/L, with an acidity of 4.8 g/L expressed in sulphuric acid. It has good resistance to drought, downy mildew and powdery mildew, being sensitive to frost (-14℃; -18℃). It resists well to transport and storage in specially designed spaces. 
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Cultivation area The clon' Bican roz 6 Mf' is recomented to be cultivated especially on south-facing land, without strong air currents, with rows planted in the N-S direction for uniform ripening. 
Moldova 3 Mf  'Moldova 3 Mf' is a clone with good resistance to both biotic (disease and pest attack) and abiotic (drought) stress factors, obtained at Murfatlar in 2022. 
Ampelographic characters The vigour of the clone 'Moldova 3 Mf' is high, the apex of the shoot is semi-open, with thick bristles.  The young leaf is green, with anthocyanin areas, and the soft bristles between the main veins on the lower side of the limb are medium size (Figure 3). Regarding the shoot, the colour of the dorsal part of the internode is green with red, and the ventral part is green. For the mature leaf, the petiole is much longer than the mid vein, green, the limb is pentagonal, of medium size, without embossing or very weak on the upper face. The grape is cylindrical or conical, of medium size (Figure 3). The compactness is high and the ripening is late. The berry is truncated, large in size and with black skin colour. Detachment from the pedicel is easy, the epidermis is thick and the pulp is moderately firm. 
Phenology 'Moldova 3 Mf' is a clone with late budding, flowering takes place at the beginning of June, and the ripening is initiated in the second decade of August. The grapes ripen at the end of September. The total vegetation period is 195 days. 
Agrobiological characters  The fertility of the clone 'Moldova 3 Mf' is good, being of 79%. The average production per hectare is 27 tons and the production per vine is 11,8 kg. The average weight of a grape is 461 g and that of 100 berries is 281 g. It accumulates a quantity of sugar of approximately 149 g/L, having an acidity expressed in sulphuric acid of 5,8 g/L. The average values of the indexes of fertility and productivity are: CFR = 1,4; CFA = 0,9; IPR = 415; IPA = 654; In terms of resistance to environmental factors, the clone 'Moldova 3 Mf' is resistant to drought, downy mildew, powdery mildew, botrytis and sensitive to frost (-16OC; -18 OC). It withstands transportation well and is stored for a long time on the vine stock and in cold stores. 
Cultivation area The clone 'Moldova 3 Mf' is recommended for wine-growing centers that benefit from long and warm autumns. Table 3.  'Moldova 3 Mf' – the clone characterization in comparison with the population 

Tracked characters Population Clone Maturation period Late Medium The compactness of the grape Medium Compact The size of the grape Medium Big The size of the berry Medium Big Epidermal thickness Medium Medium Fertility 65% 79 % Production 25 t/ha 27 t/ha Downy mildew resistance Good Good Powdery mildew resistance Good Good Botrytis resistance Good Good Drought resistance Medium Good Frost resistance Poor Poor 
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 Figure 3. Grape and leave of 'Moldova 3 Mf'  
CONCLUSIONS  
 The work of continuous selection of valuable individuals from populations of vine cultivars for table grapes is very important for the identification and preservation of biotypes that show special quality attributes, free from viruses, which are the basis for the formation of future production plantations. Along with the general climate warming accompanied by disturbances in the water regime (alternation between dry periods and heavy rains) it is necessary to approach new directions in amelioration work related to the resistance of clones to the increased attack of some diseases, such as powdery mildew or to the atmospheric drought manifested mainly in the period of the berries growth. The three clones identified, tested and registered at Murfatlar in 2021 and 2022 come from cultivars with high economic value, meeting both the quality requirements and in terms of adaptability, ensuring constant and economically profitable production in the areas recommended for cultivation. The clone 'Centennial seedless 48 Mf' has high fertility and productivity (ensures production of 20 tons/ha), large bunches, with an average weight of 527 g, with large, uniform berries. The clone is more resistant than the population to downy mildew and drought. The clone 'Bican roz 6 Mf' stands out for the size, colour and appearance of the grapes, which have an average weight of 714 g, increased productivity (ensures production of 20 tons/ha) but also better resistance to powdery mildew and drought.  The clone 'Moldova 3 Mf' comes from a cultivar with genetic resistance to diseases, stands out for the uniformity and appearance of the bunches, productivity (produces 27 tons/ha), proving also an increase resistance to drought.  
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ABSTRACT 

Saccharomyces cerevisiae is the predominant yeast species in spontaneous wine 
fermentations and thus it is the main responsible for the chemical and sensory 
properties of wines. The use of autochthonous yeast strains, besides assuring the 
maintenance of the typical sensory properties of the wines of any given region, can 
contribute to promoting or retaining the natural S. cerevisiae biodiversity. This study 
aims to determine specific enological characteristics of local yeasts and their 
potential in the production of volatile compounds and their influence on wine quality. 
The influence of several local yeasts strains on the chemical properties, the aromatic 
compounds, and finally, the sensory analysis of the white wine cv. 'Aligote' and the 
red wine cv. 'Cabernet Sauvignon' was analyzed obtained from the grapes production 
of 2018. The obtained results showed a positive influence of local yeasts on the 
chemical and sensory properties of dry red and white wines. They also contributed to 
the formation of a very complex flavor, being able to be used to produce ”Trifeshti” 
wine with a unique and desirable aroma, with distinctive characteristics of the grape 
growing area. 

Keywords: Saccharomyces cerevisiae, local yeasts, aroma, volatile compounds,  fermentation, sensory evaluation. 
INTRODUCTION  One of the most important features of wines is their aroma, consisting of the content of a large number of volatile chemical components, with variable ratios. Wine aroma is a very complex concept since it is provided by a hundred different compounds with concentrations varying between 10−1 and 10−10 g/kg. Of course, the balance and interaction of all the present compounds (volatile or not) determine the wine's aromatic quality (López et. al, 2002; Perestrelo et. al., 2019) Wine is an alcoholic beverage made with the fermented juice of grapes. During the fermentation process, sugar transforms in ethyl alcohol due to a long series of biochemical reactions. Yeasts are the ones responsible for this process and the specific character of these reactions, is determined by a series of fermentative systems. Furthermore, the yeasts directly determine the course and direction of biochemical processes. From this point of view, the by-products, which play a major role in the wine flavor formation, are as important as the ethyl alcohol, i.e. the main fermentation product (Castino, 1988; Carpov et.al., 1982; Rodopulo and Egorov, 1981; Rodopulo, 1987; Rodopulo, 1990). Wine flavor is due to volatile substances, perceptible by the human olfactory mucosa and various precursors, among 
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which the most important are glucosides, which in the process of preparing wine release volatile and odorous compounds, which participate in the formation of aroma (Gamero et 
al., 2015; Carrau et al., 2005; Carpov et.al., 1982; Rodopulo and Egorov, 1981; Rodopulo, 1987; Rodopulo, 1990). Under the influence of yeast, higher alcohols and volatile acids of the aliphatic chain are formed, which as a result of the action of esterase’s form ethers composed of specific fruit aromas. The transition of amino acids to higher alcohols results not only in oxidative deamination, but also in the superannuation of amino acids with keto acids. Following the assimilation of amino acids by yeasts, a whole series of compounds are formed (Benavent, 1987). 
MATERIALS AND METHODS The research was carried out in the Laboratory of Biotechnology and Wine Microbiology at the Scientific-Practical Institute of Horticulture and Food Technologies (Republic of Moldova). The grapes were harvested at suitable technological maturity and processed according to the classical technology for white and red wine production in the conditions of micro-vinification. In the present research paper, local yeast strains (STr-1, S75Tr-2, S75Tr-4.4, ATr-2, ATr-2.3, MTr-4, M100Tr-1, M100Tr-4, C-S60Tr-2, C-S60Tr-4), isolated in the Trifeshti wine center were studied. The studies performed on the morphological, cultural, and physiological-biochemical properties, carried out with the use of Kudreavţeva identifier (Burian, 2003), established that the identified yeast strains belong to the Saccharomyces 
cerevisiae species. Active dry industrial yeast – Oenoferm freddo was used as a control for 'Aligote' white wine and Oenoferm Be-Red (Germany) – was a control for 'Cabernet Sauvignon' red wine.  
Chemical analysis. The total sugars content (g/L) in musts was determined according to SM GOST 13192-73 (by the aerometric method). The total acidity of the wine was determined according to SM GOST 51621:2008 (by titration with bromthymol blue as an indicator). All determinations of the analyzed indicators were made in three repetitions. The gas chromatography technique was used to analyze wine aroma compounds.   
Sensory analysis. The wines produced from grapes of the 2018 harvest season were subjected to sensory evaluation at the Scientific-Practical Institute of Horticulture and Food Technologies. The sensory profile of the analyzed aromas given by the use of different strains of local yeasts was determined by a paired sample test for both wines. 
Statistical analyses. Differences in the physicochemical parameters between the musts and wines were assessed with a one-way analysis of variance (ANOVA) using the program GraphPad Prism 5.0 and an on-line calculator http://math.semestr.ru/. 
RESULTS AND DISCUSSIONS 

Table 1 Chemical composition of grapes from 'Aligote' and 'Cabernet-Sauvignon' cvs. (Harvest, 2018) Grape cultivars Sugar, g/L Total acidity, C4H6O6 g/L. pH 'Aligote' 218,0±0,5 7,3±0,1 3,09±0,01 'Cabernet-Sauvignon' 255,0±0,5 5,9±0,1 3,22±0,01 Comparative analysis of the aromatic content of 'Aligote' dry white wine and 'Cabernet-Sauvignon' dry red wine (h.y. 2018) was performed by classical technology using different 
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yeast strains, which contributed to the identification of significant differences. The results obtained are shown in Tables 2 and 3. The results illustrated in Tables 2 and 3 suggest that different strains of yeasts have an impact on the final content of volatile compounds in obtained white and red wines.   Table 2 Volatile substances content (mg/L) in dry white wines 'Aligote (h.y. 2018) 
 Compounds Strain yeast STr-1 S75Tr-2 S75Tr-4.4 ATr-2 ATr-2.3 Oenoferm freddo Acetic aldehyde 15,4 13,8 10,5 12,7 11,3 13,5 Ethyl acetate 22,2 24,9 20,4 23,4 19,9 22,6 Methyl alcool, g/L 0,02 0,02 0,02 0,02 0,015 0,015 2-butanol <0,5 <0,5 <0,5 <0,5 <0,5 <0,5 n-propanol 10,6 10,1 10,0 12,9 9,9 10,4 Isobutanol 22,4 22,5 20,7 31,7 20,7 23,0 n-butanol <0,5 <0,5 <0,5 <0,5 <0,5 <0,5 Isopentanol 155,6 151,1 145,5 161,1 141,9 148,0 Σ Higher alcohol 189,6 184,7 176,8 206,3 173,5 182,4  Esters are the most desirable group of compounds contributing fruity and floral aromas to the wine bouquet (Carrau et. al., 2008). S. cerevisiae synthesizes two major groups of esters during fermentation, namely the acetate esters of higher alcohols and the ethyl esters of medium-chain fatty acids. Such esters include ethyl acetate, isoamyl acetate, isobutyl acetate and phenylethyl acetate, ethyl hexanoate, ethyl octanoate, and ethyl decanoate (Lambrechts and Pretorius, 2000) In addition to the direct effect of acetaldehyde on the aromatic profile of the wine, it is equally important, if not more, its indirect effect due to its high reactivity with other compounds (Liu and Pilone2000; Styger et al 2011). Of special interest for the wine industry, it is acetaldehyde’s binding activity with SO2, the basic antimicrobial and antioxidant agent, forming a complex compound that offers limited protection to the produced wine (Styger et al 2011). Acetaldehyde also mediates condensation reactions of grape-derived anthocyanins with tannins into stable red wine pigments during winemaking (Eglinton et al 2004). As different strains of S. cerevisiae synthesize considerably different amounts of acetaldehyde, it is critical to choose a strain suitable depending on the type of wine produced (Klosowski et. al, 2017).  The major aldehyde synthesized by S. cerevisiae during wine fermentation is acetaldehyde, constituting over 90% of the total aldehyde content of wine (Styger et. al, 2011). Acetaldehyde is the last precursor in the anaerobic pathway before ethanol. Acetaldehyde, when present in low concentrations, confers a pleasant fruity aroma, but when in excess, it produces green and grassy off-flavors (Liu S-Q, and Pilone, 2000). In 'Aligote' white wine, the concentration of acetic aldehyde varies in the range of values from 10.5 to 15.4 mg/L. Therefore, when using yeast strain S75Tr-4.4, the concentration of acetic aldehyde in wine is 10.5 mg / L (minimum value), while yeast strains S75Tr-2, and STr-1have a concentration of acetic aldehyde in a wine of 13.8 and 15, respectively, surpassing the control strain that registered only 13.5 mg/L. In 'Cabernet Sauvignon' red 
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wine, all 4 local yeast strains recorded higher acetaldehyde concentrations than the control, thus the local yeast strains recorded between 19.9 and 16.6 mg/L (MTr-4, M100 Tr-1respectively), while the control strain recorded a concentration of acetic aldehyde e of 16.1 mg/L. Table 3 Volatile substances content (mg/L) in dry red wines 'Cabernet-Sauvignon' (h.y. 2018) 

The concentrations of acetaldehyde vary significantly between different types of wine, ranging approximately from 30–80 mg/L in white/red wines. In addition, this compound exerts a direct effect on the wine's aromatic profile and an indirect effect due to its high reactivity with other compounds.  The studied yeasts had a less significant influence on the n-butanol and 2-butanol in both white ('Aligote') and red wine ('Cabernet Sauvignon'), the determined values being lower than 0.5 mg/L.  The concentration of isobutanol in the wines obtained in the same way varies depending on the yeast strain used, and the range of variation in white wine was 20.7 mg/L in the case of S75Tr-4.4 strain to 31.7 recorded in ATr-2 yeast strain. The variation of n-propanol concentrations in the obtained wines is in the range of 9.6-11.3 mg/L. The amount of isopentanol in the wines obtained is about 60% of the sum of all higher alcohols. The highest concentration was detected in the wine obtained with C-S60Tr-4. Regarding the concentration of isopentanol in red wine ('Cabernet Sauvignon), it is noted that all 4 local strains of yeasts recorded values higher than the control (table 3). Thus, the highest concentration of isopentanol was recorded when using strain C-S60Tr-4 (30.9), followed by strains MTr-4 (30.1), M100Tr-4 (23.8 mg/L), compared to only 21.9 in the case of the control strain Oenoferm freddo. Another important component that is formed after the alcoholic fermentation process is ethyl acetate, which directly influences the organoleptic properties of the wines obtained. The values of ethyl acetate in the case of white wine varied between 19.9 for yeast and 24.9 mg/L, and respectively 21.2 and 27.7 for red wines. Thus, in white wine, the lowest ethyl acetate concentration was 19.9 when using the ATr-2.3 yeast strain and the highest was 24.9 mg/L when using the S75Tr-2 yeast strain, while in red wine, the highest concentrations were recorded in the case of yeast. C-S60Tr-4 (27.7 mg/L), followed very closely by strain M100Tr-4 (25.8 mg/l), and the lowest concentration was found when using 

Compounds Strain yeast MTr-4 M100Tr-1 M100Tr-4 C-S60Tr-2 C-S60Tr-4 Oenoferm Be-Red Acetic aldehyde 19,9 16,6 17,5 16,2 17,1 16,1 Ethyl acetate 23,7 21,2 25,8 22,2 27,7 21,5 Methyl alcool, g/L 0,02 0,01 0,02 0,01 0,01 0,01 
2-butanol <0,5 <0,5 <0,5 <0,5 <0,5 <0,5 n-propanol 9,6 10,0 10,1 10,2 10,8 11,3 Isobutanol 30,4 22,6 23,8 22,8 30,9 21,9 n-butanol <0,5 <0,5 <0,5 <0,5 <0,5 <0,5 Isopentanol 169,2 165,4 167,0 159,3 187,0 160,3 Σ Higher alcohol 210,0 199,0 193,3 193,3 229,7 194,4 
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the control yeast Oenoferm Be-Red (21. 5mg/L) and of the local yeast strain M100Tr-1 (21.2 mg/L), respectively.  According to the analysis of the volatile complex of the studied wines, it can be concluded that the methyl alcohol content is about 0.02 mg/L, which proves that the yeast strains do not significantly influence the concentration of methyl alcohol. 
 
Sensory analysis. The data of sensory evaluation of wines were processed in sensory profiles and represented in graphical form, figures 1 and 2.  According to the obtained sensory profiles we can see that all produced wines have similar aromatic vectors. However, wines fermented with different local yeast strains isolated from the 'Trifeshti' wine center have a substantial effect on the aroma of wines, which is in accordance with the literature data had the most typical aroma, whereas the aroma of Oenoferm Freddo and Oenoferm Be-red wines was not so typical. Our findings demonstrate that the more intense aroma of local yeasts wines was due to numerous factors, and we suppose that one of them could be a lower amount in total higher alcohols.   

Fig 1. Sensory profiles of white wine 'Aligote' obtained with different yeasts strain. 

Fig 2. Sensory profiles of red wine 'Cabernet-Sauvignon' obtained with different yeasts strain. 
 
CONCLUSIONS 
 The current study highlights the use of local yeast strains in winemaking and compared with commercial Oenoferm Freddo and Oenoferm Be-red, based on the obtained results 
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demonstrate the enological potential of local yeast strains ATr-2.3, S75Tr-4.4, M100Tr-1 and C-S60Tr-2. These yeasts can enhance the production of wine with optimal content of alcohols, esters, and aldehydes that impact wine flavor. Our results show the potential use of yeast strains isolated from the 'Trifeshti' wine center (Republic of Moldova) for dry red and white wine production with distinctive characteristics of the area of grape cultivation. 
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ABSTRACT  

 The current study aimed to describe the performance of five table grape cvs. 
recently introduced in the agro-environmental conditions of southern Oltenia. These 
cultivars were: ‘Napoca’, ’Otilia’, ‘Prima Cl. 1022’, ‘Perla de Zala’ and ‘Moldova’, 
belonging to the ampelographic collection of the Dabuleni Research-Development 
Station for Plant Culture on Sands. ‘Victoria’ cv., was taken as a control because it is 
the most widespread table grape cultivar in the area where the study was carried out. 
The phenological stages, the resistance to spring frost, the fruit quality and the 
productivity of these cultivars were studied during the period 2018-2021. 
Phenological observations were made regarding the beginning of bud burst (07 
BBCH), the beginning of ripening (81 BBCH) and berries ripe for harvest (89 BBCH). 
In the studied areal, the complete bud burst phenophase (07 BBCH) occurred 2 days 
before ‘Victoria’ cv.  in the case of ‘Napoca’ and ‘Otilia’ cvs. (on April 9) and two days 
after ‘Victoria’ cv. in the case of ‘Moldova’cv. (on April 18). ‘Prima Cl. 1022’ cv., 
although it was not the first cultivar in which the beginning of bud burst phenophase 
was noted, it was the first in which the beginning of ripening phenophase was noted, 
respectively in the period 2-10 July. ‘Moldova’ cv. registered the latest beginning of 
ripening, between July 23-29. The berries ripe for harvest occurred, the earliest, in 
the case of ‘Prima Cl. 1022’ cv., between July 25-28 and the latest in case of ‘Moldova’ 
cv., between September 22 and October 19. 

Keywords: table grape cultivars, phenological stages, fruit productivity, climatic conditions. 
INTRODUCTIONThe seasonal morphological development of bunches and eventually the chemical composition of the berry result from the interaction between soil and climatic characteristics and the consequences of long-term practices (e.g. establishment techniques, row orientation, vine spacing and trellising, training and pruning systems), short term practices (e.g. seasonal irrigation, fertilization and canopy management) and harvest criteria applied by the grower (Jackson and Lombard, 1993; Hunter and Archer, 2001a,b; Deloire et 
al., 2002; Hunter et al., 2004). The main climatic factors which determine the conditions for the development of vines are heat, light, and humidity. At the same time, during the year, climatic phenomena with increased risk on the life cycle of the culture may occur, such as frosts, droughts, and lack of heat or humidity, which may have a limited character, but can cause a state of stress in the unfolding of the plant's physiological processes (Sîrbu, 2014). The cultivated vines, although they originated from wild vines, are sensitive to climatic adversities, being subject to risks of any kind during the year. During the dormancy period, it is under the influence of minimum 
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negative temperatures and glazed frost, and during the growing season, it withstands possible late spring frosts or hoard frosts, hail, drought, and heat during the summer and possibly early autumn frosts. Also, the abundance of precipitation is harmful when it occurs during or immediately after flowering or during the ripening period of the grapes (Martin, 1968; Oprean, 1975; Oșlobeanu, 1980). The achievement of phenological stages, based on a long-term data set, is important to determine the adaptation of grapevine cultivars to a certain climatic regime. Among the main environmental factors, the climate has the greatest impact on vine phenology and grape quality. The cultivars less sensitive to climate change offer an option for farmers (Ivanišević et al., 2019). The vegetation period represents the sequence of the annual biological cycle in which physiological processes are manifested with increased intensity and produce visible anatomical and morphological changes. The leaves, flowers, and fruits, however, go through the development phases during a year, and the changes these organs undergo are benchmarks for the evolution of the phenological stages of the vine. The onset of vegetation and the rate of development of the phenophases are influenced by environmental factors, especially by temperature, the optimal limits for the development of the main phenophases of the vine being between 20-30 °C (Olteanu, 2000, Paraschiv et al., 2021). The warmer the climate is, the more intense the biological processes are and the duration of the phenophases is shorter (Irimia, 2012).  The calendar of each phenological phase differs based on each grapevine cultivar and is generally linked with local thermic conditions (Parker et al., 2011). Indeed, phenological models based on temperature accumulations higher than the reference temperature have been widely reported in different studies (Kliewer 1977; Rădulescu et al., 2010; Parker et 
al., 2011). Complex models have also been developed by using different threshold values (Parker et al., 2011). A number of studies have shown that high temperatures are associated with the early phenological development of plants (Cola et al., 2017; Rădulescu et al., 2010, Fraga et al., 2013).  Based on the phenological phase, the highest consumption of water is recorded during the maximum sprout and grapevine growth stages, while the lowest consumption recorded occurs between the beginning of weeping and flowering (Olteanu 2000; Rădulescu et al., 2010). Accurate monitoring of vine phenophases is essential to ensure successful technical management. This provides the means to establish the relative maturity levels of grapes, characterize the current crop, and carry out precise technical operations such as phytosanitary treatments (Agnes Destrac Irvine et al., 2019). 
MATERIALS AND METHODS  The study was carried out on 5 table grapes cultivars from the ampelographic collection of Dabuleni Research-Development Station for Plant Culture on Sands, newly introduced in the southern area of Oltenia ('Napoca', 'Otilia', 'Victoria', 'Prima Cl. 1022', 'Perla de Zala', 'Moldova'). The control was 'Victoria' cv., because it is the most widespread table grape in the area of sandy soils in southwestern Romania. The ampelographic collection was established in 2010. The form of driving the vines was the classic (low), the planting density was 3787 vines/ha and the planting distances were 2.2/1.2 m. Observations and determinations were made regarding the phenological stages: the beginning of bud burst (07 BBCH), the beginning of ripening (81 BBCH), and berries ripe for harvest (89 BBCH), the production and quality of grapes. The phenological determinations consisted of the visual observation and notation every day at the beginning of each phenophase, for each cultivar. Production determinations were conducted by weighing grapes from 3 plants at 4 repetitions, for each cultivar. For quality determinations, samples are taken from the harvested plants and analyzed in the laboratory: the weight of 100 berries was determined 
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gravimetrically; the content in sugars was determined with the refractometer; the titratable acidity at harvest was determined by the titrimetric method. The results obtained were statistically analyzed using the analysis of variance (ANOVA). Means were compared using the Duncan test at 0.05 probability levels. The different letters from the figures are significantly different according to the Duncan test (P≤0.05).  
RESULTS AND DISCUSSIONS In the period 2018-2021, relatively favorable conditions for grapevine culture were manifested, during this period the winters were warmer and without frost danger. The average temperature in the period 2018-2021 was between 12.5-14.1°C, the lowest average temperature was recorded in 2021, and the highest in 2020 (Table 1).  High temperatures occurred frequently in the vineyards in the south of Oltenia region. During the 2018-2021 period the maximum temperature fluctuated between 35.7 °C, on August 18, 2018, reaching a maximum of 41.2°C in this period on 01-02 August 2021. Both low and high temperatures can affect fruit set in grapevines. Pre-flowering low temperatures can disrupt both the formation and function of ovules and pollen during flowering. Likewise, exposure to temperatures of 15 or 40 °C can significantly lower the fruit set (Kliewer, 1977). Temperatures below 15 °C and above 32 °C are considered detrimental. Berry number per bunch is the product of flowers per inflorescence and the percentage of flowers that set fruit. Cool temperatures shortly before the budburst can increase the total number of flowers per shoot (Eltom et al., 2017). However, cold weather after the budburst may prevent the formation of individual flowers (Buttrose and Hale, 1973). Fruit set (or the proportion of flowers that are retained as berries) represents a change-over from the static condition of the fully developed flower to the rapidly growing condition of the young fruit (Coombe, 1962).  Table 1. The main climate data in the period 2018-2021 

Year Average temperature (°C) 
Maximum temperature (°C) Minimum temperature (°C) 

Amount of annual precipitation (mm) 
Amount of precipitation during the growing season (mm) Value Date 2018 13.4 35.7 August 18 -17.6 1055.5 510.1 2019 12.8 38.4 August 08 -14.9 482.3 272.8 2020 14.1 37.3 Sept. 01 -9.4 550.4 290.6 2021 12.5 41.2 August 01-02 -10.6 544.6 173.6 Average 13.2 38.2 - -13.1 658.2 311.7 In terms of annual precipitation, 1055.5 mm were recorded in 2018, and 482.3 mm in 2019. During the vegetation period, the highest amount of precipitation was recorded in 2018 at 510.1 mm, and the lowest amount of precipitation was recorded in 2021, at 173.6 mm. In 2018, grape production was affected by the main diseases of the vine, Plasmopara viticola and Uncinula necator, due to the abundance of precipitation (1055.5 mm annually and 510.1 mm during the growing season). In 2019, although the amount of recorded precipitation was reduced, the large number of days with rain and high atmospheric humidity (8 days in May and 12 days both in June and July) determined favorable conditions for the emergence and establishment of the main pathogens for a vine, Plasmopara viticola and Uncinula necator. In this context, it was necessary to apply a large number of phytosanitary treatments since May. The beginning of bud burst (07 BBCH) in the period 2018-2021 started during April, the earliest between 
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April 9-24 at 'Napoca' and 'Otilia' cvs. and the latest between April 18-27, at the 'Moldova' cultivar (Table 2). In the specialized literature, it is highlighted that the moment of bud burst does not correlate with the moment of ripening of the grapes. Knowing the moment of bud bursting is important for zoning the cultivars, avoiding the placement of cultivars with early bud bursting in areas with a high frequency of spring frosts (Martin, 1972). Table 2. The main phenological observations of studied table grape vine cultivars in the  period 2018-2021 
Cultivars The beginning of bud burst Beginning of ripening Berries ripe for harvest 'Victoria' April 12 -26 July 14-22 July 2-August 16 'Napoca' April 09-24 July 06-16 July 27-August 14 'Otilia' April 09-24 July 09-20 July27-August 12 'Prima Cl. 1022' April 12-26 July 02-10 July 25-28 'Perla de Zala' April 16-24 July 12-27 August 14-Sptember 08 'Moldova' April 18-27 July 23-29 September 22-October 19 'Prima Cl. 1022' cv., although it was not the first cultivar in which the beginning of bud burst phenophase was noted, it was the first in which the beginning of ripening phenophase was noted, in the period July 2-10. 'Moldova' cv. registered the latest beginning of ripening, between July 23-29. In the period 2018-2021, the complete ripening of the grapes occurred, the earliest, for 'Prima Cl.1022' cv., between July 25-28, and the latest for 'Moldova' cv., between September 22 and October 19.  

Figure 1. The course of the phenological stages of table grape cultivarsThe specialized literature emphasizes that the ripening of grapes evolves differently, to the earliness of the cultivars, the vigor of growth, the size of the production, and the favorability of the climatic conditions. For this reason, to determine the optimal time of harvesting, it is necessary to know the dynamic of the ripening process, marked by the evolution of the weight of the grapes, the accumulation of sugars and the decrease of the acidity (Irimia, 2012).  
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'Prima Cl. 1022' cv., which is the earliest of the analyzed cultivars, required 82 days from bud bursting to the beginning of ripening and 24 days from the beginning of ripening to maturity of the grapes. The sum of temperature degrees required from bud bursting to begin of ripening was 1553 °C and from the beginning of ripening to maturity of the grapes was 551 °C (Fig. 1). The latest cultivar, 'Moldova', recorded 98 days from bud bursting to the beginning of ripening and 69 days from the beginning of ripening to ripening. The sum of the temperature degrees required to go through the phenophases was 1980°C from bud bursting to the beginning of ripening and 1438 °C from the beginning of ripening to harvesting grapes. The average production of grapes from 2018-2021 ranged between 8663-13822 kg/ha (Table 3). Most of the researched cultivars yielded more than 10 tons of grapes per hectare, which proves that table grape cultivars can be grown on sandy soils due to their high economic efficiency. Table 3. Grape production (t/ha) of the studied table grape vine cultivars in the period 2018-2021 
Cultivars Grape production (t/ha) Average 2018 2019 2020 2021 'Victoria' 14.8±1.1 a* 6.8±0.4 c 10.2±0.8 b 16.5±2.9 a 12.05±4.4 ab 'Napoca' 7.6±0.4 b 5.3±0.3 b 11.0±3.0 a 10.8±2.4 a 8.6±2.7 c 'Otilia' 9.5±0.4 c 10.6±0.2 c 17.4±1.9 a 14.9±1.6 b 13.6±3.7 ab 'Prima Cl. 1022' 12.9±0.3 b 6.4±0.5 c 17.0±2.4 a 16.1±2.5 a 13.1±4.8 ab 'Perla de Zala' 20.1±0.3 a 6.8±0.2 c 14.4±1.0 b 14.0±3.5 b 13.8±5.4 a 'Moldova' 17.0±0.1 a 10.2±0.3 c 13.3±1.4 b 12.8±0.8 b 13.3±2.8 a *Values are expressed as mean ±SD. Means within each column followed by different letters are

significantly different according to the Duncan test (P≤0.05). The analysis of the studied fruit production shows that 'Victoria' cv. (Figure 2) recorded the highest values in 2021 (16.5 t/ha) and 2018 (14.8 t/ha), values that differ statistically from the values obtained in 2020 and 2019 respectively, in which the lowest productions were recorded (10.2 t/ha and 6.8 t/ha respectively). In the case of 'Napoca' cv., we note that the highest value was recorded in 2020 (11.0 t/ha), a value that differs statistically from the values recorded in 2019 (5.3 t/ha) and the year 2018 (7.6 t/ha).  The productions recorded by 'Otilia' cv. during the studied period are divided into three statistical classes, the highest value being registered in 2020 (17.4 t/ha).  The data from table 3 show that the cultivars 'Perla de Zala' cv. and 'Moldova' cv. recorded higher productions in 2018 (20.1 t/ha and 17.0 t/ha, respectively), which differ from the other years of the study with differences, insured from a statistical point of view, between 33.9-71.7%. On average, over the four years of study, 'Perla de Zala' cv. recorded the highest production (13.8 t/ha), differentiating from the statistical point of view compared to the other studied cultivars. Quality analyses consisted of determinations of 100 berries' weight, total sugar content, and total titratable acidity at harvest (Table 4). The weight of 100 berries recorded the highest value in the control cultivar ('Victoria' - 736 g), with the other cultivars being very significantly lower. 
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Figure 2. Original images of the studied cultivars The content in total sugars recorded the highest value in the case of the cultivars 'Perla de Zala' (202 g/L) and 'Moldova' (195 g/L), being statistically assured as very significantly positive. Most of the studied cultivars have accumulated the amount of sugar specific to quality table grapes. The total titratable acidity at harvest had values between 4.1-5.3 g/L H₂SO₄. Table 4. Grape quality in the studied vine cultivars with table grapes in the period 2018-2021 
Cultivars Weight of 100 berries (g) 

The difference compared to the control (g) 
Total sugar content (g/L) 

The difference compared to the control (g/L) 
Total titratable acidity (g/L H₂SO₄) 

The difference compared to the control (g/L) 'Victoria' 763 Mt. 147 Mt. 4,1 Mt. 'Napoca' 394 -369.3 142 -4.8 4,6 0.5 'Otilia' 284 -478.8 162 14.8 5,1 1.0 'Prima Cl. 1022' 424 -338.8 140 -7.0 5,1 1.0 'Perla de Zala' 282 -481.3 202** 54.8 5,3 1.2 'Moldova' 407 -356.0 195** 48.0 4,6 0.5 
DL 5% 84.0 DL 5% 29.8 DL 5% 1.3 
DL 1% 116.3 DL 1% 41.3 DL 1% 1.9 

DL 0.1% 160.5 DL 0.1% 57.0 DL 0.1% 2.6 

CONCLUSIONS In the period 2018-2021, the studied table grape cultivars behaved differently depending on the climatic conditions of the crop year. 
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During the four years of study, bud bursting started during April. 'Napoca' and 'Otilia' cvs. recorded the earliest beginning of bud burst between April 9-24, and 'Moldova' cv. recorded the latest beginning of bud burst between April 18-27.  The first cultivar in which the beginning of ripening phenophase was recorded was the 'Prima Cl. 1022' cv., during the period 02-10 July, needing 1553 °C to reach this phenophase. The latest beginning of ripening was noted between July 23-29 for the 'Moldova' cv., requiring 1980 °C. During the 4 years of study, in the area of sandy soils in the south of Oltenia, the earliest table grapes were harvested between July 25-28, 'Prima Cl. 1022' cv. standing out for its earliness. The latest was the 'Moldova' cv., which ripened between September 22 and October 19. On average over the four years of study, 'Perla de Zala' cv. recorded the highest production (13.8 t/ha), differentiating from the statistical point of view compared to the other studied cultivars. The weight of 100 berries recorded the highest value in the case of the control cultivar ('Victoria' 736 g), with the other cultivars being very significantly negative. The content in total sugars recorded the highest value in the case of the cultivars 'Perla de Zala' (202 g/l) and 'Moldova' (195 g/l), being statistically assured as very significantly positive. 
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ABSTRACT  

Phomopsis viticola, in poorly managed vineyards, can produce a lot of damage 
due to its year-to-year infection pattern. In combination with a high spore reserve 
from the previous year, this causes reduced grape yields. This study aims to assess 
the Phomopsis viticola attack in Tarnave vineyards during May-July 2020. The data 
(frequency and intensity of the attack) was collected from Craciunelu de Jos, and the 
attack degree (AD) was calculated before and after the treatments applied to 
'Saugvinon blanc', 'Riesling italian', 'Fetească regală' and 'Traminer roz' grapevine 
cultivars. The AD before the treatment with contact and systemic products had 
values between 27.80% and 4.10%, after the treatments of the first period (May-
June 2020) the AD was reduced at values between 3.40% and 0.83% and after the 
treatments of the second period (June-July 2020) the AD had the values between 
9.00% and 12.40%. In Tarnave vineyards, 'Fetească regală', 'Sauvignion blanc' and 
Riesling italian cultivars have shown a higher susceptibility to the Phomopsis viticola 
attack and Traminer roz' a lower one. The fungicide treatments administrated were 
efficient in managing Phomopsis viticola in vineyards from Transylvania. 

Keywords: Vitis vinifera, Phomopsis viticola, pathogen of grapevine, fungicide treatment, attack degree  
INTRODUCTION Grapevines (V. vinifera L. and Vitis spp.) are one of the most economically important and extensively grown woody perennial fruit crops in the world (Torregrosa et al., 2015 Gramaje et al., 2018).  
V. vinifera and many other species belonging to the Vitis genus together with theirinterspecific hybrids are important especially for rootstock development, wine production,table grapes and other secondary products. With 175590 ha productive vineyards in 2020(FAOSTAT), Romania ranks 5th in Europe.One of the important vineyards of Romania is Tarnave vineyards having as primaryproduction the high quality white wines, high quality aromatic white wines, sparkling winesand table grapes (Oprea, 2001; Comsa et al., 2021).Grapevines are attacked by many species of fungi, the most damaging being: Plasmopara
viticola (Gessler et al., 2011) which causes downy mildew, Uncinula necator (Doster andSchnathorst, 1985) which causes powdery mildew, Esca which is an amalgamation of fungispecies (Fischer and Peighami-Ashnaei, 2019) that cause physiological decline and
Phomopsis viticola which causes  Phomosis dieback or excoriosis (Ùrbez-Torres et al., 2013;Gamaje et al., 2018) and also cane and leaf spot (Savu et al., 2020, Baumgartner et al., 2012;Urbez-Torres et al., 2013).
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Excoriosis is present everywhere grapevines are grown and the most damage is done when the precipitation levels are high in the early season.  The disease can cause bud death, poor shoot growth and stunted leaves and later in the season when the shoots are heavier breaking from the base can occur. The spreading pattern of excoriosis is fairly slow, but in time it builds up, leading to declined vigour and yield of the vines (Pearson and Goheen, 1988; Phillips, 1998). The term excoriosis was introduced by Ravaz and Verge (1925) (Ravaz and Verge 1925; Phillips, 1998). According to them, the following symptoms are typical: early in the season, the fungus invades the young shoots causing elongated black lesions on the internodes (Phillips 1998; Gramaje et al., 2018; Ùrbez-Torres et al., 2013).  Affected branches become swollen at the base and the blackened cortex may rupture. Such branches are very brittle and readily collapse under their weight, while others may dieback. After harvest, the black areas on the canes turn grey or white and are spotted with black fruit bodies immersed in the host tissues. All these symptoms are seen now as typical, also including bud death and a possibility of shoot dieback (Pearson and Goheen, 1988). In Romania, excoriosis was found in vineyards in Valea Calugareasca at the beginning of the growing season (Muntean et al., 2022), Odobeşti, Coretesti – Vrancea, Pietroasele and Dragasani (Oprea and Podosu, 2008), Ciumbrud (Savu et al., 2020), and Tarnave vineyards (Comșa et al., 2021). In Europe first reports about excoriosis came from France in 1925 (Ravaz and Verge, 1925). Later the disease has spread in all parts of the world where grapes are grown (Galet, 1977). 
MATERIALS AND METHODS  The experimental plots were located in Craciunelu de Jos belonging to the Research and Development Station for Viticulture and Enology Blaj (SCDVV Blaj). The plots (0,5 ha) were cultivated with the following cultivars: 'Sauvignon blanc' (SB), 'Riesling italian' (RI), 'Fetească regală' (FR) and 'Traminer roz' (TR) trained in demi-high Guyot system. Each plot had 5 repetitions placed in a diagonal pattern, the number of vines in each repetition being between 25 and 40.  The experimental plots were examined and the frequency (representing the number of grapevine affected from the total number in the repetition) and the intensity (representing the area, in percentage, of vegetative organs affected by P. Viticola) were determined. The evaluations were done three times, first in 12.05.2020, second on 04.06.2020 and third on 13.07.2020. The attack degree (AD) was calculated using the following formula: (frequency x intensity)/100; this was done for all repetitions.  Treatments with fungicides applied during the experimental period are shown in Table 1. Agrotechnical operations were applied at a standard level in the studied period.  The elimination of basal and excess shoots and harrowing were done.  The experimental data were analyzed with the program Statview 5.0 performing a one-way analysis of variance (ANOVA), followed by a Fisher-protected least significant difference (PSLD) test. The average and SEM (standard error of the mean) were calculated and P values lower than 0.05 were considered significant.   
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Table 1. Treatments applied for grapevine fungal diseases in Caciunelu de Jos vineyard for the period May-July 2020 
No.  Date Active substance 1 14.05.2020 Benalaxyl-M 4%+ Mancozeb 65%; Wetable sulfur 80% 2 22.05.2020 Metiram 70%; Penconazol 100 g/l 3 28.05.2020 Cimoxanil 30% + Fomaxadon 22,5%; Penconazol 100 g/l 4 11.06.2020 Azoxistrobin 93,5 g/l + Folpet 500 g/l 5 19.06.2020 Trifloxistrobin 25% +Tebuconazol 50%  Aluminum fosetil 50%+Folpet 25% 6 29.06.2020 Aluminum fosetil 50 %+ Folpet 25% 7 9.07.2020 Mancozeb 60%+Valifenalat 6% 8 19.07.2020 Copper hydroxide 40%  

RESULTS AND DISCUSSIONS  
 Excoriosis symptoms have been found on all observed vines in the Craciunelu de Jos vineyard. In Table 2, is presented the evolution of the disease for all the cultivars during the studied period.  Table 2. The degree of excoriosis attack (AD%) during the studied vegetation period 

Grape cultivars The attack degree (AD %)/ observation date 12.05.2020 04.06.2020 13.07.2020 'Sauvignon blanc' 22.50 ±0.23 (SB1) 3.40 ±0.03a (SB2) 
11.80 ± 0.11a, b (SB3) 'Riesling italian' 27.86 ± 0.25a, g (RI1) 

1.24 ±0.01c (RI2) 
11.40 ± 0.08c, d (RI3) 'Fetească regală' 28.06 ±0.24 a, g (FR1) 

1.10 ± 0.01e (FR2) 
12.40 ±0.07 e, f (FR3) 'Traminer roz' 5.70 ± 0.02a (TR1) 

2.76 ±0.01 (TR2) 
11.00 ± 0.07g, h (TR3)  The attack degree values are expressed as mean ± standard error of the mean (n = 5). Superscript ‘a’ indicates a significant difference (p < 0.05) as compared to SB1, superscript ‘b’ indicates a significant difference (p < 0.05) as compared to SB2, superscript ‘c’ indicates a significant difference (p < 0.05) as compared to RI1, superscript ‘d’ indicates a significant difference (p < 0.05) as compared to RI2, superscript ‘e’ indicates a significant difference (p < 0.05) as compared to FR1, superscript ‘f’ indicates a significant difference (p < 0.05) as compared to FR2, superscript ‘g’ indicates a significant difference (p < 0.05) as compared to TR1, superscript ‘h’ indicates a significant difference (p < 0.05) as compared to TR2 as performed by one-way ANOVA, PSLD test. At the beginning of the treatments, AD was quite high for 'Sauvignon blanc' (22.50%), 'Riesling italian' (27.86%), and 'Fetească regală' (28.06%), the only exception was                     'Traminer roz' (5.70%) (Table 2). After the treatments of the first period (Benalaxyl-M 4%+ Mancozeb 65%, Wetable sulfur 80%; Metiram 70%, Penconazol 100 g/l; and 
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Cimoxanil 30% + Fomaxadon 22,5%, Penconazol 100 g/l), for 'Sauvignon blanc', 'Riesling italian' and 'Fetească regală' cultivars the AD decreased significantly: for 'Sauvignon blan'c AD=3.40% for SB2 vs AD=22.50% for SB1: for 'Riesling italian' AD=1.24% for RI2 vs AD=27.86% for RI1 and for 'Fetească regală' AD=1.10% for FR2 vs AD=28.06% for FR1 .The second treatments with fungicides (Azoxistrobin 93,5 g/l + Folpet 500 g/l; Trifloxistrobin 25% +Tebuconazol 50%, Aluminum fosetil 50%+Folpet 25%; Aluminum fosetil 50 %+ Folpet 25%; Mancozeb 60%+ Valifenalat 6%) helped to control excoriosis at values of AD significantly lower than the initial observed for all the cultivars mentioned above (AD= 11.80% for SB3 vs AD=27.86% for SB1; AD=11.40% for RI3 vs AD=27.86% for RI1; AD=12.40% for FR3 vs AD=28.06% for FR1). The treatments done in the first period were more efficient compared with the ones done in the second interval (AD=3.40% for SB2 vs AD=11.80%  for  SB3;  AD=1.24%  for  RI2  vs AD=11.40% for RI3; AD=1.65% for FR2 vs AD=12.40% for FR3). This may be explained by the fact that in case of the first treatments the foliage was just emerging, and in case of the others the foliage was grown and vigorous, therefore a complete coverage with a solution was impossible. The evolution of excoriosis for 'Traminer roz' was different: at the first evaluation the AD was very low (AD=5.70%), for the second evaluation, compared to the first, was not statistically different with an AD= 2.76%, but the third compared to the second was statistically different with an AD= 11.00%. Overall, all the three cultivars followed the same pattern, high AD at the start of the season, then a significant drop and a slow rise again until they remained at a level which do not seem to affect the vines. 'Traminer roz' was the exception at the first evaluation, the second and third following the pattern described above. These data show a different sensitivity of the grapevine cultivars to the attack of Phomopsis viticola, but the same type of response to the fungicide treatments. Some cultivars can have a higher susceptibility to the fungal attack, primarily due to their genetic characteristics ('Fetească regală', 'Sauvignion blanc' and 'Riesling italian'). Oprea and Podosu (2008) indicated that excoriosis was found also on the cultivars: 'Fetească albă' (20%), 'Chasselas d’ore' (38%), Cabernet sauvignon' (26%), 'Riesling italian' (15.6%), 'Cardinal' (50%), 'Clairete' (21.6%), 'Merlot' (7.8%), 'Pinot Noir' (11.2%), in the following vineyards: Odobesti, Coretesti – Vrancea, Valea Calugareasca, Pietroasele and Dragasani. The grapevine affected by excoriose was planted in the areas presenting a clay compact acid soil, watered in excess and industrially polluted (Oprea and Podosu, 2008). In the Blaj vineyards, in 2010, Phomopsis viticola had a higher intensity and this allowed the authors to establish correlations between disease intensity and weather conditions (Comşa et al. 2012). Also, in the Ciumbrud vineyard, Savu et al. (2020) have found at the beginning of the season an excoriosis frequency of 4%-12% in the climatic conditions of spring 2020 with less rain in January, April and May as compared to the average and with higher temperature in January, February, March and June. One of the most common fungal pathogens found in Tarnave vineyard was, among others, 
Phomopsis viticola. In the Ciumbrud vineyard it was also causing excoriosis mainly on Traminer cultivar (Comșa et al., 2021). Excoriosis produced by Phomopsis viticola was present at the beginning of the vegetation period in the studied vineyards, in Valea Caugareasca (Oprea and Podosu, 2008). Oprea and Podosu observed that before the budding period, the tendrils of the vine showed dark colored spots, isolated or associated, having about 0.5 – 2.0 cm x 0.3 – 1.0 cm, usually placed at the base of the shoot. The budding period was 12 - 14 days delayed, and the buds located at the tendril of the vine base were dead. A detailed observation on the damaged shoots of vines revealed that the first 3 - 4 basal buds were dead, and only the buds located upper on the shoot were viable (Savu et al., 2020; Comșa et al., 2012; Oprea and Podosu, 2008). In our case, as the observations were done later (May-July), we observed only cane and leaf spots (Figure 1). 
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Several studies have reported yield losses of up to 30% caused by Phomopsis cane and leaf spots (Erincik et al., 2001; Pscheidt and Pearson, 1989; Urbez-Torres et al., 2013). 
 

 Figure 1. Cane and leaf spots caused by Phomopsis viticola on the grapevine.  
CONCLUSIONS  Four cultivars widely grown in the Tarnave vineyards, 'Sauvignon blanc', Riesling italian', 'Fetească regală' and 'Traminer roz' trained in demi-high Guyot system, were evaluated for their susceptibility to the excoriosis, a grapevine trunk disease often found in this area. In the studied Craciunelu de Jos vineyard, excoriosis symptoms caused by the pathogen 
Phomopsis viticola have been found on all observed vines. However, an infection pattern influenced by the administrated fungicide treatments could be observed during the vegetation period.  Thus 'Sauvignon blanc', 'Riesling italian' and 'Fetească regală' cultivars had a high attack degree at the start of the season, then a significant drop and a slow rise again until they remained at a level which do not seem to affect the vines. 'Traminer roz' was the exception at the first evaluation, having an attack degree four times lower that the other cultivars, but for the second and third observations it followed the pattern described above. Thus, we can conclude that in Tarnave vineyard, 'Fetească regală', 'Sauvignion blanc' and 'Riesling italian' cultivars have shown a higher susceptibility to the Phomopsis 
viticola attack and 'Traminer roz' a lower one. These data show a different sensitivity of the grapevine cultivars to the attack of Phomopsis viticola, but the same type of response to the fungicide treatments, which overall were efficient in controlling the excoriosis.   
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ABSTRACT 

The study aimed to assess the technological potential of four indigenous 
Saccharomyces cerevisiae strains (S. cer. 4.1.11, S. cer. 4.3, S. cer. 4.6 and S. cer. 4.10), 
as possible sources for starter cultures. The experiments were carried out at 
micropilot level on the natural must of 'Fetească albă' cultivar. The evaluation of the 
yeasts was carried out according to the chemical parameters and volatile compounds 
analysed in the obtained wines compared to the wine obtained with a commercial 
starter culture (CSC). The values of the main physico-chemical parameters analyzed 
in the obtained wines were similar to those determined in the control wine. The 
average values of the volatile compounds with positive impact on the wine aroma 
ranged within the interval 177.46 - 217.81 mg/L, a higher value compared to the 
control wine, respectively 166.33 mg/L. The use of the indigenous strain Torulospora 
delbrueckii (T.d 10) in association with the strains S. cer. 4.1.11 or S. cer. 4.10 led to an 
increase of 12.56%, respectively 8.30% in glycerol concentrations, as well as an 
increase of 11.94% to 14.49% in the average concentration of volatile compounds. 
Harnessing the oenological potential of the yeasts tested in sequential fermentations 
proved dependent on the time allowed for the development of the strain T.d 10, 
namely 24 and 48 hours, as well as on the yeasts used. Thus, in the wines obtained by 
the association T.d 10/ S. cer. 4.10, in which the development of the culture T.d 10 was 
carried out for 48 hours, we noticed an increase of 12.52% and, respectively 32.95%, 
in the average of volatile compounds, compared to the monoculture wine for the same 
S. cer. 4.10 strain and to the control wine (CSC).

Keywords: yeast, killer factor, volatile compounds, sequential fermentation, starter cultures. 
INTRODUCTION Due to the increase in competition and market demand for quality wines, research in the oenological field has focused on the isolation and technological characterization of the potential of both Saccharomyces and non-Saccharomyces indigenous yeasts. Extensive study on the properties of non-Saccharomyces yeasts aimed their testing in co-culture in the 
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fermentation process to obtain the desired wines (Comitini et al., 2011; Loira et al., 2014; Taillandier et al., 2014; Dasko et al., 2015; Padilla et al., 2017; Arslan et al., 2018; Benito et 
al., 2018; Benito et al., 2019; Mecca et al., 2020). The analysis of the oenological characteristics of non-Saccharomyces yeast strains proved that some species, e.g. Candida 
pulcherrima, Kloeckera apiculata, Torulospora delbrueckii, Lachancea thermotolerans, 
Metschnikowia pulcherrima, Hanseniaspora guillermandi, have the genetic ability to produce a more varied range of enzymes compared to the Saccharomyces cerevisiae strains, enzymes that can influence the quality of wines (Benito et al., 2019). In Romania, the first studies in the field of isolation and characterization of yeasts were carried out starting in 1915. The activities of isolation, characterization and selection of yeasts from famous vineyards in Romania, led to the foundation of yeast collections in various research centers, representing currently valuable germplasm sources (Brîndușe et 
al., 2022). In order to recreate the conditions of natural fermentation, the recent research focused on the selection and characterization of the indigenous non-Saccharomyces strains isolated from the musts obtained in vineyards located in different geographical areas. The use of pure non-Saccharomyces/Saccharomyces cerevisiae strains in co-culture is a technological practice, which leads to diversifying wine styles and defining varietal characteristics and regional typicity. Tristezza et al., (2013), Benito et al. (2018), Benito et al. (2019) and Kontagiannatos et al. (2021) emphasize the need for continued isolation and selection of non-Saccharomyces and Saccharomyces cerevisiae strains to ensure that new combinations of starter cultures are available for use in future winemaking technologies. In this context, 30 Saccharomyces cerevisiae strains and one non-Saccharomyces strain were isolated from fermenting grape must obtained in Iasi vineyard area and characterized from the physiological, oenological and technological point of view (Nechita et al., 2020). The selected indigenous strains were tested in fermentation processes with inoculation in monoculture, mixed and sequential cultures on sterilized must. Following the physico-chemical analysis of the obtained wines, only certain Saccharomyces cerevisiae and non-
Saccharomyces strains complied with the criteria for obtaining starter cultures. The present study aimed the evaluation of the technological performance of selected indigenous yeast strains, at micropilot level, in mixed and sequential inoculation, in natural (non-sterile) must of the 'Fetească albă' cultivar. Also, the killer factor of the indigenous yeast was determined. 
MATERIALS AND METHODS For conducting experimental studies were used four S. cerevisiae strains and one T. 
delbrueckii strain, selected from the Collection of microorganisms of the Research and Development Station for Viticulture and Winemaking Iasi (Romania), after testing in sterile must at laboratory level. The killer factor was assessed on YEPD-MB agar medium containing 3 mg methylene blue /100 mL medium, with pH 4.6. 105 CFU/mL suspensions of 
Saccharomyces cerevisiae and Torulospora delbrueckii strains were displayed on the surface of the agar medium, and the106 CFU/mL suspensions from each analyzed strain were inoculated on the Petri plates. The sensitivity of the tested strains to the killer factor was performed on the same YEPD-MB medium, in which the 105 CFU/mL suspensions of the tested strains were displayed on the plates and the 106 CFU/mL suspensions of the killer positive reference strains SP 39 (S. cerevisiae galactose; Sofralab, France) and Viniferm (S. 
cerevisiae; Agrovin, Spain), were inoculated in the center. The plates were incubated at 20°C for 48 hours. If no blue halos appear around the central yeast inoculum, it is assumed that they do not produce killer toxins. A blue halo around the inoculum of the reference strains, indicates sensitivity to the killer factor (Sangorrin et al., 2002). Must of the Vitis vinifera cultivar 'Fetească albă', used in the fermentation processes, was obtained according to the 
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industrial winemaking technology for white grapes, with a density of 1087 g/L, a sugar concentration of 206 g/L, a total acidity of 6.7 g/L C4H4O6 and pH 3.46. In the experimental variant with 106 CFU/mL monoculture inoculation, four indigenous strains of 
Saccharomyces cerevisiae (S. cer) 4.1.11, 4.3, 4.6 and 4.10 were used, as well as a commercial starter culture Saccharomyces cerevisiae (CSC) used as a control (Zymaflore X5; Laffort, France). In the mixed culture, Torulospora delbrueckii (T.d 10) (105 CFU/mL) and each 
Saccharomyces cerevisiae strain (106 UFC /mL) were simultaneously inoculated, as a ratio of 1/10. In sequential fermentations, the above densities and ratio were preserved, with the mention that the T.d 10 strain was inoculated first, followed by the Saccharomyces cerevisiae 
(S. cer.) strains (after 24 or 48 hours). All fermentation processes were carried out at a temperature of 20±1°C. The wines obtained in the experimental variants were analyzed according to OIV methods (OIV, 2019). A Dujardin-Saleron DE2000 oenological distiller was used for ethanol (% vol.) and volatile acidity (g/L as acetic acid) analysis, while a pH-meter WTW INOLAB Level 1 was used for pH assay. The optical densities of the inoculums (OD 600 nm) were determined using an Analytik Jena Specord 200 plus UV-vis spectrophotometer. The aroma compounds of the wines were determined by GC-MS methods (OIV, 2019), on a gas-chromatograph with flame ionization detector GC-FID, Agilent 7890B. The concentrations of carbohydrates (glucose, fructose), acids (lactic, malic and acetic), polyols (2-3 butanediol and glycerol) and methyl alcohol were determined by the 1H-NMR method (Bruker Avance III HD 600 spectrometer, operating 600.12 MHz for the 1H nucleus; TopSpin 4.0.7 software).  Data were reported as means of minimum three replicates, having specified the standard deviation (±). 
 
RESULTS AND DISCUSSIONS  
 
Determination of yeast killer factor The selected indigenous strains Saccharomyces cerevisiae code 4.1.11, 4.3, 4.6 and 4.10 and the non-Saccharomyces, Torulospora delbrueckii code 10, were tested to reveal whether they produced killer toxins or were sensitive to this factor (Figure 1).  

    (a)                                                                                            (b) Figure 1. Testing the presence of the killer factor (a) and the sensitivity to the killer toxin (b) of the yeast strains used for mixed and sequential fermentations *Note: 4.3, 4.10, 4.6, T. indicates the codes of 
the tested yeast strains; 4 and 7 indicates the codes for SP39 (Sofralab) and, respectively Viniferm 

(Agrovin) reference strains.  According to the inoculation operations, between the strains, on the YEPD-MB agar medium, no blue halo was noticed around the centrally inoculated suspensions, proving that they do not produce killer toxins, as shown in Figure 1 (a). The sensitivity of the tested strains to killer toxins was determined on the same YEPD-MB medium; however, this time, after the inoculation of the suspensions of the investigated strains on the surface of the medium, the suspensions of the reference strains were inoculated in the center. In the latter case, a blue halo was noticed only in the case of the strain Saccharomyces cerevisiae 4.10 (Figure 1, b), showing that it is sensitive to the k2 toxin from the reference culture code 4 (SP 39; Sofralab). The results obtained are consistent with the existing data in the literature, which 
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highlights the fact that some Saccharomyces cerevisiae strains are sensitive to the k2 toxin, but not the non-Saccharomyces strains (Dabhole and Joishy, 2005). 
Assessment of the fermentative potential of the S. cerevisiae indigenous strains in 
monoculture The wines obtained in the fermentation processes in monoculture with the selected indigenous strains S. cerevisiae were analyzed by determining the physico-chemical parameters and the profile of some volatile compounds. The data obtained were interpreted in comparison to the values determined for the control wine (CSC) (Tables 1 and 2). Table 1. Physico-chemical characteristics of wines obtained in monoculture Parameter CSC S. cer. 4.1.11 S. cer. 4.3 S. cer. 4.6 S. cer. 4.10 Alcohol concentration, % vol 11.5 ± 0.08 12.0 ± 0.10 11.9 ± 0.09 11.7 ± 0.11 11.4 ± 0.06 Total acidity, g/L C6H4O4 5.12 ± 0.10 5.04 ± 0.15 5.13 ± 0.09 5.17 ± 0.11 5.60 ± 0.10 Volatile acidity, g/L CH3COOH 0.36 ± 0.04 0.30 ± 0.02 0.28 ± 0.04 0.28 ± 0.02 0.32 ± 0.01 pH 3.24 ± 0.01 3.23 ± 0.01 3.13 ± 0.02 3.18 ± 0.03 3.19 ± 0.02 Non-reducing extract, g/L 19.6 ± 0.4 19.4 ± 0.3 18.3 ± 0.2 18.3 ± 0.3 16.7 ± 0.2 Glucose, mg/L 538.2 730.8 514.8 315.0 351.0 Fructose, mg/L nd nd 1000.8 nd 462.8 Acetic acid, mg/L 300.6 295.2 210.6 219.0 277.8 Lactic acid, mg/L 2458.8 1845.0 3153.6 2220.3 2972.7 Glycerol, mg/L 12322.4 8844.8 13850.6 11814.6 12838.6 2,3 butanediol mg/L 616.5 448.0 495.9 497.7 530.1 Methanol, mg/L 32.64 30.08 27.84 19.52 23.68 
*Values are mean ± SD, the bars indicate the standard deviationsTable 2. Volatile compounds determined in white wines obtained from fermentation processes in monoculture with Saccharomyces cerevisiae indigenous yeast strains Volatile compounds CSC S. cer. 4.1.11 S. cer. 4.3 S. cer. 4.6 S. cer. 4.10 Acetaldehyde, mg/L 10.15±0.06 5.29±0.03 7.85±0.05 3.71±0.10 4.69±0.04 Ethyl acetate, mg/L 39.55±0.10 36.98±0.12 27.54±0.09 27.87±0.05 28.83±0.03 1-Propanol, mg/L 14.96±0.05 14.00±0.02 18.12±0.04 13.84±0.06 13.65±0.04 2-Methyl-1-propanol, mg/L 32.27±0.07 27.64±0.14 31.75±0.02 28.85±0.12 30.09±0.03 Isoamyl acetate, mg/L 0.92±0.03 0.96±0.02 1.06±0.02 1.04±0.02 1.10±0.01 1-Butanol, mg/L 0.63±0.03 0.50±0.02 0.75±0.05 0.51±0.03 0.56±0.06 Ethyl lactate, mg/L 83.27±0.25 106.71±0.08 111.03±0.03 156.38±0.12 152.36±0.07 
*Values are mean ± SD, the bars indicate the standard deviationsTable 1 shows the chemical characteristics of wines obtained in monoculture. The results presented prove that all tested S. cer. strains lead to dry wines, similar to the control starter culture. Values close to those determined in the control wine were found in the case of alcohol concentration, total acidity, residual sugars and pH. Differences were noted in the case of volatile acidity, in the sense that in the wines obtained from indigenous S. cer. strains, the values were below the value of 0.36 g/L determined in the control wine. As regards the non-reducing extract, among the tested strains, S. cer. 4.1.11 achieved in wine the same value of the non-reducing extract as the control strain (CSC).  The values obtained by the strains S. cer. 4.3. and S. cer. 4.6, were lower by 6.63%. Differences were also found in the case of glycerol and lactic acid concentrations. The values were higher compared to the CSC control wine by 4.02 and 11.03% in the case of glycerol in the wines obtained from strains 4.10 and 4.3, respectively by 22.10 % and 17.28% lactic acid in wines obtained with the same strains. Also, the methanol concentrations were lower compared to CSC (32.64 mg/L) 
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ranging between 19.52 mg/L and 30.08 mg/L. The assessment of the potential of the indigenous strains was also carried out according to the average concentrations of the volatile compounds with positive impact on the wine aroma (acetaldehyde, ethyl acetate, 2-methyl-1-propanol, isoamyl acetate, and ethyl lactate). The highest total average values were 217.0 mg/L and 218.81 mg/L in wines obtained from strains 4.6 and 4.10 (Table 2). In the case of wines obtained from strains 4.1.11 and 4.3, the average values were lower, respectively 177.46 mg/L and 179.14 mg/L, but they still exceeded the value obtained in the CSC control wine, respectively 166.33 mg/L. From the analysis of the data presented, it appears that the selected indigenous strains of Saccharomyces cerevisiae meet the criteria for use as possible sources for obtaining starter cultures.  
Assessment of the fermentative potential of the indigenous strains in mixed cultures The potential of indigenous strains T.d 10 and S. cer. in mixed culture was assessed according to the values of the chemical parameters and the average of the volatile compounds with a positive impact on the wine aroma, compared to those determined in the wines obtained in the monoculture S. cer. and the starter culture CSC. The assessment of the different results obtained in the experimental variants can be explained by the interrelationships between the two strains associated in the fermentation processes. Thus, in the case of the increase in concentrations of aroma compounds, positive synergistic interrelationships are highlighted, passive interrelationships in the case of equal values, and negative interrelationships in the lower values, in comparison to those obtained in monoculture and CSC wines (Sadoudi et al., 2013). Table 3 shows the chemical parameters of the wines obtained in mixed culture, in which the Torulospora 
delbrueckii (T.d 10) strain was associated with each selected Saccharomyces cerevisiae (S. cer.) strain. In this context, the fermentation processes were completed by obtaining dry wines, in which the parameters alcohol, total acidity, volatile acidity, and pH were comparable to those determined in wines obtained in monoculture with S. cer., due to the simultaneous inoculation of both strains. However, a positive influence was found in wines obtained by associating Td. 10/ S. 
cer. 4.1.11 and Td. 10/ S. cer. 4.10, in which the glycerol concentrations increased by 12.56% and 8.30%, due to synergistic interrelations; this is a desired outcome, given the intensification of the sensation of vinosity, finesse and fullness of the wines.  Table 3. Physico-chemical characteristics of wines obtained in mixed culture Parameters T.d 10/ 

 S. cer. 4.1.11  T.d 10/  
S. cer. 4.3 T.d 10/  S. cer. 4.6 T.d 10/  

S. cer. 4.10 Alcohol concentration, % vol 12.0 ± 0.11 11.8 ± 0.08 11.7 ± 0.09 11.4 ± 0.10 Total acidity, g/L C6H4O4 5.60 ± 0.08 5.70 ± 0.11 5.07 ± 0.06 5.10 ± 0.10 Volatile acidity, g/L CH3COOH 0.28 ± 0.09 0.28 ± 0.03 0.27 ± 0.05 0.28 ± 0.04 pH 3.21 ± 0.02 3.18 ± 0.03 3.22 ± 0.01 3.12 ± 0.02 Non-reducing extract, g/L 18.6 ± 0.4 19.0 ± 0.2 18.4 ± 0.3 16.3 ± 0.2 Glucose, mg/L 606.6 493.2 261.0 320.4 Fructose, mg/L nd nd nd 1000.8 Acetic acid, mg/L 276.0 277.0 196.8 201.0 Lactic acid, mg/L 1921.5 2466.9 2007.0 3033.9 Glycerol, mg/L 10116.3 13850.6 10804.4 14001.4 2,3 butanediol mg/L 408.6 407.7 494.1 483.7 Methanol, mg/L 28.16 28.80 23.68 19.80 
*Values are mean ± SD, the bars indicate the standard deviations 
 Table 4 presents the profile of volatile compounds in the wines obtained from the mixed culture. The averages of volatile compounds with a positive impact on aroma were different, according to the association of T.d 10/ S. cer. strains, as follows: 201.54 mg/L (T.d 10/ S. cer. 
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4.1.11), 163.03 mg/L (T.d 10/ S. cer. 4.3), 190 .81 mg/L (T.d 10/ S. cer. 4.6) and 253.71 mg/L (T.d 10/ S. cer. 4.10). The average values of volatile compounds were higher by 11.94% and 14.49% in the wines obtained from the association of T.d 10/ S. cer. 4.1.11 and, respectively 
T.d 10/ S. cer. 4.10, compared to wines obtained in monoculture from the S. cer. 4.1.11 and S. 
cer. 4.10 strains. On the other hand, in the wines obtained by combining T.d 10/ S. cer. 4.3 and T.d 10/ S. cer. 4.6, the average values of volatile compounds decreased by 8.99% and 12.35%, compared to the values determined in the wines obtained in monoculture with S. 
cer. 4.3 and S. cer. 4.6, possibly due to negative interrelations; however, the values increased by 8.82% and 12.87% compared to the CSC control wine. Table 4. Volatile compounds in white wines obtained from fermentation processes in mixed culture with indigenous strains of Saccharomyces cerevisiae (S. cer.) and Torulospora delbrueckii (T.d 10) Volatile compounds T.d 10/  S. cer. 4.1.11  T.d 10/ 

S. cer. 4.3 T.d 10/ 
 S. cer. 4.6 T.d 10/ 

S. cer. 4.10 Acetaldehyde, mg/L 4.26±0.06 3.39±0.09 7.2±0.07 6.73±0.04 Ethyl acetate, mg/L 33.56±0.03 23.24±0.03 38.74±0.04 38.05±0.04 1-Propanol, mg/L 13.89±0.03 19.68±0.09 14.84±0.05 16.81±0.03 2-Methyl-1-propanol,mg/L 24.13±0.02 28.08±0.03 27.68±0.04 30.15±0.05 Isoamyl acetate, mg/L 0.99±0.01 1.03±0.01 1.11±0.01 0.9±0.01 1-Butanol, mg/L 0.52±0.05 0.73±0.05 0.60±0.00 0.70±0.08 Ethyl lactate, mg/L 139.32±0.74 108.42±0.88 116.01±0.80 178.08±0.03 
*Values are mean ± SD, the bars indicate the standard deviations

Assessment of the fermentative potential of the indigenous yeast strains in sequential 
cultures The strategy to capitalize on the oenological potential of moderately alcoholic non-
Saccharomyces yeasts, which generally produce most of the aroma compounds in the first days of the fermentation, has also been studied in sequential culture. From the analysis of the chemical parameters relevant differences were found in the case of volatile acidity, 0.26 g/L in the wines obtained from the Td. 10/ S. cer. 4.1.11 variant, with 24 hours inoculation, and T.d 10/S. cer. 4.10, with 48 hours inoculation, compared to the values of the volatile acidity determined in the wines obtained in monoculture (Table 5). The decrease in the volatile acidity values achieved in wines, through the association of the above strains, is attributed to the T.d 10 strain. During fermentation, this strain produces small concentrations of acetic acid that influence the volatile acidity (Bely et al., 2008; Benito et al., 2018). Table 5. Physico-chemical characteristics of wines obtained in sequential culture  Parameters T.d 10/S. cer. 4.1.11 (24 h) T.d 10/S. cer. 4.3 (24 h) T.d 10/S. cer. 4.6 (48 h) T.d 10/S. cer. 4.10 (48 h) Alcohol concentration, % vol 12.1 ± 0.06 12.1 ± 0.08 11.5 ± 0.12 12.1 ± 0.08 Total acidity, g/L C6H4O4 5.05 ± 0.08 5.17 ± 0.12 5.85 ± 0.14 5.02 ± 0.04 Volatile acidity, g/L CH3COOH 0.26 ± 0.02 0.29 ± 0.04 0.30 ± 0.04 0.26 ± 0.02 pH 3.32 ± 0.02 3.24 ± 0.04 3.16 ± 0.05 3.27 ± 0.01 Non-reducing extract, g/L 20.4 ± 0.3 19.6 ± 0.2 18.0 ± 0.2 19.6 ± 0.4 Glucose, mg/L 567.0 370.8 335.8 556.2 Fructose, mg/L nd nd 1000.8 nd Acetic acid, mg/L 219.8 271.8 250.2 198.6 Lactic acid, mg/L 2164.5 2394.7 3276.9 2323.8 Glycerol, mg/L 10406.1 10442.0 15906.8 12520.2 2,3 butanediol mg/L 450.0 396.9 614.7 481.5 Methanol, mg/L 28.16 23.04 33.28 29.44 
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 In the wines obtained by sequential fermentations, concentrations of glycerol determined varied depending on the association of T.d 10/S. cer. strains, but also on the time allowed to the singular evolution in the fermentation of the T.d 10 strain, aspect confirmed by the increased glycerol values, respectively 12520.2 mg/L and 15906.0 mg/L in the sequential variants with inoculation after 48 hours of S. cer.  strains, compared to the values of 10406.0 mg/L and 10442 .0 mg/L, achieved in the case of inoculation of S. cer. after 24 hours. The volatile compounds analyzed in the wines obtained in the sequential variants were presented in Table 6. The influence of positive synergistic interrelationships was found in both sequential variants. In the wines obtained in the sequential variant T.d 10/S. cer. 4.1.11 and T.d 10/S. cer. 4.3, with inoculation at 24 hours and T.d 10/S. cer. 4.6 and T.d 10/S. cer. 4.10, with inoculation at 48 hours, the averages values of volatile compounds were, in order, 180.65 mg/L and 195.16 mg/L, respectively 211.93 mg/L and 249.09 mg/L. The increase in the mean value of the volatile compounds was determined mainly by the time allowed for the development of the T.d 10 strain. This aspect was evident in the case of T.d 10/S. cer. 4.1.11 and T.d 10/S. cer. 4.3 associations, in which the development and evolution of strain 
T.d 10, was carried out only for 24 hours; thus, the average values of volatile compounds increased by only 1.76 and 8.20% (Table 6).  

 Table 6. Volatile compounds determined in white wines obtained from sequential fermentations with indigenous strains Saccharomyces cerevisiae (S. cer.) and Torulospora delbrueckii (T.d 10) Volatile compounds T.d 10/ 
S. cer. 4.1.11 (24 h) T.d 10/ 

S. cer. 4.3 (24 h) T.d 10/ 
S. cer. 4.6 (48 h) T.d 10/ 

S. cer. 4.10 (48 h) Acetaldehyde, mg/L 4.22±0.08 5.02±0.08 5.25±0.03 4.66±0.04 Ethyl acetate, mg/L 31.26±0.03 32.06±0.13 27.69±0.05 23.35±0.14 1-Propanol, mg/L 15.37±0.04 20.73±0.06 14.73±0.04 15.53±0.06 2-Methyl-1-propanol, mg/L 22.98±0.07 32.97±0.02 32.24±0.02 27.18±0.03 Isoamyl acetate, mg/L 1.00±0.02 1.02±0.02 1.08±0.02 0.94±0.02 1-Butanol, mg/L 0.52±0.02 0.71±0.05 0.66±0.04 0.81±0.03 Ethyl lactate, mg/L 121.29±0.01 124.27±0.02 145.78±0.10 192.12±0.16 
*Values are mean ± SD, the bars indicate the standard deviations 
 In the case of the development of T.d 10 for 48 hours, in the wine obtained by the association of the T.d 10/S. cer. 4.10 strain, an increase of 12.52% and, respectively 32.95% in the average concentration of volatile compounds was determined, compared to the wines obtained in monoculture of S. cer. 4.10 strain and respectively to the CSC control wine. 
 
CONCLUSIONS  
 The results of the present study indicated that the selected indigenous yeast strains possess appropriate oenological characteristics, as possible basic sources for obtaining new starter cultures for must fermentation. The wines obtained by monoculture inoculation of indigenous Saccharomyces cerevisiae strains showed similar values of the main physico-chemical characteristics, compared to the control wine of commercial starter culture. Instead, the average values of the volatile compounds with positive impact on wine aroma were higher by up to 24%. The evaluation of the oenological potential of Torulospora 
delbrueckii/Saccharomyces cerevisiae yeast association was carried out at micropilot level in non-sterile must. Although the same must inoculated with T. delbrueckii and S. cerevisiae strains was used in mixed and sequential cultures, the metabolic activity in the fermentation processes manifested differently, revealing both passive and synergistic, as well as negative interrelations. Thus, in the sequential cultures with inoculation of S. cerevisiae strains at 48 hours, the associations T. delbrueckii 10/S. cerevisiae 4.1.11 and T. delbrueckii 10/ S. 
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cerevisiae 4.10 were noted. Moreover, the positive synergistic interrelationships led to a decrease in volatile acidity and an increase in glycerol and aroma compound concentrations. Regarding the sequential fermentation, future studies should be directed towards obtaining new information on the technological potential of the selected indigenous yeasts, especially under the conditions of the use of non-sterile must, where the interrelationships between the pure non-Saccharomyces and Saccharomyces strains evolve in complex conditions. 
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ABSTRACT  

The importance of the technology in vine planting material production, the 
efficiency in the grafting process, and the quality of the resulted material are 
becoming interesting objectives in the field of viticultural research in Romania. The 
modern technologies are trying to be based more on mechanical grafting and less on 
human manual labor due to aspects regarding the cost and time pressure. In the 
current study was approached the importance of the biological compatibility between 
rootstock and scion in the grafting process. The grafting technique used was 
mechanical grafting in the omega section. Four well known grapevine cultivars, 'Afuz 
Ali', 'Italia', 'Merlot', and 'Fetească albă' and three from the most utilized rootstocks in 
the Valea Calugareasca viticultural center were selected for the grafting process. 
Various aspects such as the efficiency of the grafting process and the development of 
the grafted vine shoots and roots were evaluated. The study revealed better 
compatibility of the grafting process between 'Afuz Ali', 'Merlot', and 'Fetească albǎ' 
with the 'Berlandieri' x 'Riparia Kober 5BB' rootstock and between 'Italia' with 
'Berlandieri' x 'Riparia Teleki 8B', 'Crăciunel 71' selection. Regarding the vine grafted 
development, the results did not highlight the influence of a particular rootstock, so 
the 'Berlandieri' x 'Riparia Kober 5BB' had the most significative influence on the 
'Feteascã albǎ' development, but 'Berlandieri x Riparia Teleky 4B SO4-4' rootstock 
was the most reliable in all the four combinations.  

Keywords: grapevine, grafting process, compatibility, grafting rate  

INTRODUCTION  The grafting of vines, which represents the most effective way to reduce phylloxera, has also a special influence on the yield and quality of grapes (Reynolds and Wardle, 2001; Terra et 
al., 2003; Keller et al., 2012). Studies have pointed out the interactions between rootstocks and grapevine scions which have an impact on vine vigour and therefore vine balance (Bates 
et al., 2001), sugar accumulation in berries (Reynolds and Wardle, 2001) chemical properties of the berries (pH, acidity, content of soluble solids), biologically active compounds content, and the antioxidant activity (Klimek et al., 2022). The degree of compatibility between rootstock and scion is one of the most important factors which determines the quality of grafting vines and the grafting rate (Ion et al., 2004; Petkou et al., 2004). Graft quality is also influenced by the characteristics of rootstock and scion cuttings, especially by the content of carbohydrates and the conditions of preservation prior to grafting and during the callusing process, as well as the grafting technique (Gramaje and Armengol, 2011; Waite et al., 2015).   
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The aim of this study was to assess the impact of different rootstocks on the vegetative growth parameters of the grafted vines in the nursery and to verify the rate in obtaining compliant grafted vines. 
MATERIALS AND METHODS  Four grapevine cultivars, 'Afuz Ali', 'Italia', 'Merlot', and 'Fetească albă', were used in grafting as scions and the 'Berlandieri' x 'Riparia Teleki 8B', selection 'Crăciunel 71 (C71)', 
'Berlandieri' x 'Riparia Kober 5BB (K 5BB)' and 'Berlandieri' x 'Riparia Teleky 4B SO4-4 (SO4-4)' were selected to be used as rootstocks.  The scions were harvested in December 2020, treated with an antibotrytic product (Switch 62,5 WG) by immersion for 4 hours and conserved in plastic material bags in controlled conditions in protected spaces with a temperature of 2°C ±1°C in the wintertime. The rootstock harvesting and shaping were done in February of 2021, before grafting. Both scion and rootstock cuttings were analysed for carbohydrate content using the anthrone method as described by Scott and Melvin (1953).  Before the grafting, wetting was carried out for 36 hours for scion cuttings and for 48 hours for rootstock cuttings, along with their disinfection by using Switch 62,5 WG, 1g/L. Grafting was performed by applying mechanical grafting in omega section (https://www.vignevin-occitanie.com/fiches-pratiques/la-production-de-plants-de-vigne-en-pepinieres/). After the forcing stage, the first classification of vines was made, in which the quality of callus formed at the grafting point was noted. The forcing lasted 17 days at 30°C and a humidity of 90%.  After two days of acclimatization under the same conditions, the vines were classified and planted in nursery on billons covered with black plastic film in order to avoid as much as possible the shock due to low temperature in the soil and for weeds control. The billons were made at a distance of 140 cm, in two rows with a density of 24 vines per meter. The vines were irrigated using a drip system, with a weekly rate of 250 - 300 m3 water/ha.  In order to stimulate the development of shoots, foliar fertilization was carried out, along with phytosanitary treatments, three times, at 14 days intervals, the last application being applied in July.  In the nursery the following observations were performed: 
 the grafting productivity in the nursery;
 primary and auxiliary roots number, length, and diameter;
 shoot length and diameter;Statistical analyses were performed for the shoots and roots results by using the Tukey test, which is a single-step multiple comparison procedure, and which can be used to find means that are significantly different from each other (Tukey, 1949).  Distribution graphs were realized for better visualization of the studied characteristics, in different situations in which each rootstock has been used. The Tukey tests and distribution graphs were performed with the JMP 16 statistical software (https://www.jmp.com/). 

RESULTS AND DISCUSSIONS  The carbohydrate content was registered in the normal range for all the samples, with values between 11.05% and 12.47% for the rootstocks and 12.03% and 13.05% for the scions (Table 1).  



 

195 
 

Table 1. Carbohydrate content of the studied material Material code/namea Cane Carbohydrate content (%) Sugar Starch Total 
'C71' Rootstock 10.68 1.79 12.47 

'K 5BB' 9.62 1.43 11.05 
'SO4-4' 10.53 1.36 11.89 

'Afuz ali' Scion 9.99 2.04 12.03 
'Italia' 9.82 2.92 12.74 

'Fetească albă' 10.57 2.48 13.05 
'Merlot' 9.99 2.17 12.16 

aC71 - Berlandieri x Riparia Teleki 8B, selection Crãciunel 71; K 5BB - Berlandieri x Riparia Kober 5BB; 
SO4-4 - Berlandieri x Riparia Teleky 4B SO4-4;  The vine cultivars taken into the study showed different productivity regarding the compatibility with the three rootstocks. Thus, the 'Italia' cultivar presented the best productivity on the C71 (79.80%) and the 'Afuz Ali', 'Fetească albă' and 'Merlot' cultivars had the highest productivity on the 'K 5BB' rootstock, with 65.66%, 62.63, respectively 72.73 % (Table 2).  Table 2. Grafting productivity for the analysed material 

 
aC71 - Berlandieri x Riparia Teleki 8B, selection Crãciunel 71;  
 K 5BB - Berlandieri x Riparia Kober 5BB;   
SO4-4 - Berlandieri x Riparia Teleky 4B SO4-4; 
 The data was analysed using Tukey test for identifying the influence of the studied rootstocks on different characters of the four cultivars, respectively the development of the shoots and the primary and auxiliary roots.  Significative and distinct significative differences were observed in the results (Table 3).   Table 3. Analyzed parameters results for the vine grafted plants 

 ** distinct significative according with Tukey test; 
 *  significative according with Tukey test; 
 aC71 - Berlandieri x Riparia Teleki 8B, selection Crãciunel 71; K 5BB - Berlandieri x Riparia Kober 5BB; SO4-4 - Berlandieri         x 
Riparia Teleky 4B SO4-4;  

With ripened shoot < 10 cm (pcs) With ripened shoot > 10 cm (pcs)C 71 99 55 0 55 55.56K 5BB 99 65 0 65 65.66SO 4-4 99 60 1 59 60.61C 71 99 79 2 77 79.8K 5BB 99 69 0 69 69.7SO 4-4 99 58 0 58 58.59C 71 99 61 0 61 61.62K 5BB 99 62 0 62 62.63SO 4-4 99 50 0 50 50.51C 71 99 60 1 59 60.61K 5BB 99 72 0 72 72.73SO 4-4 99 56 0 56 56.57

Afuz ali
Italia

Feteascã albã
Merlot

Vine variety Rootstocka Grafted quantity (pcs) Resulted quantity (pcs) From which Resulted vine productivity (%)

SO 4-4 C71 K 5BB SO 4-4 C71 K 5BB SO 4-4 C71 K 5BB SO 4-4 C71 K 5BBLength (cm) 55.2 60.44 63.01 52.6 49.8 *58.9 56.5 51.6 54.97 50 46.2 **59.7Diameter (mm) 2.56 2.6 2.49 2.25 2.25 2.35 *2.41 2.34 2.22 2.28 2.24 *2.36Number 5.3 5.13 5.22 *5.21 4.82 4.47 4.68 4.75 4.54 4.86 4.9 4.85Length (cm) 33.7 **38.0 36.4 34.2 33.7 32.3 33.4 35 34.96 *36.6 32.3 33.21Diameter (mm) 3.83 3.95 3.99 3.97 3.92 3.96 3.82 3.87 3.65 3.91 3.98 3.98Number 4.17 4.56 4.43 4.16 *4.63 4.22 4.91 4.92 4.71 3.12 3.23 *3.56Length (cm) 19.5 18.2 18.62 18.5 17.7 18.13 18.1 17.6 17.33 13.96 13.7 13.84Diameter (mm) 1.19 1.23 1.21 *1.28 1.24 1.17 1.22 1.27 1.21 1.24 1.21 1.22

Shoot
Primary root

Auxiliary root

Character Afuz Ali Italia Merlot Feteascã albã



196 

 The rootstock C71 had a distinct significate influence on the primary root length and on the number of auxiliary roots in case of 'Afuz Ali' (Figure 1) and Italia cultivars. 

Figure 1. Distribution of the primary root length for 'Afuz Ali' cultivar grafted on the three studied rootstocks  The rootstock SO4-4 was highlighted for its influence on the number and length of primary roots, and on the shoot diameter in case of 'Fetească albă' (Figure 2), 'Italia', and 'Merlot' cultivars. 

Figure 2. Distribution of the primary root length for 'Fetească albă' cultivars grafted on the three studied rootstocks  
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For the rootstock 'K 5BB', the results revealed an important influence on the shoot length and diameter of 'Fetească albă' (Figure 3) and Italia cultivars. 

Figure 3. Distribution of the shoot length for 'Fetească albă' cultivar grafted on the three studied rootstocks 
CONCLUSIONS  The results regarding the scions and rootstocks compatibility in the grafting process revealed a better interaction between 'Afuz Ali', 'Merlot' and 'Fetească albă' with the 
'Berlandieri' x 'Riparia Kober 5BB' rootstock, respectively between Italia with the 
'Berlandieri' x 'Riparia Teleki 8B', 'Crăciunel 71' selection rootstock.  Regarding the development of the grafted vines, the results did not highlight the influence of a particular rootstock, so that the 'K 5BB' had the most significative influence on the 
'Fetească albă' development after grafting, but the 'SO 4-4' rootstock was the most reliable in all of the four combinations. 
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ABSTRACT 

The experiment, carried out during 2018-2019 in Valea Calugareasca 
viticultural center, aimed to establish some innovative technological solutions 
concerning the vine phytosanitary protection, soil maintenance system and vine 
fertilization able to provide an increase of quantity and quality of grape production. 
The cultivars taken into study were 'Merlot' and 'Feteascǎ albǎ'. Compared to the 
classical technological solutions, the new solutions experimented on were the 
integrated protection system, the soil mulching and the permanent grassing as soil 
maintenance systems and the mineral and foliar fertilization at the level of DoEXP. 
The results obtained showed the positive influence on grape production induced by 
the soil mulching with marc compost, the integrated protection system and the 
mineral fertilization. These increases were differentiated according to the cultivar 
and the interaction between the technological solutions applied. Regarding the 
impact of the new technological solutions on grape quality, we can notice a significant 
positive effect on the anthocyanin content (in case of 'Merlot' cultivar) and only a 
minor effect on the sugar content and total acidity of the grapes. The use of 
permanent grassing, as a soil maintenance system, had a negative impact on vine 
productivity and grape quality, especially during the drought years. The only positive 
effect was an increase in the must acidity. 

Keywords: innovative solutions, pest control, soil maintenance system, fertilization system. 
INTRODUCTION Viticulture of the last decades was marked by permanent concerns regarding the development of the most efficient culture systems that would create increased possibilities for the expression of productivity and quality characteristics of vinifera cultivars and also allow, using maximum efficiency of the technological inputs, the realization of an appropriate production in terms of quantity, but also terms of quality and economy. These new technologies have to be accessible price-wise and easy to use for the farmers (Hafner, 2004; Fregoni, 2005; Ranca, 2005; Jackson, 2008). Special importance is also given to the problems related to the protection of viticultural ecosystem (an existing tendency to adapt the new technologies to the ecological system) as well as for to finding new technological solutions to adapt them at the disturbing effect of the actual climatic changes (Teil and Barrey, 2009; Șerdinescuet al., 2013; Ruggero, 2019). For many years, on a global level, the experimented technological solutions were oriented to maximize the effects of phytosanitary protection, soil maintenance system and fertilization, in order to increase the grape's productions. For this reason, our research were focused on finding new innovative 
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technological solutions in these directions for obtaining an increase in both the productivity and quality of grape production, ensuring at the same time the protection of the viticultural ecosystem. 
MATERIALS AND METHODS Research was carried out in Valea Calugareasca viticultural center, in two experimental plots cultivated with 'Merlot' and 'Feteascǎ albǎ' cultivars. There were studied three experimental factors which have an important impact on vine growth and productivity and the grapes quality. These factors were: A-the plant protection system, with two variants: a1- chemical protection and a2–integrated protection; B-the soil maintenance system, with three variants: b1-bare soil, b2- permanent grassing (on the interval between rows) and b3- soil mulching; C-the fertilization system, with three variants: c1- unfertilized, c2- mineral fertilization (at the level of DoEXP) and c3- foliar fertilization. It resulted in a multifactorial experiment of type 2x3x3, with 18 experimental variants, located in the experimental field according to the method of split plots. Each experimental plot had a number of 15 vines. To realize the permanent grassing of soil it was used the perennial grasses from spontaneous flora and for the mulching system, it was used the grape pomace as mulch. Mineral fertilization was performed annually, in spring, with the DoEXP of N75P100K135, calculated according to the soil fertility and the foliar fertilization was performed three times during the growing season using Cropmax and Amalgerol as foliar fertilizers. To establish the influence of the innovative technological solutions on productivity and quality of the harvest achieved determinations regarding the grape yield, the sugar content (g/L) and the total acidity (g/L tartaric acid) in must at the harvest time. The gluco-acidimetric index was calculated, based on the sugar content and the total acidity values. In case of Merlot cultivar was established also the content in anthocyanin in the grape skin, using the colorimetric method. The experimental data obtained were interpreted based on the interactions between the experimental factors (AxB, AxC and BxC), using the medium values by factors. The placement of the experiment according to the method of split plots allowed us to establish the singular influence, as well as the interaction influence of the experimental factors on the grape production and quality. The chemical protection system (a1), the bare soil system (b1) and the unfertilized system (c1) were considered as control. 
RESULTS AND DISCUSSIONS Analyzing the obtained data, we can notice that the experimental factors, in their interaction, had a different influence on grape production (Table 1). Considering the singular effect of factor A (medium values) it is found that the integrated protection (a2) ensured an increase of the grape production of 22.0% (0.52 kg/vine) in the case of 'Merlot' cultivar and of 18.8% (0.28 kg/vine) in case of Feteascǎ albǎ' cultivar, as compared to control (chemical protection). Analyzing the effect of factor B (medium values B) we can notice a positive effect on the grape production of the mulching system (b3), which ensured an increase of 32.8% (0.81 kg/vine) in case of 'Merlot' cultivar and of 17.9% (0.28 kg/vine) in case of 'Feteascǎ albǎ' cultivar as compared to control (bare soil system). This positive effect is the result of the better conservation of water in soil during the summer drought periods ensured by the soil mulching. The use of permanent grassing of soil caused a reduction of grape production due to the competition on the use of water resources exerted by spontaneous flora used for soil grassing. Concerning the singular effect of the fertilization system (factor C), the medium values show the favorable influence of mineral and foliar fertilization on the grape 
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production, as compared to control. The mineral fertilization (c2) ensured an increase of grape production of 28.3% (0.65 kg/vine) in case of 'Merlot' cultivar and of 24.6% (0.36 kg/vine) in case of 'Feteascǎ albǎ' cultivar, as compared to control (unfertilized). The foliar fertilization (c3) ensured smaller increases, of only 13.5% (0.31 kg/vine) in case of Merlot cultivar and of 13.5% (0.15 kg/vine) in case of 'Feteascǎ albǎ' cultivar.  Table 1. Influence of the experimental factors on grape production (kg/vine) 
   Interaction AXB Factor A Factor B Medium value A b1 bare soil b2 permanent grassing b3 soil mulching 'Merlot' cultivar a1 - chemical protection 2.24 1.99 2.84 2.36 a2 - integrated protection 2.71 2.21 3.72 2.88 Medium value B 2.47 2.10 3.28 2.62 
'Feteascǎ albǎ cultivar a1 - chemical protection 1.42 1.27 1.78 1.49 a2 - integrated protection 1.70 1.72 1.89 1.77 Medium value B 1.56 1.49 1.84 1.63 
   Interaction AXC Factor A Factor C Medium value A c1 unfertilized c2 mineral fertilization c3 foliar fertilization 
'Merlot' cultivar a1 - chemical protection 2.06 2.70 2.32 2.36 a2 - integrated protection 2.54 3.19 2.90 2.88 Medium value C 2.30 2.95 2.61 2.62 
'Feteascǎ albǎ' cultivar a1 - chemical protection 1.36 1.69 1.42 1.49 a2 - integrated protection 1.57 1.95 1.79 1.77 Medium value C 1.46 1.82 1.61 1.63 
Interaction BXC Factor B Factor C Medium value B c1 unfertilized c2 mineral fertilization c3 foliar fertilization 

'Merlot' cultivar b1- bare soil 2.93 3.61 3.29 3.28 b2- permanent grassing 1.78 2.37 2.14 2.10 b3- soil mulching 2.18 2.84 2.40 2.47 Medium value C 2.30 2.95 2.61 2.62 
'Feteascǎ albǎ' cultivar b1- bare soil  1.60 2.06 1.84 1.84 b2- permanent grassing 1.41 1.55 1.52 1.49 b3- soil mulching 1.37 1.85 1.46 1.56 Medium value C 1.46 1.82 1.61 1.63  Analyzing the influence of the binary interaction between the experimental factors (AxB, AxC, BxC) on the grapes production we can notice the following aspects: in case of the interaction AxB factors the integrated protection system (a2) ensured the highest production to the all variants of soil maintenance system and the soil mulching (b3) ensured 
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the highest production for both the protection systems; in case of the interaction AxC the integrated protection system (a2) ensured the highest production to the all variants of soil fertilization and the mineral fertilization system (c2) ensured the highest production for both the protection systems; regarding the interaction BxC we can mention that the soil mulching (b3) ensured the highest production to the all variants of soil fertilization and the mineral fertilization (c2) ensured the highest production to the all variants of soil maintenance system. For all the experiments, the highest production, respectively 3.74 kg/vine in case of 'Merlot' cultivar and 2.21 kg/vine in case of 'Feteascǎ albǎ' cultivar was obtained in case of the variant a2b3c2 (integrated protection system, soil mulching system and the mineral fertilization). The data regarding the influence of the experimental factors on the sugar content of the grapes are presented in table 2. As a general point of view, one can notice that the experimental factors had a lower influence on the sugar content of the grapes as compared to the influence on grape production. Analyzing the singular effect of factors, A (medium values A) and B (medium values B) it is found that these factors had practically no obvious influence on the sugar content of the grapes. Only factor C (fertilization system) had a positive effect. Analyzing the medium values of factor C it is found that compared to the control (c1), the mineral fertilization (c2) ensured an increase of the sugar content of1.1% (2.7 g/L) in case of Merlot cultivar and of 3.9% (8.5 g/L) in case of 'Feteascǎ albǎ' cultivar and the foliar fertilization (c3) ensured an increase of 1.0% (2.2 g/L) and of 2.7% (5.8 g/L) for the same cultivars. Analyzing the influence of the binary interaction between the experimental factors (AxB, AxC, BxC) on the sugar content of the grapes we can notice the following aspects: in case of the interaction AxB and AxC was not observed an obvious influence of one factor to the other factor. In case of the interaction BxC we can mention that the soil mulching (b3) ensured the highest sugar content to all the variants of soil fertilization and the mineral fertilization (c2) ensured the highest sugar content to all the variants of soil maintenance system.  The total acidity of the grapes (g/L tartaric acid) was not found an obvious influence determined by the experimental factors. Only in case of chemical protection system (a2) and the use of permanent grassing as a soil maintenance system (b2) one can mention a slight increase in the grape's total acidity.  Table 2. Influence of the experimental factors on the sugar content of the grapes (g/L) 
Interaction AXB Factor A Factor B Medium value A b1 bare soil b2 permanent grassing b3 soil mulching 

'Merlot 'cultivar a1 - chemical protection 241.5 243.4 241.7 242.2 a2 - integrated protection 242.6 241.9 242.4 242.3 Medium value B 242.0 242.7 242.1 242.3 
'Feteascǎ albǎ' cultivar a1 - chemical protection 224.4 222.0 223.4 223.3 a2 - integrated protection 225.3 220.0 220.3 221.9 Medium value B 224.8 221.0 221.9 222.6 
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Interaction AXC Factor A Factor C Medium value A c1 unfertilized c2 mineral fertilization c3 foliar fertilization 
''Merlot' cultivar a1 - chemical protection 240.7 243.1 242.7 242.2 a2 - integrated protection 240.5 243.4 243.0 242.3 Medium value C 240.6 243.3 242.8 242.3 

'Feteascǎ albǎ' cultivar a1 - chemical protection 219.9 225.2 224.7 223.3 a2 - integrated protection 215.8 227.4 222.5 221.9 Medium value C 217.8 226.3 223.6 222.6 
Interaction BXC Factor B Factor C Medium value B c1 unfertilized c2 mineral fertilization c3 foliar fertilization 

'Merlot' cultivar b1- bare soil 240.7 242.7 242.8 242.0 b2- permanent grassing 240.8 243.2 243.9 242.7 b3- soil mulching 240.2 243.9 241.9 242.1 Medium value C 240.6 243.3 242.8 242.3 
'Feteascǎ albǎ' cultivar b1- bare soil  223.9 225.8 224.9 224.8 b2- permanent grassing 214.5 225.9 222.7 221.0 b3- soil mulching 215.2 227.2 223.3 221.9 Medium value C 217.8 226.3 223.6 222.6  For this reason, the values of gluco-acidimetric index do not show high variability. In case of Merlot cultivar these values oscillated between 42.7 and 47.1 and in case of the Feteascǎ albǎ cv. between 30.9 and 35.3 (Figure1and 2).  

 Figure 1. Influence of the experimental factors on the values of gluco-acidimetric index in case of 'Merlot' cultivar (BF-bare soil; PG-permanent grassing;                MS-soil mulching; UN-unfertilized; MF-mineral fertilization; FF- foliar fertilization) 
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Figure 2. Influence of the experimental factors on the values of gluco-acidimetric index in case of the 'Feteascǎ albǎ' cultivar (BF-bare soil; PG-permanent grassing; MS-soil mulching; UN-unfertilized; MF-mineral fertilization; FF- foliar fertilization) Generally speaking, the highest values of this index were registered in case of the variants with lower production and a higher sugar content in grapes. Concerning the content of anthocyanin in berries skin, we can notice that the experimental factors, in their interaction, had a differential influence on this content (Table 3).  Table 3. Influence of the experimental factors on the anthocyanin content of the grapes (mg/L) 

Interaction AXB Factor A Factor B Medium value A b1 bare soil b2 permanent grassing b3 soil mulching 
'Merlot 'cultivar a1 - chemical protection 719 793 905 806 a2 - integrated protection 803 816 822 814 Medium value B 761 804 864 810 

Interaction AXC Factor A Factor C Medium value A c1 unfertilized c2 mineral fertilization c3 foliar fertilization 
'Merlot' cultivar a1 - chemical protection 799 812 805 806 a2 - integrated protection 803 822 815 814 Medium value C 801 817 810 810 
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Interaction BXC Factor B Factor C Medium value B c1 unfertilized c2 mineral fertilization c3 foliar fertilization 
'Merlot' cultivar b1- bare soil 754 769 760 761 b2- permanent grassing 795 813 805 804 b3- soil mulching 855 870 865 864 Medium value C 801 817 810 810 The data obtained indicate a very low influence of the plant protection system (Factor A) on the content of anthocyanin in grapes. On the contrary, the soil maintenance system (Factor B) and the fertilization system (Factor C) had an obvious influence on this content.Analyzing the singular influence of factor B (medium values B) we can notice an increase of the anthocyanin content with 13.5% (103 mg/L) in case of the mulching system (b3) as compared to control (bare soil). The medium values of factor C indicate an increase of the anthocyanin content with 2,0% (16 mg/L) in case of the mineral fertilization (c2) and with 1.2% (9.0 mg/L) in case of foliar fertilization (c3) as compared to control (unfertilized). If we consider the binary interaction between the experimental factors (AxB, AxC, BxC) on the anthocyanin content of the grapes we can mention the following aspects: in case of the interaction AxB the integrated protection system (a2) ensured the highest anthocyanin content for all the variants of soil maintenance system and the soil mulching (b3) ensured the highest anthocyanin content for both the protection systems; in case of the interaction AxC the integrated protection system (a2) ensured the highest anthocyanin content for all the variants of soil fertilization and the mineral fertilization system (c2) ensured the highest anthocyanin content for both the protection systems; regarding the interaction BxC we can mention that the soil mulching (b3) ensured the highest anthocyanin content for all the variants of soil fertilization and the mineral fertilization (c2) ensured the highest anthocyanin content for all the variants of soil maintenance system. 

CONCLUSIONS The innovative technological solutions studied within the experiment have influenced in an obvious way especially grape production, having a less influence on the quality characteristics of the grapes. The use of an integrated plant protection system, the soil mulching system and the mineral fertilization (at the level of DoEXP) ensured the highest production in case of both studied cultivars. Concerning the quality characteristics of the grapes (sugar content, total acidity and anthocyanin content) one can mention an obvious positive influence of soil mulching and of mineral fertilization on the anthocyanin content of the berries' skin and only a slow positive effect of mineral fertilization on the sugar content of the grapes. The total acidity of the grapes was not influenced in an obvious way by the experimental factors. The use of permanent grassing, as soil maintenance system, had a negative impact on vine productivity and the grapes quality, especially during the drought years, due to the competition on the use of water resources exerted by spontaneous flora used for soil grassing. The only positive effect was a slow increase of the must acidity. 
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ABSTRACT 

The effect of reducing the dose of sulfur dioxide on the physico-chemical and 
organoleptic properties of wines with Murfatlar controlled designation of origin was 
studied in this paper, experimenting with different prefermentative oenological 
treatments. For this purpose, a series of experimental variants was carried out on two 
Romanian grape cultivars for white wines ('Fetească regală') and red wines ('Fetească 
neagră'), using two yeast strains that produce low amounts of SO2 (Saccharomyces 
cerevisiae var. bayanus and Metschnikowia pulcherrima, a Non-Saccharomyces strain) 
and four prefermentative treatments with different doses of sulfur dioxide, lysozyme 
and oenological tannin. The obtained results highlighted the fact that reducing the 
dose of sulfur dioxide using lysozyme and oenological tannin can provide oxidative 
protection during the alcoholic fermentation stage, improving the organoleptic 
characteristics of white and red wines. From the physico-chemical point of view, the 
wines did not show statistically significant differences, except for the color intensity, 
which was higher in the case of the variants supplemented with 500 mg/L lysozymes, 
for both of the yeast strains used for fermentation. This study encourages the 
continuation of research regarding the experimentation of alternative products, to 
reduce the sulfur dioxide normally used in the winemaking process, in order to 
obtain healthy products, in accordance with current consumer requirements. 

Keywords:  oenology, prefermentative treatments, yeast strains, low sulphites, oxidative protection 

INTRODUCTION In the winemaking process, during the processing and conditioning stages, sulfur dioxide is the most frequently used additive, being one of the most versatile and effective due to its antiseptic and antioxidant properties. Sulfur dioxide induces multiple effects, on the one hand, on the must: it prevents prefermentative oxidation; solubilizes the coloring substances in the skins, favoring the diffusion of anthocyanins; inhibits the development of some microorganisms; and on the other hand, on the wine: it prevents the development of microorganisms; delays the onset of alcoholic fermentation, which allows a longer period of prefermentative maceration (for certain wine types), also having the role of improving or maintaining wine aromas (Ribéreau-Gayon et al., 2006; Giacosa et al., 2019). The positive properties of sulfur dioxide outweigh the negative ones, which makes its use acceptable in organic wineries, as it is an active element in the winemaking and preservation technology. However, too much sulfur dioxide can lead to organoleptic changes in the wine, as well as 
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unwanted effects on human health. Allergies caused by sulfur dioxide derivative compounds, (sulfites), are becoming more common, causing headaches, nausea, gastric irritation, and breathing difficulties in asthma patients (Santos et al., 2012). For these reasons, the International Organization of Vine and Wine has gradually lowered the maximum level of total sulfur dioxide allowed in wine. In the European Union, the allowed limit for conventional wines is 150 mg/L for red and 200 mg/L for white and rosé wines (Guerrero et al., 2015). The recommended dose of free SO2 to prevent wine oxidation is 20-40 mg/L, depending on the wine cultivar, aging conditions, and estimated shelf life (Waterhouse et al., 2016). The current consumer trend involves a healthier lifestyle, which leads to an increased interest in healthy, high-quality products. Due to the growing demand for products with low sulphite content, oenologists are facing one of the biggest challenges of modern winemaking, namely finding alternative treatments that could replace sulfur dioxide or experimenting with combined treatments and low doses of SO2 to protect the chemical and sensory properties of the wine (Jagatić Korenika et al., 2020). Thus, reducing the content of sulfur dioxide in wines has gained particular importance for research in the field of oenology. Obtaining wines without sulfur dioxide is not possible, because this compound is an intermediate metabolite in the biosynthesis process of amino acids, necessary for the multiplication of yeasts during alcoholic fermentation (Ljungdahl and Daignan-Fornier, 2012). Physical (application of high hydrostatic pressure, ultrasounds, UV light), chemical (lysozyme, chitosan, colloidal silver, dimethyl dicarbonate), and biological methods (application of fermentative strains with a bioprotective role), but also plant extracts (polyphenols from grapes or vine canes) have been proposed in order to replace sulfur dioxide treatments (Yildirim et al., 2020). By-products obtained from winemaking, such as skins, are very rich in phenolic compounds (Stănciuc et al., 2017). These biomolecules, if extracted properly, could constitute valuable sources of natural preservatives as alternatives to reduce sulfur dioxide (Esparza et al., 2020). The use of oenological tannins is a practice authorized by the International Organization of Vine and Wine (OIV) to facilitate the clarification of wines and musts (Vignault et al., 2019) and color stabilization of red wines (Bautista et al., 2007). Also, oenological tannins can inhibit the enzymatic oxidation processes of must and wine (Bellachioma et al., 2008). Another additive for wines and musts is lysozyme, an enzymatic protein that can degrade the cell wall of Gram-positive bacteria, controlling the proliferation of lactic acid bacteria during the alcoholic fermentation of wines, among others (Gerbaux et al., 1997). The purpose of this work was to study the effect of reducing the dose of sulfur dioxide on the physico-chemical and organoleptic properties of wines with Murfatlar controlled designation of origin. In order to achieve this objective, experimental variants were created using a grape cultivar for white wines ('Fetească regală') and one for red wines ('Fetească neagră'), two yeast strains that produce low amounts of SO2 (Saccharomyces cerevisiae var. bayanus and the non-Saccharomyces strain Metschnikowia pulcherrima) and four prefermentative treatments with different doses of sulfur dioxide, lysozyme and oenological tannin. 
MATERIALS AND METHODS 

'Fetească regală' and 'Fetească neagră' are two Romanian grapevines (Vitis vinifera) cultivars that have gained more and more recognition for the quality wines they produce. The grapes from the 'Fetească regală' cultivar were harvested at a sugar concentration of 23.0° Brix on September 14, 2021, and the grapes of the 'Fetească neagră' cultivar were harvested at 21.9° Brix on September 10, 2021. For each cultivar, a grape quantity of approximately 300-400 kg was transported to the winemaking microstation within the Murfatlar Research Station for Viticulture and Oenology, and subjected to the classic process of obtaining white and red wines. The technological operations for the 'Fetească regală' cultivar consisted of crushing and 
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de-stemming, after which the must be pressed with a hydraulic press and stored for fermentation in 25-liter demijohns, in which the fermentation strains and oenological treatments were applied: Saccharomyces cerevisiae var. bayanus strain (Viniferm BY, Agrovin, Spain); Metschnikowia pulcherrima strain (Primaflora VB BIO, AEB, Italy); lysozyme (Lysocid W, AEB, Italy); and oenological tannin (Finitan, Agrovin, Spain), according to the protocol presented in figure 1. a). In the case of the 'Fetească neagră' cultivar, after crushing and de-stemming, the grape mash was transferred to containers for maceration-fermentation, applying, in this case, the protocol presented in figure 1. b). The homogenization of the grape mash was carried out 3 times a day, monitoring the density and color intensity daily. The fermenting must was separated from the pomace after 8 days, using a hydraulic press, after which the must was stored in 25-liter demijohns, where the alcoholic and malolactic fermentation continued. The latter was evaluated by monitoring malic acid degradation using the FTIR wine Analyzer Lyza 5000 (Anton Paar, Austria). When the alcoholic (for white and red wines) and malolactic (red wines) fermentation stages were finished, the wines were racked off the sediment, filtered, bottled, and stored at 15°C. 

Figure 1. Scheme for obtaining wines from the a) 'Fetească regală' and b) 'Fetească neagră' cultivars 
Must and wines physico-chemical analyses The density of the must in fermentation was determined aerometrically, using densimeters with a measuring range from 0.9600-1.1000 g/cm3. To assess the quality of the wines and compliance with the regulations, the main physicochemical parameters have been determined in accordance with the methods provided by ASRO (2012) in their standards. The tested parameters included the alcoholic strength (% vol.), reducing sugar content (g/L), total acidity (g/L tartaric acid), volatile acidity (g/L acetic acid), total extract (g/L), non-reducing extract (g/L), total SO2 (mg/L) and free SO2 (mg/L). Total polyphenols were determined with the Folin-Ciocalteau reagent by the Singleton-Rosi method (1965). The color intensity, IC (420 + 520 + 620 nm) of the must in fermentation and the wines, was determined using the Helios Alpha UV-VIS spectrophotometer (ThermoScientific, USA). The contribution of each color (yellow, red, blue) to the color of the wine was calculated by dividing the absorbance at 420 nm (yellow), 520 nm (red), and respectively 620 nm (blue) by the color intensity. The proportion of the red color, produced by free and bound anthocyanins in the form of flavylium cations, was calculated using the following formula, described by Glories in 1984: dA%=[1- ] ×100 
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Sensory analyses For the sensory appreciation of the wines, the evaluation method proposed by the International Union of Oenologists (UIO) was applied, which consists in the organoleptic evaluation of the aromatic parameters through "blind tasting". The purpose of this method is to characterize the wines from the point of view of specific olfactory and gustatory aromas and to achieve a sensorial determined aromatic profile. For this, a number of 7-9 olfactory characteristics were chosen - fruit aromas: citrus fruits (grapefruit), forest fruits (strawberries, raspberries, blackberries, rose hips, black currants), pineapple, sweet cherries, apples, pears, lychee, dried fruits (plums); spices: pepper; and 7-9 relevant taste characteristics: acidity, sweetness, bitterness, unctuousness, tannic intensity (components that determine the harshness, aggressiveness and hardness of wines) and the aromatic persistence, determined by the duration of aroma retention after the evacuation of the wine from the oral cavity. These characteristics were recorded in the tasting sheets used by the evaluators during the tasting; the 3 members of the jury (2 women and 1 man), members of the Association of Authorized Tasters from Romania, rated each characteristic with marks from 0 to 9, and the results were mathematically processed (arithmetic mean). The analyzed data represent averages of three replication. To determine if significant influences on the analyzed indicators are incurred by yeast and oenological treatment, an analysis of variance (One-way ANOVA) was performed and the mean differences of the various samples were compared by a post-hoc test (Duncan multiple mean comparison test).  
RESULTS AND DISCUSSION The results regarding the daily monitoring of the density and coloring intensity of the 
'Fetească neagră' cultivar are presented in figure 2. Alcoholic fermentation started in all variants approximately 72 hours after grape crushing. Density decrease was slow, with yeasts consuming on average 0.03 g/cm3 in a 24-hour interval, and regardless of the used strain, the fermentation process lasted 8 days. Regarding visual characteristics, the color intensity increased rapidly, displaying ascending curves. Maximum values were reached by day 6, while in the following two days, the color intensity measured a slight decrease. 

Figure 2 - Density and color intensity monitoring during alcoholic fermentation by Saccharomyces 
cerevisiae var. bayanus (1) and Metschnikowia pulcherrima (2) yeasts for the 'Fetească neagră' cultivar: a. Control variants; b. Variants with 250mg/L lysozyme; c. Variants with 500 mg/L lysozyme; d. 

Variants with 100mg/L tannin. 
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At the end of the maceration period, the color intensity of the obtained wines was determined (Figure 3). The variants fermented by the Saccharomyces strain resulted in a color intensity higher on average by 27.2% than in the case of the variants fermented by the non-Saccharomyces strain. In the case of both yeasts, the highest value of the color intensity was reached in the case of treatment with 500 mg/L lysozymes (variants V1.2 and V2.2). Similar results regarding the accumulation and preservation of coloring intensity following the application of lysozyme were also confirmed by other authors (Liburdi et al., 2014). 

Figure 3. The color intensity of the 'Fetească neagră' experimental variants, after pressing  The wines obtained from the two studied cultivars, 'Fetească neagră' and 'Fetească regală', were analyzed from a physico-chemical point of view 3 months after bottling, performing analyses such as alcohol concentration (% vol), total acidity (g/L tartaric acid), volatile acidity (g/L acetic acid), reducing sugars (g/L), total and non-reducing extract (g/L) and free and total sulfur dioxide (mg/L). In the case of the 'Fetească neagră' cultivar, the color intensity and total polyphenols were determined spectrophotometrically. As it can be seen, the applied treatments did not significantly influence the physico-chemical quality of the wines; the alcohol concentration is specific to wines with Murfatlar controlled designation of origin, the values being situated between 11.70-11.89% vol. for the 'Fetească neagră' cultivar (Table 1), and between 12.25-12.49% vol. for the 'Fetească regală' cultivar (Table 2). The wines fermented until the sugars were depleted, becoming dry (sugar content of less than 4.0 g/L). The total acidity was measured in the range of 6.16-6.53 g/L tartaric acid for the variants of the 'Fetească neagră' cultivar, which proves that the wines underwent malolactic fermentation quite quickly. The volatile acidity values ranged between 0.51- 0.58 g/L acetic acid, which confirms that volatile acids were formed only during the alcoholic and malolactic fermentation stages. For the 'Fetească regală' cultivar, the total acidity varied in the range of 6.92-7.64 g/L tartaric acid, while the volatile acidity values were 0.59-0.63 g/L acetic acid. Volatile acidity values are very important because they indicate the health status of the wines and condition the quality category in which they can fall. Regarding color intensity, in the case of the 'Fetească neagră' cultivar, the wines were significantly influenced from a statistical point of view by the treatments. Higher values were recorded in the variants fermented by the Saccharomyces yeast, the V1.2 variant standing out with values higher by 35.6% when compared to the control. The total content of polyphenols recorded values in the range of 1.27-1.47 g/L, higher values being recorded in the case of the V1.2 variant, although with statistically insignificant differences. In the case of the 
'Fetească regală' cultivar, the coloring intensity showed significant differences, and higher values, denoting oxidation being recorded in the case of the variants fermented with the non-Saccharomyces strain. The lysozyme and oenological tannin treatments had an antioxidant effect during the fermentation period, with the color intensity reaching values 77.2% lower when compared to the control variants. 
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Table 1 – Physico-chemical analyses for the experimental variants of the 'Fetească neagră' cultivar 

Average values ± standard errors (n=3). The letters in the brackets show the statistical difference among 
results for p<0.05. For the same compound, a common letter for 2 or more variants shows no significant 

difference among them, Y=yeast, T=treatment Table 2 – Physico-chemical analyses for the experimental variants of the' Fetească regală' cultivar 

Average values ± standard errors (n=3). The letters in the brackets show the statistical difference 
among results for p<0.05. For the same compound, a common letter for 2 or more variants shows 
no significant difference among them, Y=yeast, T=treatment 

Variant/ Analytic parameters 

Saccharomyces cerevisiae var. bayanus Non-Saccharomyces (Metschnikowia pulcherrima) ANOVA C1 V1.1 V1.2 V1.3 C2 V2.1 V2.2 V2.3 Y T Y*T Alcoholic strength (%vol) 11.89±0.2a 11.80±0.1a 11.79±0.2a 11.87±0.2a 11.70±0.1a 11.74±0.1a 11.81±0.2a 11.73±0.2a ns ns ns Reducing sugars (g/L) 1,0±0.1d 1,2±0.2cd 1,1±0.1d 1,0±0.1d 1,5±0.2ab 1,4±0.2bc 1,7±0.1a 1,5±0.1ab *** ns ns Total acidity       (g/L C4H6O6) 6,16±0.1b 6.40±0.2ab 6,53±0.3a 6,30±0.2ab 6,52±0.2ab 6,38±0.1ab 6,26±0.1ab 6,47±0.2ab ns ns ns Volatile acidity (g/L CH3COOH) 0,51±0.01a 0,53±0.04a 0,54±0.03a 0,53±0.04a 0,54±0.06a 0,58±0.02a 0,55±0.01a 0,54±0.05a ns ns ns Total extract (g/L) 26,9±1.0a 27,6±1.0a 27,4±1.1a 27,0±1.2a 26,8±1.2a 28,7±1.1a 28,7±1.1a 27,8±1.2a ns ns ns Non-reducing extract (g/L) 25,9±1.2a 26,4±1.1a 26,3±1.2a 26,0±1.0a 25,3±1.1a 27.3±1.3a 27,0±1.2a 26.3±1.2a ns ns ns Color intensity 8,22±1.1bc 9,70±1.3ab 11,15±1.3a 9,07±1.5abc 7,82±1.0bc 7,42±1.1bc 7,10±1.3c 7,44±1.1bc ** ns ns dA% 92,32±6.8a 89,06±7.2a 84,90±6.6a 90,19±8.1a 93,09±7.8a 93,98±9.9a 94,81±8.5a 93,74±7.8a ns ns ns d420% 29,93±2.1a 30,2±3.6a 31,7±3.1a 32,5±2.8a 29,8±34.1a 28,71±3.6a 26,76±2.9a 30,65±3.5a ns ns ns d520% 65,09±4.5abc 63,20±4.1abc 58,39±3.9c 60,75±5.0bc 65,47±4.2abc 67,65±3.8ab 70,99±5.5a 65,46±4.9abc * ns ns d620% 4,99±1.2bc 6,60±1.8b 9,87±1.4a 6,73±1.5b 4,73±1.1bc 3,64±1.3cd 2,25±1.0d 3,90±1.1cd *** ** * Total polyphenols (g/L) 1,27±0.2a 1,38±0.5a 1,47±0.3a 1,47±0.4a 1,42±0.2a 1,37±0.1a 1,33±0.2a 1,38±0.1a ns ns ns Free SO2 (mg/L) 1.8±0.1e 6.2±0.8bc 8.8±0.6a 7.5±2.2ab 3.6±0.4d 4.8±0.7cd 4.6±0.9cd 5.9±1.0bc * *** *** Total SO2 (mg/L) 40.4±2.7a 35,6±2.9bc 33.7±2.5cd 38.4±2.2ab 22.4±2.5f 28.5±1.8e 30.2±2.2de 39.8±3.1ab *** *** *** 

Variant/Analytic parameters 
Saccharomyces cerevisiae var. bayanus Non-Saccharomyces (Metschnikowia pulcherrima) ANOVA C1 V1.1 V1.2 V1.3 C2 V2.1 V2.2 V2.3 Y T Y*T Alcoholic strength (% vol) 12.44±0.2a 12.49±0.4a 12.41±0.5a 12.37±0.9a 12.25±0.1a 12.26±0.6a 12.29±0.8a 12.33±0.2a ns ns ns Reducing sugar (g/L) 1,6±0.2 bcd 1,3±0.1 a 1,4±0.4 cde 1,0±0.1 e 2,1±0.5 ab 2,2±0.4 a 2,1±0.2ab 1,9±0.3abc *** ns ns Total acidity    (g/L C4H6O6) 6.92±0.5a 7,14±0.7a 7.14±0.3a 7.04±0.3a 7.50±0.2a 7.63±0.5a 7.64±0.3a 7.62±0.4a * ns ns Volatile acidity (g/L CH3COOH) 0.60±0.02a 0.59±0.04a 0.63±0.01a 0.63±0.02a 0.63±0.01a 0.63±0.03a 0.61±0.02a 0.61±0.01a ns ns ns Total extract (g/L) 24,8±1.1a 26,4±1.4a 27,2±1.1a 26,3±1.3a 28,9±1.3a 30,1±1.4a 30,6±1.5a 30,0±1.4a *** * ns Non-reducing extract (g/L) 23,2±1.2a 25,1±1.0a 25,8±1.3a 25,3±1.1a 26,8±1.2a 27,9±1.3a 28,5±1.3a 28,1±1.1a *** * ns Color intensity 0.4±0.01c 0.8±0.02bc 0.6±0.01c 0.5±0.01c 4.4±0.1a 1,0±0.05bc 1,0±0.03bc 1,5±0.02b *** *** *** Free SO2 (mg/L) 2.4±0.2c 7.2±0.4a 2.4±0.1c 4.8±0.2b 4.8±0.3b 4.8±0.1b 4.8±0.2b 1.0±0.1d *** *** *** Total SO2(mg/L) 45.7±3.1a 26.4±1.8a 24.0±1.5a 19.2±1.3d 40.9±2.9b 12.0±1.2e 12.0±1.4e 16.8±1.7d *** *** ** 
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The olfactory sensations of the 'Fetească neagră' cultivar, specific to forest fruits (strawberries, raspberries, black currants, and blackberries), were appreciated depending on the yeast strains and the applied treatments (Figure 4 a, b). It can be observed from the perspe ctive  of  the  poin ts assign e d to e ach se n sation , that the variants fermented by the 
Saccharomyces yeast present a greater complexity of aromas, with more intense notes of black currants and blackberries, Variant 1.3, accumulating the highest score, followed by V2.1. The variant that stands out from a taste point of view is V1.1, the wine being balanced, mellow, and round, with a usual alcoholic strength, and balanced tannin content, favorable to quality.

The general olfactory character of 'Fetească regală' wine is fruity, given by the intense aromas of lemon, grapefruit, pineapple, and pear. In the case of the variants fermented with Saccharomyces yeast, the smell of grapefruit and pineapple was more dominant in the V1.2 variant, and in terms of extractives and aromatic persistence, the V1.3 variant stood out. Honey aromas were also present, due mainly to the overripe grapes, particularly perceived in the V1.1 variant (Figure 5). From a taste point of view, the variant that stood out was V1.3, the wine was full, balanced, with a fairly good alcoholic strength. It can be concluded that the wines obtained using the Saccharomyces strain present superior organoleptic characteristics.  

Figure 4. a. The organoleptic profile of 'Fetească Figure 4. b. The organoleptic profile of 'Fetească neagră' wines fermented by Metschnikowia  

Figure 5. a. The organoleptic profile of 'Fetească regală' wines fermented by Saccharomyces
Figure 5. b. The organoleptic profile of 'Fetească regală' wines fermented by Metschnikowia  

neagră' wines fermented by Saccharomyces  
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CONCLUSIONS This study consolidates previous research and validates the fact that the application of treatments with lysozyme and oenological tannin ensures oxidative protection during the fermentation period, preserving the aromas and improving the color intensity in the case of the use of some Saccharomyces yeasts. The research carried out encourages the continuation of research regarding the experimentation of alternative products in order to reduce or eliminate the sulfur dioxide used in winemaking, to obtain healthy products following current consumer requirements. 
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ABSTRACT  

The purpose of this study is to determine the effects of melatonin dips on cold 
storage of the non-astringent 'Fuyu' persimmon cultivar. Persimmon fruits were 
subjected to different concentrations of melatonin (0 (control), 0.01, 0.1, and 1 
mmol l−1 melatonin) and then stored at 0-1oC and 90-95 % relative humidity (RH) 
for 80 days. Weight loss, respiration rate, fruit firmness, total soluble solids (TSS), 
titratable acidity (TA), ascorbic acid, total phenolic, calyx appearance and chilling 
injury (CI) were examined at 20-day intervals. In the study, increasing doses of 
melatonin were found to be more effective in extending postharvest life. Among 
concentrations of melatonin application, 1 mmol l−1 melatonin-treated persimmon 
showed the preferable quality properties and lowest CI index. Moreover, this 
melatonin concentration caused a significant decrease in respiration rate and 
weight loss rate and maintained the fruit firmness, TSS and TA. While total phenolic 
content and ascorbic acid content were maintained by melatonin, it was determined 
that melatonin application had a non-significant effect on calyx appearance. Results 
obtained suggest that treating persimmon fruit with 1 mmol l−1 concentration of 
melatonin is effective in improving the postharvest quality and opens the possibility 
that higher concentrations of melatonin may be also effective.  

Keywords: Diospyros kaki L., postharvest, melatonin, quality, chilling injury. 
INTRODUCTION Persimmon fruits are climacteric fruits, and inhibition of ethylene biosynthesis or action can play an important role in slowing the ripening process and increasing the storage life (Oz, 2011; Luo, 2007). Moreover, they are extremely susceptible to physiological defects, particularly skin and flesh discoloration during cold storage and shelf life, which may be associated with preharvest factors and storage conditions (Lee et al., 1993). Therefore, there is a need to provide postharvest technologies for postharvest losses in persimmons. Plant melatonin is a versatile biological signal and its most prominent roles in plants include delay senescence, seed germination, plant development, flowering, photosynthesis and plant defense (Wang et al., 2020). Arnao and Hernandez-Ruiz (2018) reported that its role in fruit maturation and postharvest processes as a gene regulator of ethylene-related factors is relevant. The use of melatonin for the preservation of various postharvest fruits and vegetables is among the new research topics. It has been determined that exogenous melatonin applications after harvest in fruits and vegetables remove excess reactive 
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oxygen species (ROS) by increasing antioxidants, enzymes and enzymes associated with the repair of oxidized proteins (Kasım and Kasım, 2021). Previous reports have indicated that exogenous melatonin applications improve the quality of fruits and vegetables (Liu et 
al. 2018; Xu et al., 2019). Melatonin acts as an antioxidant by activating the antioxidant system and increasing the efficiency of other enzymatic and non-enzymatic antioxidants within the cell (Hu et al., 2016). The application of litchi and strawberry with melatonin enhanced the concentration of anthocyanin and phenolics content, maintaining the nutritional quality of the fruits (Aghdam and Fard, 2017; Zhang et al. 2018). Gao et al. (2016) and Zhai et al. (2018) reported that the melatonin application to peach pear fruits significantly reduces respiratory rate and inhibits respiratory climacteric under cold storage conditions. In addition, exogenous melatonin application alleviated CI and reduced the decay rate in plum, peach guava, sweet cherry and nectarine fruits (Bal, 2019; Cao et 
al., 2018; Wang et al., 2019; Bal, 2021). However, there is no information about the effects of melatonin as a postharvest application on postharvest life and persimmon fruit quality. The purpose of this study was to examine the potential use of melatonin as a postharvest tool to preserve the quality and extend postharvest life of persimmon cv. Fuyu. 
MATERIALS AND METHODS  Non-astringent ‘Fuyu’ persimmon fruits (Diospyros kaki L.) were picked from an orchard in Tekirdag, Turkey. Fruits were harvested at their commercial maturity stage (yellowish-green), and transferred to the laboratory immediately. Persimmon fruits were selected for uniform size, firmness, color, and no disease symptoms, then randomly divided into four groups with three replicates each (9 kg per replicate). For applications, four solutions were prepared (control (distilled water), 0.01 mmol l−1, 0.1 mmol l−1 and 1 mmol l−1 melatonin containing 0.05% Tween 80) and immersed in the solution for 30 minutes. Then, the fruits were dried in air at room temperature for approximately 1 hour and were packed in a plastic basket with polypropylene trays. Fruits were stored at 0-1oC and 90–95% humidity for up to 80 days. Persimmons were analyzed for the physico-chemical and biochemical attributes at 0, 20, 40, 60, and 80 days. Weight loss was determined by weighing the persimmon fruits before and after storage. Results are expressed as the percentage of weight loss concerning the first weights. The handheld penetrometer equipped with an 8-mm diameter plunger probe was used for the measurement of the firmness of persimmon fruit. It was expressed in Newtons (N). For the analysis of TSS content and TA of each application, a homogenous juice sample was prepared. In the juice, TSS was determined with a hand refractometer (%). Acidity was evaluated by titration method and calculating the result as g 100 g-1 of malic acid. For measurement of the respiration rate of persimmon fruit was used the static method was in a closed system with a gas analyzer (Systech Gaspace Advance, UK) at 20°C. (CO2 kg -1h -1). Ascorbic acid content was measured in persimmon fruits by the titration method according to the method defined previously by AOAC (1990) and expressed as mg 100 g-1. To measure the total phenolic content, the Folin Ciocalteu reagent method was used (Slinkard and Singleton 1977) and expressed as mg 100g-1 gallic acid equivalent fw. The appearance of the calyx was determined with a 0–4 scale (Golding et al., 2020), where 0= fully green, fresh; 1= slight browning; 2= moderate browning/drying, 3= severe browning/drying and 4= completely brown/dried.  CI degree (jelling and browning) shown in a 0 to 4 stage rating: 0 as (no symptoms), 1 (<25% symptoms), 2 (25%–50% symptoms), 3 (50%–75% symptoms), and 4 (>75% symptoms) (Nasr et al. 2021). CI index (%) = [∑ (CI levels) x (number of fruits at this level)/ (total number of fruits in the application) x 4] x 100. The experiment of the storage quality data was subjected to analysis of variance using SPSS software (Ver. 15). Means of different applications were 
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compared by the LSD test (p< 0.05). The values are reflected as the means with their standard error. 
RESULTS AND DISCUSSIONS  According to Figure 1(a), the weight loss of persimmon fruits showed an increasing trend with the advancement of maturity stages and storage time regardless of the applications. During the investigation period, no significant difference was noticed between the weight loss results by control and by melatonin applications except to 1 mmol l−1 melatonin. At the end of the experiment, the highest weight loss (7.4%) was found in treated fruits with 0.01 mmol l−1 melatonin, while the lowest weight loss (6.3%) was found in treated fruits with 1 mmol l−1 melatonin application. Less weight loss was recorded in 1 mmol l−1 melatonin treated fruit as compared to the control fruit, which might be associated with the ability of melatonin to maintain cellular stability (Madebo et al., 2021) and also the suppression of respiration (Wang et al., 2020). This indicates was consistent with Liu et al. (2018) and Bal (2019) who found that melatonin application significantly delayed the increase in weight loss in strawberry and plum fruit during storage. 

Figure 1 (a, b). The effect of different levels of postharvest application of melatonin on weight loss (a) and respiration rate (b) of persimmon cv. “Fuyu” In persimmon fruit, the fruit depends on the calyx for gas exchange, as there are no lenticels or stomata on the fruit surface, which is covered with a waxy cuticle (Perez-Munuera et al., 2009). As shown in Figure 1(b), persimmon fruits showed an increase in the respiratory rate, then a decline in the later stages of storage. All the applications reached maximum climacteric on the 40th and 60th day of storage. Control, 0.01 mmol l−1 and 0.1 mmol l−1 melatonin application groups produced the highest amount of CO2 (18.36 CO2 kg-1 h-1, 19.6 CO2 kg-1 h-1 and 18.56 CO2 kg-1 h-1 respectively) on 40th day while 1 mmol l−1 melatonin dose had the highest CO2 production (16.73 CO2 kg-1 h-1) on 60th day. Among all melatonin applications, 1 mmol l−1 melatonin application had the smallest climacteric peak value and its peak respiratory rate was delayed by 20 days. The present study showed that postharvest 1 mmol l−1 melatonin application significantly inhibited the respiratory intensity of persimmon fruit, and also delayed the climacteric peak time. The current result was also supported by the beneficial effects of melatonin on delaying the ripening and inhibiting respiration rate of peach (Gao et al., 2016; Zhai et al., 2018), and sweet cherry (Bal et al., 2022). In the study, in parallel to flesh gelling development, a decrease in fruit firmness was observed in treated and non-treated fruits during storage, without differences among the applications. In addition, a negative relationship between weight loss and softening of persimmon was observed (Koyuncu et al., 2005). Figure 2 confirms that the fruit firmness (initial value 73.3 N) decreased with the increase in the storage period. Fruits treated with 1 mmol l-1 melatonin had the highest firmness value at 

0
2
4
6
8

20 40 60 80

Weight
 loss (%

)

Storage time (days)

0 0.01 0.1 1 a

5
10
15
20

20 40 60 80Re
sp

ir
at

io
n 

ra
te

 (C
O

2 
kg

 -1
 h

 
-1

)

Storage time (days)

0 0.01 0.1 1 b



220 

80 d, although they lost about 54% of the firmness value. The lowest flesh firmness was in fruit from the 0.01 mmol l−1 melatonin application (23.3 N) at the end of storage, and the results of the control fruit did not differ significantly from the 0.01 mmol l-1 melatonin application. The decelerated firmness loss with the postharvest melatonin application may be due to the effect of melatonin on decreasing activities of fruit softening enzymes which are responsible for hydrolyzing glycosidic linkage in the cell wall integrity, which is directly related to ripening and senescence. Similarly, decreased fruit softening by melatonin applications were reported in sweet cherry (Wang et al., 2019), mango (Liu et 
al., 2020) and nectarine (Bal, 2021). 

Figure 2. The effect of different levels of postharvest application of melatonin on the firmness of persimmon cv. “Fuyu” In the present study, irrespective of melatonin applications, the TSS of fruits increased during storage (Figure 3a). The increase in TSS contents of the fruits during the storage period might be due to the continuous respiration and water loss of fruits. This result is parallel to that of Ozdemir et al. (2009) and Khan et al. (2017), who found that TSS in persimmon fruits increases by extending the storage duration. At the end of the storage, maximum TSS (17.8%) was noticed in 0.01 mmol l−1 melatonin followed by control fruit (17.4%) and minimum (15.9%) was present in fruit of 1 mmol l−1 melatonin application. Overall results revealed the ability of 1 mmol l−1 melatonin application for suppressing the accumulation of TSS in stored persimmon fruits as compared to low melatonin doses and control fruit. Previous studies have reported preventing an increase in fruit TSS with melatonin for plum (Bal, 2019), strawberry (Liu et al., 2018) and mango (Bhardwaj et al., 2022). Fruit acidity expressed a behavior opposite to the TSS accumulation and decreased with fruit ripening during the storage period. 

Figure 3 (a, b). The effect of different levels of postharvest application of melatonin on TSS (a) and TA (b)of persimmon cv. “Fuyu” 
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In the study, TA content, which was 0.54 g 100 g-1 at the harvest, gradually decreased in the control and the treated fruit, as seen in Figure 3b. The decline in the titratable acidity is often used as an indicator of maturity as organic acids decrease during the ripening process. However, no significant difference in TA content was observed between untreated and melatonin treated persimmon fruits within the first 60 d of storage. However, there are no significant differences between applications within the first 60 days of storage in terms of acidity. At 80 d of storage, 1 mmol l−1 melatonin application significantly delayed the decrease in TA content compared to untreated and other melatonin applications. At the end of the experiment, the highest TA was recorded in 1 mmol l−1 melatonin application (0.30 g 100 g-1), while the lowest TA was recorded in 0.01 mmol l−1 melatonin application (0.20 g 100 g-1) followed by control fruit (0.22 g 100 g-1). This study demonstrates that with proper dosage of melatonin could retain the level of TA content in persimmon fruit, which is consistent with most of the studies so far such as strawberry (Liu et al., 2018), sweet cherry (Wang et al., 2019) and guava (Mirshekari and Madani, 2022). Persimmon fruit is a good source of ascorbic acid and polyphenols that have antioxidant properties. In the study, initial ascorbic acid content of persimmon fruits (44.5 mg 100 g-1) decreased with the progress in the storage period (Figure 4, a). This result agrees with Khan et al. (2017) and Direito et al. (2021) who found that ascorbic acid of persimmon fruits decreased during storage. However, this decrease was less pronounced in fruits treated with melatonin. At the end of the experiment, ascorbic acid was minimum (27.4 mg 100 g-1) in the control application while maximum (31.3 mg 100 g-1) in 1 mmol l−1 melatonin application. Melatonin treated persimmon fruits showed less reduction in ascorbic acid, probably due to the fact that melatonin delays the oxidation of ascorbic acid by inhibiting the enzyme responsible for this oxidation. Similar results were also reported by Gao et al. (2016) and Bal (2021) who documented that melatonin prevents the reduction of ascorbic acid and maintains the quality of peach and nectarine fruits during the storage period. Ma et al. (2021) also reported that ascorbic acid content in oranges showed a downward fluctuating trend in the control group and melatonin application inhibited vitamin C degradation, producing higher levels by 17.45% compared to the control fruits during storage. 

Figure 4 (a, b). The effect of different levels of postharvest application of melatonin on ascorbic acid (a) and phenolic content (b) of persimmon cv. “Fuyu” Persimmon fruit is a good source of nutritional antioxidants, carotenoids and polyphenols. In the study, total phenolic content was 57.6 mg 100 g-1 at the harvest. Regardless of the applications, total phenolic content increased during the first period of storage, then decreased (Figure 4, b). There was no significant difference between the total phenolic content of the control group and that of the treated groups at 20 d. However, in remaining analysis periods, 1 mmol l−1 melatonin application effectively suppressed the phenolics degradation compared with control. At the end of the storage, persimmon subjected to 1 
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mmol l−1 melatonin application had the greatest value of the phenolic content (55.4 mg 100 g-1) followed by 0.1 mmol l−1 melatonin application, while the control fruit had the lowest phenolic content (41.7 mg 100 g-1) with no significant difference with the phenolic content of the fruit treated by 0.01 mmol l−1 melatonin application. This protective effect of melatonin on phenolic content is in agreement with previous results obtained by Aghdam and Fard (2017) in strawberry fruit, Bal et al. (2022) in sweet cherry fruit and Bhardwaj et 
al. (2022) in mango fruit. Michailidis et al. (2021) also noted that melatonin application induced phenolic compound accumulation, through the up-regulation of various related genes at harvest and specifically at cold storage for 12 days. Persimmon fruit possesses a large green four-lobed calyx which is considered a gas exchange organ. The calyx darkens during fruit ripening, which affects external fruit quality (Vilhena et al., 2022). In the present study, the calyx looked green and fresh at harvest, and then in parallel with the storage period, an increase in desiccation symptoms was determined. Drying and browning symptoms started from the apical part of the lobes toward the basal part. This browning reaction is believed to be induced by water loss and chlorophyll degradation in calyx (Golding et al., 2020). All applications displayed a similar pattern for the calyx appearance during storage and did not show significant differences (Figure 5, a). At the end of the experiment, the lowest calyx browning/drying was exhibited in 1 mmol l−1 melatonin treated fruits (2.7), the highest calyx browning/drying was recorded in control and 0.01 mmol l−1 melatonin application fruit (3) followed by 0.1 mmol l−1 melatonin application (2.9). 

Figure 5 (a,b). The effect of different levels of postharvest application of melatonin on calyx appearance (a) and CI (b) of persimmon cv. “Fuyu” ‘Fuyu’ persimmons are very sensitive to CI, which is expressed by rapid fruit softening, flesh browning, translucency during and after storage (Crisosto, 2013). Figure 5(b) confirms that CI increased in control and treated fruits as the day of storage progresses. While no CI symptoms were observed during the first 20 days, CI symptoms were detected at a low level only in control and 0.01 mmol l−1 melatonin treated fruits at 40 d. The findings showed that with increasing concentration of melatonin application, CI symptoms were observed less frequently during storage. The reduction in CI symptoms by melatonin may be related to increase the antioxidants in favor of membrane integrity and thus reduced cellular and tissue damage (Ze et al. 2021). The highest flesh jelling and browning symptoms were observed in control fruits and the lowest level of CI in 1 mmol l−1 melatonin application. A low level of CI in the fruit treated by melatonin during cold storage was also reported for peach (Gao et al., 2016; Cao et al., 2018), pomegranate (Jannatizadeh, 2019), mango (Bhardwaj et al., 2022) and guava (Mirshekari and Madani, 2022). In agreement with those references, the current study confirms the exogenous melatonin application has been shown to improve chilling tolerance and reduce CI of postharvest fruit during cold storage.  
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CONCLUSIONS The present results showed that the anti-ripening efficacy of melatonin applications could  be significantly affected by the concentration applied, among other possible factors. Postharvest melatonin application, specifically using 1 mmol l−1 dose, protected the quality of persimmon fruit during storage. This application could prevent the reduction of physicochemical properties of the persimmon fruit, such as firmness, TA, ascorbic acid and phenolic compounds. Moreover, melatonin applications could successfully improve chilling tolerance and reduce CI symptoms. In conclusion, the prestorage dipping of 'Fuyu' persimmons in 1 mmol l−1 melatonin performed best to preserve their quality and can be effectively used for long-term storage.   
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