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Fruit dehiscence is a crucial physiological disorder in fruit crops. Fruit cracking
may frequently cause more than 50% of yield losses in Chinese jujube (Ziziphus
jujuba Mill.). In this study, we carried out a combined transcriptome sequencing and
proteome analysis in Chinese jujube to reveal the molecular mechanisms involved in
fruit cracking. A total of 31,272 transcripts and 5,480 proteins were identified. Of
these, 5,425 genes were shared at both transcriptome and proteome levels. Compared
to non-cracked fruits, 161 differentially expressed genes were revealed in cracked
fruits, of which 39 upregulated and 122 downregulated genes. Proteome analysis
revealed 182 differentially expressed proteins associated with fruit cracking, of
which 68 upregulated and 114 downregulated. Validation of gene expression by realtime quantitative-polymerase chain reaction of 14 selected DEGs were found to
regulate cell wall metabolism, unsaturated fatty acid oxidation, plant-pathogen
interaction and hormone balance, endoglucanase, pectinesterase, peroxidases, and
phytohormone signal transduction genes and calcium-binding protein. The
expression levels of POD17, EG12, CML23, ARF, JAZ, AUX/IAA, and SAUR genes were
consistent with the transcriptome analysis results. The gene expression levels of
POD17 and POD51 were consistent with the proteomics data. However, the
expression levels of genes CML23, PE17 and GH3.1 were contradictory with their
proteome expression levels. Further analysis of the expression levels of the 14 genes
from fruit skins of different samples at various stages of fruit cracking revealed that
11 genes were highly expressed in cracked fruits, suggesting these genes play
important roles in fruit cracking. A putative calcium-binding protein CJML19 showed
medium-low expression in cracked fruit skins, which may help regulate water
entry/exit and may be associated with cracking resistance.
Keywords: Chinese jujube; fruit cracking; transcriptome; proteome; qRT-PCR
INTRODUCTION
Chinese jujube (Ziziphus jujuba Mill.) is an economically important fruit tree that originated
in China and has been introduced to 48 countries across 5 continents (Liu et al., 2020).
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However, fruit dehiscence is the most important and common physiological disorder of
Chinese jujube, it results in more than 50% of yield losses in severe cases (Chen et al., 2012).
Previous studies on fruit dehiscence mainly focused on morphological, anatomical and
physiological characteristics. With the rapid development of omics technology,
transcriptomics and proteomics analysis are more and more widely used in horticultural
plant research. (Du, 2016; Jin, 2017; Chen, 2018; Chen, 2019). For example, transcriptome
analysis has been used to analyse fruit dehiscence. Jiang (2019) identified 14 differentially
expressed genes that are associated with fruit cracking in watermelons. In lychees, fruit
cracking was associated with genes that regulate cell wall metabolism, unsaturated fatty
acid oxidation and fruit skin hormone balance, including expansion (EXP) genes,
pectinesterase (PE), and polyphenol oxidase (PPO) (Chen et al., 2015; Wang et al., 2019
Correia et al., 2020) This study aimed to identify genes and examine molecular mechanisms
that are related to fruit dehiscence of jujube to serve as guidance for breeding strategies of
fruit cracking-resistant cultivar and effective prevention and control of fruit dehiscence in
jujube.
MATERIALS AND METHODS
‘Fucuimi’ known to be sensitive to fruit dehiscence, was used as the test material, in the
mature stage, its natural cracking rate can reach more than 90% (Wang et al., 2020). At
semi-red stage (80-90 days after flowering, Fruit on a secondary branch of 3-6 years old.),
100 fruits were picked from the jujube germplasm nursery at the Tarim University, Alar,
Xinjiang, China and then rapidly classified as cracked fruit and non-cracked fruit samples
before freezing in liquid nitrogen. The samples were stored at -78°C. Transcriptome and
proteome analyses of the cracked and non-cracked fruit were performed at Novogene
(Beijing, China). Three biological replicates were used for every sample.
RNA and protein extraction
The total RNA was extracted using the Tiangen DP441 Assay Kit (Tiangen Biotech, Beijing,
China) following the manufacturer’s protocol. RNA concentration was measured using
NanoDrop 2000 (Thermo Fisher Scientific, Massachusetts, USA). RNA integrity was assessed
using the RNA Nano 6000 Assay Kit of the Agilent Bioanalyzer 2100 System (Agilent
Technologies, CA, USA). For protein extraction, four volumes of lysis buffer (8 M urea, 1%
protease inhibitor cocktail) were added to the ground samples then sonicated three times
on ice using a high intensity ultrasonic processor (Scientz, Ningbo, China). Debris were
removed by centrifugation at 12,000 g at 4°C for 10 min. Finally, the supernatant was
collected, and the protein concentration was determined with BCA kit (Beyotime, Shanghai,
China) based on the manufacturer’s instructions.
Transcriptome sequencing data analysis
For the RNA sample preparations, Sequencing libraries were generated using NEBNext
UltraTM RNA Library Prep Kit for Illumina (NEB, USA) following the manufacturer’s
recommendations and index codes were added to attribute sequences to each sample. The
transcriptome data of cracked and non-cracked fruit skins were compared with the genome
of ‘Dongzao’ jujube (Liu et al., 2014). FPKM (Pertea et al., 2015) was used as a marker for
measuring transcript or gene expression levels and to calculate the fold change in gene
expression between two samples. The DEseq (Leng et al., 2013) method was used for
screening the differentially expressed genes (DEGs) with a fold change ≥ 2 and an adjusted P
value (FDR) was < 0.01 between two samples. Gene ontology (GO) function and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway significant enrichment analyses (Q
value ≤ 0.05) were carried out for DEGs to determine their biological functions and roles in
metabolic pathways.
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Protein identification and quantitative analysis
The tryptic peptides were divided into fractions by high pH reverse-phase HPLC using
Thermo Betasil C18 column (5 μm particles, 10 mm ID, 250 mm length). The resulting
MS/MS data were processed using Maxquant search engine (v.1.5.2.8). For relative
quantitation, a protein was considered as differentially expressed between skin samples
when its fold change was > 1.3 and P < 0.05.
Validation of selected DEGs and proteins by real-time quantitative-polymerase chain reaction
(qRT-PCR)
Table 1. Real-time quantitative-polymerase chain reaction (qRT-PCR) primers used for validation of
selected differentially expressed genes (DEGs) in Chinese jujube

The FastQuant RT Super Mix reverse transcription kit (Tiangen Biotech, Beijing, China) was
used for cDNA synthesis. The transcriptome sequencing results were used for qRT-PCR
validation. The principles for designing qRT-PCR primers were used to construct target gene
primers on NCBI and primers were submitted to Sangon Biotech (Shanghai, China) for
synthesis. Table 1 shows the names of genes and proteins, primer sequences, and product
size. The manufacturer instructions for the SuperReal PreMix Plus assay kit (Tiangen
Biotech, Beijing, China) were used as reference for the qRT-PCR reaction system and
amplification procedure. After the reaction was completed, amplification curve, melt curve,
and gel electrophoresis analyses were carried out to test the specificity of the primers. Three
biological replicates were set up for every reaction and the relative expression level of target
genes in skins during fruit cracking were obtained based on the Ct value of the amplification
curve. The internal reference gene ZjACT was used for correction and the 2−ΔΔCT and R
software (gplots2 package) were used for analyses of relative expression and for plotting.
RESULTS AND DISCUSSIONS
Analysis of transcriptome and proteome differences between cracked and non-cracked fruit
skins
The transcriptome and proteome sequencing results from skins of both cracked and noncracked fruits were analyzed. Transcript-fold difference ≥ 2 and protein-fold difference ≥ 1.3
at P < 0.05 were the criteria for differentially expressed transcripts and proteins. A total of
11

161 DEGs were observed, of which 39 and 122 genes were upregulated and downregulated,
respectively. Also identified were 182 differentially expressed proteins (DEPs), of which 68
were upregulated and 114 were downregulated (Figure 1). The DEGs and DEPs underwent
functional annotation subsequently.

Fig. 1. Frequency distribution of differentially expressed transcripts and proteins quantified in
transcriptome and proteome datasets

GO classification and KEGG enrichment analysis of DEGs
The DEGs of cracked and non-cracked fruit skins were compared and were aligned with the GO
and KEGG databases. About 89 genes were annotated to the GO database and 27 DEGs were
annotated to 19 metabolic pathways. All the enriched genes are involved in gene functions and
metabolic processes, and they may take part in fruit skin cracking (Pertea et al., 2015).
GO classification and KEGG enrichment analysis of DEPs
Figure 2 shows the results of GO functional annotation analysis of DEPs identified from
cracked and non-cracked fruit skins. The DEPs mainly participated in the metabolic process,
cellular process, and single-organism process in biological process, accounting for 35%,
24%, and 20%, respectively. About 21% accounted for all other processes.
In cellular component, DEPs mainly participate in cell, organelle, and macromolecular
complex at 36%, 20%, 18%, respectively while all other processes accounted for 26%. For
molecular function, DEPs were mainly enriched in catalytic activity and binding at 39%

and 44%, respectively.

Figure 2. Results of gene ontology (GO) analysis of differentially expressed proteins identified in
cracked fruit skins of Chinese jujube

KEGG pathway analysis of DEPs

Figure 3 shows the results of DEPs of cracked and non-cracked fruit skins that were aligned
with the KEGG database for enrichment. The KEGG pathways that were enriched were
photosynthesis-antenna proteins, photosynthesis, protein processing in endoplasmic
reticulum, cyanoamino acid metabolism, flavonoid biosynthesis, phenylpropanoid
biosynthesis, and ribosome.
12

Figure 3. Enrichment analysis of the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway for
the identified protein-differential proteins identified in cracked fruit skins of Chinese jujube

Analysis of differentially expressed transcripts and proteins
A combination of GO and KEGG enrichment analyses were used to identify DEGs and DEPs
Relevant physiological markers were noted as well to further screen for transcripts and
proteins that may affect fruit skin cracking.
Differential expression analysis of fruit cracking-related genes
In phytohormone signal transduction pathways, three DEGs were annotated to auxin signal
transduction and one DEG was annotated to jasmonic acid signal transduction. Among these
genes, AUX/IAA, ARF, SAUR, and JAZ4 were highly expressed in cracked fruit skins. In plantpathogen interaction metabolic pathways, two CML23 genes were highly expressed in cracked
fruit skins that may be related to fruit cracking (Wang et al., 2020b). GO functional analysis
found that the expression level of genes regulating endoglucanase (EG12) and peroxidase
(POD17) are low in non-cracked fruit skins. EG12 regulates cellulase activity. It may play an
important role in cellulose degradation, such as changes in cellulose content and fruit skin
structure resulting in fruit skin cracking. POD17 may indirectly regulate the lignin content,
thus changing the peel structure and affect the peel cracking (Wang et al., 2021).
Differential expression analysis of fruit cracking-related proteins
Table 2 shows four proteins that were differentially expressed in the phenylpropanoid
synthesis pathway, namely two peroxidases (XP_024926183.1 and XP_015890285.1), a betaglucosidase (XP_015879544.1), and a phenylalanine ammonia-lyase (XP_024922333.1).
Among these proteins, the two peroxidases were highly expressed in cracked fruit skins and
were mainly enriched in lignin catabolic and metabolic processes. While the expression level
of the beta-glucosidase in non-cracked fruit skins was significantly lower than in cracked
fruit skins, and the expression of the phenylalanine ammonia-lyase in non-cracked fruit
skins was significantly upregulated compared with cracked fruit skins. Other proteins highly
expressed in cracked fruit skins were laccases (XP_015878553.1, XP_015902437.1, and
XP_015878552.1) that participate in lignin catabolic and metabolic processes as well as in
phenylpropanoid synthesis. The expression levels of indole-3-acetic acid-amido synthetase
GH3.1 (XP_015866400.1) that was upregulated in non-cracked fruit skins by 1.34-fold.
Phytohormones play an important role in cracking and hormone interactions may affect fruit
cracking. Additionally, two DEPs in the plant–pathogen interaction metabolic pathway
(Table 2): a putative calcium-binding protein CML19 (XP_015881810.1) and a heat shock
protein 82 (XP_015896451.1) both showed medium-low expression in cracked fruit skins.
CML19 helps regulate stomata opening/closure and water entry/exit and may be associated
with cracking resistance. DEPs identified in the α-linoleic acid metabolic pathway were 12oxophytodienoate reductase (XP_015889050.1), allene oxide synthase (XP_015884706.1),
and lipoxygenase 3 (XP_015872805.1). Both 12-oxophytodienoate reductase and allene
oxide synthase had medium-low expression, while lipoxygenase 3 was highly expressed in
cracked fruit skins. Table3 summarizes the results of GO functional analysis. Cell
wall/vacuolar inhibitor of fructosidase (XP_015867821.1) was highly expressed in cracked
fruit skins and pectinesterase/pectinesterase inhibitor (XP_015869388.2) and miraculin
(XP_015872399.1) showed medium-low expression in cracked fruit skins. In the cell wall
macromolecular metabolism, xyloglucan endotransglucosylase/hydrolase protein
13

(XP_015899780.1 and XP_015887252.1) showed medium-low expression in cracked fruit
skins. These DEPs are mainly cell wall substance metabolic enzymes.
Table 2. Differential accumulation of proteins related to plant-pathogen interaction, phenylpropanoid
biosynthesis, alpha-linolenic acid metabolism and plant hormone signal transduction in fruit skins of
Chinese jujube (Ziziphus jujuba)
Protein accession

Protein description

Cracked
vs
non-cracked

Cracked vs
non-cracke
d

P value

Gene name

1.587

Up

0.00608

1.48

Up

0.000743

LOC107417689;
LOC107417690
LOC107430166

Plant-pathogen interaction
XP_015881810.1
XP_015896451.1

putative calcium-binding protein CML19 [Z.
jujuba]
heat shock protein 82 [Z. jujuba]

Phenylpropanoid biosynthesis
XP_015879544.1

beta-glucosidase 13-like [Z. jujuba]

0.351

Down

1.81E-05

LOC107415658

XP_024922333.1

phenylalanine ammonia-lyase [Z. jujuba]

1.305

Up

0.040095

XP_024926183.1

peroxidase 4-like [Z. jujuba]

0.689

Down

0.000759

LOC107404213;
LOC107433056
LOC107411518

XP_015890285.1

"peroxidase 51, partial [Z. jujuba]"

0.687

Down

2.22E-06

LOC107424909

[Z,

1.373

Up

0.000138

LOC107423912

[Z.

0.724

Down

0.005881

LOC107409898

[Z.

1.301

Up

0.004364

LOC107420290

probable
xyloglucan
endotransglucosylase/hydrolase protein 23 [Z.
jujuba]
XP_015866400.1
probable
indole-3-acetic
acid-amido
synthetase GH3.1 [Z. jujuba]
Lignin catabolic and metabolic process

1.351

Up

0.000184

LOC107433023

1.34

Up

6.73E-08

LOC107403983

XP_015878553.1

laccase-15-like [Z. jujuba]

0.764

Down

0.000999

XP_015902437.1

laccase-14-like [Z. jujuba]

0.708

Down

0.000838

LOC107435354

XP_015878552.1

laccase-15-like [Z. jujuba]

0.629

Down

4.11E-05

LOC107414862

1.351

Up

0.000184

LOC107433023

1.403

Up

0.003496

LOC107422327

Alpha-Linolenic acid metabolism
XP_015889050.1

12-oxophytodienoate
reductase
3-like
jujuba]
XP_015872805.1
"lipoxygenase
3,
chloroplastic-like
jujuba]"
XP_015884706.1
"allene oxide synthase 1, chloroplastic
jujuba]"
Plant hormone signal transduction
XP_015899780.1

LOC107414863

Cell wall macromolecule metabolic process
XP_015899780.1

XP_015887252.1

Probable
xyloglucan
endotransglucosylase/hydrolase protein 23 [Z.
jujuba]
xyloglucan
endotransglucosylase/hydrolase
2-like [Z. jujuba]

Table 3. Differential accumulation of proteins related to molecular function oxidoreductase activity,
acting on peroxide as acceptor, enzyme regulator activity and peroxidase activity in fruit skins of
Chinese jujube (Zizipus jujuba)
Protein
Protein description
accession
Oxidoreductase activity, acting on peroxide as acceptor

Cracked vs
non-cracked

Cracked
vs
non-cracked

P value

Gene name

XP_024926183.1
XP_015890285.1

0.689
0.687

Down
Down

0.000759
2.22E-06

LOC107411518
LOC107424909

0.762

Down

0.000124

LOC107418546

1.54

Up

3.67E-05

LOC107406730

1.798

Up

5.54E-05

LOC107409476

cell wall/vacuolar inhibitor of fructosidase
1-like [Z. jujuba]
21 kDa protein-like [Z. jujuba]

0.752

Down

0.005435

LOC107405305

0.752

Down

0.000303

LOC107414343

XP_024926183.1

peroxidase 4-like [Z. jujuba]

0.689

Down

0.000759

LOC107411518

XP_015890285.1

"peroxidase 51, partial [Z. jujuba]"

0.687

Down

2.22E-06

LOC107424909

peroxidase 4-like [Z. jujuba]
"peroxidase 51, partial [Z. jujuba]"

Enzyme regulator activity
XP_015882735.1
XP_015869388.2
XP_015872399.1
XP_015867821.1
XP_015877940.1

Bowman-Birk type proteinase inhibitor
PVI-3(2)-like [Z. jujuba]
probable
pectinesterase/pectinesterase
inhibitor 17 [Z. jujuba]
miraculin-like [Z. jujuba]

Peroxidase activity

Mining of anti-cracking genes through correlation analysis of proteomics and transcriptome
In GO and KEGG metabolic pathways, transcripts and proteins regulating CML, peroxidase,
plant signal transduction pathway and relevant cellular metabolic enzymes were correlated.
In combination with previous studies, the 14 DEGs and DEPs (EG12, PE17, POD17, POD4, and
POD51), phytohormone signal transduction (ARF, JAZ, AUX/IAA, SAUR, GH3.1) and CML
(CML23 and CML19) are associated with fruit cracking. qRT-PCR validation was carried out
on these 14 genes and expression level analysis of cracked fruit samples at various
developmental stages was carried out. Figure 4 shows the results of qRT-PCR analysis of the
selected DEGs. Eight genes identified by transcriptome screening were consistent with the
transcript levels in the transcriptome data. This shows that transcriptome data can be used
as a basis for screening of relevant DEGs. Meanwhile, the results of proteome analysis
showed differential expression levels and qRT-PCR results showed six genes that regulate
four proteins. The expression levels of the genes regulating peroxidase (XP_024926183.1
and XP_015890285.1) were consistent with the expression levels in proteome data.
However, the expression levels of CML (XP_015881810.1), pectinesterase
(XP_015869388.2), and indole-3-acetic acid-amido synthetase (XP_ 015866400.1) were the
reverse of each other. (1.1, 1.2, and 1.3 are the skins of the cracked fruit; 2.1, 2.2, and 2.3 are
the skins of non-cracked fruit).
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Figure 4. Heat map showing the results of real-time quantitative-polymerase chain reaction (qRTPCR) validation of selected DEG(P)s

Analysis of expression level changes of the 14 candidate genes in cracked fruit skins at
different stages of fruit maturation (Fig. 5) revealed 11 genes (POD17, POD4, POD51, EG12,
PE17, CML23, CML19, ARF, SAUR, and GH3.1) that were highly expressed in cracked fruit
skins. POD17, POD4, POD51, EG12, and PE17 participate in increasing enzymes regulating
synthesis and accelerate substrate degradation to change fruit skin structure composition
and promote skin structural damage, resulting in skin cracking. ARF, SAUR, and GH3.1 genes
regulate hormone synthesis and change fruit skin hormone balance to cause fruit skin
cracking.

80 d after flowering
90 d after flowering
100 d after flowering
Fig. 5. Heat map showing the results of expression level analysis of candidate genes from cracked and
non-cracked fruit skins

PG, Cx, PME,POD and cellulase activities in fruit skins are associated with fruit cracking (Wen
and Shi, 2012; Wang et al., 2013; Li et al., 2018; Li et al., 2003;Liu et al., 2018). Chen et al.
(2015) found that EXP2, EXP3, and PE are closely associated with fruit cracking. The
expression level of POD2 in cracking-resistant watermelon varieties is higher than in
susceptible ones (Jiang et al., 2019). Six proteins were found associated with fruit cracking in
pomelos, of which two proteins are related to Ca2+ concentration (Li, 2009). In this study, the
combined transcriptome and proteome data analyses identified calcium ion transporter
genes in cracked fruit skins. CML23 gene and CML19 protein showed high and medium-low
expressions, respectively. Both CML23 and CML19 genes were highly expressed at different
stages of pericarp rupture. However, further experiments are essential to validate the
relationship between the CML genes (CML23 and CML19) and fruit cracking in jujube. In this
study, the results of transcriptome and proteome data analyses revealed differential
expression of genes and proteins in hormone signal transduction. Genes showing mediumhigh expression include ARF, JAZ, AUX/IAA, and SAUR while GH3.1 protein exhibited mediumlow expression in cracked fruit skins. Results of qRT-PCR showed 5 genes (ARF, JAZ,
AUX/IAA, SAUR, and GH3.1) with significant differential expression present between cracked
fruit and non-cracked fruit skins at different time points. Moreover, ARF, SAUR, and GH3.1
showed significantly higher expression in cracked fruit skins at different time points. This
showed that fruit skin hormone levels are associated with jujube fruit cracking.
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CONCLUSION
Transcriptome sequencing and proteomic analysis, identified 31272 transcripts and 5480
proteins. Of these, 5,425 genes were shared at both transcriptome and proteome levels.
Compared with uncracked fruit, 161 differentially expressed genes and 182 differentially
expressed proteins were found in cracked fruit. Eleven genes are highly expressed in
dehiscent fruit, and these genes may play an important role in the dehiscent process of fruit.
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ABSTRACT
In the context of durable viticulture, the initial propagating material is
primarily responsible for the health of vineyards from the virological point of view,
also this having an important role in controlling the spread of virus diseases. This
study analyzed the behavior of grapevine genotype infected with Grapevine fleck virus
('Regina viilor'), and grapevine genotypes infected with GFkV and Grapevine Pinot gris
virus ('Pinot gris 14 Șt.', 'Merlot 146 Mn.', 'Balaban alb') when applying in vitro
chemotherapy with ribavirin and oseltamivir used simultaneously, with the aim of
new virus-free plants regeneration. Regarding the phytotoxic effect of antivirals, the
apices and axillary buds of 'Pinot gris 14 Șt.' and 'Regina viilor' showed good
tolerance to treatment, while the explants of 'Balaban alb' and 'Merlot 146 Mn.' were
seriously affected, especially the axillary buds. The chemotherapy led to the effective
elimination of Grapevine fleck virus in all studied grapevine genotypes, while
Grapevine Pinot gris virus was eliminated in a rate of 75-100%, depending on the
genotype and type of explant. The phytotoxic effect induced by antivirals, the
tolerance of genotypes to certain treatment and the in vitro regenerative potential of
each genotype proved to be the main factors influence the efficiency of the applied
treatment and the number of virus-free plants obtained.
Keywords: Vitis, germplasm, GFkV, GPGV, ribavirin, oseltamivir, phytotoxic effect
INTRODUCTION
A sustainable strategy for the biodiversity protection of genetic resources from germplasm
collections for Vitis, requires the application of appropriate methods of diagnosis and
control of the diseases, as well as pathogens such as viruses. Constituting the initial
propagating material, the germplasm collections provide the propagation viticultural
material with high biological value, free of the main viruses (Grapevine fanleaf virus - GFLV,
Grapevine leafroll-associated virus 1 - GLRaV-1, Grapevine leafroll-associated virus 3 - GLRaV3, Grapevine fleck virus - GFkV). Worldwide, regulations and programs are applied in order
to detect viral diseases through specific testing methods, methods to prevent the spread of
viruses, rules for the circulation and exchange of biological material (Kress, 2016; Al
Rwahnih, 2018). The identification of simple or multiple infections involves the application
of viral elimination methods. The grapevine viruses behave differently to the sanitation
methods both in terms of virus elimination rates and the possibility of recurrence of the
infection. It seems that in vitro chemotherapy offers increased safety as compared to other
applied methods (Guță et al., 2018).
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Starting from 2006, at NRDIBH Stefanesti - Arges were performed studies on grapevine
viruses’ elimination by in vitro chemotherapy. The method was applied for the following
viruses: GFLV, GFkV, GLRaV-1, GLRaV-3 and grapevine virus A (GVA), both in simple
infections and in viral complexes. Among the chemotherapeutic substances were tested
ribavirin (Guță et al., 2017a), oseltamivir (Guță et al., 2010), their combinations (Guță et al.
2014, 2017b), and darunavir and isoprenosin (Guță and Buciumeanu, 2018).
This study aimed to evaluate the behavior of some grapevine genotypes under the in vitro
chemotherapeutic treatments to regenerate new virus-free plants, stored in the germplasm
collection.
MATERIALS AND METHODS
Four grapevine genotypes stored in the germplasm collection of NRDIH Stefanesti - Arges,
'Pinot gris 14 Șt.' - since 2008, 'Merlot 146 Mn'. – since 2011, 'Balaban alb' – since 2016 and
'Regina viilor' - since 2019 were found positive ELISA with GFkV. Also, to the first three was
identified the presence of Grapevine Pinot gris virus (GPGV), a virus that is not mentioned in
the list of pathogens affecting the quality of viticultural propagating material (Order
1267/2005), but increasingly present in plantations around the world. As a result, they
were introduced in the virus elimination program, the method applied being in vitro
chemotherapy with ribavirin and oseltamivir (patented procedure).
The treatment consisted in the in vitro cultivation of explants (apices and axillary buds)
collected from virus-infected plants, on M&S aseptic medium (Murashige and Skoog, 1962)
specific to grapevine (1 mg/L benzylaminopurine - BAP) and 0.5 mg/L -indolylacetic acid -AIA), supplemented with ribavirin and oseltamivir, for one subculture (30-45 days),
followed by 2-3 subcultures on basic medium, without viricides, until obtaining the in vitro
rooted plants. The multiplication and regeneration processes occurred in the growth
chamber, under controlled conditions.
The phytotoxic effect of chemotherapeutic substances on the evolution of explants (apices
and axillary buds) was evaluated, expressed by the multiplication rate (number of adventive
buds + shoots primordia + shoots, resulting from an initiated explant) and regeneration rate
(number of in vitro regenerated plants/initiated explant).
In vitro rooted plants were subsequently acclimatized and virologically tested by ELISA
(Clark and Adams, 1977), using commercial reagents from Bioreba, Switzerland, according
to the instructions in the reagent kits.
Multiplication and regeneration rates were statistically analyzed with SPSS 10 for Windows,
each initiated explant being a repetition, the differences being considered significant at
P<0.05, according to one-way ANOVA, LSD test.
RESULTS AND DISCUSSIONS
Chemotherapy with ribavirin and oseltamivir applies to the main grapevine viruses (GFLV,
GLRaV-1+3, GFkV) both in simple infections and viral complexes. The establishment of
treatment parameters aimed to obtain the highest virus elimination rates, taking into
account the phytotoxic effect induced by the used antiviral, virus infection, the regenerative
potential of various genotypes propagated by in vitro cultures and their tolerance to applied
treatment.
Ribavirin has a pronounced phytotoxic effect as compared to oseltamivir, expressed by the
multiplication rate and inoculum mortality (Guţă et al., 2009). In a previous study, at 40
mg/L ribavirin, the GFkV-infected Caner cultivar behaved by significantly decreasing the
multiplication rate after the first and second subcultures, so that the inocula did not survive
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after three subcultures of treatment. On the other hand, in the same genotype, oseltamivir
induced intense proliferation of adventive buds after the first subculture, which did not fully
evolve in the shoots differentiation and elongation and no registration of inocula mortality
at any concentration. The simultaneous use of the viricides ribavirin and oseltamivir, in
order to increase the GFkV elimination rate in a 'Tămâioasă românească' selection, allowed
the initiation of caullogenesis processes on all experimental variants, the mortality of
explants being not registered even after three consecutive subcultures of treatment (Guță et
al., 2010).
Because in this study GPGV infects three genotypes, the application of chemotherapy with
ribavirin and oseltamivir can bring information on the possibility of eliminating this virus.
The response of the studied genotypes to the phytotoxic effects of the drugs was different. The
explants, both the apices and the axillary buds of 'Pinot gris 14 Șt'. and 'Regina viilor'
genotypes showed good tolerance to medium supplemented with viricides (Figure 1), while
at 'Balaban alb' and 'Merlot 146 Mn.' genotypes were recorded necrosis until the loss of
viability, especially of the axillary buds (Figure 2).

Figure 1. Aspect of explants, apices (left) and axillary buds (right), belonging
to 'Pinot gris 14 Șt'. genotype after a subculture on medium with viricides

Figure 2. Aspect of explants, apices (left) and axillary buds (right), belonging
to 'Balaban alb' genotype after a subculture on medium with viricides

As expected, the presence of chemotherapeutic compounds in the medium (subculture 1)
determined a weak caullogenesis, the multiplication rates recorded being quite low in both
types of explants, in all studied genotypes. The subcultivation on medium without viricides
(subculture 2) determined sometimes a significantly growth of apices from 'Pinot gris 14 Șt.
' and 'Balaban alb' or of axillary buds from 'Merlot 146 Mn'. and 'Balaban alb' genotypes, as
compared to the subculture 1. Also, after the next viricide-free subculture (subculture 3), the
genotypes behaved differently: some continued their adventive bud formation processes,
thus increasing the multiplication rates (apex cultures of 'Balaban alb' and 'Regina viilor',
axillary buds cultures of 'Pinot gris 14 Șt.', 'Merlot 146 Mn.' and 'Regina viilor'), to others
started the differentiation and elongation of the shoots (apex cultures of 'Pinot gris 14 Șt'.
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and axillary buds culture of 'Balaban alb'), which led to the decreasing of multiplication rate
(Figure 3).

a)

b)
Figure 3. The effect of chemotherapy during a subculture, on the development of apices (a), (upper)
and axillary buds (b), (bottom) collected from virus-infected grapevine genotypes ('Pinot gris 14 Șt.',
'Merlot 146 Mn'. and 'Balaban alb' infected with GFkV + GPGV; Regina viilor infected with GFkV).
Values are mean ± SD, the bars indicate the standard deviations, the lowercase letters represent
significant differences at P<0.05 comparing the cultures on media with viricides (subculture 1) with
those after treatment (subcultures 2 and 3)

Although micropropagation leads to a very large number of new plants as compared to
classical propagation methods, chemotherapeutic treatments reduced the progressive
development of initiated explants, so that quite a few in vitro rooted plants were obtained to
all studied genotypes. It is taken into account that the acclimatization of in vitro rooted
plants requires some processes of adaptation to ex vitro conditions, the rates of new plants
obtaining are often sub-unitary (Table 1).
These quantifications are useful for a relative assessment of the number of explants
required to be treated with chemotherapeutics leading to a sufficiently large batch to
identify virus-free plants. It should be borne in mind, however, that these indicators
dependents on grapevine genotype and virus infection.
The new regenerated plants were ELISA- tested individually to assess the efficiency of GFKV
and GPGV elimination. In all studied genotypes, GFkV was total eliminated, which once again
confirmed the effectiveness of chemotherapeutic treatments in the regeneration of new
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GFkV-free plants (Table 2). Similarly, results were previously obtained to other grapevine
genotypes (Guță et al., 2014, 2017a).
Table 1. Evaluation of in vitro rhizogenesis and regeneration of new grapevine plants,
after in vitro chemotherapy (mean values ± SD)
Grapevine genotype

Explant

In vitro rooted plants
(rate*)
'Pinot gris 14 Șt.'
apex
2.11 ± 0.1753
axillary bud
3.30 ± 0.5774
'Merlot 146 Mn.'
apex
0
axillary bud
2.27 ± 0.4536
'Balaban alb'
apex
0.71 ± 0.3573
axillary bud
0.33 ± 0. 5627
'Regina viilor'
apex
1.00 ± 0.7652
axillary bud
1.16 ± 0.5879
* in vitro rooting rate = no. of in vitro rooted plants/initiated explant
** regeneration rate = no. of ex vitro regenerated plants/initiated explant

Regenerated plants
(rate**)
0.70 ± 0,4358
1.92 ± 0.3572
0
0.33 ± 0.7835
1.42 ± 0.7389
0.20 ± 0.1536
1.62 ± 0.9824
0.08 ± 0.1439

Regarding the GPGV- elimination by in vitro chemotherapy, the only one available reference
indicates the use of ribavirin. After 8 weeks of treatment in the first stage, the efficiency of
the method was 66.7% at a concentration of 10 mg/L ribavirin and 86.7% at 20 mg/L
ribavirin. Application of the same parameters of treatment in a new stage led to the
complete sanitation of two genotypes out of three treated with both concentrations of
viricide (Komínek et al., 2016).
In our study (with one subculture of treatment with the chemotherapeutic mixture ribavirin
and oseltamivir), GPGV was eliminated in different rates, ranging from 75 to 100%,
depending on grapevine genotype and type of in vitro initiated explant culture (Table 2).
Table 2. Efficiency of virus complex GFkV+GPGV elimination by in vitro chemotherapy
Genotype

Explant

'Pinot gris
14 Șt. '
'Merlot
146 Mn. '
'Balaban
alb'
'Regina
viilor'

apex
axillary bud
apex
axillary bud
apex
axillary bud
apex
axillary bud

Tested
plants
(No.)
6
23
0
4
2
3
8
4

GFkV-ELISA
negative
plants
(No.)
6
23
0
4
2
3
8
4

GFkV
elimination
efficiency
(%)
100
100
0
100
100
100
100
100

GPGV- ELISA
negative
plants
(No.)
6
20
0
3
2
3
-

GPGV
elimination
efficiency
(%)
100
86.9
0
75
100
100
-

If the efficiency of virus elimination is assessed according to the types of explants used to
initiate chemotherapeutic cultures, it is observed that GFkV was total eliminated in both
inoculum types, while at GPGV, the apices culture led to its total elimination in 'Pinot gris 14
Șt.' and 'Balaban alb' genotypes (to 'Merlot 146 Mn.' genotype recorded the mortality of
explants under the influence of chemotherapeutics), and from the axillary bud were
regenerated virus-free plants of 75, 86.9 and 100% (Table 2).
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CONCLUSIONS
The present study showed that in vitro chemotherapy based on the use of the mixture of
ribavirin and oseltamivir antivirals was useful for GFkV-elimination both in simple infection
at 'Regina viilor' genotype, and in complex with GPGV at 'Pinot gris 14 Șt.', 'Merlot 146 Mn.'
and 'Balaban alb' genotypes.
GFkV was effectively eliminated in all studied genotypes.
The GPGV-elimination rate proved to be dependent on the grapevine genotype and type of
explant: 75% to axillary bud culture of 'Merlot 146 Mn.', 86.9% to axillary bud culture of
'Pinot gris 14 Șt.' and 100% to both types of explants of 'Balaban alb'.
The phytotoxic effect induced by antivirals, the tolerance of genotypes to certain treatment
and the in vitro regenerative potential of each genotype proved to be the main factors
influence the efficiency of the applied treatment and the number of virus-free plants
obtained.
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ABSTRACT
The technology of in vitro micropropagation of the apple rootstock MM 106 was
developed. From 80 to100% rooting was obtained in variants with indole-3-butyric
acid (IBA) 1-2 mg/l. A diagnostic polyclonal antiserum to the apple stem pitting virus
(ASPV) was obtained. The results of the virus elimination of apple cultivars 'Coreor',
'Coredova', 'Coretard', 'Izvoras' genetically resistant to scab Venturia inaequalis
Cooke Wint using methods of thermotherapy are described. The virus free clone’s
category Prebase were planted in the depozitarium of the institute in order to
increase and preserve the virus-free genefond of pome fruit crops.
Keywords: thermotherapy, micropropagation, antiserum, testing, clonal rootstock
INTRODUCTION
The production of apples, like other fruits, plays an important role in the economy of the
Republic of Moldova. A significant reserve for increasing production and improving the
quality of fruits is the effective protection of plantations from pests and diseases, among
which virus and virus-like diseases have a special role. Direct crop losses from them are
estimated at 20-25%. At the same time, the quality of products decreases (Calaşean et. al.,
2012). The general adaptability of the plant to unfavorable environmental factors decreases,
especially to a moisture deficit in the soil and air, to sharp temperature fluctuations in the
autumn-winter period.
Viruses negatively affect the survival rate of buds in the nursery and the yield of first-class
seedlings, the quantity, and quality of cuttings of clonal rootstocks in the mother plant, and
their ability to root. Some viruses cause abnormal development of pollen, its partial or
complete sterility. This, in turn, leads to a constant decrease in fruit set in infected plants,
which is especially acute in years with unfavorable weather conditions during the flowering
period. It has been established that many causative agents of virus and virus-like diseases
cause premature death of fruit plants. Often, affected trees develop a syndrome of
incompatibility between the scion and rootstock, which leads to low productivity or
complete death (Calaşean et. al., 2012).
Virus diseases of fruit crops, unlike most fungal ones, are chronic and systemic. The use of
infected trees as mother trees leads to the production of planting material from the very
beginning, infected with viruses. (Verderevskaya and Kegler, 1980). At the same time, the
disease remains "hereditary", and such seedlings will never be able to realize all the
advantages inherent in this cultivar and rootstock.
It is known that chemical remedies used against fungal and bacterial diseases are not
effective against viral infections. It is also known that viruses do not have their metabolism
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and for reproduction, they use the same mechanisms and processes that are involved in the
host plant. Therefore, all active substances capable of suppressing the synthesis of viruses in
infected plants, at the same time, reduce productivity. Modern methods of dealing with them
are based on the use of methods of healing and propagation free from overt and covert
infection by viruses. By the method of micropropagation in vitro, cultivars and rootstocks of
pome breeds rapidly multiply in the world (Chernets et. al., 2003). Thermotherapy has been
successfully applied against viruses from fruit crops and grapes.
Thus, diagnostic methods are of great importance. Their constant improvement makes it
possible to reliably control the phytosanitary state of the planting material.
In June 2013, Official Monitor No. 136-139 Published Government Decree No. 415 on the
approval of the Norm on the production, control, certification, and sale of material for the
propagation and planting of fruit crops.
This document is harmonized with the legislative acts of the European Union and is a
prerequisite for the integration of the Republic of Moldova into the European Union
(Government Decision no. 390 of April 29, 1997; Government Decision no. 415 of June 21,
2013).
MATERIAL AND METHODS
Biotype of the clonal rootstock of the apple tree MM106 was used. The material of our
research was the genetically resistant to scab Venturia inaequalis Cooke Wint 4 apple
cultivars 'Coreor', 'Coredova', 'Coretard', 'Izvoras', obtained from the doctor habilitated
professor Bukarchuk V.F. We used diagnostic kits for ELISA (Clarkand, 1977) to viruses of
chlorotic apple leaf spot virus (ACLSV), apple stem grooving virus (ASGV), apple stem pitting
virus (ASPV), apple mosaic virus (AMV). We also used diagnostic antisera of our production
for the above viruses. Preliminary testing and retesting of cultivars were carried out using
ISEM (Milne and Luisoni, 1977), ELISA, and the method of wood indicators. The ISEM results
were visualized using a TESLA BS 500 electron microscope. The ELISA results were read
using a SANOFY PR 2100 photometer.
Propagation of the clonal rootstock MM106 was carried out by the in vitro method using
nutrient media in our modification. Explants 0.5, 2, 5 mm in size were isolated from
artificially awakened buds in February, naturally swollen buds in March-April, and from the
tops of shoots in May. The main nutrient medium was composed of macro and micro salts
according to Murashige (1962), in our modifications. We changed the concentration of 6benzylaminopurine from 1 to 4 mg/l, gibberellic acid from 0.5 to 1 mg/l. Rooting was made
on agarized and liquid nutrient media with a reduced concentration of macro-micro salts,
the absence of cytokinin, and varying the concentration of indole-3-butyric acid from 0.5 to
5 mg / L. The adaptation was carried out in various substrates consisting of peat, perlite,
sand in different volume fractions. Plant acclimatization after in vitro was carried out in
glass greenhouses during the spring period.
The production of diagnostic antisera to ASPV was carried out according to the methods
established by other authors (Van Oosten, 1972; Yanase et. al., 1989) and in our
modification. We used 3 isolates of the ASPV found in the infected cultivars. Virus
propagation was made on herbaceous indicator plants Nicotiana occidentalis 37B during the
period necessary to obtain a purified virus preparation.
Dry-air thermotherapy was carried out in a specially designed thermal chamber located
inside a glass greenhouse. The temperature in the daytime (four 16 hours) was 37±20C, and
280C at night in the zone of the growth point (Chernets and Calashean, 2012). Heating was
carried out using special equipment. The cycle of thermotherapy was carried out for 5
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weeks. Grafting of cultivars tops was carried out on actively growing rootstock MM106,
individually planted in plastic vessels.
RESULTS AND DISCUSSIONS
Micropropagation of MM106 rootstock
To develop a micropropagation technology, 10 mother bushes of a medium-sized MM-106
were used. The rootstocks were free of latent pome crop viruses. As a result of three years of
experimentation, it was clear that the best time for isolation was March. The percentage of
explants that started to grow was from 35 to 60% (Figure 1). To make nutrient media
instead of 3 basic stock solutions, we used 7, which allowed us to use salt concentrates for a
longer time (Chernets et al., 2003). In this case, concentrated salt solutions were prepared
using a special technique.
From the introduction into the culture to the stage of rooting of the plants, the rootstocks
took from 7 to 10 passages. The average coefficient of formation of new shoots was from 1.2
to 4.56 per passage (Figure 2).

Figure 1. Plants after two months.

Figure 2. Mass micropropagation apple rootstocks.

Varying the concentration of thiamine chloride from 0 to 3.2 mg/L did not significantly
affect either the number of new shoots or their height. An increase in the concentration of 6benzylaminopurine (BAP) from 1 to 4 mg/L led to an increase in the number of additional
shoots by 40%, but at the same time, the formation of callus on the bases of the shoots was
noted, which is not desirable in the process of micropropagation.
At the stage of rooting, BAP was excluded from the composition of the medium and the
concentration of macro and microelements was halved. From 80 to100% rooting was
obtained in variants with indole-3-butyric acid (IBA) 1-2 mg/l. The resulting rooted
microplants had a height of 2.62-2.81 cm, 3-5 roots with a total length of up to 15 cm. As an
alternative method of in vitro rooting, we used a liquid nutrient medium with a support
made of special paper. The resulting plants were chlorotic with single small roots. An
increase in the concentration of auxin led to the death of the tested plants.
One of the main stages in the technological process is the acclimatization of
micropropagated plants grown under artificial conditions to the conditions of the
greenhouse. Apple rootstock plants grown under aseptic conditions have an
underdeveloped cuticle. The following adaptation factors are essential: substrate, air and
substrate humidity, mineral fertilizers, temperature, pests, and diseases.
It is known that both low (+ 1-50C) and high (+ 30-350C) temperatures limit the survival rate
of test tube plants. In the conditions of Moldova in unheated greenhouses, the optimal time
for planting rootstocks according to the temperature factor turned out to be April-May. In
vitro plants were planted in the evening.
The best substrate was a mixture of peat with perlite in a ratio of 1: 1 with a top layer of
fine-grained perlite 3-4 cm high. The pH of the substrate was preliminarily adjusted to 6-6.2
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by adding 15-25 g of lime dust per 10 kg of substrate. A mixture of perlite and peat retains
moisture well, so it does not require frequent watering. But for successful adaptation, high
air humidity was required, comparable to the air humidity in test tubes in which the plants
were grown. We achieved this by placing plants under plastic wrap tunnels. The first 3
weeks after planting the relative air humidity was maintained at 80-90%. Then the humidity
gradually decreased. Experiments conducted earlier showed that a sharp decrease in
humidity leads to the so-called phenomenon of growth arrest, from which mini-plants can
emerge only after passing through a period of winter dormancy.
Obtaining purified preparations of apple stem pitting virus
In the experiments on purification of received by us ASPV isolate, the methods developed in
Holland by Nan Oosten (1972) and Yanase et. al., (1989) in Japan were taken as a basis.
In experiments where the technique developed by Japanese researchers was tested, the
clarification of the plant extract was carried out with a gel consisting of dibasic sodium
phosphate and calcium chloride. For this, systemically infected growing leaves of the
indicator Nicotiana occidentalis 37B were homogenized in 0.02M phosphate buffer pH-7.4
in a ratio of 1:4. After low-speed centrifugation, the plant extract was added dropwise with
constant stirring on a magnetic stirrer 1M Na2HPO4 in an amount of 6 ml for every 100 ml
of vegetable juice and 1.5 ml/100 ml of 2M CaCl2 under the same conditions.
The clarified preparation obtained after low-speed centrifugation was centrifuged on a 20%
sucrose pad at 120,000 g for 90 min. The resulting precipitate was resuspended in 0.01M
Na-phosphate buffer with the addition of 0.5% Triton X-100. After low-speed centrifugation,
the preparation was ultracentrifuged on a 30% sucrose pad under the same conditions. The
precipitate was resuspended in 0.01M borate buffer pH 8.0 with the addition of 0.5M urea to
reduce particle aggregation. Checking in an electron microscope showed the presence of
filamentous viral particles in the preparation. When determining the purity of the viral
preparation from the admixture of normal proteins of the host plant using a
spectrophotometer, we did not obtain a characteristic curve. Perhaps this was due to
insufficient clarification of the plant extract at the initial stage of purification.
Taking into account the unsatisfactory results obtained by us in the purification of ASPV
according to the method of Japanese researchers, we began to investigate the method of
purification of the plum globule virus with approximate morphological parameters
proposed by the Netherlands researcher Van Oosten, (1972). A significant difference
between these methods lies in the fact that when developing a method for purifying the
plum pox virus, used TRITON X-100 to clarify the plant extract.
After homogenization of the infected tissues, 3-5% TRITON X-100 was added drop by drop
to the plant extract, which was gently stirred for 30 minutes on a magnetic stirrer at a
temperature of + 400C, followed by ultracentrifugation of the supernatant for 90 min at
90,000 g. The clarified plant sap was centrifuged for 10 min at 5000 g. Examination under an
electron microscope showed the presence of numerous filamentous particles of various
lengths in the specimen (Figure 3). However, attempts to fractionate the virus in a sucrose
gradient of 10-40% were unsuccessful since the viral particles irreversibly precipitated.
In subsequent studies, we returned to the developments of Japanese researchers (Yanase et.
al., 1989) with some changes that concerned the first stage of purification, namely,
clarification of the plant extract. Instead of clarifying the plant extract with gel, TRITON X100 was used. The clarified plant extract was ultracentrifuged at 90,000 g for 90 min. The
resulting precipitate was suspended and centrifuged at 5000 g for 10 min to remove
impurities.
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Figure 3. ASPV particles before
ultracentrifugation sucrose gradient. x18000

Figure 4. Purified preparation
ASPV in a x18000

The previously purified virus suspension was further purified according to the method of
Japanese researchers.
Inspection of the purified preparation in an electron microscope showed the presence of
filamentous particles, the morphology of which was not disturbed (Figure 4).
The spectrophotometric curve of the purified preparation obtained by us, according to the
optimized method, had one peak with a minimum at a wavelength of 240 nm and a
maximum at a wavelength of 258 nm, which characterized the preparation as a
nucleoprotein, (Figure 5).

Figure 5. The spectrophotometric curve of the purified ASPV preparation.
Max is indicated at a length of 258 nm.

The ratio of the A260 / 280 value is 1.5-1.8, which is consistent with the literature data.
Such preparations of the purified virus were used to immunize experimental animals.
Antiserum preparation and determination of its quality
To obtain antisera to ASPV, we used a short immunization schedule, consisting of three
injections of experimental animals with a weekly interval, and two reimmunizations at the
time of falling to the minimum value of the antiserum titer. Chinchilla rabbits were selected
for immunization. The first injection was performed using Freund's complete adjuvant,
injecting the virus preparation subcutaneously along the spine. One week later, a virus
preparation with incomplete Freund's adjuvant was injected into experimental rabbits into
the large muscle of the hind legs. The third injection was carried out by injecting a pure
virus preparation into the large veins of the rabbits' ears. On the 21st day from the start of
immunization, blood was taken from the experimental animals from the ear vein to
determine the activity of antibodies in the blood serum.
Determination of the quality of the antiserum was carried out by immunosorbent electron
microscopy. For this, freshly obtained antiserum was diluted with 0.01 M Na/K - phosphate
buffer pH-7.4 to values from 1: 8 to 1: 4096. Each fraction of the diluted antiserum was then
used for making preparations in order to evaluate the activity of antibodies of the obtained
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antiserum in an electron microscope. The criterion for evaluating the final dilution of the
antiserum (titer) was the specific antigen-antibody reaction, which occurred during the
treatment of virus particles caught on the object grid from the raw juice of infected
Nicotiana occidentalis 37B plants with serum antibodies of the appropriate dilution.
Studies to determine the quality of antisera by the ISEM method with an interval of 7 days
until the minimum value of antibody activity was reached. On the 62nd day from the start of
immunization, the animals were boosted twice at weekly intervals. On day 77, the antiserum
titer recovered to a value of 1: 2048. The above activity of antibodies of the obtained
antisera was kept at a maximum level up to 115 days from the start of immunization.
The resulting high titer antiserum was used later to obtain a diagnostic kit for the studied
virus and to optimize the ELISA.
The immunization scheme we used in the experiment made it possible to obtain a highly
specific antiserum to ASPV.
Obtaining healthy clones by thermotherapy
Dry-air thermotherapy was carried out in special heat chambers developed by us in
greenhouse conditions. In 2016, we tested all trees of the 'Coreor', 'Coredova', 'Coretard',
'Izvoras' cultivars growing in the institute's collection by the ELISA and ISEM method. These
trees were tested for the presence or absence of viruses infecting the apple tree, which are
mandatory for testing according to the certification system for virus-free planting material.
Studies showed the presence of chlorotic apple leaf spot virus (ACLSV), apple stem pitting
virus (ASPV) and apple stem grooving virus (ASGV) in all samples. As a result of our
analyzes, the apple mosaic virus (AMV) was not detected. To carry out rehabilitation work
in the summer of 2016, 15 plants of each cultivar were grafted. Buds for grafting were
selected by the breeder author of the cultivars Bukarchuk V.F from trees that met all
agrobiological and pomological characteristics of these cultivars. Within a cultivar, one tree
was selected and assigned a special code. As a rootstock, we used a virus-free, medium-sized
MM 106, which had been propagated earlier in vitro culture. The rootstocks were grown
individually in three-liter vessels in an enriched soil mixture.
Table 1. Testing of apple samples by the ISEM after the first cycle of thermotherapy in 2018.
Cultivar

Number of clones
obtained

ACLSV

ASGV

ASPV

AMV

'Izvoras'
'Coreor'
'Coredova'
'Coretard'

7
6
5
5

0
0
0
0

1
2
0
1

1
0
1
2

0
0
0
0

In 2018, 7 trees of the 'Coreor', 'Coredova', 'Coretard', 'Izvoras' cultivars were randomly
placed in two heat chambers installed in a glass greenhouse in May. Within two weeks, the
temperature in the growth zone of the apex was raised by two degrees every 48-72 hours.
Thermotherapy was carried out for 35 days at a temperature in the chamber + 380C ± 10C
and the temperature in the root zone + 280C ± 20C. The light period was natural (Figure 6).
In the course of thermotherapy, the death of individual plants was noted. We saw that 3-5
shoots developed from individual plants (Figure 7). From the shoots, the growth of which
during the therapy was more than 35 cm, the tops of 0.5–1 cm in length were isolated. The
tops were grafted onto a virus-free MM 106 growing individually in 1-liter containers. The
maximum conditions were created for the best fusion of the tops. The survival rate varied
from 35 to 40% depending on the cultivar. Two months later and in the spring of the
following year, the plants were tested.
As a result of the first cycle of thermotherapy, we managed to heal the plants from the
chlorotic leaf spot virus of the apple tree. (Table 1).
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Apple stems pitting virus and apple stem grooving virus were identified as a result of
testing.

Figure 6. Thermal chamber for carrying out
Dry-air thermotherapy in greenhouse

Figure 7. Apple tree plant in
thermal chambers at the stage conditions

Guided by the received data on the detection of latent viruses in individual plants it was
decided to conduct a second cycle of thermotherapy in the next growing season. After the
second cycle of dry air thermotherapy, the plants were tested again for viruses. The test
results showed the absence of latent apple viruses (Table 2).
Table 2. Testing of apple samples by the ISEM after the second cycle of thermotherapy in 2019.
Cultivar
'Izvoras'
'Coreor'
'Coredova'
'Coretard'

Number of clones obtained
8
5
6
4

ACLSV
0
0
0
0

ASGV
0
0
0
0

ASPV
0
0
0
0

AMV
0
0
0
0

All plants that had undergone two cycles of dry-air thermotherapy were planted in a
container with a volume of 10 liters (Figure 8). In 2020-2021the plants tested by ELISA
using diagnostic kits from BIOREBA AG and LOIWE showed the absence of viruses.
Biological testing on woody indicators showed the absence of viruses.
The more developed two-plant cultivars category Prebase were planted in the depositarium.
In depositorium of this kind, the trees are kept following international standards for the
certification of virus-free planting material. The presence of a mosquito net prevents the
ingress of insects, vectors-carriers of viral diseases.
In the future, the plants will be propagated according to certification schemes European and
Mediterranean Plant Protection Organization.

Figure 8. Apple plants that undergone two cycles of thermotherapy.
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CONCLUSIONS
The technology of micropropagation in vitro of vegetative medium-sized rootstock MM106
has been worked out. The diagnostic polyclonal antiserum obtained by us to ASPV showed
sensitivity at the level of diagnostic kits to this virus from other manufacturers. The adapted
plants were used for laying a mother plant in the field and for carrying out experiments on
the improvement of scab-resistant apple 'Coreor', 'Coredova', 'Coretard', 'Izvoras' cultivars.
The use of two cycles of thermotherapy made it possible to obtain completely virus free
clones of cultivars. The trees category Prebase was transferred to depozitarium (nuclear
stock) according to certification schemes European and Mediterranean Plant Protection
Organization.
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ABSTRACT
Tea growing in Azerbaijan is concentrated on an area of 5.33 thousand square
kilometers, located within the Lankaran and Astara districts, including the districts of
Astara, Lankaran, Masally, Lerik, Yardimly and Jalilabad. About 90% of Azerbaijani
tea is produced in Lankaran, near the southern border with Iran. Tea was first grown
in the Caspian region of Azerbaijan in the 1880s. Due to its favorable climatic
conditions, the region currently produces 99% of the Azerbaijani tea harvest. The
cultivation of tea in the country is limited by soil and climatic conditions and the
biological characteristics of plants. The article gives a general characteristic of tea
plantations growing in the conditions of the Lankaran-Astara zone (southern part) of
the Republic of Azerbaijan, which is relatively unfavorable for tea plants. The results
of research on clonal breeding of tea are presented, to select new forms to increase
productivity and product quality. It is noted that during seed propagation, tea bushes
have a significant difference in morphological and biological characteristics. Tea
plants differ in yield, the strength of shoots, quality indicators of raw materials,
length of the growing season, generative activity, and other economic characteristics.
The variability inherent in the tea plant can be successfully used for the selection and
isolation of the forms most valuable in terms of breeding characteristics, and their
further vegetative reproduction. The transfer of the tea-growing industry of the
republic to a modern scientific basis by breeding and planting plantations with new
high-yielding and high-quality cultivars - clones will contribute to the intensification
of production.
Keywords: shoot intensity, biochemical parameters, yield, flushes, vegetative propagation,
morphological characteristics
INTRODUCTION
Tea is a widespread drink. Its value for the human body is estimated by many properties:
the ability to quench thirst, maintain a high tone of the body, promote vigor and work
capacity of a person. Thanks to these and other positive properties of tea, which in the initial
period of its use was only a Chinese national drink, now it has become an international
industrial commercial consumer product. The beneficial properties of the tea drink have
been described by numerous researchers. Improving the varietal composition of tea
plantations is one of the most difficult and complex problems of the tea industry.
The plantings available in the tea economy of Azerbaijan are a mixture of various
morphological groups and transitional forms between them. It is known that the original tea
in Azerbaijan was represented by seeds and seedlings obtained from various regions of
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Georgia, China, etc. During seed reproduction, it gives offspring that is heterogeneous in
several morphological and biological characteristics.
Lankaran-Astara subtropical zone is the main base of tea growing in Azerbaijan (Figure
1and 2). The following districts are engaged in tea cultivation: Lankaran, Astara, Masalli,
partly Lerik, and slightly grow tea in the Zagatala-Balakan zone of Azerbaijan. LankaranAstara zone belongs to the zone of humid subtropical climate of the Mediterranean type. It is
characterized by mild winters, short springs, hot summers, long and warm autumn. In
general, the main distinguishing feature of the climate of the Lankaran-Astara zone, in
comparison with the tea-producing regions of Western Georgia, is a lower moisture supply,
with its uneven distribution throughout the year. In the spring-summer period, only 28.2%
of the annual (1200-1300 mm) precipitation falls. In the autumn-winter period, 71% of
precipitation falls, which causes temporary waterlogging of the soil of certain areas. In this
zone, there are certain edaphic conditions - instead of the red soils of Georgia, yellowpodzolic, yellow-earth mountain-forest, gley, swampy soils, less favorable in physical and
mechanical properties and fertility, are common here, which created special difficulties in
their development for tea (Sanikidze and Sardzhevladze, 1973; Cheruiyot et. al., 2007).

Figure 1-2. Tea plantations of the Lankaran-Astara zone of Azerbaijan (southern part of the country)

The mutual combination of meteorological indicators and soil conditions creates a kind of
ecological environment that differs from other zones of the world tea growing. In this
regard, the question arises of searching for other, more reliable methods of soil
development and establishment of tea plantations concerning the climate characteristics of
the humid and semi-humid subtropics of Azerbaijan. As a result of the unfolding research
work in the Lankaran branch of the Azerbaijan Scientific and Production Association of
Horticulture and Subtropical Crops (AzSPAHSC), this method was found.
As you know, one of the powerful factors for increasing the yield of tea plantations and
improving the quality of products is the breeding of selected cultivars of tea, adapted to the
local climatic conditions of cultivation (Bakhtadze, 1971; Guliev and Babaev, 1982; Gvasalia,
2015). The technology of tea cultivation in the subtropics of Azerbaijan should ensure longterm productivity, high yield, and high quality products, taking into account the main
limiting factor - regulation of the water regime of the soil and plants, in combination with
other links of plantation care.
Large studies in this direction were carried out by the employees of the Lankaran branch of
AzSPAHSC and the Lankaran Regional Scientific Center of the National Academy of Sciences
of Azerbaijan on such important issues of tea growing as biology, breeding, and seed
production of tea. The main method in breeding work was the classical selection method selection of initial pairs according to a complex of traits, hybridization by additional
pollination with a mixture of pollen, selection of hybrid seedlings according to the sum of
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positive traits, their improvement by selection and additional pollination, consistent in three
generations.
In Azerbaijan, tea plantations are a mixture of various morphological groups of the Chinese
and transitional forms between them. It is known that the original seed material of tea was
brought to Azerbaijan from Georgia, which in turn was obtained from various regions of
China, Japan, India, and Ceylon. Dilution of this material in several generations gave the tea,
which is known in our country under the name of local-Azerbaijani. During seed
reproduction, it splits, as a rule, it gives offspring heterogeneous in several morphological
and biological characteristics (Makarova, 1936; Daraselia et al.,1989).
Thus, established tea plantations differ in the yield of tea leaves, the strength, and intensity
of shoot formation, the energy of shoot growth, the length of the growing season, the nature
of branching, the degree of generative activity, winter hardiness, drought resistance, and
other economic characteristics. At the same time, tea bushes differ among themselves and in
biological characteristics that determine the quality of the finished tea product (Tuov, 2010;
Tuov and Ryndin, 2011). The variability of the tea genus creates the possibility of a wide
selection of selectively valuable forms. Along with economically productive plants, lowyielding bushes grow on tea plantations, the presence of which is undesirable, since they
create variegated plantings and make it difficult to properly care for the tea culture and
reduce the yield and quality of the product (Bakhtadze, 1971); Gabrichidze, 1974;
Kutubudze and Mutovkina, 2008; Gvasalia, 2015). The heterogeneity like the development
and vegetation of tea bushes makes it difficult to use agrotechnical methods of care,
especially with mechanized care and collection of leaves, in which the uniformity of the
trellis in height and the simultaneous appearance of flushes are of great importance. The
diversity of plantings in terms of quality also complicates technological processing and
obtaining high quality products (Kolemishvili et al., 1941; Tuov et al., 2012).
The value of this study lies in the use of the variability that is inherent in the tea plant and the
breeding, on its basis, of forms valuable in terms of economic characteristics and their further
vegetative reproduction. Breeding new high-yielding, high-quality clones of tea will make it
possible to transfer the tea-growing industry in the republic to varietal production and
increase its efficiency. This complies with the requirements approved on February 18, 2018,
by the State Program for the restoration and development of tea growing in Azerbaijan. The
implementation of this program will significantly meet the needs of the country's population
with high-quality domestically produced tea. In the Lankaran-Astara humid-subtropical zone
of Azerbaijan, research on the propagation of tea by the vegetative method was carried out in
the Lankaran branch of AzSPAHSC in the 70s of the last century.
Studied vegetative propagation of tea by cuttings. Rooting of tea cuttings was carried out, as
was customary for tea-producing regions of the world, and in particular in Western Georgia, in
the open field. These studies in Lankaran did not give positive results, due to the unfavorable
conditions of the zone - arid climate, high air temperature, and low relative humidity. Under
such conditions, tea cuttings could not form a root system, and attempts to regulate soil
moisture by artificial irrigation and shading the cuttings did not give the desired result.
Thus, due to the unfavorable conditions in the Lankaran-Astara subtropical zone in the open
field, it is almost impossible to obtain root formation during the vegetative propagation of
tea by cuttings. In the years 1982, (Guliev and Babaev, 1982), and 1986, respectively
(Babaev, 1986), the researchers in the Lankaran branch of AzSPAHSC tea had concerns
related to the vegetative multiplication of tea. They developed and recommended a
vegetative propagation through green cuttings in a soil substrate in polyethylene bags in
rooms under the frame, in the presence of a steaming installation.
Currently, in modern literature, the issue of vegetative reproduction is well developed and
this method is widely used on several crops, being most widely used in fruit growing.
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The first works on the vegetative propagation of a tea plant in Georgia were presented by
Kvaratskhelia, (1930) at the Tea Institute, in the village of Anaseuli, Maharadze region of
Georgia. He also started it back in 1928 at the Sukhum experimental station.
Vegetative propagation of tea in Georgia was carried out by Acad. Bakhtadze (1974) but also
by authors (Mutovkina, 1974; Makarova, 1936; Kolemishvili, 1941; Gabricidze,1974;
Bakhtadze, 1971; Kutubudze and Mutovkina, 2008; Gvasalia, 2015; Gvasaliya et. al., 2019).
In the 1980s, the Scientific Research Institute of Tea and Subtropical Crops (Georgia)
developed and recommended a method of vegetative propagation of tea by cuttings.
In some provinces of Japan (Shizuko, Kanaya), tea plantations with cuttings have long been
used.
According to Gabricidze (1974) earlier in Ceylon, the method of vegetative propagation of
tea was used for breeding individual bushes. A little later, in Ceylon, vegetative propagation
by cuttings in plastic bags was also of industrial importance. New tea plantations or
replanting of old ones was carried out by planting cuttings of their best zoned clones.
MATERIALS AND METHODS
Research on clone selection was started. as it was indicated in the 80s of the last century in
the Lankaran branch of AzSPAHSC. The selection of plants on tea plantations, planted in the
Lankaran-Astara zone by seedlings grown in the nursery (Figure 3 and 4).

Figure 3 and 4. Tea seedlings in the nursery

On the established tea plantations, the approbation of bushes and the selection of plants
were carried out, differing in the yield of green tea leaves, the nature of the development of
the habit of the bush, the intensity of shoot formation, the simultaneous approach of shoots
to the collection, growth energy, the activity of shoot formation, the ability of the plant to
give at least five ordinal shoots in the season of leaf collection. The assessment of the plant
by yield was carried out by the weight of the harvested leaf during the entire growing
season (Mutovkina, 1974; Ryndin and Tuov, 2006). The selection of bushes for quality was
carried out by determining the chemical components in the tea leaf - tannin and extractives.
A technological assessment of the finished product was given by the processing of raw
materials. Research on the isolation of new clones of tea was carried out according to the
following scheme: selection of initial plants, a study of their morphological characteristics,
biology, yield, and quality indicators of raw materials and finished products. Analyzing,
selecting, and studying the best bushes, propagating them by cuttings, checking clones at the
experimental clone testing site, propagating the best clones to obtain a cultivar. State
cultivar testing and introducing the best cultivars into production. The selection of initial
plants was carried out on full-age and young tea plantations, established in the LankaranAstara zone of Azerbaijan, as well as on the territory of the breeding nursery of the Auxiliary
Experimental Economy (PEC) of the Lankaran branch of AzSPAHSC. On the selected bushes,
a morphological description was carried out according to all the main characters that
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determine the breeding value of plants. Biochemical studies were carried out at the end of
the growing season. The size of the bush was determined by measuring the height and width
of the crown in two diameters. The crown area was studied from the average crown
diameter according to the formula D = 3.14 × d2 × H / H. The size of the leaf surface was
determined by measuring the length and width, multiplied by a factor of 0.7. For the
description, mature leaves typical for a given bush were taken in an amount of at least 20-30
pieces per plant. The biology of the bush was studied concerning vegetation, budding,
flowering, fruiting, the degree of drought resistance. The yield of the bush was established
by systematic collection and weighing of the leaf during the entire growing season. In the
collected leaf, the composition of two-three-leafed normal and deaf flushes was taken into
account (Figure 5). To determine the quality of the product, harvests were taken once in the
days of mass collection from each plant. Samples for analyzes were taken in 100 g fixation of
the sample and biochemical studies were carried out in the laboratory of the Lankaran
branch of AzSPAHSC. In the leaves, the content of total tannin and the number of extractives
was determined as the main components that determine the quality indicators of tea
(Dzhemukhadze et al., 1958). At the end of the study, the mother plants were singled out
according to the main indicators of yield and quality. Selected bushes were propagated by
cuttings (Kvaratskhelia and Erstavi, 1934; Kvaratskhelia,1930; Guliev and Babaev, 1982).
Experimental plots of clone testing were laid with planting seedlings. In the clone test,
clones were tested in homogeneous growing conditions for all indicators of economic value.
The best clones, which were highly appreciated in terms of
yield and quality, were subsequently propagated vegetatively
by cuttings to obtain clone cultivars. The data of promising
clones were compared with the control zone for the LenkoranAstara zone, the tea cultivar 'Azerbaijan 2'. The analyzed data
represent averages of three replication. Data obtained for all
analyzed indicators of tea were ensured statistically by
calculating standard deviations.
Figure 5. Normal flush

RESULTS AND DISCUSSIONS
The selection of the original mother plants, as mentioned above, was carried out on tea
plantations, planted by seedlings grown in the nursery. The selected tea bushes were cloned
within the breeding population for three years. They were propagated by vegetative
cuttings and experimental plots for clone testing were laid in the Lankaran branch of
AzSPAHSC.
Among economically valuable traits, particular importance was attached to the general
development of the bush, a high capacity for shoots and large leaves. The drought resistance
of plants and the general state of life were taken into account. Data on the study of the
morphological characteristics of the mother bushes identified on the tea plantations of the
zone are shown in Table 1.
As can be seen from Table 1, the selected plants by morphological characteristics,
respectively, differed in positive characteristics from the rest of the bushes existing on the
plantations. Table 2 shows the individual characteristics of the selected mother bushes.
As can be seen from table 2, the intensity of shoot formation, estimated in points in the
selected mother bushes, is quite high, and ranges between 4.5 – 4.7 points.
The weight of 3-leaf flushes is 1.2-1.3 g and the yield of green tea leaves from one bush is on
average 372-410 g for the harvesting season, which corresponds to recalculation per
hectare - 8134-9020 kg. The study of biochemical parameters (tannin and extractives)
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showed the content of tannin in 2-leaf flashes of 24.2-26.1%, and of extractives 45.3 –
48.2%.

Lankaran,
Haftoni
village
Lankaran,
Haftoni
village
Lankaran,
Hirkan
village
Lankaran,Khanbulan
settlement.
PEH
AzSPAHSC

cm2)

(cm)

(cm)

(cm3)

(cm)

Tea plantation areas

(cm)

year

Table 1. Morphological characteristics of mother tea bushes, allocated on tea plantations in the
Lankaran-Astara zone of Azerbaijan

21

80±2.1

120±3.1

90432±2.3

10.0±0.7

4.5±0.01

31.5±2.8

20

70±1.9

120±2.9

79128±3.4

10.2±0.1

4.5±0.01

32.1±2.2

19

70±1.4

110±1.7

66489±2.1

10.1±0.3

4.6±0.03

32.5±1.4

27

70±1.3

110±1.2

66489±1.6

10.1±0.2

4.4±0.07

31.1±1.1

Lankaran, Haftoni village
Lenkoran, Havzava village
Lankaran, Hirkan village
Lankaran,
Khanbulan
settlement. Experimental
AzSPAHSC

(kg/ha)

Tea plantation areas

(g)

(year)

(point)

g)

Table 2. The Intensity of shoot formation, the weight of three-leaf flushes, yield and quality of isolated
mother tea plants

21

4.5±0.05

1.3±0.3

400±3.5

8800±3.3

26.1

48.2

20
19

4.5±0.04
4.5±0.02

1.2±0.6
1.3±0.1

410±3.7
372±2.5

9020±3.9
8184±3.1

24.2
25.2

45.3
47.1

27

4.7±0.07

1.2±0.4

388±2.9

8536±2.7

26.1

47.4

Table 3 shows the morphological characteristics of the isolated promising tea clones. The
data given in the table confirm the high potential biological productivity of the studied
clones and their superiority over the control plants (Table 3).

'1/73'
'2/73'
'3/34'
'4/44'
Control 'Azerbaijan-2'

90±2.8
70±1.2
70±1.6
80±1.03
60±1.01

130±2.7
130±2.04
120±1.09
120±1.03
90±1.05

11.939±1.1
9.986±1.4
7.928±1.8
9.043±1.9
3.815±2.9
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11.0±0.09
11.1±0.04
12.2±0.01
11.0±0.03
8.4±0.01

4.5±0.03
5.0±0.07
5.1±0.01
5.0±0.05
3.8±0.01

2

cm)

cm)

(cm3)

(cm)

Promising clones

(cm)

Table 3. Morphological characteristics of promising clones

34.5±0.9
38.5±0.1
42.8±0.1
38.5±0.2
22.8±0.3

In terms of the volume of the bush, there was a clear advantage of promising tea clones
(7.928-11.939 cm3) in comparison with the control variant - the 'Azerbaijan 2' in which this
figure is 3.815 cm3. The same applies to the leaf area: in the zoned control tea - 'Azerbaijan 2'
– 22.8 cm2, in the isolated clones – 34.5-42.0 cm2.
Quite interesting data were obtained when studying the volume of the crown of bushes and
plants of internodes. The studies have shown that in terms of height, diameter and overall
volume of the bush, the selected clone are 2-3 times higher than the control variant 'Azerbaijan 2' (Table 4).

'1/73'
'7/18'
'6/44'
'3/341'
Control
'Azerbaijan-2'

130±0.9
140±0.9
120±0.01
120±0.01
90±0.04

1193.98±0.1
1384.74±0.1
904.32±0.4
791.28±0.7
381.51±0.2

, (cm)

90±0.01
90±0.01
80±0.04
70±0.05
60±0.03

(cm3)

(cm)

Promising
clones

(cm)

Table 4. Study of the volume of the crown of bushes and the distance between internodes

6.0±0.8
5.0±0.1
4.0±0.02
5.0±0.05
2.0±0.05

Comparison with
control
Bush
Internode
volume,
size,
(%)
(%)
313.0
300.0
363.0
250.0
237.0
200.0
207.4
250.0
100.0
100.0

Table 4 shows the results of a study to study the composition, number and mass of flushes of
promising tea clones per unit area (625 cm2).
CONCLUSION
Long-term research work on clone breeding of tea began under the scientific guidance of
prof. F. Guliyev since 1982 in the Lankaran branch of the Azerbaijan Scientific Research
Institute of Fruit and Tea Growing. Methods for breeding clones have been developed. The
main principle was: selection of valuable forms, the study of their yield, quality, vegetative
propagation by green cuttings, clone testing, the establishment of plantations of mother
plants of clones.
During long-term studies on vegetative propagation of tea and clonal selection, it is shown
that in the specific conditions of the Lankaran-Astara zone of Azerbaijan - dry springsummer periods, high temperature, low relative humidity, based on the derived clone,
vegetative propagation of the tea culture can be used.
Techniques for rooting tea with green cuttings in yellow-earth-podzolic soil in specific
conditions of the Lankaran zone of Azerbaijan and growing seedlings in fog-forming
chambers, planting on plantations at the age of 1-2 years in polyethylene bags have been
developed.
Research in the Lankaran-Astara zone of Azerbaijan on clonal breeding of tea gave positive
results. For the first time, new clone was bred: '1/73' - 'Farmanchay', '2/17' - 'Lankaran,
'3/341' - Khazar, '6/44' - 'Farmanchaychakhrai'. During 2015-2019, they successfully passed
the State Test and were zoned into production in the Lankaran-Astara zone of Azerbaijan.
It has been established that the clone cultivars 'Farmanchay', 'Lankaran', 'Khazar' and
'Farmanchaychakhrai' are characteristic for their high productivity in the specific conditions
of the Lenkoran-Astara zone (12-15 tons/ha), high tannin content (28 -30%) and extractives
(44-46%) in raw materials and finished products, respectively 12.5-16.0; 12.5-13.8; 38.8 –
42.9 specific aroma and taste.
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ABSTRACT
Bitter gourd ranks first among cucurbits and has great demand in international
market, but not to spread in the Republic of Moldova despite this a due attention has
not been given towards a need-based crop improvement. There is a prime need for
Bitter gourd to evaluate cultivars suited to specific agro-ecological conditions. Three
different genotypes of bitter gourd (Momordica charantia L.) were evaluated
concerning yield and yield contributing traits. All genotypes showed relevant results
and can be cultivated in the Republic of Moldova climate conditions. The best results
were obtained on Indian and local genotypes of bitter gourd.
Keywords: biological characteristics, productivity, ecological condition, fruit number.
INTRODUCTION
Bitter melon-also known as bitter gourd or Momordica charantia is a tropical vine that
belongs to the gourd family and is closely related to zucchini, squash, pumpkin, and
cucumber.
Bitter melon is a fruit in the gourd family with a unique appearance and flavor. It’s
cultivated around the world for its edible fruit, which is considered a staple in many types of
Asian cuisine.
It grows in several areas, including Asia, South America, the Caribbean, and East Africa.
People have used bitter melon as a cultivar of medical conditions over time. Bitter gourd is
an important vegetable domesticated in eastern India and southern China. It is cultivated
commercially in Asia on ≈340,000 ha annually (McCreight et al., 2013). It is also cultivated in
smaller volumes in the southern United States and Australia (Northern Territory,
Queensland, New South Wales, Victoria) using Asian cultivars. Asian cultivars are also
grown in Ghana for fresh fruit export to European countries for their Asian communities. Its
cultivation is gaining ground in Zambia, Congo, and Madagascar for local consumption and
export. Nearly 60% of the bitter gourd production area is devoted to open-pollinated
varieties (McCreight et al., 2013). Seed companies release numerous hybrid cultivars each
year in Asia that are more consistent for quality and yield than open-pollinated cultivars.
Four hundred thirty-four bitter gourd accessions that originated from more than 15
countries are housed in the genebank of AVRDC–The World Vegetable Center, Taiwan
(McCreight et. al.,2013).
Bitter melon contains many nutrients that can be beneficial to your health. It’s linked to
lowering blood sugar, which some studies suggest means it can aid in diabetes treatment.
It’s not only rich in several important nutrients but also linked to numerous health benefits,
including improved blood sugar control and cholesterol levels (Amirthaveni,et.al., 2018).
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Benefits of bitter melon and its extract. Bitter melon is a great source of several key
nutrients. One cup (94 grams) of raw bitter melon provides: calories - 20, carbs - 4 g, fiber 2 g, vitamin C - 93% of the Reference Daily Intake (RDI), vitamin A - 44% of the RDI, folate 17% of the RDI, potassium - 8% of the RDI, zinc - 5% of the RDI, iron - 4% of the RDI
(Dhillon et. al., 2017).
Bitter gourd abounds in nutrients such as beta-carotene, vitamin C, folic acid, magnesium,
phosphorus, and potassium (Yuwai et al., 1991). Recently the species has been considered
as one of five crops, along with scuba rice, mung beans, disease-resistant bananas, and
drought-hardy maize that have the potential to save the world (Rose, 2012).
Melons moved from India to central Asia, China, the Middle East, and Europe. The timeline
for movement of melons to these areas is unknown, but a recent study of ancient
manuscripts, the Hebrew Bible, and images from antiquity document the culture and uses of
non-sweet melons in the Chate and Flexuosus groups as early as 1350 B.C. (Janick et al.,
2007). Literature from Roman and medieval periods revealed that sweet melons were
known in central Asia in the mid-9th century, Khorasan (Turkmenistan, Uzbekistan
Afghanistan, Tajikistan, and northeastern Iran) and Persia by the mid-10th century, and in
Andalusia (Spain) by the mid-11th century (Paris et al., 2012). These areas still to this day
have a wealth of genetically diverse melon germplasm (Anon, 2008; Escribano et al., 2012;
Esquinas-Alcazar, 1981; Mavlyanova et al., 2005a; McCreight et al., 2010).
Bitter melon is considered complementary or alternative medicine. Therefore, the use of
bitter melon isn’t approved by the Food and Drug Administration (FDA) for the treatment of
diabetes or any other medical condition. Bitter melon can be enjoyed raw or cooked in
various recipes, it can be pan-fried, steamed, baked, or even hollowed out and stuffed with
your choice of fillings. Chinese cooking, Bitter Melon is usually stir fried with pork, used in
soups and consumed as a tea. Northern Indian Bitter Melon can be stuffed with spices and
prepared by cooking in oil. It is prepared or served with yogurt to offset the bitterness.
Southern India, Bitter Melon is mixed with coconut and stir-fried with various spices.
Caribbean, Bitter Melon is sautéed with onion, garlic until crisp. The objective of us was to
evaluate horticultural traits (fruit weight, fruit number/plant and fruit yield) of three bitter
gourd genotypes in climatic and soil conditions in the Republic of Moldova.
MATERIALS AND METHOD
The experiment was conducted in the IP ISPHTA (Public Institution Scientific and Research
Institute of Horticulture and Food Technologies).
A study was conducted with three different genotypes of bitter gourd one local, ('Genotype
A') one from China ('Genotype B'), and one of Indian origin ('Genotype C'). The experimental
trial was arranged in a randomized complete block design (RCBD) with 4 replications. In
each replication, genotypes were represented by 2 rows and each row contains 10 plants
with row to row spacing 1,2 m and plant-plant spacing of 40 cm. To ensure good
germination seeds were sown in a greenhouse in the second decay of March in small plastic
pots. Planting was done in the second decay of May with seedlings produced in a
greenhouse. Plant fertigation was done with mineral chemicals (N60, P60, K60) on planting
into the furrow. Water supply was done by drip irrigation, keeping the soil humidity at the
level of 70-75% of soil capacity. In our study were analyzed both the technological and
production characteristics, as well as the shape and color of the fruits. Productivity
indicators were statistically analyzed with ANOVA of Experimental Data.
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RESULT AND DISCUSSION
Assessing the impact of technologies on yield and profitability of cultivation is an essential
step before dissemination of the technologies for wider adaptation.
Bitter gourd has a slender hairy stem with numerous branches and dense foliage, develops
small, yellow flowers both male and female, on the same plant. The fruits are green usually
oblong an irregular surface with warts and 8-10 vertical ridges. When ripe, the fruits turn
yellowish-orange in color. Plant in the condition of the Republic of Moldova plant grows up
to 3,5-4,0 m.
Bitter gourd develops many side branches that are not productive. To improve yield, remove
lateral branches until the runner reaches the top of the trellis. Removal of lateral branches in
the first nodes has a positive effect on total yield. Without pruning, most of the female
flowers occur between the 10th and 40th nodes or at a height of 0.5-2.0 m.
Bitter gourd yield can vary depending on cultivar and crop management. Average
marketable yields are around 8-10 t/ha. In some areas, the yield rises till 20-30 t/ha. But
there are producers which can get about 40 t/ha (Dhillon et.al., 2016)
There are two cultivars of bitter gourd. The large kind is long, oblong, and pale green. The
other kind is small, a little oval, and dark green. Both types are bitter. The immature fruits
and tender vine tips are used in a cultivar of culinary preparations. The fruits and shoots are
soaked in saltwater to remove some of their bitterness and then boiled, fried, or pickled
(Thakur et.al, 2018).
Mature fruits are ready to be picked within 2.0 – 2.5 months from planting and they will be
light green and juicy with white flesh but bitter. Pick the fruits every 2-3 days when they are
still at the tender stage. Regular picking is important as fruits will become bitterer as they
mature and it can also hamper the growth of new fruits. Young and tender fruits are picked
on every alternate day and are supplied in the market. The harvested fruits should be kept
under shade in a cool place. The immature fruits and tender vine tips are used in a cultivar
of culinary preparations. The fruits and shoots are soaked in saltwater to remove some of
their bitterness and then boiled, fried, or pickled. Unfortunately for the moment most
farmers and consumers treat the biter gourd as an exotic plant and use it for eating only the
red mass of the flash which covered seeds. This flesh has a sweet lovely taste.
Table 1. Reproductive characters of bitter gourd genotypes (2019 - 2020)
Node no. of
first female
flower
12. 3

Days to
first male
flower
21.1

Days to
first female
flower
22.0

Vine
length,
(cm)
3.7

Inter nodal
length, (cm)

'Genotype A'

Node no. of
first male
flower
10.4

'Genotype B'
'Genotype C'

13.2
12.5

17,3
18,1

25.5
22.3

27.4
21.6

4.5
4.2

10.9
9.7

Genotype

11.2

Bitter gourd requires close attention at harvest time. The fruits develop rapidly and must be
harvested frequently to keep them from becoming too large or too bitter. Normally it takes
15-20 days after fruit set or 90 days from planting for fruit to reach marketable age,
however, bitter gourd can be harvested at earlier stages depending on the purpose for
which it will be used. Fruit should be light green, thick, and juicy and the seeds should be
soft and white. Harvest every 2-3 days using a pair of scissors or a sharp knife to cut the fruit
stalk. If a fruit remains too long on the vine, it will turn spongy, sour yellow, or orange and
split open.
Genotype, due to their biological particularity, had different responses on plant length, days
to the first male and female flowers, numbers of nodes, fruits, etc. (Akram et. al., 2021).
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The Southeast Asian type of bitter gourds due to biological peculiarities form late the male
and female flowers, have a dark green color of the fruits in technical stage and higher vine
and fruits length (Table 1).
The number of days to male and female flower induction help in the development of early or
late fruit yield which is important for the grower to know how to organize and expand a
supply to the market.
Table 2. Technological and production characteristics of bitter gourd at the studied genotypes, in the
condition of the Republic of Moldova (2019 - 2020).
Genotype
'Genotype A'
'Genotype B'
'Genotype C'
LSD

Fruit
length, cm
11.4 ± 0.7
14.1±0.9
17.8 ± 0.6
1.4

Fruit
diameter, cm
4.5 ±0.8
3.9± 0.6
4.1 ±0.4
1.1

No.
fruit/plant
14.4 ±1.9
9.3 ± 2.0
12.7 ±1.3
2.1

Average fruit
weight (g)
195.3± 12.1
173.2± 9.1
275.3 ± 13.7
18.2

Fruit yield
(kg/plant)
1.9 ± 0.15
1.6 ± 0.12
2.1 ± 0.17
0.2

Fruit yield
(Mt∙h)
15.4 ±0.6
12.1± 0.25
17.3±0.9
1.6

The results look like that 'Genotype C' had the longest fruit (17.8 cm) which is longer with
6.4 cm, than 'Genotype A' and 3.7 cm in comparison with genotype B (Table 2). The highest
fruit diameter was observed in 'Genotype A' (4.5 cm), and the lowest (3.9 cm) belonged to
'Genotype B'. Weight and yield per plant also depend on genotype. The fruit number per
plant depends on the plant’s genetics, growth conditions, and crop management practices,
as reported by several studies (Ribersor and Decker-Walters, 1997; Singh and Kandasamy,
2021; Yaldız, ,2015; Dudhat and Patel, 2020). The diameter of the fruit is a very important
qualitative element, which in addition to hereditary influences is strongly influenced by
environmental and culture factors (Akram et. al., 2021). Yield is a complex attribute that is
strongly influenced by environmental factors (Amizi, 2008). The yield potential of different
cultivars of a single plant species varies from one environment to another, and cultivars do
not show the same yield potential in different environments (Gupa et. al., 2015). The best
results from the two years of experiments, on fruit production per plant, were obtained in
the Indian genotype ('Genotipe C'), followed by the local genotype ('Genotipe A'). The
number of fruits per plant ranged from 9.3 ('Genotype B') to 14.4 ('Genotype A').
Table 3. Fruits index characteristics
Genotype

Shape index

Shape form

'Genotype A'
'Genotype B'
'Genotype C'

2.53
3.61

spindle
elongated
4.3

Unripe fruits
color
white
green
long

Skin pattern
spiny
spiny
dark green

Figure 1. Bitter gourd plant with mature fruits Indian genotype.
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spiny

Consumers prefer bitter gourd fruit at a physiologically immature or unripe stage and it is
correlated with fresh bright appearance of fruits and immature creamy white seedcoat.
Consumers display a wide range of preference for fruit color, shape, skin pattern and size,
which varies between and within countries (McCreight, 2013). Fruit color ranges from white
or cream to light green to dark green and the various shapes include cylindrical, elliptical,
spindle, and conical. Fruits of different varieties may have regular or irregular longitudinal
ridges and warty skin (McCreight, 2013).
The genotypes differ from each other by fruit shape, form, and color (Table 3). Local
'Genotype A' had an index shape to 2.53, white unripe fruits color, and spindle form,
'Genotype B' index shape is 3.61, fruits elongated of green color. The highest index of shape
(4.31) belongs to 'Genotype C'. This genotype is characterized by long form of dark green
fruits color.
CONCLUSIONS
This study, which was conducted for the first time in the Republic of Moldova, states that
there is potential for economic production of this plant in climatic conditions of the Republic
of Moldova, the highest production being recorded in 'Genotype C'. All genotypes studied
obtained good results in terms of technological characteristics and fruit production. At the
same time, the right choice of variety has significant importance. Evaluated genotypes of
different origins showed different results by several formed fruits, their index shape form,
and by yield per plant. In the future, additional studies are needed, for several years, both in
terms of quantitative, qualitative and chemical indicators of the bitter gourd plant.
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ABSTRACT
‘HoneySweet’ is an RNAi based genetically engineered plum resistant to Plum
pox virus (PPV). Field trials in different European PPV endemic countries clearly
demonstrated that ‘HoneySweet’ plum shows a highly effective and durable resistance
to PPV infection. No safety concerns were found by regulatory authorities in the U.S.
Expanded studies to assess the agronomic performance of ‘HoneySweet’ plum were
performed under PPV endemic and ecological conditions of Northern Romania. An
experimental plot including transgenic plum, ‘HoneySweet’, and two conventional
plum cultivars, ‘Reine Claude d’Althan’ and ‘Stanley’, was established in spring of
2013. Agronomic performance data collected during 2016-2018 revealed a higher
yield potential for transgenic ’HoneySweet’ compared to ‘Reine Claude d’Althan’ and a
similarity with ’Stanley’. Average fruit weight highlighted the superior attributes of
transgenic ‘HoneySweet’ compared with the two conventional plum cultivars.
‘HoneySweet’ transgenic plum fruits were larger, had lower stone/fruit ratio, and
more optimal shape and colour relative to ‘Reine Claude d’Althan’ and ‘Stanley’, and a
high level of resistance to PPV infection. These data and observations revealed that
‘HoneySweet’ transgenic plum has good productivity and market potential and is well
adapted to PPV endemic and ecological conditions of the Northern Romania.
Keywords: genetically engineered plum, yield potential, fruit attractiveness
INTRODUCTION

The plum (Prunus domestica L.) is the dominant fruit tree species in Romania (FAOSTAT,
2019) but it is severely affected by the Plum pox virus (PPV), which causes Sharka disease.
PPV is considered the most detrimental viral pathogen of stone fruits (including plum,
apricot and peach) because it often produces severe symptoms on fruits such as
malformations, flesh necrosis, gummosis, and premature fruit drop making plum production
especially problematic. Sharka disease was described for the first time around 1917 in
Bulgaria (Atanasoff, 1932). Since then, it has progressively spread around the
Mediterranean basin, Middle East, and from there throughout the world to Western Europe,
Asia, Africa, North and South America, becoming a global concern (Roy and Smith, 1994;
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Barba et al., 2011). To date, PPV surveys confirm that only New Zealand and Lebanon are
PPV-free (EPPO, 2021).
PPV is naturally spread by aphids in a non-persistent manner (Labonne et al., 1995). Sharka
disease has agronomic and political consequences because it causes serious economic losses
(Cambra et al., 2006) resulting from severe yield declines. Due to its economic impact, PPV
infection represents one of the main limiting factors for the profitability of the stone fruits
crops in many European countries (Dunez and Sutic, 1988; Nemeth, 1994; Cambra et al.,
2006, Barba et al., 2011), including Romania (Toma et al., 1998; Zagrai et al., 2010a), where
PPV is endemic and can seriously compromise the yield of susceptible plum cultivars
(Minoiu, 1997; Macovei and Diaconu, 2001; Isac and Zagrai, 2006). A PPV epidemiology
assessment, performed in the main plum growing areas in Romania, demonstrated the
highly critical and uncontrollable situation generated by Plum pox virus in plum orchards
(Zagrai et al., 2010b).
There is no curative treatment of virus infected trees in the field. Although strict methods
such as quarantines, propagation of virus-free plants, chemical treatments against aphid
vectors, removal of infected trees are recommended for Sharka containment, no consistently
effective measures have been developed in endemic areas. For a number of years, the
economic impact of Sharka was reduced by the development of tolerant cultivars through
conventional breeding (Dosba et al., 1994). While tolerant cultivars generally show few fruit
symptoms, they allow the virus to proliferate and spread (Kegler et al., 1998). Therefore,
host plant resistance to the virus remains the most viable and efficient solution for control
of PPV (Ravelonandro et al., 2011; Scorza et al., 2013). Since resistance to PPV is a key trait
necessary for plum production, breeding programs were initiated to produce plum cultivars
highly resistant to PPV. The scarcity of naturally high-level resistance to PPV in cultivated
Prunus domestica L. has hampered breeding efforts to control Sharka disease. The most
significant result in conventional breeding for PPV resistance in plum is limited to selection
for a hypersensitive response (Hartmann and Petruschke, 2000; Neumüller et al., 2010)
although hypersensitivity-based resistance may be virus strain-dependent (Polák and
Jarošová, 2012). Nevertheless, hypersensitivity represents a mechanism that requires
continued research attention (Scorza et al., 2013).
The progress in conventional breeding for resistance is slowed down by the long generation
time and the often-polygenic nature of resistance (Barba et al., 2011). As an alternate or
complementary approach to conventional breeding, biotechnology may offer solutions to
the control of Sharka disease. ‘HoneySweet’ - an RNAi based transgenic plum resistant to
Plum pox virus - is the well-known example of the success of genetic engineering in
controlling PPV, particularly in endemic countries (Scorza et al., 2016), such as Romania
(Zagrai et al, 2011; Zagrai and Zagrai, 2020). While exhaustive long-term studies, including
field trials in different European PPV endemic countries, clearly demonstrated the high level
of ‘HoneySweet’ resistance to PPV (Ravelonandro et al., 1997; Malinovski et al., 2006; Zagrai
et al., 2011; Scorza et al., 2016; Polák et al., 2017) and while no safety concerns were found
by regulatory authorities in the U.S. (Scorza et al., 2007), only limited information is
available about its agronomic performance. Such information is very important in practical
terms. The aim of the present work was to fill this gap and gain further information relating
to the agronomic and phenotypic performance of ‘HoneySweet’ transgenic plum and the
potential utility of this transgenic cultivar in a PPV endemic area such as Northern Romania.
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MATERIALS AND METHODS
Plant material and experimental plot
The experimental field was established at the Fruit Research & Development Station Bistrița
under appropriate permission provided by the Romanian Ministry of Environment
(Authorisation no. 1/1032/GA/16.05.2012, European no. B/RO/11/01). Three year old
trees of both transgenic (‘HoneySweet’) and two widely grown conventional plums (‘Reine
Claude d’Althan’ and ‘Stanley’) grafted onto Myrobalan BN 4Kr seedling rootstocks were
planted in the spring of 2013. The experimental plot design (Figure 1) consisted of 12 blocks
of four trees each (two trees of transgenic plum ‘HoneySweet’ and two of conventional plum
- one tree of ‘Stanley’ and the other one of ‘Reine Claude d’Althan’) interspersed with Prunus
cerasifera (four plants) and Prunus spinosa (four plants) for coexistence studies (data not
shown). Thus, a total of 56 trees, of which 24 conventional plums (12 trees of ‘Reine Claude
d’Althan’ and 12 of ‘Stanley’), 24 transgenic plum (‘HoneySweet’) and 8 wild relatives were
planted at spaces of 4.5 m between the rows and 3.5 m between trees on row. As a result of
the density used, a total of 635 trees per hectare were taken into account to determine the
yield.

Figure 1. The design of experimental field plot

Plot maintenance
The experimental plot maintenance was consistent with regional commercial orchards,
except that the number of phytosanitary treatments was lower. While one aspect of the
study was aimed at evaluating the performance of PPV resistant ‘HoneySweet’ versus PPV
susceptible plum cultivars it was also of interest to evaluate the potential of decreasing the
environmental pollution caused by the insecticides used for aphid control (Zagrai et al.,
2020). Thus, only three (2016), or four (2017 and 2018) phytosanitary treatments with
insecticides were applied versus the 7 to 8 treatments generally applied for plum
production in the Northern Romania plum growing area.
Data collected
Agronomic performance of ‘HoneySweet’ was evaluated for three consecutive years, 2016,
2017 and 2018. Information on the agronomic performance was related to the yield
potential and the quality of fruits such as fruit weight, fruit size, fruit attractiveness. The
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nutritional value was also assessed by determining the content of dry matter,
carbohydrates, proteins, lipids, minerals, vitamins and polyphenols (Bobiș et al., 2017).
The experimental methodology was that commonly used for this kind of field trials (Cociu
and Oprea, 1989). Yield was determined by total fruit weight, per tree, per repetition, and
then reported on the surface unit as potential tons/ha. Then the yield recorded on the
’HoneySweet’ was compared with those recorded on the two other well known cultivars,
‘Reine Claude d’Althan’ and ‘Stanley’, grown in the same plot. To assess fruit quality,
sampling was made by collecting 20 fruits throughout the canopy of each tree. Then, the
weight of the fruits was determined by using a laboratory electronic scale. To evaluate the
shape and symmetry of the fruit, biometric measurements related to the length (mm), width
(mm), and thickness (mm) of fruits were performed using an electronic calliper. Then, stone
weight and the ratio of stone weight to fruit weight were determined. Also, the uniformity,
colour, firmness, and pulp colour of the ’HoneySweet’ fruits were compared with those of
conventional plums, ‘Reine Claude d’Althan’ and ‘Stanley’ to assess fruit attractiveness. The
moment of harvesting was at maturity of fruits when they reached the maximum size and
taste features.
Statistical analysis
Statistical analyses were done using XLSTAT program (Addinsoft, New York, USA), ANOVA
modelling data, Duncan multiple range test, 95% confidence interval, in order to evaluate
differences in yield, weight of fruit and stone, and also percentage of stone weight in fruit.
RESULTS AND DISCUSSIONS
Harvest maturity and yield potential
The fruit ripening period in the Northern Romania was different depending on the plum
cultivar. Thus, in the period of 2016-2018, the fruits of ‘Reine Claude d’Althan’ were
harvested in the first part of August, followed by ‘HoneySweet’ transgenic plum 1 to 5 days
later. The maturity of ‘Stanley’ fruits was recorded in the second half of September.
The fruit yields of cultivars studied under the climatic conditions of 2016-2018 are shown in
Figure 2.

Figure 2. The fruit yields (t/ha) of plum cultivars in the experimental plot established at SCDP Bistrița
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In 2016, three years after the establishment of the plantation, all three cultivars yielded,
between 5.5 to 9.1 t/ha, with the yield on ‘Stanley’ and ‘HoneySweet’, significantly higher than
that recorded on ‘Reine Claude d’Althan’. As the orchard was very young, the yields were
expected to increase in 2017 in all cultivars. This did not happen because a damaging frost
that occurred during blossom time which affected the yield, but differently depending for each
cultivar. ‘Stanley’ was heavily affected by frost which translated to a strongly reduced fruit
yield, ‘HoneySweet’ was also affected, but the differences between the two cultivars were
statistically different. Also, the difference of yield in 2017 between ‘HoneySweet’ and ‘Reine
Claude d’Althan’ was statistically different. In 2018, a higher yield was recorded on ’Stanley’
than on ‘HoneySweet’, but the yield difference was not statisticaly different. That could be
explained by a high level of flower production of ‘Stanley’ in 2018 as a result of an extremely
low fruit yield in the previous year, caused by the frost. ‘Reine Claude d’Althan’ fruit
production was significantly lower than the other two cultivars. Overall, in 2018 there was a
major increase of yields for all three cultivars in the conditions of a favorable climate year.
The average yield of the period 2016-2018 revealed that ‘HoneySweet’ transgenic plum
produced a ‘Stanley’-like yield, while ‘Reine Claude d’Althan’ had a significant lower yield
(Table 1). However, it should be noted that while ‘HoneySweet’ transgenic plum showed a
yield similar to ‘Stanley’, the latter was heavily affected by frost during the 2017 bloom which
led to a much reduced fruit yield. This may suggest that ‘HoneySweet’ could have a better
behavior than ‘Stanley’ to frost during flowering. The differences between ‘Reine Claude
d’Althan’ and the other two cultivars, ‘HoneySweet’ and ‘Stanley’, were significantly different.
Since ’Stanley’ is already well known as a very productive cultivar, ‘HoneySweet’ transgenic
plum could also be considered as a plum ranging to the high yield group of plum cultivars.
Table 1. The average yields of transgenic ‘HoneySweet’ and conventional plum cultivars (2016-2018)
at SCDP Bistrița
Cultivars
'HoneySweet'
'Stanley'
'Reine Claude d'Altha'n

Average yields of 2016-2018 (t/ha)
14.708a
14.617a
11.150b

Qualitative potential
Fruit weight
The average weight of ‘HoneySweet’ fruits during the three years of study, showed a range from
62.3 to 68.3 g, while ‘Reine Claude d’Althan’ and ‘Stanley’ produced fruits with an average
weight of 42.4 - 46.9 g, and of 37.4 - 40.1 g, respectively. The results revealed a superiority of the
‘HoneySweet’ transgenic plum when compared with the two conventional plums for this trait as
the average of fruit weights (Figure 3) of ‘HoneySweet’ was almost double that of ‘Stanley’ (64.9
g versus 38.9 g) and with a difference of 20.4 g when compared with that recorded on ‘Reine
Claude d’Althan’, all these differences being statistically significant.

Figure 3. The average of fruit weight (g) - 2016-2018 - of plum cultivars
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Stone weight and its percentage in the weight of the fruits
Figure 4 showed that ‘HoneySweet’ fruits have significantly larger stones than ‘Reine Claude
d’Althan’ (2.4 g versus 1.7 g) and ‘Stanley’ (2.4 g versus 2.1 g). However, stone weight
analysed alone is not a reliable measure of fruit quality as it is relative to overall fruit size.
Therefore, the weight of the stone was compared to the weight of the fruit to produce a
stone/fruit ratio (%) (Figure 5). ‘HoneySweet’ showed a relatively lower stone/fruit ratio
(3.7%), similar to that of ‘Reine Claude d’Althan’ (3.8%), and significantly less than ‘Stanley’.
Thus, this fruit quality characteristic of ‘HoneySweet’ was superior to ‘Stanley’
The average stone weight data (Figure 4) showed that ‘HoneySweet’ fruits have significantly
larger stones than ‘Reine Claude d’Althan’ (2.4 g versus 1.7 g) and ‘Stanley’ (2.4 g versus 2.1
g). However, stone weight analysed alone is not a reliable measure of fruit quality as it is
relative to overall fruit size. Therefore, the weight of the stone was compared to the weight
of the fruit to produce a stone/fruit ratio (%), (Figure 5). ‘HoneySweet’ showed a relatively
lower stone/fruit ratio (3.7%), similar to that of ‘Reine Claude d’Althan’ (3.8%), and
significantly less than ‘Stanley’. Thus, this fruit quality characteristic of ‘HoneySweet’ was
superior to ‘Stanley’.

Figure 4. The average weight of stone (g)
of plum cultivars (2016-2018)

Figure 5. Percentage of stone weight in fruit
of three plum cultivars

Biometric and phenotypic properties of the fruits
‘HoneySweet’ transgenic plum fruits were the largest of the three cultivars studied (Figure
6) with an average of fruit length (H)/fruit width (D)/fruit thickness (d) of 52.8/46.2/44.8
mm. It was also noted that individual values showed a more consistent regular, precise oval
shape of ‘HoneySweet’ fruit – a desirable characteristic for growers and consumers. ‘Reine
Claude d’Althan’ fruits had a ratio of 39.8/43.9/41.5 mm, which confirmed the relatively
spherical, slightly flattened fruit shape. ‘Stanley’ fruits had a ratio of 49.4/37.0/35.7 mm,
which produced an oval elongated fruit with neck-constriction.
Attractiveness of the fruits
In terms of fruit attractiveness, the comparative assessment between transgenic
‘HoneySweet’ and the two conventional cultivars (‘Reine Claude d’Althan’ and ‘Stanley’)
revealed the superiority of ‘HoneySweet’ (Figure 7).
Obviously, the larger size of the fruit is clearly a favorable characteristic of along with the
consistent oval shape. The background color of the epidermis is blue and uniform, very
pleasant. The pulp, yellowish-green, is firm, succulent, most part non-cling stone. Although
the ‘HoneySweet’ stone is larger in comparison to the other two cultivars in the test, it is
small relative to the weight of the fruit, which is a positive fruit quality trait.
The appearance of the ‘HoneySweet’ fruits (Figure 8) is very attractive, with a positive visual
impact on the consumers.
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Figure 7. Comparative fruit size of
‘Stanley’ (a), ‘Reine Claude d’Althan’
(b) and ‘HoneySweet’ (c)
Figure 6. Biometric measurements – shape of the fruits
(length, width and thickness)

Figure 8. Fruits of ‘HoneySweet’ transgenic plum

CONCLUSION
The high yield potential and fruit quality correlated with high level of resistance to natural
PPV infection revealed that ‘HoneySweet’ transgenic plum is a valuable plum well adapted
to PPV endemic and ecological conditions of Northern Romania.
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ABSTRACT
Successful plum production requires cultivars well adapted to the specific
growing conditions in the area of production. Due to the interaction between
environment and genotype, it is very important to evaluate the agronomical and
pomological performance of all newly introduced cultivars. The current study aimed
to describe the performance of five Romanian cultivars introduced in the agroenvironmental conditions of Plovdiv, Bulgaria. ‘Pitestean’, ‘Roman’, ‘Romanta’,
‘Carpatin’ and ‘Tita’ were planted in 2013 in a collection orchard at the Fruit Growing
Institute and their phenological stages flow, spring frost resistance, fruit quality and
trees productivity were studied for the period 2016-2021. ‘Pitestean’ was the latest
flowering cultivar. In the region, its full flowering phenophase (BBCH 65) occurred 26 days after Stanley. The most severe frost damages in 2019 and 2020 were recorded
for ‘Roman’ 42% and 96%, respectively. In these two years, ‘Tita’ showed a very good
spring frost resistance and its percentage of damaged flowers was lower than the
damages recorded for the standard. ‘Romanta’ provided very high productivity. ‘Tita’
and ‘Pitestean’ cvs. provide qualitative large fruits and an excellent productivity in
the environmental conditions of the Plovdiv region. Taking into account the
combination of important for the fruit producers characteristics ‘Tita’, ‘Romanta’ and
‘Pitestean’ are suitable for expanding and diversifying the list of cultivars grown.
These cultivars could be recommended for introduction in the Bulgarian plum
production orchards.
Keywords: Prunus domestica L., fruit, productivity, evaluation, cutivar
INTRODUCTION
Prunus domestica L. is one of the most commonly grown fruit species in Bulgaria due to its
high ecological adaptation and multiple ways of fruit marketing possible. The cultivar
'Stanley' is widely grown in the orchards and according to Agrostatistics, in 2019 it occupied
73,4 % of the orchards in the country, followed by ‘Cacanska lepotica’ with 5,8% and ‘Jojo’ 4%. The prevailing single cultivar is a fact that could be changed by improving the plum
assortment as a result of new plum genetic resources introduction and establishing new
cultivars that comply with the latest issues of producers and consumers (Bozhkova, 2013).
Successful plum production requires cultivars well adapted to the specific growing
conditions in the area of production. Due to the interaction between environment and
genotype, it is very important to evaluate preliminarily the agronomical and pomological
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performance of all newly introduced or released cultivars in the areas in which they will be
cultivated (Liverani et al., 2010).
In Romania, the plum is one of the major fruit species grown and it is one of the countries
that developed extensive Prunus domestica L. breeding programs. The main breeding
objectives were high productivity, good fruit quality and resistance or tolerance to Sharka
disease (PPV). The Romanian plum breeding has been started in 1950 and as a result of it, a
total number of 40 cultivars were registered (Butac et al., 2013; Butac, 2020). Studies of new
plum genetic resources influence directly the breeding process for the selection of donors
(Bozhkova and Zhivondov, 2004; Blazek, 2007).
The introduction of new cultivars could improve the plum cultivars structure of the
orchards in the country and influence directly fruits production.
In 2013, Romanian cultivars were introduced in Bulgaria and planted in a collection orchard
at the Fruit Growing Institute. The aim of this study was to describe this cultivars
performance in the agro-environmental conditions of Plovdiv, Bulgaria after 6 years of the
cultivars testing.
MATERIALS AND METHODS
The study was conducted in the period 2016- 2021 in a collection orchard at the Fruit
Growing Institute in Plovdiv, Bulgaria. The cultivars ‘Pitestean’, ‘Roman’, ‘Romanta’,
‘Carpatin’ and ‘Tita’ were planted in 2013. The orchard was grown on humus carbonate soil,
maintained as black fallow, under non-irrigation conditions, at a planting distance of 4 х 4 m,
applying conventional plant protection practices. 'Stanley' cv. was used for comparison.
Phenological data was traced according to the stone fruits BBCH scale (Meier, 2018). In
2019 and 2020 freezing temperatures occurred and the percentage of damaged flowers was
calculated. For that purpose, the damage of 100 flowers located in 3 different directions of
the crown and up to 2.00 m high was determined. The harvest date was determined
organoleptically.
The fruit quality evaluation included biometrical analyses. Biometric data of an average
sample of 25 fruits and their stones were measured with Mitutoyo 500-196-30 Digimatic
Absolute Caliper 150 mm.
For evaluation of trees productivity, the yield obtained in 2020 was measured and the
canopy volume and productivity index were calculated. Yearly, visual observations for viral
symptoms, typical for PPV, on leaves and fruits were performed.
Data were statistically processed by Duncan’s multiple range test of the IBM SPSS statistics
26 software.
RESULTS AND DISCUSSIONS
The phenological stages timing is dependent on a combination of internal (genetic) settings
and environmental influences. Studying the cultivars under the different agro-climatic
conditions is important for selecting suitable ones for growing in each region of the country
and predicting the economic results of them.
In 2019 and 2020 the flowering phenophase for the introduced cultivars started at the end
of March and full flowering was recorded in the first decade of April (Table 1). In 2021 the
flowering phenophase started at the beginning of April. For the period 2019-2021 the
earliest flowering cultivar was ‘Roman’. Its full flowering phenophase occurred 0-5 days
before the standard cultivar ‘Stanley’. ‘Pitestean’ cv. was the latest flowering cultivar – full
flowering phenophase occurred 2-6 days after 'Stanley' cv.
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In Plovdiv region, a considerable number of incidences of spring frosts occurred over the
last decade – 2008, 2013, 2016, 2019 and 2020 (Malchev and Savchovska, 2020). Frost
injuries of the plum cultivars in Plovdiv region are not a frequent phenomenon and the
damages usually are not a very high percentage.
The most severe frost damages in 2019 and 2020 were recorded for ‘Roman’ cv., 42% and
96% respectively. In the two years, ‘Tita’ cv. showed a very good spring frost resistance and
its percentage of damaged flowers was lower than the damages recorded for the standard.
‘Stanley’ cv. was officially registered as cultivar in 1926, and in the 80’s of the 20th century
became the main one for our country, gradually occupying about 80% of the cultivated area
(Dzhuvinov et al., 2012). So far, the cultivar is grown widely in the country and in many
other countries of Europe. Extending the ripening period is one of the main goals set in
many breeding programs and the cultivars which fruits ripen before ‘Stanley’ cv. are
valuable for producers and breeders. In the region of Plovdiv, all of the newly introduced
cultivars were ready for harvest before the standard. The earliest ripening cultivar out of the
studied group was ‘Pitestean’ cv.
Table 1. Full flowering date and spring frost damages of the studied cultivars
Cultivar

Full
flowering
date 2019
(BBCH 65)

Frost
damages
2019 (%)

Full
flowering
date 2020
(BBCH 65)

Frost
damages
2020 (%)

Full
flowering
date 2021
(BBCH 65)

Average
harvest date
(20192020)

'Pitestean'

April 8

24

April 10

0

April 15

July 20

'Roman'

April 1

42

April 3

96

April 9

July 29

'Romanta'

April 5

22

April 8

32

April 9

August 24

'Tita'

April 5

6

April 8

2

April 13

July 29

'Carpatin'

no flowers

-

April 10

28

April 13

July 27

'Stanley'

April 3

12

April 8

5

April 9

August 30

The official fruit quality standard for fruits intended for fresh consumption relies on the
fruit size (Polat and Caliskan, 2013). Its main indicator is the fruit weight. The cultivars with
larger fruits than the standard ‘Stanley’cv., with a statistically non-significant difference,
were ‘Tita’ and ‘Roman’ cvs. (Table 2).
These cultivars had the largest fruits of the studied group with an average fruit weight of
45.41 g for ‘Tita’ and 45.49 g for ‘Roman’. ‘Pitestean’ had fruits almost the same size as the
standard. The other tested cultivars, ‘Romanta’, and ‘Carpatin’ had smaller fruit weight than
the standard ‘Stanley’ cv., but with a statistically non-significant difference. All other
measured biometric dimension sizes were dependable on the fruit shape and varied slightly
in the years.
The size of the stones is highly dependent on the size of the fruit. There is a high correlation
between the stone and fruit weight (r = 0.89) (Korekar et al., 2013). All of the measured
stone sizes were dependable on the fruit dimensions (Table 3).
According to their weight ‘Carpatin’ cv. had the smallest stones. ‘Tita’cv. had the best fruit
flesh to stone ratio with the stone relative share of 2.47% which variation was very low.
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Figure 2. Fruits of ‘Pitestean’ cv.

Figure 1. Fruits of ‘Tita’ cv.

Table 2. Average fruit biometric data for the period 2016-2020
Cultivar

Fruit height
(mm)

Fruit width
(mm)

Fruit thickness
(mm)

Average fruit
weight (g)

Peduncle
length
(mm)

'Pitestean'

47.51±1.90 ab*

36.89±2.45 ab

36.73±3.07 a

37.01±8.86 a

14.98±3.07 ab

'Roman'

47.10±1.68 bc

40.74±3.20 a

38.51±1.55 a

45.59±6.82 a

9.95±1.24 cd

'Romanta'

44.32±4.66 bc

36.17±4.42 b

35.05±4.31 a

34.69±12.04 a

13.38±2.53 abc

'Tita'

49.17±2.72 a

38.83±1.76 ab

39.25±2.54 a

45.41±6.84 a

12.18±1.49 bcd

'Carpatin'

43.63±2.37 c

36.29±2.27 b

35.55±2.74 a

35.14±6.39 a

9.53±1.39 d

'Stanley'

48.00±1.44 ab

35.89±2.56 b

36.75±1.46 a

37±3.49 a

16.49±3.43 a

*Mean values followed by a different letter show a statistically significant difference by Duncan’s
multiple range test (p<0.05).
Table 3. Average stone biometric data for the period 2016-2020
Cultivar

Stone height
(mm)

Stone width
(mm)

Stone
thickness
(mm)

Average stone
weight
(g)

Stone relative
share (%)

'Pitestean'

26.29±0.82 a*

9.29±3.47 a

14.30±3.45 ab

1.63±0.28 b

4.50±0.80 a

'Roman'

27.37±0.60 a

9.56±0.23 a

16.,97±0.44 a

2.13±0.22 a

4.69±0.27 a

'Romanta'

23.75±2.05 b

8.64±0.89 a

14.36±1.44 ab

1.54±0.37 b

4.54±0.62 a

'Tita'

22.19±1.93 ab

9.12±2.42 a

12.82±2.79 a

1.12±0.18 c

2.47±0.22 b

'Carpatin'

21.29±0.85 c

7.77±0.43 a

13.65±0.63 ab

1.07±0.15 c

3.16±0.95 b

'Stanley'

27.79±1.42 a

8.87±0.29 a

15.01±0.68 ab

1.89±0.19 ab

5.17±0.87 a

*Mean values followed by a different letter show a statistically significant difference by Duncan’s
multiple range test (p<0.05).
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Table 4. Growth and productivity of the trees in 2020

Cultivar

Yield per tree
obtained in 2020
(kg)

Canopy volume
in 2020 (m3)

'Pitestean'
'Roman'
'Romanta'
'Tita'
'Carpatin'

18 a*
2c
20 a
20 a
11 b

8.19 c
7.16 d
6.59 e
8.61 b
6.01 f

Productivity
index
(yield/canopy
volume)
2.20 c
0.28 e
3.03 a
2.32 b
1.83 d

'Stanley'
20 a
9.27 a
2.16 c
*Mean values followed by a different letter show a statistically significant difference by Duncan’s
multiple range test (p<0.05).

Highly productive cultivars are of greater interest to the fruit growers because they provide
a higher profit. The yields obtained in 2020 varied significantly among the cultivars. The
lowest yields were obtained from ‘Roman’ and ‘Carpatin’ cvs., which was due to the injuries
caused by the spring frost that occurred in that year (table 4). The yields obtained by ‘Tita’,
‘Romanta’ and ‘Pitestean’ cvs., were high and had non-significant differences compared to
the standard ‘Stanley’ cv. No matter the high percentage of frost damages the average yield
obtained from ‘Romanta’ cv. was high and it was the most productive cultivar.
‘Tita’ and ‘Pitestean’ cvs., had also very good productivity with a significantly higher
productivity index compared to the standard. ‘Tita’, ‘Romanta’ and ‘Pitestean’ cvs., were
noticed to provide sufficient and regular yields during other years that were not included in
the study. Since the trees were planted in the collection orchard, yearly visual observations
for symptoms such as light green discoloration, chlorotic spots, streaks or rings, and
deformations on fruits were performed. Until 2021 such symptoms were observed on the
leaves of all cultivars (Figures 3, 4 and 5). No symptoms were observed on the fruits.
Table 5. Presence (+) or absence (-) of viral symptoms on leaves and fruits
Viral symptoms
Cultivar

Leaves

Fruits

'Pitestean'

+

-

'Roman'

+

-

'Romanta'

+

-

'Tita'

+

-

'Carpatin'

+

-

'Stanley'

+

-
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Figure 3. Symptoms observed
on the leaves of ‘Carpatin’ cv.

Figure 4. Symptoms observed
on the leaves of ‘Tita’ cv.

Figure 5. Symptoms observed
on the leaves of ‘Romanta’ cv.

CONCLUSIONS
In the agro-climatic condition of Plovdiv, Bulgaria the cultivar ‘Tita’ was considered as
resistant to spring frosts and ‘Roman’ cv. as sensitive and vulnerable to severe frost injuries.
‘Romanta’cv. provides very high productivity. The cultivars ‘Tita’ and ‘Pitestean’ yield,
qualitative large fruits and show excellent productivity in the environmental conditions of
the region. Taking into account the combination of important qualities for the fruit
producers ‘Tita’, ‘Romanta’ and ‘Pitestean’ cvs. are suitable for expanding and diversifying
the list of cultivars grown in the country. These cultivars are recommended for introduction
in the Bulgarian plum production orchards.
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ABSTRACT
The pomegranate moth (Euzophera punicacella Mocre.) is the most widespread
and well-known pest of pomegranate bushes in the western part of Azerbaijan. The
loss of yield from the pomegranate moth (Euzophera punicacella Mocre.) in the
pomegranate orchards of Azerbaijan often reaches significant sizes. The article
provides data on the biology, prevalence, harmfulness of the pomegranate moth
(Euzophera punicacella Mocre.), as well as measures to combat it. Research work was
carried out from 2018 to 2020 in the pomegranate orchards of the Ganja-Kazakh
geographic zone: route surveys, stationary observations, laboratory field and field
experiments. Stationary observations were carried out in the industrial pomegranate
orchards of the Goranboy region (western part of Azerbaijan, part of the GanjaKazakh geographic zone). Caterpillars collected from damaged fruits in a
pomegranate garden served as the material for the study. To determine the
harmfulness of the pomegranate moth (Euzophera punicacella Mocre.), 10 test bushes
were isolated on the cultivars ‘Krmyzy kabukh’ and ‘Pink gulosha’ before flowering.
The harmfulness was established by a systematic analysis of damaged fruits and
removable crops from experimental bushes. The wintering place of caterpillars was
determined by examining 10 experimental bushes at the age of 7 years. Starting from
the third ten-day period of March, we examined weekly carrion, crusts, mummified
pomegranate fruits that remain in the garden after harvesting and the bark of boles.
When studying the timing of the development of individual phases, the number of
generations and other issues in laboratory-field conditions, experiments were set up
under gardens mounted on pomegranates. The optimal timing of chemical and
biological pest control was recommended based on the study of the biological
characteristics of the pomegranate moth (Euzophera punicacella Mocre.).
Key words: caterpillar, pupa, egg, generations, pest wintering, harmfulness
INTRODUCTION
Pomegranate is a valuable subtropical fruit crop, which looks like a tree or a bush, with
leaves falling for the winter and a rather long dormant period. Pomegranate is one of the most
ancient cultures cultivated by man (Osmolovsky and Bondarenko, 1980; Guliyev and
Huseynova, 2020). The genus Punica L. belongs to an ancient plant type, characteristic of the
Tertiary period. Fossils of this kind are known from the oligocene and pliocene in Azerbaijan.
The birthplace of the cultural pomegranate is Azerbaijan, where the main formative process of
this kind took place and from where it spread to other regions of the world: to the east of Asia,
including China, and the west to North Africa and Spain. The pomegranate belongs to the
pomegranate family (Punicaceae Horan.), which has only one genus, Punica L., which includes
two species: the common pomegranate (Punica granatum L.) and the Socotran pomegranate
(Punica protopunica Balf.). In subtropical fruit growing, the pomegranate culture has a
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thousand-year history. Distributed across all continents. In Uzbekistan and Tajikistan, mainly
with soil cover to protect the plants for the winter frost. On the territory of the former Soviet
Union, the largest thickets of wild-growing pomegranate are located in the Eastern
Transcaucasia (Azerbaijan). Clumps of wild-growing pomegranate are found in the Tugai
forests of Azerbaijan. Currently, there are more than 500 cultivars of pomegranate in the
world. Local (aboriginal) cultivars of pomegranate are mainly grown in Azerbaijan. There is a
fairly large assortment of local cultivars of pomegranates in Azerbaijan: ‘Azerbaijani Gulosha’,
‘Pink Gulosha’, ‘Agdam Gulosha’, ‘Nyuvadinskaya Gulosha’, ‘Shelley Melesi’, ‘Shah nar’,
‘Shirin nar’, ‘Nazik kabukh’, ‘Krmyzy kabukh’, ‘Bala Mursal’, ‘Kara Bala Mursal’, ‘Apsheron’,
‘Azerbaijan’, ‘Shirvan’, ‘Veles’, ‘VIR №1’, ‘Iridane’, ‘Farash’, ‘Nasimi’, ‘Meikhosh’, ‘Al-Shirin’,
‘Ag shirin nar’, ‘Karabakh nary’, ‘Agdam shirin nary’, ‘Meskheti’, ‘Agdam krmyzy nary’, ‘Kara
nar’, etc. (Guliyev and Huseynova, 2020). As already noted, common pomegranate in natural
growing conditions is a small tree or large bush up to 3-5 m in height, with a curved trunk and
a highly branched crown. The pomegranate bush has opposite shoots. (Figure 1). Shoots are
smooth, straight, thin, ending in apical buds or thorns. Thorn-like endings are more often
formed in shoots of short and thickened ones. Lateral buds are small, elongated, up to 2-3 mm
long. The leaves are simple, lanceolate, entire, slightly corrugated, wedge-shaped at the base,
rounded at the apex. The leaf blade is dark green, 2-8 cm long, 1-2 cm wide. The petiole is
short, 0.5-0.7 cm (Figure 2).

Figure 1. Pomegranate bush (‘Pink gulosha’ cv)

Figure 2. Pomegranate leaves

Pomegranate flowers are dimorphic. Flowers of regular shape, separate-petalled, single, or
collected in 3-4 flowers together (less common). One pistil, often underdeveloped, many
stamens (Figure 3). Pomegranate fruits are berries with thick skin, large, colored pink,
bright red or dark purple, depending on the cultivar. The pomegranate fruit consists of three
parts: the peel, seeds and juice (Figure 4). The average weight of fruits is 200-450 gr. The
peel with partitions is 35-50%, the seeds are 5-12%, the juice is 40-55%. Pomegranate
vegetation begins at an average daily temperature of 10-12°C and stops at the same
temperature in the fall. Mass budding occurs when the temperature reaches 16-18°C, the
term for fruit development is 120-160 days, depending on the cultivar and weather
conditions. The required sum of active temperatures is more than 3000°C (Batiashvili, 1965;
Guliyev and Huseynova, 2020). Pomegranate (Punica L.) is grown as a fruit, technical,
ornamental and medicinal plant. Its fruits are used fresh and used for processing.
Pomegranate juice is a valuable food product and is rich in various chemicals. The juice of
ripe pomegranate fruits contains 12-19% sugar, 0.3-3.0% acid. Sugars are found in the form
of glucose, fructose and partly sucrose. Pomegranate juice also contains a large amount of
biologically active substances: ascorbic (5 - 12 mg%), folic (0.04 – 0.08 mg%), P-catechin
and leukoanthocyanic (26-46 mg%) acids, vitamins P (150-200 mg %), B1 (0.004-0.036), B2
(0.32-0.27 mg%), tannins (1.0-1.1%) and pectin’s (0.1-0.3%). Pomegranate growing is one
of the leading branches of agriculture in Azerbaijan. With the intensification of pomegranate
growing and pomegranate production, the role and importance of plant protection from
pests, diseases and weeds as one of the most essential elements ensuring high and
sustainable yields from pomegranate bushes increases.
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Figure 3. Pomegranate flower

Figure 4. Inside the contents of the fruit

The species composition of pests that damages pomegranate bushes is quite large and varied.
Pomegranate bushes damage various polyphagous and specialized pests.
As already noted, pomegranate bushes are attacked by a fairly large complex of various pests.
The pomegranate moth (Euzophera punicacella Mocre.) belongs to the class of insects
(İnsecta), the order butterflies (Lepidoptera), the family of leaf rollers (Tortricidae). The
species was first described in 1848 by the german entomologist Philip Christoph Zeller. This
pest is widespread in all regions of pomegranate cultivation (Southern Europe, the Caucasus,
the Middle East, Iran, North Africa, Asia Minor and Central Asia), and in Azerbaijan (Goranboy,
Samukh, Shamkir, Kazakh, Agdam, Terter, Gegchay, Gekgel, especially on Absheron).
The pomegranate moth (imaqo) butterfly is gray. The forewings are narrow, the hindwings
are wide. Eggs (ovum) are light yellow, the surface is rough, size 0.75-1.00 mm. Caterpillars
(larva) of the last instar are dirty gray. The head is coffee-black, body length 15 mm. This
pest of the 4th-5th age in the phase of caterpillars hibernates under the bark of a tree, on
leaves, on dried, trunks under the bark, as well as on the skin of fruits in silky cocoons.
GOALS AND OBJECTIVES OF THE RESEARCH
The main goal of the work is to study the biology, distribution, development and
harmfulness of the pomegranate moth in the conditions of the Ganja-Kazakh geographic
zone (western part) of Azerbaijan and develop recommendations for combating it. During
the research, the following tasks were solved:
1. Studying the biology, distribution, dynamics of development and harmfulness of the
pomegranate moth;
2. Study of the resistance of the main cultivars of pomegranate (‘Krmyzy kabukh’ and ‘Pink
gulosha’) to the pomegranate moth;
3. Study of the influence of agrotechnical measures on the population density of the
pomegranate moth;
4. Development, based on the research results, of effective protective measures (mainly an
integrated protection system) in the fight against the pomegranate moth;
5. To assess the economic efficiency of the use of chemical and biological means of
protecting the pomegranate garden from the pomegranate moth.
MATERIALS AND METHODS
This chapter of the article provides materials and methods for the study of the pomegranate
moth (Euzophera punicacella Mocre.) in the western part (Ganja-Kazakh geographic zone) of
Azerbaijan. As already was stated, experimental research was carried out in 2018-2020 in
the pomegranate gardens of the Ganja-Kazakh geographic zone (western part of the
country) of Azerbaijan. Stationary observations were carried out in the Goranboy region,
and route observations in the Geranboy, Shamkir and Kazakh regions. The variants were
repeated three times in the experiment. The total area of the experiment was 0.5 hectares.
The layout of pomegranate bushes in a 4x4 garden. The object of research was the
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pomegranate cultivars ‘Pink Gyulosha’ and ‘Krmyzy kabukh’. Caterpillars collected from
damaged fruits in a pomegranate garden served as the material for research. The discovered
adult butterflies (imago) were soaked in stain, and the larvae and caterpillars (larva) were
reared until the imago was obtained. To establish the prevalence of the pomegranate moth
(Euzophera punicacella Mocre.), route and stationary surveys were carried out (route
surveys were carried out at intervals of 15 days, and stationary surveys were carried out at
intervals of 5 days) in the pomegranate plantations of Goranboy, Shamkir, Kazakh regions
(these areas are included in the composition of the Ganja-Kazakh geographic zone, the
western part of the Republic of Azerbaijan) in 2-3 sections. The number of bushes to be
examined depends on the area of the pomegranate garden: up to 50 hectares - 10 bushes;
50-100 hectares - 20 bushes and 100-200 hectares - 30 bushes.
For monitoring the pomegranate moth (Euzophera punicacella Mocre.), the most commonly
used delta-shape traps with sticky liners. Pheromone traps were placed in the crowns of a
pomegranate bush at a height of 1.5-2.0 m to identify new foci in the period from the second
decade of July to the third decade of September to monitor the dynamics of summer and
forecast from April to October.
After placing the traps stationary, every seven days, the butterflies were sampled and the
liners were replaced in the same order. The harmfulness was established by a systematic
analysis of damaged fruits and removable crops from experimental bushes. The wintering
place of caterpillars was determined by examining 10 experimental bushes at the age of 7
years. Starting from the third decade of March, we examined weekly carrion, crusts,
mummified pomegranate fruits remaining in the garden after harvesting and the bark of
boles. The eggs laid were counted after the death of the females.
On the day of death, the female was dissected under a microscope to determine the potential
fertility and the presence of spermatophores. Observations of the development of
preimaginal phases (eggs, caterpillars, pupa) were also carried out in field and laboratoryfield conditions. For the control of pomegranate moth (Euzophera punicacella Mocre.), in the
experimental variants were used biological: Fitoverm (organic treatment based on
Aversectin S, 2 g/l), Lepidocide (biological treatment, the product active agent is bacterial
spores and protein crystals (delta-endotoxin) of Bacillus thuringiensis var. kurstaki, BA3000 EA/mg, titer not less than 60 billion spores/g), and Bicol (biological treatment based
to Bacillus thuringiensis var. thuringiensis, BA- 2000 EA/g, titer not less than 45 billion
spores/g), but and the chemical treatment using Fas product (chemical insecticide from the
group of synthetic pyrethroids, deltamethrin 10 g/kg). The treatments were applied foliar,
using mechanical equipment.
For this purpose, part of the caterpillars was left on the bush and systematically continued
observation of their development in natural conditions, and the other part was transferred
to the laboratory to clarify the lifestyle of phenology, as well as to clarify their infestation
with parasites.
To study the duration of development of eggs of the pomegranate moth (Euzophera
punicacella Mocre.), the experiments were carried out in 5 variants, three replicates each.
Butterflies were included in the experiments on the first day of life. In variant I, butterflies
obtained at the beginning of summer were used, in variants II, III, IV, V at a later date. In
each replication, there were up to 10 pairs of butterflies, which were released into gauze
insulators worn on pomegranate branches. Insulators were put on the fruiting branches of
pomegranate bushes. Daily observations revealed the onset of oviposition. When the first
eggs were found, the butterfly isolators were removed and the branches were labeled. Thus,
systematic observations established the timing of hatching and completion of caterpillar
development. We also collected pomegranate moth caterpillars (Euzophera punicacella
Mocre.) from each generation. Pupae were also collected in pomegranate fruits after feeding
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cessation and leaving for pupation. The collection was carried out on 100 bushes so that at
least 500 specimens could be collected. During the research, generally accepted methods
were used: monitoring and signaling treatments (Makhotkin, Pavlyushin, 2002), signaling
the timing of chemical or biological control and determining its feasibility, monitoring the
phytosanitary state of gardens, determination of the population density and economic
damaging threshold number (EDT) of the moth.
RESULTS AND DISCUTIONS
The pomegranate moth (Euzophera punicacella Mocre.) is a widespread and dangerous pest
of pomegranate bushes in the western part of Azerbaijan. Route surveys, stationary
observations, laboratory and field experiments established that the development of the pest
occurs in 3-4 generations per year. Butterfly years last from mid-May to October. The last
generation survives the winter in the larval stage (under the bark, in damaged fruits that
remain on trees, and in carrion). According to a study carried out in Azerbaijan, in an
individual living in the first half of summer, the egg period lasts 6-8 days, caterpillars 20-25
days, pupae 10-12 days; in an individual living in the second half of summer, the egg stage
takes 5-7 days, caterpillars 10-12 days, pupa about a crescent (Figure 5-6). Overwintered
individuals spend 17-20 days in the pupal phase.

Figure 5. Caterpillar of the fruit moth in the
under the influence of pest caterpillars

Figure 6. Rotten pomegranate fruit
serrated part of the fruit

The phase harmful to the pomegranate is the caterpillar, which penetrates at the earliest
stages of development into the fruit of the pomegranate, where they feed on the seeds that
have not yet hardened. Our research has found that caterpillars penetrate not only at the
earliest stages of development into the pomegranate fruit and feed on not yet hardened
seeds, but even on the cups of the ovaries. Thus, caterpillars of the pomegranate moth
(Euzophera punicacella Mocre.) gnaw on the phloem in the trunk and feed on the contents of
the fruit.
When studying the distribution and harmfulness of the pomegranate moth (Euzophera
punicacella Mocre.), we found that some part of the first-generation caterpillars (15-20%)
ends their development in the calyx (Figure 7-8). The results of route surveys and stationary
observations showed that the percentage of damage to fallen flowers due to caterpillars of
the first generation (pomegranate flowers fall off after laying eggs) varies in the western
regions from 1,0 to 2,45%. When even the smallest pomegranate fruits are damaged by the
moth, some cultivars of pomegranate damage the fruit up to 50%. Consequently, this
contributes to a decrease in yield and a deterioration in quality. The pomegranate moth
(Euzophera punicacella Mocre.) inflicts especially great harm on the following pomegranate
cultivars: ‘Krmyzy kabukh’, ‘Ag shirin nar’, ‘Nazik kabukh’, ‘Azerbaijan' or 'Red gulosha’,
‘Pink gulosha’ and slightly damages the cultivars ‘Shirin nar’, ‘VIR№1’.
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Table. 1. Development phenogram Euzophera punicacella Mocre. on pomegranate in the conditions of
the western part (Ganja-Kazakh geographic zone) in 2019-2020
Generatio
ns
I
(wintered)
generation
II
generation
III
generation

March

April

I

II

III

I

II

●

●

●

●

●

May
II
I
●

I

II

●

●

June
II
I
●

I

II

●

●

July
II
I
●

August

I

II

I

II

-

II
I
-

●

-

September
I

II

III

-

II
I
-

-

-

-

-

-

-

▲ ▲ ▲

▲ ▲ ▲

▲ ▲ -

-

-

-

-

-

-

-

-

-

-

-

-

-

-

+
×

+
×

+
×

+
×

-

-

-

-

-

-

-

-

+
×

+
×

+
×

+
×

-

-

-

-

-

-

-

-

●

●

●

●

●

●

●

●

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

+
×
-

+
×
●
-

+
×
●
-

+
×
●
-

+
×
●
-

+
×
●
-

+
×
●
-

+
×
●
-

×
●
-

●
-

-

Winter
ing

●

Note: ● -caterpillars; ▲-pupae; +-butterflies; ×-egg; -not found

The emergence of the first butterflies (imaqo) of this generation begins on June 22. From the
available material, we can say that this phase is extremely extended. Since the pupation of
the second-generation caterpillars is uncommon. The flyout of the butterflies (imaqo) is also
stretched. 2-3 days after emergence, butterflies (imaqo) begin to lay eggs (ovum). Eggs
(ovum) are laid in the cup of the pomegranate fruit. Embryonic development of the third
generation lasts 5-7 days. Hatching caterpillars (larva) penetrate the pomegranate fruit
through the calyx and feed on the juicy pulp of the grains, their kernels, placentas, as well as
fruit crusts, pollute the passages with excrements, bring in the spores of phytopathogenic
fungi, causing the fruit to rot. One caterpillar damage one fetus during its life. In one fruit, we
found from 1 to 4 caterpillars of the pomegranate moth. As a rule, caterpillars (larva)
hibernate, ready to pupate. Caterpillars (larva) of younger ages also remain for wintering.
According to our collections, a large percentage of them overwinter safely. To develop
effective methods of combating the pomegranate moth (Euzophera punicacella Mocre.)
pomegranate, we researched three directions: establishing the effectiveness of
agrotechnical, hygienic measures and developing chemical control measures. To this end,
field experiments were laid in the pomegranate garden of the Goranboy region (western
part of Azerbaijan), where the following agrotechnical measures were tested: pruning dry,
diseased, old branches, harvesting leaves and mummified fruits, cultivating the soil around
the bush and applying mineral fertilizers - superphosphate, cleaning of affected areas,
disinfection and coating with a 1% solution of copper sulfate. The measures were carried
out in early spring before bud break, the effectiveness of each measure was tested
separately, against the pomegranate moth (Euzophera punicacella Mocre). One of the
criteria for determining the need for chemical treatment is the economic threshold of
harmfulness (EPV) (usually 2%) and the sum of effective temperatures (the threshold for
establishing an average daily temperature of + 10°C).
Chemical preparations are used only in case of massive damage by the moth. When spraying
a pomegranate from a moth, you can find out with the help of a pheromone trap, which must
be located in the garden area. If more than five butterflies fall into it within a week, it means
that chemical treatment of the bushes can no longer be done.
In addition to agrotechnical measures against the pomegranate moth (Euzophera
punicacella Mocre.), we paid particular attention to the development of a chemical and
biological methods of control- integrated pest control. To this end, the following insecticides
were tested: Lepidotsid, Bicol, Fitoverm, Fas. (Table 2).
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Figure 7-8. Caterpillars identified from pomegranate fruits
Table 2. Influence of preparations on damage to pomegranate fruits of cultivars 'Kyrmyzy kabukh'
and 'Pink gyulosha' (2020)
Cultivar

Fitoverm

Lepidocide

'Krmyzy kabukh'
'Pink gulosha'

91
98

78
77

Biological efficacy, %
Fas
Bicol
Control (without chemical or
biological treatment)
77
73
0
74
71
0

As a result of observations, the greatest biological effectiveness was shown by Fitoverm, ke,
which was 91 and 98% on the 15th day on the cultivars ‘Krmyzy Kabukh’ and ‘Pink
Gulosha’, respectively. Of all the drugs used, Bicol turned out to be less effective 71-73%,
respectively, for the same cultivars. In connection with the prospects of Fitoverm in the
fight against the pomegranate moth (Euzophera punicacella Mocre.), in 2020 we assessed
the use of the drug at different consumption rates in different phenophases of pomegranate
in industrial gardens. The results are shown in Table 3. So, the biological preparation
Fitoverm can be effectively used in gardens when it is included in the general scheme of
protective measures, taking into account preliminary monitoring in the conditions of the
western part of Azerbaijan. When using the proposed system, there were no residual
amounts of insecticides in the removable products, which makes it possible to recommend it
as economically safe.
When the average daily air temperature reaches from 5°C to 10-12°C, the time comes for the
first spraying of pomegranate bushes with pesticides. Effective pomegranate pest control
depends mainly on the timely and correct application of chemicals and biological. For early
spring (before bud break) and late autumn (after leaf fall) spraying of pomegranate
orchards, we used insectofungicide and insectoacaricide ‘Clean Garden Nitro’.
Table 3. Biological efficacy of Fitoverma (‘Krmyzy kabukh’), % of fruit damage (2020)
Phenophase
of
pomegranate
Fruit growth
Fruit ripening

Fitoverm (1 l / ha)

Fitoverm (2 l / ha)

5 days

7 days

10 days

14 days

5 days

7 days

10 days

14 days

75.4
78.9

79.8
83.2

84.5
84.5

85.1
89.7

77.8
74.7

80.6
83.5

82.1
85.6

88.3
89.7

The drug was used in the late autumn period (after the leaves fell to 70-80%) and in the
early spring period before bud break, to prevent, and protecting against various diseases
and insect pests on pomegranate bushes. The drug effectively fights against mosses and
lichens, captures a wide range of fungal and infectious diseases, while not harming the
culture itself and the environment.
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The processing of pomegranate bushes against the pomegranate moth is carried out at the
beginning and after the end of mass flowering, as well as in the third decade of June - the
first decade of July.
CONCLUSIONS
Our 3-year observations in the pomegranate orchards of the western part of Azerbaijan
showed that the pomegranate moth (Euzophera punicacella Mocre.) develops mainly in
three generations. In the conditions of the Goranboy region, the first pupae appeared in
nature in 2019 - April 23, when the average daily air temperature reached 14.3°C. Mass
transformation of caterpillars in pupae was observed in mid-May at a sum of effective
temperatures of 180-192°C, an average of 186°C.
Butterflies fly at night, during the day they sit in shaded places, on bushes or the grass.
Butterflies live for 3 to 9 days, with an average of 6 days. Oviposition by females of the
overwintered generation begins 2-3 days after emergence at a sum of effective
temperatures of 124.2-138.0°C. Females lay eggs in buds, flowers and ovaries. Particularly
intensive emergence of butterflies of the overwintered generation in the western part of the
country occurs after flowering, on the 7-10th day.
The biological preparation Fitoverm protects the pomegranate from the pomegranate moth
(biological efficiency 78-89%; damage to fruits during harvesting 0.7-2.1%; the value of the
saved yield 0.6-0.8 t / ha) when using a dosage of 2 l/ha (0.2% working solution).
Other used preparations (Lepidocid, Fas, Bicol) in industrial pomegranate orchards also
provide high efficiency (respectively, Lepidocide 77-78%; Fas 74-77%; Bicol 71-73%), while
damage to the removable crop ranges from 0.6 up to 2.7% (with a threshold of the
harmfulness of 2-5%, for cultivars ‘Krmyzy Kabukh’ and ‘Pink Gyulosha’ of different fruit
weights), and the value of the preserved yield is from 0.6 to 1.4 t/ha.
The monitoring system, adapted for the conditions of the western part of Azerbaijan, allows
regulating the population density of the pomegranate moth (Euzophera punicacella Mocre.),
maintaining its population at an economically imperceptible level.
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ABSTRACT
This paper presents the efforts carried out at Research Institute for Fruit
Growing between 2020-2021, in order to assess the strawberry behaviour to the
hydric and biocenotic stress to improve the water and nutrients use and to build
precision driven technologies that can be transferred to the farmers. Thirteen
strawberry cultivars and three promising hybrids were evaluated in the field in
order to evaluate the response to the fertirrigation regime, the chlorophyll
fluorescence and the photosynthetic potential. We also focus on the behavior of
the cultivars to the major pest and diseases, forecasts using warning modules, and
an innovative mobile application and warning algorithms elaborated on the
computer, and productivity potential into the first year of fructification. The ratio
between the main macro-elements N 12.5: P 18.0: K 1.0: Mg 1.5 aiming to provid a
very good nutrition to the strawberry plants and preparation for the cold season. The
varietal sensitivity index to diseases (VSI%) of the newly introduced cultivars, ranged
between 0.48 at 'Dona' cultivar and 2.53 at 'Mira' cultivar but no more than 5.00 at
'Elsanta' cultivar. The average fruit weight ranged between 18.5 g at 'Daroyal' and
27.5 at 'Alba' cultivars. So, in this group, the productivity potential ranged between
451 to 1100 g /plant.
Keywords: strawberry, evaluation, fertirrigation, forecasting_modules, warning_algorithms.
INTRODUCTION
In Romania due to the soil and climate conditions, traditions, skills and knowledge, a wide
range of horticultural products can be grown to fulfill the market's requirements and meet
consumer needs. In the last decade, in our country and worldwide, it was noticed an
increased demand for high-quality horticultural products obtained in economically and
environmental integrated production systems, or even better under organic production
system, which, if necessary, complement one another. Under the climatic changes in the
latest years, many crop bottlenecks, both abiotic and biotic ones, can menace the
horticultural crops in terms of diversity, stability, productivity and profitability with an
impact on social and economical welfare. Plant phenology, complex flowering process,
diseases management strategy and finally, the commercial value of the crop, depend on
climatic conditions and need to be more and more controlled by modern techniques of
cultivation. This paper presents the results obtained in a high technology system designed
for the strawberry plot established in 2019 at the Fruit Growing Research Institute PitestiMaracineni, in the frame of a bilateral project Romania-Egypt, founded by ASAS Bucharest.
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Our goal is to valorize our natural conditions and to implement new monitoring, decision
tools and growing techniques and to transfer them to the farmers. In this way we try to
mitigate the effects of climate changes and make farming profitable on nowadays dynamic
markets. The general objective of the project is to develop and promote methodologies,
devices and programming models for rapid diagnosis of key pests and diseases, and models
for rapid diagnosis of the water stress in strawberry culture and ways to overcome the
obstacles. Specific objectives are: optimization of fertigation in high density strawberry
culture, early detection and prevention of biocenotic stress caused by pathogen and pests,
elaboration of models and algorithms for warning and forecasting, transfer of the new
knowledges to the farmers.
MATERIALS AND METHODS
The experimental plot consisted of 0.675 ha planted with strawberries. The biological
material was represented by refrigerated plants belonging to the varieties ‘Darselect’,
‘Daroyal’, ‘Dona’ and ‘Amandine’. Planting took place between 4-10 August 2020. Another
group of plants consists of ‘Queen Elisa’, ‘Sarom’, ‘Amarand’ ‘Real’, ‘Premial’, ‘Mira’, ‘Elsanta’,
‘Onebor’ ‘Alba’, and a few promising hybrids were planted between 10-15 October 2020.
The chosen cultivation system consisted in raised beds 62 cm wide, covered with plastic film
and 2 irrigation tubes beneath the plastic mulch. The planting density was 55.000 plants/ha.
To prevent and control weeds infestation, the intervals between the beds were sprayed with
STOMP herbicide, at a rate of 2 l commercial product per ha (more precisely 1.35 l/0.675 ha.
The fertilizers were administrated to the plants by pushing them into the fertirigation pipes
using a Venturi tube. In the experimental plot, it was installed a set of sensors for insolation
(WD 3670i), water potential (WD6450) and leaf wetness time (WD 3666) measurement and
connected to a WD1650 data logger. The climatic parameters were collected with
WatchDog 2900 from Spectrum and iMetos AG from Pessl and processed both with
Specware Pro.9 and iMetos 3.0 software and with MSExcel 2010. For rapid and accurate
assessment of the leaves' chlorophyll content, two devices, CCM-200-Optisciences and
Fluorpen FP100 were used. Thirty determinations for each variant were made as follows:
three leaves from each cultivar were harvested on 30 October 2020, passed into the dark
and three times in succession of the temperature’s thresholds: 3.3-7.1⁰C; 19.4-21.6⁰C and
36.5-43.5⁰C (increased thermal stress) (see Brestic and Zivcak., 2013). Twenty-six
parameters of chlorophyll fluorescence were investigated. (Baker and Oxborough 2004;
Baker and Rosenquis, 2004; Klughamer and Schreiber 2008; Papageorgiu, 2004; PerezPriego et al., 2004; Strasser et al., 2004). The plot microclimate conditions were investigated
using the forecast module of Specware Pro.9 warning mod, to evaluate cultivars behavior to
the diseases in the direct field observations were made on the incidence (DISINC%) and
severity (DISSEVnotes) using Deholmez scale (1995) and coupled with the mobile
application BioLeaf Analysis System. Damages degrees (DD%) and cultivar sensitivity index
(VSI%) were calculated. Two forecast algorithms built in MSExcel 2010 were elaborated for
two major pests of the strawberry. All the resulted data were processed with MSExcel 2010,
ANOVA and SPSS. 14.
RESULTS AND DISCUSSIONS
A. Results regarding the weather data specific to the chosen location.
Data presented in Table 1 and Figure 1 reveal that at Research Institute for Fruit Growing,
the microclimate is mainly excessive continental. The year 2020 was very dry (497.7 l/m2)
(Table 1). The driest months were April and August, with rainfall of only 21.1 l /m2 and 29.8
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l/m2, the number of rainy days being 6-10. In the air, the minimum temperature was
recorded in April (-3.9⁰C) and the maximum temperature in July 35.3⁰C. It can also be
observed that at the beginning of April and at the beginning of July the potential of water in
the soil was between 18-48 kPa, respectively 10-18 kPa.

Figure 1. Soil and atmosphere conditions at Fruit Growing Research Institute, Ian. 2020 - Sep. 2021.
Table 1. Overall microclimate conditions at Fruit Growing Research Institute,
Ian.2020-Sep.2021.
Year

2020

2021

Month

High

Temperature [OC]
Day
Low
Day

Ian.

15.0

25

-10.2

08

Feb.

19.3

18

-8.5

08

Mar.

23.3

13

-6.1

17

7.6

Apr.

25.3

19

-3.9

01

10.9

Mai.

30.1

11

4.3

08

15.0

Jun.

32.8

29

4.3

03

19.6

Jul.

35.3

30

11.6

15

Aug.
Sep.

35.2
33.8

31
01

11.0
6.2

28
20

Oct.

27.4

05

-0.4

Nov.
Dec.

17.6
12.9

27
30

-4.9
-7.9

Ian.

13.3

23

-14.1

Degree
days

Chill
hours

Wet
hours

0.2

2.6

300.3

4.2

14.5

432.5

45.5
101.4
169.0
290.2

22.0
22.2
18.9

21

12.4

28
02

4.7
3.1

17

0.5

Mean

Rain
Days

12.0

Rain
Fall
[mm]
1.8

12.0

22.5

7

448.5

13.0

30.0

8

316.0

6.0

21.1

6

159.0
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4

The vegetation season of 2021 was also very dry (Table 1). The driest months were April
and July, with rainfall of only 38.4 l /m2 and 33.5 l / m2, the number of rainy days being 912. In the air, the minimum temperature was recorded in January (-14.1⁰C) and the
maximum temperature in July 36.8⁰C.
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Table 2. Experimental plot fertilization regime applied in 2020
Element
[mg/plant]
Nitrogen
Phosphorus
Potassium
Magnesium
Bor
Copper
Manganese
Molibden
Zinc

Fertilization 1
21.08.2020
96
480
-

Fertilization 2
31.08.2020
152
48
16
24
0.20
0.80
0.32
0.032
0.20

Fertilization 3
09.09.2020
152
48
16
24
0.20
0.80
0.32
0.032
0.20

Total
[mg/plant]
400
576
32
48
0.40
1.60
0.64
0.064
0.40

Table 3. Experimental plot fertilisation regime applied in 2021
Comercial product
Kristalon 13-40-13 (yellow)
Calcinit
Kristalon 19-6-20 (blue)
Kristamag
Kristalon 12-12-36 (red)
Kristalon 6-12-36 (orange)

kg a. i. / ha
30
100
100
30
60
85

Phenophase
Vegetation start
Vegetation start and intense growing
Foliage development, before and after harvest
Blooming time
Blooming time
Fruits increase and fruits beginning of ripening

*Note: The fertilizers used contains various arrays of microelements.
B. Results regarding the dynamics of chlorophyll fluorescence and the photosynthetic
potential of the studied strawberry cultivars.
Table 4. Correlation between air temperature and OJIP indicators
of leaf chlorophyll fluorescence

The investigations carried out in 2020 and 2021 aimed to check the studied cultivar's
behaviour under the continental excessive climate and the efficiency of the fertirigation
measures applied specially to overcome the hydric and nutritional stress. This was done
especially by analyses of chlorophyll fluorescence dynamics and the photosynthetic
potential, taking into account 26 OJIP parameters. Very high temperatures (> 35 ° C) had a
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depressive effect on Ss - the smallest inflection of the transient curve of photosynthesis and
on Fv/Fm - the quantum potential of photosystem II (0.69 - 0.72, compared to 0.8 - optimal)
and to stimulate energy dissipation (see OJIP ETo/RC, TRo/RC, DIo/RC and ABS/RC
indicators) (Table 4). The chlorophyll content index is positively correlated very
significantly with the indicators of chlorophyll fluorescence - OJIP, of quantum production or
efficiency, Psi_o, Phi_Eo and Pi_Abs, but also with Fv/Fm the quantum potential of IInd
photosystem (Table 5).
Table 5. Correlation between leaf chlorophyll index and OJIP fluorescence indicators

B. Analysis of the risk of attack using software modules of WatchDog automatic
station and the level of pathogens damages using field evaluation and mobile
phone application BioLeaf Foliar Analysis.

Figure 2. Attack risk of the grey mold
- Botrytis cinerea on strawberry in 2020

Figure 3. Attack risk of the grey mold
Botrytis cinerea on strawberry in 2021.

Assessment of figures 2 and 3 reveal that both in 2020 and 2021 the risk of grey mold attack
was high in May and June (note 2.0-2.5), when due to the precipitation amount (104-106.2
l/m2) and the leaf wetness period ranging between 17-23 h daily, good conditions were
created for the fungal infection.
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Data of figures 4-6 reveals the strawberry cultivar's behavior to fungal diseases attack. As
regard the strike of red spot Diplocarpon earliana, the most sensitive cultivars were
'Amarant', 'Darselect', 'Elsanta' and 'Mira' (DD%=2.50), while to the white spot
Mycosphaerella fragarie, 'Amandine' cultivar was the most sensitive (DD%=0.70).
From Figure 7 it can be observed that the sensitivity index to diseases (VSI%) of the newly
introduced cultivars, ranged between 0.48 at 'Dona' cultivar and 2.53 at 'Mira' cultivar but
no more than 5.00 at the standard 'Elsanta' cultivar.

Figure 4. Damages degree DD% caused by
Diplocarpon earliana on strawberries in the
experimental plot, June-July 2021

Figure 5. Damages degree DD% caused by
Mycosphaerella fragarie on strawberries in
the experimental plot, June-July 2021

Figure 6. Damages degree DD% of
Colletotrichum acutatum on strawberries in the
experimental plot, June-July, 2021

Figure 7. Cultivar sensitivity Index [VSI%] on
strawberries in the experimental plot, 2021

C. Results in pests forecast modeling
For to important pests of strawberry fields, bilberry tortrix - Aphelia viburna and strawberry
weevils - Othiorhyncus spp., two forecast models were elaborated using MSExcel 2010
facilities (Table 6 and 7). By introducing into models, the daily temperatures over the
thermal threshold of 9.0 ⁰C, respectively 4.5 ⁰C can be obtained the degrees sums necessary
for the pests to reach a certain development stage of the life cycle.
These are simple forecasting models, that can be used bay every strawberry grower, used on
a PC or tablet, to better chose and apply the insecticide treatments in strawberry fields.
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Table 6. Forecast model for the biological cycle of strawberry weevils- Othiorhyncus spp.
Date

Sum of degrees over
termic treshold T*C =
4,5

Sum of degrees
achieved over the
termic treshold
T*C = 4,5

Life Cycle / Stage

Alert

May 9

295.6

365.3

nimph

A1

A1. The conditions are met for the nymph
development

May 29

568.9

653.30

adult

A2

A2. The conditions are met for adults occurrence,
apply insecticides based on: acetamiprid, taufluvalinate or lambda-cyhalotrin, etc.

June 17

814.5

946.21

egg

A3

The conditions are met for adults meeting and
eggs laying; apply ovicide type insecticide.

July 3

1087.3

1237.71

adults on retreat

A4

The conditions are met for the adult's attack on
weeds and wilde plants, apply insecticides based
on acetamiprid or tau-fluvalinate or lambdacihalotrin, etc.

Alert message

Table 7. Forecast model for the biological cycle of bilberry tortrix - Aphelia viburna
Temperature
Achieved
degrees sum over temperature degrees
the termal
sum over the termal
Month
treshold
treshold
T*C = 9,0
T*C = 9,0
April

24.4.

78.60

Life cycle/Phase

Alert

Alert message

G1 pre-ovipozitary period

A1

Start the culture monitoring.

May 19

120

213.2

G1 embrions development

A2

G1 embryons occurrence. Continue the
culture monitoring.

June 10

336

475.4

G1 larva dvelopment

A3

G1 larvas occurred. Apply T2 with
homologated insecticide larvicide, based on …

June 19

431.5

588.30

Nimph occurrence

A4

G1 larva occured. Apply T3 with homologated
insecticide larvicide omologate, based on …

June 30

576

737.22

G2 adults occurrence

A5

G2 adults occurred. Apply T4 with
homologated insecticide adulticide, based on..

July 1

600.4

746.42

G2 pre-ovipozitary period

A6

G2 adults occurred. Apply T5 with
homologated insecticide adulticide, based on ..

July 10

720.4

815.02

G2 larva occurrence

A7

G2larva occurred. Apply T6 with homologated
insecticide larvicide based on…

D. Results regarding the strawberry cultivars productivity potential.

Figure 8. Correlation between attack severity
estimated upon Deholmez scale, (1995)
and with mobile application Bioleaf Foliar Analysis

Figure 9. Results regarding the strawberry
cultivars productivity potential in the first
year of exploitation (2021)

Using the severity assessment scale Deholmez (1995), and the mobile application BioLeaf
Foliar Analysis, a correlation was established which is described by the equation
Y=0.981x+0.5753, with the regression coefficients R2=0.9295*** and r=0.9641***, which are
statistical insured at 112 pairs of values. (Figure 8).
Assessment of Figure 9, reveals that regardless of their origins the studied strawberry
cultivars exhibit a high productivity potential. This fact means that especially the cultivars
from the Southern climate 'Alba', 'Daroyal', 'Darselect', 'Dona', 'Amandine', 'Onebor', and
'Mira', overcome the hydric and biotic stress, registered during the vegetation periods 20202021. In this sense, the average fruit weight ranged between 18.5 g at 'Daroyal' and 27.5 at
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'Alba' cultivar. So, at these cultivars’ groups, the productivity potential ranged between 4511100 g/plant.
CONCLUSIONS
During the summer, the most affected by the high temperatures was the 'Amandine' cultivar,
followed by 'Daroyal' and 'Darselect', in the intermediate position, and the least affected was
the 'Donna' cultivar, the differences between the three classes of cultivars being significant
insured. The mobile application BioLeaf Foliar Analysis can be used for rapid assessments of
diseases intensity in strawberry fields, is simple and reliable and can be recommended to
strawberry growers.
The forecasting models for bilberry tortrix - Aphelia viburna and strawberry weevils Othiorhyncus spp., can be used by every strawberry grower, runed on a PC or tablet, to
better choose and apply the insecticide treatments in strawberry fields. Regardless of their
origins, the studied strawberry cultivars exhibit a high productivity potential. This fact
means that especially the cultivars from the Southern climate 'Alba', 'Daroyal', 'Darselect',
'Dona', 'Amandine', 'Onebor', and 'Mira', overcome the hydric and biotic stress registered
during the vegetation periods 2020-2021.
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ABSTRACT
The paper is a scientific analysis of research conducted during the years 20152018 in the Central Area of the Republic of Moldova on the adaptability of some
blueberry cultivars ('Blueray', 'Earliblue', 'Azur', 'Lax'), studying the key factors that
must be known and performed to obtain a culture successfully, with quality fruit. As a
result of research and observations on the factors influencing plant development, the
duration of the phenological phases, the content and quantity of nutrients in fruit on
the studied blueberry cultivars, it was established that: climatic conditions are
favorable, if the requirements of this species are met, in particular, planting in the
acid substrate (peat with pH 4.5-5.5). Cultivated of cultivars show high resistance to
frost, disease and pests, but require irrigation in dry periods. The climatic conditions
in the study years influence the vegetation stages of the studied blueberry cultivars,
these being between which varies between 15 to 23rd March, flowering between 17 to
26th April and fruit ripening between 25 May and 6th June month. Also, the climatic
conditions influenced the quality of the fruits for the analyzed cultivars, the soluble
dry matter varied between 10.12%-15.04%; of sugars between 3.40-15.04%; tannins
and coloring substances between 15.04-24.94 mg%; vitamin C between 10.60-19.80
mg%; sugar/acid ratio between 1.20-9.29.
Keywords: phenophases, blueberry fruits, qualitative indicators, cultivars, year conditions.
INTRODUCTION
Blueberries are increasingly consumed in Europe, are known for their contribution to
maintaining health. They are known as an excellent source of vitamins and other bioactive
substances of pharmaceutical interest, being one of the richest sources of ascorbic acid 1-10
mg/ 100 g fresh substance. Compared to raspberry and blackberry fruits, the anthocyanins
content of blueberries is much higher and can vary between 146-2,199 mg/100 g of fresh
substance (Asănică, 2017). The fruits and leaves of this shrub have a content similar to that
of the mountain blueberry (Vaccinium myrtillus), having in addition to its nutritional role
and medicinal properties. Thus, the blueberry fruits are rich in soluble dry matter.
Biochemical (sugars, acids, dry matter), vitamins, including vitamin C, vitamins A, B1, B2, E,
mineral salts, anthocyanins with antioxidant action. The fruits are 2-4 times larger
compared to mountain blueberries, with superior commercial qualities, and are highly
sought after in European markets as fresh fruit mainly (Sumedrea et al., 2014). The
productive potential of blueberries is about 3–5 kg of fruit on a bush aged 6–8 years, which
corresponds to 3–4.5 t/ha, and the duration of a plantation is 20–25 years (Mladin Gh. and
Mladin P., 1992). Blueberries are important primarily due to their fruits, which are
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especially valuable for both fresh consumption and industrialization in the form of juice,
syrup, jam, jam, jelly, blueberry brandy, etc. (Gradinariu and Istrate, 2009). Blueberry is a
species of cool and humid climate which, although it tolerates partial shade, gives the best
results when it receives direct sunlight. It has moderate demands on temperature,
succeeding in areas where the annual average is between 7.8 and 8.5°C (15-17°C during the
vegetation period), and during the rest period, it can withstand temperatures up to -25°C
(Mladin Gh. and Mladin P., 1992). The optimum temperatures for blueberries are between
18 and 30 ° C, and the absolute minimum is 7°C and maximum 42°C (outside the range of
absolute temperatures the growth stops). The plants are resistant to frost during the
vegetative dormancy period, if the tissues of the stems and branches are well matured. The
frost resistance during the rest period is relatively high, the critical limit being -36°C
(Sumedrea et al.,2014).
MATERIAL AND METHOD
The research was performed on the experimental field of the laboratory "Fruit bushes and
strawberry" within IP ISPHTA. Four blueberry cultivars were taken as study objects:
'Blueray', 'Earliblue', 'Azur' and 'Lax', which were planted in 2010 in 10-liter buckets, filled
with the acidic substrate with pH 4.5-5.5, and in 2018 they were replanted in 30-40 liter
pots.
The study was performed by field and laboratory methods provided by the established
program for fruit bushes. The studied blueberry cultivars were subject to observations and
evidence on the stages of plant development, resistance to natural limiting factors.
The assessment of the frost resistance of the studied blueberry cultivars was made based on
the grades, marking with grade 5 - completely resistant cultivar. Observations and records
on the phenological stages of plant development of blueberry cultivars but also the
indicators analyzed in the studied cultivars were made in 2015-2018.
The research was based on the monitoring of phenological, biometric and biochemical
indicators. During the research period, all the studied blueberry cultivars did not observe
the frost of the plants, due to the favorable climatic conditions during the winter.
Also, there were no symptoms of the attack of diseases and pests, which allowed the
exclusion of chemical treatments. The analyzed data represent averages of 4 repetitions. The
data obtained for biometric and biochemical indicators of blueberry were ensured
statistically by calculating standard deviations (Cociu and Oprea, 1989).
RESULTS AND DISCUSSIONS
The results of the observations made during the phenological phases of the blueberry plants
for the studied cultivars during the years 2015-2018 were included in Table 1.
According to the data in table 1 during the research it was established that the budding of
blueberry cultivars included in the study begins between March 15–23, but the phenological
phase of flowering depends on the climatic conditions established in the given period, the
capacities of the studied and varies between April 17–26.
Depending on the climatic conditions of the year in 2016, the phenological phases took place
at the earliest, and in 2017 - at the latest.
The average duration between the development phases of blueberry plants from the
beginning of vegetation until the fruit ripening is 101 days. The ripening of blueberry fruits
(Figure 2) takes place over 68 days after flowering and begins between June 21 to July 6th.
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Table 1. Phenological phases of development of blueberry plants

2015
2016
2017

Name of phenophases, duration between them, days
Average
Floweri
Average
Fruit
duration
ng, data
duration
ripening,
between phases,
between
data
days
phases, days
March 19
32
April 20
66
June25
March 15
33
April 17
65
June 21
March 23
34
April 26
71
July 6

2018
Mean

March 21
-

Year

Budding,
data

33
33

April 23
-

69
68

July 1

Average
duration
between
phases, days
98
98
105
102
101

The average duration of the period from budding to the flowering of blueberry plants is 33
days (Figure 1).

a

b

c

d

Figure 1. The phenophases of blueberry plants: a) budding
b) flowering, c) fruit formation, d) fruit maturation
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b

c

d

Figure 2. The ripe blueberry fruits of the studied: a) Blueray; b) Earliblue; c) Azur; d) Lax.

The research carried out to assess the quality of blueberry fruits by biochemical analysis
allowed us to determine the content and quantity the main biometric and biochemical
indicators on the cultivars studied depending on the conditions of the year, and the results
were included in Table 2.
The results obtained and presented in Table 2 regarding the chemical composition of
blueberries attest to the presence of dry substances, the content of which varied between
10.12% for the 'Blueray' cultivar in 2016 and 15.04% for the cultivar 'Earliblue' in 2015.
The sugars in the fruit have varied from 3.40% for the cultivar 'Lax' in 2017 to 7.74% for the
'Earliblue' in 2015. The established average of titrated fruit acidity varied from 0.9% for the
'Lax' cultivar in 2017 to 3,36% for the 'Azur' cultivar in 2015. The presence of the average
amount of tanning and coloring substances varied between 24.94 mg% for the 'Blueray'
cultivar in 2015 to 62.29 mg% for the 'Lax' cultivar in 2016. The average content of vitamin
C accumulated in blueberry fruits reached the lowest values of 10.6 mg% for the 'Blueray'
cultivar in 2016, and the highest of 19.80 mg% for the 'Lax' cultivar in 2015. The standard
deviation for biometric and biochemical indicators (Table 2). e.g.
The ratio between the content of sugar and acid in blueberry fruits is expressed by the
sugar/acid ratio. With the increase of the values at the sugar/acid coefficient, the quality of
the fruit also increases. The sugar/acid coefficient established for the studied blueberry
cultivars varied from 1.2 for the 'Azur' in 2015 and the 'Earliblue' cultivars in 2018 to 9.29
for the 'Blueray' cultivar in 2015.
The average values on the four years of study regarding the quality indicators of the studied
blueberry ('Blueray', 'Earliblue', 'Azur', 'Lax') are presented in Figure 3.
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Table 2. Results on qualitative indicators on the analyzed cultivars, depending on the study year
Cultivar/
year
'Blueray'
2015
2016
2017
2018
Variation
limit
'Earliblue'
2015
2016
2017
2018
Variation
limit
'Azur'
2015
2016
2017
2018
Variation
limit
'Lax'
2015
2016
2017
2018
Variation
limit

Dry
substances
%

The sugar
content
%

Acidity
%

Tanning and
coloring
substances, %

Vitamin
C,
mg %

Coefficient
sugar/acid

14.07±2.47
10.12±1.48
10.60±1.0
10.614.07±4.10

13.0±5.84
5.58±1.58
6.20±0.96
3.85±3.31
3.8513,0±9.15

1.40±0.63
1.60±0.43
2.08±0.05
3.03±1.0
1.43.03±1.63

24.94±11.09
41.57±36.03
41.57±36.03
24.9441.57±16.63

16.94±2.35
10.60±3.99
13.20±1.39
17.60±3.01
10.617.6±7.0

9.29±5.02
3.50±0.77
2.98±1.29
1.30±2.97
1.39.29±7.99

15.04±2.24
10.56±2.24
10.5615.04±4.48

7.74±1.55
7.20±1.01
6.10±0.09
3.72±2.47
3.727.74±4.02

1.40±0.8
2.18±0.02
2.20±0
3.03±0.83
1.43.03±1.63

35.25±2.66
37.41±0.50
45.70±7.79
33.26±4.65
33.26-45.7
±12.44

12.12±1.59
18.92±5.21
12.80±0.91
11.00±3.71
11.018.92±8.92

1.24±0.9
3.30±1.16
2.80±0.66
1.20±0.94
1.23.3±2.1

12.86±1.13
10.60±1.13
-

6.45±0.03
7.20±0.72
4.90±1.58
7,36±0,88

3.36±0.59
2.18±0.59
2.80±0.03
2.72±0.05

41.57±3.12
37.41±7.20
41.60±4.16
58.18±13.49

11.44±4.95
18.92±2.53
17.60±1.21
17.60±1.21

1.20±1.05
3.30±1.05
1.80±0.45
2.70±0.45

10.6012.86±2.26

4.907.36±2.46

2.183.36±1.18

37.4158.18±20.77

11.4418.92±7.48

1.23.3±2.1

14.60±1.75
11.10±1.75
11.1014.60±3.50

6.17±0.85
5.16±0.16
3.40±1.92
6.55±1.23
3.406.55±3.15

2.45±0.22
2.28±0.05
0.90±1.33
3.27±1.04
0.93.27±2.37

33.26±14.53
62.29±14.5
45.73±2.06
49.88±2.09
33.2662.29±29.03

19.80±0.94
18.48±0.38
18.26±0.60
18.90±0.04
18.2619.80±1.54

2.52±0.03
2.26±0.29
3.40±0.85
2.00±0.55
2.03.4±1.4

Figure 3. The average values of the accumulated quantity of nutrients of the studied blueberry during
the years 2015-2018 - Vertical bars are indicating the standard deviation (±SD)
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Thus, the production of blueberry fruits remains a perspective goal, which by studying and
promoting on a large scale the most valuable of blueberry, which is distinguished by the
superior technology, organoleptic properties, with high productivity potential and long
duration, early ripening, increased resistance to adverse environmental conditions, diseases
and pests.
CONCLUSIONS
As a result of the researches carried out on the adaptability of blueberry studied in the
cultivation conditions of the Republic of Moldova, it was found that:
- The climatic conditions are favorable, if the requirements of this species are met;
- Shows high resistance to frost, diseases and pests;
- Requires irrigation according to the needs of the plants;
- Budding takes place between 15-23rd March, flowering between 17-26th April, and
maturation between 25th June-06th July depending on the climatic conditions of the year;
- The climatic conditions of the year influenced the quality indicators of blueberry fruits, so
that in 2015 all studied cultivars recorded the highest values for the amount of accumulated
dry matter (15.04%), sugars - 7.74%; Vitamin C - 19.80 mg% and the highest quality of
fruits according to the sugar/acid coefficient (9.29).
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ABSTRACT
The objectives of the present study were to analyze the behavior of 11
Romanian walnut cultivars and one French cultivar (‘Franquette’) in North East of
Oltenia, under conventional and during conversion to organic nut production. During
conventional growing, the highest mean yields were recorded for ‘Jupânești’ (2.88
t/ha), ‘Valcor’ (2.77 t/ha), ‘Verisval’ (2.58 t/ha), 'Unival' (2.55 t/ha) and in the case of
organic production the highest yields were observed for ‘Jupânești’ (3.5 t/ha), ‘Valcor’
(2.95 t/ha), ‘Unival’ (2.67 t/ha), ‘Verisval’ (2.62 t/ha), ‘Valrex’ (2.56 t/ha) and ‘Redval’
(2.54 t/ha). Nuts of these cultivars were subject to measurements regarding fruit size
index, index of roundness, nut weight, kernel weight and kernel ratio. The nuts of
each cultivar were divided according to class sizes for the international markets.
Cultivars with more than 80% of nuts larger than 32 mm were: ‘Valcris’, ‘Sibișel 44’,
‘Valcor’, ‘Germisara’ and ‘Franquette’. The walnut cultivars were evaluated depending
on the attack of walnut blight (Xanthomonas arboricola pv. juglandis) and
anthracnosis (Gnomonia leptostyla) on leaves and fruits. Walnut blight and
anthracnosis attacks were observed on ‘Sibișel 44’, ‘Germisara’, 'Velnița' and
‘Franquette’, while the least affected proved to be: ‘Valcor’, ‘Valcris’, ‘Unival’,
‘Jupânești’ and ‘Verisval’. As consequence, the following walnut cultivars have
perspectives to be used for the ecological culture in Romania: ‘Valcor’, ‘Jupânești’,
‘Valrex’, ‘Verisval’, ‘Unival’, ‘Redval’, ‘Velnița’, ‘Timval’, ‘Germisara’, ‘Valcris’ and
‘Franquette’.
Keywords: organic culture, Juglans regia, cultivar testing, crop, nut trees
INTRODUCTION
Walnut (Juglans regia L.), known also as Carpathian, Persian, or English walnut is a crop
grown in over 60 countries in both hemispheres of the globe.
According to the FAO Stat Database (2021), Romania ranks 8th (49,580 t) in the world in
2019 and 1st in the E.U. (before France) in walnut production. This production comes mostly
from semi-spontaneous walnuts on their roots, and only a small part comes from newly
organized orchards (1,620 ha in 2019). Most walnuts, which are scattered in different areas,
do not benefit from fertilizers and phytosanitary treatments, but they lack the official
ecological certification and at the same time, they produce nuts of great variability and with
diminished commercial value.
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Besides the general trend of establishing new and modern walnut orchards in most walnutgrowing countries there is an increasing interest for organic orchards and production
Globally, organic walnut orchards occupied in 2019 an area of 50.540 ha, out of the 29.247
ha are fully converted and the rest under conversion. 37.000 ha of organic walnuts were
counted in 2019 in China, 3728 ha in the U.S.A., 3262 ha in the Republic of Moldova, 1057 ha
in Ukraine; 959 ha in Spain in 2018; 5499 ha in Turkey, 3625 ha in Italy, 682 ha in Serbia in
2017 (FIBL, 2021).
Organic agriculture comprised in Romania in 2019 an area of 395.228 ha, which represents
2.0% of the total area of farmland. Fruit crops occupy only 7.641 ha, respectively a share of
5.8% of the total organic agriculture at the national level. Out of 7641 ha of fruit orchards,
4144 ha are in a complete ecological system and the rest are under conversion. Nut crops
are grown on 1273 ha, which is fully converted, while 2768 are under conversion (FIBL,
2021).
The cultivars recommended for organic farming in temperate continental climate countries
are rustic genotypes, resistant to low winter temperatures, tolerant to main diseases and
adapted to a climate quite rich in rainfall. Most of these cultivars come from selection
activities carried out in local walnut populations.
The ecological principles (climate, orchard location, soil, and biocenosis), genetic and
geographical origin of cultivars and rootstocks, and technological conditions are responsible
for increasing productivity, fruit quality, and economic efficiency of the crop (Burke et al.,
1976; Grimo, 1979; Botu, 1998; Botu et al., 2001; Aleta et al., 2014; Botu and Achim, 2014).
In the last 15 years, different walnut cultivars with terminal and lateral bearing were
introduced in Romania, without any prior testing. That was the result of increased interest
for planting new walnut orchards with the help of E.U. funds, lack of sufficient planting
material, and aggressive advertising carried out by the plant material importers. In the areas
with colder climates from Romania some of the introduced cultivars, in particular with
lateral bearing, proved less adapted, temperatures below -22° to -24°C during winter caused
the death of young trees or affected their growth and yielding capacity. DeBuse, (2009);
Aslamarz et al., (2010), Charrier et al., (2013), Gandev, (2013), Aleta et al., (2014), Botu et
al., (2017 and 2018), confirmed the susceptibility of lateral bearing walnut cultivars to low
temperatures and recommended that such cultivars be grown under suitable climatic
conditions.
Research conducted at SCDP Valcea over the last 30 years has highlighted the value of
walnut cultivars and the possibility of growing some of them organically (Botu et al., 2001;
Botu and Tudor, 2005, Botu et al., 2010; Achim et al., 2018).
MATERIALS AND METHODS
The research has been carried out at Fruit Growing Research and Extension Station (SCDP)
Vâlcea, belonging to the University of Craiova.
The walnut trial, without irrigation, is located in Bujoreni, in the North East of Oltenia
Region, on an alluvial soil with pH=6.8. The area has a Cfb Köppen - Geiger type (Rubel and
Kottek, 2010) of climate, an average annual temperature of 10.2°C and 715 mm rainfall.
The study includes 12 walnut cultivars, all with terminal bearing. Eleven of them have been
obtained in Romania: ‘Jupânești’ (from ICDP Pitesti – Maracineni); ‘Germisara’ and ‘Sibișel
44’ (from SCDP Geoagiu); ‘Velnița’ (from SCDP Iasi); ‘Redval’, ‘Timval’, 'Unival', ‘Valcris’,
‘Valcor’, ‘Valrex’ and ‘Verisval’ (obtained at SCDP Valcea) and one French cultivar
(‘Franquette’). Planting distances were 9 by 8 m (139 trees/ha) and each cultivar was
represented by 5 trees. All cultivars were grafted on Juglans regia L. seedling rootstocks.
Measurements and observations were carried out on the trees regarding growth, fruiting
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capacity, fruit quality, adaptability to environmental conditions, and natural resistance to
diseases like walnut blight, caused by Xanthomonas arboricola pv. juglandis (Pierce)
Vauterin, Hoste, Kersters & Swings, and walnut anthracnosis, caused by Gnomonia leptostyla
(DC.) Traverso, syn. Ophiognomonia leptostyla (Fr.) Sogonov.
Statistical analysis was performed using the Microsoft® Excel® (2016) software for the
analysis of variance (ANOVA) and DSAASTAT ver. 1.514 (2015) for the Tukey Multiple
Range Test at a significance level of p<0.05. DSAASTAT is an Excel VBA Macro developed by
Onofri (2007). The data on conventional and organic yields were presented as mean ±
standard deviation (SD).
RESULTS AND DISCUSSIONS
The present study refers to the behavior of 11 Romanian walnut cultivars and the French
cultivar ‘Franquette’ (Table 1), all of them with terminal bearing. ‘Franquette’ was used in
the past as one of the main cultivars in different countries, due to its quality nuts and
kernels. In the last decades ‘Franquette’ was used in the new orchards as a pollinating
cultivar for lateral bearing ones.
Table 1. Nut yields of walnut cultivar grown conventionally* (18-year mean) and organic**
(2-years mean)
No.

Cultivar

Country
of origin

Type of
bearing

1
2
3
4
5
6
7
8
9
10
11
12

‘Sibișel 44’
‘Valcor’
‘Verisval’
‘Valrex’
‘Jupânești’
‘Valcris’
‘Germisara’
‘Velnița’
'Unival'
‘Timval’
‘Redval’
‘Franquette’
Mean ± SD

Romania
Romania
Romania
Romania
Romania
Romania
Romania
Romania
Romania
Romania
Romania
France

terminal
terminal
terminal
terminal
terminal
terminal
terminal
terminal
terminal
terminal
terminal
terminal

Conventional yields –
mean of 18 years*
(t/ha)
1.97 ± 0.30 g
2.77 ± 0.14 a
2.58 ± 0.29 b
2.25 ± 0.13 ef
2.88 ± 0.10 a
2.25 ± 0.20 ef
2.22 ± 0.26 f
2.41 ± 0.28 cde
2.55 ± 0.22 bc
2.32 ± 0.18 def
2.42 ± 0.22 bcd
2.51 ± 0.20 bc
2.43 ± 0.07

Organic yields for
2019-2020
period** (t/ha)
2.05 ± 0.25 b
2.05 ± 0.26 b
2.52 ± 0.27 ab
2.56 ± 0.32 ab
3.05 ± 0.24 a
2.24 ± 0.25 ab
2.18 ± 0.24 ab
2.49 ± 0.28 ab
2.67 ± 0.40 ab
2.4 ± 0.24 ab
2.54 ± 0.27ab
2.53 ± 0.17 ab
2.54 ± 0.11

Compared to
the 18-year
mean (%)
+4.06
+6.50
+1.55
+13.80
+5.90
-0.40
-1.80
+3.30
+4.70
+3.40
+5.00
+0.80
+4.53

Means followed by the same letter are not significantly different (Tukey multiple range test. p<0.05).

The results obtained count 18 years of production of these cultivars, followed by two years
on organic production, in the same trial, under conversion. From this point of view, during
conventional growing, the highest mean yields were recorded for ‘Jupânești’ (2.88 t/ha),
‘Valcor’ (2.77 t/ha), ‘Verisval’ (2.58 t/ha), 'Unival' (2.55 t/ha), etc. The lowest mean yield
was observed for ‘Sibișel 44’ (1.97 t/ha). Mean yields of ‘Valcor’ (2.77 t/ha) and ‘Verisval’
were statistically different (p>0.05) from those of ‘Verisval’ (2.58 t/ha), 'Unival' (2.55 t/ha),
etc., but not different from each other. Yields obtained were largely affected in some years
by low temperatures during blooming. Although during the study time the absolute
minimum temperature was -22.7 °C (February 9th, 2012), the terminal bearing cultivars
were not affected. Since the fall of 2018, the cultivars were studied under conversion to
organic (ecological or biological) conditions, during 2019 and 2020. The cultivars
maintained their yielding capacity in 2019 and 2020 on a relatively natural fertile soil,
confirming the adaptability to the environmental conditions, including temperatures of -2°C
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to -3°C during April and drought during summer. Yields recorded were good for ‘Jupânești’
(3.5 t/ha), ‘Valcor’ (2.95 t/ha), ‘Unival’ (2.67 t/ha), ‘Verisval’ (2.62 t/ha), ‘Valrex’ (2.56 t/ha)
and ‘Redval’ (2.54 t/ha). Statistically, differences (p>0.05) were observed between
‘Jupânești’, ‘Valcor’ and ‘Sibișel 44’, but no differences between the other cultivars tested.
The mean yields during 2019 and 2020 were 0.8-1.38 t/ha higher than the yield under
conventional conditions (18 years mean), although low temperatures during flowering time
negatively influenced walnut yields in 2019 and 2020.
Romanian walnut cultivars have biometric characteristics similar to other cultivars grown in
different countries. Size index expressed as a mean of length, width, and height of walnuts
varied during conventional conditions between 34.0 mm (‘Jupânești’) and 42.5 mm (‘Sibișel
44’) (Table 2). From the size point of view, large fruits, similar to ‘Franquette’ (35.6 mm) are
found for all the other Romanian cultivars, except for (‘Jupânești’). Differences are very
small (0.94-2.0%) between nuts of the same cultivar from the conventional system and
those from the organic system. In the case of an average weight of fruits, the general mean
was 13.83 g for the conventional system and 13.21 g for the organic one. Largest weight of
walnuts was observed for the following cultivars: ‘Valcris’ (15.9 g, respectively 15.51 g),
‘Sibișel 44’ (15.7 g, and 15.56 g), ‘Germisara’ (14.6 g, and 15.11 g), ‘Unival’ (14.5 g,
respectively 13.31 g), ‘Valrex’ (14.3 g, and 13.38 g), ‘Timval’ (14.3 g, and 13.11 g). On
average, nut weight decreased by 4.52% in the case of the organic system. Medium sized
fruits were obtained for ‘Jupânești’, ‘Verisval’ and ‘Franquette’. Kernel weight of the cultivars
varied from medium-small (‘Jupânești’ and ‘Franquette’) to medium (‘Verisval’ and
‘Velnița’) and large (‘Valcris’, ‘Sibișel 44’, ‘Germisara’, ‘Redval’, etc.). ‘Redval’ is the first
Romanian cultivar with so called “red kernel”, actually the tegument of the kernel is red.
During the conventional orchard management, kernel ratio varied from 46.8%
(‘Franquette’) to 53.9% (‘Verisval’), while in the case of organic approach oscillated from
47.0% (‘Sibișel 44’) to 51.4% (‘Timval’). Kernel ratio decreased on average by 1,8% for the
organic systems (Table 2).
Table 2. Characteristics of walnuts cultivars under conventional* and organic** conditions
No.

1
2
3
4
5
6
7
8
9
10
11
12

Cultivar

‘Sibișel 44’
‘Valcor’
‘Verisval’
‘Valcris’
‘Valrex’
‘Timval’
'Unival'
‘Jupânești’
‘Germisara’
‘Redval’
‘Velnița’
‘Franquette’
Mean
Differences (%)

Mean fruit size index
(mm)
18
2019years*
2020**
42.5
36.9
37.2
37.6
35.6
37.0
36.4
34.0
42.4
35.7
37.5
35.6
37.28
100

41.37
37.05
36.37
37.07
37.78
35.95
37.28
34.59
39.36
35.31
34.74
33.93
36.93
98.52

Mean nut weight
(g)
18
2019years*
2020**
15.7
13.3
12.6
15.9
14.3
14.3
14.5
11.2
14.6
13.5
13.5
12.6
13.83
100

15.56
13.24
11.76
15.51
13.38
13.11
13.31
10.63
15.11
13.48
12.44
11.00
13.21
95.48

Mean kernel
weight (g)
18
2019years*
2020**
7.6
7.1
6.8
7.9
7.3
7.35
7.4
5.9
7.3
6.8
6.2
5.9
6.96
100

7.3
6.78
5.89
7.54
6.64
6.73
6.67
5.34
7.37
6.82
6.31
5.39
6.57
94.4

Mean kernel ratio
(%)
18
2019years*
2020**
48.4
53.3
53.9
49.7
51.3
51.4
51.0
52.6
50.0
50.4
49.7
46.8
50.7
100

47.0
51.2
50.1
48.6
49.6
51.4
50.1
50.3
48.8
50.6
50.7
49.0
49.8
98.2

Walnut fruits from the cultivars analyzed showed coefficients of variability (s%) between
18.5% (‘Velnița’) and 22,7% (‘Jupânești’). The mean value of s% for all the 12 cultivars
reached 19.53%. As consequence, fruit variability falls into classes: below 20% (8 cultivars)
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and between 20-30% (4 cultivars). In total, the variability of fruits is more or less medium
(Table 3).
Table 3. Coefficients of variability and size classes for the nuts of the studied cultivars
No.

Cultivar

Coefficient of
variability for
nut size (s%)

Large
diameter of
nuts (mm)

1
2
3
4
5
6
7
8
9
10
11
12

‘Sibișel 44’
‘Valcor’
‘Verisval’
‘Valcris’
‘Valrex’
‘Timval’
'Unival'
‘Jupânești’
‘Germisara’
‘Redval’
‘Velnița’
‘Franquette’
Mean

20.1
17.5
19.2
18.9
19.1
18.5
19.6
22.7
21.4
18.7
18.5
20.2
19.53

38.2
36.6
34.8
38.8
34.1
35.6
35.7
30.2
40.4
34.8
35.8
34.2
35.77

Size classes according to the equatorial
diameter of nuts (%)
>32
30-32
>28-30
<28
mm
mm
mm
mm
84.2
15.2
0.6
0
82.0
16.1
1.9
0
79.1
18.2
2.7
0
84.5
14.8
0.7
0
76.6
16.2
7.2
0
75.4
18.4
6.2
0
77.2
19.6
3.2
0
59.8
33.7
4.7
1.8
81.7
17.7
0.6
0
75.6
18.4
6.0
0
76.4
19.5
4.1
0
81.7
16.8
1.5
0
77.85
18.72
3.28
0.15

Index
of
roundness
(IR)
0.69
0.86
0.83
0.85
0.74
0.85
0.86
0.69
0.78
0.77
0.81
0.79
0.79

Nuts were measured to determine the large diameter, which is an important indicator for
grouping into size classes. All the 12 walnut cultivars fall into the extra (>32 mm) and 1st
class (30-32 mm) groups. Walnuts with diameters over 30 mm are more valuable on
the international walnut trade. Cultivars with more than 80% of nuts >32 mm are: ‘Valcris’,
‘Sibișel 44’, ‘Valcor’, ‘Germisara’ and ‘Franquette’ (Figure 1).
‘Franquette’
‘Velnița’
‘Redval’
‘Germisara’
‘Jupânești’
'Unival'
‘Timval’
‘Valrex’
‘Valcris’
‘Verisval’
‘Valcor’
‘Sibișel 44’
0
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40

30-32 mm
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>28-30 mm

70
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100

<28 mm

Figure 1. Diagram of nut sizes depending on the cultivar (%)

In order to determine the shape of nuts, the index of roundness (IR) was calculated for the
walnut cultivars as IR= (D + d)/2h, where D is the length or the large diameter, d is the
width and h the height of the nut. The roundness index varied between 0.69 (‘Jupânești’ and
‘Sibișel 44’) to 0.86 (‘Valcor’ and ‘Unival’). When the index of roundness is closer to 1.0, the
more round is the nut (Botu et al., 2019).
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During the study, under the conversion to the organic system, the behavior of the walnut
cultivars on main diseases like walnut blight (Xanthomonas arboricola pv. juglandis or Xaj)
and anthracnosis (Gnomonia leptostyla) was analyzed. During the study, treatments with
pesticides were accepted into organic agriculture (fungicides: Bouille bordelaise WDG and
Funguran OH50WP; Microfort bactericide and insecticides: Laser 240 SC, Deffort and
Ovipron Top). Disease incidence (DI) or frequency of attack (%), disease severity (DS) or
intensity of the attack (%) and degree of attack (DA) were calculated.
Studies previously carried out by Botu M. et al., (2019) and Giura et al., (2020) on the
behavior of walnut cultivars to the main diseases showed that the native cultivars are less
affected than those with lateral bearing ones.
However, during the conversion to organic system, in the last three seasons, the attack of Xaj
(Table 4) is different and oscillates on leaves from lower levels on ‘Valcor’ (DI = 5.90%, DS =
4.16%, DA = 0.26), to higher levels on ‘Velnița’ (DI = 12.55 %, DS = 7.53%, DA = 1.06%) and
on fruit from lower levels for ‘Unival’ (DI = 8.0%, DS = 6.27%, DA = 0.56%) to higher levels
on ‘Germisara’ (DI = 15.36%, DS = 11.37%, DA = 2.40%).
Table 4. Behavior of walnut cultivars to the attack of Xanthomonas campestris pv. juglandis (Xaj) on
fruits and leaves in September (average of 3 years)
No.

1
2
3
4
5
6
7
8
9
10
11
12
Mean

Cultivar

‘Sibișel 44’
‘Valcor’
‘Verisval’
‘Valcris’
‘Valrex’
‘Timval’
'Unival'
‘Jupânești’
‘Germisara’
‘Redval’
‘Velnița’
‘Franquette’

Disease
incidence
(%)
11.03
5.90
7.41
8.47
7.57
7.25
6.56
10.92
12.17
8.71
12.55
10.09
9.05

Attack on leaves
Disease
severity
(%)
7.63
4.16
4.21
4.64
4.82
4.72
4.82
6.74
9.83
5.72
7.53
7.73
6.04

Degree
of attack
(%)
0.93
0.26
0.68
0.37
0.38
0.34
0.55
0.84
1.45
0.41
1.06
0.94
0.68

Disease
incidence
(%)
12.89
9.50
8.21
8.10
7.49
8.30
8.00
14.25
15.36
8.12
11.87
15.70
10.65

Attack on fruits
Disease
severity
(%)
16.67
6.75
5.85
5.42
5.69
6.31
6.27
11.20
11.37
6.11
8.85
9.26
8.31

Degree
of attack
(%)
1.58
0.78
0.53
0.48
0.46
0.59
0.56
2.12
2.46
0.52
1.18
1.65
1.03

Table 5. Behavior of walnut cultivars to the attack of Gnomonia leptostyla
on leaves and fruits in September (average 3 years)
No.

1
2
3
4
5
6
7
8
9
10
11
12

Cultivar

‘Sibișel 44’
‘Valcor’
‘Verisval’
‘Valcris’
‘Valrex’
‘Timval’
'Unival'
‘Jupânești’
‘Germisara’
‘Redval’
‘Velnița’
‘Franquette’
Mean

Disease
incidence
(%)
16.06
6.69
6.24
6.63
6.10
6.08
6.45
11.87
13.56
6.14
11.25
11.98
9.09

Attack on leaves
Disease
severity
(%)
8.79
3.77
3.85
3.10
3.33
3.24
3.07
6.53
7.97
3.72
8.04
8.45
5.32

Degree
of attack
(%)
1.41
0.25
0.24
0.21
0.20
0.20
0.20
0.78
1.08
0.23
0.90
1.01
0.55

90

Disease
incidence
(%)
9.16
4.73
4.3
4.03
4.83
4.75
3.75
7.09
8.23
5.02
6.31
8.54
5.90

Attack on fruits
Disease
severity
(%)
7.09
4.51
3.81
2.42
3.53
4.50
2.45
4.42
3.09
3.54
5.29
5.14
4.15

Degree
of attack
(%)
0.65
0.21
0.16
0.10
0.17
0.21
0.09
0.31
0.25
0.18
0.33
0.44
0.26

In case of anthracnosis attack on leaves, the DI varied between 6.08 % (‘Timval’) to 16.06%
(‘Sibișel 44’) and DS between 3.07% (‘Unival’) to 8.79% (‘Sibișel 44’). DA ranged between
0.20% (‘Timval’) and 1.44% (‘Sibișel 44’). On fruits, the attack levels were low in case of
‘Valcris’ (DI = 4.03%, DS = 2.42%, DA = 0.11%) and higher for ‘Sibișel precoce’ (DI = 9.16%,
DS = 7.09%, AA = 0.71%).
Walnut blight and anthracnosis attacks were more obvious on ‘Sibișel 44’, ‘Germisara’,
‘Velnița’ and ‘Franquette’, while the least affected were: ‘Valcor’, ‘Valcris’, ‘Unival’, ‘Jupânești’
and ‘Verisval’.
The tolerant or less susceptible walnut cultivars to these diseases can be used successfully
in organic orchards, as they have other qualities as it turned out from this study.
CONCLUSIONS
The results obtained in the 18 years of conventional cultivation and 2 years of organic
cultivation under the conversion phase show that the Romanian walnut cultivars are better
adapted to existing ecological conditions, have good productivity, are less affected by walnut
blight and anthracnosis, and produce quality fruits and kernels that meet international trade
requirements.
Taking into account the ecological principles of walnut cultivation and trends in increasing
the production of healthy organic food, in accord with Regulation (EU) 2018/848 of the
European Parliament and of the Council of 30 May 2018 on organic production and labeling of
organic products, the following walnut cultivars are of perspective for the ecological culture
in Romania: ‘Valcor’, ‘Jupânești’, ‘Valrex’, ‘Verisval’, ‘Unival’, ‘Redval’, ‘Velnița’, ‘Timval’,
‘Germisara’, ‘Valcris’ and ‘Franquette’.
Organic farming can be improved with the help of new organic inputs and cultivars to be
planted in the coming years in different suitable growing areas from Romania.
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ABSTRACT
Sweet cherry (Prunus avium L.) is one of the most commercially important
Prunus fruit tree species grown in Bulgaria. The current study aimed to describe the
fruit quality of the Bulgarian bicolor sweet cherry cultivar ‘Rozalina’. The study was
conducted in 2021 and ‘Van’ and ‘Pobeda Krimska’ were used for comparison. The
phenological stages flow, fruit biometric data, colorimetric analyses, fruit flesh
firmness, and sensory evaluation of the studied cultivars are presented. Phenological
observations show that the development of all three cultivars begins in early March.
The ‘Rozalina’ cv. was the first to reach full maturity/04.06/, followed by ‘Pobeda
Krimska’ /10.06/ and ‘Van’ /14.06/. Under the influence of late spring frost ‘Rozalina’
showed the lowest percentage of injured flowers. From the performed biometric
measurements, it was established that the standard cultivar ‘Van’ surpasses the other
two cultivars in fruit height, width, thickness, and fruit weight but ‘Rozalina’ had a
better stone relative share. The Bulgarian cultivar had the highest TSS (°Brix) content
and fruit flesh firmness and its fruits were highly evaluated after sensory analyses.
Keywords: bicolor sweet cherry, biometry, colorimetric analyses, fruit quality, phenology,
sensory evaluation
INTRODUCTION
Sweet cherry is a fruit species that belongs to the genus Prunus, family Rossaceae. It is one of
the main fruit crops in Bulgaria. The fruits ripen very early in May and are the first on the
market (Zhivondov and Manolova. 2001). They have attractive appearance and taste. In
addition, sweet cherries are also known for their rich nutritional value content and the wide
range of bioactive compounds (Cao et al., 2015). Unfortunately, harvesting is in a very
narrow range of about two months. The early- or late-ripening genotypes that would extend
the relatively short season for fruit ripening are sought after in the sweet cherry breeding
program of Fruit Growing Institute (Zhivondov et al., 2003). Sweet cherries are consumed
mainly fresh and are also suitable for processing into jam, wine, juice, dried fruits, candies,
and other products. The fresh fruits are very volatile, their shelf life is only a few days and
then transported to the markets they lose many of their qualities. The Way to keep them
present in our menu throughout the whole year is fruits processing and drying methods
(Wani et al., 2014; Singh et al., 2018). Drying reduces the moisture content of the fruit,
leading to a significant reduction in weight, volume, and reduced costs for packaging,
storage, and transport (Hui et al., 2005).
The program for breeding of new cherry cultivars in Fruit Growing Institute (FGI) – Plovdiv,
Bulgaria includes objectives in line with the market trends and the constantly changing
preferences of consumers. The specific goal of the selection program of the Fruit Growing
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Institute in Bulgaria is the creation of bicolor cherry cultivars. The first successful results in
that direction are ‘Rosita’ and ‘Rosalina’ cultivars, officially recognized in 2009. ‘Rosalina’
cultivar, was obtained as a result of open pollination of ‘Van’ cultivar and selection of
hybrids (Zhivondov, 2011)
MATERIALS AND METHODS
The study was conducted in 2021 in a collection of a sweet cherry orchard at the Fruit
Growing Institute - Plovdiv. The trees were planted in 2011 at a 6x4 distance and grown
under the black fallow system, with conventional plant protection. All cultivars are grafted
on Prunus mahaleb and are formed a free-growing crown.
An object of the study was the Bulgarian bicolor cultivar ‘Rozalina’. The standard cultivar
with red fruits ‘Van’ and a cultivar with yellow fruits ‘Pobeda krimska’ were used for
comparison. Phenological data was traced according to the stone fruits BBCH scale (Meier,
2018). In the spring of 2021 freezing temperatures occurred. The percentage of damaged
flowers was calculated on 300 flowers taken into all parts of the crown, divided into three
repetitions of 100 pcs.
The fresh fruit quality evaluation included biometrical, colorimetric, and sensory analyses.
An average sample of 25 fruits was taken and biometric data was measured with Mitutoyo
500-196-30 Digimatic Absolute Caliper 150 mm. Sweet cherry fruits were subject to color
evaluation in the CIE L*a*b* system including hue angle (h) and chroma (c), using handheld
colorimeter PCE-CSM 2. Measurements were made at the equatorial part on both sides of 10
fruits. The 0 L* values represent the black color, 100-represents a perfect reflecting diffuser
(bright). A positive a* value indicates red and a negative a* value green color, a positive b*
value indicates yellow, and a negative b* value blue color. Fruit firmness was measured
using PCE-PTR-200N digital penetrometer. The total soluble solids content was measured
using digital refractometer Kern ORF 85BM.
For sensory evaluation of the fresh fruits, a total number of 8 characteristics were scored by
a group of trained consumers using the following scale: 1-3(min) very bad to bad; 3-4satisfactory; 5-6 better, and 7-9 (max)- excellent. Each characteristic was multiplied by a
coefficient depending on its importance: 0.175 for appearance, 0.050 for flavor
attractiveness and 0.225 for flavor intensity, 0.200 for sweetness, 0.125 for sour taste, 0.125 for bitterness, 0.200 for flavor balance, and 0.150 for fruit flesh texture and juiciness.
The fresh fruits were used for preparing homemade dry fruits by a dehydrator. Their taste
quality was evaluated by a group of trained consumers using the following scale: 1-3(min)
very bad to bad; 3-4-satisfactory; 5-6 better and 7-9 (max)- excellent. The final grade was
calculated using the following characteristics and coefficients: 0.200 for appearance, 0.125
for color, -0.025 for peel thickness,0.200 for sweet taste, 0.125 for sour taste, -0.025 for
bitterness, 0.200 for flavor balance, and 0.200 for texture.
Data were statistically processed by Duncan’s multiple range test of the IBM SPSS statistics
26 software.
RESULTS AND DISCUSSIONS
The phenological stages of the cultivars depend on a combination of genetic settings and
environmental influences. The development of flower buds in the studied three sweet cherry
cultivars begins in early March with two to three days difference (Table 1). The phenophase
‘beginning of flowering’ (BBCH 61) first occurred for ‘Pobeda Krimka’ on 11.04, followed by
‘Rosalina’ on 12.04. and the standard Van - 13.04. The duration of flowering for all three
cultivars was four days. The longer flowering period allows better pollination. End of
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flowering, ‘falling of the petals’ was observed with the minimum difference between all three
cultivars – 'Pobeda Krimska’ (April 17, 2021), ‘Rosalina’ (April 18, 2021) and ‘Van’ (April 20, 2021).
In the past years in the Plovdiv region, critically low spring temperatures overlap with the
early flowering of the cherry. Different cultivars that fall under the influence of late spring
frosts in the same phenophase show different sensitivity of the flower organs (Popov, 2014).
In 2021 also, during the development of the flower organs, spring frosts were observed,
which harmed the flowering. Of these three sweet cherry cultivars subject to the present
study, the lowest percentage of frost injured flowers was reported for ‘Rosalina’ - 43%. The
highest percentage of damaged flowers was reported for the standard ‘Van’ - 57%.
Table 1. Phenological stages flow and frost damages
Buds
swelling
(BBCH51)

Beginning of
flowering
(BBCH 61)

Full
Flowering
(BBCH 65)

Flowers
fading
(BBCH 67)

Date

Date

Date

Date

'Rozalina'

1.03

12.04

15.04

'Van'

2.03

13.04

'Pobeda
Krimska'

1.03

11.04

Cultivar

Harvest date
(BBCH 89)
Date

Frost
damaged
flowers
(%)

18.04

4.06

43%

16.04

20.04

14.06

57%

14.04

17.04

10.06

52,3%

The fruit biometrical data is presented in Table 2. The standard cultivar ‘Van’ had the largest
fruits with statistically the highest measured sizes and fruit weight. The Bulgarian cultivar
‘Rozalina’ had the smallest stone weight and the best stone relative share – 2.89% of the
fruit weight. Total soluble solids are one of the best indicators of fruit quality (Kappel et al.,
1996). The rate of accumulation of sugars, which constitute the largest part of TSS, depends
on the cultivar and the ecological conditions in which the trees are grown (Kappel et. al.,
1996). Fruit firmness is also highly appreciated by consumers. According to these
characteristics, ‘Rozalina’ outperforms the other cultivars with statistically significant
differences (Figure 1 and Figure 2). The Bulgarian cultivar had the highest TSS content and
the hardest fruits.
Table 2. Fruit biometrical analyses
Cultivar

Fruit
height
(mm)

Fruit
width
(mm)

Fruit
thickness
(mm)

Fruit
weight
(g)

Stone
weight
(g)

Stone
relative
share (%)

'Rozalina'

23.75 b

26.20 b

21.51 b

9.04 b

0.26 b

2.89 c

'Pobeda
Krimska'

21.41 c

22.51 c

19.57 c

5.94 c

0.35 a

5.86 a

'Van'

24.24 а

26.91 a

22.04 a

9.59 a

0.34 a

3.56 b

*Mean values followed by a different letter show a statistically significant difference by Duncan’s
multiple range test (p<0.05)
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17.1

Rozalina

TSS (°Brix)
16.4

Fruit Flesh firmness (kg/cm2)
14.5

Pobeda
Krimska

5.46

Van

Rozalina

Figure 1. Fruit total soluble solids content

3.84

3.94

Pobeda
Krimska

Van

Figure 2. Fruit flesh firmness

Concerning the skin color parameters, significant differences were observed between the
cultivars. The measured H value for both sides of the fruits of ‘Rozalina’ represents its
bicolor fruit skin (Table 3). The minimum difference in the color parameters measured on
both sides of the fruits of ‘Van’ and ‘Pobeda Krimska’ shows us their uniform coloration. The
hue angle values of ‘Pobeda Krimska’ corresponded to the yellow-green skin color, for ‘Van’,
the hue values corresponded to the red coloration. ‘Pobeda Krimska’ and ‘Rozalina’ had
brighter coloration and the highest L* value. According to the a* and b* values of the skin
color, ‘Rozalina’ had a higher proportion of red pigment than ‘Pobeda Krimska’ and lower
than ‘Van’. ‘Rozalina’s’ fruits have yellow skin with attractive bright red blush on the sunny
side (Figure 3), with the highest measured Chroma.
Table 3. Color of the fruits
Skin color
Cultivar
L
a
b
Chroma
Hue
'Rozalina'
64.96 a
12.02 b
23.20 a
26.95 a
63.10 b
'Pobeda Krimska'
66.05 a
2.69 c
25.40 a
25.54 a
83.96 a
'Van'
32.40 b
22.36 a
3.92 b
22.72 a
11.49 c
Skin color on the sunny side
Cultivar
L
a
b
Chroma
Hue
'Rozalina'
50.54 b
32.06 a
16.92 b
36.30 a
28.00 b
'Pobeda Krimska'
67.72 a
2.76 c
25.81 a
25.96 b
83.92 a
'Van'
32.21 c
27.16 b
8.06 c
28.43 b
16.47 c
*Mean values followed by a different letter show a statistically significant difference by Duncan’s
multiple range test (p<0.05)

Figure 3. Fruits of ‘Rozalina’ cv.
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Fruit quality is a combination of physical and chemical characteristics appearance,
consistency, taste, and aroma (Velisek and Cejpek, 2007). The customers prefer dark red
sweet cherries, instead of other skin colors. Yellow, blush, and bicolor cultivars are
preferred in Japan. The sweet taste and firm flesh are very important for the final consumers
worldwide (Bujdoso et al., 2020). After the sensory evaluation of the three testes sweet
cherry cultivars the most attractive were found to be the fruits of ‘Van’. ‘Rozalina’ had the
highest scores for its aroma and taste qualities and the fresh fruit's final grade was also the
highest.
The fruits of the Bulgarian cultivar are suitable for drying. The testing panel of trained
consumers evaluated very high the homemade dried product. ‘Rozalina’ had higher scores
for its appearance, taste, and texture than both other cultivars.
Table 4. Sensory evaluation of fresh and dry fruits
Fresh fruits
Aroma
Appearanc
e

Attractive

Intensity

Sweet

Sour

Bitte
r

Balance

8

7.2

7.2

7.2

5.4

1.8

7.6

Fruit
flesh
texture
and
juiciness
8

6

4.8

5

6.6

4.4

2

5,4

5.2

5.69

8.4

7.2

6.8

3.6

2.2

7.2

7.8

7.48

Balance

Texture

8

8.57

Final
evaluation
7.76

Cultivar
'Rozalina'
'Pobeda
Krimska'
'Van'
Cultivar
'Rozalina'
'Pobeda
Krimska'
'Van'

Appearanc
e
8.43

Taste

7
Dry fruits

Sour

8

2.71

Bitte
r
1.14

7.82

8.29

Skin
thickness
7.29

6.14

5.71

6.43

7.14

3.13

1.29

7.43

7.71

6.60

7.57

8.43

7

6.57

3.86

1.14

6.57

7.29

6.93

Color

Sweet

Final
evaluation

CONCLUSIONS
‘Rozalina’ is a Bulgarian sweet cherry cultivar with very good fruit quality. Its fruits are
bicolor, a firm with high TSS content. The fruits have very good taste quality. They are
suitable for fresh consumption and highly appreciated when dried. ‘Rozalina’ has better
frost resistance than the standard cultivar ‘Van’ but in years with extreme late spring frosts
the productivity of the cultivar may decrease.
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ABSTRACT
This study investigates the Lepidoptera order representatives among the pests
present in apple and plum orchards in the central and northern part of the Bistrita
region. This study aimed to find out which ones of the Lepidoptera pests are present
in the area and what is their population density. By field trapping of moths and leaf
miners, in 2021 we are presenting an up-to-date situation of the main damaging
species from the Lepidoptera order. Pheromone traps with attractants for seven
species were placed in four locations in apple and plum orchards. The monitored
species were: Cydia pomonella, Hedya nubiferana, Spilonota ocellana, Phyllonorycter
blancardella, and Leucoptera scitella in the apple orchards. In plum orchards, we
placed lures for Cydia funebrana and Grapholita molesta. Our data confirm some of
the previous known facts about the flight patterns of Cydia pomonella, Phyllonorycter
blancardella, Leucoptera scitella, Cydia funebrana and Grapholita molesta but show a
longer flight period. Defoliators such as Hedya nubiferana and Spilonota ocellana are
also present and could become a threat in the next years.
Keywords: codling moth, spotted tentiform leaf miner, pear leaf blister moth, red plum
maggot, oriental fruit moth, defoliators.
INTRODUCTION
Bistrita region is a traditional area for fruit growing, apple and plum being the most
frequent species in this area’s orchards. The growers in Bistrita area confronted, over time,
the threat of many pests and among them, members of the Lepidoptera order had always
been of great economic importance. In the last years, changes appeared in the spectrum of
pests both in apple and plum orchards due to climate change and the ban of highly efficient
insecticides.
A study performed in Sweden, in the first half of this decade, revealed that the damage
caused to the apple fruits by other Tortricidae moths (leaf rollers and defoliators) was
higher than the damage caused by the codling moth (Sjoberg et al., 2015).
Similar trends have been observed by growers in the last years in the Bistrita region, and at
the same time, multiannual data show an increase in Cydia pomonella moths caught, as well
as extended flight periods when compared with older data (Rosu-Mares et al., 2020).
Published data on members of the Lepidoptera order, in the Bistrita region, indicate that the
species Cydia pomonella, Phyllonorycter blancardella, Leucoptera scitella, Cydia funebrana
are present in this area. The data regarding the species listed above are mostly limited to the
data from the orchards belonging to Fruit Research & Development Station Bistrita. The
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present study aims to expand the investigated area both around the municipality of Bistrita
and in the northern mountainous area of the county. One of the orchards being located in
Maieru, 54 km from Bistrita to the north-east.
The use of pheromones had a great impact for monitoring the flight of the adult males. This
allowed more precise use of the insecticides in conventional control programs and
implementation of the “attract and kill”, mass trapping (Ghizdavu et al., 1987) or mating
disruption as methods of controlling pests in Integrated Pest Management and biological
control of the harmful Lepidoptera. Recent studies performed in treated apple orchards
show good results in reducing the number of insecticide treatments when combined with
mating disruption by pheromones (Sumedrea et al., 2015). Pesticide resistance in pests is
one of the problems that could be solved in some species by alternating seasons of
conventional control with seasons of pheromonal mating disruption. Studies performed in
Canada (Smirle et al., 1998) indicate that the resistance developed by Lepidoptera species
can be reversed when the resistant population is no longer exposed to that insecticide. This
is a relevant aspect that makes the use of pheromones in mating disruption or other
biological methods of control, very important. The period of the 70s and 80s of the last
century brought important advances in the discovery of chemical compounds synthesized
by females of many species of insects and which act as attractive pheromones for males.
The identification of (8E,10E)-8,10-dodecadien-1-ol (Buser and Arn, 1975) as a specific sex
pheromone of species Cydia pomonella has been an important step towards the better
understanding of this pest’s flying patterns. After the synthesis of the pheromone for Cydia
funebrana was performed (Granges and Baggiolini, 1971), the flight of the moth has been
tracked and served to improve the timing of treatments in commercial orchards. Mating
disruption techniques have also been used for red plum maggot control as an alternative to
insecticide sprays (Arn et al., 1976). For Grapholita molesta many variants of lures were
produced since 1969 when Roelofs et all identified (Z)-8-dodecenyl acetate as a major
component of the specific pheromone. The composition for lures that attract Phyllonoricter
blancardella males is known since 1977 when Roelofs et al. (1977) stated that (E)-10Dodecenyl acetate is the sex pheromone for the spotted tentiform leafminer and even if
there were studies that identified other compounds in signalling females (Mozûraitis et al.,
1999) still the first variant proved to attract males. Sex pheromones emitted by females to
attract the males, currently used as lures are an E8, E10-dodecadien-1-yl acetate and Z8dodecen-1-yl acetate mixture (Roelofs and Brown, 1982) for monitoring Hedya nubiferana
and compound Z8-tetradecen-1-yl acetate proposed by McBrien et al. (1992), for Spilonota
ocellana.
Francke et al. (1987), identified the specific pheromone for the pear leaf blister moth that is
also a component of other Lyonetiidae species.
Pheromone synthesis continues to be improved and was also studied and performed in
Romania for numerous Lepidoptera species such as: Leucoptera scitella (Ciocan-Tarta et al.,
1998), Phyllonoricter blancardella (Gânscă et al., 2001; Vasian et al., 2013), Grapholita
molesta, Cydia funebrana (Ciotlăuș et al., 2017) and Hedya nubiferana.
This study aimed to find out what is the spread area and what is the density of the
populations of the above-mentioned species so that the mating disruption by using
pheromones can be proposed as biological control method for the studied locations.
MATERIALS AND METHODS
The study was conducted in the central and northern regions of Bistrita-Nasaud County in 4
apple and 4 plum orchards (Location 1: 47°16′N 24°39′E; location 2: 47ᵒ9’N 24ᵒ23’E,
location 3: 47ᵒ24’N 24ᵒ45’E; location 4: 47ᵒ23’N 24ᵒ45’E) in the years 2019-2021. The
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elevation of these for locations is: 345 m in location 1.358 m in location 2.352 m in location
3 and 518 m in location 4. Pheromone traps were placed in each orchard and male captures
were recorded weekly from the last decade of April to September. All orchards are old, over
twenty years of age and a minimum number of conventional phytosanitary treatments were
made. The phytosanitary treatments consisted in the application of the winter sprays with
mineral oils against the eggs and hibernating larvae of the pests, respectively with copperbased substances in winter and spring in order to fight the fungal and bacterial diseases. We
used attractants for Cydia pomonella. Hedya nubiferana, Spilonota ocellana, Phyllonorycter
blancardella, and Leucoptera scitella in the apple orchards. In plum orchards, we placed
lures for Cydia funebrana and Grapholita molesta. The distance between different traps has
been over 50 m to avoid interferences between lures.
Data was grouped on seven days intervals and performed graphical representation of the
flying curves for the species that presented relevant activity, using Microsoft Excel tools.
Data regarding the number of moths caught in the four orchards were statistically analyzed
by calculating the coefficient of variance for each of the species in the four locations and by
making correlations between the number of male moths captured and meteorological
factors. The correlation between variables was considered using the standard correlation
coefficient (r) significance: r<0,1 – no correlation; r=0.1-0.39 – weak correlation; r=0.4-0.69
- moderate correlation; r=0.7-0.89 – strong correlation and r=0.9-1–very strong correlation.
The synthesis of the pheromones was achieved in Natural Products Laboratory from “Raluca
Ripan” Institute for Research in Chemistry Cluj-Napoca. The composition of the lures for
each trap is presented in Table 1.
Table 1. Composition of pheromones used in field monitoring of Lepidoptera in 2021 proportion of
substances.
Species
Cydia pomonella
Cydia funebrana
Grapholita molesta
Hedya nubiferana
Spilonota ocellana
Phyllonoricter
blancardella
Leucoptera scitella

Lure composition
E8, E10-dodecadien-1-ol (100%)
(Z)-8-dodecen-1-yl acetate :(E)-8- dodecen-1-yl acetate= 96.5: 3.5
(Z)-8-dodecen-1-yl acetate:(E)-8- dodecen-1-yl acetate: dodecan-1-ol=
90:8:2
(E8, E10)-Dodecadienyl acetate: (Z)-8-Dodecenyl acetate= 60:40
Z-8-tetradecenyl acetate (100%)
(E)-10-Dodecenyl acetate (100%)
5.9-Dimethylheptadecane (100%)

RESULTS AND DISCUSSIONS
Cydia pomonella showed an interesting distribution of the males caught on the sticky traps.
While on location 4 the two peaks indicate the two generations of the moth, in the other three
locations there, are four peaks through the summer. It can be observed that although the flight
level decrease at the end of the season it continued until the fourth of October. (Figure 1). We
analyzed the existing data on average humidity, maximum humidity and the amount of
precipitation in the intervals between two trap readings, for the year 2021. This distribution
was influenced by the meteorological conditions in May, June and July 2021 when there were
several periods of rainy days. These periods overlap the drop in the number of moths caught.
The number of male moths caught on traps was high all summer, mostly over the economical
threshold of five individuals/trap/week reaching a maximum of 72 in location 2. This is most
probably due to the lack of insecticide treatments in the studied orchards. The data indicate
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the hight population density of this pest that requires control in the future. The results
obtained by us in 2021 confirm the recent previous data (Rosu-Mares et al., 2020) regarding
the extension of the flight period until the first decade of October.
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Figure 1. The flight curve of C. pomonella in 2021 on four locations in Bistrita county.

Leucoptera scitella and Hedya nubiferana were absent from two of the locations and had a
relatively small number of captured individuals, indicating low populations in the area that
do not require control.
Phyllonorycter blancardella - Although it was the species with the highest number of
captured individuals, it was still below the level recorded in other studies conducted in
Romania and France in previous years. In 2008 in the Pitesti area the level of catches was
3652 butterflies in a treated orchard (Marin et al., 2009) while in France about 2000
individuals were caught using the same attractant in just 5 weeks (Frerot and Gallois, 1979).
This shows that despite the high values compared to the other lepidoptera caught by us, the
population density in the Bistrita area is not very high.
Spilonota ocellana also displayed a low number of individuals but it was present in all four
locations suggesting that this species is present in a large area in Bistrita-Nasaud County
even in location 4. The climatic conditions in that region are specific to the mountain area
with an average annual temperature between 7-8 , while in the Bistrita area the average
annual temperature of recent years is 9.5-10.4
according to the Romanian National
Meteorological Administration.
Grapholita molesta and Cydia funebrana also had long flight periods from the first decade of
May to the first decade of October and numerous males that were attracted to the
pheromone traps indicate dens populations in this area so both of these plum pests must be
taken into consideration for future control strategies. Many of the oriental moth males were
also attracted to the Cydia funebrana lures so the populations could be even denser than the
specific pheromone trap indicates. We must outline the fact that the substance (Z)-8dodecen-1-yl acetate is a compound used for preparing lures for both these species and is
secreted by many Lepidoptera females.
The analysis of the standard deviation and the coefficient of variation (Table 2) indicate
high variability in the population density between locations that could be the result of
several factors such as: the biological cycle, more precisely the sequence of generations,
climate variations between the time intervals when readings were made, microclimatic
conditions due to sun exposition of the orchards and proximity of untreated orchards or
spontaneous flora containing hosts of the studied species, etc. The influence of the lack of
treatments can be excluded because none of the orchards was treated with insecticides
during the summer. Also, the presence of other orchards or spontaneous flora that could be
host to harmful lepidoptera is similar in all our cases.
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Table 2. Number of moths caught in the four orchards, in 2021

Orchard 1
Orchard 2
Orchard 3
Orchard 4
MEAN
Standard
deviation
Coef. of variation

AtraPom
295

AtraFun
149

AtraMol
404

AtraBlanc
1167

AtraScit
106

AtraOcellan
47

AtraNub
0

447
281
194
304,3
91,04

269
131
198
186,7
53,4

314
340
339
349,2
33,3

1992
1743
287
1297,2
655,5

61
0
0
41,7
44,7

35
22
11
28,7
13,5

34
11
0
11,2
13,8

334.17

349.44

1049.37

197.89

93.44

212.42

81.04

253

138

90

1705

106

36

34

(%)
Range

Given the high values of the coefficients of variation calculated for all the species of
lepidoptera studied and especially for the species whose larvae attack the fruit and the
availability of meteorological date for the locations 1, 2 and 3, we wanted to determine if
there is a correlation between the number of males caught and climatic conditions. We
analyzed statistically the data obtained for the pest species whose population would need
control because the catches were frequently above the economic damage threshold, these
being: C. pomonella and P. blancardella in the case of apple and G. molesta and C. funebrana
in the case of the plum. The analysis was made for the three orchards that are located in
similar geographical areas. We found that the average value for apple-specific pests was
987.5, and for plum-specific pests 268.0. The value registered for the apple species was
higher than the one registered for the plum species, 3.69 times the difference being
significant.
Analysing the number of males captured for each of the 2 apple pests, we found that the
average number of males in Phyllonorycter blancardella was 1634 and in Cydia pomonella
341. This value recorded in the pest P. blancardella was higher than that recorded in the
pest C. pomonella fold 4.8 times, the difference being distinctly statistically significant.
Analyzing the same situation in the plum species, we found that the number of males caught
in the case of the pest Grapholita molesta was higher than that recorded in the case of the
pest Cydia funebrana fold 1.93 times, but the difference was statistically insignificant.
Taking into account the above, we consider that in the case of both apple and plum orchards
it can be recommended to adopt organic control strategies using pheromones because both
the number of individuals captured and the specificity of the attractants used are favorable
arguments for this type of control
We analyzed the catches of adult moths of species Cydia pomonella, Phyllonoricter
blancardella, Spilonota ocellana, Grapholita molesta and Cydia funebrana from the three
locations within the range of the Bistrita meteorological station in correlation with
meteorological data. The species chosen were those in which there were catches in all three
locations. Correlation coefficients were calculated between catches grouped on seven-days
intervals and average climate data from the same intervals. The results revealed differences
between the way in which the average and minimum temperature, on one hand, and the
average and maximum humidity, respectively the precipitations, influence the capture of the
different species of pests (Table 3). Our results confirm the assumption that temperature is
the factor with the greatest influence on the capture by pheromone traps of adult
Lepidoptera. A positive moderate correlation can be observed between the average
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temperature and the number of adults captured for P. blancardella, C. funebrana and S.
ocellana. P. blancardella number of males caught also moderately correlate with the
minimum temperature, the bigger the temperature the higher the number of individuals
caught on the sticky traps. All the other species had a weak but positive correlation with the
average and minimum temperatures.
Table 3. The coefficient of correlation (r) between the average number of captured male adults and
meteorological parameters for the interval 03.05-12.09.2021
Meteorological
parameter
Average
temperature
Minimum
temperature
Number of
rainy days
Maximum
humidity
Average
humidity
The amount of
precipitation

Name of the species
Cydia p.
Spilonota o.
0.381651
0.441971
++
++
0.305421
0.374621
+
++

Phyllonoricter b.
0.574042
++
0.614341
++

Grapholita m.
0.244008
+
0.219227

Cydia f.
0.405994
++
0.337282
+

-0.15403

-0.07209

-0.314920

0.002606

0.179273

-0.19924

0.0086

-0.245530

0.039194

0.159742

-0.3572200

-0.213130

-0.17582

0.03129

-0.11211

-0.277080

-0.04028

-0.17531

-0.00778

0.103271

In the case of humidity and precipitation, the correlation with the number of insects
captured is either non-existent or weak and mostly negative. In conclusion, the influence of
these parameters is much smaller than that of temperature, as other authors have concluded
(Paulen and Kobolka, 2018). The highest correlation was between the average humidity and
C. pomonella r=-0.35722 as well as between rainfall and C. pomonella r=-0.27708 showing a
weak negative influence on the number of moths captured (Figure 2).

Figure 2. The correlation between the average temperature and the number of adults of P.
blancardella captured (left) and the correlation between the rainfall and the catches of C. pomonella
(right), May-September 2021.
CONCLUSIONS

The present study showed significant variation in the presence and population density of
harmful species of Lepidoptera in apple and plum orchards in Bistrita county. Our data
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confirm some of the previous known facts about the flight patterns of Cydia pomonella,
Phyllonorycter blancardella, Leucoptera scitella, Cydia funebrana and Grapholita molesta and
also indicate that defoliators such as Hedya nubiferana and Spilonota ocellana are a part of
the entomophauna of most of the Bistrita orchards. We expect to confront a rise in the
density of their population if adequate control strategies will not be used in the following
years.
Temperature is the climatic factor with the greatest share in the influence that
environmental factors exert on the capture of harmful lepidoptera with the help of
pheromone traps.
We can conclude that although there are significant differences between the number of
harmful individuals belonging to the genus Lepidopterae caught in apple and plum orchards,
it is advisable to introduce control by using pheromones because the population density is
quite high in the case of the main pests of the two fruit species.
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ABSTRACT
This paper aims to highlight the superior agrobiological and technological
potential of hybrid genotypes, obtained by intraspecific hybridization of cultivars
'Victoria' x 'Black Pearl', 'Muscat de Poloskei' x 'Victoria', 'Coarnă neagră' x 'Victoria',
'Victoria' x 'Victoria'. Several genotypes resulted from the hybridization of the
mentioned cultivars, which stood out through at least two characters, similar or
superior to the parental cultivar were selected in the comparative field. The
evaluation of agro-biological characteristics of elites was based on the following
indices: percentage of fertile shoots, fertility, and productivity coefficients.
Technological descriptors related to the weight of the bunches, the weight of 100
berries, the skin's weight, the seeds, the content of the wort in sugars, the content of
the wort in acidity were used in the study. The Victoria cultivar was taken as a
witness, being considered a reference both nationally and internationally. The
selected genotypes were distinguished by large grapes, very large grains, pleasant
colors, high tolerance to biotic and abiotic factors. The new perspective elites show a
high percentage of buds, high fertility, medium to high, the accumulation of sugars
and total acidity in the must in a favorable way for mass consumption. To present
more conclusively the multitude of data obtained, through statistical-mathematical
processing, the general conclusions related to the mode of manifestation of hybrid
elites in interaction with biotic and abiotic factors have been formulated considering
the natural variability of all processes and phenomena involved.
Keywords: cultivar, hybridization, quality indicators, productivity indicators, parental
forms
INTRODUCTION
In our country, the first cultivars of grape-vines with a known genetic origin, have been
created since the sixth decade of the last century, and outstanding achievements obtained in
improving cultivars were presented and published over the years, through many specialty
papers, over the years (Constantinescu et al., 1959,1960, 1962,1965, 1966; Constantinescu,
1975; Constantinescu and Negreanu, 1960; Dvornic, 1960, 1974; Gorodea., 1976; Gorodea,
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1983; Negreanu and Lepădatu, 1971; Oprea and Gorodea, 1980; Oprea et al., 1983,1986;
Lepădatu, 1979; Toma and Ispas, 2008).
Within the cultivated species V. vinifera, due to the complex genetic diversity, the
intraspecific hybridization (free or directed), represented and remains the main method of
creating variability, based on which most of the more valuable new cultivars existing in the
current assortment were obtained. In this context, it is necessary to consider obtaining
hybrids in which, due to gene recombination, the selection for quality, precocity,
productivity, increased resistance to stress factors allow the identification of superior forms
to the parents, from which later result in new cultivars. To achieve this objective, a judicious
choice must be made of the parental forms which best express the desired characteristics.
The conservation and evaluation of genetic resources (Vitis spp.) in germplasm banks have
been the basis for their use in breeding programs, leading to the development of new
cultivars (Coelho de Souza Leão et. al., 2011). In the field of table grape breeding, the most
important objectives are: good fertility of cultivars, consistency of production from year to
year or from one region to another; the balance between growth and fruiting; resistance or
tolerance to diseases and pests, to reduce phytosanitary treatments; seedless; earliness and
late ripening of grapes; the attractive appearance of the grapes (lax, large and uniform
berries, the attractive color of the skin); the crunchiness and consistency of the pulp;
pleasant aroma and taste; resistance to storage and transport (adhesion to the pedicel of the
grains), (Grando Stella et. al., 2010). Hybrid populations obtained through the process of
intra or interspecific hybridization, are characterized by genotypic and phenological
heterogeneity, thus allowing the breeder to choose the most representative elites, which
meet new combinations of hereditary factors. Leonte C. (1996) affirms that due to its
complexity, productivity must be examined in terms of the productivity elements: number
of fertile shoots per stump, number of bunches per stump, number of bunches per shoot, the
weight of bunches, number of berries in the bunch, size of berries.
Sestraș R. (2004) opines that all these productivity elements have a polygenic type of
heredity, being considerably influenced by both environmental and agrotechnical factors.
Among the quality elements, the size of grapes and berries are characters that are important
in terms of the commercial aspect of table grapes (Sestraş R., 2004).
MATERIALS AND METHODS
The research material consists of genotypes obtained from four hybrid crossing between
cultivars 'Victoria' x 'Black Pearl' and 'Muscat de Polöskei' x 'Victoria', 'Coarnă neagră' x
'Victoria, Victoria' x Victoria'. These hybrid elites were coded as follows: 'BP 9', 'R10V', 'A5',
and 'A6'. The option of intraspecific hybridization was chosen because most of the cultivars
intended for fresh consumption are part of the species Vitis vinifera, the stages of simple
hybridization were completed and the selection of hybrids in F1 was made. E1 X E2 → FI (E1
E2). F1 hybrids were obtained by manual castration of the maternal form and artificial
pollination under the isolating sac.
The percentage of fertile shoots was determined from the total number of shoots per stump,
the observations being made on all shoots on 10 stumps. The Victoria cultivar was taken as a
control, is considered a reference for table grapes both nationally and internationally, with
large fruits, pleasantly balanced taste, and increased resistance to biotic and abiotic factors.
Also, in the category of agrobiological descriptors, the Fertility Coefficients (descriptors
introduced by R.D.I.V.O. Valea Calugareasca) were calculated as follows: absolute (C.F.A.) representing the ratio between the number of bunches on the stem and the number of fertile
shoots; relative (C.F.R.) - representing the ratio between the number of bunches on the
stump and the total number of shoots.
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Productivity indices were also calculated. They are of two kinds: absolute and relative.
Productivity indices (descriptors introduced by RDIVO Valea Calugareasca) are represented
by: the absolute productivity index (I.P.A.), which expresses the product between the
absolute fertility coefficient (C.F.A.) and the average weight of a grape and relative
productivity index (I.P.R.), which expresses the product of the relative fertility coefficient
(C.F.R.) and the average weight of a grape. Regarding the determinations made on the
technological descriptors, they consisted in the repeated weighing of the grapes on 10
stems, over two years (2020-2021). The weight of the bunches, according to OIV codes 502,
IBPGR 6.2.25.; ICVV 15.1., was determined at full maturity, by weighing the grapes from 10
shoots belonging to 10 different stems of the same genotype. The weight of the berry (OIV
codes 503; IBPGR 6.2.26) was determined by weighing 100 berries, 10 berries from the
median area of 10 grapes, from 10 different stems.
Also, in the category of technological descriptors, the content of the old wort was
determined, with the help of the refractometer, making an average sample of all the grapes
coming from 10 shoots from 10 stumps. The content of the must in acidity was determined
by performing an average sample resulting from healthy and turgid berries from all grapes
on 10 shoots. The glucoacidimetric index, which represents ratios between old (%) / total
acidity (g H2SO4/l) was also calculated. For the statistical interpretation of the results, the
SPSS 14.0 program, which uses the Duncan test (multiple t-tests) for a 5% statistical
assurance was an aplyed.

a
b
c
Figure 1. The appearance of grape elites
(a, b, c - the weight of the grapes, the characteristics of the fruits)

Figure 2. Appearance with the grapes of the 'R10/V' elite

Figure 3. Appearance with the grapes of the 'A5' elite
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Figure 4. Appearance with the grapes of the 'A6' elite

RESULTS AND DISCUSSIONS
The geographical location of Stefanesti vineyard is between 44º 42'and 44º 55' Nordic
latitude at the southern edge of the platform Candesti in contact with the Romanian Plain.
The vineyard is situated at altitudes between 200-415 m (maximum altitudes are Izvorani
hill 415 meters and Pietroasa hill 325 meters).
The elites have been under study for over 10 years and are introduced for testing in the first
year for approval. The data relating to the characteristics of fertility, productivity, and the
quality of the hybrid elites represent averages of two years, 2019, 2020 respectively.
Fertility and productivity characteristics
Table 1. Viability and fertility of fruit buds
Cultivar/
Hybrid
Elite
BP 9
A6
A5
R10/V
Victoria

The total
number of shoot
per stump

5% least
significant
difference

20.00
29.00
31.00
32.00
20.00

1.000
1.000
1.000
0.073
1.000

c
b
a
a
c

The number of
fertile shoots
20.00
52.42
36.00
36.82
60.01

d
a
b
c
c

5% least
significant
difference
1.000
1.000
1.000
1.000
1.000

Number of
inflorescence
4.00
21.00
19.00
16.00
12.00

c
bc
bc
bc
c

5% least
significant
difference
0.163
0.360
0.360
0.360
0.163

Knowledge of bud fertility is an important aid in the selection of new cultivars of table
grapes with high yield potential. In our study, the elites 'R10/V', 'A5', and 'A6' recorded the
highest number of shoots (32, 32, respectively 29), surpassing the control that recorded
only 20 shoots/stump, the differences between them being statistically assured. Elites 'A6',
'A5', and 'R10/V' had a good resistance to winter conditions - the percentage of fertile shoots
varies from 52% ('A6') to 36.82% ('A5'), except for the elite 'BP'. Thus, the highest average
fertility values were recorded in the control 'Victoria' (60%), followed very closely by the
elite 'A6' with fairly high fertility (52.42%), the differences between them not being
statistically assured. The weaker results of the number of inflorescences were highlighted in
the' BP9' elite, although this group is characterized by an increased percentage of fertile
shoots with 4 inflorescences (Table 1). The relative productivity index (Ipr) is an indicator,
at least as important as the absolute productivity index (Ipa), which quantifies the
production related to a crop area or a vineyard (Dumitriu, 2008), being an exponent of the
particularity in interaction with environmental conditions (Oprea, 2001). The relative
productivity index determines the production on a shoot and is implicitly related to the
cultivation conditions.
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Table 2. Indexes of fertility and productivity for hybrid elites
Fertility coefficients
Cultivar/
Hybrid
Elite
BP 9
A6
A5
R10/V
Victoria

Relative fertility
coefficient
(CFR%)
0.19
e
0.73
0.61
0.50
0.80

b
c
d
a

5% least
Absolute
significant
fertility
difference coefficient
1.000
1.00 b
1.000
1.000
1.000
1.000

1.37
1.35
1.34
1.00

a
a
a
b

5% least
significant
difference
1.000
0.130
0.130
0.130
1.000

Productivity index

The
average
weight of a
grape
136.59 d
295.58
375.95
424.12
471.80

5% least
significant
difference
1.000

c
b
ab
a

1.000
0.142
0.288
0.146

Relative
productiviti
index
25.95 e
215.77
229.32
235.50
249.36

d
c
ab
a

5% least Absolute 5% least
significant
fertiliti significant
difference
index difference
1.000
136.59 e
1.000
1.000
1.000
0.235
0.195

404.94
507.51
631.14
311.70

d
c
b
a

1.000
1.000
1.000
1.000

Figure 5. Percent of buds started in vegetation and percent of fertile shoots
(mean value; I-95% confidence interval).

Technological characteristics of grape production.
The study concerning the agrobiological characteristics referred to the average of grapes, a
mass of 100 berries, number of berries/grape, the pulp of grape, the skin of a grape, and
seed weight of grape complemented the knowledge elements for the hybrid elites studied.

Figure 6. The average weight of a grape of the
analyzed elite hybrids

Figure 7. The mass of 100 berries of the
analyzed elite hybrids

Regarding the average weight of a grape, it can be seen that the 'Victoria' cultivar recorded
the highest average mass (471.8 g), followed very closely by the hybrid elite 'R1/V', the
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lowest being registered at the elite 'BP9', the differences between them being statistically
insured, for an insurance level of 5%, (Figure 6). These values correspond to the group of
large grapes. Intermediate values were obtained for the hybrid elite 'A6' (295.58 g) and elite
'A5' with 375.95 g. Berries size, expressed by weight of 100 grains on average presented
values ranging from 605 g (Elite 'A6') and 273.24 g (elite 'A5'). Thus, the highest weight of
100 berries was recorded in the elite 'A6' (605.24 g/100 grapes), followed by the elites
'R10/V' and 'BP' elite, all this exceeding the control that recorded an average berries weight
of only 346, 0 g, the differences between them being statistically insured, for an insurance
level of 5% (Figure 7).
At the opposite pole, with an average weight of 100 grains below the analyzed control is
situated the Elite 'A5'. Regarding the number of berries/grapes (g) statistically, significant
differences between hybrid elites were obtained (Figure 7).
Therefore, the ‘A6’ hybrid elite (144 g) recorded the highest number of berries/grapes,
followed by the analyzed control (126 g) and ‘R10 / V’ (99.4), the ‘BP’ and ‘A5’ elites (Figure
8). This is normal, a large number of berries/grapes, entails lower values of the weight of the
grapes, which remain smaller.

Figure 8. The number of berries/grapes

Figure 10. The average seed weight

Figure 9. The average weight of the pulp

Figure 11. The average skin weight

Although statistically different, the results regarding the weight of the pulp show that the
hybrid elites have high values and are close to the control. Thus, located on an intermediate
homogeneity class, the elite 'R10/V' induced a high pulp weight (388.75 g) very close to the
control (419.48 g), followed by the elites 'A5' (345.78 g) and 'A6' (269, 7g), (Figure 9). The
lowest values of the pulp weight were highlighted in the case of the elite 'BP 9', (Figure 9).
The weight of the seeds and the skin are quite important features in terms of describing the
new cultivars of table grapes in viticulture. Although there were significant differences
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between the elites and the witness, it can be said that all the elites showed very good values
of these indicators. Thus, the highest seeds weight was registered in the 'R10/V' hybrid elite
(Figure10). With intermediate and close values, 'A5' and control were highlighted, these
being included in the same intermediate class, according to the Duncan test. The lowest seed
weight was highlighted in the BP hybrid elite (Figure 10).
The qualitative characteristics of the perspective elites
For determination of the quality of table grapes, priority is given to biochemical criteria,
respectively to the content of must in sugar and acidity (Oprea, 2001). Sugars, along with
acids are some of the most important elements of the quality of grapes.
The two biochemical components are particularly important in terms of the sugar/acidity
ratio that decisively influences the taste of grapes (Sestraș, 2004; Bădulescu et al., 2020).
From Figure 12 it can be seen that the elites recorded either a sugar content above the
analyzed control ('A6') or values close to the control, although the differences between them
are significantly different according to the Duncan test. The highest sugar content was
highlighted in the 'A6' elite, followed by the control with 137 g/l sugar and the lowest in the
'A5' elite (103.0 g/l), (Figure 12). Similar values, recorded on average over the 2 years of
study were highlighted by Necula et. al., (2010), as a result of a study concerning the new
table grape cultivars, in the Stefanesti area. The content of organic acids (total acidity %) in
fruits depends on several factors, including genotypic differences, pre-harvest climatic
conditions, and post-harvest handling procedures (Popescu et. al., 2018). The titrable acidity
of the must, expressed in g/l tartric acid, was determined at full maturity of the grapes.
Although in the climatic conditions specific to the Stefanesti- Arges vineyard, the acidity of
the must in the vine cultivars is generally maintained, the high temperatures of the last
years influence this qualitative index (Ropan, 2009).
The average value of this parameter, during the 2019 – 2020 period ranged between 0.75 g/l
for the elite 'A6' and 0.36 g/l for the 'A5' elite (Figure13).

Figure 12. Sugar content at the elite hybrids

Figure 13. Total acidity at the elite hybrids

CONCLUSIONS
All elites taken into study have the potential to be used for the development of high-quality
table grapes cultivars. As a result of the study, it was found that these elite cultivars, were
distinguished by a good sugar/acidity balance and, in conclusion, can be proposed for
approval.
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Separately or in various combinations of diversity the elites highlighted several important
agrobiological features: high quality, including a relatively low number of seeds,
productivity (a high average mass, which fit the elites in the category of large grapes),
resistance to the stress factors given by the good results obtained on the fertility coefficient,
other useful characteristics, presents a criterion for their inclusion in the germplasm prereproduction fund for later use in improving the assortment of the vineyard.
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ABSTRACT
The theme approached in this study is part of the state-of-the-art concerns
regarding the valorization of by-products that represent a problem for the
environment, due to the constant production and limited exploitation. The purpose of
this paper was to render useful marine and wine by-products, in order to obtain
fertilizers with applicability in the cultivation of the grapevine (Vitis vinifera L.).
Green algae, brown algae, shells, fermented pomace, unfermented pomace and vine
canes were combined in different proportions and applied to an experimental lot in
the Murfatlar wine center, cultivated with the red wine cultivar, 'Feteasca neagra'.
The high content in mineral elements of these by-products has led to significant
increases in soil quality, especially regarding essential nutrients (phosphorus and
mobile potassium) and organic matter (humus). Improvements have also been
observed in the accumulation of biochemical compounds involved in plant growth
and development, but also the quality and production of grapes. The obtained results
encourage us to apply these fertilizers in the following years, diversifying the vine
cultivars for white and red wines.
Keywords: grape pomace, marine biomass, biofertilizers, harvest improvement, essential
nutrients
INTRODUCTION
In order to promote sustainable agriculture, organic waste can be considered an important
resource. By-products of agricultural processing, manure, and other organic residues can
indeed be used to increase soil fertility, as they are a source of important nutrients useful for
crop growth and they induce an overall improvement in soil quality (Davies and
Lennartsson, 2005; Erana et.al, 2019). Grape pomace is an abundant by-product (solid
organic waste), consisting of the remaining skins, seeds, and stalks, representing around 1525% of the total grape weight used in the winemaking process, depending on the cultivar
and procedure (Oliveira and Duarte, 2016). The moisture after pressing is around 20-30%
w/w, and the material is characterized by a C:N ratio ranging from 40 to 45:1, a pH ranging
from 3 to 6, high organic matter content and organic forms of micro and macro-nutrients,
which are mineralized through time (Lomillo and San, 2017). The compost-based
conditioning influences the soil's physicochemical properties, by improving its structure,
increasing the organic matter content, modifying the nutrient availability and inducing
beneficial effects on the microbial load of the soil (Saha et. al., 2008). Applying organic
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matter to the soil results in increased biomass of soil fauna, which plays a substantial role in
organic matter decomposition, causing a constant nutrient release (Breure, 2014).
Contrasting with chemical fertilizers, grape pomace and dried seaweed are biodegradable,
they do not pollute the environment and pose no threat to the health of humans and other
life forms (Chbani et. al., 2015). Grape pomace as an organic fertilizer has a certain value,
mainly due to low content in phosphoric acids and nitrogen. Chemical analyses of the
compost based on winery waste reveal a cultivar of different elements, such as Ca, Mg, Fe,
Zn. Grapevine canes could also pose as an important source of nutrients, considering their
significant quantities of minerals and amino-acids (Balasubrahmanyam et.al., 1978). Along
the Romanian Black Sea shore, algal species such as Cystoseira barbata and Ulva lactuca can
be found in great quantities (Marin and Timofte, 2011). Studies have shown that these
seaweeds contain notable amounts of minerals, both macronutrients and trace elements
(Panayatova and Stancheva, 2013) and their extracts stimulate plant growth and tolerance
to stress factors, as well as nutrient uptake from the soil (Rathore et. al., 2009). Algae are not
the only kind of abundant marine organism that can have a potential purpose as a
biofertilizer: the snail genus Rapana. has a mineral-rich shell (Sereanu et.al., 2017), that can
serve as a good calcium source, provided that it is finely shredded. The biomass can be used
as a sustainable source of organic fertilizer, returning both nutrients and carbon to the soil,
potentially improving soil quality, along with crop growth and nutrition. Moreover, research
in large-scale algal biomass production has increased in recent years, for diverse
applications including biofuels, animal feed and nutrient scavengers in wastewater
treatment processes (Zhu et. al., 2013). This has also created opportunities for the
development of by-products such as algal-based fertilizer, that could contribute to a more
sustainable circular-economy for nutrients in arable farming systems. Results concerning
the mineral composition of grape pomace (Bojan et al., 2020), Cystoseira barbata
(Panayatova and Stancheva, 2013) and Ulva lactuca (Breure, 2014) algal mass that has been
highlighted in several studies are presented in Table 1.
Table 1. Proximate chemical composition of grape pomace and marine mass (Bojan et al., 2020;
Panayatova and Stancheva, 2013; Breure, 2014)
Compound mg/100 g
Na
K
P
Mg
Ca
Mn
Fe
Zn
Cu

Quantity identified
in grape pomace
87-244
1184-2718
4-3157
92-961
91-644
6-1356
5-5468
2-2254
39-130

Quantity identified in
Cystoseira barbata
188-196
942-1444
79.28-131.12
343-485
1900-2380
442-512
3000-3686
114-172
67-87

Quantity identified in
Ulva lactuca
552-4570
630-1970
93-150
940-3900
1700-2700
250-820
-

The purpose of this paper was to capitalize on wine and marine by-products to obtain
organic fertilizers with applicability in viticulture. After drying and shredding, green algae,
brown algae, Rapana sp. shells, fermented pomace, unfermented pomace and grapevine
canes were combined in different proportions (Table 2). In 2019, these mixtures were
tested in the greenhouse, being applied on four types of crops: Vitis vinifera L. (Pinot Gris
cultivar), Lolium perenne L., Sinapis alba L. and Trifolium repens L. From the 7 variants, 2
were selected based on the performances obtained on the soil quality, V2 and V5, which
were applied in an experimental field cultivated with the grapevine cultivar for red wines
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with Protected designation of origin Murfatlar, 'Feteasca neagra' (Artem et.al., 2021) in the
conditions of the year 2020.
Table 2. Proportion of marine and wine by-products in the component of organic fertilizers
Variant
V1
V2
V3
V4
V5
V6
V7

Marine by-products
Green algae
Brown algae
Shredded
(g)
(g)
shells (g)
35
35
35
70
35
35
35
70
35
35
35
70
35
35
35
35
35
35
35
35
35

Fermented
pomace (g)
35
35
35
35
70
35
35

Wine by-products
Unfermented Grapevine
pomace (g)
canes (g)
35
35
35
35
35
35
35
35
35
35
70
35
35
70

As the quality and quantity of the harvest are determined to a large extent by the annual
climatic conditions, the upward trend of the air thermal values observed in the last two
decades has determined changes in the metabolism and processes of growth and
development of the grapevine. During the study year 2020, the average air temperatures
were 2.5°C higher than normal (average temperatures over the last 20 years). Among all
ecological factors, water plays a key role, being the most important constituent of the
vegetative organs of the grapevine, ensuring numerous metabolic functions, participating in
biochemical reactions and the transport of the synthesized products. During the studied
period, the distribution of precipitation was uneven, but the average amount reached values
close to normal, as there was an alternation of months with heavy rains (June) with periods
of severe drought (January, April, May, July). It should be noted that during the vegetation
period (April, May, June) the grapevine's need for water is higher, especially in the budding,
shoot development, flowering and fruit set phenological stages. In 2020, during the
mentioned period, the amount of precipitation was very small, which led to the weak
development of the shoots and grape bunches.
MATERIALS AND METHODS
Sampling
The experimental plots are placed on a parcel with a N-S exposition, a slope of 3-5%, and
soil of chalky chernozem type, with clay texture. The vine is planted on the rootstock Vitis
berlandieri x V. riparia Oppenheim 4 selection, clone SO4, and trained with trunks of 70 cm
and mid-wire bilateral cordons, with cane pruning. The density of the plantation is 4132
vines/ha, with 2.2 m between rows and 1.1 m between trunks. Each experimental plot
consisted of 3 rows of vines for each variant and repetition. There were 3 experimental
variants: control variant (unfertilized), V2 and V5, which are presented in table 2. Fertilizers
were placed in the soil at a depth of 0-20 cm at each trunk at the end of February, for about
21 trunks/variant, in three repetitions. Climatic data were recorded with the meteorological
station (Weather Master 2000, Environdata, Australia) owned by the Murfatlar Research
Station for Viticulture and Oenology, and encompass daily observations regarding maximum
and minimum temperatures, as well as precipitation. For three months (May-July) weekly
measurements were made on the length of the shoots, calculating the average growth on
each shoot/trunk/variant. The biosynthesis of chlorophyll and carotenoids pigments was
measured and starting with August, determinations were made in the dynamics of grape
maturation, by determining the content of the soluble substance (Brix degrees), the total
119

acidity (g/l H2SO4), and the weight of 100 berries. In October, after the grapes were
harvested, soil samples were taken and physicochemical determinations were made at OSPA
Constanta.
Determination of soil
The analyses carried out on soil samples were: pH, determined in aqueous suspension using
a combined glass-calomel electrode; the content of the humic substance, determined by the
Walkley-Black method modified by Gogoasa; the mobile forms of phosphorus and potassium
soluble in ammonium acetate lactate solution (AL) at pH 3.75 by the Egnèr-Rhiem-Domingo
method, determined by spectrometry or flamephotometry, respectively. The total soluble
salts were determined by the Juste Pouget method and conductometrically, using a pH
Cond7.07 glass electrode and a conductometer, respectively.
Determination of chlorophyll
Leaf samples were prepared with a laboratory homogenizer, using about 0.1 g fresh
material. Extraction solutions were used for each sample: 80% acetone. The extraction ratio
was 1:10. Homogenized mixture is separated by centrifugation at 3000 rpm, for 10 minutes.
The analytical determination was performed with Helios α spectrophotometer at the
following wavelengths: 663 and 645 nm, for chlorophyll a and b (according to each
extraction solvent) and 470 nm for total carotenoid (Sikandar et.al., 2018). Equations used
for calculation (Arnon, 1949) are presented below:
Chlorophyll a (µg/g) = (12.75 * A663) – (2.6 * A645) * Q
(1)
Chlorophyll b (µg/g) = (22.9 * A645) – (4.68 * A663) * Q
(2)
(3)
Total carotenoid content (Cx+c) = 1000 A470 – 1.90 Chll a – 63.14 Chll b/214
Total Chll = Chll a + Chll b
(4)
Q=V/W, where V is the volume of acetone in ml, W is the weight of sample in mg and A is the
solution absorbance at a given wavelength.
Determination of grapes
The dynamics of grape ripening were observed starting with August 18, every 7 days until
harvest, determining three analytical parameters: weight of 100 berries (g), soluble content
(° Brix) and total acidity (g/L sulfuric acid). The soluble solids content (°Brix) was obtained
by direct reading using an electronic refractometer (ATAGO, model SMART). Titratable
acidity (g /l H2SO4) was determined by titration with 0.1 N NaOH. The weight of berries was
obtained by using a technical balance and reporting the result for 100 berries.
Statistical analysis
Data were expressed as the mean ± standard deviation. One-way analyses of variance of
means (ANOVA) have been performed using SPSS Version 16.0 Statistical Package for
Windows (SPSS Corporation, Chicago, IL), and the mean differences of the various samples
were compared by a post-hoc test (Duncan multiple mean comparison test). A difference of
p ≤ 0.05 was considered significant.
RESULTS AND DISCUSSION
The values regarding the growth of the vine shoots are conditioned by the climatic factors
from the vegetation period, the vigor of the cultivar and by the applied fertilizers. Analyzing
the obtained data represented in figure 1, the influence of the applied fertilizers on the
development of the vine can be observed. The highest values recorded regarding the length
of the shoots were for V2 (43.3 cm) and V5 (39.7 cm) at the end of July, higher values
compared to the untreated control, which recorded lengths of 30.4 cm. Similar results, in
which the length of the shoots increased following the application of biofertilizers based on
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algae, were obtained by Popescu G. and Popescu M. (2014). We observe a more obvious
increase in shoots length starting with June, which is due to the 73.4 mm of precipitation,
which facilitated the access of fertilizers to the vine roots. It should be noted that in April
and May, the cumulative rainfall was only 29.1 mm, compared to the normal 83.7 mm, which
led to a slowdown in the growth process for the shoots.

Figure 1. Graphical representation of the growth of vine shoots on experimental variants

The nutrients from the organic fertilizers have improved the biosynthesis of the main
compounds of primary metabolism (chlorophyll pigments and carotenoids) in the leaves, as
can be seen in Table 3.
Table 3. Dynamics of the biosynthesis of chlorophyll pigments and carotenoids on fertilized variants
Sample
Chlorophyll a Chlorophyll b
Variant
(µg/g)
collection date
(µg/g)
03 June
03 July
03 Aug.
03 Sept.

Control
V2
V5
Control
V2
V5
Control
V2
V5
Control
V2
V5

139.5
163.7
139.8
207.4
212.9
208.8
219.4
223.4
222.2
197.5
219.7
208.8

50.7
59.0
49.4
101.0
106.0
105.5
126.7
135.3
138.4
90.1
129.6
106.9

Total
Chlorophyll
(µg/g)
190.2
222.6
189.1
308.4
318.9
314.2
346.0
358.7
360.5
287.6
349.3
315.7

Carotenoid
Total
pigments
assimilatory
(µg/g)
pigments (µg/g)
603.7
793.9
698.7
921.4
570.5
759.6
867.8
1176.3
889.9
1208.7
885.3
1199.5
970.3
1316.4
1015.7
1374.4
1019.9
1380.5
819.2
1106.7
996.7
1346.1
896.03
1211.73

The content of chlorophyll varied throughout the studied period in the range of
163.7-223.4 µg/g in variant V2, between 139.7-222.2 µg/g for variant V5 and between
139.5-219.4 µg/g for untreated control. Higher values were recorded for all variants in
August, falling between 219.4-223.4 µg/g. Regarding the evolution of carotenoid pigments,
they showed values in the range of 570.5-1019.9 µg/g, the highest values being recorded in
August at variant V5, followed by a very small difference from variant V2. The total content
of photosynthetic pigments in the last month of the determinations showed the highest
values in variant V2, followed by V5, both with significantly higher values compared to the
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unfertilized control. A study by Nistor et. al., (2014) also reported an improvement in
chlorophyll pigments in vines following the application of grape pomace as a biofertilizer.
Data on the dynamics of grape ripening are presented in Figure 2. The increase in sugar
content was intense in August for all the studied variants, and the accumulation of sugars
was different, depending on the applied fertilizer and the climatic conditions. Thus, the
period of sugar accumulation was very hot, in which maximum temperatures were
frequently recorded, with an average between 32 and 33°C, justifying the high values of
sugars content at harvest time, of over 24oBrix for all the studied variants. The decrease of
the total acidity in the maturation process started and evolved rapidly, being conditioned,
also, by the climatic conditions. At the beginning of the period, the values of the total acidity
were situated between 7.91 and 8.63 g/L sulfuric acids, in a very short time (at harvest), the
values of this parameter decreased very much, reaching values between 2.73 and 3.85 g/L
sulfuric acid.
The weight of 100 berries, along with sugars content and total acidity complete the
characterization of the quality of the grapes at harvest. The highest values for the weight of
100 berries were recorded at harvest in variant V5 with 111.2 g, with a 23.28% increase
compared to the unfertilized control, followed by variant V2 with 102.9 g, with a 14.08%
increase compared to the control variant. Colapietra and Alexander, (2006) obtained similar
results following the application of an algae-based biofertilizer, namely an improvement in
grape quality in terms of sugar content and average grape weight.

Figure 2. The quality of grapes on experimental variants: C (Control, unfertilized), V2, V5

The average grape weight represents a very important parameter that constitutes an
element of productivity and quality for the vine, being one of the determining factors in the
production of grapes per trunk and, implicitly, of the production per unit area. Grape
production was variable, as can be seen in Table 4; a significant increase was registered in
the case of both fertilizing variants, the increases being 54.76% for the V2 variant (6.5 t/ha)
and of 33.3% in the case of the V5 variant (5.6 t/ha). Analyzing the changes produced by the
application of the two organic fertilizers on the physicochemical properties of the soil,
compared to the unfertilized control, the beneficial effect is easily observed, being
statistically significant.
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Table 4. The characteristics of the technological indices on the studied variants
Variant

Average bunch
weight (g)

Average 100
berries weight (g)

Average number
Average rachis
of
Yield (t/ha)
weight (g)
berries/bunches
103.63±5.9 (a)
5.09±1.1 (a)
4.2±0.5 (b)
98.77±4.2 (a)
5.14±1.5 (a)
6.5±0.8 (a)
86.32±4.8 (b)
4.84±1.0 (a)
5.6±0.4 (a)

C
90.91±8.2 (b)
85.82±6.2 (b)
V2
110.83±9.7 (a)
105.66±5.7 (a)
V5
100.45±7.6 (ab)
95.61±3.1 (ab)
Fertilizer
*
*
*
ns
**
influence
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. Significance regarding the location and maceration time factors is noted with
stars, in accordance to the p-value used for calculation: * p <0.05, ** p <0.01, *** p <0.001, ns= not
significant.

The two fertilizers applied did not produce any negative effect on the soil pH, which
remained at neutral values (7.7). Regarding the salt content, we observe a significant
increase compared to the control, the increase is 58.8% in the case of variant V2 and 93.6%
in the case of variant V5. Regarding phosphorus and potassium, two essential elements
necessary for the development of the vine, it can be stated that the application of fertilizers
has led to positive effects on the soil (Table 5). For both nutrients, there was an increasing
trend compared to the control, classifying the soils in the category of those with very good
nutrient supply. The increase for phosphorus was 135.5% for V2 and 68.2% for V5. In the
case of potassium, the same growth trend of 76.7% compared to the control in the case of V2
and 35.4% in the case of the V5 variant can be observed. The values for humus registered
slight increases, on average of 10.2%, insignificant from a statistical point of view.
Table 5. Physico-chemical characteristics of the soil under the influence of organic fertilizers
P2O5
K 2O
Experimental
Salts (mg/100 g
Humus
CaCO3 (%)
pH (H2O)
variant
soil)
content (%) mobile form mg/100 g soil
Control
7.7±0.1 (a) 41.1±2.8 (c)
2.65±0.3 (a) 58.5±4.2 (c) 155±10.3 (c) 1.1±0.1 (b)
V2
7.7±0.1 (a) 65.3 ±2.0 (b)
2.79±0.4 (a) 137.8±12.5 (a) 274±18.2 (a) 1.9±0.2 (a)
V5
7.8±0.1 (a) 79.6±2.2 (a)
3.05±0.6 (a) 98.4±10.4 (b) 210±15.1 (b) 0.5±0.1 (c)
Fertilizer
ns
***
ns
***
***
***
influence
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. Significance regarding the location and maceration time factors is noted with
stars, in accordance to the p-value used for calculation: * p <0.05, ** p <0.01, *** p <0.001, ns= not
significant

CONCLUSIONS
The research conducted in 2020 on the influence of organic fertilizers obtained by
combining marine and wine by-products on viticultural soils has shown, on the one hand,
significant increases in biochemical compounds involved in plant growth and development,
as well as grape yield and quality, and on the other hand, it led to the improvement of soil in
terms of essential nutrients (phosphorus and mobile potassium) and organic matter
(humus). The combination of wine and marine by-products in the form of organic fertilizers
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is an effective alternative to chemical fertilization but also a valuable tool for achieving a
double goal: improving soil quality and reducing environmental impact.
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ABSTRACT
More than 80 viruses are reported as causing damage to the grapevine, but
some of them are rare and cause negligible damages. However, other viruses are
veritable pathogens for this crop, affecting the production quantity and quality, such
as: grapevine leafroll-associated virus serotype 1+3 (GLRaV-1+3), grapevine fleck
virus (GFkV), and grapevine fanleaf virus (GFLV). In this study, we present the effects
of Serlac V, Growspore Vita and Nutryaction biostimulants on the grapevine plants
belonging to 'Valerien' and 'Italia 93 Mf.' genotypes infected with GFkV and 'Cardinal
74 Mf.' genotype infected with GLRaV-1+3 and GFkV. Determinations have been made
regarding the content of assimilating pigments in leaves (chlorophyll a, chlorophyll b,
and carotenoids), a diameter of the cane and of the pith, leaf surface, stomata length
and ostioles opening.
Keywords: organic matter, stress factor, virus serotypes, active ingredient, biostimulators
Introduction
The grapevine is a horticultural crop with worldwide major economic influence. The
viticultural market is considered to be one of the most dynamic and fast-growing from
horticultural market in the recent years. Therefore, timely monitoring of the factors that can
strongly affect the plant growth and the production quality, mainly the control of causative
agents of grapevine diseases, have a particularly importance for grapevine culture.
Grapevine can be affected by various phytopathogenic agents: fungi, bacteria, viruses,
viroids, and phytoplasmas.
Agent of viruses represent a group of special pathogens of grapevine. More viruses have
been reported in the grapevine than in any other crop, with more than 80 viruses identified
in the genus Vitis, grouped into 18 families and 34 genres (Martelli, 2018). Some of these are
rare and cause minor damages. Other viruses are true pathogens of grapevines and agents of
diseases with economic impact, affecting the quantity and quality of production, such as:
grapevine fanleaf virus (GFLV), grapevine leafroll-associated virus serotypes 1+3 (GLRaV1+3) and grapevine fleck virus (GFkV).
Because of the physiological and metabolic modifications that are produced, the virus
infection has negative consequences over the plant: reduction of vigor and production,
decline, delayed entry into vegetation and fruiting, decreased graft compatibility and rooting
capacity, changes in the composition of the grapes and the aromatic profile. Assessing the
effects of viruses and virus diseases is not as easy as one might think, because the severity of
the symptoms varies from one virus to another (even depending on the severity of the
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strain), the genotype and the age of the infected grapevine and, as well, of the environmental
conditions (Naidu et al., 2015).
This paper aimed to evaluate the action of the biostimulants Serlac V, Growspore Vita and
Nutryaction on the grapevine plants (V. vinifera L.) infected with GFkV and GLRaV-1+3.
These viruses are widespread in the vineyards of our country and are often found in
complex infections affecting different grapevine genotypes (Buciumeanu et al., 2015).
Serlac V is a biostimulant recommended for vegetable crops, grapevines, ornamental plants,
citrus, olive, strawberry for the protection and recovery of plants in the presence of virus
infections.
Growspore Vita is useful for grapevine and can influence and improve many of the
biochemical processes of the plants (chlorophyll synthesis, photosynthesis; cellular
respiration; protein synthesis; cellular relaxation processes; water absorption; prevents
thermal and/or water stress; prevents stress caused by pathogens; prevents iron,
manganese and zinc deficiencies and last but not the least increases the yield and quality of
plants).
Nutryaction is an organic fertilizer with fluid nitrogen (yeast extract containing brown
algae) that prevents biotic and abiotic stress. It is allowed in organic farming under
legislative Decree no. 75/2010. Nutryaction helps the rapid growth of all plant species, due
to the special formula based on organic molecules of plant origin with low molecular weight
and has a positive effect on the photosynthetic processes. Its application is also
recommended to reduce the stress during the cold springs. When applied to the soil it also
allows a high activity of useful microflora and stimulates its development. It is best used in
combination with all microorganism-based products (Line Greenspore), before or
simultaneously with their use, allowing the activation of these products earlier and more
effectively. This association guarantees a better preventive action against biotic stress and
stimulates the development of the foliar apparatus and roots.
MATERIALS AND METHODS
During the research, three genotypes of grapevine were studied, from the collection of virusinfected plants located in the greenhouse, belonging to NRDIBH Stefanesti: 'Valerien' and
'Italia 93 Mf.' (infected with GFkV) and 'Cardinal 74 Mf.' (with complex virus infection,
GLRaV-1+3 and GFkV). Grapevine plants, 3 years old, planted on their roots, were kept in
vegetation pots with a capacity of 0.5 L.
The treatments with the biostimulants Serlac V, Growspore Vita + Nutryaction were sprayed
in the morning, at 08:30, between April and August 2019, according to the treatment
scheme presented in Table 1.
Table 1. Ecological treatment scheme with Serlac V and Growspore Vita
No.
1.
2.
3.
4.
5.
6.
7.
8.

Application date
04/08/2019
04/22/2019
05/08/2019
05/22/2019
06/07/2019
06/21/2019
06/28/2019
07/23/2019

Treatment
Biostimulators
Serlac V (3 ml Serlac V homogenized with 500 ml water)
(1 ml Growspore Vita + 1 ml Nutryaction) + 500 ml water
Serlac V (3 ml Serlac V homogenized with 500 ml water)
(1 ml Growspore Vita + 1 ml Nutryaction) + 500 ml water
Serlac V (3 ml Serlac V homogenized with 500 ml water)
(1 ml Growspore Vita + 1 ml Nutryaction) + 500 ml water
Serlac V (3 ml Serlac V homogenized with 500 ml water)
(1 ml Growspore Vita + 1 ml Nutryaction) + 500 ml water
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Two variants were studied. One of them (V1), was represented by untreated virus-infected
grapevine plants (control) and the other (V2) by the ecologically treated virus-infected
plants.
During the experiment were made biochemical, biometric and physiological determinations.
Biochemical determinations were performed both during the growing phase and the
dormancy. During the vegetation period, the content of the foliar material in chlorophyll
pigments (chlorophyll a, chlorophyll b) and carotenoids was checked (Holm, 1954). The
content of assimilatory pigments was expressed in mg/g fresh matter (fm).
In order to evaluate the degree of cane maturation, determinations regarding the content in
soluble carbohydrates, starch, and total carbohydrates were made during the winter. The
concentration of sugars from the canes was determined by the anthrone method. The
results were expressed as a percentage of glucose in the dry matter (Bugnon and Bessis,
1968).
Biometric determinations were performed concerning the diameter of the wood and the
pith (in February after the frost period) and the leaf surface (at the start of the ripening
phase when the vegetative apparatus of the grapevine shows a maximum development).
An electronic caliper was used to determine the pith/wood ratio (R) and the obtained data
were interpreted after Alexiu et al., (2002). At R> 1 the wood is incompletely matured; R ≈ 1
the wood is partially matured, and at R <1 the wood is well matured.
The foliar surface was measured using the leaf blade length method (Kișkin method) based
on the following formula S = π x d2/4, where S = leaf surface; π = 3,14; d2 = the distance
between the tip of the main lobe and the lower edge of the foliar surface (Oprea and
Carabulea, 2003). For this determination the fourth leaf from the base of the shoot was used,
when the vegetative apparatus of the grapevine showed maximum development, that is
after the ripening phase. This method has the advantage that the leaf area can be
determined without the leaf being detached from the shoot.
Biometric determinations on stomata length and ostiole opening were performed in June
(during the active growth of plants). Samples for optical microscopy were obtained by
applying a thin layer of transparent nail polish (Gokbayrak et al., 2008). For the
determination of the degree of opening and the length of the stomata, a microscope
(Olympus) was used, equipped with an Olympus photo camera and “Quick Photo Micro”
software.
The results were statistically analyzed using SPSS, version 21, according to the One-Way
ANOVA, LSD test.
RESULTS AND DISCUSSIONS
The content in assimilating pigments showed differences between V1 and V2, in both stages
of the analysis (June 26th - during the period of active growth and September 19th - two
months after the completion of treatments, at the end of the vegetation period). In the first
stage, for 'Italia 93 Mf.' genotype chlorophyll a and b were higher in V2 and for 'Cardinal 74
Mf.' chlorophyll b was higher in V2 than in V1. For the 'Valerien' genotype, the content of
assimilating pigments was higher at V1 (probably the leaves of the plants from V2 started
the senescence process earlier due to the application of biostimulants). In the second stage
of analysis, for 'Valerien' and 'Italia 93 Mf.' genotypes, all fractions of assimilating pigments
were higher at V2. Significant differences were recorded in the first stage in the case of
carotenoids (for 'Cardinal 74 Mf. '), and in the second stage in the case of chlorophyll a (for
'Valerian'), chlorophyll a and carotenoids (for 'Italy 93 Mf.'), chlorophyll b and chlorophyll
a/chlorophyll b ratio (for 'Cardinal 74 Mf.').
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The influence of biostimulator treatments on the content of assimilating pigments in virusinfected plants was mainly determined by grapevine genotype and phenophase (Table 2).
Table 2. Content of assimilatory pigments at grapevine plants with viral infection. The values
represent the mean ± SD, the letters indicate significant differences as compared to the control for the
significance threshold p<0.05.
Genotype/
Virus
infection

Data
Assimilating pigments

Chlorophyll a (mg/g fm)
'Valerien'/ Chlorophyll b (mg/g fm)
GFkV
Carotenoids (mg/g fm)
Cl a / Cl b
Chlorophyll a (mg/g fm)
'Italia 93 Chlorophyll b (mg/g fm)
Mf'/ GFkV Carotenoids (mg/g fm)
Cl a / Cl b
'Cardinal Chlorophyll a (mg/g fm)
74 Mf'./ Chlorophyll b (mg/g fm)
Carotenoids (mg/g fm)
GFkV +
GLRa
Cl a / Cl b
V-1+3

06/26/2019
V1
V2
1.10±0.13a
0.90±0.28a
0.55±0.46a
0.53±0.73a
0.70±0.74a
0.55±0.21a
1.98±0.64a
1.66±0.38a
0.91±0.40a
0.91±0.47a
0.51±0.23a
0.53±0.33a
0.61±0.21a
0.55±0.47a
1.78±0.30a
1.66±0.38a
0.54±0.31a
0.73±0.11a
0.54±0.31a
0.47±0.61a
0.68±0.20a
0.42±0.69b

09/19/2019
V1
V2
0.76±0.20a
1.29±0.11b
0.41±0.08a
0.60±0.08a
0.47±0.12a
0.79±0.08a
1.85±0.12a
2.15±0.13a
0.81±0.002a 1.01±0.01b
0.40±0.004a 0.48±0.00a
0.49±0.00a 0.62±0.004b
2.07±0.02a
2.09±0.02a
1.02±0.06a
0.86±0.10a
0.49±0.01a
0.44±0.04b
0.62±0.04a
0.53±0.06a

2.01±0.41a

2.10±0.08a

1.58±0.54a

1.94±0.04b

The canes content in soluble carbohydrates and starch for all the studied genotypes did not
show significant differences between V1 and V2, although the 'Cardinal 74 Mf. ' genotype
recorded an increased content of soluble carbohydrates and starch in V2 as compared to V1.
In the case of the 'Valerian' genotype, the total carbohydrates content was reduced to V2 as
compared to the control, both the content of soluble sugars and starch being lower. The
'Italia 93 Mf.' genotype recorded a decrease in the soluble carbohydrates content and an
increase in the starch content at V2 comparatively to V1 (Figure 1).

Figure 1. The influence of ecological treatments on the degree of maturation. The values represent the
mean (± SD), the letters indicate significant differences as compared to the control for the significance
threshold p<0.05
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Biometric determinations
The values of the pith/wood ratio were less than 1 in both variants regardless of genotype
and virus infection and showed significant differences as compared to the control in case of
'Valerian' genotype for cane diameter and in case of 'Italy 93 Mf.' genotype for pith/wood
ratio. In case of 'Cardinal 74 Mf.' genotype did not show significant differences from the
control (Figure 2).
Table 3. Foliar surface, degree of ostioles opening and length of the stomata. The values represent the
mean ± SD, the letters indicate significant differences as compared to the control for the significance
threshold p<0.05.
Genotype/Virus
infection

'Valerien'/GFkV

'Italia 93 Mf.'/GFkV
'Cardinal 74 Mf.'/
GFkV + GLRaV-1+3

Biometric and
physiological
measurements
Foliar surface (cm2)
Ostioles opening (μm)
Stomata length (μm)
Foliar surface (cm2)
Ostioles opening (μm)

V1

V2

84.50± 8.66a
8.93±2.37a
30.80±1.44a
84.90±0.10 a
9.10±0.10a

82.07±8.11a
11.00±1.06b
31.70±1.42a
83.90±8.50 a
7.07±0.65b

Stomata length (μm)

26.80±1.20a

27.30±3.10a

114.60±48.20a

113.13±25.75a

6.50±0.30a
26.80±1.20a

6.87±0.55a
27.30±3.10a

Foliar surface

(cm2)

Ostioles opening (μm)
Stomata length (μm)

The stomata are specialized structures, being located in the epidermis, with a role in the
exchange of gases between the plant and the external environment, as well as in the release
of water vapor. With their help, the carbon dioxide needed for assimilation and the oxygen
needed for respiration enter the plant. The opening of the ostiole is determined by
monovalent cations that actively enter from the annexed cells into the vacuoles of the
stomatal cells, producing the increase of their osmotic potential. This process allows water
to enter the stomatal cells and to increase their turgescence and finally to open the ostioles
(Gâdea, 2003).

Figure 2. Pith diameter, cane diameter and pith/wood ratio. The values represent the mean (± SD),
the letters indicate significant differences as compared to the control for the significance threshold
p<0.05.

Application of the organic products led to significant increases for the 'Valerian' and 'Italy
93 Mf.' genotypes regarding the degree of opening of the ostioles in variant V2 as compared
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to V1. Leaf area values were slightly lower at V2 as compared to V1 and in the case of this
indicator, no significant differences were registered (Table 3).
Biostimulants improve the general health, vitality, and growth of plants and protect them
against infections (Drobek et al., 2019). From agricultural biostimulants very important are
seaweed extract derivatives (obtained from green, red or brown algae) and hydrolysed
proteins (mostly constitutes by free amino acids and peptides), (Craigie, 2011 quoted by
Szczepanek et al., 2018).
CONCLUSIONS
The content in assimilating pigments of virus-infected grapevine plants registered a
significant difference in the variant treated with biostimulants as compared to the control
(untreated plant) towards the end of the vegetation period in the 'Italia 93 Mf'. and
'Cardinal 74 Mf.' genotypes.
The content of carbohydrates from the canes (soluble glucides and starch) did not show
significant differences between treated and untreated plants in any of the studied grapevine
genotypes.
In the case of biometric determinations, significant differences were obtained only in terms
of ostioles opening at the GFkV- infected 'Valerien' and 'Italia 93 Mf.' genotypes.
It is recommended to continue the research concerning the treatments with different doses
of bioactive products on grapevines grown in the field, under the influence of various biotic
and abiotic stress factors.
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ABSTRACT
Climatic factors of the ecosystem directly influence the vegetative development
of the grapevine, the production obtained, and its quality. Obtaining new genotypes
with high ecological plasticity, superior yield and quality, and biological resistance
can be achieved by continuously improving the existing assortment of grapevine
cultivars. The crossbred of the valuable genitors and the selection of perspective
genotypes is a permanent concern of horticultural researchers, in order to satisfy the
consumer increasingly selective requirements. The purpose of the current study was
to evaluate the adaptation of a new wine hybrid elite ('H.E. 13.1.6') obtained at
Research and Development Station for Viticulture and Oenology Iasi to the
environmental conditions of the Copou-Iasi viticultural centre (NE of Romania), based
on agrobiological and technological observations, and analysis on grape yield and
wine quality. The hybrid elite showed high productions (up to 19 t/ha), with
significant accumulations of sugars in grapes (>200 g/L) and high resistance to
cryptogamic diseases, indicating a good adaptation to the environmental factors of
the growing area.
Keywords: agrobiological features, grapevine breeding, hybrid elite, new genotypes, wine
grapes.
INTRODUCTION
Currently, grapevine (Vitis vinifera L.) is cultivated in a relatively small area (7.3 mil. ha),
located entirely in areas with a temperate and Mediterranean climate. Most of these areas,
about 3.3 million ha, are found in Europe, the rest of the areas are spread over other
continents, in the form of individual wine regions. In Romania, viticulture is a traditional
occupation, which has evolved due to the favorable climate for grape cultivation. According
to the OIV Report for 2020, Romania remains one of the main wine-producing countries in
the world, occupying 10th place in terms of area planted with grapevine, respectively
190,000 ha, representing about 2.6% of the world's wine-growing area. Wine consumption
in Romania represents 2% of world wine consumption.
The viticultural potential is a variable characteristic at the scale of vineyards and viticultural
centres. This variability, due to the different influence of ecological factors has determined
the appearance of vineyards and their specific type of wine. The wine obtained from grapes
of the same cultivar differs from one area to another (fr. terroir), concerning the
environmental factors. Moreover, grapevine genotypes behave differently under the
influence of climate change, depending on their ability to adapt to higher temperatures and
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drought stress (Creasy and Creasy, 2009). The breeding of the grapevine appeared with its
discovery, through the selection of plants with larger and tasty fruits that would satisfy the
food need of the consumer. In recent years, many countries have initiated large breeding
programs to induce cold, drought, and disease resistance; some important wine grape
cultivars were developed from these crosses. Improving the grape assortment is a
permanent concern of horticultural researchers. Through advanced breeding programs
initiated at the Research and Development Station for Viticulture and Oenology Iasi, more
than 20 grapevine cultivars and clones were obtained, aiming the introduction and
promotion into the vineyards of new genotypes with superior yield and quality and
increased biological resistance. Currently, in the biological fields of the research unit are
permanently monitored over 20 new genotypes (hybrid elites and clonal elites), the most
valuable being proposed for homologation and promoted in culture. The current study aims
to evaluate a perspective hybrid elite 'H.E. 13.1.6' for rose wine, obtained at Research and
Development Station for Viticulture and Oenology Iasi (Copou-Iasi wine centre).
MATERIALS AND METHODS
The study was conducted during the 2019-2020 period, in the experimental plots of
Research and Development Station for Viticulture and Oenology Iasi (27 °53’ E and 47°20'
N), in a microclimate favorable to grapevine growing. The plant material was represented by
hybrid elite ('H.E. 13.1.6') for wine grapes, resulting from the crossing of the 'Băbească
neagră' × 'Muscat Ottonel' cultivars. Vitis vinifera L. 'Busuioacă de Bohotin' cultivar, with
similar technological features and the same production direction (rose aromatic wines), was
used as control. The plot was planted at an altitude of 184 m, on a slight slope (3%) with
southern exposition; orientation of rows N–S. The soil is cambic chernozem with a clayloamy texture, 6.8 pH units, 2.7 % humus content, formed on marls with sand insertions,
with phreatic water depth at over three meters. The planting distances were 2.2/1.2 m, in
the semi-high crop system.
The research was focused on observations and determinations regarding the vegetation
phenophases, yield and quality, in direct relation to ecological factors. Physico-chemical
characteristics of grapes, must and wines were determined according to the OIV methods
(OIV, 2016). The biological resistance of the cultivars to the main grapevine diseases was
assessed by the means of ampelographic descriptors proposed by OIV (2001). Relative
fertility coefficient (RFC), as the ratio between the number of inflorescences and the total
number of shoots, and absolute fertility coefficient (AFC), as the ratio between the number
of inflorescences and the number of fertile shoots, were calculated. Data were reported as
means of two years determinations, with standard deviation (±). The coefficient of variation
(CV%) as the ratio of the standard deviation to the mean was calculated; CV<10 indicates
very high data homogeneity.
RESULTS AND DISCUSSIONS
From 2019 through 2020, the average annual temperatures were higher than the
multiannual (30 years) value (9.8 °C), reaching 11.6°C, in 2019 and 12.0°C, in 2020. Winter
of the year 2019 was thermally normal, the absolute minimum temperature not exceeding
−12.0°C, without affecting the viability of winter buds. In the Copou - Iasi viticultural center,
the year 2019 was considered normal in terms of air temperature and number of
precipitations. However, rainfall was unevenly distributed during the vegetation period,
with more than 30% of the annual amount recorded in May and June (161.6 mm, in 2019;
210.6 mm, in 2020). The year 2019 was classified as dry, with a rainfall deficit, while the
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year 2020 showed values close to the multiannual data (547.4 mm). High temperatures and
rainfall during the vegetation period favored the harmonious development of the foliar
apparatus, with a positive influence on the accumulation of sugar and phenolic compounds
in grapes. At bud burst, the rosette is pubescent, light green colored (Figure 1a). The shoot
apex is glabrous and the young leaves are yellowish-green with a slightly wavy blade. The
shoot is almost glabrous, semi-erect with green internodes and red stripes on the sunny
side. The adult leaf is medium-sized, pentagonal, pentalobate, dark green (Figure 1b). The
upper lateral sinuses are open, of medium depth, with a lyre-shaped base, and the lower
sinuses are shallower, open. The petiolar sinus is open, in the form of an accolade. The teeth
are of medium size, with both rectilinear edges. The flower is normal, hermaphrodite, on
type five, the cultivar being self-fertile, with the stamens and gynoecium fully developed.

a) Bud burst (EL-5 – rosette
of leaf tips visible)

b) Mature leaf

c) Mature grape (EL-38 –
berries harvest-ripe)

Figure 1. 'Hybrid elite 13.1.6'
Note: EL indicates the grapevine growth stage according to Eichhorn and Lorenz (1977).

The grapes are of conical shape, medium size, and compactness (Figure 1c), with an average
length of 140 mm, with variations between 126 and 157 mm. The berries are of smallmedium size, spherical shape, with an average diameter of 12.00 mm (between 10.4 and
14.2 mm), with a dark-red skin, covered with a thin waxy bloom layer. The pulp is juicy,
with a pleasant aromatic taste, without anthocyanin coloration. The berries contain on
average two seeds.
Under the influence of the climatic conditions specific to the years 2019 and 2020, the bud
burst emerged early, between 23th and 27th April, but not earlier than 'Busuioacă de Bohotin'
control cultivar (18-25 April) (Table 1).
Table 1. The phenological spectrum of studied genotypes in the conditions of the Copou Iasi
viticultural center
Genotype
'Busuioacă de
Bohotin'
'H.E. 13.1.6'

2019
2020
2019
2020

Bud burst
Date UTB (°C)
25.04
22.6
18.04
31.6
27.04
36.3
23.04
35.2

Full bloom
Date UTB (°C)
10.06 320.6
10.06 257.3
08.06 382.8
12.06 277.5

Note: UTB - useful thermal balance (sum of temperatures > 10°C).
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Veraison
Date UTB (°C)
07.08 693.6
12.08 792.6
10.08 756.9
12.08 768.8

Grape maturity
Date UTB (°C)
26.09 516.8
21.09 468.6
23.09 458.6
24.09 496.0

Flowering started in the first half of June, being conditioned by a useful thermal balance
with values between 277.5 and 382.8˚C, and the grape veraison started in the first half of
August (10-12 August). The grapes' maturity coincided with the date of harvest and was
noted in the second decade of September, in the same period as the control sample. Grape's
technological maturity was conditioned by the useful thermal balance, which showed values
between 458.6 and 496.0°C.
The agrobiological characteristics of the 'H.E. 13.1.6' were determined by analyzing the
fertility and stress resistance induced by abiotic factors. The fertility of studied genotypes
was calculated as the average of the two years data and was ensured statistically by
calculating standard deviations and the coefficient of variation. (Table 2).
Table 2. Evaluation of the fertility characteristics of the studied genotypes
Coefficients of
Fertile Coefficient of
Number of
Number of
fertility
shoots/ vine shoots/ fertile shoots
inflorescences
stock
vine stock
(%)
RFC
AFC
'H.E. 13.1.6'
36.0±2.83 23.0±0.00 64.09±5.04
26±1.41
0.73±0.10 1.13±0.06
'Busuioacă de Bohotin' 45.5±0.71 25.5±3.54 55.99±6.90
27±4.24
0.59±0.08 1.06±0.02
Mean (±)
40.75±6.72 24.25±1.77 60.04±5.72
26.50±0.71 0.66±0.09 1.09±0.05
CV %
16.48
7.29
9.54
2.67
14.29
4.72
Note: RFR - relative fertility rate; AFR - absolute fertility rate; CV% - coefficient of variation.
Genotype

'H.E. 13.1.6' showed higher fertility (64.09±5.04%) compared to control cultivar
(55.99±6.90%). The values of the absolute fertility coefficient (AFC) were also higher at the
hybrid elite 13.1.6 than the control variant, the relative coefficient values showing a similar
trend. Evaluation of the biological potential of the analyzed genotypes in the climatic
conditions of the years 2019-2020, was performed according to the list of OIV descriptors
(OIV, 2009), the hybrid elite studied showed very good resistance to frost (winter buds
viability was 100%).
During the vegetation period, when the rainfall was few and unevenly distributed, the
studied hybrid elite 'H.E. 13.1.6' showed very high resistance to drought (Table 3), without
presenting specific manifestations of water stress (yellowed leaves).
Table 3. Evaluation of the biological potential of the studied genotypes in the Copou Iasi wine center
(2019 - 2020) - drought resistance
Genotype
'H.E. 13.1.6'
'Busuioacă de Bohotin'

Degree of resistance (OIV 403)
9
9

Expression code
Very good
Very good

After applying eight anticryptogamic treatments during the vegetation period, the studied
genotypes showed a good resistance, specific to V. vinifera cultivars (Table 4).
Table 4. The behavior of the studied genotypes at the main diseases of the grapevine
Genotype
'H.E. 13.1.6'
'Busuioacă de Bohotin'

Downy mildew
(Plasmopara viticola)
Leaf
Grape
OIV 452
OIV 453
9
9
9
9
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Powdery mildew
(Uncinula necator)
Leaf
Grape
OIV 455
OIV 456
9
9
9
9

Gray mold
(Botrytis cinerea)
Leaf
Grape
OIV 458
OIV 459
9
9
9
9

The powdery mildew and gray mold did not affect 'H.E. 13.1.6', while the pathogen
Plasmopara viticola (downy mildew) was slightly present on the grapes of the control
variant, without causing significant losses.
The number of clusters per vine stock is directly influenced by the genetic factor, the climatic
conditions and also by the agrotechnical measures (Țârdea and Dejeu, 1995). The mean
number of clusters per vine stock at 'H.E.13.1.6' was lower than at 'Busuioacă de Bohotin', but
the yield per vine stock was positively influenced by the cluster weight (Table 5).
Table 5. The main quantitative characteristics of the studied genotypes
Genotype
'H.E. 13.1.6'
'Busuioacă de Bohotin '
Mean
CV%
Note: CV% - coefficient of variation.

Number of
cluster/vine stock
24.5±2.12
26 ±2.83
25.25±1.06
4.20

Actual yield (kg/
vine stock)
5.11±1.24
4.56±0.11
4.83±0.38
7.94

Calculated yield
(t/ha)
19.34±4.68
17.28±0.42
18.31±1.45
7.94

The average production per vine stock varied between 4.56±0.11 and 5.11±1.24 kg, and the
average production calculated per hectare was 19.34±4.68 t/ha for the 'H.E.13.1.6',
respectively 17.28±0.42 t/ha for 'Busuioacă de Bohotin'. The hybrid elite 'H.E 13.1.6'
showed an increasing yield of about 9% compared to the control cultivar.
The quality of the grapes, indicated by the average weight of the cluster, the sugar content
and total acidity of the must, reflects both the genetic character specific to the cultivar and
the influence of climatic factors on these elements. 'Hybrid elite 13.1. 6' was characterized
by medium grapes, with an average weight of 207.0±2.12 g. The weight of 100 berries, was
specific to each genotype, ranging from 211.5±12.02 g for the control cultivar to 269.5±3.54
g at the 'H.E 13.1.'(Table 6).
Table 6. Quantitative and qualitative characteristics of the studied genotypes
Total acidity
(g/L tartaric
acid)
'H.E. 13.1.6'
207.00±2.12 269.50±3.54 211.00±1.63
5.29±0.37
'Busuioacă de Bohotin' 175.50±14.85 211.50±12.02 217.50±1.42
5.69±0.51
Mean
191.25±22.27 240.50±41.01 214.25±4.24
5.49±0.28
CV%
11.65
17.05
1.98
5.15
Note: G.A. index - glucoacidimetric index (sugar/acidity ratio); CV% - coefficient of variation.
Genotype

Cluster
weight (g)

Weight of 100
berries (g)

Sugars
(g/L)

G.A.
index
39.88
38.22
39.05
3.00

Due to the low amounts of precipitation and the high temperatures during the grape
ripening in the ecopedoclimatic conditions of 2019 - 2020, the studied elite showed high and
constant sugar accumulations (211±1.63 g/L). The total acidity of the grape must be within
normal limits, between 5.29±0.37 at the hybrid elite 'H.E. 13.1.6' and 5.69±0.51 g/L tartaric
acid at the control variant.
Grape ripening is a very complex biochemical process. To assess the degree of grape
ripeness the glucoacidimetric index is determined, as the ratio between the total sugar
content and total acidity. For wine grape cultivars, the desirable values of the
glucoacidimetric index are between 27 and 34, depending on the cultivar. Between these
limits, grapes reach the optimal degree of maturation that ensures the production of quality
wines (Grumezescu and Holban, 2019). Both 'H.E. 13.1.6' and the control cultivar showed
high values of the glucoacidimetric index (38-39), which ensures the obtaining of quality
wines. The wines obtained from the grapes of studied genotypes, by the classic winemaking
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process (crushing-destemming), showed alcohol concentrations between 12.20 and 12.50 %
vol., a balanced total acidity (4.46-4.87 g/L tartaric acid), which provides the wine freshness,
and small amounts of residual sugars (dry wines), (Table 7).
Table 7. Main chemical characteristics of the wines of studied genotypes
TA (g/L VA (g/L Free Reducing
TPC
Ant.
Alcohol
SO2
tartaric acetic
sugars
pH
(% vol.)
(g GAE/L) (mg/L)
acid)
acid) (mg/l)
(g/L)
'H.E. 13.1.6'
12.20
4.46
0.32
28
1.02
3.59
0.86
175.20
'Busuioacă de Bohotin'
12.50
4.87
0.38
84
1.24
3.48
0.89
184.16
Note: T.A. – titratable acidity; VA - Volatile acidity; GAE - gallic acid equivalent; Ant. - anthocyanins.
Genotype

The volatile acidity of the wines was low (0.32-0.38 g/L acetic acid), with low
concentrations of SO2 being required to ensure the antioxidant stability of wines. The
content of phenolic compounds, determined spectrophotometrically with the FolinCiocâlteu reagent, was medium (0.86-0.89 g acid gallic/L), the presence of anthocyanins in
high concentrations (175.20-184.16 mg/L) offering the possibility of obtaining high quality
rose wines.
CONCLUSIONS
The climatic conditions of the reference years positively influenced the development of the
Hybrid elite 'H.E. 13.1.6' and 'Busuioacă de Bohotin' control cultivar, favoring grape ripening
and the accumulation of sugars.
Hybrid elite 'H.E.13.1.6' was characterized by medium grapes (207.0 g), with a specific
flavor and high grape yield (19.34 t/ha), being over 9% more productive compared to the
control ('Busuioacă de Bohotin').
The elite 'H.E. 13.1.6' showed high ecological plasticity, high quality productions, good
resistance to frost, drought, and cryptogamic diseases, characteristics that recommend its
introduction in the assortment of grapevine cultivars recommended for quality rose wines
in the temperate climate area.
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ABSTRACT
The aim of this study was the identification the pathogenic fungi causing the
grapevine trunk diseases (GTD) in some Romanian vineyards. Twenty-one samples of
biological material (bark, canes, and trunk wood) were collected from Tarnave, Aiud,
Minis and Sarica Niculitel vineyards. Petri dish culture method was used to grow the
fungi, inoculated at the central point on the Sabouraud medium. Fungal species were
identified by macroscopic and microscopic examination based on the morphological
characteristics of fungal colonies developed on medium: the type and color of mycelian hyphae, the shape, color and size of spores. In the studied Romanian vineyards
GTD were caused by: Phaeoacremonium aleophilum, Phaeomoniella chlamydospora,
Stereum hirsutum, Diplodia seriata, Cadophora luteo-olivacea, Diatrypaceae sp., Phomopsis viticola and Eutypa lata, being associated with diseases, such as: Esca, Petri,
excoriosis and Eutypa, identified by plate culture method and microscopic examination.
Keywords: Esca complex, Petri disease, excoriosis, Eutypa dieback, Transilvania vineyards,
Minis and Sarica Niculitel vineyards
INTRODUCTION
Since the end of the 20th century, the grapevine trunk diseases had an economic impact
which became a limiting factor in the production of grapes in many countries (Armengol et
al., 2001). In mature vineyards, diebacks such as Eutypa, Esca and Botryosphaeria are considered to be the most destructive (Dubos, 2002; Mugnai et al., 1999; Úrbez-Torres, 2011).
Generally characterized, these diseases develop a specific inner wood rot of the grapevine
and are caused by pathogenic fungi that colonize and infect the plants. Esca symptoms on
leaves are associated with the development of a variety of pathogenic fungi in the grapevine
wood (Dubos, 2002; Chiarappa, 1959; Mugnai et al., 1999; Arnaud and Arnaud, 1931). A
cross section cut of the trunk of infected grapevines shows damaged tissue with varying
stages of decay (Larignon and Dubos, 1997; Larignon, 2004; Maher et al., 2012). Older
grapevines present a white to yellow rotten mass inside of the trunk (Fischer, 2002; Fischer
and Kassemeyer, 2003). The trunk damage continues further and the volume of dead tissue
increases and in severe cases apoplexy can appear. The trunk apoplexy is the phenomenon
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of sudden wilting and death of the vegetative organs and in the end, of the entire plant
(Mugnai et al., 1999).
In the last three decades, studies on grapevine wood inhabiting fungi increased, these studies highlighting that grapevines with Esca syndrome, generally show that many phytopathogenic fungi species cohabitate on the same plant, such as: the mitosporic fungi Phaeomoniella chlamydospora, Phaeoacremonium aleophilum and the frequent Fomitiporia mediterranea (Armengol et al., 2001; Aroca et al., 2006; Larignon and Dubos, 1997; Luque et al.,
2009; Mugnai et al., 1996; Péros et al., 2008; Rumbos and Rumbou, 2001). Romania is an
important region for grapevine cultivation ranking in 2019 the 10th place from 98 countries
in terms of harvestedgrapes (http://www.fao.org/faostat/en/#data/QCL).
Due to this fact, grapevine diseases are a very important factor affecting the Romanian vineyards in terms of production and financial inputs. For instance, in Transylvania, GTD affect
up to 5% of the vineyards, being also vineyards where the incidence of the attack exceeds
15% (Tomoiagă and Chedea, 2020). For this reason, the current study aims to identify the
fungal pathogens causing the observed GTD in some Romanian vineyards.
MATERIALS AND METHODS
Twenty-one samples of damaged wood tissue were collected from Tarnave, Aiud, Minis and
Sarica Niculitel vineyards in the year 2020. The description of the samples (county and site
of collection, as well as the age of the vineyards and the cultivar) is presented in Table 1.
Table 1. Description (region and site of the collection as well as the age of the vineyards and the cultivar) of the damaged wood tissue samples collected from Tarnave, Aiud, Minis and Sarica Niculitel
vineyards in the year 2020
County

Site (Vineyard)

Age

Cultivar

Arad

Cuvin

10

Sultanina

Arad

Cuvin

20

Kober 5BB rootstock

Tulcea

Niculitel

2

Aligote

Alba

Ciumbrud

10

Traminer

Alba

Blaj

10

Codreanca

Alba

Blaj

10

Victoria

Alba

Blaj

13

SO4-4 rootstock

Figure 1. Damaged wood samples collected from thes tudied cultivars: A- Codreanca; B- Sauvignon
blanc; C- Aligote; D- Sultanina; E- Traminer roz; F- Kober 5 BB rootstock; G- SO4-4 rootstock
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Some of the damaged wood collected from vineyards and from which the primary cultures
on the plate were made are presented in Figure 1.
Biological samples (old wood, bark, canes) were prepared for inoculation on culture medium, being cut in thin slices of 2-3 mm thick. Surface sterilization was done by immersion in a
solution of sodium hypochlorite 3% concentration for 30 seconds and rapidly transferring
the biological material to primary plate culture, 3 to 5 samples per Petri dish, every Petri
dish containing material from the same sample. Primary plate culture on agar-agar medium
and selective medium Sabouraud, was done from all these samples. To isolate the fungi, the
Petri dish culture method was used and by the seeding method were inoculated at the central point on the Sabouraud medium the mycelium portions from every type of fungal
growth in primary culture. Micelium transfer from a Petri dish to another was done with a
scalpel, sterilized by burning after every transfer in order to avoid contamination with other
microorganisms or fungal species. An attempt to identify the fungal species was done by
macroscopic and microscopic (WETZLAR and OPTIKA) examination based on the morphological characteristics of the colonies developed on the medium: the type and color of mycelian hyphae, the shape, color and size of spores.
RESULTS AND DISCUSSIONS
In order to determine the disease and then the fungal pathogens, the GTD symptoms of the
grapevine trunk wood were examined. The wood symptoms were categorized according to
their shape or discoloration as described by Larignon (2004) and Liminana et al. (2009).
Shapes were punctuations, necrotic lines, central necrosis, sector shaped necrosis and mixed
(central and sectorial) necrosis (Choueiri et al., 2014). More specifically, these symptoms
were: necrosis in V shape of dark color for Eutypa dieback (Comșa et al., 2012), zones with
degraded wood of light color for Esca complex, mixt necrosis with rottenness and also with
hard dark colored parts for a combination of Esca and Eutypa dieback, dark spots and dots
placed concentric in the centre of the canes as well as brown lesions for Petri disease and
wood with excoriosis of different shapes and dimensions for Phomopsis caused excoriosis.
The macroscopic examination of the collected samples together with the fungi’s colonies
characteristics on the Sabouraud medium and with the microscopic examination of the isolates led us to identify some of the pathogens causing the GTD. The characteristics of these
pathogens are presented in Table 2.
The pathogen Diplodia seriata was determined as causing the Esca complex and the Petri
disease on the cultivars Aligote, Sultanina and Victoria as well as on the rootstock Kober
5BB. On the Sabouraud medium the young mycelial colonies were fluffy with white color,
later becoming gray. The microscopic preparate shows thin hyaline hyphae with a single
conidium on the top. Stereum hirsutum presents on the plate a white mycelium with fine
grains, and at the microscop the branched mycelial filaments have also a single conidium on
the top. On the Sabouraud medium, the pathogen Phaeomoniella chlamidospora was identified as green-olive color colonies. This fungus presents a filamentous mycelium with multiple ovoid conidia. Phaeoacremonium aleophilum, an Esca complex pathogen had on the medium white fluffy colonies with the centre of the colony of dark color and with a dark yellow
reverse side. At the microscop circular conidia and hand like shape mycelial filaments were
identified. Excoriosis or Phomopsis dieback is caused by Phomopsis viticola identified here
as whitish mycelia colonies with black pycnidia. It also has a gelatinous mass out of which at
the microscop there were observed the typical alfa and beta conidia. On the wood samples
showing symptoms of Petri disease the pathogen Cadophora luteo-olivacea was identified as
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presenting a cream-gray mycelium with greenish edge on the Sabouraud medium and
branched mycelial filaments and ovoid conidia seen at the microscop.
Table 2. The fungal pathogens’ localization and their identification based on the fungal colonies
features and microscopic examination of their isolates
Potentially
identified species
Diplodia seriata

GTD caused

Sample’s
cultivar

Petri
disease

Kober 5BB
Aligote

Esca

Sultanina
Victoria

Eutypa lata

Eutypa
dieback

Victoria

Diatrypaceae sp.

Eutypa
dieback

Codreanca

Phomopsis
viticola

Excoriosis

Traminer

Phaeoacremonium
aleophilum

Esca

Traminer
Sultanina
Aligote

Stereum hirsutum

Esca

Traminer
Codreanca

Cadophora luteo- Petri
olivacea
disease

Rootstock
Kober 5 BB
Rootstock
SO4-4

Phaeomoniella
chlamydospora

Rootstock
Kober 5 BB
Rootstock
SO4-4

Petri
disease
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Photos of Petri dish fungal colonies
and microscopic preparate lamella

Two pathogens were determined as causing the Eutypa dieback: Eutypa lata and Diatrypaceae sp. On the medium both pathogens showed fine white mycelia colonies and allantoic ascospores.
Previous studies carried out in the European vineyards showed that Phaeomoniella chlamydospora, Phaeoacremonium minimum and Fomitiporia mediterranea are the three fungi
commonly associated with the Esca complex, but Eutypa lata, which causes Eutypa dieback
and several Botryosphaeriaceae species (e.g. Diplodia seriata and Neofusicoccum parvum)
are also frequently retrieved from the wood of vines showing GTD symptoms (Claverie et al.,
2020). Several fungal pathogens were associated with the suddenly collapsed grapevines in
Czech vineyards, and the most frequent was Phaeomoniella chlamydospora (77% of analyzed grapevines), followed by Eutypa lata (62%), Diaporthe ampelina (31%), Botryosphaeria dothidea (15%) and Fomitiporia mediterranea (15%). Some other important and
very common Botryosphaeria dieback-associated pathogens, such as Neofusicocum parvum
or Diplodia seriata, were not identified in the study of Baranek et al. (2018).
Choueiri et al. (2006) reported also that the fungi Phaeomoniella chlamydospora and Diplodia seriata (Botryosphaeria obtusa) besides Fomitiporia sp. were associated with diseases
such as Esca. Another study from Lebanon (Choueiri et al. 2014) showed that the three fungi
species associated with esca in Europe (Phaeomoniella chlamydospora, Phaeoacremonium
aleophilum and Fomitiporia mediterranea) (Larignon and Dubos, 1997; Mugnai et al., 1996)
were consistently found. Diplodia seriata and Neofusicocum parvum were the most often
isolated species in the Libanese vineyards (Choueiri et al. 2014). Eutypa lata is less abundant in dry regions of the world, such as Spain (Luque et al., 2009), or South Africa (van
Niekerk et al., 2006), but is an important pathogen in cold humid regions (Comșa et al.,
2012). Phomopsis sp. and Ilionectria sp. associated with Phomopsis dieback or excoriosis and
black foot disease were rarely found in the libanese survey (Choueiri et al., 2014). In Romania, Phomopis was found in Valea Calugareasca, Odobesti, Cotesti – Vrancea, Pietroasele and
Dragasani vineyards (Oprea and Podosu, 2008). Excoriosis caused by Phomopsis viticola was
also reported for the Tarnave vineyards (Savu et al., 2020, Botea et al., 2020) together with
other grapevine trunk diseases such as Eutypa dieback (Comșa et al., 2012).
CONCLUSIONS
Based on the studies performed, using the macroscopic and microscopic examination, in the
Romanian vineyards, the most commonly (potentially) detected fungal species were:
Stereum hirsutum, Eutypa lata, Phomopsis viticola, Phaeomoniella chlamydospora, Diplodia
seriata, Phaeoacraemonium sp, Cadophora luteo-olivacea and Diatrypaceae sp. Stereum hirsutum caused Esca complex on the cultivars Codreanca in Blaj vineyard and Traminer from
Ciumbrud vineyard. In the Ciumbrud vineyard was also found Phomopsis viticola causing the
excoriosis on the Traminer cultivar.
Eutypa dieback was caused by Eutypa lata and Diatrypaceae sp. on the cultivar Victoria
from Blaj. Phaeomoniella chlamydospora and Cadophora luteo-olivacea were linked to Petri
disease symptoms on the rootstocks Kober 5BB from Cuvin vineyard and SO4-4 from Blaj
vineyard. As a pathogen causing the Petri disease was identified Diplodia seriata on the
rootstock Kober 5BB from Cuvin and Aligote cultivar from Sarica Niculitel. Diplodia seriata is
also a pathogen of the Esca complex on the cultivars Sultanina from Cuvin and Victoria from
Blaj vineyards. Phaeoacraemonium aleophilum was found to infect the grapevines of the
cultivars Traminer from Ciumbrud, Sultanina from Cuvin and Aligote from Sarica Niculitel
vineyards causing the Esca complex dieback.
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Abstract
Downy mildew is a yield-limiting disease of grapevine, caused by the pathogen Plasmopara viticola. Oxathiapiprolin, the first member of the piperidinyl thiazole
isoxazoline fungicides, was evaluated for efficacy on downy mildew in a field trial
conducted in 2021 at the Research and Development Institute for Viticulture and Oenology Valea Calugareasca. Throughout the study, the rate range was narrowed from
active ingredient (a.i.) at 200+1600 to 85+85 g a.i. to an optimal effective rate of
20+1000 g a.i./ha. Within that optimal range, the downy mildew incidence treated
with oxathiapiprolin and competitive commercially available fungicides was significantly lower than the incidence in the nontreated grapevine with disease pressure.
There were no significant differences in the efficacies of product Zorvec (oxathiapiprolin+folpet, co pack) (97,7-98,6%) and the standard fungicide Profiler (fluopicolide+fosetyl-aluminum), (96.9-97.8%). To avoid the development of resistant strains
and at the same time to enhance efficacy, in the field, with favorable weather conditions for pathogen growth, two resistance management practices were considered: (I)
a preventive foliar application, forecast (to determine the spray timing), with use the
fungicides, typically used in IPM, only in tank mixtures or pre-packs; (II) an eradicative foliar application of the systemic fungicides with the purpose off cure existing
infections.
Keywords: vineyard, preventive, fungicide, disease, active ingredient
INTRODUCTION
Plasmopara viticola (Berk. & Curt.) Berl. & Toni., the causal agent of grapevine downy mildew,
is a highly destructive pathogen on cultivated grapevine worldwide and may result in poor
fruit set and fruit quality (Hewitt and Pearson, 1988). Oxathiapiprolin, is a new crop protection chemical (Bitner R.J., and Mila A.L. 2017; Pasterix R.J. et al., 2016) and it is authorized under the brand name Zorvec active. Downy mildew is a plant pathogen accepted as showing a
high risk of development of resistance to fungicides in field conditions. In many vineyards
located in regions of Romania, as many as 8-10 applications of fungicides are required to control this pathogen. Fungicide resistance is the naturally occurring, inheritable adjustment in
the ability of individuals in a population to survive, a plant-protection product treatment that
would normally give effective control (OEPP/EPPO, 1997). From a resistance management
perspective, a larger number of applications and/or a higher dose are expected to increase the
rate of selection for fungicide resistance (van den Bosch et al., 2011).
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There are three components, fungicide types, timing and technique (spray coverage and
dose), which must be of good quality for good management of a disease.
MATERIALS AND METHODS
Locations, experimental design and applications
Seven treatments were conducted in commercial vineyards ('Sauvignon' cv.) at Research
and Development Institute for Viticulture and Oenology – Valea Calugareasca, 2021, to evaluate the efficacy of oxathiapiprolin. All treatments within the trial were evaluated in a randomized complete block design with four replications, according to EPPO methods. Individual treatment blocks size was 25 m2. The plants were treated in accordance with the guidelines EPPO/OEPP PP 1/31 (3) (EPPO, 1997). The experiment was performed according to
IPM guidelines (Malavolta and Boller, 2009). The experimental fungicide treatments were
carried out from the beginning of the season, depending on the phenological stage, the infection rate in the control plots, and weather forecast (Meier, 2001). The application details of
fungicide treatments (date, product name, rate, and active ingredient) to control downy mildew are listed (Table 1). The rates were those indicated by the manufacturer of the formulated products. Treatments were carried out using a motorized knapsack sprayer (Solo Port
423, Germany) by thoroughly wetting the grapevine plants (water volume: 1000 liter/ha).
Table 1. Dates, product names, rates, and active ingredients of fungicide treatments
Product name

Rate
L; kg/ha

Active ingredient

S5K22 510SC

2.0

oxathiapiprolin 10% +folpet 80%);

UBL47 340SE

0.5

oxathiapiprolin 17% +zoxamide 17%

QGU42 100OD +
Folpan WDG

0.2+
1.25

oxathiapiprolin 10% +
folpet 80%

Folpan WDG

1.25

folpet 80

Profiler 71,1 WG

3

fluopicolid 4.44% + fosetil-Al 66,7%

Acrobat MZ 69 WG

2

dimetomorph 9% +mancozeb 60%

Management of resistance
Two treatments were conducted in commercial vineyards ('Sauvignon' cv.):
- a preventive application of the fungicides as treatments to keep populations permanently
low; a forecast model and a threshold population is used to determine the spray timing
(usually this means that many sporulating lesions (occupying up to 5% of the f oliar area)
are exposed to the fungicide) and use the fungicide only in tank mixtures or pre-packs with
one or more different mode of action as that are known to control the resistant pathogen;
- an eradicative application of the systemic fungicides with the purpose off cure existing
infections, when a certain, economically acceptable, amount of disease has already appeared, to prevent further spread. In addition, parts of the vineyard were not treated at all
and served as untreated control plots. Figure 1 shows a scheme of the experimental site in
the slightly sloping vineyard (slope 5–6%), consisting of nine rows (length = 100 m) of
grapevines trained to a Guyot system. Spacing between rows was 2.0 m and spacing be144

tween vines was 1.0 m. Three rows were treated as resistance strategy system (preventive),
six rows were either treated non- strategy system (eradicative) or left untreated (n = 3).
Single plots area was 144 m2 and contained 72 individual grapevines. The area treated as a
resistance strategy system was divided into three consecutive plots when assessing disease
symptoms.

Figure 1. Setup of the field trial where treatments as preventive, were compared to treatments with
the eradicative. Greenish plots = preventive; dark green plots = eradicative; red plots = untreated
control. A, B and C = replicates.

RESULTS AND DISCUSSION
The objective of this preventive strategy is to reduce selection pressure by:
1. Selecting and using fungicides correctly.
2. Managing the field in this way to be reduced the inoculum of the pathogen and create
conditions less favorable for the disease to occur.
Meteorological conditions occurred leading to infection rates of fungal pathogens. The graph
in Figure 2 shows the mean temperature and precipitation from the 15th of April to the 15th
of September for the year of the field trials.
The viticultural year 2021 can be characterized as: favorable conditions for fungus development from the first decade of June and remains so until the end of the study. Data were
recorded at the meteorological station of Valea Calugareasca, the Research Institute for Viticulture, located approximately 300 m from the experimental site.
In total, seven treatments were evaluated: three oxathiapiprolin combinations (oxathiapiprolin+folpet; oxathiapiprolin+zoxamide; oxathiapiprolin and folpet, co pack), at rates of
0.20+1.25; 0.5; 2.0 L/ha, respectively; folpet 80%, at rate of 1.25 Kg/ha; fluopicolid+fosetilAl, at rate of 1.25 Kg/ha; dimethomorph+mancozeb, at rate of 2.0 Kg/ha; and NTC (untreated). Table 2 summarizes the data on disease severity on grapevine and fungicide efficacy in
Valea Calugareasca in 2021. The reference product was Profiler 71,1 WG, applied at 3.0
kg/ha. The rate range was narrowed from active ingredient (a.i.) at 200+1600 to 85+85 g a.i.
to an optimal effective rate of 20+1000 g a.i./ha. Within the optimum range (20+1000 g
a.i./ha). The results show that there was no significant difference in the efficacies of the tested fungicides Zorvec (98.1-98.4 %) and Profiler 71.1 W G (95,9 and 97,2%).
ANOVA indicated that fungicide treatments had a significant effect on incidence for all ratings at all locations (P < 0.0001). All treatments had a lower incidence than the NTC in
the location. All treatments containing oxathiapiprolin (OXA) had statistically lower incidence and severity than all other treatments at the the second evaluation (86 DA-A) and
all treatments.
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Figure 2. Mean temperature and precipitation in the field trial, 2021.

For the trial, the rate of OXA at 0.2 L/ha + 1.25Kg/ha had a lower incidence than the NTC. No
phytotoxicity was observed in any of the treatments containing fungicides. The results of
this study demonstrate that the new fungicide compound, oxathiapiproline, significantly and
consistently reduced downy mildew incidence under a wide range of disease pressure.
Table 2. Effects of fungicide treatments on incidence and severity at 86 DA-A,
Valea Calugareasca. Mean values of four replicates are reported.
Leaves x

Bunches
Disease

Disease

incidence

severity

%

%

5.43 c

1.0 bc

5.00 b

98.1

2.4 c

4.78 c

1.3 bc

5.00 b

99.0

QGU42 100OD (Zorvec)
+ Folpan WDG

3.6 bc

7.08 b

1.5 b

5.58 b

97.7

Folpan WDG

16.8 ab

24.70 ab

12.5 ab

15.34 a

68.1

Profiler 71,1 WG

3.7 bc

7.15 b

1.8 b

5.45 b

96.9

Acrobat MZ 69 WG

5.0 bc

8.75 b

1.5 b

5.58 b

88.9

NTC (untreated)

62.3 a

18.75 a

25.0 a

17.83 a

0

LSD P=.05

1.81 - 21.39

5.758

2.01

1.405 - 1.822

TREATMENT

Disease

Disease

incidence

severity

S5K22 510SC

2.6c

UBL47 340SE

x Percent

Efficacy

incidence and severity was calculated as incidence (%) = (number of infected leaves(bunches) /
100 leaves(bunches); Value in each column with different letters are statistically different at p < 0.05
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Application of fungicides
The experiment was performed in 2021. Experimental fungicide treatments began on May
25th, 2021, corresponding to BBCH 19 (9 or more leaves unfolded). The details of fungicide
treatments (date, product name, rate, and active ingredient) to control downy mildew are
listed in Table 3. The rates were those indicated by the manufacturer of the formulated
products.
Table 3. List of tested treatments for downy mildew
(active ingredients, dosages, period and number of applications)
Product name

Rate/ha

Galben M

2.5

Active ingredient
benalaxil + mancozeb

Zorvec

0.2

oxathiapiprolin

Equation Pro

0.4

cimoxanil + famoxadon

Dithane M 45

2.5

mancozeb

Curzate F

2.5

cimoxanil+ folpet

Folpan 80 WDG

1.25

folpet

Active ingredients of plant protection products against downy mildew differ in their plant
mobility: they have systemic, translaminar, or contact-only properties. Fluopicolide belongs
to a new chemical group of fungicides (acylpicolide), Leroux, (2002); fosetyl-Al has a complete systematicity, ascending and descending, (Müller et al., 2012); dimethomorph has
a systemic function, (Ojiambo et al., 2010); folpet and mancozeb are organic compounds
(Müller et al. 012; Gordon, 2010) with a broad-spectrum contact.
1. Select and use fungicides
a) Use of disease predictive models and scout field frequently to effectively time applications
of fungicides. We had the services provided by an ADCON professional weather station with
a downy mildew predictive model (Balaceanu et al., 2019) for early applications, being the
most critical time to use at-risk fungicides. Figure 3 is an example of the high values of the
sporulation and infection indexes of the pathogen in June.

Figure 3. Downy mildew infection (red) and sporulation (yellow), Valea Calugareasca, 2021
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b) Application of the fungicides in combinations as a tank mix (Table 4) that provides multiple modes of action. The combination, composed of a high-risk (single-site) fungicide with
a low-risk (multisite) fungicide has contributed to downy mildew resistance avoidance.
Table 4. Fungicides for the control downy mildew, Valea Calugareasca, 2021
Active ingredient %

Total

benalaxil 8%+ mancozeb 65% + other ingredients 27%

100 %

oxathiapiprolin 10 % + other ingredients 90%

100 %

folpet 80 + other ingredients 20%

100 %

cimoxanil 30% + famoxadon 22.5 + other ingredients 47.5%

100 %

mancozeb 80%+ other ingredients 20%

100 %

cimoxanil 4.8 + folpet 48% other ingredients 47.2%

100 %

c) Rotate fungicides with different mechanisms of action (Bosch et. al., 2011). Rotating fungicides has involved alternating products so that it avoids back-to-back treatments with
anyone single-site fungicide or fungicides with a medium to high risk of resistance (Table 5).
Medium to high risk fungicides (Group 4 and 11) were applied in a mixture or coformulation with an alternative mode of action, to ensure effective downy mildew control in
these circumstances. The abbreviation BBCH (Lorenz et al. 1994) derives from the names of
the originally participating stakeholders.
d) Apply labeled rates with adequate coverage of the foliage to produce good disease control. Following application, the field was monitored to determine how well the fungicide
worked and for signs of any failure (table 6).
Table 5. Alternating product for downy mildew,Valea Calugareasca, 2021
Application
Data/BBCH
26.05/19
8.06 /55
24.06 /69
5.07 /73
16.07 /75
31.07 /79

FRAC
Code
4+
M3
49
M4
49
M4
27 +
11
M3
27 +
M4
4+
M3

Chemical
group
acylalanines +
dithiocarbamates
piperidinyl thiazole isoxazoline;
phthalimides
piperidinyl thiazole isoxazoline;
phthalimides
cyanoacetamide-oximes +Qolfungicides;
dithiocarbamates
cyanoacetamide-oximes +
phthalimides
acylalanines +
dithiocarbamates

148

Active
ingredient
benalaxil +
mancozeb
oxathiapiprolin
folpet
oxathiapiprolin
folpet
cimoxanil +
famoxadon
mancozeb
cimoxanil+
folpet
benalaxil +
mancozeb

Risk of
resistance
high risk +
low risk
medium to
low risk
medium to
low risk
low to
medium
low to
medium
high risk +
low risk

2. Manage the experimental field by cultural practices to reduce the pathogen population or
create conditions less favorable for the pathogen to develop and monitor and maintain agronomic factors such as soil moisture and crop nutrition, and manage other pests, to avoid
crop stress throughout the season. Treatment descriptions are reported in Table 9.
Symptoms of downy mildew were assessed at the end of the spraying season in each plot.
Mean values (n = 3) of disease incidence and severity are reported, in Table 7, are most susceptible to downy mildew infections had already started. Disease incidence and severity of
treatments using the preventive and eradicative methods, untreated, were notable.
Table 6. Dates, product names, rates, and active ingredients of fungicide treatments
Product name

Rate
L; kg/ha

Active ingredient

Galben M

2.5

benalaxil 8% + mancozeb 65%

Equation Pro

o.4

cimoxanil 30% + famoxadon 22.5

Zorvec

0.2

oxathiapiprolin 10%

Curzate F

2.5

cimoxanil 4.8 + folpet 48%

Folpan WDG

1.25

folpet 80%

Dithane M 45

2.5

mancozeb 80%

The fungus attacks all green parts of the vines. It is currently controlled by repetitive fungicide treatments throughout the season, where the average number of fungicide treatments
against downy mildew was equal to 6 in 2021. Experimental treatments started on May 26,
2021, (BBCH 19-9 or more leaves unfolded).
Table 7. Infection of grapevines with downy mildew comparing the two different applications
methods and the untreated control, 2021. Mean values of three replicates are reported
Application
Method

Infection of
leaves [%]

Infection of
bunches [%]

Incidence Severity Incidence
Severity
Preventive
29.2 a
3.7 a
0.3 a
0.0 a
Eradicative
24.4 a
3.3 a
1.5 a
0.1 a
Untreated control
81.8b
15.7 b
14.4 a
0.9 b
p-value
0.000
0.017
0.082
0.020
Numbers followed by the same letter in the same column are not significantly different (ANOVA followed
by Tukey's HSD post hoc test. p ≤ 0.05). Ev.date Aug. the 1st (BBCH 79)

At that phenological stage, the period when leaves and bunches were compared. However,
rainy weather conditions during the summer of 2021 led to a downy mildew infection of the
leaves in the control plot and the plots were treated with preventive and eradicative methods (mean disease severity of 29.2% and 24.4%, respectively). The untreated accounted for
a mean disease severity of 81.8 %. Both strategy and no -strategy resistance lead to a nearly
full protection of grapes, showing that applying plant protection products can protect leaves
and bunches with comparable effects as when using fungicides.
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CONCLUSIONS
 Application of fungicides Zorvec+Folpan 80 WDG at the rate of 0.2+1.25 kg/Ha, co pack, is
effective and provided 97.7 % disease control at values close to the standard fungicide (Profiler 71,1 WG), currently available to grapevine (96.9%) disease control.
 Based on this study, two preventive applications per crop growing season of oxathiapiproline significantly and consistently reduced downy mildew incidence under a wide range of
disease pressure. This fungicide should be used as part of an integrated control strategy,
incorporating resistant of cultivars and prudent cultural practices.
 The spray should be started on the appearance of the disease symptoms, especially if
weather conditions are conducive to the development of the disease. The use of the fungicide is only in tank mixtures or pre-packs is a resistance-management practice with high
efficiency.
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ABSTRACT
The use of selected yeasts for winemaking has clear advantages over traditional
spontaneous fermentation. The selection of wine yeasts is usually carried out within
the Saccharomyces cerevisiae species. Yeast strains produce different amounts of
secondary compounds that impart specific characteristics to the wines. This suggests
that it is necessary to isolate naturally occurring autochthons strains, which exhibit a
metabolic profile that corresponds to each wine. The variability, the degree of
adaptation as well as the widespread of yeasts in different biotypes enable the
isolation of new yeast strains with properties that can influence the fermentative
processes, for this reason, the activity of isolating and selecting yeasts strains from
the vintage microbiota of Trifeshti vineyard imposed as a necessity in the research
and production activity. To be used in the current biotechnological practice, the
Saccharomyces cerevisiae CNMN-Y-34, Saccharomyces cerevisiae CNMN-Y-35,
Saccharomyces cerevisiae CNMN-Y-36, and Saccharomyces cerevisiae CNMN-Y-37 yeast
strains, isolated from the indigenous flora, were tested at the industrial level. The
monitoring of the alcoholic fermentation involved the registration of the
commencement time and the duration of the fermentation stages, as well as the
dynamical evolution of the temperature, the sugar concentration, the alcohol content,
and the total acidity. The new yeast strains were assessed as valuable biological
material, recommendable in vine-growing practice, as they contribute to obtaining
high quality wines that reflect the personality and potential of the cultivars specific to
Trifeshti vineyard.
Keywords: local, microbiota, physical-chemical parameters, industrial level.
INTRODUCTION
The transformation of grape must into wine is a complex process involving various
microorganisms: yeasts, molds, and bacteria. The main step, alcoholic fermentation, is
performed by yeasts. In natural fermentation, microflora comes from grape berries but also
winery equipment and surroundings. Yeast biodiversity on grape berries is governed by
various biotic and abiotic factors such as grape cultivar, climatic conditions, and viticultural
practices (Pretorius, 2000; FLEET, 2008; Querol et. al., 2018). Yeasts present on grapes are
mainly from non-Saccharomyces genera (essentially Hanseniaspora, Candida, Kluyveromyces,
Metschnikowia, Pichia, Cryptococcus and Rhodotorula (Querol et. al., 2018) while
Saccharomyces genera are very rare. However, although non-Saccharomyces yeasts initiate
fermentation and develop during the first hours, their population declines rapidly in favor of
151

Saccharomyces cerevisiae (S. cerevisiae), which becomes the dominant species until the end
of alcoholic fermentation. The evolution of yeast populations during fermentation seems to
be linked to several modifications that make the medium more selective. The establishment
of nutrient depletion, anaerobic conditions, increased acidity, the production of sulfur
dioxide, and increasing levels of ethanol (up to 15%v/v) results in a drop in yeast diversity
(Fleet, 2008). This modification of the matrix environment allows the survival of S.
cerevisiae because of its overall better resistance to stress compared to non-Saccharomyces
species (Ciani et. al., 2010).
Producers have used wine starters for many decades to ensure proper fermentation
initiation and the quality and reproducibility of wine. Indeed, starter yeasts allow efficient
fermentation management that limits contaminations and avoids deviations due to
interrupted or sluggish fermentations (Albergaria and Arneborg, 2016). These starter yeasts
are selected for their specific metabolic properties: resistance to various stresses,
fermentation capacity, or the presence of enzymatic activities (Binati et. al., 2019). The
ability of S. cerevisiae to grow in a selective medium as described above, to carry out
efficient and quick alcoholic fermentations, make this species a tool of choice as an
oenological starter (Albergaria and Arneborg, 2016).
However, in recent years, non-Saccharomyces yeasts have been used for wine production
since several yeast species have shown high oenological potential (Rossouw and Bauer
2017; Goold et. al., 2017). Indeed, yeasts like Saccharomyces non-cerevisiae (Alonso-delReal, 2017; Alonso-del-Real., 2019), non-Saccharomyces (Bianti, 2019; Rossouw, 2017;
Varela,2016; Englezos,2016; Benito, 2019; Binati et. al., 2019; Canonico et. al., 2019;
Maturano et. al, 2018), and even natural hybrids (Bisson et. al., 2018; Bellon et. al., 2018;
Kanter et. al, 2020; Origone et. al., 2018; Origone et. al., 2021) are of interest, because their
different metabolisms compared to S. cerevisiae brings diversity to quantitative and
qualitative composition of the final wine, for example, ethanol content, organic acids, aroma
production, (Querol et. al., 2018; Comitini et. a.l, 2017; Rantsiou et. al., 2012).
Fermentative yeasts are used industrially in food biotechnologies in the production of wine,
beer, and other products, having as main characteristic the capacity to produce the
fermentation of simple carbohydrates in anaerobiosis, with the formation of ethyl alcohol
and carbon dioxide (Querol et. al., 1992).
Yeasts responsible for the alcoholic fermentation in winemaking, as a rule, get in the grape
must from the surface of the skin of vine grapes or through the direct administration of
specific yeasts. The fermentation process can be initiated by the administration in grape
must of the selected yeasts or the commercial active dry yeasts. The natural fermentation
process takes place with wild strains from indigenous microflora from processed grapes
(Querol et. al., 1992). One of the most significant technological advances in winemaking has
been the control of the microbiological process by grape must inoculation using selected
yeasts (Fleet and Heard, 1993). Today, the use of indigenous wine yeasts selected from each
winegrowing centre is widely used (Rainieri and Pretorius, 2000). These local yeasts are
supposed to be more competitive than commercial yeasts because they are better adapted
to the ecological and technological features of their wine-growing area (Querol and Ramon,
1996; Lurton et. al., 1995).
MATERIALS AND METHODS
In order to optimize the alcoholic fermentation process by using some yeast strains selected
from the indigenous flora, the Saccharomyces cerevisiae CNMN-Y-34, Saccharomyces
cerevisiae CNMN-Y-35, Saccharomyces cerevisiae CNMN-Y-36, and Saccharomyces cerevisiae
CNMN-Y-37 yeast strains have been tested at an industrial level. The mash fermentation was
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made in 20000 liters tanks and the following basic conditions have been provided so that
the alcoholic fermentation should take place properly: the used mash was cleared, clarified,
and sulfated in order to eliminate the spontaneous microbiota from the mash; the selected
yeasts have been introduced in tanks in quantities that should guarantee from the beginning
the optimal density of yeast cells/mL, necessary for the process of fermentation. When
monitoring the fermentation process, there were registered the moment of starting and the
duration (hours/days) of the fermentation stages, the tumultuous fermentation, the calm
fermentation as well as in the dynamics of the main parameters: temperature (t° C), sugar
concentration (g/L), alcohol content (% vol.), volatile acidity (g/L CH3COOH) and total
acidity (g/L C4H6O6). At the end of the process, the conditioned wines were analyzed from a
physicochemical and organoleptic point of view.
The total sugars content (g/L) in musts was determined according to SM GOST 13192-73
(by the areometric method). Mass concentration of non-fermented sugars (g/L) was
determined in wines according to SM GOST 13192-73 (by indirect titration method). The
concentration of ethyl alcohol (% vol.) was determined by distillation, according to SM GOST
51653:2010. The volatile acidity of the wine was determined according to SM GOST
51654:2012 (by titration of the volatile acids separated from the wine by steam distillation
and titration of the distillate). The total acidity of the wine was determined according to SM
GOST 51621:2008 (by titration with bromthymol blue as an indicator). Determinations
were made in triplicate.
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 on-line calculator; http://math.semestr.ru/
RESULTS AND DISCUSSION
The Saccharomyces cerevisiae CNMN-Y-34, Saccharomyces cerevisiae CNMN-Y-35,
Saccharomyces cerevisiae CNMN-Y-36 and Saccharomyces cerevisiae CNMN-Y-37 yeast
strains, considered to be successful in the production of quality white and red wines have
been verified on the musts obtained from the 'Chardonnay,' 'Muscat Ottonel', 'Merlot' and
'Cabernet-Sauvignon' cultivars whose physical-chemical characteristics are presented in
Table 1.
Table 1. The physical-chemical characteristics of the musts used for experiments
The musts used
'Chardonnay'
'Muscat Ottonel'
'Merlot'
'Cabernet-Sauvignon'

Sugars, g/L
215±1.0
220±1.0
235±1.0
230±1.0

Total acidity, C4H6O6 g/L.
7.2±0.1
6.4±0.1
7.0±0.1
7.3±0.1

pH
3.15±0.01
3.21±0.01
3.0±0.01
3.18±0.01

We have to mention that for every must lot, a witness was provided for which we used as
fermentation agent a commercial compound usually used in the technology of white and red
wine production. The data obtained when monitoring the fermentation processes carried
out with the three yeast strains are graphically presented in Figures 1, 2,3, and 4.
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Figure 1. The dynamic of the physical-chemical parameters during the alcoholic fermentation process
made by the Saccharomyces cerevisiae CNMN-Y-34 yeast strain in comparison with the control yeast

Figure 2. The dynamic of the physical-chemical parameters during the alcoholic fermentation process
made by the Saccharomyces cerevisiae CNMN-Y-32 yeast strain in comparison with the control yeast.

Figure 3. The dynamic of the physical-chemical parameters during the alcoholic fermentation process
made by the Saccharomyces cerevisiae CNMN-Y-36 yeast strain in comparison with the control yeast
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Figure 4. The dynamic of the physical-chemical parameters during the alcoholic fermentation process
made by the Saccharomyces cerevisiae CNMN-Y-37 yeast strain in comparison with the control yeast.

After testing the oenological value at an industrial level of the new selected yeast strains
Saccharomyces cerevisiae CNMN-Y-34, Saccharomyces cerevisiae CNMN-Y-35, Saccharomyces
cerevisiae CNMN-Y-36 and Saccharomyces cerevisiae CNMN-Y-37, we established that they
may be appreciated as biologic material useful for the wine-making practice in the
production of quality dry white and red wines technology.
The data obtained when monitoring the fermentation processes point out the following
aspects:
 the yeast strains Saccharomyces cerevisiae CNMN-Y-34, Saccharomyces cerevisiae
CNMN-Y-35, Saccharomyces cerevisiae CNMN-Y-36 and Saccharomyces cerevisiae CNMN-Y37 fitted in the category of yeasts with a minimal degree of foaming in the first 24 hours
from the beginning of the pre-fermentation stage (after this interval, the fermentation
advances without foaming. From the perspective of this characteristic, the tested yeast
strains are valuable because they offer the possibility to use the fermentation space in full
capacity.
 the new selected yeast strains started the alcoholic fermentation after 24-28 hours
from the introduction of the leaven in the must. In this stage, the musts grew turbid, and at
the microscope, we can notice a great number of yeasts in an intense process of burgeoning,
and the must temperature grew slowly with approximately 1°C. The relatively small
duration of the pre-fermentation period is an advantage of the alcoholic fermentation
process, always being preferred by the yeast strains that show this characteristic. In
dynamic, the evolution of the alcoholic concentration curve emphasizes a more intense
activity of sugar metabolisation in the tanks considered as a witness, where a commercial
compound was used as a fermentation agent.

the tumultuous fermentation stage started after 48 hours and continued for 8-10 days,
when the must temperature increased gradually, because of the increase of the metabolic
activity concomitantly with the increase of the number of the yeast. In this stage, the
temperature was verified in the fermentation devices twice a day, intervening to maintain it
between 15 – 16°C for white wines and 28-29 °C for red wines. In the case of the four tested
yeast strains, we noticed an average metabolisation of sugars, which led to eventually
obtaining some wines with special sensory characteristics;
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in the tanks with the newly selected yeast strains, the clarifying process started
quickly at the end of the tumultuous stage, obtaining after 10 days relatively clear or lightly
opalescent wines, and the yeast deposit formed after the first racking was compact, hardly
removable.
At the end of fermentation, dry wines were obtained, with an alcoholic strength between
12.5-12.9% vol. alcohol for white wines and 13.5-13.8 % vol. alcohol for red wines (table
2,3), depending on the initial concentration of sugars from the substratum, which proves
that the new tested yeast strains are alcoligene, being capable to metabolize almost
completely the sugars from the fermentation medium.
As a result of determining the main structure characteristics, it follows that the wines made
by the newly selected yeast strains from the indigenous flora of the Trifeshti vine-growing
region show the balanced concentration of the physicochemical characteristics (table 2,3).
Table 2. The main composition characteristics of the white wines were obtained by using new yeast
strain testing in comparison with the control yeast
Physical parameters chemical and organoleptic
Alcohol, % vol.
Non-fermented sugars, g/L
Total acidity, g/L

'Chardonnay'
control yeast
CNMN-Y-34
(IOC B-2000)
12.6±0.1
12.5±0.1
2.1±0.2
2.0±0.2
6.7±0.1
6.8±0.1

'Muscat Ottonel'
control yeast
CNMN-Y-35
(IOC B-2000)
12.9±0.1
12.9±0.1
4.0±0.2
3.7±0.2
5.9±0.1
5.8±0.1

Volatile acidity, g/L CH3COOH

0.39±0.3

0.39±0.03

0.49±0.03

0.49±0.03

Organoleptic assessment,
0 - 10

8.1

8,1

8.2

8.2

Table 3. The main composition characteristics of the red wines obtained by using a new yeast
strain testing in comparison with the control yeast
Physical parameters chemical and organoleptic

'Merlot'

'Cabernet-Sauvignon'

control yeast
(IOC R-9008)

CNMN-Y-36

control yeast
(IOC R-9008)

CNMN-Y-37

Alcohol, % vol.

13.8±0.1

13.7±0.1

13.5±0.1

13.5±0.1

Non-fermented sugars, g/L

1.9±0.2

2.5±0.2

2.9±0.2

2.5±0.2

Total acidity, g/L
Volatile acidity, g/L
CH3COOH
Organoleptic assessment,
0 - 10

6.7±0.1

6.6±0.1

6.7±0.1

6.9±0.1

0.49±0.03

0.45±0.03

0.56±0.03

0.53±0.03

8.1

8.1

8.1

8.1

The tested yeast strains are considered valuable for obtaining quality dry white and red
wines, these satisfy more conditions, which are: superior alcohol level, low volatile acidity,
superior sugars-alcohol efficiency, etc.
The organoleptic appreciation of the analyzed wines emphasized their very good quality. All
the wines presented a discreet, fine, specific flavor, being fruitfully well harmonized with the
other components.
All these data offer a complete image of the oenological value of the new yeast strains, as
well as their practical importance in the dry white and red wines production technology.
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Taking into account the results, we recommend the carrying on of the research in order to
go deeply into the aspects concerning the importance of the yeast strains origin, into
defining the characteristics regarding the authenticity and specificity of the wine.
CONCLUSIONS
The verification at the industrial level, because of the fermentation and technological
characteristics, allowed the appreciation of the newly selected yeast strains Saccharomyces
cerevisiae CNMN-Y-34, Saccharomyces cerevisiae CNMN-Y-35, Saccharomyces cerevisiae
CNMN-Y-36, and Saccharomyces cerevisiae CNMN-Y-37 as valuable biologic material,
recommendable for the vine-growing practice.
Using the newly selected yeast strains in the alcoholic fermentation process at the industrial
level has the following advantages: increased efficiency of the process by using at full
capacity the fermentation spaces, a total transformation of sugars, rapid conditioning
(clearing, separation from the deposit) and increasing the specificity degree of the Trifeshti
vine-growing region wines, contributing to their fame on the domestic and external market.
The oenological value of the newly selected yeast strains allows their recommendation in
the white and red dry wines production technology in Trifeshti vine-growing region, these
contributing to obtaining quality wines that reflect the personality and the potentiality of
the cultivars specific to the region.
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ABSTRACT
Helichrysum orientale (L.) Vaill. is a perennial wild-growing chasmophyte of the
Eastern Mediterranean region, which shows great potential for utilization in
floriculture, pharmacology and cosmetology. This research aimed to study the effect
of conventional (chemical) fertilization and integrated nutrient management on the
growth of specific characteristics of H. orientale plants, after the natural flowering
period of the species. The experiments were performed in pots (a) inside and (b)
outside the greenhouse, (c) in the field and fertilization treatments were applied
either on leaves or roots (foliar application/root application) or both. The
parameters recorded were plant height, number of rosettes, fresh leaves’ weight, dry
leaves’ weight, total fresh weight, and total dry weight. The results did not indicate
many significant differences between treatments, however integrated nutrient
management presented plants with the most desired attributes (rosettes’ number,
total fresh and dry weight, fresh leaves weight), some promoted by foliar application
(first two) and others by root application (latter two). The results of this study can be
utilized for the future establishment of a targeted protocol for the ex-situ cultivation
of H. orientale.
Keywords: Asteraceae, pot cultivation, field cultivation, greenhouse, floriculture, Greece
INTRODUCTION
The genus Helichrysum belongs to the plant family Asteraceae and consists of nearly 600
dwarf shrubs and herbs distributed worldwide (Akaberi et al., 2019). In Greece, the genus is
represented by 13 taxa (species and subspecies) (Dimopoulos et al., 2016). The name of the
genus originates from the Greek language, meaning sun (helios) and gold (chrisos) due to
the often-bright yellow flowers (inflorescences) of Helichrysum members (Perrini et al.,
2009). Helichrysum species usually grow on sunny, arid, rocky and sandy places (Leonardi et
al., 2018).
Helichrysum plants are being used for over 2000 years for decoration and ornament, in
traditional medicine and cosmetics, as well as in gastronomy (Akaberi et al., 2019). Many
Helichrysum species have been utilized for decorative purposes for urban and domestic use,
due to their impressive grey foliage and their bright or light-yellow capitulas
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(inflorescences). Also, these plants are tolerant of high temperatures and low water
availability, and they can retain the bright color of their florets even after harvest, so dried
flowers are also widely used in the floricultural industry as an ornamental plant. (Cervelli et
al., 2012; Dragovic, 2005a, 2005b; Halevy, 2004, 2000). Helichrysum plants are also used in
traditional medicine, as remedies for various ailments or as spice in food preparations
(Akaberi et al., 2019). Several studies have highlighted the chemical properties of various
Helichrysum species demonstrating their rich content in secondary metabolites and
essential oils, suggesting that members of this genus could contribute to the discovery of
new medicines (Akaberi et al., 2019). All agricultural systems are commonly use fertilization
to provide adequate nutrition regimes to crop plants. Although chemical fertilizers are the
most widely used form of fertilization, their environmental impact is high and therefore new
methods are investigated to alleviate various related ecological problems, such as increased
greenhouse gas emissions, high soil and water contamination or nutrient deficiency (Kakar
et al., 2020). On the other side, integrated nutrient management is the combined use of
chemical and organic fertilization and other biological factors aiming to limit the
environmental cost and produce high quality crops at the same time (Gezahegn, 2021; Selim,
2020).
The target species of the current study is Helichrysum orientale (L.) Vaill., a perennial, wildgrowing chasmophyte on limestone sea cliffs, rocky slopes or walls with dense and hairy
green-greyish foliage and greenish-yellow flowers (inflorescences), blooming from midApril to June. It is an Aegean subendemic plant of Greece found exclusively in the Aegean
islands, Crete and on the western and southwestern coasts of Anatolia in Turkey (Hind et al.,
2007, Strid 2016). In Greece, H. orientale is rarely available on the market as a flower plant
for gardening and landscape architecture and is locally called ‘amaranto’ or ‘semperviva’
literally meaning everlasting (‘stathouri’ in Amorgos Island). H. orientale to date is
excessively used for handmade creations and souvenirs in Kythera, Greece which are
produced in a non-sustainable way by the locals, driving the wild-growing populations of
this species at the verge of local extinction events. This study aims to investigate the
cultivation potential of H. orientale by comparing the effect of conventional (chemical)
fertilization and integrated nutrient management on the growth of specific plant
characteristics. This approach offers new insight into the ex-situ cultivation, aiming to
provide new information about the development of the plants for the sustainable use of the
species in floriculture, pharmacology or cosmetics.
MATERIALS AND METHODS
Plant material and ex-situ maintenance in living collections. Wild-growing material of H.
orientale was initially collected from wild-growing plants grown on rocky areas in the
region of Lagada, Amorgos Island, Greece (Figure 1). All plant collections were performed
using a special permit issued by the Greek ministry of Environment and Energy (Permit
82336/879 of 18/5/2019 & 26895/1527 of 21/4/2021). After taxonomic identification, the
unique IPEN (International Plant Exchange Network) accession number BBGK-15,5883 was
assigned by the Institute of Plant Breeding and Genetic Resources (IPBGR) of the Hellenic
Agricultural Organization Demeter. During the cold winter months, this mother plant
material was maintained under special conditions at the Laboratory for the Conservation
and Evaluation of Native and Floricultural Species – Balkan Botanic Garden of Kroussia
(LCENFS – BBGK), Institute of Plant Breeding and Genetic Resources, Hellenic Agricultural
Organization – Demeter (altitude 0 m), using photoperiod lambs with 16 h light/ 8 h
darkness and adjusted temperature higher than 10oC.
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Figure 1. Top: Wild-growing Helichrysum orientale individuals in Kithira (A) and Amorgos Islands (B)
of Greece (Photos: E. Dariotis). Middle: Souvenirs produced in Kithira (C, D) from harvested
inflorescences by locals (E, F), Bottom: Sustainable cultivation of H orientale in pots inside the
greenhouse (G), in pots outside the greenhouse (H), and in the field (I) in Thessaloniki, northern
Greece.

D
Later, the mother plants were pruned for protection against diseases and better ventilation.
The vegetative propagation of mother plants utilized cuttings by using 0.2% Indole-3butyric acid (IBA; Racidin, Fytorgan ABEE) and then were transferred to the fog system with
average temperature 19-25oC and relative humidity (RH) 70-85%. After 20 days, the rooted
H. orientale cuttings were transferred to 0.33 L pots under natural conditions and after one
and a half month, the plants were transplanted to 1 L pots. Rooted plants were utilized for
the experimentation of this research.
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Fertilization. In total, six treatments with liquid fertilizers and one control treatment were
performed. Two types of fertilizations were applied: integrated nutrient management (INM)
and chemical fertilization (CHF). Integrated nutrient management consisted of THEORUN
fertilizer (Organic N fertilizer, THEOFRASTOS, Greece) at 5 g/L, THEOCAL fertilizer (Organic
Ca fertilizer, THEOFRASTOS) at 1 g/L, K2SO4 (0-0-52, AGRI.FE.M. LTD Fertilizers, Greece) at
1.6g/L, MgSO4 (Mg 25.6%, AGRI.FE.M. LTD) at 0.32g/L, phosphorus (10-47-10, AGRI.FE.M.
LTD) at 1g/L and trace elements (Plex Mix, AGRI.FE.M. LTD) at 1ml/L. Chemical fertilization
consisted of K2SO4 (0-0-52, AGRI.FE.M. LTD) at 1.6g/L, MgSO4 (Mg 25.6%, AGRI.FE.M. LTD)
at 0.32g/L, phosphorus (10-47-10, AGRI.FE.M. LTD) at 1g/L, trace elements (Plex Mix,
AGRI.FE.M. LTD) at 1ml/L, NH4NO3 (34.4-0-0, Neofert®, Neochim PLC, Bulgaria) at 1.98g/L
and Ca(NO3)2 (Ca 27%, N 15.5% NITROCAL, Agrohimiki, Greece) at 1.12 g/L. The fertilizers
were administered by foliar application (treatments INM-FA, CHF-FA), root application
(treatments INM-RA, CHF-RA) or a combination of both (treatments INM-FR, CHF-FR), so
each management had three applications (Table 1). There was also one control treatment
(C), in which tap water was applied on leaves and in rhizosphere. The amount of fertilizer
used for foliar application depended on the size of each plant, whereas each plant needed ~
150 ml of solution for root application. Fertilizations were performed once a week for three
consecutive months (May to July).
Table 1. Applied fertilization treatments on Helichrysum orientale
Treatment
INM-FA
INM-RA
INM-FR
CHF-FA
CHF-RA
CHF-FR
C

Fertilization
Integrated nutrient management
Integrated nutrient management
Integrated nutrient management
Chemical fertilization
Chemical fertilization
Chemical fertilization
Control (water)

Application
Foliar
Root
Foliar and Root
Foliar
Root
Foliar and Root
Foliar and Root

Cultivation of H. orientale in pots into the greenhouse. H. orientale rooted plants,
propagated from mother material, were transplanted to 6 L pots for cultivation into the
greenhouse (Figure 1). The soil substrate used, consisted of gold peat moss TS2 (Klasmann):
perlite: river sand: black peat moss (Terrahum) at a ratio of 2:1:1:1 (Figure 1A). In total, six
blocks were set up for the pilot cultivation of H. orientale in the greenhouse. Each block
comprised of all seven treatments (6 blocks x 7 treatments, in total 42 plants). Fertilization
management was applied according to Table 1. Irrigation of H. orientale plants was adapted
to the plants’ needs depending on the season (three times with 0.5 L of water in the dry
season, once or twice in others).
Cultivation of H. orientale in pots outside the greenhouse. Transplanted plants in 6 L pots
in gold peat moss TS2 (Klasmann): perlite: river sand: black peat moss (Terrahum) at a ratio
of 2:1:1:1 was used for this experiment. Pots were placed outside the greenhouse (Figure 1),
at the nursery of LCENFS – BBGK (Thessaloniki, Greece) on a covered ground with geotextile
plastic material (Figure 1B). For this experiment, 35 plants were used in total distributed in
five blocks and each block had all seven treatments (5 blocks x 7 treatments). Fertilization
and watering were applied as described above.
Cultivation of H. orientale in the field. The pilot cultivation of H. orientale in the field took
place in a specially designed plot, located at the LCENFS – BBGK (Thessaloniki, Greece),
adjusted to the needs of this research. The whole plot was covered with black geotextile
plastic material to reduce weeds’ development. H. orientale plants were planted in elevated
positions (10-15 cm) on the ground, in 80 cm rows and the plants were ~ 40 cm far from
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each other (Figure 1C). In total, 173 plants were planted in the field. During plant
establishment, the developed flowers of H. orientale were removed in order to observe new
blossoming from the beginning of the experiment onwards. Plants cultivated in the field
received further precautionary care with organophosphoric pesticides and fungicides
(Admiral, Poleci, Trigramm, Dursban). Fertilization and watering of H. orientale in the field
were performed as described previously.
Pre- and Post-harvest measurements. The measurements took place from May to
September, and each week the shoot height of the plants was recorded. After the end of the
experiments, the plants were dug and transferred to the lab of LCENFS – BBGK for further
measurements. The plants’ height, number of rosettes, fresh leaves weight and total fresh
weight was recorded. Then, the plants were dried in a drying oven for 72 hours at 65οC.
Finally, dry leaves weight and total dry weight of the plants were estimated.
Statistical analysis of data. All three experiments were performed after the natural
blooming period of H. orientale, in a completely randomized design. In each experiment,
seven treatments were tested with three replications each. Analysis of variance (ANOVA)
was conducted using the statistical program SPSS 14.0 (SPSS Inc., Illinois, New York, USA)
with significance level at a=0.05 (P≤0.05) and separation of means was performed according
to Duncan’s multiple comparison test.
RESULTS AND DISCUSSION
Helichrysum orientale is a perennial plant of Asteraceae presenting a remarkable prospect
for crop utilization and it is cultivated herein in a pilot way. This research aims to first
investigate the development of this species in out-of-season cultivation, after the natural
flowering of the plants using integrated nutrient management techniques.
The pilot cultivation of H. orientale in pots inside and outside the greenhouse indicated some
significant differences between treatments during the experimentation. In general, higher
plants were observed in treatments inside the greenhouse with foliar application, and in
chemical fertilization applied both on leaves and roots for plants outside the greenhouse
(Table 2). The highest number of rosettes was recorded in plants cultivated inside the
greenhouse that received both types of treatments, applied on the roots (Table 2). The
greatest fresh and dry weight of leaves was shown in chemical fertilization applied on roots
and in integrated nutrient management applied on leaves (Table 2). Finally, the highest total
fresh weight was recorded for plants inside the greenhouse receiving chemical treatment
with root application, and the highest total dry weight of plants was noted in integrated
nutrient management with foliar application outside the greenhouse (Table 2).
The statistical analysis of these results did not indicate significant differences in most of the
parameters recorded between treatments during the experimental period. However, total
dry weight of plants was significantly different (ANOVA P<0.05) between treatments and
experiments; integrated nutrient management applied on leaves (INM-FA) differed from
other treatments in both experiments, inside and outside the greenhouse (Table 2). The
treatment INM-FA in cultivation outside the greenhouse showed the highest total dry weight
of H. orientale (Table 2). The total weight of dry leaves from all plants was recorded and
analyzed too, regardless of treatment type. The results indicate that the total dry leaves
weight differed significantly between plants cultivated inside and outside the greenhouse,
with cultivation outside giving higher weight of dry leaves (Table 2).
The results from cultivation of plants in the field showed that the highest plants were
observed in combined foliar and root applications in all treatments (Table 3). The number of
rosettes was higher in chemical treatment applied on roots and in control treatment (Table
3). Also, the biggest fresh and dry weight of leaves and the biggest total fresh weight of
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plants were recorded in chemical fertilization by root application (Table 3). Finally, the total
dry weight of plants was higher in chemical treatment applied either on roots or both on
leaves and roots (Table 3). Fresh and dry total plant weight showed significant differences
between treatments with ANOVA P<0.05 and chemical fertilization led to better results than
integrated nutrient management (Table 3).
The current research aimed to investigate for the first time the sustainable exploitation of H.
orientale in cultivation inside and outside the greenhouse or in the field after the end of the
natural flowering of the plant, using two different types of fertilization and three types of
application. The different fertilizations applied differed regarding the organic N, organic Ca,
NH4NO3, and Ca (NO3)2 content. The specific parameters recorded during the
experimentation, e.g., plant height, number of rosettes, fresh leaves weight, dry leaves
weight, total fresh weight, total dry weight, are important for the utilization of H. orientale in
floriculture and/or pharmacology. Specifically, the plant height and number of rosettes are
most significant for ornamental purposes, whereas fresh and dry leaves weight and total
fresh and dry weight are mostly considered important when the plant is used for its
chemical properties.
Table 2. Results of the pilot cultivation of Helichrysum orientale in pots inside (IN) and outside (OUT)
the greenhouse in Thessaloniki with chemical fertilization (CHF) and integrated nutrient
management (INM) either by foliar application (FA) or root application (RA) or combined foliar and
root application (FR). Control (C) with combined foliar and root application only with water.
PARAMETERS

Plant height1 (cm)

Rosettes number2
Fresh leaves
weight3 (g)
Dry leaves weight4
(g)

EXPERIMENT

TREATMENTS

IN

CHFFA
8.00

CHFRA
6.33

CHFFR
7.67

INMFA
7.67

INMRA
7.00

INMFR
5.67

C
6.67

OUT

5.83

6.83

10.17

7.33

6.67

7.00

7.17

IN

26.67

30.67

21.33

21.00

31.00

23.67

8.67

OUT

16.67

20.00

19.33

28.00

16.67

19.67

17.00

IN

10.17

13.92

7.77

9.47

12.72

11.31

4.55

OUT

10.48

13.90

13.21

16.34

13.35

12.83

9.06

IN

3.21

3.50

2.33

3.29

3.98

2.86

1.59

OUT

4.02

4.94

3.93

4.82

4.28

3.76

3.66

IN

16.67

18.45

15.27

13.39

25.61

18.89

7.14

OUT

13.05

18.03

16.46

21.60

16.00

16.65

12.79

5.77

5.08

5.04 a

7.82

4.66

2.74

7.08

6.31

Total fresh weight5
(g)
Total dry
weight6 (g)

IN

5.13

OUT

5.32

10.12
5.80
5.88
5.48
b
Total dry leaves
IN
5.176 a
weight7 (g)
OUT
6.568 b
Mean numbers of a Completely Random Designed experiment with seven treatments and three replications,
compared using Duncan’s’ multiple comparisons test (SPSS 14.0, ΑNOVA, P≤0,05) .1 Standard Errors (SEs) - 1SE:
1,473 / 2SE: 7,673 / 3SE: 2,938 / 4SE: 0,82 / 5SE: 4,735 / 6SE: 1,366 / 7SE: 1,932

Even though these results do not indicate a complete pattern after one cultivation period,
they can provide information when it comes to determining the conditions and fertilization
status of H. orientale cultivation for a certain purpose (see Figure 2). In general, it appears
that comparatively better results can be obtained from cultivation of H. orientale in pots or
in the greenhouse, rather than cultivation in the field (Figure 2). This could be due to a
variety of reasons, such as unstable outdoor environmental conditions, varied temperatures
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and greater threat by weeds and microorganisms that these plant individuals may face in the
field.

Figure 2. Best treatments for the cultivation of H. orientale detected after integrated nutrient
management and chemical fertilization by foliar and/or root applications. Leaf: Foliar application;
Triangle: Root application, Blue: in pots outside greenhouse, Green: in pots inside greenhouse.
Table 3. Results of the pilot cultivation of Helichrysum orientale in the field with chemical fertilization
(CHF) and integrated nutrient management (INM) either by foliar application (FA) or root application
(RA) or combined foliar and root application (FR). Control treatment (C) included combined foliar
and root application only with water.
PARAMETERS

TREATMENTS
CHF-FA

CHF-RA

CHF-FR

INM-FA

INM-RA

INM-FR

C

8.20
±1.70
12.67
±3.20

8.17
±2.00
18.67
±5.20

9.67
±1.40
15.67
±3.90

7.83
±1.80
9.67
±3.30

6.60
±1.30
13.67
±3.70

9.50
±2.60
14.67
±1.20

8.40
±0.80
20.33
±1.20

Fresh leaves weight
(g)

3.42
±1.00 abc

5.26
±1.20 a

4.30
±0.20 ab

1.82
±0.30 c

2.50
±0.80 bc

3.57
±0.30 abc

3.22
±0.40 abc

Dry leaves weight
(g)

1.38
±0.42 abc

1.95
±0.51 a

1.79
±0.11 ab

0.79
±0.15 c

0.99
±0.30 bc

1.45
±0.12 abc

1.39
±0.22 abc

Total fresh weight
(g)

7.20
±1.06 ab

8.43
±0.94 a

7.52
±0.12 ab

4.94
±0.29 c

6.15
±0.16 bc

6.80
±0.38 ab

7.02
±0.32 ab

Total dry weight (g)

3.38
±0.30 ab

3.85
±0.55 a

3.86
±0.09 a

2.64
±0.15 bc

2.30
±0.51 c

3.27
±0.19 abc

3.46
±0.09 ab

Plant height (cm)
Rosettes number

Mean numbers and Standard Errors of a Completely Random Designed experiment with seven treatments and
three replications, compared using Duncans’ multiple comparisons test (SPSS 14.0, ΑNOVA, P≤0,05).

Also, integrated nutrient management led to better development of more parameters
compared to chemical fertilization (Figure 2). Papaforiou et al. (2018, 2013) investigating
the growth of several aromatic Mediterranean xerophytes on green roofs (including H.
orientale) reported the effect of substrate type on plant growth, and outlined that compostmodified substrate provides similar or better results than peat substrate, thus indicating the
effect of organic material on plant growth (Papafotiou et al., 2018; Papafotiou and Adami,
2013). The results of the current study give insight to the needs of H. orientale in ex-situ
cultivation and can be used for further research in order to establish a targeted protocol for
the sustainable utilization of this ornamental and medicinal species.
CONCLUSIONS
In conclusion, the cultivation of H. orientale was more successful in pots inside and outside
the greenhouse than in the field. Both integrated nutrient management and chemical
fertilization promoted the plant’s growth, with the latter being more efficient, and the best
application of treatments were foliar and root, while combined application was not that
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effective. These results can be used for the cultivation of H. orientale in order to trigger the
development of specific characteristics, but further research needs to be done to create a
targeted protocol for the cultivation of this species.
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ABSTRACT
Lavandula angustifolia Mill. is a perennial plant, which is part of the Lamiaceae
family, it is known as a medicinal and aromatic plant, however in recent years it can
be found as landscaping, cut flower, or even in the art of culinary. This majestic plant
propagation by seeds is a slow, hard difficult stage, for this reason, new methods are
needed. Biostimulants could improve seed germination percentage and time, and also
could improve productivity and growth of the plants. This study aimed at the effect of
GA3 on two commercial cultivars of Lavandula angustifolia Mill. Lavender seeds were
subjected to three concentrations of gibberellic acid (100, 200, 300 ppm), under
controlled conditions in the growing chamber. Under our experimental conditions
GA3 improved the germination percentage and time of lavender seeds. It can be
concluded that biostimulators, as gibberellic acid could have an effect on dormancy
breaking of Lavandula seeds.
Keywords: biostimulants, dormancy, GA3, germination, lavender.
INTRODUCTION
Today there is a growing interest in the Lavandula angustifolia Mill. species industry, but it
is also recognized in academia, health sciences, cosmetics as well as art. The aromatic
Mediterranean plant has been known and used since ancient times (Hanamanthagouda et
al., 2010; Pohrib and Nistor, 2012). Lavender is a beautiful addition to almost any garden
(Berringer Bader, 2012). The Lavandula genus includes more than 45 species and about 400
of cultivars (Abdelkader et al., 2011; Koulivand et al., 2013). It is native to the
Mediterranean Basin, from southern Europe to North and East Africa and countries from the
Middle East to southwest Asia and southeast India (Lambardi et al., 2013; Lis-Balchin,
2017).
More and more farmers are choosing to grow this wonderful plant because it is a plant that
does not require a lot of care and attention, but at the same time, it is also considered a
profitable crop.
Lavender can be propagated by seeds, vegetative with cuttings of shoots, or layering. Sowing
is done in greenhouses (in boxes), solarium, in March, or outside in the nursery, in May. The
optimum temperature for seed germination is 18°C, the plants sprout in 14–20 days from
sowing (Toma and Petra, 2020).
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However, the germination of Lavandula seeds is a problem in growing these plants. The
germination rate depends on the quality of the seeds, their dormancy percentage, and the
degree of dormancy of each seed (Chavagnat, 1977). Seed dormancy is a bottleneck for some
plant species, necessary to complete germination (Bewley, 1997). Lavender propagated by
generative propagation (seeds) is used more for plant breeding. Although this propagation
is cheaper, it is not used much in large crops because the germination capacity is low and
not uniform.
Germination biostimulators can influence germination percentage and release dormancy,
the dormant state of lavender seeds (Yang et al., 2020). According to previous research seed
dormancy and the growth of these seed-derived plants can be influenced by the use of
hormones/growth promoters (Giannoulis et al., 2020; Jelačić et al., 2008; Liopa-Tsakalidi et
al., 2011). The fruits of the lavender comprise four nodules, located at the base of the
persistent calyx of brown, grayish to black color. Lavender seeds are hard, smooth, shiny
and covered with a weakly permeable membrane; they, therefore, germinate slowly and
over a long period. They are very small, elongated, about 1 mm thick and 2 mm long
(Butnaraș, 2016; Vârban and Vârban, 2017). According to Toma and Jitareanu (2007), GA3
is one of the most used gibberellins. Gibberellin treatments can completely replace
vernalization; moreover, vernalization can induce plant sensitivity to the action of
gibberellins (Chouard, 1960; Levy and Dean, 1998). Brewster and Butler (1989) studied the
effect of gibberellic acid (GA3) on Allium cepa species.
Performing treatments before vernalization, the results aimed to increase the number of
flowers in some genotypes studied. Also, Naamni et al., (1980) have also been performed
numerous studies on the administration of gibberellic acid (spraying, immersion, injection).
Doses and methods of application greatly influence the response of plants to these
treatments.
Gibberellic acid (GA3) plays a key role in releasing dormancy and promoting seed
germination (Kucerna et al., 2005). GA3 is an essential biostimulator, for several plant
development processes, this includes germination, plant growth, and effective induction of
flowering; it significantly reduces the stratification requirement of slow germinating seed
species (Kitchen and Meyer, 1991). It is also a natural regulator, which is used in agriculture
and horticulture, having a considerable impact on plant growth (Cornea-Cipcigan et al.,
2020; Nasri et al., 2014). Positive effects of GA3 on seed germination have been
demonstrated in multiple ornamental plants (Lee et al., 2016; Urbanova and LeubnerMetzger, 2018; Nasri et al., 2014), but also in lavender seeds (Liopa-Tsakalidi et al., 2011;
Singh and Srivastava, 1990; Chavagnat, 1977).
The dormancy of lavender seeds is a complicated problem at the moment, as the seeds
germinate hardly and slowly. Regarding this, the experiment aimed to find new and efficient
methods to increase the germination rate of Lavandula angustifolia Mill. seeds.
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MATERIALS AND METHODS
The study was conducted in 2018 at the University of Agricultural Sciences and Veterinary
Medicine Cluj-Napoca the Institute for Advanced Horticultural Research of Transylvania,
Romania.
We have selected two commercial lavender cultivars highly cultivated in Romania:
Lavandula angustifolia 'Codreanca' approved in 1992, considered to be one of the cultivars
that are very well suited to the climatic conditions in our country, being frost resistant and
having a volatile oil concentration of 1.40-1.48% (Butnaraș, 2016). On a floral stem, there
are 5-6 small flowers arranged in terminal spiky inflorescences, their color is a dark blue to
purple, and they give off a pleasant fragrance.
Lavandula angustifolia 'Sevtopolis' is native to Bulgaria. Of all the cultivars approved in
Bulgaria, 'Sevtopolis' has the highest values for basic chemical components such as
Lavandulyl acetate, Lavandulol. 'Sevtopolis' is 40-60 cm tall. The flowering period is in MayJuly, which requires a suitable sunny and semi-shady environment. In the above-mentioned
cultivars, it has been observed that 6-7, even 8 flowers per 7 cm of floral stem and their
color is light blue-violet to silver-blue.
In this experiment, the influence of the biostimulator GA3 (gibberellic acid) on the
generative propagation of lavender was investigated. The experiment was bifactorial design
with the following factors (Table 1).
Combining the two experimental factors resulted in eight experimental variants. Twenty
seeds of each experimental variant were placed in each Petri dish and GA3 (gibberellic acid)
was added in different concentrations, 0 ppm (Control), 100 ppm, 200 ppm, 300 ppm. For
the concentrations, 1 mg, 2 mg, and 3 mg of gibberellic acid respectively were weighed and
10 ml of distilled water was added to each. Each day seeds germinated were counted and
noted.
Calculation of ppm (parts per million) concentrations:
(X mg / Yml) x 1000 = Z ppm.
(1 mg / 10 ml) x 1000 = 100 ppm.
(2 mg / 10 ml) x 1000 = 200 ppm.
(3 mg / 10 ml) x 1000 = 300 ppm.
Germination percentages of lavender seeds were calculated according to the Timson
germination rate test (Timson, 1965), modified by Khan and Ungar (1984):
∑G/t; where G is the percentage of seeds that germinated after 1-day intervals and t is the
total germination time.
GP = Seed germination/Total seeds × 100 (Liopa-Tsakalidi et al., 2011; Vicente et al., 2004).
Table 1. Lavender seed germination
Factor A – Cultivar with 2 graduations

Factor B – GA3 with 4 graduations
b1 – 0 ppm (Control)
b2 – 100 ppm
b3 – 200 ppm
b4 – 300 ppm
b1 – 0 ppm (Control)
b2 – 100 ppm
b3 – 200 ppm
b4 – 300 ppm

a1 – Lavandula angustifolia 'Codreanca'

a2 – Lavandula angustifolia 'Sevtopolis'
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Lavender seeds were germinated in a growth chamber (EKOCHL 700), where the humidity
was between 60–70 % and the temperature was between 18–20°C.
The results of the experiment were statistically analyzed using Paired Two Sample t-test for
Means (<0.05), with Microsoft Excel software and post hoc comparisons were made using a
Tukey HSD test.
RESULTS AND DISCUSSIONS
Seeds of the two lavender cultivars (Lavandula angustifolia 'Codreanca' and Lavandula
angustifolia 'Sevtopolis') have been placed to germination with GA3 biostimulator on
20.03.2018. Within seven days, on 26.03.2018, the first seeds started germinating in Petri
dishes to which gibberellic acid was added. At each concentration the number of germinated
seeds was different, but in the Petri dishes for the control seeds germination only started
after 11 days, on 30.03.2018 and in smaller numbers.
Observations on the germination of lavender seeds lasted 35 days and in the end differences
in germination between treatments could be observed. It could also be observed visually
that the lavender seeds treated with gibberellic acid were better developed and grew at a
faster rate.
Gibberellic acid plays an important role in seed germination (Ritchie and Gilroy, 1998)
through a multiple biostimulator mechanism (Fincher, 1989). However, the stimulatory
effects of gibberellic acid on seed germination are not similar in all crop species (Bell et al.,
1995). There are many reports on how gibberellic acid could influence seed germination.
According to the results presented by Liopa-Tsakalidi et al., (2011) seed germination rate
increased in lavender when GA3 solutions were added. A study by Chavagnat (1977), on
dormancy and seed germination, showed that GA3 favorably influenced seed germination
when applied at the dose of 200 ppm. Other studies carried out by Janowska and Stanecka
(2011), confirm the effectiveness on leaf longevity when preserving Zantedeschia treated
with GA3 solution with a high concentration of 400 mg/l.
Gibberellic acid had an increased number of the germinated seeds in both lavender
cultivars, compared to control (Figure 1 and 2). However, seed germination was treatment
dependent, seeds under the effect of GA3 had an increased number of germinations, and also
the under the treatment it was recorded quicker germination.
First seeds germinated were observed at the GA3 treatments, which were recorded after 7
days, on contrary, the lavender seed in the control treatment started germinating after 11
days.

Figure 1. Number of seeds germinated at 'Codreanca' cultivar
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Figure 2. Number of seeds germinated at 'Sevtopolis' cultivar

Analysing Figure 3 and 4 it can be observed that the highest germination percentage in both
cultivars it was recorded at the 300ppm treatment (Figure 5d) of gibberellic acid. In the
cultivar 'Codreanca' the germination percentage reaches 95% and, in the cultivar,
'Sevtopolis' the germination percentage was 90%.
The seeds under 200 ppm GA3 treatment (Figure 5c) reported an increased germination
percentage followed by the GA3 100 ppm treatment (Figure 5b). Thus, at GA3 200 ppm
treatment the 'Codreanca' cultivar reached a germination percentage of 85% and the
'Sevtopolis' cultivar 75%, and at 100 ppm gibberellic acid treatment the Romanian cultivar
'Codreanca' had a germination percentage of 80% and the Bulgarian cultivar 'Sevtopolis' a
germination percentage of 65%. In contrast the lavender seeds in the control treatment
(Figure 5a) had a much lower germination percentage, in 'Codreanca' only 30% and in
'Sevtopolis' 35%.
Similar results were obtained by Roșca et al., (2016) in Allium 'Purple Rain', who reported
that with increasing GA3 concentrations up to 500 ppm the best germination increases were
observed.

Figure 3. Germination percentage at 'Codreanca' cultivar
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Figure 4. Germination percentage at 'Sevtopolis' cultivar

Cornea-Cipcigan et al., (2020) has experimented to evaluate the influence of gibberellic acid
(50, 100, or 150 mg/L), on the germination earliness of seeds, along with the growth and
ornamental quality of selected Cyclamen species. They were found a significant difference in
germination percentage (GP), mean germination time (MGT) and seedling vigor index (SVI),
within different GA3 supplementation and greenhouse sunlight intensity (short and long
days).

Figure 5. Seed germination of Lavandula angustifolia ‘Codreanca’ and ‘Sevtopolis’;
a–Control; b–100 ppm; c–200 ppm; d–300 ppm

174

CONCLUSIONS
From the present study can be concluded that lavender seeds under the effect of GA3 at high
concentrations above 100 ppm resulted in higher germination percentages than untreated
variants in both Lavandula angustifolia cultivars. Thus, was observed that GA3 treatment
reported a germination percentage of 80-95% at 'Codreanca' and 65-90% at 'Sevtopolis'
(depending on the treatment), compared to 35% and 30% in the untreated variants
(control). Due to the high germination percentage, we can state that the dormancy, the
resting state of the seeds was positively influenced by GA3. However, the excess of GA3 can
also negatively influence plant growth, as plants develop and grow at a higher rate, which
can lead to quicker mortality.
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ABSTRACT
Chrysanthemum is one of the top cultivated flowers, the undisputed queen of
gardens in the autumn season. Due to its exceptional decorative qualities having a
special range of shapes and colors, storage resistance, suitability in different
cultivation systems and the possibility of cultivation all over the year chrysanthemum
is one of the most loved and appreciated flowers. It is one of the major crops
worldwide and it is cultivated as cut flowers and potted plants, depending on market
demand. In Romania, nowadays, the cultivated areas with Chrysanthemum are
developing quickly through potted cultures which have gained a significant increase.
Also, due to the progress made in the selection of chrysanthemums, many cultivars
have been introduced in the recent plant assortment. The present study was carried
out to evaluate the influence of three rooting biostimulators on five potted
chrysanthemums cultivars to determine the most efficient way to obtain a significant
result for roots and aerial part’s growth and development. The greatest effects of
rooting were obtained with Radistim 1 biostimulator. In which case was determined
an increase of rooting percentage, number of roots, the height of plants, number of
leaves and number of branches.
Keywords: Chrysanthemum, cuttings, rooting, potted plants, propagation, cultivars.
INTRODUCTION
Chrysanthemum in many countries, including the United States, China and Japan, is
considered the number one crop (Cockshull, 2019). Chrysanthemum flowers are mainly used
for cut flower, loose flowers for garland making, general decoration, hair adornments and
religious functions (Kumar, 2015). However, nowadays, can be found in landscape
architecture arrangements or private gardens (Vidrașcu and Teodorescu, 1993; Anderson,
2007), but also in flower shops and floral design using the most cultivated species for the
production of cut flowers, both in a greenhouse and in the field is Chrysanthemum ×
hortorum Hort. (Cantor, 2016; Su et al., 2019). Due to the diversity of shapes and sizes of the
inflorescence, the multitude of colors, its suitability for modern homes, make this flower
species to be highly appreciated by the general public, and can be grown sustainably while
simultaneously providing an economic benefit for growers.
The dwarf and compact growing types (spray chrysanthemums) are cultivated as potted
plants for decorating indoors and outdoors whereas the erect and tall growing types
(standard chrysanthemums) are grown as cut flowers for bouquets and vase decoration
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(Singh and Chettri, 2013). Chrysanthemums are used either as cut flowers or grown in pots
and the success in the cultivation of this plant is principally due to the great diversity of
cultivars (Jamal Uddin et al., 2015). Generally, due to the richness of shapes and colors,
chrysanthemums can be combined with each other, but can also be combined with other
flowering species. As a cut or in potted flowers, chrysanthemums can be used for numerous
occasions all year round (Buta et al., 2013).
Chrysanthemums are mostly propagated by the vegetative method by cuttings (Toma,
2009). There is, however, great variability in the ability to form adventitious roots and
regenerate new individuals by cuttings. Some cultivars are relatively easy to propagate by
cuttings, however some species have a low capacity to root (Cojocariu and Tănase, 2019).
The cuttings are harvested from mother plants especially cultivated and set up for this
purpose. They are harvested from the shoots that have grown at the base of the bushes,
when they have reached a length of 8–10 cm and 4–5 leaves, after which they are shaped by
removing the leaves from the base on 3–4 cm long and cut 1/3 of the top of the leaves to
reduce transpiration (Vidrașcu and Teodorescu, 1993).
Rooting of cuttings is done at a temperature of 20-22°C, and relative humidity of 80–90%.
Rooting time is between 23–25 days, which could be season or plant depending.
Treatment with biostimulators is considered to have an important influence in increasing
the rooting process and the percentage of rooted cuttings. Hormone treatment is one of the
most important factors due to enhance the initiation of the root primordia and growth
through cell multiplication (Fogasa and Fett-Neto, 2005). Hormones support the
mobilization of sugars and nutrients by the hydrolysis of starch to the base of the cuttings
(Das et al., 1997). The plant growth regulators like auxin are used to increase the percentage
of rooting in stem cuttings for quick root initiation and to increase the number of roots per
cutting (Garande et al., 2002). A new method of propagation of chrysanthemum through leaf
cuttings complementary to the conventional method of shoot tip propagation was developed
under in vivo conditions by Singh and Chettri, (2013), leaf cuttings were treated with a
combination of plant growth regulators (IBA and Kinetin). This propagation technique is
particularly useful when propagating material is scarce as from a small quantity of initial
propagating material, a large number of plants can be produced.
The present study presents the effect of some growth regulators on the rooting of mum
cuttings and their influence on the morphological and biometrical characteristics of
obtained plants.
MATERIALS AND METHODS
The experiment was carried out at the University of Agricultural Sciences and Veterinary
Medicine, at the didactic greenhouse of the Floriculture, during the season, 2019–2020.
Five cultivars of potted Chrysanthemum plants were used as mother plants: 'Avalon cream',
'Avalon orange', 'Avalon purple', 'Ditto pink', 'Ditto dark pink' (Figure 1).
From each of the five cultivars, terminal (top) stem cuttings were taken from healthy mother
plants, at the end of February. The cuttings were prepared as 6–8 cm cuttings, the first pairs
of leaves were suppressed and only 3–4 leaves were left on the top. The rooting
biostimulators used were: Radistim 1 and Razormin. The treated cuttings were planted in a
substrate consisting of peat and perlite 1:1 ratio.
The studied factors were: Factor A: the chrysanthemum cultivar, with five graduations: a1 –
'Avalon cream'; a2 – 'Avalon purple'; a3 – 'Avalon orange'; a4 – 'Ditto pink' and a5 – 'Ditto dark
pink' and Factor B: the type of rooting biostimulator with three graduations: b1 – Untreated
(Control); b2 – Radistim 1; b3 – Razormin.
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Through the combination of factors and their graduations, 15 experimental variants
resulted, which were placed in randomized blocks, in 3 replicates each. Control was the
untreated variant. There were 10 cuttings per treatment for each cultivar, a total of 30
cuttings/cultivar with a total of 450 cuttings.

Figure 1. Chrysanthemum biological materials: 'Avalon cream' (a), 'Avalon purple' (b), 'Avalon
orange'(c), 'Ditto pink' (d), 'Ditto dark pink' (e)

After 25 days observations were made on the percentage of rooting and after 8 weeks days
biometric measurements were taken and the cuttings were planted in pots. The
observations and determinations were made consisting measurements of the dimension and
number of roots/cutting, length of roots and plants were recorded - height of cuttings,
number of branches/plants, number of leaves/per plant, number of roots per cutting.
The data were interpreted statistically by calculating the average of experience, and the
differences between the variants were established by analysing the variance and using the
Duncan test (Ardelean et al., 2005).
RESULTS AND DISCUSSIONS
It can observe that the average number of cuttings rooted was 26.27 out of a total of 30, and
the variability depending on the variation between 21 (untreated cuttings) and 30 (cuttings
treated with Radistim 1) (Table 1). The rooting percentage for each experimental variant
was between 66.66% ('Avalon orange' – untreated) and 100.00% for 'Avalon cream' and
'Avalon purple' treated with Radistim-1. All five cultivars studied in the experiment treated
with Radistim 1 had over 93.33% rooting percentage. In a study, Cojocariu and Tănase
(2019), reported that the rooting capacity of chrysanthemum cuttings could be also
influenced by substrate. Rotting could be influenced by the stem type, from basal shoots or
the stem tip of the vegetative growth period, although a higher yield was observed at
cuttings and shoots grown at base (Johti et al., 1987).
In the current study, it was analysed the combination of A factor (cultivar) and B factor
(treatment) on the high of rooted cutting, number of shoots, number of leaves, number of
roots and interaction between these traits. ˈDitto dark pinkˈ obtained the highest values in
terms of rooted cutting height (12.50 cm) with significant superior differences compared
with other studied cultivars. No significant differences were determined between cultivars
ˈAvalon orangeˈ (9.50 cm) and ˈDitto dark pinkˈ (12.50 cm) regarding the height of the rooted
cuttings (Table 2).
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Table 1. Results obtained at the cuttings rooting
No.
Var.
1
2
3
4
5

Cultivar

Treatments

Number of
cuttings

Number of
rooted cuttings

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

24
30
29
25
30
29
20
29
27
22
28
26
21
29
25
26.27

Untreated
Radistim-1
'Avalon cream'
Razormin
Untreated
Radistim-1
'Avalon purple'
Razormin
Untreated
Radistim-1
'Avalon orange'
Razormin
Untreated
Radistim-1
'Ditto pink'
Razormin
Untreated
'Ditto dark pink'
Radistim-1
Razormin
Average experience (Control)

Rooting
percentage
(%)
80.00
100.00
99.66
83.33
100.00
99.66
66.66
99.66
90.00
73.33
93.33
86.66
70.00
99.66
76.67
87.57

Table 2. Influence of cultivar on the height of rooted cuttings
Height of rooted
Significance of
cuttings (cm)
difference*
1
'Avalon cream'
10.50
AB
11.50
2
'Avalon purple'
AB
3
'Avalon orange'
9.50
A
4
'Ditto pink'
11.50
AB
5
'Ditto dark pink'
12.50
B
*Notes: Letters represent the statistically significant difference at p < 0.05 (Duncan test)
No. var.

Cultivar

The results presented in Table 3 demonstrate the influence of the treatment on the height of
the rooted cuttings, highlighting the importance of Radistim 1 hormonal treatment. Cutting
treated with this substance achieved an average height of 12.9 cm.
Table 3. Influence of treatment on the height of rooted cuttings
Biostimulator
Height of rooted
Significance of
(treatment)
cuttings (cm)
differences*
1
Untreated
7.4
A
2
Radistim-1
12.9
B
3
Razormin
9.8
AB
*Notes: Letters represent the statistically significant difference at p < 0.05 (Duncan test)
Nr. var.

At the first four experimental variants the interaction between cultivar and treatment does
not influence the height of rooted cutting. In the same way, in the case of treatment with
Razormin the results are almost similar except for ˈAvalon purpleˈ cultivar. However, at v6,
v8, v9, v10 interaction between cultivar and hormonal treatment with Radistim 1 has an
important influence on the height of rotted cuttings. Cultivars as ˈAvalon creamˈ, ˈAvalon
purpleˈ, ˈAvalon orangeˈ, ˈDitto pinkˈ and ˈDitto dark pinkˈ present significant differences
comparing with ˈAvalon purpleˈ (Figure 2).
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Figure 2. Influence of cultivar × treatment interaction on height of rooted cuttings. Bars represent
standard errors. Letters represent the statistically significant difference at p < 0.05 (Duncan test)

As it is presented in Table 4, the cultivar (factor A) has no influence on rotted cuttings
branches; no significant differences were reported. Analysing Table 5, results from the
second experimental factor (B) – hormonal treatment does not influence rotted cuttings
branches, in the same way as the first factor (A).
Table 4. Influence of factor cultivar on the number of branches
No. var.
Cultivar
Number of branches Significance of differences*
1
'Avalon cream'
2.10
A
2
'Avalon purple'
1.95
A
3
'Avalon orange'
1.85
A
4
'Ditto pink'
1.95
A
5
' Ditto dark pink'
2.25
A
*Notes: Letters represent the statistically significant difference at p < 0.05 (Duncan test)
Table 5. The influence of the treatment on the number of branches
No. var.
Treatment
Number of branches Significance of differences*
1
Untreated
1.65
A
2
Radistim-1
2.15
A
3
Razormin
1.98
A
*Notes: Letters represent the statistically significant difference at p < 0.05 (Duncan test)

Figure 3. The influence of cultivar × treatment interaction on the number of branches. Bars represent
standard errors. Letters represent the statistically significant difference
at p < 0.05 (Duncan test)

Regarding the influence of the interaction of cultivar and biostimulator and as the results
shown in Figure 3 no significant differences were obtained, described variants forming a
homogeneous group symbolized by the letter A.
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Table 6. The influence of cultivar on the number of leaves of the plant
Significance of
differences*
1
'Avalon cream'
8.50
BC
2
'Avalon purple'
7.30
AB
3
'Avalon orange'
6.70
A
4
'Ditto pink'
9.00
C
5
'Ditto dark pink'
9.80
C
*Notes: Letters represent the statistically significant difference at p < 0.05 (Duncan test)
No. var.

Cultivar

Number of leaves

The highest average value of the number of leaves formed was recorded for cultivar ˈDitto
dark pinkˈ (9.80 as average) and the lowest value was for cultivar ˈAvalon orangeˈ, an
average of 6.70 leaves. Data presented in Table 6 demonstrate that from the five studied
cultivars ˈDitto pinkˈ (9.00) and ˈDitto dark pinkˈ (9.80) achieved a higher number of leaves
than the other studied cultivars.
Similar results were obtained by Cojocariu and Tănase (2019) at Chrysanthemum indicum
'Carmina', the greatest number of leaves formed was determined for TSF (top stem
fragment) cuttings in peat substrate 100% – 9.12 leaves as average, and the lowest value
was for perlite (average 7 leaves).
It was determined the significant influence of hormonal treatment on the number of leaves,
with major impact of both biostimulators Radistim 1 (9.40 leaves), followed by Razormin
(8.20 leaves), while the number of leaves in case of untreated cuttings was only 6.25 (Table 7).
Table 7. The influence of treatment on the number of leaves of the plant
Variant
Significance of
Number of leaves
(treatment)
differences*
1
Untreated
6.25
A
2
Radistim-1
9.40
B
3
Razormin
8.20
AB
*Notes: Letters represent the statistically significant difference at p < 0.05 (Duncan test)
No. var.

Figure 4. The influence of cultivar × treatment interaction on the number of leaves of the plant. Bars
represent standard errors. Letters represent the statistically significant difference
at p < 0.05 (Duncan test)

Cultivar ˈDitto pinkˈ presented the highest number of roots (11.50). Differences comparing
with cultivars V1, V2, V3 and V5 were statistically significant (Table 8).
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Table 8. The influence of cultivar on the number of roots
Significance of
differences*
1
'Avalon cream'
8.83
A
2
'Avalon purple'
9.50
A
3
'Avalon orange'
9.40
A
4
'Ditto pink'
11.50
B
5
'Ditto dark pink'
9.70
A
*Notes: Letters represent the statistically significant difference at p < 0.05 (Duncan test)
No. var.

Cultivar

Number of roots

Treatment with Radistim 1 presents significant differences in the case of the number of
roots (11.50) comparing with the control variant (Table 9).
Table 9. The influence of treatment on the number of roots
Variant
Significance of
Number of roots
(treatment)
differences*
1
Untreated
8.60
A
2
Radistim-1
11.50
C
3
Razormin
10.30
AB
*Notes: Letters represent the statistically significant difference at p < 0.05 (Duncan test)
No. var.

Regarding the number of roots in the interaction of cultivar and rooting treatment with
biostimulators, variants v6, v7, v9 and v10, treated with Radistim 1 obtained significant
differences compared to the untreated variants followed by the variants treated with
Razormin (Figure 5). The best results at the cultivar interaction with Radistim 1 treatment
are reported at ˈAvalon creamˈ and ˈAvalon purpleˈ, which registered over 15 roots/rooted
cuttings.
Similar results were obtained by Petter, (1992). The literature indicates a correlation
between cultivar and rooting success of the cuttings, but with the use of IBA in different
concentrations, the results were obtained for Chrysanthemum cv. Crimson Robe, cv. Polario,
cv. Escort, cv. Sterling and cv. Luysona at 50 ppm IBA, by spraying or immersing in root
stimulator, thus obtaining a more compact root system.

Figure 5. The influence of cultivar × treatment interaction on the number of roots. Bars represent
standard errors. Letters represent the statistically significant difference at p < 0.05 (Duncan test)
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CONCLUSIONS
Propagation by cuttings using different rooting biostimulators is a reliable technology that is
applied for commercial purposes because it allows the large–scale production of a wide
range of species especially Chrysanthemum. Treatment of cuttings is a crucial step in the
adventitious root formation of chrysanthemum because it is a major exogenous factor
affecting root formation and development of cuttings.
Radistim 1 obtained better results in the rooting of chrysanthemum cuttings and showed
significance in the vegetative growth of cuttings. The rooting percentage was over 98.53%
for Radistim 1 at all studied cultivars followed by the Razormin with 90.53%, while the
untreated cuttings rooted only in a percentage of 74.66%.
Based on the observations it can be concluded that rooting of the cuttings at Chrysanthemum
is cultivar and biostimulator dependent. Our study could be useful for growers and flower
companies to select the greatest and treatment for cultivation.
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ABSTRACT
The intention of this post-harvest analysis was to see how the interaction of
wrapping materials and storage requirements influenced the shelf life and chemical
fruit quality of the ‘Khirsapat’ mango. ‘Khirsapat’ mangoes were harvested when they
were fully mature and wrapped in various materials, viz. Low-density polyethylene
(LDPE) + No perforation, LDPE + 5 % perforation, LDPE + Blotting paper inside, LDPE
+ 5 % perforation+ Blotting paper inside, Corrugated Fiber Board (CFB) Box (5%
ventilation), LDPE (5% perforation) + CFB Box (5% ventilation), Plastic crate &
Control (without any wrapping). Biochemical parameters such as TSS, titratable
acidity, reducing sugars, and total sugars were measured in the fruits. According to
the data, the physicochemical characteristics of a ‘Khirsapat’ mango were
significantly impacted by the wrapping materials and storage period. Wrapping of
‘Khirsapat’ mango in LDPE 5% perforation + CFB Box 5% ventilation at temperature
12±1°C has shown that, up to the 12th day the most successful treatment approach
showed a more progressive increase in TSS and total sugar than other treatments.
The cultivar's optimum shelf life and nutritional value retention was found by this
study. However, in terms of sensory quality, the highest score for ‘Khirsapat’ mango
was achieved in a CFB Box with 5% ventilation.
Keywords: CFB box, cold storage, LDPE, post-harvest, reducing sugar, wrapping materials.
INTRODUCTION
Mango (Mangifera indica L.) which is considered as “King of Fruits" is a popular commercial
fruit in the tropics. It is used to produce processed items such as sweets, leather, relishes,
pickles, juices, and many others, in addition to fresh use. Mango production in Bangladesh is
estimated to be around 12,88,000 tons (BBS, 2019). Mango production accounted for
1,03,00 acres or 25.22 percent of total fruit production. During the 2018-2019 growing
season, the average yield was 92 kg/acre (BBS, 2019). Mangoes come in a huge range of
cultivated cultivars and hybrids. ‘Khirasapat’, also known as ‘Himsagar’, is a delicious and
early cultivar among them. It fully matures in May and is available from the first week of
May to the end of June in the market. The ‘Khirsapati’ mango from Chapainawabganj
recently received the Geographical Indication (GI) label. The fruit is ovate to ovate-oblique
in shape and medium in size. With a medium-thick peel, the pulp is firm, cadmium yellow in
color, and fiber less. The flavor is delightful, with a trace of turpentine, and the tastes sweet
with plenty of juice (Srivastava, 1998). However, due to the early senescent feature, it can't
be stored for a long period of time. With a maximum storage time of five to seven days, the
fruit generates blackish spots and spoils quickly. It is most certainly incapable of tolerating
even the most minor transportation risks (Siddiqui and Dhua, 2009).
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To resolve these obstacles, appropriate post-harvest techniques to improve the storage
quality of mango fruits are needed. Temperature control during storage and handling delays
ripening and retains fresh-market quality (Johnson et al., 1998) because physicochemical
changes in the fruit are significantly reduced at these temperatures. Mango fruit consistency
is also affected by wrapping materials and ripening techniques (Malik et al., 2008).
MATERIALS AND METHODS
This study aims to find out the impact of wrapping materials and storage environment on
various physiochemical properties of ‘Khirsapat’ mango at the Horticulture Laboratory of
EXIM Bank Agricultural University Bangladesh (EBAUB). ‘Khirsapat’ mangoes were collected
from various mango orchards and local fruit markets in the Chapainawabganj district at a
fully mature but unripe level. Fruits were picked from the trees in the morning. The fruit
stalks were cut up to a size of about 1 cm with secateurs and washed in tap water before
being purified with 50 ppm chlorine. The fruits were then dried on the surface with a fan.
The mangoes were then packed in LDPE, plastic crates, CFB box, and LDPE+ CFB box and
kept in cold storage at 12±1OC and 85-95 % relative humidity (RH). After a three- day delay,
readings were taken again. The experiment was performed in complete randomized design
with three replications. Treatment details are given in Table 1.
Chemical analysis
The mango samples were examined for a cultivar of compounds. The TSS was calculated
using a refractometer (0-32oB). The A.O.A.C. (1990) approach was used to assess titratable
acidity. The Lane and Eynon approach were applied to calculate reducing and total sugars.
Sensory evaluation
For sensory evaluation, Ranganna (1991) proposed 1-9 Hedonic scale was applied.
Table 1. Treatment details used for wrapping of mango
T1

Low-density polyethylene (LDPE) + No perforation

T2
T3
T4
T5
T6
T7
T8

LDPE + 5 % perforation
LDPE + Blotting paper inside
LDPE + 5 % perforation+ Blotting paper inside
Corrugated Fiber Board (CFB) Box (5% ventilation)
LDPE (5% perforation) + CFB Box (5% ventilation)
Plastic crate
Control (without any wrapping)

RESULTS AND DISCUSSIONS
The investigation's findings are summarized and discussed in this section under the
headings below.
TSS (0Brix)
Wrapping and storage of fresh ‘Khirsapat’ mango had a significant impact on the chemical
constituents studied in this research. The TSS content of mango fruits gradually enhanced
during storage. The rise in TSS content during storage may be attributed to water losses
from respiration and evaporation, as well as juice concentration (Wills et al., 1980).
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Cua (1989) also attributed the rise to the hydrolysis of the polysaccharide, which converts
starch to sugar. For the cultivar, the highest TSS was found in T6 (LDPE 5% perforation +
CFB Box 5% ventilation) (Figure 1).
It's possible that the film wrapping with CFB box and lower storage temperature improved
TSS maintenance since aging was minimized by reduced respiration rate and other
undesirable metabolic modifications (Pongener et al., 2011).

Figure 1. Effect of wrapping materials and storage on TSS (0B)

Reducing sugars (%)
The reducing sugars of mango fruits treated with different treatments followed a similar
pattern to the TSS content (Figure 2). The initial rise in reducing sugars of fruits in various
packages may be due to water loss from the fruits and sugar conversion from
polysaccharides and pectic substances. The increase in reducing sugars over a 12-day
storage period may be due to starch hydrolysis, which produces mono and disaccharides
(Ryall and Pentzer, 1982). Reducing sugar contents in fruits have been found to increase
during the maturation process in storage. (Fuchs et al., 1980). The lowered sugar content in
fruits caused by polythene wrapping was attributed to a slower metabolic rate.
Total sugars (%)
The total sugar content of mango fruits treated with various treatments followed a similar
pattern to the TSS content (Figure 3). The early increase in total sugars of fruits in different
packaging could be attributed to water loss from the fruits and sugar conversion from
polysaccharides and pectic compounds. The hydrolysis of starch, which produces mono and
disaccharides, could explain the increase in total sugars at storage intervals of up to 12 days
(Ryall and Pentzer, 1982).
Titratable acidity (%)
For all of the treatments, the overall titratable acidity of the fruits decreased during storage.
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Figure 2. Effect of wrapping materials and storage on Reducing sugars (%)

Maini et al., (1984) also reported such a drop in acidity as a result of fruit storage.
The decrease in acidity may be explained by the use of organic acids as a respiratory
substrate during storage, and hence the conversion of acids into sugars. However, the
preservation of acidity in polythene-wrapped fruits during storage may be attributed to a
decline in organic acid hydrolysis and subsequent accumulation of organic acids that were
oxidized at lower rate due to reduced respiration The results are in line with Venkatesha
and Reddy's findings (1994), (Figure 4)

Figure 3. Effect of wrapping materials and storage on Total sugars (%)
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Figure 4. Effect of wrapping materials and storage on Total acidity (%)

Sensory Evaluation
In the mango fruits packed in, the CFB box in the cold store got the highest sensory test
score of all the treatments. This is mostly due to the fact that the treatment led to decrease
physiological weight loss and spoilage loss, as well as fruit firmness, color change, and
nutrient loss during storage. Sharma and Singh (2010) agree with this finding (Table 2). The
least quality sensory was reported in ‘Khirsapat’ mango T1 (Low-density polyethylene + No
perforation), which can be attributed to the low fruit quality and strong aldehydic flavor of
the fruit, which makes it low in quality for consumption (Lakshmana et al., 2013).
Table 2. Sensory score for ‘Khirsapat’ Mango
Colour

Flavour

Overall

Treatments
6th day 9th day

12th day

6th day 9th day

12th day

6th day 9th day

12th day

T1

5.8

6.6

1.0

4.0

6.6

1.5

9.8

13.4

2.2

T2

6.4

6.7

7.6

6.3

7.2

8.3

12.4

13.8

16

T3
T4

6.1
6.3

6.7
6.6

7.8
8.0

5.1
5.2

6.9
7.1

8.3
8.1

11.1
11.5

13.6
13.7

14.5
14.4

T5

6.9

7.5

8.6

5.3

7.4

8.5

12.2

14.8

17.2

T6

7.1

7.8

8.5

4.5

7.5

7.9

11.5

15.2

16.2

T7

6.8

7.1

7.8

6.1

6.8

7.8

12.9

13.9

15.6

T8
SEm (±)

8.2
0.67

1.1
0.41

1.2
0.71

8.4
0.73

1.0
0.51

1.0
0.42

16.6
1.4

2.1
0.92

2.2
1.13

C.D 5%

0.002

0.002

0.003

0.001

0.001

0.003

0.003

0.003

0.006

T1 = Low-density polyethylene (LDPE) + No perforation, T2 = LDPE + 5 % perforation, T3 = LDPE +
Blotting paper inside, T4 = LDPE + 5 % perforation+ Blotting paper inside, T5 = Corrugated Fiber Board
(CFB) Box (5% ventilation), T6 = LDPE (5% perforation) + CFB Box (5% ventilation), T7 = Plastic crate,
T8 = Control (without any wrapping)
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CONCLUSIONS
Based on the findings of the research, it can be concluded that ‘Khirsapat’ mango can be
packed in T6 (LDPE 5% perforation + CFB Box 5% ventilation) at a temperature of 12°C for
up to 12 days with minimal biochemical quality loss and satisfactory sensory quality. As a
result, the findings can be used to store mango fruits after they have been collected.
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ABSTRACT
Vegetable growers from Romania obtain the average tomato productions from
grafted crops are with 25–50% higher compared to the productions from non-grafted
crops. The grafted tomato production must be managed through a profitable
capitalization in a fresh state on the local market. Post-harvest temperature and
other factors influence the lifespan and quality of tomato fruit. Some researches were
carried out on the influence of certain storage conditions on grafted solano-fruit
vegetables (eggplant, tomato) in the Horting Institute. The objective of this research
has been to establish the influence of rootstock on the behavior in different storage
conditions of grafted hybrid ‘Siriana’ obtained in the year 2017 in a Venlo glasscovered greenhouse. The biological material was composed of cultivars of
Lycopersicon genus: a scion, ‘Siriana F1’ hybrid and two rootstocks, ‘Buzău’
(Romanian selection) and ‘Emperador F1’ (interspecific Dutch hybrid). The tomatoes
have been deposited for 20 days in bulk in plastic crates and stored in hemibiosis
(temperature to 25°C) and physioanabiosis (temperature to 7°C and relative humidity
to 60%) conditions. The rootstocks have influenced the total losses recorded on
tomatoes during storage, did not significantly influence the quality of the fruit,
influenced positively the firmness of the tomatoes but do not influence the firmness
during the storage period under research conditions. The results obtained require
the continuation, respectively the extension of the researches and on other grafted
vegetable species and other storage conditions.
Keywords: grafting, hemibiosis, physioanabiosis, Romanian tomato, storage.
INTRODUCTION
Tomatoes are important vegetables in Romania, they rank the second place, after cabbage,
in terms of cultivated surface and total production and the second place, after cucumbers, in
crops from protected spaces (greenhouses and solariums) (www.madr.ro).
Their nutritional value consists mainly in the content of mineral substances in proportion of
0.61% (K 226-310 mg, P 24-39 mg, Mg 11-20 mg, Ca 9-15 mg/100 g) and in various
vitamins (C 18-26 mg, B complex 0.5 mg, β carotene equivalent 0.6 mg, PP 0.5 mg, E 0.5-1
mg, K 0.6 mg); the acidity is pleasant and stable (0.5 g% in citric acid), they have glucose 0.60.7% and fiber 1.2%, the inedible part of 3% and the reduced energy value, 190 Kcal/kg
(Beceanu and Chira, 2003).
The tomato sector grown in protected spaces (greenhouses and solariums) is growing
because modern cultivation technologies and a superior biological material (cultivars and
hybrids) in terms of quantity and quality have been introduced, very genetically varied in
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shape, size, color and taste, resistance or tolerance to biotic and abiotic factors in the
production biotope. Vegetable growers obtain important vegetable productions outside the
natural periods and the average tomato productions obtained from grafted crops are 2550% higher compared to the productions from non-grafted crops.
In order to obtain the best possible financial result, the superior production of grafted
tomatoes must be managed through a profitable capitalization in fresh condition on the local
market. Optimal storage of fresh tomatoes allows them to be marketed when the offer is
small and the price is high on the market. The storage of tomatoes is practiced both during
the vegetation period of the plants, but more frequently at the end of the season, when the
staggering of sales contributes to maintaining the price and even to its increase. Chaux and
Foury, (1994) show that tomatoes from the greenhouse are harvested at an earlier stage
and must be transported from this space as soon as possible.
Temperature is the most important post-harvest factor that influences the lifespan of
tomatoes. During storage, diseases and physiological disturbances are caused by cooling,
respectively by inadequate temperature and exposure time; there are pathogenic fungi that
cause black spots on solanaceous or alternariosis (Alternaria porii f. sp. solani) and
anthracnose (Colletotrichum coccodes).
Currently, the infrastructure for sorting, calibrating and packaging of tomatoes is almost
non-existent in Romania; small local producers carry out these works manually, of inferior
quality and improper storage to the requirements of species, that leading to the
deterioration and loss of important quantities of the production destined for fresh
consumption. At the Research - Development Institute for Industrialization and Marketing of
Horticultural Products - Horting Bucharest, researches were carried out on the influence of
certain storage conditions on grafted solano-fruit vegetables (eggplant, tomato). Research
continues concerning the storage of vegetables from grafted crops established in protected
spaces (greenhouses and solariums) and/or open fields. The specific objective of this
research was to establish the influence of an important technological factor, the rootstock,
on the behavior in different storage conditions of the grafted Romanian tomato production
obtained in the greenhouse.
MATERIALS AND METHODS
The research was done in the 2017 year at the Horting Research – Development Institute.
The biological material was made of cultivars that belong to Lycopersicon genus. This
research was carried out on tomato fruits from the experimental fields established with
grafted and non-grafted plants of ‘Siriana’ Romanian tomatoes.
‘Siriana’ tomatoes were grafted on two rootstocks, ‘Buzău’ and ‘Emperador’.
The ‘Siriana’ tomatoes and the ‘Buzău’ rootstock are Romanian biological creations,
obtained by researchers from SCDL Buzău. The ‘Emperador’ rootstock is an F1 hybrid
produced by Rijk Zwaan Dutch Company and used for grafting tomatoes.
The experimental lots with grafted and non-grafted plants were established in a Venlo
greenhouse on May 8, 2017, at the density of 27000 non-grafted plants/ha and 18000
grafted plants/ha, in variants grouped in line such complete blocks (randomized blocks), the
Latin rectangle method and maintained according to the classic technology of tomato
production. The tomato fruits used in the research were harvested from mid-July to the end
of August (14, 18 July - 28 August 2017). The color was used as an indicator of the ripening
phase of the fruit. They were harvested without the peduncle and stored in the third
maturation phase (F3), to 90% red pigmentation. The fruits were sorted (Extra and a-I-a
quality categories) and calibrated (minimum caliber of 35 mm). Post-harvest treatments
were not performed before storage.
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The packaging has been made manually, with a quality tolerance of 5% from weight, in
plastic crates with a net weight of 5 kg, non-arrangement of fruits (in bulk), but with a flat
and uniform surface.
The storage of the crates has been made non-palletized, in a compact system, for 20 days, at
an ambient temperature of 25°C (hemibiosis) and cold, by refrigeration at 7°C and relative
humidity of 60% (physioanabiosis).
A bifactorial experience has been organized, with 6 variants (V1, V2… - V6), of 3 repetitions
each (R1, R2 and R3)/variant (Table 1). The experimental factors were:
 A factor – scion x rootstock combination:
a1 – non-grafted ‘Siriana’ (control);
a2 – ‘Siriana’ x ‘Emperador’;
a3 – ‘Siriana’ x ‘Buzău’.
 B factor – storage conditions:
b1 – hemibiosis, ambient temperature (T°C = 25);
b2 – physioanabiosis, frig (T°C = 7, RU% = 60).
Table 1. Organization way of experimental variants with tomatoes
Variant
V1 a1b1
V2 a1b2
V3 a2b1
V4 a2b2
V5 a3b1
V6 a3b2

Combination
scion x rootstock
‘Siriana’ (Control)
-idem‘Siriana’ x ‘Emperador’
-idem‘Siriana’ x ‘Buzău’
-idem-

Storage conditions
Storage
Packing
Hemibiosis
plastic crate, bulk
Physioanabiosis
-idemHemibiosis
-idemPhysioanabiosis
-idemHemibiosis
-idemPhysioanabiosis
-idem-

Figure 1 describes the aspect of tomatoes harvested in F3 and introduced in experiment.

Figure 1. Tomatoes in F3, to 90% red pigmentation

The level of losses recorded has been determined by weighing before and after storage.
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 after storage using the spectrophotometric method with the measurement of
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the chloroform color intensity (extraction of ascorbic acid with oxalic acid solution,
treatment with indophenol dye extracted into chloroform), with the results in mg/100g of
the product (Sora et al., 2019).
Total acidity has been determined by the volumetric method with the result expressed in g
malic acid/100 g of the product.
The determination of aspect, texture and taste changes were made by some qualifying (‘very
good‘ or ‘good‘), as follows:
 aspect (15%),
 texture (35%),
 taste (50%).
It was used a scale from 0-100 points:
 very good (80-100),
 good (60-79),
 acceptable (40-59),
 mediocre (20-39),
 inappropriate (0-19), recommended by Niculescu et al. (2010); Sora et al., (2019).
Determination of firmness of the fruit has been made by the penetration in 4 distinct points
with the penetrometer, 2 and 0,1 penetrometer unit (PU).
Statistical interpretation has been performed with Duncan’s test (Să ulescu and Să ulescu,
1967).
RESULTS AND DISCUSSIONS
The results obtained regarding the level of registered losses, the evolution of some chemical
components, as well as the organoleptic evaluation of the tomatoes kept under the
researched conditions, are presented in tables 2, 3, 4 and the appearance and the firmness of
the tomatoes are shown in the figures 2, 3, 4.
Table 2. Losses during storage of tomatoes
Losses (%)
Storage duration (days)
mass
by spoilage
total
V1
32.0
20.1
52.1a
20
V2
1.5
1.5d
-idemV3
20.0
3.3
23.3c
-idemV4
0.3
0.3e
-idemV5
22.0
9.5
32.5b
-idemV6
1.2
1.2d
-idem(values followed by same letter do not differ significantly from 5% significance level, Duncan test)
Variant

There are important differences in the mass loss and spoilage of tomatoes during storage;
under conditions of hemibiosis, V1 (control) has had the highest losses (52.1%) compared
to V5 (32.5%) and V3 (23.3%) and under conditions of physioanabiosis, V2 (control) has
had the highest losses (1.5%) compared to V6 (1.2%) and V4 (0.3%).
Losses by damage during storage of tomatoes in hemibiosis conditions have been recorded
due to the appearance of pathogenic fungi Alternaria porii f. solani and Colletotrichum
coccodes that caused alternariosis and anthracnose (Figure 2).
The difference has been significant between the tomatoes of grafted plants and the tomatoes
of non-grafted plants; the best results are in tomatoes grafted on the ‘Emperador‘ rootstocks
(V3-hemibiosis and V4-physioanabiosis) and the tomatoes under conditions of
physioanabiosis have had the lower losses compared to the conditions of hemibiosis.
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V1

V3

V5

Figure 2. Aspects of storing tomatoes in hemibiosis conditions

The composition of some biochemical components of tomatoes during storage is shown in
table 3.
Table 3. Evolution of some biochemical components of tomatoes during storage
Variant

Biochemical determinations

Dry substance
Sugar
Acidity
Vitamin C
(°Brix/20°C)
(%)
(g malic acid/100g)
(mg/100g)
V1
4.1b
0.51a
3.05a
39.95a
V2
4.0b
0.50a
3.02a
39.94a
V3
3.6c
0.32b
2.05c
38.39b
V4
3.9c
0.30b
2.00c
38.37b
V5
5.3a
0.52a
2.79b
36.47c
V6
5.2a
0.50a
2.75b
36.48c
(values followed by same letter do not differ significantly from 5% significance level, Duncan test)

The content of tomatoes in the dry substance, total sugar, acidity and vitamin C have varied
depending on the variant.
The control variants (V1 and V2) have had slightly higher values of biochemical composition
compared to variants V3 and V4 and have had lower values of dry substance and higher
values of acidity and vitamin C content compared to V5 and V6 in which the dry substance
has had the highest values and vitamin C has had the lowest values.
At the content of tomatoes in the sugar, the best results are in the tomatoes grafted on the
‘Buzău’ rootstocks (V5, V6) and in non-grafted tomatoes (V1, V2) compared to the tomatoes
grafted on the ‘Emperador’ rootstock; the difference has been significant between the
variants.
The rootstock has influenced the biochemical composition of the tomatoes during storage
under research conditions.
The results regarding tomato firmness are shown in figures 3 and 4.
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(values followed by same letter do not differ significantly from 5% significance level), Duncan test

Figure 3. Firmness of tomatoes in fresh condition, initial (penetrometric units)

(values followed by same letter do not differ significantly from 5% significance level), Duncan test

Figure 4. Evolution of tomato firmness during storage (penetrometric units)

Grafting, respectively rootstock, has influenced positively the firmness of the fruit; the fresh
fruits from the grafted plants have been firmer (120.12 PU at the fruits from the plants
grafted on 'Emperador' and 121.18 PU the fruits from the plants grafted on 'Buzău'
compared to 134.15 PU from the fruits from non-grafted plants). The difference has been
significant between grafted plants and non-grafted plants and insignificant between the two
non-grafted plant variants.
In both storage conditions, there is a better firmness of the V3, V5, V4 and V6 variants
compared to the control variants, V1 and V2.
Under hemibiosis conditions, the firmness of the variants varied between 198.15 PU to
240.02 PU; the grafted variants V3 and V5 had better firmness compared to the control
variant V1, the difference has been significant. And in conditions of physioanabiosis, the
firmness of the variants varied between 150.12 PU to 155.03 PU; variants V2 and V4 have
had better firmness compared to control variant V2, the difference has been insignificant.
The rootstock does not influence the firmness during the storage period under the research
conditions, the differential evolution between the initial phase and after storage is similar to
the grafted and non-grafted variants.
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The results of the organoleptic determinations on the appearance, textures and taste of the
fruit from the grafted and non-grafted tomato variants, fresh and after storage under the
research conditions are given in Table 4.
Table 4. Organoleptic determinations in tomatoes
Variant
initial
V1
V2
initial
V3
V4
initial
V5
V6

Organoleptic assessment (score)
appearance
texture
taste
total
14.90
34.90
50.00
99.80
12.93
24.85
45.22
83.00
13.85
30.92
47.30
92.07
15.00
35.00
50.00 100.00
13.82
30.23
45.34
89.39
14.90
33.00
47.52
95.42
12.00
34.50
32.40
78.90
10.75
34.05
34.20
79.00
11.88
30.85
35.23
77.96

Qualifying
very good
very good
very good
very good
very good
very good
good
good
good

In terms of quality aspects, texture and taste, the tomato variants grafted on 'Emperador’
rootstock have obtained the ‘very good’ grade, the tomato variants grafted on the 'Buzău’
rootstock have obtained the ‘good’ grade, compared to non-grafted tomato variants
(control), which have obtained the ‘very good’ rating.
Grafting, respectively rootstock has influenced the quality of fresh tomatoes, respectively
the ‘Emperador’ rootstock has influenced positively and the ‘Buzău’ rootstock has influenced
negatively the researched organoleptic aspects, but does not influence these aspects during
storage under experienced stat
CONCLUSIONS
The rootstock has influenced the total losses recorded on tomatoes during the storage: the
highest mass and spoilage losses of the tomatoes has been recorded in non-grafted tomatoes
(52.1% in hemibiosis, 1.5% in physioanabiosis), then in tomatoes grafted on the ‘Buzău’
rootstock (23.3% in hemibiosis, 0.3% in physioanabiosis) and on the ‘Emperador’ rootstock
(32.5% in hemibiosis, 1.2% in physioanabiosis).
Regarding the composition in the biochemical components investigated, the rootstocks used
have influenced the quality of the fruit during the storage.
The rootstock not influence the firmness during the storage of the fruits for a duration of
approx. 3 weeks in research storage states.
The rootstock has influenced the quality of fresh tomatoes, respectively the ‘Emperador’
rootstock has influenced positively (‘very good’ rating; 89.39-95.42 score) and the ‘Buzău’
rootstock has influenced negatively (‘good’ rating; 77.96-79 score) the researched
organoleptic aspects.
The obtained results require the extension of the researches and on other grafted
solanaceous and cucurbitaceous vegetable species, as well as on other storage states.
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