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POLYPHENOLIC PROFILE AND ANTIMICROBIAL POTENTIAL OF PEEL EXTRACTS
OBTAINED FROM ORGANIC POMEGRANATE (PUNICA GRANATUM L.) VARIETY
“MOLLAR DE ELCHE"

Marina CANO-LAMADRID*, Manuel VIUDA-MARTQOS, José Miguel GARCIA-GARVI, Jestis CLEMENTE-
VILLALBA, Angel A. CARBONELL-BARRACHINA, Esther SENDRA

Universidad Miguel Herndndez, Orihuela, Spain

The aim of this work was to determine the polyphenolic profile and the antibacterial properties of extracts from organic pomegranate
peel, to evaluate if it could be used as a potential antimicrobial ingredient to elaborated organic food. The antibacterial properties
of different organic pomegranate peel extracts (ethyl acetate, acetone and methanol, with an increasing polarity) were tested
against: Listeria innocua, Achromobacter denitrificans and Algaligenes faecalis. All extracts showed antimicrobial activity against all
bacteria tested except ethyl acetate extract against A. denitrificans. The polyphenolic profile was determined by High Performance
Liquid Chromatography (HPLC). Five compounds were identified. Punicagalin was the main component found in acetone and
methanol extracts (7,939 ug.g” and 5,178 pg.g™' of lyophilized sample, respectively). Ellagic acid was the main component found

in ethyl acetate extract (171 ug.g™ of lyophilized sample).
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Consumers have been questioning the safety of synthetic
preservatives of food (Al-Zoreky, 2009). As a result, there
is an increasing demand for natural products which
could serve as alternative food preservatives (Tajkarimi,
Ibrahim, and Cliver, 2010; Tehranifar et al., 2011). One of
them could be the co-products generated in the industrial
transformation of vegetables and fruits, insomuch as these
are potentially good sources of bioactive compounds
(Ayala-Zavala et al., 2011). In this way, during the industrial
processing of pomegranate juice, the wastes (mainly peel
and internal membranes) on average account for 50% of
the fresh weight. In the last recent years, little attention
has been paid to pomegranate non-edible parts (Hasnaoui,
Wathelet, and Jiménez-Araujo, 2014). Pomegranate peel is
a rich source of polyphenolic compounds, which possess
antibacterial properties (Al-Zoreky, 2009; Agourram et al.,
2013). A linear relationship between total phenolic content
and antibacterial activity against several microorganisms
has been previously reported (Shan et al., 2007).

In our knowledge, this is the first study where the
polyphenolic profile of organic certified pomegranate peel
extracts and their antimicrobial properties are evaluated
against listeria and other bacteria from refrigerated foods.
Thus, the aim of this work was to determine the polyphenolic
profile and the antibacterial properties of different organic
pomegranate peel extracts (acetone, methanol and ethyl
acetate based extracts), to know if they could be used as
potential antimicrobial ingredients to be included in organic
foods.

Plant material

Ripe pomegranate fruits, variety “Mollar de Elche’, were
obtained from an organic field certified by CAERM (Council
Agriculture the Ecological Region of Murcia) in Alquerias
(Murcia). Pomegranate peel (PoP) was obtained following
the procedure described by Gullén et al. (2016). After that,
the sample was lyophilized and stored under vacuum until
analyzed.

Determination of polyphenolic compounds

Extraction of polyphenolic compounds

The method run was described by Gullén et al. (2016). The
solvents used were: ethyl acetate (ea), 70% acetone in water
(ac) and 80% methanol in water (m) with an increasing
polarity. Three replicates were performed for each extraction
in order to calculate extraction yield, which was calculated
after removing the extraction solvents. Extracts were
named: PoP methanol (PoPm), PoP acetone (PoPac) and PoP
ethyl acetate (PoPea).

HPLC analysis

The determination of the phenolic compounds using High
Performance Liquid Chromatography (HPLC) was performed
on a Hewlett-Packard HPLC series 1,200 instrument
(Woldbronn, Germany) equipped with UV-Vis Diode Array
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Detector following Gullén et al. (2016). The compounds
were quantified through calibration curves of standard
compounds as mean of three replicates.

Antimicrobial activity

Microorganisms and growth conditions

Each pomegranate peel extract (PoPx) were was individually
tested against bacterial strains which are common spoilage
agentsorindicators of the presence of pathogenic bacteriain
refrigerated foods: Listeria innocua CECT 910, Achromobacter
denitrificans CECT 449 and Alcaligenes faecalis CECT 145.
These species were supplied by the Spanish Type Culture
Collection of the University of Valencia (CECT).

Minimum inhibitory concentration (MIC)

The antimicrobial activity against bacteria species was
determined based on a method proposed by Abate,
Mshana, and Miorner, (1998), with some modifications.
Bacteria were cultured in Mueller Hinton (MH) broth for
24 h at 37 °C (L. innocua, A. denitrificans and A. faecalis)
and diluted in sterile MH broth to a final level of 10° colony
forming units (CFU) mL". Dried organic PoPx obtained
with ethyl acetate, acetone 70% and methanol 80% were
suspended to concentration ranges from 50 to 100 mg.mL"
in MH and sterilized by filtration though a 0.22 um nylon
filter. The 96-well microplates (Iwaki, Japan) were prepared
by dispensing the extracts (the concentration of the
extracts on the media tested on the microplates ranged
from 20 microliters/mL to 0.009 microliters.mL"), fresh
media and 20 pL of microbial suspension (containing about
10® CFU-mL™) to a total volume of 300 pL. Contents of each
well were mixed on a plate shaker at 150 rpm for 2 min
prior to incubation for 24 h at 37 °C. After incubation, 25 pL
of 3-(4.5-dimethylthiazol-2-yl)-2.5-diphenyl tetrazolium
bromide (MTT) (Sigma Life Science), dissolved in dimethyl
sulfoxide (DMSO) was added to each of the wells and
incubated for 1 hin order to allow the viable microorganisms
to metabolize the yellow MTT dye into formazan (purple
crystals). The MIC was the concentration of the first well
that did not undergo colour change (from yellow to purple).
Results were confirmed by plating 10 mL samples from clear
wells onto MH agar medium. The procedure was repeated
three times for each microorganism.

Well diffusion method

The antibacterial action of the PoPx (100 mg.mL") was
tested on bacteria described using the well diffusion
method (Smith-Palmer, Stewart, and Fyfe, 1998). Wells
were aseptically made in the agar at the center of the
plate, in order to add 100 pL of the extract. The inhibition
zones around the wells were measured using a transparent
millimeter ruler. Two zones were identified as bactericidal
and bacteriostatic (Smith-Palmer, Stewart, and Fyfe, 1998).
For each extract and microorganism tested, three replicates
were made.

Statistical assay

Results are provided as the mean * standard error. First,
data was subjected to one-way (factor = extract) analysis
of variance (ANOVA) and later, data was also subjected
to the Tukey’s multiple-range test to compare the means.
Differences were considered statistically significant at
p <0.05. All statistical analyses were performed using
StatGraphics Plus 5.0 software (Manugistics, Inc., Rockville,
MD).

Polyphenolic profile

The extraction yield of the extracts was in a decreasing order:
Acetone > Methanol > Ethyl acetate (86.5, 67.5 and 3.8%,
respectively). The effect of the solvent used for extraction
showed significant differences (p <0.05) on the extraction
yield.In most of published researches on phenolic extraction
(Al-Zoreky, 2009; Akhtara et al., 2015; Nuncio-Jauregui et al.,
2015), the solvent used was methanol or methanol-water
given their high extraction yield, however, in this work
the most effective solvent was acetone-water, although
methanol extraction yield was also high. Table 1 shows
the HPLC profile of the three PoPx. A total of five phenolic
compounds were identified as punicalagins (PC), ellagic
acid (EA) and ellagic acid derivatives (EAd,, EAd, and EAd;)
in all extracts except EAd, which was not detected in PoPea.
In this work, PC is the sum of both isomers (a-punicalagin
and B-punicalagin) as usually reported by other authors
(Calin-Sanchez et al., 2013; Nuncio-Jauregui et al., 2015).

Table 1 Polyphenolic profile of organic pomegranate peel extracts (PoPx)

Compound Lyophilized Organic PoPx (ug.g™)

PoPm PoPac PoPea
Punicalagin 5,177 +249°* 7,939 +£103? 14 +5¢
Ellagic acid 603 +12° 1,026 +17° 171 +3¢
Ellagic acid derivate 1 823 +80° 1,026 +12° nd**
Ellagic acid derivate 2 293 +8° 494 +4° 20 £2°9
Ellagic acid derivate 3 283 £10° 528 +6° 22 £8¢

PoPm - 80% methanol extract; PoPac — 70% acetone extract; PoPea - ethyl acetate extract; * - values followed by different letter
within the same line were statistically different according to the Tukey’s multiple range test, (p <0.05); nd** — below LOQ [limit of
quantification determined as three times the standard deviation of the blanks, limit of detection (LOD), multiplied by the proper

dilution factor]




Table 2

and A. denitrificans

Minimum inhibitory concentration (MIC) of organic pomegranate peel extracts (PoPx) against L. innocua, A. faecalis

Microorganism MIC (mg.mL™")

PoPm PoPac PoPea
Listeria innocua CECT 910 50% 50 50
Alcaligenes faecalis CECT 145 70° 70° 100°
Achromobacter denitrificans CECT 449 100° 80° NA**

PoPm - 80% methanol extract; PoPac — 70% acetone extract; PoPea — ethyl acetate extract; * - values followed by different letter
within the same line were statistically different according to the Tukey’s multiple range test (p <0.05); NA** — not active

Table 3 Antibacterial effects of PoPx (100 mg.mL") on each bacteria studied, applying the diffusion method
Microorganism Diameter of inhibition zone (mm) *
PoPm PoPac PoPea
Listeria innocua CECT 910 (?éigﬁ) (11_'22%_31) 140.1 (0.9+0.1)
Alcaligenes faecalis CECT 145 nd** nd nd
Achromobacter denitrificans CECT 449 nd nd nd

* — the values shown are the mean averages for three replications; ** — no inhibition detected; Values within brackets indicate
bactericidal effect (no growth), whereas plain text valuers indicate bacteriostatic effect (slight growth detected)

The results showed that PoPac had the highest (p <0.05)
contents of all phenolic compounds identified followed by
PoPm. The major compound found in PoPm and PoPac was
PC (p <0.05) while in PoPea it was EA. The results obtained
were similar that to those reported by other authors
(Sarkhosh et al., 2007; Lu, Ding, and Yuan, 2008; Gullén et al.,
2016) who mentioned that the most abundant polyphenolic
compounds in pomegranate peel were PC followed by EA.

However,theuseof organicsolventsinthemanufacturing
process of food ingredients, in general and in organic
food in particular, is regulated and environmental aspects
should be taken into account related of the use of them as
the solvents used for extraction (Tabaraki, Heidarizadi and
Benvidi, 2012), in this case acetone and methanol are both
biodegradable.

MIC determination

The MICs, expressed in mg.mL™, of the extracts are presented
in Table 2. All extracts showed antimicrobial activity against
all bacteria tested except PoPea against A. denitrificans.
L. innocua was inhibited in the presence of 50 mg.mL" of all
PoPx. No statistical differences were found (p >0.05) in MICs
values of PoPac and PoPm against A. faecalis, whilst MIC of
PoPea was 100 mg.mL’1 (p <0.05). As regards, A. denitrificans,
PoPea was not effective. In general, the most active extract
was PoPac (p <0.05) followed by PoPm.

Inhibitory activity of PoPx against the microorganisms
may due to polyphenolic compounds present in the
extracts, mainly punicalagins and ellagic acid or their
derivatives. High-molecular weight proteins may react
with polyphenolic compounds and constitute complex
molecules, which can react with oxyreductase (cellular
enzymes) that exists in cell walls of bacteria (Tehranifar et
al., 2011), impairing the cell membrane structure, leading
to a loss of cell homeostasis (Li et al., 2014). There are
several works which inform that these compounds have
been recorded as having anti-microbial activity (Reddy et

al., 2007; Shan et al., 2007; Abuelsaad et al., 2013; Agourram
et al, 2013): EA has been reported to have antibacterial
activity against both Gram-positive and Gram-negative
pathogens (Miguel, Neves, and Antunes, 2010).

Diffusion method

The antimicrobial efficacy of the PoPx against bacteria
was evaluated using a diffusion method to measure the
surrounding inhibition zones.Table 3 shows the antibacterial
activity of the PoPx (100 uL concentration 100 mg.mL™) as
determined by applying the diffusion method. All extracts
were effective against L. innocua being the maximum
value for bacteriostatic effect 2.4 mm which corresponded
to PoPm and really scarce for bactericidal effect. As to the
other bacteria, both Gram negative, no inhibitory effect was
observed using the studied extractsstudied. Given that the
inhibitory effect was only detected against the only Gram
positive bacteria tested, it may be possible that the nature of
the cell wall would be related to the mechanism of action of
the extracts. These results showed as well, that compounds
in the extracts have little diffusivity to the surrounding
environment and that their mechanisms of inhibitory action
require the direct contact with the target bacteria. So they
would be effective when included in food formulation as
well as in antimicrobial coatings or films.

Conclusions

From the present study, it could be concluded that organic
pomegranate peel has antimicrobial activity due to the
content of polyphenolic compounds. The polar solvent
acetone : water (70 : 30) gets the highest extraction yield
as well as antimicrobial activity. Pomegranate peel extracts
grown by organic agricultural practices could be considered
as a possible functional source of additives exerting
antibacterial effect against listeria and other psicrophilic
psychrophilic bacteria to elaborate organic foods or to be

included in films or coatings.
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SWEET CHERRY FRUIT CHARACTERISTIC IN COVERED ORCHARDS

Radek VAVRA

Research and Breeding Institute of Pomology Holovousy Ltd., Czech Republic

The aim of evaluations performed in experimental plantings of the Research and Breeding Institute of Pomology Holovousy
Ltd. was to verify the effect of covering systems on fruit characteristics - size, weight, firmness and soluble solids content (SSC).
The research was focused on evaluation of fruit characteristics in 2017 and 2018 on fourteen cultivars: ‘Amid’, ‘Cristiana’, ‘Early
Korvik’, ‘Elza’, ‘Fabiola’, ‘Felicita’, Horka’, "Justyna’, ‘Kasandra’, ‘Kordia’, ‘Korvik’, Tamara’, ‘Téchlovan” and 'Vanda’. The tested
cultivars were grown in an IPM irrigated covered orchard. The largest fruit size was recorded for the cultivar ‘Tamara’ with 29.5 mm
followed by the cultivar "Horka’ with 29 mm and ‘Felicita” with 28.6 mm. The greatest weight was recorded for the cultivar ‘Tamara’
with 12.4 g followed by ‘Felicita” with 12.3 g. The greatest firmness was recorded in fruits of the cultivar "Amid” with index 77.5
and ‘Tamara” with index 73.2. High correlation between fruit characteristics was found only between weight and size of fruits
(correlation coefficient 0.88). High differences were recorded between years. In 2017, fruits characteristics were higher (size
27.5 mm, weight 10.9 g, firmness 65.3, SSC 19.3 °Brix) while in 2018, fruit characteristics were lower (size 26.5 mm, weight 9.2 g,

firmness 59.2, SSC 16.5 °Brix).

Keywords: Prunus avium L.; fruit quality; fruit weight; fruit size; fruit firmness; soluble solid content

Modern sweet cherry orchards are equipped with covering
systems against rain which affect the quality of the fruit
in particular by reducing the rain-induced fruit cracking.
The positive effect of covered plantings is also higher fruit
size and weight which increases the price of cherries and
marketability of production. Nowadays, retail chains and
consumers demand high-sized cherries over 30 mm in the
width of the fruits (Measham et al, 2014, Meland et al,,
2014). This size can be achieved by using covering systems
against rain. Information related to the specific conditions of
growing cherries in covered plantings, supplemented with
knowledge about technologies of protection against major
diseases and pests is essential for cherry growers. Higher
quality and better marketability production from covered
plantingsis proved by ever-increasing areas of these systems
in Europe and in all other continents. The most commonly
used systems in practice include Haygrove tunnels (www.
haygrove.com), and single-row systems e.g. VOEN system
(www.voen.de). Other systems, such as retractable roof
technology (www.cravo.com), are also used in North and
South America. Regardless of the type of covering systems,
the main objective is to achieve the harvest of high market
quality fruits. The influence of the VOEN system on the
quality of cherries was evaluated at the location Holovousy
in the Research and Breeding Institute of Pomology, Czech
Republic. The results are presented in this paper.

The research was focused on covered experimental cherry
plantings at the location Holovousy. Climatic conditions of

Holovousy are characterized by average annual temperature
of 8.1°C and average annual rainfall of 655 mm. The soil
was medium loam sandy with rather deep cultivated
layer on gravel substrate. The orchard was located at the
altitude of 300-370 masl. Experimental trees were trained
as spindles using strong wooden stakes as supports. Clean
strips were kept under the trees by contact herbicides
whereas frequently cut sod was kept in alleys between
the tree rows. Fertilizers were applied according to soil
analyses. Spraying treatment against pests and diseases
was conducted based on recommendations used for
commercial orchards. The tested cultivars were grown in an
IPM covered orchard. Irrigation was applied in the covered
orchard. The experiments were focused on sweet cherry
fruit characteristics.

The aim of the experiments performed in 2017-2018
was to verify the effect of covering systems (company
VOEN, Germany) on cultivar differences in fruit weight, fruit
size, fruit sweetness (soluble solids content; SSC) and fruit
firmness. In this evaluation there were involved cultivars
‘Amid’ ‘Early Korvik, ‘Elza’ ‘Fabiola; ‘Felicita; "Horka;
‘Christiana’ "Justyna’ ‘Kasandra’, "Kordia, ‘Korvik, Tamara’,
“Téchlovan’and "Vanda'

The fruits were harvested at the ripening time according
to the individual cultivars. The samples were transferred to
the laboratory and evaluated immediately. In each sample,
25 fruits were evaluated for each genotype in two replicates.
Fruit weight in grams, fruit size (width in diameter) in
millimetres, fruit soluble solids content (SSC) in Brix and fruit
firmness were recorded. SSC was measured using a digital
refractometer HI 96801 (HANNA Instruments, USA), fruit
firmness by a Durofel instrument (Copa-Technology, France)
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by index of 1-100 (with 100 being
the maximum firmness), weight on
a digital scale Kern 440-49N (KERN &
SOHN GmbH, Germany), and fruit
width by digital callipers. All data
were statistically processed by an
analysis of variance by STATISTICA

software (version 12, Stat Soft).
Significant differences between the
means for each sweet cherry cultivars
were determined by the Tukey’s test
at p <0.05. The mutual dependence
of two measured characteristics
of individual fruits in all evaluated

Table1 Evaluation of sweet cherry cultivars in 2017 and 2018
Cultivar Weight Size SSC Firmness
(9) (mm) (°Brix) (index 1-100)
Amid 809 24.8 hi 19.1 ab 775a
Cristiana 9.7 def 27.7 bed 20.2a 61.7 bcd
Early Korvik 10.0 def 27.0de 17.4 bed 58.7 cd
Elza 10.3 cde 273 cd 18.7 abc 66.3 b
Fabiola 10.5 cde 26.9de 17.4 bcd 57.2d
Felicita 12.3ab 28.6 ab 15.1e 64.6 bc
Horka 10.0 ab 29.0 ab 18.0 abcd 63.6 bc
Justyna 9.9 def 26.8 def 18.4 abc 59.0 cd
Kasandra 789 244 16.3 de 427 e
Kordia 10.6 cd 26.4 defg 19.0 ab 57.5a
Korvik 9.5 ef 26.0 efg 17.1 cde 62.2 bcd
Tamara 124a 29.5a 18.3 abc 732a
Téchlovan 11.1 bc 28.2 bc 17.2 cde 645b
Vanda 9.1f 25.8gh 19.7 a 63.1 bc
Table 2 Correlation coefficients of fruit characteristics
Fruit characteristic Weight Size SSC Firmness
Weight X 0.88 0.53 0.35
Size 0.88 X 0.33 0.38
SSC 0.53 0.33 X 0.33
Firmness 0.35 0.38 0.33 X
Table 3 Differences between years
Year Weight (g) Size (mm) SSC (°Brix) Firmness (index 1-100)
2017 109a 275a 193 a 653 a
2018 9.2b 26.5b 16.5b 59.2b
30 2579.028.628.227.727.327.026.926.826.426.025.824.874 4
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Figure 1 Evaluation of fruit size (mm)

cultivars is expressed by correlation
coefficients.

The results of the evaluation are shown
in tables 1-3 and Figs 1-4.

Fruit size

Fruit size was higher in 2017 with the
mean value of 27.5 mm than in 2018
with the mean value of 26.6 mm. The
biggest fruits were recorded for the
cultivar Tamara’ (29.7 mm) followed by
the cultivars ‘Horka” and ‘Felicita” with
29.0 mm and 28.6 mm, respectively.

Fruit weight

Fruit weight was higherin 2017 (10.9 g)
than in 2018 (9.2 g). Year on year
differences in the weight of the fruit
were observed mainly in the cultivars
"Amid;, ‘Korvik’ and 'Vanda' The weight
of the cultivar "Amid’ was by 25.1%
lower in 2018 (6.8 g) than in 2017
(9.1 g). The same phenomenon was
observed for ‘Korvik’ with the weight
by 24.8% lower in 2018 (8.2 g) than in
2017 (10.9 g). The weight of the cultivar
‘Vanda’ was also lower by 25.2% in
2018 (7.8 g) than in 2017 (10.4 g). The
greatest weight was recorded for the
cultivar "Horka’in 2017 (12.9 g). In both
years, the cultivar Tamara’ had the
biggest fruit weight (12.4 g). In 2017,
the smallest fruit weight was recorded
by the cultivar ‘Kasandra’ (7.8 g).

Fruit firmness

Fruits were less firm (59.2) in 2018
than in 2017 (65.3). The greatest
firmness was recorded for “Tamara’ in
2017 (82.7). In 2018, the highest fruit
firmness was found for ‘Amid’ (74.5).
On the contrary, the lowest firmness
of 41.2 was recorded for the cultivar
‘Kasandra’in 2018 and 44.2 in 2017.

SSC

Higher fruit sweetness was recorded in
2017 (19.3 °Brix) thanin 2018 (16.5 Brix).
This observation can be explained by
hot weather during ripening in 2018.
Fruits ripened very quickly and it had
the impact on lower fruit sweetness
and also fruit size (both weight and
width).
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Correlation between fruit characteristics

High correlation between fruit characteristics (table 2) was
found only between weight and width of fruits (correlation
coefficient 0.88). This dependence can be described using
the linear regression function y = 0.9204x - 14.741 (Figure
5). Medium dependence was found between the fruit
weight and the fruit SSC (correlation coefficient 0.53). Low
dependence was recorded in the relation fruit weight - fruit
firmness (correlation coefficient 0.35), size — SSC (correlation
coefficient 0.33) and size — firmness (correlation coefficient
0.38).

Conclusion

The results point to large year on year differences in fruit
weight, size, SSC and firmness and also differences among
the tested cultivars. In 2017, the fruits of all cultivars
reached higher weight and fruit size than in 2018. The
cause of the small yields in 2017 is frost damage during the
tree flowering period; the fruit set was reduced. As a result
of frost damage, the fruit set was lower in 2017 which was
reflected in their higher weight and size. The lower weight
and size of fruits in 2018 can be explained by very warm
and dry weather, when the fruits of all cultivars ripened
very quickly and the period was not long enough to grow to
the size and weight as in 2017.

The records showed differences in fruit firmness
between years and among the tested cultivars. Differences
in fruit firmness among the cultivars indicate the differences
in their cell structures, skin characteristics, compositions
and/or respiration rates (Karacali, 2012). The highest sizes
of fruits (29 mm and more) were achieved by the cultivars
‘Tamara’, "Horka’ and the newly registered cultivar ‘Felicita’
The weight of fruits over 12 g was recorded in the cultivars

‘Tamara;, ‘Horka’ and ‘Felicita; which confirms the high
quality of the breeding programme of sweet cherries at
Holovousy that is focused on selection and creation of
high fruit size cherry cultivars. Fruit firmness of ‘Amid” and
"Tamara’” was higher than that of the other cultivars.

The differences in fruit characteristics among the
cultivars observed in this evaluation of tested cultivars
are in accordance with the observation of Sen et al,, 2014
which includes differences in fruit quality during storage
and transportation to consumers. Breeding programme and
selection of new cultivars should be also focused on high
ability of cherry fruits to long term storage and long shelf
life.
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THE SAFFRON (CROCUS SATIVUS L.) CULTIVATION INTRODUCTION
IN MOUNTAINOUS OASES OF ALGERIA

Khalila BENGOUGA*"?, Selwa LAHMADI"?, Rouguia ZEGUERROU?,
Moufida MAAOUI?, Youcef HALIS?

"Mohamed Khider University, Biskra, Algeria
2Center of Scientific and Technical Research on Arid Regions (CRSTRA), Biskra, Algeria

An FNR project entitled “Promotion of Saffron (Crocus sativus L.) cultivation for the profit of arid and semi-arid regions’ women” is
led by the CRSTRA. The investigations made during 2013 and 2014 in different arid and semi-arid regions of Algeria have permitted
to install Saffron (Crocus sativus L.) cultivation in five principle sites: Ain Zaatout, Beni Souik, Branis, Djemorah and Maafa (Algeria).
These mountainous oases are characterised especially by lack of water. After analysing the investigation results, saffron corms
were distributed to women to be cultivated. The sowing was realised on different dates. The results obtained in the first year of
saffron cultivation in mountainous oases of Algeria are promising. The flowering took place in the same year in four sites; it is the
case of Ain Zaatout, Beni Souik, Djemorah and Maafa. However, the flowering took place in the second year in the site of Branis.
The difference in saffron flowering occurrence can be attributed to the difference in altitude, the pedo-climatic difference as well

as the difference in the date of sowing.

Keywords: Saffron, mountainous oases, flowering, Algeria

Saffron has been a savoured flavour since antiquity, a well-
known and highly priced dried spice which is obtained
from the stigmas and the styles’ tops of Crocus sativus L.
The area of its repartition spreads from the Mediterranean
Sea over Persia to India (Ait-Oubahou and El-Otmani,
1999; Schmidt and Betti, 2006). Thus, saffron growing can
prosper without doubt in all North Africa; Algeria, Tunisia,
and Morocco (Chevalier, 1926). Increasing world interest in
the use of fragrance, colour, flavour and medicinal sources
with plant origin, has broadened horizon for production and
consumption of saffron (Behdani, 2011). It is a traditional
production, practicedin Moroccoforseveral centuries (Garcin
and Carral, 2007) and it has been operated in Morocco for
more than 15 years especially during 2004 (Lage, Faiz and
Cantrell, 2006). Nowadays, a pioneering project has been
monitored by the CRSTRA during 2009-2012 in Algeria
(Lahamadi et al., 2013); the encouraging results of the first
project led to the proposition of a second project which
was conducted during 2013-2016, focusing on saffron
introduction for the profit of rural women. Thus to improve
rural population income, and to create and to valorise rural
women'’s jobs; the multi-annual cultivation of saffron not
very exigent in surface, water and mechanisation has been
introduced in 5 mountainous oases of Algeria.

After a prospection period during 2013-2014 in different
arid and semi-arid regions of Biskra and Batna districts

(Algeria: Fig. 1), an enquiry was conducted in five oases
about the knowledge and the acceptance of the cultivation
of saffron by rural women; samples consisted of 10% of the
families owing land except for the oases of Djemorah where
only two samples were inquired due to technical constraints.
A woman per household was inquired whether she knew
saffron (Crocus sativus L.) and if she accepted to cultivate the
corms and keep up the growing until flowering.

Based on the results of the enquiry, 5 sites in the
piedmonts of Aurés in North East of Biskra (Fig. 1) were
chosen based on their altitudes and acceptance to install
saffron (Crocus sativus L) growing, a mean number of
30 corms (1.5 to 2.5 cm in diameter) were sown in parcel of
9 m?in each site (Table 1).

Thus, saffron corms were sown in small areas devoted
previously to cultivating subsistence crops. Soil preparation,
irrigation and weeding of saffron in experimental parcels are
done manually by women who accepted to cultivate saffron.
Rainfall annual amount and mean annual temperature
during 2014 for the oases of Ain Zaatout, Beni Souik,
Djemorah and Maafa and in 2015 for the oases of Branis
are mentioned in Table 1, calculated according to www.
worldweatheronline.com.

Accordingly, Ain Zaatout known also by the name of
Beni Farh, is influenced by the local steppe climate, and
throughout the year, there is little rainfall there. However,
Beni Souik has a warm Mediterranean climate with dry
summers. Branis and Djemorah have a desert climate. In
Branis, rain is practically non-existent and in Djemorah
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Figure 1 Experimental sites of Crocus sativus L. cultivation

Table 1 Altitude, Rainfall, Mean Annual Temperature and sowing dates of different sites
Sites Sowing date Altitude (m) Rainfall (mm) Temperature (°C)
Ain Zaatout 11/09/2014 831 168.53 22.58
Beni Souik 10/10/2014 553 53.46 21.83
Branis 07/12/ 2014 250 101.2 21.83
Djemorah 09/09/2014 400 53.46 21.83
Maafa 11/09/2014 735.6 (Tasserghinet) 263.81 15

throughout the year, rain is technically non-existent.
Meanwhile, Maafa is influenced by the local steppe climate.
The rains are light in Maafa and all year round (climate-data.
org and planificateur.a-contresens.net).

Enquiry results

The results in Table 2 show less knowledge of saffron
(27%) in the prospected regions. The unfamiliarity of
the population with saffron, that it is a plant of moderate
countries with arid summer (Mediterranean and steppe
climate) originated from the Mediterranean seaside where
it grows on mountains of low altitude, is probably due to the
fact that previously in North Africa, saffron existed only in
scarce indigenous gardens (Chevalier, 1926). It has not been
operated especially in arid and semi-arid regions and most
interrogated women recognised saffron as a spice and not
aplant.

The women did not oppose its cultivation. On the
contrary, 59% of them accepted to sow the corms because
as rural women of these regions they are interested to
improve family income. Especially if they were informed that
saffron is the principal source of revenue for the households
of mountainous zones in the region of Taliouine-Taznakht in
Morocco (Aboudrare, Aw-Hassan and Lybbert, 2014). Also,
55% of inquired women persist in supporting its cultivation
even with the exigency in manual work as rural women
were informed that saffron needs 95 days of work (flowers
collection, prunage) by household. These tasks have to
be realised in October-November. Most of them assumed
that they will accomplish the work themselves. Meanwhile,
Aboudrare, Aw-Hassan and Lybbert (2014) reported the cut
of saffron dried leaves is equally assumed by women. The
corms harvest, soil work, sowing, fertilisation and irrigation
are essentially masculine tasks. Thus, women answered that
they will encourage their family members to contribute in
the fulfilment of the growing as it is a family work that needs

the involvement of adults as well as young people.



Table 2 Knowledge and acceptance of Crocus sativus L. cultivation in Algeria (%)
Site Ain Zaatout Beni Souik Maafa Djemorah Branis Total
Ni 24 20 34 2 20 100
KS 16 10 1 0 0 27
AS1 10 18 18 2 11 59
AS 2 8 18 18 2 9 55

Ni - number of women enquired by site; KS — knowledge of saffron; AS1 - acceptation to cultivate saffron for its important income;
AS2 - acceptation to cultivate saffron even with its exigency of manual work

Saffron cultivation

Saffron presented an adaptation aptitude in sites of an
altitude inferior to 600 masl; and it bloomed in the same
year in the case of Beni Souik and Djmorah. Flowering dates
are staggered in an increasing gradient in the different
sites (Table 3): Beni Souik, Ain Zaatout, Djemorah, Maafa
and Branis. The length of the period between the date of
sowing and flowering (Fig. 2) depends on sowing precocity
and tardiness. Sure enough the oasis of Beni Souik has
the last date of sowing which is more tardy than those
adapted in Morocco (Ait Oubahou and Eloutman, 2002);
even though it registered the shortest duration (35 days);
this duration is similar to the reports by Skinner, Parker
and Ghalehgolabbehbahani (2017) who reported that
for the planted saffron corms in mid-late August or early
September in watered soil flowering begins after 30-40
days. Meanwhile, all the flowering stages take place during
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Figure2 The length of the period between sowing and
flowering dates

November; these results are analogous to those reported
by Lahmadi et al. (2013) though the authors registered the
flowering only during the second year of plantation after
a sowing realised on the 3™ October 2010.

Flowering precocity depends especially on altitude
and temperature factors, knowing that saffron growing
needs altitudes between 600 and 1200 m, and the optimal
temperature for flowering of about 17° C (Devant, 2008;
Molina et al,, 2005); thus, the site of Ain Zaatout with the
highest altitude (831 m) presented the most precocious
date of flowering. And it is probable that site’s saffron that
has the best quality as altitude is a determining factor
of major metabolites (crocin, picrocrocin and safranal)
quality with positive effect particularly on crocins content.
(Zarinkamar, Tajik and Soleimanpour, 2011; Lage et al,
2009). However, the sites of Beni Souik and Djemorah
presented more precocious flowering dates than the site of
Maafa even though this site has a higher altitude; this can
be attributed to low temperature registered in the oases
of Maafa (11 °C) during November 2014 compared to the
two oases of Beni Souik and Djemorah which recorded the
suitable mean temperature (17 °C) during November 2014
(worldweatheronline.com). Temperature would be the main
criterion for estimating the time of flower emergence in this
plant. Flower initiation in saffron starts in the late spring;
however, flowers appear in the early autumn (Behdani,
2011). Meanwhile, the site of Branis presented the last date
of flowering that is due to tardy sowing of corms in this oasis.

Saffron yield obtained in the five oases (Table 3) is
low because of the small size of the corms (1.5 to 2.5 cm)
given to rural women to be sown; meanwhile, planting
larger-sized corms significantly improved spice yield and
daughter corm production in the second year (McGimpsey,
Douglas and Wallace, 1997); thus, quality of saffron has not
been studied in this year. Nevertheless, we estimate that
saffron yield in Ain Zaatout (Beni Farh) is the best one that
is attributed to the deep drain soil, rich in organic manure

Table 3 Saffron yields in different sites
Site Flowering date NC NF %
Ain Zaatout 10/11/2014 30 15 50
Beni Souik 14/11/2014 30 2 6.66
Branis 23/11/2015 30 2 6.66
Djemorah 11/11/2014 30 3 10
Maafa 24/11/2014 30 1 3.33
Total / 150 23 15.33

NC - number of corms, NF — number of flowers




and the satisfactory doses and time of the first irrigation
which is the most important factor in initiating the flower
emergence in saffron (Behdani, 2011).

Conclusion

The results obtained in the first year of saffron cultivation
in mountainous oases of Algeria are promising. Crocus
sativus L. has presented an adaptation aptitude in sites of
altitudes inferior to 600 m (Beni Souik and Djemorah) and
a flowering was recorded in the same year of plantation.
Indeed, altitude combined with temperature is proved to
be a determinant factor of saffron flowering in these sites.
As those oases have their special agricultural systems, palm
date and arboriculture which must be conserved and since
small areas are available to grow up crops, saffron can be
introduced as a medicinal plant of high value in association
to the ancient agricultural systems to ensure double
production of these oases which will increase income of
rural population. In order to spread the saffron culture in
different Algerian regions, more growers around the country
begin to cultivate it; thus, a better appreciation of regional
differences effect on saffron life cycle will be obtained to
explain the differences of flowering occurrence according to
factors such as altitude, temperature, pedo-climatic factors,
irrigation and the date of sowing.
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APHIDS (HEMIPTERA: APHIDIDAE) ON PLUM AND CHERRY PLUM IN BULGARIA

Pavlin VASILEV*, Radoslav ANDREEV, Hristina KUTINKOVA

Agricultural University, Plovdiv, Bulgaria

The species complex and infestations of aphids on plum (Prunus persica) and cherry plum (Prunus cerasifera) in Bulgaria were
investigated during the period 2013-2018. Nine species from the family Aphididae were found: Brachycaudus helichrysi Kaltenbach
(leaf-curling plum aphid), Hyalopterus pruni Geoffroy (mealy plum aphid), Phorodon humuli Schrank (hop aphid), Brachycaudus
prunicola Kaltenbach (brown plum aphid), Brachycaudus cardui Linnaeus (thistle aphid), Brachycaudus persicae Passerini (black
peach aphid), Rhopalosiphum nymphaeae Linnaeus (waterlily aphid), Aphis spiraecola Patch (spiraea aphid) and Pterochloroides
persicae Cholodkovsky (peach trunk aphid). The dominant species on plum are Hyalopterus pruni and Brachycaudus helichrysi. The
first species is more widespread and of significantly higher density. The dominant species on cherry plum are Phorodon humuli
and B. helichrysi. The species Brachycaudus prunicola is widespread both on plum and cherry plum in Bulgaria. It was found only
on twigs, and therefore cannot be considered as a dangerous pest on fruit-bearing plum trees. The other species, some of them

described as dangerous pests on plum, are today fairly rare and occur in low density, thus posing no danger to orchards.

Keywords: Brachycaudus, Hyalopterus, Phorodon, Rhopalosiphum, Pterochloroides, Aphis

In recent years, the areas with stone fruit orchards in Bulgaria
have considerably exceeded the areas with other fruit crops
(Agrostatistics, 2016). Plum orchards (including cherry plum)
take second place in the country, after cherries, with the
area of over 6,700 ha. Plum is attacked by a number of pests
and requires a well-organized system of plant protection
measures for the protection of fruits, foliage and wood. The
most economically important pests are red plum maggot,
plum sawfly and some aphids. According to the authors
of the Good plant protection practices on plum (Lecheva
et al, 2006), dangerous pests from the group of aphids are
only three species: plum-thistle aphid Brachycaudus cardui
L., mealy peach aphid Hyalopterus amygdali Blanchard
and mealy plum aphid Hyalopterus pruni Geoffroy. Seven
aphid species on plum in Bulgaria are described by
Grigorov, Tashev and Grigorov (2004): leaf-curling plum
aphid Brachycaudus helichrysi Kalt., B. cardui, brown peach
aphid Brachycaudus prunicola Kaltenbach, H. pruni, peach
trunk aphid Pterochloroides persicae Chol., waterlily aphid
Rhopalosiphum nymphaeae L. and black peach aphid
Brachycaudus persicae B.d.F.

Aphids in Bulgaria have not been studied in depth by
the end of the last century and the aim of the present study
was to establish species composition, distribution and rate
of infestation of aphids on plum and cherry plum in our
country.

Surveys were conducted in plum and cherry plum orchards
during 2013-2018: in 2013 - only in the Plovdiv district, in

the following two years — in orchards of 128 municipalities
across all 28 districts of Bulgaria — in 2014, the southern part
of the country, and in 2015 the northern part. The number
of the surveyed locations depended on the area of the
respective district. Single observations were conducted
over the next three years: 2016-2018. In each of the
surveyed orchards, a minimum of 200 shoots from 10-20
trees randomly located in the area, were examined. The
percentage of infested shoots for each aphid species was
estimated. The data were then converted to a five-grade
scale similar to the one developed by Mikhailova, Straka and
Apostolov (1982), where the grade 0 indicates no infested
shoots; grade 1 - less than 5% infested shoots; grade 2 -
between 5 and 15% of infested shoots; grade 3 —between
15 and 50% of infested shoots and grade 4 — more than
50% of infested shoots. The maps presented in “Results and
Discussion” show only where the aphids are found for the
species of minor importance as pests.

When the aphid species could not be identified visually
by the coloration of the individuals in a colony or by the type
of the damage, microscope slides were prepared according
to the method of Martin (1983). The keys of Shaposhnikov
(1964), Blackman and Eastop (2000) and Leclant (2000) were
used for identification.

Nine aphid species (Hemiptera: Aphididae) were found
feeding on plum (Prunus domestica) and cherry plum (Prunus
cerasifera) in Bulgaria: leaf-curling plum aphid Brachycaudus
helichrysi (Kaltenbach), mealy plum aphid Hyalopterus
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pruni (Geoffroy), hop aphid Phorodon humuli (Schrank),
brown plum aphid Brachycaudus prunicola (Kaltenbach),
thistle aphid Brachycaudus cardui (Linnaeus), black peach
aphid Brachycaudus persicae (Passerini), waterlily aphid
Rhopalosiphum nymphaeae (Linnaeus), spiraea aphid Aphis
spiraecola (Patch) and peach trunk aphid Pterochloroides
persicae (Cholodkovsky).

Leaf-curling plum aphid B. helichrysi and Mealy plum
aphid H. pruni are the dominant species. They were found in
most of the surveyed places.

B. helichrysi is a widespread species throughout
Bulgaria (Fig. 1). It attacks both plum and cherry plum.
In the southern part of the country, we found a stronger
attack. In the municipalities of Gotse Delchev, Simitli and
Stamboliyski, the infested shoots exceeded 50%. The species
was not found only in the municipality of Dimitrovgrad. The
infestation in northern Bulgaria was weaker and there was
no area where it exceeded 15%. The species was not found in
seven of the surveyed municipalities — Antonovo, Brusartsi,
Dobrich, Pleven, Ruse, Slivo Pole and Yablanitsa. The aphid
causes severe deformations by stopping the growth of
attacked shoots and given its widespread prevalence it
can be concluded that this is one of the most dangerous
pests in these fruit crops although in May it migrated to its
secondary hosts.

Hyalopterus pruni is the other widespread species
in our country (Fig. 2) attacking plum more strongly,
but also cherry plum. The aphid was not found in
18 municipalities, all of them in the southern part of the
country. However, in the area where the attack develops it
is significant and in 7 of the regions surveyed the infested
shoots exceeded 50%.

In North Bulgaria obviously the conditions were more
favourable for the spread of this aphid and it was established
in all surveyed municipalities. A strong infestation of
the shoots was recorded in Misia — 53.6%, Levski and
Tutrakan - 60.2% and 65.7%, respectively, and in Rousse
and Slivo Pole — over 80%. None of the other aphids, found
on plum and cherry plum, have shown such a high rate of
infestation.

In southern Bulgaria, distribution of the species is limited.
It is not established in five municipalities of the Smolyan
destrict, four in the Blagoevgrad district, three in the
Kardzhali district, two in Plovdiv and Stara Zagora districts
and one in Pazardzhik and Pernik districts. Infestation
over 50% was registered only in isolated orchards of the
municipalities of Dimitrovgrad and Plovdiv.

Unlike B. helichrysi, H. pruni does not cause leaf-curling
and stop the growth of infested shoots, but stay on trees
longer —inlate spring and summer. The species formed large
colonies and because of its high density causes a premature
leaf drop, as well as significant collateral damage with the
secreted “honey dew"”. It belongs to the dangerous pests on
these fruit crops.

Phorodon humuli is the third most widespread species
in Bulgaria (Fig. 3). It was found in more than a half (80) of
the surveyed 143 municipalities. The highest density of the
aphid was recorded in the Sadovo municipality — more than
50% infestation on shoots. In the municipalities of Peshtera
and Panagurishte, the infested shoots made up 38.4%
and 28.4% of the whole, respectively. The species was not
found in 62 municipalities — 19 in northern Bulgaria and
43 in southern Bulgaria. This includes the whole districts of
Burgas, Rousse and Haskovo. The pest has a preference for

ki L -- . Spe " £
Ir"nf;:u o ¥ F S 1) :.,..L.r.""'& £ 1 i Ve

L e,

P ] ; 9 . |“‘;'..,-..q. PPty .;.m‘l s, R
Tt £ =g = Frarsia Biskmimrny 7
b oo st i el o MR M)A
_F,q.m iy = - i ‘:-:_'" el i i '-FFE‘,._:.
T e R e g, S s b
a0 P a o
X |I-':l| i S e ﬂ‘
L ] i - G I ™ T Pk & o o3
p— =y e k L i W Frstn b
R p——
Py - o L T
e P A i
anga b, umtieg C q‘::_‘*’ pila **:-n e, -
T ' Arpar B peruni

g

®-gradez o hIR

‘ af
7 l ® - grade 3 KE¥: ¢y
1_'- = . -wm. 4 ’“:i:‘ﬂ-'ﬂo :f::.-:rﬂll"\.

Figure 1

Distribution and infestation of Brachycaudus helichrysi on plum and cherry plum in Bulgaria during 2013-2018
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the cherry plum and attacks only some varieties of plums,
but usually it has high population density and can cause
premature fall of the leaves of infested shoots, although it
does not cause leaf-curling and deformations.

Brachycaudus cardui is a relatively rare species on the
territory of the country (Fig. 4). In northern Bulgaria the pest
is established only in 12 of the surveyed municipalities. The
infestations are weak and usually do not exceed 5%. In the
southern part of the country the species has a much wider
spread, demonstrating a stronger attack. It was established
in 21 municipalities in nine of the districts, and in Smolyan
and Chepelare the infestations were highest in the whole
country, reaching almost 50%. In the municipalities of
Zlatograd, Lucky and Tran, average infestations of about
15% were recorded. The infestations were up to 5% in the
rest of the surveyed areas. The aphid was not found in 12
districts of the country - Burgas, Varna, Veliko Tarnovo,
Vidin, Dobrich, Pleven, Razgrad, Rousse, Targovishte, Sliven,
Haskovo and Yambol. The species causes leaf-curling and
deformations, but has no importance as a pest because of
its low spread.

It was found out that the black peach aphid Brachycaudus
persicae infested more plum and cherry plum than peach
(Andreev and Vasilev, 2017). In these orchards, the aphid
was found in 44 of the surveyed regions — almost equally in
the northern and southern parts of the country (Fig. 4). The
infestations on the shoots made about 5%, the strongest
in the municipalities of Antonovo, Kostinbrod, Omurtag
and Chepelare. The species was not found in nine of the
districts — Veliko Tarnovo, Vidin, Dobrich, Razgrad, Ruse,
Silistra, Stara Zagora and Shumen. This species also causes
leaf-curling and deformations, but is of no importance as

a pest on plum and cherry plum because of its low level of
infestations.

Brachycaudus prunicola is widespread and was found
in most of the areas examined, with the exception of the
districts in the southeastern part of the country — Burgas,
Haskovo, Yambol, Sliven and Kardzhali. The species occurred
in the orchards till September. The aphid causes leaf-curling
and strong deformations which stop the growth of the
infested shoots, but the aphid colonized only offshoots at
the base of plum trees. It can be concluded that the species
is not a primary pest on plum and cherry plum despite its
wide distribution (Fig. 4).

The trees from the genus Prunus are primary hosts for
the waterlily aphid R. nymphaeae. Due to its specific bio-
ecological characteristics, the species was found in relatively
few places in the country (Fig. 4). In southern Bulgaria, the
species was found only in separate gardens and plantations
of the Bourgas, Plovdiv and Stara Zagora regions. In
southern Bulgaria, the species was found only in separate
orchards of the Bourgas, Plovdiv and Stara Zagora districts.
The strongest infestation was registered in the municipality
of Plovdiv: 23% on the upper shoots of young garden and
36.7% in the offshoots at the base of plum trees. In northern
Bulgaria the species was established only in 4 districts —
Varna, Gabrovo, Dobrich and Silistra. In the municipalities
of Varna and Devnya, the infestations were the strongest -
6.4% and 5.0%, respectively. In all other areas where the
species was found, the infestations were under 5%. The pest
does not cause leaf-curling and deformations but can cause
a delay in the growth of the attacked shoots and premature
fall of the leaves and in case of higher infestations could be

a dangerous pest for young orchards and nurseries.



Two more species of aphids with low density were
found on plum and cherry plum: the spiraea aphid
(A. spiraecola) and the peach trunk aphid (P. persicae). The
spiraea aphid was established only on offshoots in the
municipality of Plovdiv and Mezdra, and the peach trunk
aphid was observed on single trees only in the municipality
of Plovdiv.

Conclusions

Nine aphid species (Hemiptera: Aphididae) were found
feeding on plum (Prunus domestica) and cherry plum (Prunus
cerasifera) in Bulgaria during 2013-2018.

Dominant species on plum are the mealy plum aphid
(H. pruni) and the leaf-curling plum aphid (B. helichrysi),
the first species being more widespread and significantly
higher in density. The aphid does not stop the growth of the
infested shoots, but causes retarded development. Because
of its high density, the species causes a premature leaf drop
as well as significant secondary damage with the secreted
“honey dew”. The species is a dangerous pest in late spring
and summer. B. helichrysi causes leaf-curling and strong
deformations which stop the growth of the infested shoots.
The species is a dangerous pest in early spring.

Dominant species on cherry plum are the hop aphid
(P humuli) and (B. helichrysi). Both species have high density
in spring. P humuli usually has a higher density and can
cause premature fall of the leaves of the infested twigs.

The brown plum aphid (B. prunicola) is widespread on
both plums and cherry plums in the country. The aphid
causes leaf-curling and stunted growth of the infested
shoots, but the aphid colonized only offshoots at the base
of the plum trees, which significantly reduces its importance
as a pest.

The rest of the species - B. cardui, B. persicae,
R. nymphaeae, A. spiraecola and P. persicae are found

relatively rarely and in low density, because of which they
are not a danger to orchards. B. cardui and R. nymphaeae
however, have the potential to rapidly increase their density
under certain conditions, and their significance as pests
should not be underestimated.
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QUALITY PARAMETERS OF KIWIBERRIES GROWN IN THE CZECH REPUBLIC

Miroslav HORAK

Mendel University in Brno, Czech Republic

The present study evaluated the quality of kiwiberries produced in the territory of the Czech Republic in 2018 and 2019. Actinidia
arguta is a very hardy and flexible species which can produce fully ripe fruits even in the setting of moderate climatic zones unlike
commercially available A. chinensis as a variety which needs a longer season with higher temperatures to become fully ripe. Once
harvested, the fruit was studied for soluble solids content, titratable acidity, antioxidant activity and the content of malic, citricand
ascorbic acids. Unlike commercially available kiwifruits, kiwiberries lack hair and can be consumed unpeeled. The results of the
present study confirmed the notable potential of kiwiberries consisting namely in the levels of antioxidants present in the skin of
the fruit. Kiwiberry fruits feature a higher level of acidity than is common in conventional commercial varieties of A. chinensis as
citric acid is the type of acid prevailing in the fruit at all times.

Keywords: kiwiberry, skin, antioxidant activity, Actinidia arguta

Kiwiberry is a member of the same genus as kiwifruit and
presents a species of fruit possessing a great potential
to expand the segment of food with increased content
of biologically active substances on markets around the
world. The commercial production of kiwiberry is more
recent than that of kiwifruit; it had not started until the
1980s (Debersaques et al., 2015). Currently, New Zealand,
USA, Chile, China and Australia are major global producers
of kiwiberry along with some of European countries such
as France, Belgium or Germany (Latocha, Vereecke and
Debersaques, 2018).

A. arguta is among the most widespread species of
the Actinidia genus. The fruit is smooth and lacks hairs; it
weighs 5-10 g and is much smaller than the commercially
available kiwifruit. While A. arguta is mostly bright green
in colour, it may also be pale green, pink up to bright dark
red or violet; sometimes, the colour may change during the
storage period (Ferguson, Testolin, Huang 2016). The great
resistance to frost is typical for kiwiberries when compared
with the better known kiwifruit (Drzewiecki et al. 2016).
Kiwiberry is richer in taste than kiwifruit; it also features
a distinct, aromatic manifestation of tropical fruits. With
the positive health effects of the substances contained
in the fruit (Rush et al. 2006), kiwiberry is often referred
to in the context of superfoods (Ferguson and Ferguson,
2003, Lim, 2012). Wojdyto et al. (2017) report that with the
high representation of substances kiwiberry is considered
a functional food and ranked as one of the most nutritious
fruits globally. For its high levels of phenolic and mineral
substances, chlorophylls, carotenoids and ascorbic acid, the
fruit is often used in Chinese traditional medicine (Dawes
and Keene, 1999; Nishiyama, Fukuda and Oota, 2005).

Experimental material

The experimental material comprised of two varieties
of Actinidia arguta, ‘Issai’ and ‘Ananasnaya, both grown
at a site in Lednice, Czech Republic; as the fruits were
ripening in almost identical periods, both varieties were
harvested in October decade 3 and 2 in 2018 and 2019,
respectively. In both cases, fruits were harvested when
they were fully coloured and reached both the size and the
degree of hardness corresponding to that variety. The fruits
were picked manually and once harvested, they were stored
at -28 °C until further processing. For comparison, Actinidia
chinensis fruits (the varieties of ‘Hayward’ and ‘Soreli’) were
bought in available commercial shopping chains; these
counted 50 fruits in both 2018 and 2019.

Prior to the analysis, the fruits were removed from the
freezer and left at a room temperature until they thawed.
Subsequently, the skin was removed from each of the fruits
and weighed. Each of the samples consisted of 10 fruits
in triplicate, i.e. a total of 30 fruits for each of the A. arguta
varieties. For Actinidia chinensis, it involved 10-15 fruits in
triplicate, i.e. a total of 30-45 fruits.

Soluble solids

The soluble solids content (SSC) was established using
a digital refractometer of PR-32a (Atago, Japan). The fresh
fruits were crushed to obtain juice which was subsequently
measured. The resulting value was expressed in °Brix
degrees.
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Titratable acidity

To determine titratable acidity (TA), the fresh fruits were
homogenised, 5 g were removed from the homogenate,
10 ml of water added to the same and total titratable acidity
established through the method of potentiometric titration.
The obtained values were recalculated as the citric acid
equivalent and then recalculated and specified in g per
100 g of fresh matter.

Organic acids

Each sample was diluted by demineralised water (the 1:10
proportion) and subsequently filtered through a micro
filter, grain size 0.2 um. Concentrations of malic, citric and
ascorbic acid were determined using an HPLC system with
the Chrom SDS 150 pump, thermostat (at 30 °C) and the
Thermo-Spectra System UV 6000 LP DAD Detector (Thermo,
USA). The used column: Prevail 5 um Organic Acid 110A
HPLC Column 250 X 4.6 mm, mobile phase 25 mM KH,PO,,
flow: 1 ml.min™. The absorbance of the acids was set at
a wavelength of 210 nm. Determining the concentration
employed 10-point calibration system using tartaric acid
and malic acid standards. Sample volume was 20 pl.

Antioxidant activity

Determination by means of the FRAP (Ferric Reducing
Antioxidant Power) method was done in a pH 3.6 acetate
buffer (23 mM sodium acetate trihydrate in a solution of
34 mmol.I" acetic acid). The reaction mixture contained
12 mmol.I" of FeCl; solution, 10 mmol.L'" of 2,4,6-tris(2-
pyridyl)-s-triazine in 40 mmol.I" of HCl solution and a buffer
inaratio of 1:1:10.2 ml of the reaction mixture were mixed
with 25 pl of a diluted sample (5x) with deionized water
in a disposable plastic cuvette (10 mm) and the obtained
solution was measured using a Helios 3 spectrophotometer
after 10 minutes at a wavelength of 593 nm.

For the DPPH method, 1.9 ml of DPPH (2.2-diphenyl-1-
picrylhydrazyl) a radical solution in methanol (0.1 mmol.I"")
was mixed with 0.1 ml of 5x diluted sample with deionized
water in a disposable plastic cuvette (10 mm). Absorbency
at 515 nm was measured after 30 min using the Specord
50 plus (Analytik Jena AG, Germany) spectrophotometer.

The resulting values of antioxidant activity (Trolox
equivalents) for both methods were related to the same

molar mass of the studied compounds and Trolox to make
them mutually comparable.

Statistical analysis

Analysis of variance was performed and means were
compared by the Tukey’s multiple range test of significant
difference (p <0.05). Statistical analyses were performed
using the software Statistica 12.

The results of the two-year observation made it evident that
within the respective years the studied parameters exhibit
certain deviations; however, given that the deviations
were not very significant, both years can be identified as
very similar. The size of the fruits is the underlying quality
parameter; in this study, it was determined by means of
weight. While the average fruit weight did not exceed 7.3 g
for Actinidia arguta, the weight of Actinidia chinensis fruits
reached considerably more than 100 g (Table 1). However,
as the small size of Actinidia arguta fruits is typical for this
species, the weight of fruits is essentially no different than
values identified by other authors (Zaouay et al., 2012;
Wojdyto et al., 2017; White et al., 2005). For both of the
A. arguta varieties, fruits were smaller in 2018 (by more
than 0.7 g). The pulp to skin ratio is higher in the A. arguta
fruit where the skin presents a higher proportion of weight
out of the total fruit than it is with the A. chinensis fruit.
The detected results match those achieved as a part of
another study (Latocha, tata and Stasiak, 2015).

The highest amount of sugar, or, the highest level of
soluble solids, was determined in the ‘Issai’ fruit in 2019; in
the same year, however, the ‘Ananasnaya’ fruit reached high
values, too; as well, a relatively high value was measured for
commercially available ‘Soreli’ fruits (Table 1). In comparison
withthe commerciallyavailable species, A. argutafruits exhibit
corresponding soluble solids levels. The same conclusion was
reached by authors as a part of other studies (Wojdyto et al.,
2017; White et al., 2005; Krupa, Latocha and Liwin ska, 2011).
If conditions are appropriate, fruits are capable of generating
large quantities of sugar even in rather cold settings. Based on
the lower soluble solids value and, simultaneously, the higher

Table 1 Fruit, flesh, peel weight, soluble solids and titratable acidity in Actinidia fruit
Species Variety Year Weight (g) SSC (°Brix) TA (%)
fruit flesh peel
‘Ananasnaya’ 2018 6.42° 5.72° 0.65° 11.58° 1.20¢
‘|ssai’ 2018 6.48° 6.08° 0.37° 12.11° 1.22¢
Actinidia arguta
‘Ananasnaya’ 2019 7.29° 6.27° 0.79° 13.98¢ 1.03¢
‘Issai’ 2019 7.18° 6.76° 037 14.60° 1.02
‘Hayward’ 2018 95.00¢ 88.8° 6.60° 10.18° 0.84°
‘Soreli’ 2018 77.52° 70.70° 5.80° 10.01° 0.81°
Actinidia chinensis
"Hayward’ 2019 112.3¢ 102.8° 9.44¢ 10.09° 0.85°
‘Soreli’ 2019 85.43¢ 78.65¢ 6.60° 13.36° 0.56°

Different uppercase letters next to values indicate significant differences in columns (p <0.05)




value of titratable acidity in fruits, 2018 can be identified as
a less appropriate year for A. arguta fruit to ripen. ‘Issai’ was
assessed to contain a relatively high value (1.22%); an almost
identical level of 1.2 was identified for ‘Ananasnaya’ (Table 1).
While the larger acidity is typical for A. arguta varieties, when
years are warmer, they are capable of reducing the level of
acidity to below 1% as confirmed for‘/Ananasnaya’in 2019. For
acidity, citric acid is represented to the largest extent in any of
the 4 varieties studied. The fruits also contain malic acid, the
proportion of which is considerably lower in the pulp than in
the skin with respect to citric acid. This differing proportion
was largely observed for the ‘Hayward’ variety when the pulp
contains more than 2.5-fold higher amount of malic acid
than that of citric acid while in the skin both of the acids are
presentin nearly identical concentrations. This tendency was
observed for all of the varieties; it was, however, exhibited in
none of the samples to such a degree as it was for the variety
mentioned above, i.e., 'Hayward’ (Table 2). Similar citric acid
concentrations in A. arguta were measured by other authors
as well (Boyes, Striibi and Marsh 1996; Zhou-Li et al. 2013;
Latocha, 2017).

Ascorbic acid is another acid of those studied which
is significantly involved in the health benefits of kiwi fruit;
it is generally considered as quite a good source of the
acid as was confirmed through the results of the present
work. Overall, it can be stated that a higher ascorbic acid
concentration was the one observed in the pulp of any of
the studied varieties, which is in conflict with the study
(Latocha, tata and Stasiak, 2015), where an opposite trend

was observed, i.e.,, a higher ascorbic acid concentration
in the skin compared with the pulp. Similar ascorbic acid
concentrations in the fruit are reported by other authors as
well (Latocha, tata and Stasiak, 2015; Latocha 2017; Latocha
etal, 2013; Nishiyama et al., 2004; Cesoniene, Daubaras and
Viskelis, 2004). For the present study, the highest value was
found for ‘Issai’ in 2018 with fruits containing 141.4 mg per
100 g of FW (Table 2 and 3). Some smaller levels were found
for ‘Soreli’ in the same year. Out of the studied varieties,
‘Ananasnaya’ exhibited the lowest ascorbic acid levels in
both years of study.

Antioxidant activity was studied using two methods -
FRAP and DPPH.The results confirmed that for both Actinidia
chinensis and Actinidia arguta, fruits are a good source of
antioxidants compared with other fruit species found in the
moderate climate zone. In terms of pulp, the highest values
were measured for the variety of ‘Soreli’ when the FRAP
method marked the level of 1.283 and the DPPH technique
detected the level of 1.309 (Table 2). While the kiwi fruit
skin exhibited a higher concentration of substances with
antioxidant effects in any of the cases, at the species level,
a significant difference was detected between A. arguta
and A. chinensis. The commercially available varieties of
‘Soreli’ and ‘Hayward’ showed to have the antioxidant
activity 2-3 times higher in the skin compared with the
pulp, and the A. arguta skin exhibited more than 15 times
the concentration as the one observed for the pulp (Table
2). These results match those achieved by other authors
(Latocha et al. 2013; An et al., 2016; Leontowicz et al., 2016).

Table 2 Concentration of organic acids and antioxidant activity in Actinidia fruit pulp
Species Variety Year Malic acid Citric acid Ascorbicacid | Antioxidant activity (mmol TE.I"")
(9.100gFW") | (g.100gFW"') | (mg.100g FW™") FRAP DPPH

‘Ananasnaya’ | 2018 4.34+0.68° 8.93 +0.98° 38.7 +2.21° 0.64 +0.20° 0.73 +0.18°

Actinidia ‘Issai’ 2018 466 +0.32° 8.69 +0.71° 141.4 +16.3¢ 0.93 +0.29° 0.75 +0.07¢

arguta ‘Ananasnaya’ | 2019 3.72 +0.47¢ 7.66 +1.73¢ 57.6 +14.2° 0.48 +0.05° 0.55 +0.05°

‘Issai’ 2019 3.67 +1.37¢ 8.02 +2.09¢ 72.8+18.0° 0.66 +0.16° 0.64 +0.13°

‘Hayward’ 2018 2.14 +0.69° 6.82 +1.43%° 52.0+12.6" 0.41+0.11° 0.56 +0.19°

Actinidia ‘Soreli’ 2018 3.04 +0.56° 7.56 +0.46° 134.0 +21.5¢ 1.283 +0.10' 1.3140.07°

chinensis ‘Hayward’ | 2019 | 2.60+0.79" 7.03 +0.84° 75.1 £11.9° 0.58 £0.11°¢ 0.71 £0.13¢

‘Soreli’ 2019 1.93 +0.45° 6.64 +1.27° 73.0+13.6 0.89 +0.24° 0.98 +0.24¢

Different uppercase letters next to values indicate significant differences in columns (P <0.05)
Table 3 Concentration of organic acids and antioxidant activity in Actinidia fruit skin
Species Variety Year Malic acid Citric acid Ascorbicacid | Antioxidant activity (mmol TE.I'")
(g.100gFW") | (g.100gFW") | (mg.100g FW") FRAP DPPH

‘Ananasnaya’ | 2018 3.16 +0.67°° 5.34 +0.79° 24.5+12.5 8.51 +3.13¢ 10.33 +1,43¢
Actinidia ‘Issai’ 2018 3.83 £0.92° 6.64 £0.46° 18.8+7.3 11.27 £2.28° 14.18 £1.44
arguta ‘Ananasnaya’ | 2019 2.76 +0.64° 459 +0.95° 33.5+6.29° 6.18 +1.34 ¢ 7.81 +1.70°
‘Issai’ 2019 3.3740.32° 6.83 +0.94° 55.0 +10.3¢ 10.12 +1.68° 1239 +2.15¢

‘Hayward’ 2018 4,06 +0.10° 432 +0.56° 8.6 +0.7° 1.13 £0.15° 0.98 +0.13°

Actinidia ‘Soreli’ 2018 456 +0.97° 5.54 +0.91° 24.2 +0.7° 3.83+0.12° 3.31+£0.63¢
chinensis ‘Hayward’ | 2019 3.37 £0.85" 3.88 +£0.56 52+4.3° 1.16 +£0.14° 1.73+0.11°
‘Soreli’ 2019 237 +0.30° 3.52+0.32° 14.0 +7.4% 232+0.18° 3.27 +0.19¢




Conclusion

As a species, Actinidia arguta is undoubtedly a very
prospective species of kiwi; one that extends the scope of
application of the genus as such to the colder regions. Even
despite the smaller size, the fruits are tasty and refreshing;
they contain a well-balanced proportion of not only sugars
and acids, but also substances with antioxidant effects.
The smooth skin of the fruits is a great advantage as it is not
necessary to be removed prior to eating. It is precisely the
high antioxidant potential in the skin which provides a good
indicator of the fact that in terms of nutritional composition,
A. arguta fruits outdo even normally commercially available
fruit of A. chinensis, more specifically, the ‘Hayward’ a ‘Soreli’
varieties. The content of vitamin C, or, ascorbic acid, in kiwi
fruits is considerably high; in particular, the ‘Issai’ variety has
a high level in the pulp when the studied fruits contained
over 140 mg per 100 g of FW. In terms of soluble solids and
titratable acidity of fruits, the two kiwi species seemed to be
consistent with each other except that the A. arguta fruit is
moretypical withitsslightly higher content of titratable acidity,
which is largely evident through citric acid as the prevailing
type of acid that reached over 8 g per kg of FW in some of
the samples. For a fruit crop grower, A. arguta presents, as
a species, a definitely attractive alternative to traditional fruit
species of colder zones, such as apple, pear, cherry etc. With
its notable aromatic manifestation featuring a distinct taste
of tropical fruits as well as the well-balanced proportion of
sugars and acids, the popularity of the species is sure to
rise as evidenced through the increase in scientific studies
focusing precisely on the research in the health-beneficial
bioactive substances contained in kiwiberry. A. arguta could
also be a promising species for the processing industry,
since it is not necessary to remove the skin from fruits. The
disadvantage of these fruits is more difficult harvesting, to
determine the exact date of harvest it is necessary to know
the physical characteristics of each variety. The gradual
ripening of the fruit also complicates the harvest.
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ISOLATION AND IDENTIFICATION OF LACTIC ACID BACTERIA IN WINE
PRODUCTION BY MALDI-TOF MS BIOTYPER
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The aim of this study was to identify lactic acid bacteria (LAB) in grapes, must and wines. A total amount of 90 samples including
grape (n = 30), must (no = 30) and wine (no = 30) were collected from vineyards in Slovakia. LAB were used cultured on MRS agar
with subsequent confirmation with MALDI-TOF mass spectrometry (Bruker Daltonics). Altogether, 904 isolates were identified.
Members of the family Lactobacillaeceae were the most abundant in grape (60%), must (46%) and wine (51%). Lactobacillus,
Lactococcus, Leuconostoc, Pediococcus and Weissella genera and 27 species of LAB were isolated from the examined samples.

Leuconostoc mesenteroides spp. mesenteroides was the most abundant species in grape, must and wine.

Keywords: grape, must, wine, lactic acid bacteria, MALDI-TOF MS Biotyper

The wine production is a complex process in which the
microorganisms, including lactic acid bacteria (LAB),
contribute to the unique sensory characteristics of wine. In
general, wine is expected to be an unavailable environment
for microbiological growth due to the intrinsic and extrinsic
factors of the products: low pH, high concentrations of
ethanol and presence of sulfur dioxide (SO,) (Spano and
Massa, 2006). The LAB associated with wine are represented
by the phylum Firmicutes, class Bacilli, order Lactobacillales,
families Lactobacillaceae and Leuconostocaceae (Garrity,
Bell and Lilburn, 2004). The LAB of Oenococcus, Lactobacillus,
Pediococcus and Leuconostoc genera may establish bacterial
growth in wine (Miranda-Castilleja et al., 2016). The
recognition of the groups of wine associated microbiota was
established by a combination of methods for phylogenetic
analysis and allowing defining the particular groups
(Makarova et al., 2006). Oenococcus oeni is considered to
be adapted for growth in the wine environment, hence, it
is widely applied for use in commercial MLF starter cultures.
Other Lactobacillus species have exhibited a capacity to
survive in wine as well (Pozo-Bayon et al., 2005). Lactobacillus
plantarum is another suitable candidate for application
in starter cultures. The produced enzymatic complex of
L. plantarum is specifically attributed to production of
B-glucosidase, which could significantly influence the
sensory characteristics of wine; thus, it is important in wine
production (Mtshali et al., 2009). Description of protein
profile with MALDI-TOF (Matrix-assisted laser desorption/
ionization time-of-flight) mass spectrometry is a prospective

method for identification of LAB. The results are compatible
with those made by molecular methods. Therefore, MALDI-
TOF can be considered a fast, accurate and low-cost method
for identification of Gram-positive bacteria such as LAB
(Rodriguez-Sénchez et al.,, 2016).

The aim of this study was to identify LAB collected from
grape, must and wine with MALDI-TOF MS Biotyper during
the technological process.

Materials

Samples of grapes (n = 30) were taken gradually during
the period of partial ripening of the fruit directly from the
vineyards. Samples were put aseptically into polyethylene
bags in August 2018 and stored at 8-10 ° C for shipping to
the laboratory. Grapes from vineyards of Central Slovakia
and the Nitra wine region, and private vineyards were used.
Rheinriesling (n = 3), Welschriesling (n = 3), Palava (n = 3),
Pinot Blanc (n = 3), and Gruner Veltliner (n = 3) of white
varieties and Cabernet Sauvignon (n = 3), Blaufrankisch
(n = 3), Blue Portugal (n = 3), Merlot (n = 3) and Pinot Noir
(n = 3) of red varieties were sampled. Samples of new wine
“must” (n = 30) were collected at the end of August 2018
and in the middle of September 2018 from the same winery
as the grapes. Samples (apx. 100 mL) were collected into
200 mL sterile plastic bottles with screw caps and stored
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at 8-10 °C. An amount of 200 mL of each unfiltered wine
(n =30 from same winery as grape and must) were collected
before microfiltration) and stored at 4 °C in the refrigerator.

Microbiological investigations

For microbiological analysis, the grape samples in
physiological saline were processed in 24 h after collection.
The Man Rogosa Sharpe agar (MRS, Conda, Spain) agar
medium for LAB was applied for microbiological testing.
The samples were diluted with sterile physiological saline
(0.85%) and decimal dilutions were plated out onto
MRS agar for incubation at 30 °C for 72 h microaerophilically.
After incubation, the isolates were subcultured on Tryptone
soya agar 90% (TSA, Basingstoke, UK) with MRS 10% at 30
°C for 24 h. Typical LAB colonies were identified with MALDI-
TOF MS Biotyper (Bruker Daltonics, Germany) (Doan et al.,
2012).

Mass spectrometry identification of isolates

Qualitative analysis of LAB isolates was performed with
MALDI-TOF Mass Spectrometry (Bruker Daltonics, Germany).
Criteria for reliable identification were a score of >2.0 at
species level (Doan et al., 2012).

Statistical analysis

The statistical processing of the data obtained from each
evaluation was done with Statgraphics Plus version 5.1 (AV
Trading, Umex, Dresden, Germany). For each replication, the
mean was calculated and data were log transformed.

In our study, the LAB counts isolated from grape berries
ranged from 2.24 in Welchriesling to 3.33 log cfumL’
in Merlot. The LAB counts in must varied from 3.1 in Blue
Portugal to 3.24 log cfu.mL™ in Welschriesling. For wine, the
LAB counts were reported from 1.17 in Blue Portugal to 2.09
log cfu.mL" in Palava (Table 1).

Winery environment is expected to be the main source
of microorganisms associated with winemaking. Despite the
significance of LAB in wine production, the limited number
of studies describes their isolation from grapes (Fleet,
2001). The LAB counts were from 0.48 log cfu.mL’ to 2.06
log cfu.mL in Cabernet Sauvignon and Blaufrankisch, but
negative results were obtained from white grape varieties
(Kantor et al., 2015). Previously reported LAB counts for LAB
ranged from 3.12 to 3.24 and 1.17 to 2.09 log cfumL for
must and wine, respectively (Kantor et al., 2015). In total, five
genera of LAB were identified in the present study (Table
2). Lactobacillus spp. was the most abundant (39%) while
Pediococcus and Weissella the least abundant with 7% of
distribution for each genera (Table 2).

Obligately homofermentative L. alimentarius with 36
isolates was the most abundant Lactobacillus (Table 3).
The least abundant Lactobacillus spp. were L. coryniformis
and L. paracasei with 10 isolates for each species. The
predominant LAB were Leuconostoc mesenteroides ssp.
mesenteroides with 251 isolates and Lactococcus lactis
with 121 isolates. LAB species normally form a part of
microbiota of grapes, musts and wines. Different LAB

Table 1 Number of lactic acid bacteria in log cfu.mL™ (mean+SD)
Sample Grape Must Wine
Rheinriesling 2.49+0.16 3.21+0.04 1.25+0.01
Welschriesling 2.24+0.11 3.24+0.02 1.27+0.04
Palava 2.52+0.16 3.20+0.01 2.09+0.03
Pinot Blanc 2.34+0.10 3.12+0.02 1.41+0.20
Griiner Veltliner 2.47+0.05 3.19+0.07 1.28+0.15
Cabernet Sauvignon 2.78+0.03 3.16+0.05 1.29+0.05
Blaufrankisch 2.74+0.15 3.17+0.04 1.27+0.04
Blue Portugal 2.72+0.14 3.10+0.02 1.17+0.07
Merlot 3.33+0.09 3.22+0.06 1.50+0.04
Pinot Noir 2.45+0.20 3.16+0.06 1.18+0.06

Table 2 Number of isolated species from all samples together
Genera No. of isolates No. of species % of isolates % of species
Lactobacillus 356 21 39.38 77.78
Lactococcus 121 1 13.38 3.70
Leuconostoc 251 1 27.77 3.70
Pediococcus 119 2 13.16 7.41
Weissella 57 2 6.31 7.41
Total 904 27 100 100




species may be present in must
and wines, and usually they include
heterofermentative cocciof Leuconostoc
and Oenococcus, homofermentative
cocci of Pediococcus of Lactobacillaceae,
homofermentative, facultative, and
strict heterofermentative LAB  of
Lactobacillaceae family (Fugelsang
and Edwards, 2007). In wine grapes of
Australian vineyards, (Bae et al., 2006)
there were detected Lactococcus and
Weissella which is in line with our
results.

Lactobacillus acidophilus in
different wine samples of Slovak
origin ranged from 1 to 105 cfumL’

(Kacaniova et al.,, 2012). Lactobacillus
crispatus was captured by the RTQ
PCR with sensitivity ranging from
1 to 105 cfumL' and identification
of Lactobacillus salivarius by the
RTQ PCR method was done. In our
study, only Lactobacillus acidophilus
with 27 isolates was identified. The
presence of Lactobacillus brevis,
L. casei, L. plantarum, L. hilgardii and
Lc. mesenteroides have been reported
in the other studies (Ruiz et al., 2010)
which corresponds to our results.
A total of 382 isolates from grapes, 372
isolates from must and 150 isolates

Table 3 Number of LAB isolates from grape, must and wine

Species of microorganisms Grape ‘ Must ‘ Wine ‘ Total
No. of isolates
Lactobacillus acidophilus 5 15 7 27
Lactobacillus alimentarius 10 20 6 36
Lactobacillus amylolyticus 15 0 10 25
Lactobacillus brevis 5 0 10 15
Lactobacillus casei 0 8 4 12
Lactobacillus coryniformis 3 5 2 10
Lactobacillus delbrueckii ssp. delbrueckii 5 8 5 18
Lactobacillus fermentum 18 0 0 18
Lactobacillus fructivorans 5 5 2 12
Lactobacillus hilgardii 5 5 2 12
Lactobacillus nageli 15 0 0 15
Lactobacillus oligofermentans 10 8 0 18
Lactobacillus oris 5 8 2 15
Lactobacillus parabuchneri 10 12 3 25
Lactobacillus paracasei 10 0 0 10
Lactobacillus paracasei ssp. paracasei 10 6 0 16
Lactobacillus paracasei ssp. tolerans 10 5 0 15
Lactobacillus pentosus 15 0 0 15
Lactobacillus plantarum 5 6 5 16
Lactobacillus saerimneri 14 0 0 14
Lactobacillus sakei 12 0 0 12
Lactococcus lactis 35 65 21 121
Leuconostoc mesenteroides ssp. mesenteroides 80 126 45 251
Pediococcus acidilactici 20 25 7 52
Pediococcus pentosaceus 20 35 12 67
Weissella spp. 15 10 7 32
Weissella uvarum 25 0 0 25
Total 382 372 150 904

from wine samples with score higher
than 2 were identified (Table 3).

Altogether, 21 species  of
Lactobacillus were found in our study.
The positive and negative properties
of Lactobacillus sp. in wine have
been intensively investigated in the
recent years (Manes-Lazaro et al,
2009). Studies of wine-associated
Lactobacillus species are necessary to
recognize those responsible for wine
spoilage.This fundamentalinformation
could be addressed through the
identification and enumeration of the
LAB at different stages of vinification
(Dols-Lafargue, 2018).

In conclusion, the wine-making
microbiota is associated with the
microorganisms of grapes, must
and vinery environment; hence,
the changes in the equilibrium of
microbiota could alter the acceptance
of wine with both the main quality
and safety characteristics which may
be affected (Capozzi et al., 2017). The
microbiological composition of grape
impacts the wine quality highlighting
the effects of raw material in wine-
making (Berbegal et al., 2019).

Conclusions

In our study, ten different varieties
(n = 90) of grapes, musts and wines
samples were evaluated. The numbers
of isolated LAB ranged between the
grape, must and wine samples with
904 isolates which were selected for
further identification with MALDI-TOF
Biotyper.Interms of LAB diversity, three
family of LAB were isolated including
Lactobacilaceae, Leuconostocaceae
and Streptococcacea represented by
five different genera and 27 species.
The most abundant species in our
study were Lactococcus lactis and
Leuconostoc  mesenteroides spp.
mesenteroides in all types of matrixes.
MALDI-TOF MS Biotyper was the
appropriate method for quick
identification of LAB from grape, must
and wine.
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COMPARATIVE TECHNOLOGICAL CHARACTERISTIC OF THE ALIGOTE 61-6
AND ALIGOTE N 10 CLONES, CULTIVATED IN THE SOIL AND CLIMATIC CONDITIONS
OF THE REGION OF PLEVEN

Tatyana YONCHEVA¥, Zdravko NAKOV

Institute of Viticulture and Enology, Pleven, Bulgaria

In the period 2011-2013 a technological characteristic of the Ukrainian clone Aligote 61-6 was made at the Institute of Viticulture
and Enology - Pleven. The Bulgarian candidate-clone Aligote N 10 was used for control. During the grapes ripening, the dynamics
of sugar accumulation was monitored. Upon technological maturity the indicators of the yields were accounted and mechanical
analysis was performed. The chemical composition of the must, the obtained wines and their organoleptic qualities were analyzed.
In its mechanical composition, Aligote 61-6 was typically wine one and it did not differ significantly in the texture and structure
of the cluster and berry from the control. The theoretical yield of both clones was high. They exhibited good sugar accumulation
and similar acid content. Grapes from the control had better technological indicators for obtaining wines of optimal chemical
composition and quality. In the 2011 and 2013 vintages, the control wines exceeded those of the Ukrainian clone in terms of
sugar-free extract content. The experimental wines Aligote N 10 had higher titratable acidity compared to the Ukrainian clone. The
difference in the phenolic substances ratio and the colour intensity in the samples from both clones were insignificant. The control

wines were superior in their organoleptic qualities to those of the Ukrainian clone.

Keywords: Aligote, grapes, wine, chemical composition, organoleptic characteristics

In the study of the grapevine species and varieties, it had
been important to apply objective and accurate methods
of ampelographic characterization. Its aim was to clarify
their origin and distribution, to show their basic botanical
features, their agrobiological specifics and their economic
and technological qualities (Roychev, 2012).

Much of the widespread industrial vine varieties had
been characterized by considerable interspecific diversity.
That was due to mutational variability and the occurrence of
morphological and physiological changes transmitted to the
offspring and sometimes impairing the economic qualities
of the varieties and their economic efficiency (Katerov et al.,
1990). Worldwide, the clone selection has been the most
common method for extending the structure of vineyards of
varieties within Vitis vinifera. It aims to improve the individual
agro-biological, technological and economic characteristics
of a variety. As a result, diversification of the vine collection
is achieved, based on the selection of clones with high levels
of realization of the potential economic productivity and
quality indicators of grapes and wine (Petrov et al., 2009;
Meneghetti et al., 2010).

Aligote is an old French variety, originating from the
Burgundy region, but common in other European wine-
growing countries. In Bulgaria it has been grown mainly in
the northeastern part of the country, on an area of about
263 ha, representing 1.28% of the white wine varieties
and 0.472% of all vineyards. Aligote is a medium ripening
wine variety. The grapes mature in the first half to mid-
September. The vines are distinguished for medium growth,

high fertility and yields. It is grown on stem training with
mixed pruning. The variety is not resistant to diseases and
pests, it is resistant to low winter temperatures but not to
drought. The most suitable for its cultivation are carbonate
black earth and gray-brown forest soils. In France, through
clonal selection, 8 clones of Aligote variety were created, out
of which 263, 264 and 651 were of medium yield, and 402,
591, 920, 935 and 936 of high yield (Roychev, 2012).

By its mechanical composition, Aligote cluster is typically
a wine variety with a high theoretical yield of the must. It
shows its valuable technological qualities in the moderately
cool regions of northeastern Bulgaria, where the grapes
have optimal sugar accumulation of 18-21% and titratable
acids 7 g.I. In warmer regions, with a higher temperature
sum, the variety demonstrates rapid sugar accumulation
(up to 22-24%) and reduced titratable acidity (5-5.8 g.I'").
Quality white dry wines and sparkling wines are produced
by Aligote (Radulov, Babrikov and Georgiev, 1992; Roychev,
2012).

The factors determining the wine features are of
a complex nature. The biochemical indicators of the grapes
and must related to the variety, the applied agricultural
and technical practices, the conditions in the process
of vinification, etc. are of importance. The influence of
terroir — the mineral composition of the soil and the climatic
conditions (sunshine, temperature, precipitation) in the
cultivation area - is also of significance. In Romania, Aligote
is one of the most common wine varieties. Bora et al. (2016)
studied Aligote wines composition, 2015 vintage, and found

Contact address:

Tatyana Yoncheva, Institute of Viticulture and Enology, 5800 Pleven, Bulgaria, 1"Kala tepe”str., e-mail: t_ion@abv.bg




a low ratio of malic acid, mineral components (potassium,
calcium, iron) and high glycerol content. Aroma is one of
the most important indicators of wine features. Vararu et
al. (2015) identified 38 components of the aromatic profile
of Romanian Aligote wines. Of the analyzed terpenes,
norisoprenoids, aldehydes, ketones, higher alcohols,
benzene derivatives, fatty acids and esters, the highest
amounts found were of 3-methyl-1-butanol, decanoic acid,
ethyl octanoate and ethyl decanoate.

The objective of this study was to make a technological
characteristic of Aligote clone 61-6 and Aligote clone N 10,
grown under the soil and climatic conditions of the town of
Pleven (central northern Bulgaria).

The technological characteristics study of Aligote 61-6
and Aligote N 10 clones was carried out at the Institute
of Viticulture and Enology (IVE) - Pleven during the
period 2011-2013, and it comprised three consecutive
vintages. Aligote 61-6 was a Ukrainian clone (Fig. 2) while
Aligote N 10 was a Bulgarian candidate-clone (Fig. 1) used
for control.

The studied clones were grown at the Experimental
Base of IVE at Ombrella training and planting distance of
3.00/1.30 m. The applied growing practice to the vines was
mixed pruning and equal loading - 32 winter eyes per vine
(6 spurs of 2 eyes and 2 fruit canes of 10 eyes). During the
grapes ripening, the dynamics of sugar accumulation was
monitored by a refractometer to determine the grapes’
technological maturity. Upon reaching the technological
maturity, the productivity indicators were accounted, and
a mechanical and chemical analysis of the grapes was
performed (Katerov et al., 1990).

The grapes were processed in the Experimental Winery
of IVE according to the classical technology for dry white
wine making under the conditions of micro-vinification
(Yankov, 1992) - «crushing, destemming, pressing,

sulphuring (50 mg.I"" SO,), must clarification, adding pure
culture dry wine yeast Saccharomyces cerevisiae Vitilevure
B + C (20 g.hl"), fermentation temperature 20 °C, racking,
further sulphuring, storage.

The grape must chemical composition was determined
according to the following methods (lvanov et al.,, 1979):
sugars, g.' — areometer of Dujardin; glucose, gl' -
iodometric method; fructose, g.I" - calculation method;
titratable acids (TA), g.I" - titration with NaOH; tartaric
and malic acid, g.I'" - method of Pochinok; pH - pH-meter;
glucoacidometric index (GAI) - calculation method as the
ratio of sugars (%) and TA (g.I").

The main indicators of wines chemical composition were
analyzed by conventional methods in the wine-making
practice (Ilvanov et al., 1979; Chobanova, 2007): sugars,
g.I'" = Schoorl’s method; alcohol, vol. % - distillation method,
Gibertini apparatus with densitometry of the distillate
density; total extract (TE), g.I'" - Gibertini apparatus with
densitometry, density of alcohol-free sample; sugar-free
extract (SFE), g’ - calculation method (the difference
between TE and sugars); titratable acids (TA), g.I" - titration
with NaOH; volatile acids (VA), g.I" - distillation method
with titration with NaOH; tartaric and malic acid, g.I'1 -
method of Pochinok; total phenolic compounds (TPC),
gI" — method of Singleton et Rossi; colour intensity, [abs.
units] - method of Glories, by measuring the absorption
at A 420 nm; pH - pH-meter. The value of each analyzed
indicator of the composition of the experimental wines
was average of the measurement of two parallel samples.
If a significant difference was found in the values, a third
sample was measured and the two closest values were
taken into account.

The organoleptic features of the experimental samples
were determined according to 100-score scale for the
indicators: colour, aroma, taste and general impression
(Tsvetanov, 2001) by a nine-member tasting committee. The
tasting score of the experimental wines was average value
of the committee members’ estimates, eliminating the
highest and the lowest ones.

Figure 1 Aligote clone N 10

Figure2 Aligote clone 61-6




At technological maturity of the studied clones, the
productivity indicators were accounted, and a mechanical
analysis of the grapes was performed (Table 1).

The mechanical analysis showed that Aligote 61-6 was
typically a wine clone and there was no significant difference
in the texture and structure of the cluster and the berry from
the control (Aligote N 10). On the average for the period of
the study the weight per cluster of Aligote 61-6 was 201.3 g
and that of Aligote N 10 was 221.5 g. Aligote 61-6 cluster had
a higher rachis content — 3.89% and fewer berries — 96.11%,
compared to the control — 3.40% rachis and 96.60% berries.
The average mass per 100 berries from the Ukrainian clone
was insignificantly higher (202.67 g) than the control (193.33
g), which also determined the difference in their berry
structure. Aligote 61-6 berry had less skins (10.03%) and
seeds (3.85%) and higher mesocarp content - 86.12%. As
for Aligote N 10 its berry had more skins (10.66%) and seeds
(4.05%) and less mesocarp — 85.29%. The theoretical yield of
the Ukrainian clone was 82.77% and of the control - 82.39%.
The insignificantly higher theoretical yield of Aligote 61-6
was the result of the higher rate of mesocarp in the berry.

During the grape ripening of the studied clones, the
intensity of sugar accumulation was investigated (Fig. 3 a,
b, c).

In 2011, the reporting of the sugar accumulation
dynamics in both clones started on 30/08/, as the grapes
from Aligote N 10 having 15.9% sugars and from Aligote
61-6 — 16.0%. In the following two measurements, it was
found that in both clones the accumulation of sugars
proceeded at the same rate: from 30/08/ to 06/09/ - by
1.2% each and from 06/09/ to 13/09/ - by 1.4% each. During
the period from 13/09/ to 20/09/ the intensity of sugar
accumulation decreased by 1.0% for Aligote N 10 and 1.2%
for Aligote 61-6, due to the decrease in temperatures and
the rainfall (Fig. 3a). The grape must analysis revealed that
on 20/09/ the sugar content of Aligote N 10 was 19.5% and
the titratable acids were 6.30 g.I". In Aligote 61-6, the sugars
were 19.8% and the titratable acidity lower - 5.93 g.I”.
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Figure3 Changes in sugars during the grapes ripening

period of the studied Aligote clones

Table 1 Mechanical analysis of grapes from the studied Aligote clones for the period 2011-2013
Vintage Average Cluster texture Average Berry structure Theoretical
mass of mass per 100 yield (%)
acluster(g) | rachis (%) | berry (%) berries (g) skins (%) | seeds (%) | mesocarp (%)
Aligote N 10
2011 237.0 2.99 97.01 190.00 9.58 3.79 86.63 84.04
2012 202.0 297 97.03 220.00 11.36 4.04 84.60 82.09
2013 225.5 4.24 95.76 190.00 11.05 4.31 84.64 81.05
Average 221.5 340 96.60 193.33 10.66 4.05 85.29 82.39
Aligote 61-6
2011 2185 3.62 96.38 193.30 9,31 3.52 87.17 84.01
2012 198.0 3.53 96.47 225.00 10,12 4.02 85.86 82.83
2013 187.5 4.53 95.47 190.00 10,67 4.00 85.33 81.46
Average 201.3 3.89 96.11 202.67 10,03 3.85 86.12 82.77




Due to the hot and dry months of July and August 2012,
the grapes ripening began considerably earlier than in the
preceding year. On 10/08/ the sugar content of Aligote N
10 grapes was 16.9% and that of Aligote 61-6 — 16.8%. That
year, the sugar accumulation in the grapes of clone N 10
occurred more intensively: from 10/08/ to 17/08/ by 2.2%,
from 17/08/ to 24/09/ and from 24/08/ to 31/08/ by 2.4%. In
the grapes of clone 61-6 the sugar accumulation was from
10/08/ to 17/08/ by 2.2%, from 17/08/ to 24/09/ by 1.8%,
and from 24/08/ to 31/08/ by 2.0% (Fig. 3b). The grape must
analysis showed that the clones had high sugar ratio - 23.9%
(Aligote N 10) and 22.8% (Aligote 61-6) and lower titratable
acids - 5.33 g.I"" and 5.85 g.I"", respectively.

In 2013, the first evaluation was made on 20/08/, where
it was found that in the grapes from Aligote N 10 the sugars
were 16.7% and in Aligote 61-6 - 16.5%. In the following
measurements, no difference in the sugar accumulation
intensity was found between both clones. During the
periods from 20/08/ to 27/08/ and from 27/08/ to 03/09/
the amount of sugars increased by 1.2% and from 03/09/ to
10/09/ by 1.4% (Fig. 3¢). In analyzing the must on 10/09/ the
sugar ratio in the grapes was good - 20.5% (Aligote N 10)
and 20.3% (Aligote 61-6).

The grapes from both studied Aligote clones were
harvested upon reaching technological maturity. The
data on the must composition are presented in Table 2.
During the study period, both clones showed good sugar
accumulation. The average rates were 213.00 g.I" (Aligote
N 10) and 209.67 g.I"" (Aligote 61-6) respectively, as in 2011
and 2013 vintages of both clones had similar sugar content
and, in the harvest 2012, the control exceeded significantly
the Ukrainian clone 61-6. Of the monosaccharides identified
in grape must, fructose was predominant in both clones -
77.58 g.I" glucose and 125.42 g.I” fructose (average) for N 10
and 84.58 g.I"" glucose and 125.09 g.I"' fructose (average) for
61-6. An exception was observed only in the must of Aligote
N 10, vintage 2011, where their rates were almost equal.

The clones had the specific titratable acidity for Aligote
variety. For the studied period, similar acid content was
analyzed in the musts of both clones - the average of 5.78 g.I”
(N 10) and 5.93 g.I" (61-6), as in the 2012 and 2013 vintages
of the Ukrainian clone contained more acids compared to

the control. The tartaric and malic acids were prevailing from
the organic acids in the wine. When analyzing their amount
in the samples, no unidirectionality was found in the results.
In 2011, the malic acid in Aligote N 10 must predominated,
while the tartaric acid was prevailing in 61-6 must. In 2012
vintage, the malic acid predominated in both clones and the
tartaric acid in the 2013 harvest. GAl had a higher average
rate in the control grapes (average 3.73) than in 61-6 grapes
(average 3.54). That indicated that the must from Aligote N
10 had better technological indicators for the production
of wines with optimal chemical composition and quality. In
both studied clones, the 2012 grapes had a higher content
of sugars, GAI rates and lower titratable acidity due to the
more favourable weather conditions during the period of
grapes ripening phase.

The chemical composition of the experimental wines
obtained from the studied clones of Aligote variety is
presented in Table 3 (a, b).

The alcohol content in the wines from both clones was
on the average 12.87 vol. % (N 10) and 12.67 vol. % (61-6).
In the control, the rates were within the range from 12.25
to 13.70 vol. % and in the Ukrainian clone from 12.02 to
13.67 vol. %. The alcohol in the samples corresponded to
the sugars in the grapes per vintages and respectively, the
highest rates were found in the wines from the 2012 harvest.
The alcoholic fermentation in all the test samples occurred
normally without deviation and with complete degradation
of the fermentable sugars. That was confirmed by the
residual sugars in the obtained wines - on the average
1.62 g.I' (Aligote N 10) and 1.61 g.I"' (Aligote 61-6).

The sugar-free extract ratio was an important indicator
of wine composition. Its rates were within the typical range
for Aligote variety. In the samples of N 10 the quantity of SFE
was in the narrow range from 17.04 to 17.66 g.I"", while in the
samples of 61-6 the difference between the individual vintages
was greater — from 16.16 to 17.82 g.I”. In the 2011 and 2013
harvests, the control wines exceeded those of the Ukrainian
clone.n 2012, just the opposite was observed (Table 3a).

The experimental samples had normal titratable and
volatile acidity (Table 3b). During the study period, Aligote
N 10 wines contained more titratable acids (the average
of 6.05 g.I") compared to those from the Ukrainian clone

Table 2 Chemical composition of grape must from the studied Aligote clones, for the period 2011-2013
Vintage Date of Sugars Glucose Fructose | Titratable acidity | Tartaricacid | Malicacid | GAI pH
harvest (g (gd") (g™ (g (g™ (g™
Aligote N 10
2011 20/09/ 195.00 100.10 94.90 6.30 3.37 5.29 3.10 3.29
2012 31/08/ 239.00 80.10 158.90 533 1.12 4.23 4.48 3.27
2013 10/09/ 205.00 52.53 122.47 5.70 5.62 3.22 3.60 3.24
Average 213.00 77.58 125.42 5.78 3.37 4.25 3.73 3.27
Aligote 61-6
2011 20/09/ 198.00 88.40 109.60 5.93 5.10 4.22 3.34 3.25
2012 31/08/ 228.00 80.10 147.90 5.85 3.97 5.59 3.90 3.26
2013 10/09/ 203.00 85.23 117.77 6.00 5.70 2.98 3.38 3.24
Average 209.67 84.58 125.09 5.93 4.92 4.26 3.54 3.25




Table 3a Chemical composition of wines from the studied Aligote clones, in the period 2011-2013
Vintage Alcohol Sugars Total extract SFE TPC Colour intensity
(vol. %) (g.1") (g1 (g™ (g1 (1) [abs. units]

Aligote N 10

2011 12.25 1.14 18.80 17.66 0.51 0.004

2012 13.70 2.46 19.50 17.04 0.75 0.004

2013 12.65 1.27 18.60 17.33 0.57 0.101

Average 12.87 1.62 18.97 17.34 0.61 0.036
Aligote 61-6

2011 12.02 1.04 17.20 16.16 0.50 0.006

2012 13.67 2.8 20.00 17.82 0.70 0.008

2013 12.33 1.61 18.70 17.09 0.33 0.090

Average 12.67 1.61 18.63 17.02 0.51 0.035

Table 3b Chemical composition of wines from the studied Aligote clones, in the period 2011-2013

Vintage Titratable acidity (g.I") Tartaric acid (g.I"") Malic acid (g.I"") Volatile acidity (g.I") pH
Aligote N 10

2011 6.00 1.84 3.02 0.42 3.12

2012 5.45 1.52 4.86 0.66 3.23

2013 6.70 2.25 3.62 0.54 3.10

Average 6.05 1.87 3.83 0.54 3.15
Aligote 61-6

2011 5.75 2.21 2.98 0.54 3.05

2012 5.38 1.84 3.25 0.66 3.18

2013 6.00 2.70 291 0.60 3.06

Average 5.71 2.25 3.05 0.60 3.10

(the average of 5.71 g.I”). The lowest
titratable acidity had the samples
from both clones - 2012 vintage.
From the organic acids analyzed in all
experimental wines there was found
a predominance of malic acid over
tartaric acid.

The phenolic substances ratio
and the colour intensity in the
experimental samples were also in the
range characteristic of white wines,
with minor differences between the
wines of the studied clone and the
control. The TPC ratio was on the
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Figure4 Tasting score of wines from the studied Aligote clones, in the period 2011-
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average 0.61 g.I'" (N 10) and 0.51 g.I"
(61-6), with higher rates reported for
2012 vintage for both clones (Table 3a).

The results of the chemical and
organoleptic analysis did not show
a direct correlation between the
content of the studied indicators and
the tasting score of the samples (Table
3 (a, b), Fig. 4).

From Aligote N 10 wines, the best
organoleptic qualities had the sample
of 2011 vintage (77.78 points), where
the lowest alcohol and TPC and the
highest SFE rates were analyzed.
From Aligote 61-6 wines, the best
characteristics had the sample from
the 2013 vintage (75.50 points), where
the lowest TPC rates and the highest
titratable acidity were found. During
the study period, the control samples
surpassed those of the Ukrainian clone
in their organoleptic properties (Fig.
4, Fig. 5). The average tasting score of
N 10 wines was 77.32 points, and of
61-6 wines it was 75.12 points (Fig. 4).
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Figure 5 Organoleptic profile of wines from the studied

Aligote clones, in the period 2011-2013

That indicated that the control samples had better tasting
characteristics in terms of aromatic and taste indicators,
harmony and balance (Fig. 5).

Conclusion

On the basis of the obtained results from the comparative

technological study, the following could be summarised:

¢ In its mechanical composition, Aligote 61-6 was typically
wine one and it did not differ significantly in the texture
and structure of the cluster and berry from the control. Its
cluster had a higher rate of rachis (3.89%) and less berries
(96.11%) compared to Aligote N 10. Aligote 61-6 berry has
less skins (10.03%) and seeds (3.85%) and higher rate of
mesocarp — 86.12%. The theoretical yield of both clones
was high - 82.77%(Aligote 61-6) and 82.39%(Aligote N 10).

* Both clones showed good sugar accumulation with
average rate of 213.00 g.I" (Aligote N 10) and 209.67 g.I"
(Aligote 61-6) respectively, and similar acid content - the
average of 5.78 g.I" (N 10) and 5.93 g.I"" (61-6).

* In2011and 2013 vintages, the control wines were superior
to those of the Ukrainian clone in terms of sugar-free
extract ratio.

* The experimental Aligote N 10 wines had a higher titratable
acidity (the average of 6.05 g.I") compared to the Ukrainian
clone (the average of 5.71 g.I"). The samples from the 2012
vintage had the lowest titratable acids. A predominance of
malic acid over tartaric acid was observed.

* The difference in the phenolic substance ratio and colour

intensity in the experimental samples of the studied clone

and the control were insignificant. Higher TPC rates were
reported in 2012 vintage wines for both clones.

No direct correlation was found between the content of

the tested chemical indicators and the tasting score. The

wines from the control surpassed in organoleptic qualities
those from the Ukrainian clone.
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EXPRESSION ACTIVITY OF ALLERGEN CODING GENES IN GRAPE VARIETIES USED
FOR TOKAJ WINE PRODUCTION

Jana ZIAROVSKA*, Lucia ZAMIESKOVA, Miroslava KACANIOVA

Slovak University of Agriculture in Nitra, Slovak Republic

Vitis vinifera L. is adapted to a very variable range of climates but it mostly grows in the temperate regions of continental Europe.
In the Slovak Republic, the Tokaj wine region is one of the territories, where wine production is concentrated. Grape is a popular
fruit and when processed, it is used as musts, juices or wine. Some people may suffer from allergic reactions to grapes. Up to now,
endochitinases, lipid-transfer protein, and thaumatin were identified as grape allergens. In this study, expression of chitinase and
thaumatin allergen was analysed in the grapes of Tokaj region varieties — Hachat Lovelin, Tokay and Muskat Blanc. Expression
changes were calculated by the delta delta Ct method. Expression differences of chitinase were found to be similar in these
varieties. Thaumatin was found to be variable in its transcription.

Keywords: Tokaj region grape varieties, chitinase, thaumatin, expression

Vitis vinifera L., is one of the oldest cultivated plants all over
the world. It is well adapted to a wide range of climates, but
it grows especially well from the temperate Mediterranean
regions to the continental areas in Central Europe. Grape
fruit is widely consumed either directly or as wine. Western
Europe is the world’s biggest producer of grapes, mainly
France, Italy and Spain are the major producers of wines
(Pastorello et al., 2003). The health beneficial effects of
grapes and wine are very well known due to their high
nutritional value and unique phytochemical composition.
Vitis vinifera is a major source of polyphenols, flavonoids,
anthocyanins, phenolic acids, stilbenes, vitamins (A and
C), minerals (phosphorus, calcium) and carbohydrates
(Arora et al, 2016). It has recently been observed that
moderate consumption of grapes or red wine has many
health beneficial effects: anti-asthmatic, cardio protective,
cytotoxic, anti-aging, hepatoprotective, anti-inflammatory,
and antioxidant (Ahmad and Khan, 2012; Masani et al.,
2012).

Many of grapes’ biochemical and technological
characteristics are based on climatic conditions where
the plants grow. In this study, grape varieties from the
Tokaj wine region were used. The Tokaj wine region is
quite a unique one with the following characteristics. It
consists of clay or loess soil on volcanic subsoil with sunny
microclimate. Some specific grape varieties such as Tokay
and Hachat Lovelin have been cultivated in the region for
centuries and, together with Muskat Blanc are the only
grape varieties that are planted in this region.

Despite many health protective and beneficial effects
of Vitis vinifera, some people suffer from allergic reactions
to this fruit. Major allergens of wine and grapes: 30-kd

endochitinase 4A and 4B, 9-kd lipid-transfer protein (LTP)
and 24-kd thaumatin were characterized and identified by
Pastorello et al. (2003). The precise molecular mechanism
of action of grape allergens has not been yet studied
and therefore requires our attention and also the need to
develop novel diagnostics methods and improve treatment
management in this field. Chitinases are the most active
protein components in causing wine turbidity (Falconer et
al., 2010; Marangon et al., 2011). Chitinases derived from
grapes are present in different isoforms (Marangon et al.,
2011; Gazzola et al.,, 2012) and are tolerant to low pH in
juice and wine as well as resistant to photolytic enzymes, as
most of the pathogenic related proteins (Ferreira et al., 2001;
Waters et al., 2005; Van Sluyter et al., 2015). Thaumatin was
identified in tropical plant Thaumatococcus danielii Benth
as a protein having sweet taste. A specific domain common
to osmotin-like proteins and a kinase receptor of PR5-like
proteins was described in its structure and grouped together
as the base of the thaumatin-like protein family (Wang et al.,
2011). These proteins are much diversified in their functions
and were described to be involved in stress responses (Yan
et al., 2017). Thaumatin-like protein structure was defined
in grapes by Marangon et al. (2014) and physico-chemical
parameters relevant for the haze formation mechanism
were determined by these authors.

Beside the relevance in winemaking, thaumatin is
defined as a minor grape allergen together with chitinases
(Vassilopoulou et al., 2007). Its relevance is important,
because grapes are consumed not only processed, but
fresh, too, and some severe allergic reactions were reported
in the case of grape consumption in the Mediterranean
region before (Kalogeromitros et al., 2006). Grape allergy is
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clinically manifested by severe symptoms mainly in patients
suffering from multiple allergies and preferentially to LTP
(lipid transfer proteins) containing foods (Vassilopoulou et
al., 2007) and an association with peach and cherry allergy
was observed (Pastorello et al., 2003). Actually, there is no
specific information about the differences on transcriptomic
level for the allergens and their genes. In this study,
expression of chitinase and thaumatin-like allergen was
analysed in the grapes of three grape varieties planted in
the Slovak Tokaj wine production.

Biological material

Grapes of three varieties of Vitis vinifera, L. that are used
for producing Tokaj wines were obtained in the season
2018 in the Slovak Tokaj wine region. Only grapes without
any infection marks were used for further analysis. Fresh
matured grapes of varieties Lipovina (syn. Hachat Lovelin,
Lindenblitrige, Harselevell, Kerekes, Kereklevel(), Furmint
(syn. Tokay, Mosler, Luttenberger, Weisslauber, Edler weisser
Tokayer, Malnik, Furmint bianco, Bihari boros, Demjén,
Formont, Furmin) and Muskat Zlty (syn. Muskat Lunel,
White Frontigan, Muskat Blanc, Muscat de Lunel, Muscat de
Frontignan, Barzsing, Fehér muskotaly, Gelber Muskateller,
Muskateller, Weisse Muskattraube, Muskatel menudo
bianco, Moscato bianco) were harvested and after surface
cleaning transported immediately to the laboratory where
they were kept in -50 °C until further processing.

RNA extraction and cDNA synthesis

The total RNA was extracted using the Genelet Plant
RNA Purification Mini Kit (ThermoFisher) following the
manufacturer’s instruction with a modification of the weight
of homogenized tissue use. The obtained RNA concentration
and A260/A280 nm ratios were determined by Implen
Nanophotometer and the integrity of the RNA was checked
in 1% agarose gels. cDNA synthesis was performed from 30
ng of total RNA using the Tetro cDNA synthesis kit (BIOLINE)
with the oligodT primer.

Analysis of the expression of chitinase and thaumatin

A two-step protocol was used for both, chitinase and
thaumatin expression analysis where the gene for actin
(GenBank accession AY847627) was used as the internal
control during qPCR. Amplification was performed using
EliZzyme Green MIX AddROX (Elizabeth Pharmacon) in
Stratagene Mx3005P thermal cycler (Agilent). The following
program was used for chitinase transcripts amplification: 95
°Cfor 2 minutes followed by 40 cycles of 95 °C for 10 seconds,
60 °C for 40 seconds, ended by dissociation curves analysis
of amplified thaumatin products by heating the amplicon
from 75 °C to the 95 °C. All the reactions were performed
in triplicates. The thaumatin transcript analysis followed the
PCR conditions of Ziarovska et al. (2019). Chitinase specific
primers were designed on the basis of its sequence stored
in the GeneBank under acession DQ267094 and thaumatin
specific primers were designed on the basis of coding
region of the genomic sequence stored in the GeneBank
under accession AF227324.

Expression profiles of chitinase and thaumatin were analysed
in three Tokaj grape varieties - Hachat Lovelin, Tokay and
Muskat Blanc. Actin was used as an internal control for the
correction of sample-to-sample variation. The generated Cts
of actin amplicons ranged from 18.30 (Hachat Lovelin) up
to the 20.85 (Tokay). Dissociation curves of amplified actin
products calculated during the melting procedure showed
a single melting peak with melting temperature (Tm) of
81.8°C.

Dissociation curves of amplified chitinase products
showed a single melting peak with melting temperature (Tm)
of 85.8 °C, indicating specific product. Control reactions of
NTC (non-template control) generated clearly differentiated
products. Cts of chitinase generated amplicons during the
real-time PCR analysis varied from 29.70 (Hachat Lovelin)
to 31.64 (Tokay). Expression changes of chitinase allergen
were calculated by the delta delta Ct method (Livak and
Schmittgen, 2001). Chitinase expression was found to be
similar in the three analysed grape varieties. The Tokay grape
variety was found as having the lowest activity in chitinase
transcription activity, counted in 36 fold percentage
decreasing when compared to the Hachat Lovelin variety
and 63 fold percentage decreasing when compared to the
Muscat Blanc variety. Muscat Blanc has the expression level
of chitinase very similar when compared to the Hachat
Lovelin with the increasing 0.21 fold change (Fig. 1).

Dissociation curves of amplified thaumatin products
in the Slovak Tokay grape varieties calculated during the
melting procedure showed a single melting peak with
melting temperature (Tm) of 87.5 °C, indicating specific
product. Control reactions of NTC generated clearly
differentiated products. Thaumatin expression was found
to be more variable in the three analysed grape varieties
when compared to the expression of chitinase. Here again,
the Tokay grape variety was found as to have the lowest
activity in thaumatin transcription activity, counted in 100
fold percentage decreasing when compared to the Hachat
Lovelin variety and 186 fold percentage decreasing when
compared to the Muscat Blanc variety. Interestingly, Hachat
Lovelin has the expression level of thaumatin 10 times
higher when compared to the Muscat Blanc (Fig. 2).

Up to now, only a few studies have existed that analyse
the expression activity of grape allergens. Thaumatin
expression analysis was performed previously by Ziarovska
et al. (2019) in grapes of four red varieties of Vitis vinifera, L.
that were obtained in the season 2017 in the Sabo winery
that belongs to the Malokarpatsky wine region. Dornfelder
was found to have the lowest activity in thaumatin-like gene
activity, mainly when compared to Cabernet Sauvignon
and Frankovka modra. Alibernet, on the other side, has the
expression level of thaumatin very similar when compared
to Cabernet Sauvignon and Frankovka modra.

Expression profiles of different thaumatin-like proteins
were analysed by Yan et al. (2017) in the varieties Red Globe,
Shang-24, Hunan-1 and Shuangyou under the inoculation
of three different pathogens with the conclusion that
the expression of this gene family is broadly influenced
by Botrytis cinerea, Elsinoe necator and Elsinoe ampelina.




taumatin gene expression

1.21 times
higher expression

Muskat blanc
Figure 1 Expression profiles of chitinase in the cross-comparison among the analysed Slovak Tokaj grape varieties

chitinase gene expression

10 times
higher expression

e

Hachat Lovelin Muskat blanc

& ix
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Expression of thaumatin in grape is reported up to now
to be affected by different panthogens. Subsequence of
inoculation by anthracnose, powdery mildew and Botrytis
was analysed in the sense of thaumatin-like genes expression
in three different grape varieties by Yan et al. (2017) with
the conclusion that different genes were increased in their
expression following each of the inoculation pattern.

Conclusion

Chitinase and thaumatin are both minor allergens in grapes,
but their persistence to wine and juice products s relevant to
people suffering from grape allergy. Expression differences
of chitinase and thaumatin in the Tokaj region grape
varieties — Hachat Lovelin, Tokay and Muskat Blanc show
that chitinase is similar in its expression in these varieties,
but taumatin is much more variable in transcription. Muscat
Blanc was found to have the highest level of thaumatin
expression with the expression fold change of 10.
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ANALYSIS OF VIROME BY HIGH-THROUGHPUT SEQUENCING REVEALED MULTIPLE
INFECTION AND INTRA-VIRUS DIVERSITY IN A SINGLE GRAPEVINE PLANT
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Theribosomal-depleted total RNA from white-berry grapevine (Vitis vinifera, SK933) plant showing severe chlorosis and downrolling
of leaves was used for the high-throughput sequencing (HTS) analysis in order to unravel the potential contribution of the viral
pathogens to the symptomatology observed. The combination of de novo assembly and mapping of ca. 1.1 millions of HTS reads
enabled to identify and characterise a complex viral/viroid infection involving Grapevine leafroll-associated virus-2 (GLRaV-2),
Grapevine leafroll-associated virus-3 (GLRaV-3), Grapevine rupestris stem pitting-associated virus (GRSPaV), Grapevine rupestris
vein feathering virus (GRVFV), Grapevine Syrah virus-1 (GSyV-1) and Hop stunt viroid (HSVd). The determined nearly complete
genomes of GLRaV-2 SK933 showed its high genetic divergence from previously characterised isolates. In case of GRSPaV, two
variants representing different evolutionary lineages have been identified in the plant. The results further pinpoint the complexity

of grapevine viral diseases and show that mixed virus infection of grapevine is rather a rule than an exception.

Keywords: Vitis vinifera, virus, diversity, next generation sequencing

Grapevine (Vitis vinifera L.) is one of the most ancient and
widely grown crops in the world, used for the production
of fresh fruits, wines, juices, and other by-products. On the
other hand, grapevine has turned out to be the cultivated
plant hosting the highest number of viral pathogens
(Martelli, 2017), many of them being associated with
economically important diseases, such as leafroll, rugose
wood complex, leaf degeneration and flecks (Basso, Fajardo
and Saldarelli, 2017).

The study of genetic diversity and the evolutionary
mechanisms shaping the virus variability is important
to understand virus epidemiology and emergence and
is a prerequisite to design effective diagnostic tools and
implement effective disease management measures.

Mutations, connected with positive and negative
selection and recombination of genome are the main
evolutionary forces driving the genetic diversity of viral
populations. These processes, leading to the dynamic
genetic structure of virus populations, have a significant
role in the epidemiology of the grapevine viruses as they
constitute the basis of their adaptation to the environment
(Almeida et al., 2013; Maliogka et al., 2015).

A rapid, specific and effective diagnose integrated to the
certification schemes is one of the most important tools to
control grapevine viruses (Zherdev et al., 2018). However,
the effectiveness of such measures can be negatively
affected by a high virus genetic variability and occurrence

of divergent variants escaping the detection (Glasa et al.,
2015).

Knowledge on the occurrence of grapevine viruses in
Slovakia and their characterisation remains insufficient. First
studies aimed to characterize the grapevine viruses spread
in Slovakia were based on standard genomic tools (Glasa,
Predajia and Kominek, 2011; Glasa and Predajna, 2012;
Predajna et al,, 2013; Predaja and Glasa, 2016), possibly
not detecting the whole viral complexity present in the
grapevines. The recent developments of high-throughput
sequencing (HTS) technologies and bioinformatics have
drastically improved identification and characterisation of
viral pathogens without prior knowledge of their primary
structure (Maliogka et al, 2018). HTS has mostly had an
impact so far through the identification and characterisation
of new grapevine virus species, the study of diseases of
unknown aetiology, with the identification of candidate
disease-associated agents and, for some viruses, a large
improvement of existing diagnostic assays (Saldarelli et
al.,, 2017). In recent years, HTS has provided the possibility
to identify and characterize several common or emerging
grapevine viruses in Slovakia (Glasa et al., 2014; 2015; 2017;
2018).

The aim of the present work was the unbiased
identification and characterization of complete virome
present in a grapevine plant showing severe virus-like
symptoms.
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An approximately 30-year old white-berry grapevine of
unknown origin grown in the vineyard in Pezinok (western
Slovakia, GPS coordinates: 48° 18'09.8" N 17°15'40.7" E) and
showing pronounced chlorosis and leafroll, was selected for
the HTS analysis (further referred as the SK933 sample).

Total RNAs from fully developed leaves collected in
August 2017 were extracted using the Spectrum Plant Total
RNA Kit (Sigma Aldrich, St. Louis, MO, USA) and ribosomal
RNA was removed using the Ribo-Zero rRNA Removal
Kit (Illumina, San Diego, USA). The sample of ribosomal-
depleted total RNA was used for double stranded cDNA
synthesis using the SuperScript Il kit (Thermo Fisher
Scientific, Waltham, USA). The ¢DNA was then column-
purified with the DNA Clean & Concentrator™-5 — DNA
kit (Zymo Research, Irvine, USA) and quantified with
the Qubit 2.0 Fluorometer (Thermo Fisher Scientific,
Waltham, USA). Subsequently, the sample was processed
with the transposon-based chemistry library preparation
kit (Nextera XT, Illumina, San Diego, USA). Low-cycle
PCR and mutual indexing of the fragments was carried
out. Fragments were purified with 1.8 x AMPure XP
beads (BeckmanCoulter, USA) without size selection. The
fragment size structure of the DNA library was assessed
using the Agilent 2100 Bioanalyzer (Agilent Technologies,
Santa Clara, USA). The equimolar pool of 4nM DNA libraries
was denatured, diluted to 13 pM and sequenced (200-bp
paired-end sequencing) on the lllumina MiSeq platform
(Ilumina, San Diego, CA, USA).

High-quality trimmed reads were used for de novo
assembly and contigs aligned to the viral genomes
database (Brister et al., 2015) or to the genome of V. vinifera
(Velasco et al., 2007) using CLC Genomics Workbench
7.5 and Geneious v.8.1.9 softwares. Alternatively, the reads
were mapped against the selected full-length sequences
of viruses identified in the previous step to map the
de novo assembled contigs (retrieved from www.ncbi.nIm.
nih.gov).

Phylogenetic analyses and comparisons were performed
using the MEGA v.7 (Kumar, Stecher and Tamur, 2016) and
DnaSP v.6 (Rozas et al.,, 2017) softwares.

The nucleotide sequences reported in this paper have
been deposited in the GenBank database under accession
numbers listed in Table 1.

The SK933 grapevine plant, exhibiting pronounced chlorosis
and downrolling of leaves, was selected for the HTS analysis
in order to unravel the potential contribution of the viral
pathogens to the symptomatology observed.

The de novo assembly of about 1.1 million of high-quality
HTS reads (average length of 164.9 bp) from this grapevine
sample produced more than 20 000 contigs longer than 280
bp (of which 19 851 contigs mapped to the V. vinifera host).
Several of the other generated contigs were of viral/viroid
origin and led to the identification of a complex co-infection
of the SK933 plant by Grapevine leafroll-associated virus-2
(GLRaV-2), Grapevine leafroll-associated virus-3 (GLRaV-3),
Grapevine rupestris stem pitting-associated virus (GRSPaV),
Grapevine rupestris vein feathering virus (GRVFV), Grapevine
Syrah virus-1 (GSyV-1) and Hop stunt viroid (HSVd).

Combination of de novo assembly and subsequent
mapping of NGS reads against genomes of representative
isolates of above-mentioned pathogens retrieved from
Genbank enabled to obtain nearly complete genomes
for GLRaV-2, GLRaV3, GRSPaV and HSVd, as well as partial
sequences of GRVFV and GSyV-1. Interestingly, in case
of GRSPaV, two genetically different variants could be
assembled from the sequence data.

Multiple alignment of the full-length nucleotide
sequence of SK933 GLRaV-2 revealed only 72.1 to 85%
identity of Slovak isolate with available GLRaV-2 genomes
from different parts of the world. Phylogenetic analysis
further confirmed the molecular divergence of SK933
GLRaV-2, clustering in a separate branch, most closely
related to the Canadian and Chinese isolates (Fig. 1).

On the contrary, nearly full-length SK933 GLRaV-3
sequence showed low divergence, as compared to other
GLRaV-3 isolates, and showed the close phylogenetic
relationship with GLRaV-3 isolates from North and South
American continent (Fig 2).

Table 1 List of viral/viroid pathogens identified in the SK933 from the HTS dataset (1 163 370 high quality reads, mean length
164,9 bp) and their characteristics
Virus Virus name Genus Family NGS reads mapped | Genome | Genbank accession
acronym to the reference coverage numbers
GLRav-2 | Grapevine 'veifzrgg'aswc'ate‘j Ampelovirus | Closteroviridae 16,902 100% MN548394
Grapevine leafroll-associated . .
GLRaV-3 Virus-3 Closterovirus | Closteroviridae 7,435 99.2% MN548393
Grapevine rupestris stem pitting- . s 1,335 93.3% MN548395a
GRSPaV associated virus Foveavirus, | Betaflexiviridae 860 49.3% MN548396b
GRVFV Grapevine rupestris vein Marafivirus | Tymoviridae 288 67.4% not submitted
feathering virus
GSyV-1 Grapevine Syrah virus-1 Marafivirus Tymoviridae 432 85.7% not submitted
HSvd Hop stunt viroid Hostuviroid Pospiviroidae 63 100% MN548397

a) GRSPaV group 2a variant, b)group 3 variant
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Figure 1

Phylogenetic tree generated on complete nucleotide genome sequences of GLRaV-2 isolates. Isolates are identified by

their GenBank accession number and country of their origin. The Slovak isolate sequenced in the present study is
highlighted in bold. The scale bar indicates a genetic distance of 0.02. Bootstrap values higher than 70% (1,000

bootstrap resamplings) are indicated

The determined full-length HSVd genome consisted
of 297 nt, having the same length and 100% identity with
HSVd isolates from Brazil (MF774869, MF774870, MF774873)
and China (AB219944).

Two molecularly distinct variants of GRSPaV identified
in the grapevine plant differed mutually by 26.8% at
the nucleotide level and belonged, respectively, to the
phylogenetic groups 2a and 3 (Glasa et al., 2017) and thus to
different evolutionary lineages.

In case of two other viruses identified (GRVFV and
GSyV-1), their genomes could not be completed because of
the lower coverage of the full-length reference sequences
(Table 1). However, based on the partial sequence data,
both exhibited a close relationship to the respective isolates
previously reported from Slovakia (Glasa et al,, 2015; Glasa
etal, 2019).

HTS-based characterisation of divergent GLRaV-2
variant highlights the need for a continual assessment
of the grapevine virus molecular variability (also at the
regional level) as a prerequisite to understand the globality

of virus variability. Also, the identification of several viruses/
viroids and, moreover, different variants of the same virus
in a single plant, further emphasizes the complex and
heterogeneous nature of grapevine viral diseases (Kominek,
Glasa and Kominkova, 2009; Glasa et al., 2017), indicating
that a complex viral infection of grapevine is rather a rule
than an exception.

The close phylogenetic clustering of geographically
different isolates from different unrelated countries, or
even continents (as observed e.g. for GLRaV-2, GLRaV-3 and
HSVd) suggests a long term uncontrolled spread of these
pathogens and their widespread dissemination, probably
through the exchange and trade of infected propagation
material.

The aetiology of the disease observed in the SK933
plant cannot be elucidated properly, as the coexistence
of several virus/viroid agents in a single grapevine plant
(possibly acting in synergy or antagonism) challenges the
establishment of links between the symptoms observed

and the presence of a given infectious agent.
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HTS technologies have been confirmed to be a powerful
diagnostic tool allowing for an exhaustive description of
viral species present in many grapevines (Saldarelli et al.,
2017). Further information about viromes of grapevines
from different production areas or agroecological contexts
should help to improve the control and analyses of
the different interactions involved in the ecology and
pathogenicity of viral agents. This is particularly important
for novel viral agents, recently identified by HTS. Moreover,
in case of already known viruses, gaining access to the
unbiased viral diversity might allow to validate and further
improve existing detection assays by fine tuning the
detection, e.g. through designing updated primers in order
to improve their polyvalence and/or specificity.

Conclusion

In this work, ribosomal-depleted total RNA isolated from
leaves of symptomatic grapevine plantgrowninavineyardin
western Slovakia was subjected to HTS. Analysis of obtained
sequence dataset revealed the presence of complex viral/
viroid infection involving members of the Closteroviridae,
Betaflexiviridae, Tymoviridae and Pospiviroidae families.
Moreover, in case of GRSPaV, two genetically distinct
variants were identified. Together, these results further
highlight the complex and heterogeneous nature of
grapevine virome, hampering a clear-cut establishment of
links between the symptoms observed and the respective
infectious agent(s) present in the plant.
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THE EFFECT OF THE STORAGE ON THE CONTENT
OF THE MALVIDIN-3-GLUCOSIDE IN RED WINE
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Anthocyanins are plant dyes responsible for the colour of red wine. Of these, malvidin-3-glucoside is the most significant member
and its content was monitored in wines that were first left to age in oak barrels for 12 months, subsequently bottled and sealed
with plastic/cork stoppers. The malvidin-3-glucoside content was also studied in the same wines that were bottled right away
without aging in barrels. Analyses were conducted within the time spans of 3 to 30 months. The highest malvidin-3-glucoside
concentrations were found in month 3 of the aging process, and they significantly decreased in month 6 and month 15 of storing.
Between month 15 and month 30 of storing, the content of malvidin-3-glucoside basically remained unchanged. The results of
the measurements show that to preserve higher malvidin-3-glucoside levels for longer periods of time, it is better to store wine in

barrels rather than in bottles and when a bottle is used instead of a barrel, a plastic stopper is better than a cork stopper.

Keywords: wine, malvidin-3-glucoside, storage, barrel aging, plastic/cork stopper

Anthocyanins and derivatives thereof are essential pigments
responsible for the colouring of red wine (He et al.,, 2012).
Anthocyanins are dyes of a plant origin that accumulate
in the hypodermal cell layer of the skin of berries of the
Vitis genus as they ripen. Rather high anthocyanin levels
in grapes correlate with a quantity of sugars (Soural et al.,
2015). The dyes are released from the skins of grapes during
the process of vinification. Structurally, anthocyanins are
heteroglycosides that consist of the sugar component and
aglycone (anthocyanidin). Anthocyanins are rather unstable
and are subject to a degradation process, which is influenced
by a number of factors such as temperature, light, level of
oxygen etc. (Mezey et al., 2016). Monomeric anthocyanins,
with their colour being pH-dependent (Toménkova et al.,
2016), are responsible for the colour of young red wines, and
they become highly unstable when their concentrations
rapidly fall and they become involved in the production of
much more stable oligomeric and polymeric structures as
red wines age (Fulcrand et al., 2006). These new colourful
compounds are entirely responsible for the colouring of
rather old red wines; they have also become less sensitive to
changed pH and more resistant to discolouring by sulphur
dioxide by that time (Somers, 1971). Malvidin-3-glucoside
is the substance most frequently occurring in young red
wines; malvidin is found as a monoglucoside and is present
already in blue grapes (Copikova et al., 2005). Balik, Kumsta
and Rop (2013) even report that out of more than 20 types
of anthocyanins, malvidin-3-glucoside constitutes over 60%
of all anthocyanins in Blaufrankisch as well as other grape
varieties.

Wine

Two wines (Blaufrankisch & Cuvee from the wine region
Moravia, GPS of vineyard: 48° 51’ 54.0" N, 16° 53’ 24.0" E)
aged in oak barrels, 50 litres of each, for 12 months,
subsequently were decanted using 0.7 | bottles; plastic
(P) and cork (C) stoppers were used, each having a length
of 45 mm and a diameter of 25 mm. In parallel, the same
wines were bottled straight away without being retained in
barrels, using again cork (C) or plastic (P) stoppers.

The wines were stored in a wine cellar in the municipality
Velké Bilovice in the Czech Republic in the dark and at
atemperature of 12 °Cand analysed for the level of malvidin-
3-glucoside (MvGl), in the course of 3 to 30 months. On a day
before taking the measurements, the wines were placed in
a refrigerator at 5 °C. The analysis was carried out in month
3,6, 15, 21 and 30 of aging on Faculty of Horticulture in
Lednice (Mendel University in Brno, Czech Republic).

Solid phase extraction (SPE)

Before applying a sample of wine, SPE columns
(6 ml.500 mg™' of polystyrene-divinylbenzene) were flushed
with 6 ml of acidified methanol (0.01% HCl in vol. % in pure
methanol at HPLC grade >99.9%) and, subsequently, with
acidified water (again, 0.01% HCl in vol. %). The sample was
diluted to 1 : 1 with acidified water when 6 ml was applied
to the SPE column (any non-polar MvGl was absorbed). Then
there was an action of washing using 6 ml of acidified water
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to remove the polar substances. The elution of MvGIl was
made using 6 ml of acidified methanol.

Concentrating the samples

The eluent was made more concentrated by evaporation
of the solvent (by increasing the temperature to +35 °C
under inert atmosphere using a flow of gaseous nitrogen).
The resulting dry matter was subsequently dissolved with
1 ml of the mobile phase A (see the Liquid chromatography
chapter) and filtered using a nylon syringe filter, pore size
of 0.22 um (Membrane Solution); the solution was diluted,
as necessary, with the mobile phase A for measuring liquid
chromatography (LC).

Liquid chromatography

Malvidin-3-glucoside was analysed using LC (Thermo
Electron, Finnigan ChromQuest) on a column Synergy
(Phenomenex, Torrance, CA, USA) with parameters: 5 um,
250 mmx4.6 mm, the temperature of 35 °C, the flow rate
of 0.5 ml.min™. The mobile phase A was 5% acetonitrile
+5% formic acid (in vol. %) in water; the mobile phase B
was 55% acetonitrile + 5% formic acid (in vol. %) in water.
The gradient was increased from 6 % mobile phase B to
20% of B during 20 min; from 20% of B to 40% of B during
15 min; from 40% of B to 60% of B during 5 min; from
60% of B to 90% of B during 5. The injection volume was
5 ul. Diode array detector (Thermo Electron, Finnigan
UV6000LP) with the detection of wavelengths at 210,
280 and 520 nm was used for analyzing. Wavelength
520 nm was used for the quantitative evaluation. For the
calibration, the analytical standard malvidin-3-glucoside
(from PhytoLab at HPLC grade >95.0%) was used (retention
time 26.8 min.).

As the wine aged, malvidin-3-glucoside (MvGl) levels were
onthedecrease.The highest values wererecorded in month
3 ofaging; during the subsequent months (6, 15, 24 and 30),
lower values were recorded each time. The decline in MvGl
was rendered by power or exponential characteristics (Fig.
1, Fig. 2a and details in Fig. 2b) rather than by the linear one
(for example, the regression coefficient seen for the MvGl
level in Blaufrankish wines stored in bottles with plastic
stoppers was R = 0.9243 for the power characteristic,
R = 0.8340 for the exponential characteristic, and only
R = 0.7970 for the linear characteristic). A rapid decrease
in monomeric anthocyanins was observed by Zafrilla et al.
(2003) as well.

For Cuvee, the average MvGl levels in month 3 of storing
were around 35 mg.I"" (34.3 for cork; 38.0 for plastic and 36.3
for barrels); in month 6, they were around 16 mg.l" for wines
stored in bottles (15.8 mg.I" under cork stoppers and 16.0
mg.I"" under plastic stoppers), while in barrels, the content
was significantly higher (26.8 mg.l”, which is approximately
2/3 higher than in bottles; see Fig. 1). A similar situation
occurred in the subsequent months when in month 15,
24 and 30 the Cuvee’s MvGIl concentrations were around
3 mg.I" when stored in bottles with cork/plastic stoppers;
however, after 12 months of aging in barrels and subsequent

bottling (using cork/plastic stoppers), Cuvee had the MvGl
concentration of around 6 mg.l", i.e., roughly twice as much
(Fig. 1).

Similar trends in the course of the MvGI concentration
were found in Blaufrankisch (Fig. 2a). However, in month 3
of storing, there was approximately 70 mg.I" of MvGl in the
barrel, while in bottles (both types of stoppers), there was
only around 50 mg.l" (48.9 for cork; 55.6 for plastic), which
means that generally, the level in barrels was 35% higher
than in bottles (45% under cork stoppers, about 28% under
plastic stoppers). Within month 6, the difference was as
much as nearly 40%, while in barrels there was 28.0 mg.I'1
of MvGl and in bottles (both types of stoppers) there was an
average of 20.2 mg.l", when, again, in wines under plastic
stoppers there was a little higher concentration. The MvGI
concentration in month 15 was in fact identical for all types
of storage; it was around 3 mg.I". In the subsequent months
of storage, significantly higher levels were measured in the
samples with 12 months of aging in barrels than in those
stored only in bottles during the storage period. For the wine
thataged in barrels for 12 months and was stored under cork
and plastic stoppers for another period of 12 months, the
MvVGl levels were 12.8 and 11.4 mg.l”, respectively, while the
wine stored under stoppers for 24 months contained only
4.6 mg.I" (cork) and 3.0 mg.I” (plastic). This hence, practically,
constituted 4-fold differences in terms of the MvGI content.
Within month 30 of storing, this ratio even increased to
about an 8-fold difference between the wine stored only
in bottles and the one aging in barrels for 12 months and
stored in bottles for another period of 18 months.

For nine out of ten cases of Cuvee, it was characteristic
that they reached lower values when stored only in bottles
than when they were left aging in barrels for 12 months. The
same applied to Blaufrankisch as nine out of ten cases were
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Figure 1 Distribution of malvidin-3-glucoside (MvGlI) in
Cuvee wine stored in bottles with cork (C) or
plastic (P) stoppers during the aging period of
30 months (30M means 30 months) and the one
stored in oak barrels (B) for the initial 12 months
and, subsequently, in bottles with cork/plastic (C/P)
stoppers; different letters (a, b) in the time of storage
indicate a significant difference in contents of MvGl

by Tukey test (P = 0.05); for each variant, there were

3 or 4 repetitions made
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Figure2 a - Distribution of malvidin-3-glucoside (MvGl) in Blaufrénkisch wine stored in bottles with cork (C) or plastic (P)
stoppers during the aging period of 30 months (30M means 30 months) and the one stored in oak barrels (B) for the
initial 12 months and, subsequently, in bottles with cork/plastic (C/P) stoppers; different letters (a, b) in the time of
storage indicate a significant difference in contents of MvGlI by Tukey test (P = 0.05); for each variant, there were 3 or

4 repetitions made

b - In detail, (P) with 3 test curves to decrease MvGl, regression coefficients (R) were obtained by the dependence of

level of MvGl on time of aging

found to have higher MvGl levels when wine was left aging
in barrels.

In both Cuvee and Blaufrdankisch stored under plastic
stoppers, in six out of ten cases, the MvGl levels were higher
thaninthose, found in wines under cork stoppers. In the case
of Cuvee aging in barrels for 12 months, two out of three
cases were observed to have higher MvGl levels compared
with Cuvee wine stored under plastic stoppers, whereas the
opposite was true for Blaufrankisch when three out of three
cases were found to have lower MvGI levels when stored
under plastic stoppers compared with those using cork; the
differences, however, were significantly below 2.5 mg.I".

Zafrilla et al. (2003) monitored MvGl levels in wine for the
Monastrell variety stored in glass bottles in the dark when
the concentration was 49.9 mg.l” for the conventional wine
and 75.9 mg.l” for the ecological wine in month 3.The levels
became reduced when they reached 39.2 mgl” (a 21%
decrease) and 47.1 mg.I'1 (a 38% decrease) in month 6. As
a part of our measurements made between month 3 and
6 of storing, the reduction of 26% was recorded in Cuvee
when stored in barrels (i.e., in the dark); for storing in bottles,
however, a decrease of more than 50% was recorded for the
same wine stored in bottles. Concerning Blaufrénkisch wine,
the reduction ranged from 59% to 63% for all of the storing
options. The declines between month 3 and 6 of storing are
therefore in tens of %.

The reduction of all anthocyanins (i.e., not only that
of MvGlI) during the storage was measured previously by
Mazza et al. (1999) when the total quantity of anthocyanins
expressed as MvGl declined by 25% (from 469 mg.” to
352 mg.l'1) after 2 months for Cabernet Franc, by 22% (from
455 mg.l" to 355 mg.I") after 6 months for Merlot, and by
25% (from 219 mg.I" to 166 mg.l") after 5 months for Pinot
Noir.
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A similar percentual decline (by 20%) was recorded by
Gomez-Plaza et al. (2002) when they determined, for the
Monastrell variety stored in bottles, the malvidin level to be
87.9mg.I" in month 3and 70.1 mg.I" in month 6. In addition,
they measured the content of 41.1 mg.I"" even in month 12.
However, this was a decrease of 53% compared with month
3. For the samples measured by us in month 15, the declines
ranged between 84% and 95% for Cuvee and between 94%
and 98% for Blaufrankisch. During one-year period of the
storage, the declines are already several tens of percent.

Conclusion

The present study compared four methods of a wine-storing:
in bottles with plastic (P) or cork (C) stoppers, aging in oak
barrels for initial 12 months and subsequent bottling using
stoppers of plastic (B_P) or cork (B_C), and the effect of these
on the malvidin-3-glucoside (MvGl) content. The effect was
studied during the storage period from 3 to 30 months in the
case of the Blaufrankisch and Cuvee varieties. The decline
of MvGI, concerning time, was rendered by the power
(R=0.9243) or exponential (R = 0.8340) characteristics rather
than by the linear one (R = 0.7970) as shown by the values
for Blaufrankish (P). This shows a rapid decline in MvGI
in the early days of the storage when after month 15, the
MvGlI quantities practically remained unchanged. In 18 out
of 20 cases, the MvGl levels were higher in wines stored in
barrels for the initial 12 months compared with those stored
in bottles. For wines aging in bottles only, the MvGlI levels
were higher in six out of ten cases when wines were stored
under plastic stoppers compared with those stored under
cork stoppers. Between month 3 and month 6 of storing, the
reduction of 26% was recorded for Cuvee stored in barrels; in
the case of storing the same variety in bottles, however, even
more than 50% reduction was observed. For Blaufrankisch,



the reduction ranged between 59% and 63% for all storing
options. The declines measured between month 3 and
month 6 therefore reached tens of percent. When stored in
one-year period, instances of the MvGl level reduction were
extremely significant; for example, they ranged, from month
3 to month 15, between 84% and 95% and between 94%
and 98% for Cuvee and Blaufrénkisch, respectively. Hence,
the results of the measurements show that to preserve
the higher levels of MvGl for a longer period, it is better to
store wine in barrels than in bottles and when one does use
bottles instead of barrels, plastic stoppers are better for use
than cork stoppers.
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A REVIEW: A FRAMEWORK FOR YIELD IMPROVEMENT IN KHARIF/RAINY SEASON
POTATO IN THE LOW LAND TROPICS

Shankar RAJA*, Govindakrishnan PM, Chakrabarti SK
ICAR-Central Potato Research Institute-Shimla, India

Potato is a temperate crop greately adapted to tropical climate as evidenced by the greater share of production by the tropical
countries in recent years. It is grown mainly during rainy seasons coupled with long summers in majority of potato growing
countries. However, the sub-tropics country like India, kharif (or) rainy season potatoes is still an underexploited segment which
is mainly restricted to hills and plateaus, but not plains. Unlike short day crops grown during winter, the yield of kharif potato is
far lower. However, the simulation model estimated the attainable yield could be enhanced substantially by extending canopy
cover (100%) duration from 10 to and 40 days over the existing window of favourable growing period at various kharif growing
areas. Accordingly, the yield could be enhanced from 25.4 to 34.7 t.ha” in plateaus (Dharwad), and from 31.9 to 42.0 tha™ in
Northern HH (Shimla). The South and Northern HH locations (Ooty and Shimla respectively) registered a higher attainable yield
(45.1 and 42.0 tha™, respectively) which strongly indicates the necessity of trait specific improvement program for developing

better phenotype combination having high water, radiation and light use efficiency for enhanced yield potential.

Keywords: environment, future research, genotype, kharif potato, physiological breeding

Potato (Solanum tuberosum L.) is considered to be the
3" most important food crop in the world. It is grown in
>125 countries comprising 52% areas located in temperate
region in Europe, 34% in Asia and 14% in Africa. The world
potato production is estimated at 364.8 million t in 2012
(FAO, 2014), where the production share of the developing
world exceeded the developed (Scott and Suarez, 2011.
Potato is grown in majority of leading potato growing
countries during rainy seasons under long summer
which results in higher productivity (Table 1). India is the
2" largest producer of potato in the world (Scott and
Suarez, 2011) by producing 45.34 million t from 1.99 million
ha (22.8 tha') during 2012-2013 (NHB, 2013). Kharif
crop is grown during rainy seasons in hills and plateaus
recorded with very low productivity. In India, plains shared
about 85% crop area and rest (15%) is contributed by hills
and plateaus. Considering the country future demand of
potato (125 million t), the area under potato is required to
increase to 3.62 million ha to meet this demand (CPRI, 2011).
Exploitation of not only hills and plateau areas, but also
extending areas under potato cultivation to plains during
rainy seasons is indispensable. In order to analyse climatic
normals of different kharif growing regions, the climatic
data of Indian Meteorological Department for 15 years was
collected and used. LINTUL-POTATO-DSS model was used
to estimate the predicted yield of potato for kharif growing
area (Haverkort et al., 2015). Hence, this review explores
the prospects of kharif potatoes and future strategies
for its exploitation in the low land tropics like the Indian
subcontinent.

Kharif potato scenario in India

The word Kharif denotes “Mousam” originated from Arabic;
hence, it is most popular in Indian sub continent and
Arabian countries. The kharif potato refers to the potato crop
cultivated during rainy seasons (June to September), which
is most prevealent in plateaus areas (Table 2). Although
planting of potato in hills has taken place earlier than
onset of rains, the crop is fully dependent on forthcoming
rainy seasons for completing its life cycle. Unlike short day
potato grown in plains during winter season (irrigated),
kharif potato is completely grown as a rainfed crop under
long day conditions, often encountering both moisture
and nutritional stresses. The vigourous vegetative, late
stolon formation, and stolon growth longer under long day
conditions reflects the poor yield potential as compared to
the short day crop (40-50 t.ha™).

Topographic scenario of kharif potato growing areas

The altitude based classification of potato growing regions
revealed that the crop season and crop duration of potato
is location-specific (Pushkarnath, 1976). As kharif potato is
grown both in hills and plateaus, the Indian hills are divided
into North Indian, South Indian and North Eastern hills,
which are further subdivided into Very high, High, Mid and
Low hills based on the altitude (Table 3). The Northern Hills
(NH) altitude ranged between 800 and 3,000 m a. s. . Due to
this, the sowing time of potato ranges from early February
to end of April and the harvest time lasts from early July
to end of October. In Very high and high hills, the crop is
completely grown under rain watering and the available
crop period is longer. In Mid hills, even the kharif crop is
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planted in February to March, there is enough soil moisture
for germination and growth, but (May-June) irrigation is
always essential to save the crop during dry months. Hence,
the premature crop harvesting is practiced due to moisture
stress which causes poor storability of tubers causing
troublies with economical values. In low hills, no kharif crop

is grown. The Southern hills (SH) altitude range rises steeply
even >2,500 m a.s.l. at some point from the plains, they are
located near 10° North of equatorial line and well fixed in
the tropic of cancer. Potato is grown thrice a year (Kharif
or summer/ autumn/spring) at >2,000 m a.s.l. elevations.
As the rainy season starts during June, the crop is raised

Table 1 Top 20 Potato producing countries in the world and their seasonal trends
Sl. No. Countries Production Growing period
(T March-September December-May October-April

1 China 85,920,000 mostly meager meager
2 India 45,000,000 meager meager mostly
3 Russian Federation 29,532,530 mostly meager meager
4 Ukraine 23,250,200 mostly meager meager
5 USA 19,165,865 mostly meager meager
6 Germany 10,665,600 mostly meager meager
7 Poland 9,091,900 mostly meager meager
8 Bangladesh 8,205,470 meager meager mostly
9 Netherlands 6,765,618 mostly meager meager
10 France 6,340,807 mostly meager meager
11 Iran 5,400,000 mostly meager meager
12 Turkey 4,822,000 mostly meager meager
13 Canada 4,590,296 mostly meager meager
14 United Kingdom 4,553,000 mostly meager meager
15 Egypt 4,500,000 meager meager mostly
16 Peru 4,473,503 meager meager mostly
17 Algeria 4,219,476 mostly meager meager
18 Pakistan 4,104,400 meager meager mostly
19 Brazil 3,731,798 meager meager mostly
20 Malawi 3,255,780 meager meager mostly

Year: 2012. Source: FAOSTAT, 2014

Table 2 Climatic characters of kharif potato compared with subtropical and temperate
Parameters Subtropics Temperate Kharif
Growing season winter summer rainy
Temp. at planting 25-30°C 15-25°C 25-30°C
Temp. at harvesting 10-20°C 15-25°C 20-25°C
Crop duration (days) 90-100 150-180 120-150
Mid day water stress prominent absent present
Night temp. 4-15°C 15°C 18-20°C
Frosting common absent absent
Resulting yield low high very low
Dry matter content less high high
Growing altitude plain high hill mid/high hills
Sun shine moderate high moderate
Growing period October-February April-September May-October




Table 3 Topographical factors of hills and plateaus regions of potato growing zones in India
Hill categories H Representative location ‘ Altitude ‘ Latitude ‘ Longitude ‘ Growing season
Northern Hills
Very High Hills Kufri - - - -
High Hills Shimla 2,202 31.06 77.10 15" April - 30" Oct
Mid Hills Almora 1,585 32.08 76.32 15% April - 15" Oct
Low Hills Srinagar 564 32.18 75.55 30" June - 30" Sep
Southern Hills
Very High Hills - - - - -
High Hills Ooty 2,249 11.24 76.44 15" April - 15" Oct
Mid Hills Gudalore 1,052 11.30 76.30 10" April - 15" Oct
Low Hills Mysore 767 11.18 76.57 5% April - 10" Sep
North Eastern Hills
Very High Hills - - - - -
High Hills Shillong 1,598 25.34 91.53 7™ March - 30™ July
Mid Hills Aijel 1,097 23.44 92.43 30" Feb - 25™ July
Low Hills Halflong 682 25.10 93.12 10" Feb - 10" July
Plateaus
Chigmangalur 1,018 13.20 75.46 1** May - 30" Sep

High altitude Hassan 967 12.58 75.59 30" May - 30" Sep

Dharwad 727 15.27 75 10" June - 5" Oct
Low altitude Pune 559 18.32 73,51 10™ June - 15" Sep

during 2™ week of April to the last week of September.
However, rainfall is a basic requirement to complete
the life cycle of potato in this region. The North-Eastern
hills (NEH) are characterised with flat plains, undulating
hillocks, hills, high plateau and mountains. In hilly areas,
the potato is raised as a summer (March-July), autumn
(August-December) crop where yields are generally higher
in a former crop season. The high snow melts followed
by rainfall take care of crop at high and very high hills.
The mid and low hills completely depend on moisture
through rainfall during June to September. In contrast to
the very high and high hills, the growing season is warmer
in mid and low hills, and therefore the crop duration is
comparatively shorter.

Plateau region covers a vast area of central and peninsular
India. The altitude range is from 300 to 1,200 m a.s.l., which
are further classified into low altitude plateau (LAP) (300
to 600 m a.s.l.) and high altitude plateau (HAP) (600 to
1,200 m a.s.l). In the HAP, two growing seasons (Kharif
and rabi season) are feasible, while in the LAP only the
winter season crop is possible. Crop season starts with the
onset of pre-monsoon showers (early June) and extends
up to the cessation of rains (end of September to October);
hence, the growing season is fairly long. Under plateau
region, the availability of potato growing days increases as
the elevation increased. The low saltitude location Pune had
very low days as compared to high altitude locations.

Climatic and phenological siutations

Temperature

Temperature plays a key role in determining the sowing time
and consequently the duration of different phenol-phases
which greatly affects the crop productivity. The climatic
normals recorded for the crop season at hills and plateaus
revealed that the maximum seasonal mean temperature
had negative relation with altitude irrespective of hills (NH,
SH and NEH). The mean seasonal minimum temperature
found the least at NH (13.04 °C) as compared to SH (15.43 °C)
and NEH (15.51 °C) clearly indicated that SH, NEH are
comparatively warmer than NH. Similarly, the seasonal mean
maximum temperature was found higher at NH (25.95 °C)
as compared to SH (22.88 °C) and NEH (23.84 °C). In plateau
regions, the mean minimum temperature observed was
19.45 °C, while the maximum mean temperature observed
was 27.88 °C clearly showing a wider difference between
the level of minimum and maximum temperatures between
hills and plateau regions (Fig. 1).

P days and Growing degree days (GDD)

Plant development requires a specific amount of heat to
develop from one point in their life cycle to another (from
seeding to harvesting stage). The GDD calculated for
different kharif grown locations for predicting phonological
events more accurately (Mc Master and Wilhelm 1997)
to determine harvest dates and yield revealed that the
mean p days across altitudes were found lower for NH




(983.2 Cd) than SH (1,281.9 Cd) and NEH (1,281.2 Cd).
Similarly, the p days calculated for plateau regions across
the altitude were found lower than hills (916.2 Cd), which
strongly showed a negative relation of p days with altitude.
Growing degree (GDD) days and photo thermal units (PTU)
are good estimators of growth stages. Accumulation of
growing degree days and photo thermal units for each
developmental stage is relatively constant and independent
on the sowing date; crop variety may modify it considerably
(Phadnawis and Saini 1992). The mean GDD recorded for NH
was found lower (2,069.2 Cd) as compared to SH (2,313.6
Cd) and NEH (2,324.2 Cd). Similarly, GDD recorded for the
plateau region was greater (2,352.8 Cd) than that of NEH and
SH (Fig. 2).

Solar radiation and night temperature index

Plants’ growth rate is proportional to the amount of solar
radiation received for photosynthesis, assuming that other
environmental parameters are not limiting. Of the 100%
total energy received by the leaf, only 5% is converted
into carbohydrates for biomass production. Among the
representative locations, the NH observed with mean solar
radiation ranged from 7.23 to 12.89 with mean value of
10.18. The SH had ranged from 12.46 to 13.24 having mean

value of 12.79. The NEH recorded mean solar radiation
ranging from 7.31 to 11.58 with the mean of 9.99. This data
clearly indicates that SH received greater solar radiation as
compared to the rest. Similarly in plateau region, the mean
solar radiation ranged from 8.17 to 18.48 with mean value
of 11.15. Similarly, the night temperature index observed
ranged from 15.45 to 18.6 with mean value of 10.07 for
NH, ranging from 12.46 to 21.22 with the mean of 17.28,
and ranged from 15.87 to 19.17 with mean value of 17.56.
However, it ranged from 18.56 to 24.37 with a mean of 21.53
for pleateu regions clearly indicating that SH, followed
by plateau region, receives comparatively higher solar
radiation and night temperature as compared to NH and
NEH. These factors strongly support the fact that the poor
yield is attributed to high solar radiation as evidenced that
every 1.8 °C rise in temperature could cause 3-10% vyield
reduction in wheat (You et al., 2009). This justifies that the
enhanced radiation use efficiency for elevated temperature
is imperative for plateau regions (Bradshaw, 2009).

Crop growth pattern

Varietal duration

Crop duration is determined by the heat units accumulated
in the growing regions and the genotype ability to harvest
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heat units for its growth. Although
optimum temperature for potato is
considered between 5 °C and 25 °C,
the growth period can be widened
about 10-15 days on either side of the
exiting window through interventions
of improved varieties developed for
abiotic stress factors. Considering
the suitable growing temperature

for tuberisation, aerial growth and
development, the volume of growing
degree days was calculated for kharif
potato locations of hills and plateau
regions. The results revealed that the
NH had low mean GDD (2,069.3 Cd)
as compared to SH (2,313.6 Cd), NEH
(23242 Cd) and plateau regions
(2,235.7 Cd), which is strongly

GDD requirement of Indian potato varieties
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supported by Hassan et al. (2007) that
higher elevation areas of Canada had
lower GDD at400-800 ma.s.l.range.On
the contrary, the higher GDD (2,656.8
Cd) recorded at plains (Modipuram) as
compared to hills might be due to land
use patterns of forest lands exhibiting
relatively cooler GDD associated with
higher evapotranspiration rates in
forested areas (Hassan et al, 2007).
Few exceptions showing that mid
location of SH and NEH had greater
GDD as compared to high hills of all the
three groups can be justified by higher
volume of non cloudy days (Hassan et
al., 2007). Hence, the high hills required
more periods to accumulate the
required GDD to complete the life cycle
of potato as compared to mid and low
hills and plateaus. The lower hills and
plateau regions had higher GDD values
despite the shorter growing days due
to higher maximum temperature
during the crop season.

Accordingly, the varietal crop
duration calculated for different
altitudes based on the GDD

accumulation indicated that there is
% A a huge variation in varietal durations
S 80 il of the same variety at different
£ 0 | R B = - locations. Accordingly, the stage
g w |l 4 - - wise GDD requirement of 10 Indian
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440 Cd (K. Sinduri) with varietal mean
value of 326 Cd. For stolon formation to
tuber maturity, it ranged from 650 Cd
(K. Asokha) to 950 Cd (K. Sinduri)
with mean value of 814 Cd. Hence,
the total GDD required for planting
to tuber maturity ranged from 1,190
Cd (K. Asokha) to 1,715 Cd (K. Sinduri)
with mean value of 1,436.5 Cd (Fig.
3). Based on GDD requirement, the
varieties can be classified into three
groups: as low, medium and long GDD
varieties. The cultivar K. Ashoka and
K. Bahar required comparitively lesser
GDD (<1,300 Cd), K. Chandramauki,
K. Pukhraj, K. Jothi, K. Jawahar,
K.Badshah and K.Satluj needed
moderate level (1,300-1,600 Cd) and
K. Sinduri required the highest level
(>1,600 Cd). The low GDD required
cultivar K. Ashoka and K. Bahar
completes its life cycle at 48 & 51days,
respectively, at plateaus (Dharwad);
however, they required 107 & 113
days, respectively, in high hills of
SH (Ooty) due to their difference
between heat unit accumulation (Fig.

4). The similar trend was observed for
medium and long GDD varietes too, as
K.Chandramuki (117), K. Pukhraj (123),
K. Jothi (126), K. Jawahar (133) and
K. Sutlej (136) required longer days
at high hills of SH (Ooty) as compared
to plateaus (Dharwad) (52, 56, 57,
59 and 60 days, respectively) (Fig.
5). However, these varieties needed
only 94, 102, 105, 109, 111 days,
respectively, at plains location
(Modipuram). The long GDD required
genotypes such as K Badshah,
K. Lalima and K. Sinduri needed
60, 62 and 70 days at plateaus as
compared to 136 and 139 days,
respectively, whereas K Sinduri could
not recieve sufficient GDD at high hills
of SH (Ooty) as the suitable growing
windows were not sufficient, hence
it should be harvested as premature.
This finding is supported by the
results of rice crop duration which was
found reduced under elevated tem-
perature (>4 °C of normal) to 12 days
earlier (96 days), and at >2 °C had
6 days earlier (102 days) as compared
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to that of ambient temperature
(108 days). Similarly, the elevated
temperature of >4 °C (1,641 °Cd)
showed lower accumulated heat
units for attaining active tillering to
harvest than elevated temperature
of 2 °C (1,583 °Cd) and ambient
temperature (1,523 °Cd) (Arti Rani
and Maragatham, 2013). Hence,
it is concluded from the above
facts that kharif growing locations

required comparatively later
maturing varieties for hills and
plateaus (excepting Pune and

Dharwad) compared to the plains.

Varietal selection

Although most of the potato varieties
reported to require a minimum of
70-90 days of favourable cool season
to obtain an economical tuber yield for
ware purpose, the longer favourable
season up to 110-120 days along
with enough accumulated heat
units results in substantially higher
returns, provided the growth stage
wise varietal GDD demand is fulfilled.
In order to understand, the GDD
accumulated at monthly interval for
high hills and plateau representative
location was compared with stage
wise GDD demand of the cultivars. The
Indian genotypes demands GDD for
germination (296.5 Cd), stolonisation
(326.0 Cd) and tuber maturity stages
(814.0 Cd) revealed that the required
GDD was accumulated at 30 DAP
for germination and 60 DAP for
stolonisation, irrespective of hills.
However, from stolonisation to tuber
maturity it demanded higher GDD,
which is fulfilled only at NEH and NH
(>350 Cd). On the other hand, in SH
the GDD was descending <350 Cd
(Fig. 6), which necessitates greater
radiation use efficient cultivars for
SH for achieving higher yield. On
the contrary, the growth stage wise
GDD accumulated in plateaus were
exorbitantly higher than the GDD
required for Indian genotypes (Fig. 7);
hence the selection or developing new
early matuting cultivars with greater
radiation use efficiency is further
enhancing the yield.

Environment exploitation
for higher tuber yield
Alittleyield progress has been achieved
in mid-early and late potato cultivars
(Schuster, 1997) of German federal




varieties (Douches et al., 1996) and U.S. potato cultivars
for a period of three decades which strongly explained the
lack of yield improvement in early maturity genotypes of
the most modern cultivars. In India, too, the coefficient of
variation on area and production variability analysed for
decade period revealed greater yield variability from high
yield to high variability and low yield to low variability
among potato growing states (Saxena and Mathur, 2013).
The lower yield coupling with low/high yield variability
states are the areas where unfavourable weather prevails
with biotic and abiotic stress pressure and lack of ideal
varieties resulting in their low yields (Sananse, Borude and
Patil, 1990). Hence, modifying phonological patterns of crop
is a prime requisite to avoid or minimize stress (Lopes and
Reynolds, 2010) as efficient management on phonological
basis is determined by Incident solar radiation (Monteith
and Unsworth, 1990), radiation use efficiency (Mitchell,
Sheehy and Woodward, 1998; Sinclair and Muchow, 1999)
and harvest index (Belanger et al., 2001).

Long back, Donald (1968) designed a plant ideotype for
small grain cereal having a short stem, a few erect leaves,
a high harvest index and erect an ear and a single culm.
The two hundred years of modern breeding of potato
has resulted in a great diversity of modern lines; however,
genotypic variation for photosynthetic traits is still lacking
(Street et al., 2009) and reflects the necessity of ideotype
breeding. The modern potatoes have a high harvest index
of around 0.80 and potential yields of 140 t.ha™ (Mackay,
1996: Beukema and van der Waag, 1990) depending
upon the length of growing season and temperatures. In
tropics and sub-tropics, the possibility to reach the level
of yields obtained in temperate zone is remote due to its
shorter growing season and a lower efficiency per unit of
intercepted radiation. However, kharif potato has a greater
scope for yield exploitation through enhancing radiation
use efficiency and light interception characteristics as it is
grown under long day conditions with long growing period.
Hence, the transition from qualitative to quantitative and
from morphological to phonological traits in designing
crop ideotype is essential to nullify the environment effect
(Hunt, 1993) through species selection to plant architecture
modification.

Species selection

Prioritising the plains, the Indian potato breeding program
is focused mainly on Species Solanum andigena due to its
ability to tuberisation under short day conditions as against
S. tuberosum (long day conditions). Hence, Tuberosum
(female) x short-day Andigena hybrids were used for the
sub-tropic plains of India, these hybrids showed a yield
advantage of 19% over Tuberosum X Tuberosum hybrids
in the second clonal generation at harvest 120 days after
planting (Gopal, Chahal and Minocha, 2000) although
Andigena parents were lower vyielding as compared
to Tuberosum (6.02 versus 10.78 kg.plot™). As a result,
a number of Indian potato cultivars have been developed
from Tuberosum x Andigena crosses, including K. Pukhraj,
K. Giriraj, K. Chipsona-2 and K. Shailja (Kumar et al., 2008).
However during the same period in sixties, the long-day
adapted Andigena (Neotuberosum) potatoes parents
were used in European and North American breeding

programmes (Glendinning, 1975) for long day conditions.
The Tuberosum x long-day Andigena hybrids have shown
yield advantages of 7 to 21% over Tuberosum x Tuberosum
hybrids. Mass selection method adopted to produce
a population of S. phureja/S. stenotomum for long-day North
European conditions (Carroll, 1982), and achieved average
26% higher yielding hybrids than five Tuberosum cultivars
(Pentland Crown, Desiree, Maris Piper, Pentland Dell and
Record) (Carroll and De Maine, 1989). Cubillos and Plastid
(1976) found that under short days in Mexico, Colombia
and Peru, long-day-adapted (Andigena x Andigena)
hybrids outyielded Tuberosum x Tuberosum hybrids and
in Colombia they also outyielded their Tuberosumxlong-
day Andigena hybrids. Hence, breeding for kharif potato
needed Neotuberosum, S. phureja/S. stenotomum parents
based offspring to attain yield rather than S. tuberosum x
S.andigena (short day adapted) based offsprings.

Plant architecture

Plant architecture is a three-dimensional organization
of a part of a plant, encompassing branching pattern,
plant height, leaves arrangement and the structure of
reproductive organs which determines its adaptability
to cultivation, harvest index and potential yield
(Reinhardt and Kuhlemeier, 2002). Under kharif season,
plant height had significantly positive correlation with
number of leaves per plant, and in turn, the number of
leaves had positive and significant correlation with days
to tuber initiation, days to tuber maturity and tuber
weight (Amadi, Ene-Obong and Okoc, 2008) justifies the
delay in tuber initiation perhaps allowing for optimal
foliage development before tuber initiation phase, and
consequently delay in maturity allows for a longer period
for the storage of assimilates, implying the taller plant
with late maturity group suits for higher hill regions.
A significantly negative correlation between tuber
yield and days to tuber initiation; and days to maturity
suggested that an early bulking coupled with a sustained
partitioning of assimilates to tubers invariably lead to
higher yield (Amadi and Ene-Obong, 2007) indicating
early bulking genotypes suits invariably for mid and low
hill regions. Fekadu, Petros and Zelleke (2013) found that
tuber yield had positive correlation with plant height,
biological yield, harvest index and big tuber percentage,
while and negatively correlating with small and medium
tuber percentage at both the phenotypic and genotypic
levels. The greater genetic variability in potato for plant
height (189 to 728 mm), plant spread (146 to 542 mm)
and leaf area (88.6 to 217.5 cm?) have higher phenotypic
coefficient value than the genotypic value (Regassa and
Basavaraj, 2005) and these traits had moderate heritability
coupled with low genetic advance indicating that these
traits can be improved by the hybridization method.
Fine-tuning the vegetative-to-reproductive growth
balance is a way to manipulate varieties showing different
growth habits (Spielmeyer, Ellis and Chandler, 2002). In
potato, the vegetative peak reaches at about 60 days of
planting (source) supplies sink to the tuber which start
initiating at 35 days of growth. Tuber initiation involves
a shift from stolon elongation to radial swelling of the sub-
apical region, accompanied by a decline of alkaline and




acidic invertase, and an increase of sucrose synthase and
fructokinase activity (Ross et al., 1994). The rise in sucrose
synthase and fructokinase activities is positively correlated
with the onset of starch and storage protein biosynthesis
(Ross et al., 1994). Hence, the first formed tubers are larger
in size due to dominance sink causing poorly developed
tuber in latter forming stolon due to sink strength in tubers.
In order to prolong and uniform tuber size, the ensured
and balanced source and sink relation is maintained in
semi-determinate growth genotypes. In similar line, stem
characters and stem diameter exhibiting poly genes with
additive genetic effect had highly positive correlation with
1,000-KW (kernal weight) and GYPS (grain yield per stem) in
wheat genotypes. Hence, semi-determinate with erect stem
genotype would yield better by manipulation in sink and
source relation in potato for kharif environments.

Leaf morphology and its orientation

Dickinson, Parker and Strauss (1987) reported that
differences in leaf shape are often more inheritable and
independent on the environment. The genetic variability
for leaf morphology (Hue, Chandran and Boyce, 2010), and
the larger leaf surface area is associated with increasing light
absorption. Genetic variation reported for leaf number per
plant ranged from 30.3 (Granola) to 93.3 (Agria) and it is
genotype-specific (Ozturk and Yildrim, 2014). The presence
of complex edges and lobes in larger leaves enables to
disperse the absorbed heat very rapidly, and waxy surface in
younger leaves prevents or minimise the transpiration rate
as they locate at the top of the plant (C.I.P, 2008). In many
species, vein density has been correlated with hydraulic
conductivity of water and maximum photosynthetic rate in
leaves (Brodribb, Field and Jordan, 2007) and the smaller leaf
area has been associated with greater vein density that may
contribute to increased abiotic stress tolerance (Scoffoni et
al., 2011). Irrespective of shape and size of leaf, Leaf Area
index (LAI) has been defined as the area of green leaves per
unit area of the ground (Jonckeere, 2004), a higher and lower
value of LAl indicating a denser and sparse crop canopy,
respectively (Boken and Chandra, 2012). LAl is a stage of
genotype and its growing condition specific (Lopes et al.,
2013). In potato, LAl ranged from 1.40 (Dakchip) to 6.60
(Pungo), where the maximum LAl recorded at 61 DAP
(Monalisa) (Nunes et al., 2006). However, the cv. Atlantic,
Chipbelle and DTO-33 showed no decline in their LAl up to
73 days of planting (DAP) indicating a better abiotic stress
tolerance response. Leaf area expansion is a determinant of
crop growth rate (Goudriaan and van Laar, 1994); it increases
with LAl particularly at early growth stages, because the
relative increases in the interception of photosynthetically
active radiation (IPAR) are largest when leaf is small
(Jamieson et al., 1998). Potato genotypes with warmer crop
canopies under irrigated conditions are less susceptible to
drought than genotypes with cooler canopies (Stark, Pavek
and McCann, 1991) due to the rate of transpiration driven
cooling of the leaves. Genetic manipulation of leaf angle is
not complex, and is thought to be controlled by only two to
three genes. In Dasiree, the dry matter distribution pattern
that diverted substantially and tuber filling started earlier
than the cultivars of same maturity group, but during tuber
filling a greater proportion of the assimilate diverted in the

leaf growth (Spitter and Schapendock, 1990) indicates the
suitability of erectophile leaf with medium to late bulking
genotypes for kharif season where later growth stage
seldom faces moisture stress in the soil due to adequate
rainfall.

Leaf morphology determines leaf photosynthetic
rate which can be improved by breeding (Crosbie, Pearce
and Mock, 1981) and progress could be achieved for high
photosynthetic CO, exchange rate (Mahon and Hobbs,
1981). The canopy photosynthesis on ground cover basis
was ranged from 1.72 to 4.34 g CO,m™2hr" (Bhagsari,
1988), cv. Pungo had higher values than other genotypes.
The mean adaxial and abaxial stomatal conductance was
0.86 and 1.46 cm.sec”, respecively. Dry matter partitioning
to tubers ranged from 8.9% (Pungo) to 55.5% (Atlantic)
67 DAP and the tuber yield ranged from 9.6 to 27.8 MT.ha™',
indicating the suitability of cultivar Atlantic for growing in
a warm climate. Cieply (1976) concluded that assimilation
rates can be used as a physiological criterion for rapid
selection in potato breeding. Measured rates of CO, uptake
by 18 clones of potato under standard conditions (Mol and
Henniger, 1978) and the stomatal number per leaf at upper
surface ranged from 4 (A6948) to 50 (A66107-51). The area
of stomatal apparatus was also found to range from 0.1
to 2.2 at upper surface and 6.8 and 9.6 at lower surface
of respective potato clones. However, the CO, uptake
was found higher in clone A-6948 (9.2) as compared to
A-66107-51(7.6 mg CO, mg™.chl.h™), giving a surprising
contribution to total carbon assimilation that Lemhi has
an unusually high rate of CO, assimilation through the
upper leaf surface, and A6948-4 an unusually high rate
through the lower leaf surface; through breeding, these
two characters can be combined for the high carbon
assimilation rates of Lemhi‘s upper leaf surface and A6948-
4's lower leaf surface. The greater leaf carbon exchange
rate of Dara-5 transgenic plants did not result in increased
yields which is explained by poor C-use efficiency, low sink
strength of the tubers, or both (Schittenhelm, Sourell and
Lopmeier, 2006). The transgenic plants exhibited relatively
higherinvestment of biomass into photosynthetic leaf area,
stems, and roots and less to tubers than the nontransgenic
plants due to the differing rate of dark respiration among
the parts (Vose and Ryan, 2002) because tubers have lower
respiration rates than other potato plant parts, especially
leaves (Winkler, 1971).

Root architecture and drought tolerance

Manpulation of root architecture is imperative for kharif
potato as it frequently encounters nutritional deficiency
and drought stress. In general, potato cultivars are shallow
rooted and often produce most of their roots in the plough
layer (lwama, 2008; lwama and Yamaguchi, 2006). However,
an inhibition of root growth by high soil strength greater
than 1 MPa under rainfed situation (Miller and Martin,
1987) results in low harvest index as against an irrigated
crop with high harvest index (Vos and Haverkort, 2007).
A wider variation for root traits in European tetraploid
potato (S. tuberosum Group Tuberosum), diploid Phureja
potatoes (S. tuberosum Group Phureja) and Neotuberosum
lines (selected from S. tuberosum Group Andigena) has
been observed (Wishart et al., 2009). The total root
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length per plant varied from 0.38 m
(Tuberosum variety Pentland Dell)
to >100 m (Phureja variety Mayan
Twilight). Phureja line (Mayan Gold)
had the longest and thinnest roots.
The number of stolon roots and
basal roots amongst the cultivars
varied, the Phureja line, Mayan Gold,
had significantly more of both root
classes, their relative proportions
too, suggesting potential genetic
difference in resource partitioning.
A positive correlation between root
pulling resistance and tuber yield (Wall
et al., 2006) and root mass correlates
well with leaf mass, and tuber yield
(Deguchi et al., 2010) observed earlier
simplifies overcoming difficulty in
root studies in potato. Most N efficient
hybrid JX-576 had significantly higher
mean root length, root surface area,
and root volume than least N efficient
cultivar Kufri Jyothi (Trehan and
Singh, 2013). Average tuber yield
reduction per mm water deficit has
been estimated at 117 kg.ha” (Vos
and Groenwold, 1988) and a decrease
of leaf water potential from -0.5 to
-0.9 MPa reduced photosynthesis by
58% and it decreased the internal
CO, concentration by 29% (Vos and
Oyarzun, 1987).The CO, concentration
and assimilation are positively
correlated and a 10% increase in tuber
yield is estimated for every 100 ppm
increase in  CO, concentration
(Miglietta et al., 1998). The simulation
study of 16 potato growing locations
also indicated that locations viz,
Chitoor and Kolar appear to be ideal
for screening studies as the night
temperature at these locations is
between 20 and 22 °C for most of the
crop season and varieties with heat
tolerance greater than K. Surya can be
selected at these locations (Minhas et
al.,, 2011). K. Surya has been identified
for successful growing of potato for
these areas where at least 70 days
are available with night temperatures
ranging from 18 to 22 °C. Thus, it is
suitable for most parts of peninsular
and coastal India e.g., in the Andaman
and Nicobar islands the variety gave
ayield of 14 tha™ (Minhas et al., 2011).

Hypothetical attainable yield
estimation through ideotype
breeding approach for kharif areas.

In addition to the yield determinant
traits, the available length of the
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growing season also determines the
yield (Haverkort, 1990). The high
hills had suitable temperatures for
longer duration and longer rainfall
season necessitates the demands for
late variety which should utilise the
long growing season for better yields
as compared to early varieties. The
low GDD varieties (K. Ashoka and K.
Bahar) comes to harvest very early
at high hills (86-113 days), plateaus
(48-75 days) and plains (84-91 days),
revealing the more unutilised suitable
growing period due to senescence
of present day varieites. The medium
GDD varieties such as K Chandramuki,
K. Pukhraj, K. Jothi, K Jawahar and
K. Sutlej also complete growth cycle
within 96-133 at high hills, 76-88 at
mid hills, 67-118 days at low hills,
52-91 days at plateaus and 94-111
days in the plains reflecting more
unutilised suitable growing period.
Similar trend has been observed for
high GDD varieties such as K Badshabh,
K. Lalima and K. Sinduri across growing
locations.
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Itis clear from the fact that the crop
duration should be effectively utilised
by developing late maturing varieties
as compared to the present day
varieties. Hence, an ideotype have stay
green traits reflects the maintenance
of photosynthetic activity longer than
a capacity for light harvesting during
the mobilisation of carbon produce to
the harvested organs (Yan, 2004), can
be exploited as timing of senescence
is a heritable and manipulated
(Shahnazari, 2008) in potato.
Genotypes that are late maturing have
full ground cover with green foliage
till the end of the available growing
season; however, it is an indication
of unfavourable distribution of dry
matter to the foliage rather than to
the harvestable parts. This should be
managed by developing ideotype with
semideterminant growth habit, which
balances the vegetative as well as
reproductive parts.

A hypothetical attainable vyield
was estimated for different kharif
growing regions of India having with
existing growing period the changing

Growing degree days requirement under extended 100% canopy
cover period of kharif locations
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canopy cover (100%) duration extended by 10, 20, 30 and
40 days. By increasing canopy cover (100%) to 40 days, the
GDD accumulation during the growing season could be
enhanced upto 800 Cd (Dharwad), 585 Cd (Hassan et al.,
2007), 406 Cd (Ooty), 602 Cd (Shimla) and 886 Cd (Srinagar)
additionally in different kharif areas. Under the condition of
harvesting of the additional heat units and converting in
terms of drymatter, the attainable yield of 25.4, 28.7, 31.7
and 34.7 tha™, respectively, could be obtained at Dharwad.
Similarly, the values of 31.9, 34.9, 38.3 and 42.0 t.ha" were
indicated for Shimla (Fig. 8).

It has also resulted from the fact that despite
higher heat wunit accumulation in Dharwad and
Srinagar, the attainable yield could reach up to 34.7 and
47.1 tha’, respectively (up to 30 days only). However,
the locations Ooty and Shimla register higher values for
attainable yield (45.1 and 42.0 tha™, respectively) despite
the low level of heat accumulation (<1,500 °Cd). In Shillong,
the 100% canopy cover cannot be expanded for 40 days of
its attainment due to the lack of suitable growing period for
potato (<1,250 °Cd) (Fig. 9).

Way Forward

Presently, kharif potato is complexly a long day crop
grown mainly rainfed in hills and plateaus, and affected
by high temperature during rainy season in plains; the
area under kharif potatoes has not extended to plains.
Developing an ideal phenotype having traits introgressed
using physiological breeding approach for enhanced
radiation and light use efficiency under longday/day
neutral background is imperative. The yield in potato under
stress free conditions is determined by the canopy cover,
radiation use efficiency and partitioning ratio of genotypes.
The amount of total radiation intercepted by green active
foliage depends on the amount of solar radiation and on the
proportion that intercepted (based on the Leaf area index,
leaf angle and scattering nature of leaf). The size and shape
of the leaves with complex edges are associated with stress
tolerance and dispersion of absorbed heat is a very desirable
trait in heat stressed environments. The vein density has
been correlated with hydraulic conductivity of water and
maximum photosynthetic rate in leaves (Brodribb, Field and
Jordan, 2007) and enhanced water use efficiency.

Improvement in root traits like root depth and root
length density is important for developing cultivars for
rainfed condition. Wider variation in rooting traits of a range
of potato genotypes including the European tetraploid
potato, diploid and Neotuberosum lines showed the total
root length per plant varied from 38 m (Tuberosum variety
Pentland Dell) to >100m (Phureja variety Mayan Twilight)
(Wishart et al., 2009). A positive correlation found between
root pulling resistance and tuber yield, root mass correlates
well with leaf mass and tuber yield (Deguchi et al., 2010)
could be used as an indices for selecting ideal parental line
for kharif potato breeding program. Hence, a phenotype
having semi determinate growth type with erectophile
lobed leaf margins of waxy surface having dense venation
at arial and higher root diameter with higher tuber surface
roots at underground coupling of higher radiation and light
use efficiency is ideal for kharif potatoes.
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GENETIC ANALYSIS OF SOME AGRONOMIC TRAITS IN OKRA
(ABELMOSCHUS ESCULENTUS L. [MOENCH])
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A study was carried out at the Federal University of Agriculture Abeokuta, Nigeria to determine the gene action underlying the
inheritance of important agronomic traits as well as the general combining ability (GCA) and specific combining ability (SCA) of
the parents and hybrids, respectively. Ten hybrids were developed by crossing five lines to two testers. The hybrids and parents
were evaluated on the field in a randomised complete block design replicated three times, and data were collected on days
to 50% flowering, number of branches, stem diameter, plant height, pod length, pod width, pod weight, number of pods and
pod yield. The data were subjected to line by tester analysis and results showed substantial variability among the genotypes for
some of the characters measured. Days to 50% flowering, number of pods and pod yield were largely under additive gene action
while non-additive gene action was more important in the inheritance of plant height. Favourable GCA and SCA effects for days
to 50% flowering were observed in NGB00356, NGB00326 and NGB00347 x NGB00326, respectively. The tester NGB00326 had
a positive and significant GCA effect for number of pods while the highest positive SCA effect for pod yield was found in NGB00297
x NGB00326. Thus, NGB00356 and NGB00326 could be considered as sources of alleles for development of early maturing while

the cross NGB00297 x NGB00326 could be exploited for high yielding okra genotypes.

Keywords: earliness, high yielding, hybrids, okra

Okra (Abelmoschus esculentus L. [Moench]) is an important
vegetable crop in West and Central Africa (Nwangburuka
et al., 2012), where it is referred to as “a perfect villager’s
vegetable” due to the high dietary fibre and seed protein
balance it offers in diets (Kumar et al., 2010). However, low
yields have been recorded on farmers’ fields due to the
lack of adapted genotypes, narrow genetic base of existing
cultivars and unpredictable length of the growing season
(Ahiakpa et al., 2013). It is vital to develop okra varieties
with early maturing and high yielding potentials. Arora
et al. (2007) noted that these traits were polygenic and
their expression greatly influenced by the environmental
fluctuations. They submitted that an understanding of the
gene action that controls the inheritance of fruit yield and
earliness related traits in okra was important.

Line x Tester analysis proposed by Kempthorne (1957)
is a popular mating design among plant breeders and its
efficiency in detecting the nature and magnitude of gene
action controlling important agronomic traits in crops has
been reported (Prakash et al., 2002). Furthermore, line x
tester analysis provides estimates of specific combining
ability (SCA) of each cross and general combining ability
(GCA) of lines and testers and at the same time, it is helpful
in estimating various types of gene actions that are
important in the expression of quantitative traits (Rashid
et al., 2007).

The technique thus aids the identification of potential
parents for hybridization based on genetic information and
knowledge of their combining ability.

Different workers have carried out combining ability
studies in okra with different outcomes. Shusmita and
Das (2003) reported that additive gene action was more
important in the inheritance of inter-node length, number
of nodes, fruit length, fruit diameter, plant height and pod
yield. Kumar (2006), however, noted that non-additive gene
action was largely responsible for the expression of plant
height, number of branches, pod weight, pod length and
pod yield. Rewale et al. (2003) in their study identified three
lines; DVR-4, SOH-02 and Arka Anamika that had favourable
GCA effects for yield and related traits. Prakash et al., (2002)
in a line x tester analysis involving 7 lines and 3 testers
reported the preponderance of non-additive gene action
over additive gene action for all the measured traits. They
further identified 4 out of 10 parents with good GCA for pod
yield while 2 of the 21 hybrids exhibited favourable SCA
effects for the majority of the characters.

The objectives of this study were to determine the
gene action controlling the inheritance of some important
agronomic traits in okra and to determine the combining
ability of the parents used in the study.
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Planting materials and generation of hybrids

The study was carried out at the Teaching and Research
Farm of the Federal University of Agriculture, Abeokuta,
Nigeria (latitude 7° 29" N and longitude 3° 3 E). Seven inbred
lines sourced from the gene bank of the National Centre for
Genetic Resources and Biotechnology (NACGRAB), Ibadan,
were utilised for this study. Five were designated as lines
and two as testers based on their previous performance
(Oyetunde, 2015). Each male (Tester) parent was crossed
to each female (Line) parent to generate ten crosses. Each
genotype was sown in single row plot of 4 m length with
0.6 m as inter-row and 0.4 m as intra-row. Planting was done
in succession to ensure synchronization of flowering, and
crosses were made accordingly. The parents were selfed to
ensure availability of fresh seeds for evaluation. Harvesting
was done after the pods had dried on the mother plants to
ensure viability of seeds for evaluation.

Field evaluation and data collection

The ten hybrids and seven parents were sown at the rate of
two seeds per hole and later thinned to one plant per stand.

The experiment was laid out in arandomized complete block
design (RCBD) with three replications separated by 1 m to
enhance easy movement during field operations. Each plot
was a 4.5 m long single row with 0.70 m as inter-row and
0.45 m as intra-row. Three and six weeks after planting, NPK
15:15:15 was applied at a recommended rate of 60 kgN.
ha” using the side placement method. Weeding was done
manually as necessary and insect pests were controlled
using cypermethrin at the rate of 4 mllitre” of water.

Observations were made on number of days to 50%
flowering, plant height (cm), stem diameter (cm), number
of branches, number of pods, pod weight (g), pod length
(cm), pod width (cm) and pod yield (kg) from representative
plants on each plot.

Data analysis

Data collected were subjected to line x tester analysis as
described by Singh and Chaudhary (1985) to determine the
gene action underlying the inheritance of the measured
characters. The GCA and SCA and their corresponding
standard errors were then computed for all traits. The two
genetic parameters were tested for significance using their
standard errors as outlined by Singh and Chaudhary (1985).

Table 1 Mean squares from ANOVA of characters evaluated in okra using line by tester analysis
Source Df 50%F* NoB StG PtH PdL PdWgt NPdPt YPt
Replicate 2 31.82 7.19 0.59** 1652.93* 0.13 0.03 291.25*%* | 59627.83**
Genotype 16 126.81%* 3.44 0.1 1955.48%* 0.94** 2.29 68.59%* 6840.68
Parent (P) 6 122.65%* 2.82 0.05 1562.86** 1.54 3.68 92.95%* 7277 42%*
Cross (C) 9 88.46** 3.1 0.04 937.29%* 0.61 1.62 56.56%* 4765.63**
PvsC 1 496.98** 10.18 0.94 13474.88** 0.21 0.02 30.74 22895.76**
Line (L) 4 81.45** 1.1 0.02 813.69%* 0.9 2.38 32.06 1849.19**
Tester (T) 1 202.80** 7.7 0.04 329.35%* 1.01 1.88 339.36%* | 29371.92**
LxT 4 66.88% 3.95 0.06 1212.88%* 0.23 0.79 10.35 1530.49%*
Error 32 17.99 2.7 0.05 626.82 0.17 2.24 23.37 4089.23
Table 2 General combining ability (GCA) of the parental lines evaluated for 8 agronomic traits in okra
Line 50%F° NoB StG PtH PdL PdWdt NPdPt YPt
NGB00303 4.13* 0.49 0.03 12.64 -0.50%* 0.03 -0.76 -4.36
NGB00346 2.8 -0.53 0.08 527 -0.28* 0 -1.58 -10.92
NGB00347 0.3 -0.03 -0.08 -13.25 0.35% -0.07 -2.53 -24.86
NGB00297 -2.37 -0.29 -0.01 6.85 0.05 0.08* 2.34 36.83
NGB00356 -4.87%* 0.36 -0.02 -11.51 0.38* -0.04 2.54 3.32
SE line 1.73 0.67 0.09 10.22 0.17 0.05 1.97 34.90
Tester
NGB00326 -2.60* 0.51 0.04 -3.31 0.18* -0.02 3.36%* 41.06
NGB00302 2.60% -0.51 -0.04 3.31 -0.18* 0.02 -3.36** -41.06
SE tester 1.1 0.42 0.06 6.46 0.11 0.03 1.25 21.66

(for tables 1 and 2) *,** significant at 5 and 1% probability levels, respectively
50%Fa - days to 50% flowering, NoB — number of branches, StG - stem diameter (cm), PtH - plant height (cm), PdL - pod length
(cm), PdWdt - pod width (cm), PdWgt — pod weight (g), NPdPt — number of pods, YPt - pod yield (kg-ha‘1)




Table 3 Specific combining ability (SCA) effects of 10 hybrids evaluated for 8 agronomic traits in okra

Cross 50%F* NoB StG PtH PdL Pdwdt NPdPt YPt

NGB00303 x NGB00326 0.93 0.41 0.1 19.16 -0.2 0.02 -0.4 24.60
NGB00303 x NGB00302 -0.93 -0.41 -0.1 -19.16 0.2 -0.02 0.4 -24.60
NGB00346 x NGB00326 1.93 0.83 -0.07 -6 -0.18 0.02 0.15 -7.56
NGB00346 x NGB00302 -1.93 -0.83 0.07 6 0.18 -0.02 -0.15 7.56

NGB00347 x NGB00326 -4.23* -1.01 -0.04 0.21 0.25 -0.08 0.34 -12.88
NGB00347 x NGB00302 4.23% 1.01 0.04 -0.21 -0.25 0.08 -0.34 12.88
NGB00297 x NGB00326 -2.57 0.49 -0.09 -19.25 0.12 0.01 1.77 19.37
NGB00297 x NGB00302 2.57 -0.49 0.09 19.25 -0.12 -0.01 -1.77 -19.37
NGB00356 x NGB00326 3.93 -0.72 0.11 5.88 0.02 0.02 -1.86 -23.55
NGB00356 x NGB00302 -3.93 0.72 -0.11 -5.88 -0.02 -0.02 1.86 23.55
SE (LxT) 2.45 0.95 0.13 14.45 0.24 0.07 2.79 48.46

*** significant at 5 and 1% probability levels, respectively.

50%F* - days to 50% flowering, NoB — number of branches, StG - stem diameter (cm), PtH - plant height (cm), PdL - pod length
(cm), PdWdt — pod width (cm), PdWgt — pod weight (g), NPdPt — number of pods, YPt - pod yield (kg-ha™)

Table 4 Mean performance of the 17 okra genotypes evaluated for eight agronomic traits

Genotype 50%F° NoB StG PtH PdL Pdwdt | PdWgt = NPdPt Ypt
NGB00326 (T1) 68.33 6.87 1.46 143.43 5.30 1.93 8.77 20.23 803.45
NGB00302 (T2) 70.00 5.73 1.45 136.87 4.33 2.37 11.17 10.10 504.45
NGB00303 (L1) 56.33 5.90 1.22 129.07 5.93 2.13 12.07 2547 1115.69
NGB00346 (L2) 55.67 6.87 1.16 103.30 5.47 2.27 11.10 21.13 889.44
NGB00347 (L3) 56.00 7.90 1.37 146.37 6.47 1.90 10.60 25.63 847.61
NGB00297 (L4) 55.67 5.40 1.38 87.37 5.50 2.13 9.77 26.10 1100.94
NGB00356 (L5) 57.00 7.67 1.49 106.10 6.30 2.00 11.40 21.97 896.53
NGB00303 x NGB00326 (L1xT1) 68.67 8.93 1.81 183.30 4.97 2.20 9.07 25.30 1253.73
NGB00346 x NGB00326 (L2xT1) 68.33 8.33 1.68 150.77 5.20 2.17 10.20 25.03 1130.82
NGB00347 x NGB00326 (L3 xT1) 59.67 7.00 1.56 138.47 6.27 2.00 10.50 24.27 1069.69
NGB00297 x NGB00326 (L4 xT1) 58.67 8.23 1.57 139.10 5.83 2.23 11.50 30.57 1367.89
NGB00356 x NGB00326 (L5 xT1) 62.67 7.67 1.76 145.87 6.07 2.13 11.17 27.13 1125.27
NGB00303 x NGB00302 (L1 x T2) 72.00 7.10 1.53 151.60 5.00 2.20 10.73 19.37 836.78
NGB00346 x NGB00302 (L2 x T2) 69.67 5.67 1.76 169.40 5.20 2.17 10.90 18.00 918.03
NGB00347 x NGB00302 (L3 x T2) 73.33 8.00 1.56 144.67 5.40 2.20 10.67 16.87 890.69
NGB00297 x NGB00302 (L4 x T2) 69.00 6.23 1.68 184.23 5.23 2.27 11.67 20.30 984.15
NGB00356 xNGB00302 (L5 x T2) 60.00 8.10 1.47 140.73 5.67 2.13 10.97 24.13 1014.03
Mean 63.59 7.15 1.52 141.21 5.54 2.14 10.72 22.45 985.25
SE 1.58 0.26 0.04 6.19 0.14 0.03 0.21 1.16 48.16

50%Fa - days to 50% flowering, NoB - number of branches, StG - stem diameter (cm), PtH - plant height (cm), PdL - pod length
(cm), PdWdt - pod width (cm), PdWgt — pod weight (g), NPdPt - number of pods, YPt - pod yield (kg-ha'1)

A detailed understanding of the inheritance of important
agronomic traits in okra is central to the improvement
of the vegetable crop. Identification of ideal parents,
development and promotion of hybrids would not only

increase yields, but also serve as sustainable sources of
useful genetic variability for continuous improvement
program. Hybridization between genotypes that are not
genetically diverse or with little genetic variation might not
give higher heterotic value in F, and may result in narrow
range of variability in the segregating F, population. The
significant differences revealed among the genotypes for




days to flowering, plant height, pod length and number of
pods (Table 1) underscored the differential performance
among the parents and their hybrids which is an indication
of substantial genetic variability that could be explored for
future improvement (Weeraskar, 2006).

A significant line or tester and line X tester effects on
a trait is an indication of the gene action conditioning the
trait under consideration and the worth of the parents and
hybrids for that trait. For instance, a significant line or tester
effect implies that such trait is under additive gene control
while a significant line x tester effect suggests that the
character is under non-additive gene control. When both
are significant, that is, line/tester and line X tester, the effect
with the highest mean square would be considered more
important in the inheritance of the concerned trait. In our
study, line or tester and line X tester effects were significant
for days to 50% flowering, plant height and pod yield which
implies that breeding strategies that could take advantage
of both additive and non-additive gene effects should be
considered in the improvement of the traits listed. However,
based on the components of mean squares, additive gene
action is more important than non additive in the control of
earliness and pod yield implying that faster progress may be
obtained through recurrent selection scheme. Plant height
would be best improved through heterotic breeding as
suggested by the higher importance of non-additive gene
action in its inheritance.

Secondly, the significant tester effect for some of the
evaluated characters confirmed the contrasting nature
of NGB00326 and NGB00302 that were used as testers in
this study. This implies that the testers have the potential
to discriminate among the lines in terms of the values for
the measured traits. That the line had significant effect
on some traits indicated that the lines showed varied
performance (GCA) in hybrid combinations with the testers
while the significant line x tester effect points to differential
performance of specific crosses. Furthermore, the parents
and crosses that showed significant combining ability
effects in the preferred direction are high combiners and
valuable sources of favourable alleles for the improvement
of the character involved (Reddy et al., 2013; Badu-Apraku
et al, 2016). For instance, the negative significant GCA
effect associated with NGB00356 and NGB00326 (Table 2)
for days to 50% flowering shows the worth of this line in
the development of early maturing okra genotypes. Tester
NGB00326 had a positive and significant GCA effect for
number of pods indicating its value as a candidate parent in
the development of high yielding okra genotypes (Prakash
et al, 2002; Rewale et al., 2003).

All the hybrids showed non-significant SCA effects
(Table 3) for all characters except days to 50% flowering in
hybrids NGB00347 x NGB00326 (earliness) and NGB00347 x
NGB00302 (late maturity). This may be due to the lack of
complementation of the parental genes and/or because
okra is a self-pollinated crop, leading to little heterotic
advantage. Reddy et al., (2013) had earlier reported that
self-pollinated crops such as okra exhibit low hybrid vigour.
However, NGB00297 x NGB00326 had the highest positive
SCA effect for pod yield and also the highest pod yield (Table
4). Thus, NGB00356 and NGB00326 could be considered as
sources of alleles for the development of early maturing

okra types while the cross NGB00297 x NGB00326 could be
exploited for production of high yielding okra genotypes.

Conclusion

The study revealed differences among the parental lines for
some of the characters studied and confirmed the contrasting
features of the testers. Furthermore, the inheritance patterns
of the various agronomic traits were determined and the
potentials of the parental lines as sources of desirable alleles
for okra improvement were documented.
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