Ay UNIVERSITY OF AGRONOMIC SCIENCES Ve
17,2 oM h)
221 AND VETERINARY MEDICINE OF BUCHAREST |
R

Facurry oF HORTICULTURE

SCIENTIFIC PAPERS
SERIES B. HORTICULTURE

VOLUME LXV, NO. 2




SCIENTIFIC PAPERS

SERIES B. HORTICULTURE
VOLUME LXV, NO. 2, 2021






UNIVERSITY OF AGRONOMIC SCIENCES
AND VETERINARY MEDICINE OF BUCHAREST
FAcurTy oF HORTICULTURE

SCIENTIFIC PAPERS
SERIES B. HORTICULTURE

VOLUME LXV, NO. 2

2021
BUCHAREST



SCIENTIFIC COMMITTEE

Bekir Erol AK - University of Harran, Sanliurfa, Turkey

Arina ANTOCE - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania

Adrian ASANICA - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania

Liliana BADULESCU - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania

Valentina BOZHKOVA - Fruit Growing Institute, Plovdiv, Bulgaria

Daniela CICHI - University of Craiova, Romania

Mirela CORDEA - University of Agricultural Sciences and Veterinary Medicine of Cluj-Napoca, Romania

Sina COSMULESCU - University of Craiova, Romania

Elena DELIAN - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania

Alin DOBREI - Banat University of Agricultural Sciences and Veterinary Medicine “King Michael I of Romania” from
Timisoara, Romania

Elisabeta DOBRESCU - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania

Lucia DRAGHIA - “Ion lonescu de la Brad” University of Agricultural Sciences and Veterinary Medicine of lasi, Romania
Franco FAMIANI - Universita degli Studi di Perugia, Italy

Gheorghe GLAMAN - President of the Romanian Horticultural Society, Romania

Luca Corelli GRAPPADELLI - University of Bologna, Italy

Dorel HOZA - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania

Kéaroly HROTKO - Corvinus University of Budapest, Hungary

Olimpia IORDANESCU - Banat University of Agricultural Sciences and Veterinary Medicine “King Michael I of Romania”
from Timigoara, Romania

Karsten KLOPP - Obstbauversuchsanstalt Jork, Germany

Mekjell MELAND - Norwegian Institute of Agricultural and Environmental Research - Bioforsk, Norway

Carmen MANOLE - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania

Viorel MITRE - University of Agricultural Sciences and Veterinary Medicine of Cluj-Napoca, Roménia

Adrian PETICILA - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania

Silviero SANSAVINI - University of Bologna, Italy

Radu SESTRAS - University of Agricultural Sciences and Veterinary Medicine of Cluj-Napoca, Romania

Alvaro STANDARDI - University of Perugia, Italy

Florin STANICA - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania

Dorin SUMEDREA - National Research-Development Institute for Biotechnology in Horticulture Stefanesti-Arges, Romania
Florin TOMA - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania

Valerica TUDOR - University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania

Cristos XILOYANNIS - University of Pisa, Italy

EDITORIAL BOARD

General Editor: Adrian ASANICA
Executive Editor: Adrian PETICILA
Members: Bekir Erol AK, Valentina BOZHKOVA, Luca CORELLI GRAPPADELLI, Elena DELIAN,
Elisabeta DOBRESCU, Karoly HROTKO, Karsten KLOPP, Dorel HOZA, Florin TOMA

PUBLISHERS:

University of Agronomic Sciences and Veterinary Medicine of Bucharest - Faculty of Horticulture
Address: 59 Marasti Blvd, District 1, 011464, Bucharest, Romania
E-mail: journal@horticultura-bucuresti.ro, Webpage: www.horticultura-bucuresti.ro

CERES Publishing House
Address: 29 Oastei Street, District 1, Bucharest, Romania
Phone: +40 317 90 23, E-mail: edituraceres@yahoo.com, Webpage: www.editura-ceres.ro

Copyright 2021
To be cited: Scientific Papers. Series B. Horticulture, Vol. LXV, No. 2, 2021
The publishers are not responsible for the opinions published in the Volume. They represent the authors’ point of view.

Print ISSN 2285-5653, CD-ROM ISSN 2285-5661, Online ISSN 2286-1580, ISSN-L 2285-5653

International Database Indexing: Web of Science Core Collection (Emerging Sources Citation Index), Index
Copernicus, CABI, Ulrich’s Periodicals Directory (ProQuest), PBN, Scientific Indexing Service, Cite Factor (Academic
Scientific Journals), Scipio, OCLC (WorldCat), Research Bible, Google Scholar.



10.

11.

12.

13.

SUMMARY

FRUIT GROWING

EVALUATION OF THE ENVIRONMENTAL IMPACTS OF FRUIT PRODUCTION USING
LIFE CYCLE ASSESSMENT (LCA) (REVIEW) - Ana Cornelia BUTCARU, Ioana Laura
CATUNEANU, Florin Stinici, Liliana BADULESCU ............cccoooovvoooimimroeceioooeoeeeoseeren.

A LITERATURE REVIEW OF LIFE CYCLE COST ANALYSIS TECHNIQUE APPLIED
TO FRUIT PRODUCTION - Ana Cornelia BUTCARU, Ion CERTAN, Ioana Laura
CATUNEANU, Florin STANICA, Liliana BADULESCU .......c.ovveveimeeeeeeereeeeeeeveeeeenenne

INFLUENCE OF CONTROLLED ATMOSPHERE STORAGE ON QUINCE (CYDONIA
OBLONGA) CULTIVARS QUALITY - Toana Laura CATUNEANU, Andreea STAN,
Liliana BADULESCU, Dorel HOZA ..........c..co.cooivieeooeeeoeoeeeeeeeeeeeee e

THE EVOLUTION OF THE ALMOND CROP TECHNOLOGY - A REVIEW - Lucian
CIOACA, FIOFIN STANICA .....oooooeeeeeeeeeeeeeeee e ee e et eee e e et se e ees e e s esesenees

PHENOLOGY OF SWEET CHERRY CULTIVARS UNDER THE CLIMATE CHANGE
EVENTS AT BISTRITA FRUIT REGION OF NORTHERN TRANSYLVANIA, ROMANIA
- Zsolt JAKAB-ILYEFALVI, Georgeta Maria GUZU, Claudiu MOLDOVAN ................

PRELIMINARY RESEARCH ON THE LEAVES MICROBIOTA OF EDIBLE CLIMBING
ROSE UNDER ORGANIC MANAGEMENT - Alexandra Maria MARIN, Ana Cornelia
BUTCARU, Beatrice Michaela IACOMI ...............cocooiiiiiiiiiie e

START OF THE BLUEBERRY BREEDING PROGRAM AT THE UNIVERSITY OF
AGRONOMIC SCIENCES AND VETERINARY MEDICINE OF BUCHAREST - Dan
POPESCU, Adrian ASANICA, Valerica TUDOR ..........cocooeoimereeeeeseeereeeeseesseeeessesssneens

THE OUTBREAK OF SPILONOTA OCELLANA (DENIS & SCHIFFERMULLER) THE
EYE-SPOTTED BUD MOTH ON APPLE TREES IN BISTRITA REGION - Smaranda
D0ina ROSU-MARES .........oooooooooooooeoeeeooeoooeeooe oo oo eeeeeeeoeeoeeeeeeseese oo eeeeeeeee

NEW TYPE OF ANTIHAIL, ANTIRAIN AND ANTIFROST SYSTEM FOR PROTECTION
OF ORCHARDS - Valentin OPREA, Florin STANICA ...........ccocooooommvimrrnnreeeresrierrenrens

INFLUENCE OF PRE AND POST-HARVEST CONDITIONS ON QUALITY INDICATORS
AND MICROBIOTA OF ORGANIC ARONIA MELANOCARPA - Andrei PETRE, Andreea
STAN, Dan POPESCU, Mihai FRINCU, Violeta Alexandra ION, Roxana CICEOI,
AdIAN ASANICA ...t

MODIFIED ATMOSPHERE INFLUENCE IN ORGANIC ‘TITA’ PLUMS QUALITY -
Andreea STAN, Mihai FRINCU, Violeta Alexandra ION, Liliana BADULESCU .............

JUJUBE PROCESSING: METHODS, PRODUCTS AND NUTRACEUTICAL VALUE -
Elena Gabriela STAN, Lavinia Mihaela ILIESCU, Florin STANICA ........cccoocvvovvevvveveennn.

KIWIFRUIT PROCESSING. A REVIEW - Elena Gabriela STAN, Lavinia Mihaela
ILIESCU, FIOEN STANICA ...t eeeeeeeeeeetee e e vee e e eees e eseeees e sesseseeeseseeeenseens

11

19

25

31

39

44

50

56

62

69

71

83

93



VITICULTURE AND OENOLOGY

. EVALUATION OF THE VITICULTURAL POTENTIAL FROM THE PIETROASA WINE-
GROWING REGION IN THE CONTEXT OF CURRENT CLIMATIC CHANGES - Alina
DONICI, Sorin MARIN, Cornel BANITA, Raluca URMUZACHE ...............ccooovvvmvverrnnnn.

STUDY ON THE PHENOLOGY AND FERTILITY ELEMENTS OF SOME VINE
VARIETIES DURING THE VEGETATION PERIOD - Grigore-Valentin BELENIUC,
Georgeta BELENIUC, Cristian MARACINEANU, Nicolae GIUGEA ...............ccccccocoooee.....

COMPARATIVE RESEARCH ON THE INFLUENCE OF SOME TECHNOLOGICAL
SEQUENCES FROM CONVENTIONAL AND ORGANIC VITICULTURE- Alin DOBREI,
Roxana NAN, Eleonora NISTOR, Alina DOBREI .................ccooooiiiiiiiiiiiiccece e

LONG-TERM EFFECTS OF ORGANIC FERTILIZERS ON MICROELEMENTS STATUS
IN GRAPEVINE LEAF ON CALCAREOUS SOIL - Tomislav KARAZIJA, Martina
STIMAC, Marko PETEK, Mihaela SATVAR, Boris LAZAREVIC ........cccocooovirineeenann.

APPLICATION OF GOMAT ROST AS FOLIAR FERTILIZER UNDER MERLOT
VARIETY GROWN WITHOUT IRRIGATION IN RHODOPE COLLAR REGION.- Boyan
STALEV, Ludmil ANGUELOYV, Vera STEFANOVA ...

VEGETABLE GROWING

. EFFECT OF SPRAYING PUTRESCINE AND HUMIC ACID SPRAYING ON CHEMICAL
PARAMETERS OF TOMATO PLANT LYCOPERSICON ESCULENTUM - Mansoor Abed
ABOOHANAH, Jamal Ahmed Abbass SALMAN, Laith Jaafar Hussein HNOOSH .............

. THE EFFECTS OF FERTILIZATION WITH ORGANIC SUBSTANCES ON TOMATO
(SOLANUM LYCOPERSICUM L.) — Emilia NICU, Traian Mihai CIOROIANU, Mihail
DUMITRU, Carmen SIRBU, Daniela MIHALACHE ...........cooovooieeeeeeseeeeeeeeeeee e

. PHYSIOLOGICAL PARAMETERS AND VEGETATIVE BEHAUVIER OF BIOLOGICAL
GROWN HEAD LETTUCE TYPE (LACTUCA SATIVA L. VAR. CAPITATA L.) - Kostadin
KOSTADINOV, Radoslav CHIPILSKI, Stoyan FILIPOV, Nadezhda SHOPOVA .............

. ASSESSMENT OF THE GROWTH POTENTIAL IN LIQUID CULTURES OF SOME
EDIBLE AND MEDICINAL MUSHROOMS - Gabriela POPA, Bogdan Mihai NICOLCIOI,
Radu TOMA, Gabriela MARGARIT, Diana GROPOSILA-CONSTANTINESCU ............

. THE INFLUENCE OF RADIATION REFLECTED BY EMCOPAD DOCTOR TECH
DEVICES ON TOMATOES GROWTH AND PHYSIOLOGICAL MATURATION - Claudia
Maria STOICA, Marian VELCEA, Ionut Ovidiu JERCA, Elena Maria DAGHICI ..............

. SYMPTOMS OF PEPINO MOSAIC VIRUS IN GREENHOUSE TOMATOES OF BELARUS
AND REACTIONS OF TEST PLANTS - Viktoryia VABISHCHEVICH, Irina
VAUCHKEVICH, Marina KANAPATSKAYA ...

105

109

113

122

128

137

143

148

156

162

167



FLORICULTURE, ORNAMENTAL PLANTS, DESIGN
AND LANDSCAPE ARCHITECTURE

. ORNAMENTAL, PHYSIOLOGICAL AND ENZYMATIC EVALUATION OF SOME
GLADIOLUS SPECIES - Petronica AMISCULESEI, Maria APOSTOL, Elena Liliana
CHELARIU, Liliana ROTARU, Lucia DRAGHIA ...........cccccoociiiniiiiiinieeeesceeeee

. GENUS OPHRYS L., 1753 IN ROMANIA - TAXONOMY, MORPHOLOGY AND
POLLINATION BY SEXUAL DECEPTION (MIMICRY) - Nora Eugenia D.G.
ANGHELESCU, Hajnalka KERTESZ, Hajnal PATAKI, Mihaela I. GEORGESCU,
Sorina A. PETRA, FIorin TOMA ...........ccoooiiiiiieeeee ettt

. PRELIMINARY STUDIES ON THE CURRENT STAGE OF RESEARCH ON THE
PRODUCTION OF PLANTING MATERIAL AND GERBERA CUT FLOWERS IN
DIFFERENT VARIANTS OF HYDROPONIC CULTURE - Dragos Emanuel DRAGHICI,
Sorina PETRA, Ionut Ovidiu JERCA, Florin TOMA ..............ccccoiiiiiiiiiiiiiiies

. PHYSIOLOGICAL PARAMETERS CHANGES IN HYACINTH BULBS DURING COLD
STORAGE - Daniela ENCIU (BUNICELU), Ioana CATUNEANU, Liliana BADULESCU,
FIorin TOMA ...ttt ettt e et e e teete e ebeesteeeabeesaaeesseesaseenreessneeans

. PHOTOPERIODISM, AN IMPORTANT ELEMENT FOR THE GROWTH AND
FLOWERING OF CHRYSANTHEMUMS - Claudia Daniela GRIGORAS, Florin TOMA ...

MISCELLANEOUS

. A RESEARCH ON GREENHOUSE HEATING WITH SOLAR ENERGY USING VACUUM
TUBULAR COLLECTORS AND NANOFLUID - Bulent AYHAN, Hasan Huseyin
OZTURK, Hasan Kaan KUCUKERDEM ...........ccccooiiiiiiiiiiiiieece e

. CHEMICAL COMPOSITION OF ESSENTIAL OIL OF ARTEMISIA SCOPARIA
(ASTERACEAE) FROM ROMANIA - Monica Luminita BADEA, Liliana BADULESCU,
Elena SAVULESCU, Cosmin Alexandru MIHAI, Cristina Elena CIOBANU .......................

. THE PRESENCE OF CHROMIUM IN AGRICULTURAL SYSTEMS. A COMPREHENSIVE
REVIEW - Carmen Gabriela CONSTANTIN, Aurora DOBRIN, Andrei MOT, Carmen
CIMPEANU, Maria PARASCHIV, Liliana BADULESCU .........c..cocoooiuoieieeeeeeeeeceseeeeeeen

. CASSIS FRUITS - NATURAL SOURCE OF FOOD AND ANTIOXIDANTS THROUGHOUT
THE MATURATION PERIOD - Carmen-Gabriela CONSTANTIN, Aurora DOBRIN,
Maria PARASCHIV ......ooiiiieeeee ettt ettt e et sae e nseessenseeneense e

. THE B.E.V.A METHOD IN THE ASSESSMENT OF THE WOODY VEGETATION OF THE
MARGHILOMAN BUZAU PARK - Nicolaie COSTACHE, Adrian PETICILA, Mihaela
Toana GEORGESCU ...........ccooiiiiii ettt ae e saaeeenae s

177

187

202

209

215

225

231

236

245

253



10.

11.

12.

13.

EVALUATION OF SENSORY PROPERTIES AND CONSUMER PERCEPTION OF
MIXTURE TEAS, OBTAINED FROM ORGANIC FREEZE DRIED FRUITS AND
VEGETABLE - Nela DRAGOMIR, Carmen Georgeta NICOLAE, Andreea STAN, Violeta
Alexandra ION, Mihai FRINCU, Andrei PETRE, Liliana BADULESCU, Aurora DOBRIN

. PHYSICOCHEMICAL CHARACTERISATION OF VINE WASTE USED FOR

PRODUCING BIOCHAR - Violeta Alexandra ION, Andrei MOT, Vlad Ioan POPA, Suzana
CALCAN, Liliana BADULESCU, Tonut Ovidiu JERCA, Cornel BANIIA, Oana Cristina
PARVULESCU ...ttt sttt

IDENTIFICATION AND QUATIFICATION OF HERBICIDE CONTAMINATS FROM
INPUTS USED FOR ORGANIC AGRICULTURE - Violeta Alexandra ION, Roxana Maria
MADJAR, Oana-Crina BUJOR, Liliana BADULESCU ............cc.ccoccoovvnmvonreneoeseeseerenenen

. SOME ASPECTS REGARDING THE MORPHO-ANATOMY AND ANTIOXIDANT

POTENTIAL OF THE MEDICINAL PLANT EUCOMMIA ULMOIDES OLIV.- Vasilica
LUCHIAN, Mihaela Ioana GEORGESCU, Elena SAVULESCU, Minodora GUTUE,
Mariana TOMA, Aurora DOBRIN, Viad POPA ..............ccooiiiiiiieee e

EFFECT OF GAMMA IRRADIATION ON BIOACTIVE COMPOUNDS OF MEDICINAL
PLANTS - Ana-Maria RADOMIR ...........ccoooiiiiiiiiiiicce et

ENERGY CONSUMPTION AND GREENHOUSE GAS  EMISSIONS IN
MECHANIZATION. APPLICATIONS FOR TOMATO PRODUCTION - Kazim TURGUT,
Hasan Huseyin OZTURK, Hasan Kaan KUCUKERDEM ..............cccccociiiiiiiininiine

LEAF MICROMORPHOLOGY OF JUTE (CORCHORUS OLITORIUS L.) IN CONDITIONS
FROM CLUJ COUNTY - Rodica VARBAN, Dan VARBAN, Ioana CRISAN ..................

BIOTECHNOLOGICAL APPROACHES FOR EX SITU CONSERVATION OF MEDICINAL
SPECIES LIGULARIA SIBIRICA (L.) CASS. - Mihnea VLADIMIRESCU, Cristian
BANCIU, Ioana Catilina PAICA, Gabriel Mihai MARIA, Anca MANOLE .....................

260

268

274

283

292

300

308

315



FRUIT
GROWING






Scientific Papers. Series B, Horticulture. Vol. LXV, No. 2, 2021
Print ISSN 2285-5653, CD-ROM ISSN 2285-5661, Online ISSN 2286-1580, ISSN-L 2285-5653

EVALUATION OF THE ENVIRONMENTAL IMPACTS OF FRUIT
PRODUCTION USING LIFE CYCLE ASSESSMENT (LCA) (REVIEW)

Ana Cornelia BUTCARU', loana Laura CATUNEANUY, Florin STANICAZ2,
Liliana BADULESCU"2

'Research Center for Studies of Food Quality and Agricultural Products, University of Agronomic
Sciences and Veterinary Medicine of Bucharest, 59 Marasti Blvd, District 1, Bucharest, Romania
2Faculty of Horticulture, University of Agronomic Sciences and Veterinary Medicine of Bucharest,
59 Marasti Blvd, District 1, Bucharest, Romania

Corresponding author email: anabutcaru@gmail.com

Abstract

One important tool for the evaluation of the environmental impacts of fruit production is Life Cycle Assessment (LCA).
More than 150 papers published in peer-reviewed scientific journals were selected and reviewed to provide an
integrated perspective. In-depth analyses of the methods used were presented according to the specific topics.
Conventional and organic technologies were compared for different fruit species highlighting the environmental
impacts of their components such as the carbon footprint. Specific topics were reserved for horticultural inputs
(fertilizers, phytosanitary protection products) and also for seedlings respectively planting material. The Life Cycle
Assessment proved to be a suitable tool to visualize the effects of a decision on the environmental system during the

entire life cycle of a horticultural product.

Key words: carbon footprint; organic technology, horticultural product life cycle.

INTRODUCTION

Life cycle assessment (LCA) is the
comprehensive analysis of a product’s entire
life cycle in terms of sustainability (Golsteijn,
2020). Hunt & Franklin (1996) mentioned in
their study, regarding the origin of LCA in the
USA, that the idea of environmental life cycle
assessments (LCA) was conceived in the late
1960s and early 1970s, in the same period as in
Europe. Harry E. Teasley, Jr., in 1969,
elaborated the first formal analytical scheme
that was to become LCA, while he was
managing the packaging function for the Coca-
Cola Company. He presented a study in which
the energy, material, and environmental
consequences of the entire life cycle of a
package from the extraction of raw materials to
disposal were quantified. The term LCA was
used since 1990 in the U.S.A., the historical
term for these environmental life cycle studies
being resource and environmental profile
analysis (REPA).

Volkwein & Klopffer (1996) presented the
general principles of LCA beginning with the
most general basis for evaluation criteria
deduced from human rights. The most
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important human right is the right to life,
guaranteed to every person through a series of
international regulations. Their thesis stated
that the protection of individuals against
operations of a third person is indirectly
existent because a state cannot tolerate the
threat of the life of a person by environmental
pollution caused by a third person. This human
right is the benchmark of a comprehensive
environmental policy.

According to the right to life, the precautionary
principle has to be considered by the definition
of environmental goals and the valuation of the
ecological importance of the impact categories.

The concept of sustainable development
including the precautionary approach is found
in all the documents since the "Earth Summit"
in Rio 1992: Agenda 21 (UN 1992), Rio
Declaration (UN 1992), Statement of Forest
Principles (UN 1992), Convention on Climate
Change (UNEP/WMO, 1992), and Convention
on Biological Diversity (UNEP 1992), but also
in the most of the documents issued after, like
Sustainable Development Goals of Agenda
2030, European Green deal, European
Bioeconomy Strategy, European Food and
Nutrition Security Strategy - Food 2030, New



DG Agri strategy on Agricultural Research and
Innovation, The Common Agricultural Policy
(CAP) and CAP 2020+, The European Union
Climate and energy package action, European
Biodiversity Strategy.

The task of the evaluation procedure in LCA
follows the general principles. Each impact can
be judged by a set of criteria explicitly or
implicitly answering questions regarding the
impact on the right of family and private life,
the right to the enjoyment of the highest
attainable level of health of the population, or
the impact on the future generation. There is
also an evaluation of the level of danger of the
impact or the request of the priority of the use
of renewable resources.

Purposes and use cases of LCA. Life cycle
thinking aims to increase the sustainability of a
product or system along its entire value chain
by reducing environmental impacts and at the
same time  increasing  socio-economic
performances (UNEP 2020). LCA primarily
focuses on environmental impacts alone (ISO
14,040/14,044), assessing quantitatively the
environmental impacts of products and services
along their value chains. Environmental
impacts in the LCA context refer to adverse
impacts on the areas of concern such as
ecosystem, human health, and natural resources
(Petia et al., 2021; Viere et al., 2020;
Muralikrishna & Manickam, 2017; Lee &
Inaba, 2004).

The leading standards for Life Cycle
Assessment are (Finkbeiner, 2013; Klopffer,
2012; Lee & Inaba, 2004;
www.iso.org/standard):

» ISO 14040:2006. Environmental manage-
ment - LCA - Principles and framework with
AMD 1:2020;

» ISO 14044:2006. Environmental manage-
ment - LCA - Requirements and guidelines
with AMD 1:2017 and AMD 2: 2020;

» ISO/TR 14047:2012. Environmental
management - Life cycle assessment -
Iustrative examples on how to apply ISO
14044 to impact assessment situations

» ISO/TS 14048:2002. Environmental
management - Life cycle assessment - Data
documentation format;

» ISO/TR 14049:2012. Environmental
management - LCA- Illustrative examples on

how to apply ISO 14044 to goal and scope
definition and inventory analysis.
Muralikrishna & Manickam (2017) presented
life cycle phases and processes according to
ISO ISO 14,040/44 framework (Figure 1):

Life cycle assessment frame work

Goal and scope definition
Direct applications:

- product development
. and improvement
Interpretation [+ - strategic planning
- public policy making

Inventory analysis

Impact assessment

Figure 1. Life cycle phases and process according
to ISO ISO 14,040/44 framework (Muralikrishna &
Manickam, 2017)

= marketing
- others

Goal and Scope definition. The goal for LCA
has to respond to what are the objectives of
performing the LCA study, what are the
application areas of the LCA results, and who
are the potential audience.

The scope has to present clear descriptions,
including the product system, the function of
the product system, the product system
boundaries, and data category (Lee & Innaba,
2004; Klippel, 1997; ISO 14040:2006).

The life cycle inventory analysis scheme is
presented in Figure 2 (Lee & Innaba, 2004),
this stage being focused on data collection and
aggregation (Reap et al., 2008; Kliippel, 1997;
Neitzel, 1996; Owens, 1996).

Goal and scope definition

Preparing for data collection

—3 Revised data collection sheet Data collection sheet

Validated data

| | e |

Validated data per unit process

Additional data
or unit processes required Calculated inventory

Refinning the system boundaries

Completed inventory

Figure 2. Life cycle inventory analysis (Lee & Innaba,
2004)

The life cycle impact assessment scheme is
presented in Figure 3 according to Lee &
Innaba (2004).
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Life cycle interpretation contains three key
elements as defined by ISO 14044: (1) the
identification of key issues, (2) the evaluation
(including checking completeness, sensitivity,
and consistency), (3) development of

conclusions together with recommendations
(Lee & Innaba, 2004; ISO 14044:2006).

LCA involves a complex analysis beginning
with data collection, processing, and analysis.
Viere et al. (2020) presented a comprehensive
in LCA

scheme with the software used

(Figure 4).

Streamlined
software

e ) 2 s ®

Software

Applicability Sector / product speciic Al sectors

fertilizers evaluation; (C) fruit species crop
cultivation and (D) fruit residues.

For the first topic, a selection of articles
focused on the agricultural ecosystem,
production, evaluation of agro-food products,
details regarding the nutritional function of
food, land use impact with some soil quality
indicators in the context of life cycle
assessment was made (Table 1).

Table 1. Studies on environmental impacts of
agricultural ecosystems (mainly fruit production) using
life cycle assessment

A. agricultural ecosystem, land use, crop species
choice, the specific methodology

agricultural production Cowell & Clift, 1996; Li

etal., 2019
urban agriculture Pefia and Rovira-Val,
2020
fruit and vegetable Martin-Gorriz et al.,
production and evaluation | 2020

of impact mitigation
practices, Spain

products from agro-based
companies

Mfitumukiza et al., 2019

agri-food, Portugal Morais et al., 2016

field emissions in the
carbon

footprint of agricultural
products

Peter et al., 2016

nutritional functional units
in commodity-level life of
agri-food system

McAuliffe et al., 2020

vy 00000 00000 0000
Versatiy 00000 0000 00000
ey sy SR 00000 e000e

o s v P 00000 00000 00000
ossbity g 'Y 0000« 00000 00000
Avalablty of LI 'YIIT 00000 00000 00000
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nutrition function of foods | Weidema & Stylianou,

2020

food consumption and
nutrition

Nemecek et al., 2016

Food GES Ademe
‘Spreashees developed
by compenies

Gabi
openlCA
Simapro
Umberto

Examples SustainableMinds
ces

Bilan Produit Ademe
Easotoch

Figure 4. Software used in LCA (Viere et al., 2020)

The objective of this review was to present the
evaluation of the environmental impacts of fruit
production using LCA through published
articles inventory.

ENVIRONMENTAL IMPACTS OF FRUIT
PRODUCTION USING LIFE CYCLE
ASSESSMENT

There were several topics analysed,
components of the evaluation of the
environmental impacts of fruit production using
Life Cycle Assessment: (A) agricultural
ecosystem, land use, crop species choice,
specific methodology; (B) pesticide and
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consequences of diet Carlsson-Kanyama et al.,

2003

review, environmental
product declarations

Schau & Fet, 2008

transport Sim et al., 2007

agricultural strategic
development planning

Tsangas et al., 2020

Agri-food process and
circular economy

Stillitano et al., 2021

land-use through kiwifruit | Coelho & Michelsen,
production 2014
land use impacts on the Cowell & Lindeijer,

natural environment 1999; Koellner &
Scholz, 2008; Mila i
Canals et al., 2007,
Miiller-Wenk &
Brandao, 2010; Koellner

etal., 2013

soil compactation indicator | Garrigues et al., 2013

soil acidification and Peters et al., 2011

nutrient management




In the second topic (pesticide and fertilizers
evaluation), are  highlighted researches
regarding pesticide-related toxicity impacts of
crops, comparing nutritional value and yield as
functional units in the environmental
assessment of horticultural production with
organic or mineral fertilization; distribution,
and budget of nutrients in a commercial apple
orchard; environmental and agronomical
assessment of three fertilization treatments
applied in horticultural open field crops;
horticulture and orchards as new markets for
manure valorisation with less environmental
impacts; fertilizers production and human
health impacts of more pesticides (Table 2).

Table 2. Studies on environmental impacts of pesticide
and fertilizers in fruit production

B. Pesticide and fertilizers evaluation
pesticide emissions for Hauschild, 1999
LCA of agricultural
products

organic waste treatments
yielding the most relevant
organic amendments and
fertilizers, France

human health impacts

Avadi, 2000

Fantke & Jolliet, 2016

pesticide assessment Hellweg & Geisler,
2003; Rosenbaum et
al., 2015

production Gaidajis & Kakanis,

2021; Wu et al., 2021;
Muiioz et al., 2018a,b
Fangueiro et al., 2021

manure for orchards and
horticulture

In the third topic, more studies regarding the
evaluation of fruit crop impact on the
environment using LCA are listed.

Production  systems, semi-intensive and
intensive, extensive and intensive production,
determining cropping patterns with emphasis
on optimal energy consumption, organic
conversion, organic farming is also presented.
For different species like almond, apricot,
apple, blueberry, peach, pear, pomegranate,
raspberry, strawberry, walnut, the impact of
their cultivation technology was evaluated.
Several studies focused on different fruit
species evaluation, comparing apples with
oranges, pistachio, almond, and apple
production in Greece; pistachio, nectarine,
peach, and apple in Iran; apple, banana, orange,
peach, pear in China. In the end, two studies on
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the assessment of fruit residues are listed

(Table 3)

Table 3. Studies on environmental impacts of fruit
production using life cycle assessment

C. Fruit species crop cultivation

Almond

almond production, California,
USA

Marvinney &
Kendall, 2021

Apricot

comparison orchard systems,
Italy

Pergola et al., 2017

Apple

apple-growing, Switzerland

Mouron et al.,
2006a, b

apple production, New Zeeland

Mila i Canals et al.,
2015

conventional and organic
apple production in Nova Scotia,
Canada

Keyes et al., 2015

intensive versus semi-extensive
apple orchards, France

Alaphilippe et al.,
2016

conventional and organic apple
production, China

Zhuetal., 2018

organic and low-input apple
production, France

Alaphilippe et al.,
2013

comparison between ancient
apple and Golden delicious
production, Italy

Cerutti et al., 2013

comparing domestic versus
imported apples, Europe

Mila i Canals et al.,
2007

the carbon footprint of southern
hemisphere fruit exported to
Europe (apple from Chile to the
UK)

Iriarte et al., 2021

mulch using in apple orchards,
Canada

Bamber et al., 2020;
Bamber et al., 2021

drying methods for the
production of apple powder, Italy

Marco et al., 2015

apple consumption in Belgium

Goossens et al.,
2019

Blueberry

the carbon footprint of organic
blueberry production, Chile

Cordes et al., 2016

organic blueberries, Chile

Rebolledo-Leiva et
al., 2016

Citrus

Comparison between organic and
conventional, Spain

Ribal et al., 2017

Peach

overview of environmental and
economic assessments in the
fruit sector; red peach production
system, Sicily

Ingrao et al., 2015

potential pollutant-induced,
China

Wang & Zhao, 2019

packaging, transportation,
Japan

Sasaki et al., 2021

production, Portugal

Pires Gaspar et al.,
2018




Pear

the environmental burdens of
pear production systems;
environmental mitigation; further
mitigate environmental impacts
by improved nutrient
management

Wang et al., 2020

fossil energy use and greenhouse
gas emissions in pear production,
China

Liuetal., 2010

fertilizer application Vatsanidou et al.,

2020

Pomegranate

production, Peru Vazquez-Rowe et

al., 2017

Raspberry

fruit production, Chile Vasquez-Ibarra et

al., 2021

Strawberry

Romero-Gamez &
Sudrez-Rey, 2020

production, Spain

protected strawberry Ilari et al., 2021

productions, Italy

Walnut

Cambria &
Pierangeli, 2011.

seedlings production

Comparative studies on fruit species

pistachio, almond, and apple Bartzas et al., 2017
production, Greece

pistachio, nectarine, peach, and
apple, Iran

Ordikhani et al.,
2021

review on the farm stage Bessou et al., 2013;
Cerutti et al., 2014;

Cerutti et al., 2011

oil palm fruits from Indonesia, Bessou et al., 2016

and small citrus from Morocco

apple and orange, Netherlands Tyszler et al., 2014

apple, banana, orange, peach and | Yan et al., 2016

pear, China

D. Residues

fruit waste utilization Srivastava et al.,
2021; Tedesco et al.,

2019

CONCLUSIONS

Life Cycle Assessment is a relatively new
instrument in evaluating the environmental
impacts of the product or service from the very
first to the very last or from cradle to grave.

Although in the beginning, there were few
studies regarding the impact of fruit growing on
the environment, our study highlighted the
extension of these researches, both specific to a
fruit species and on different technology
details. Being an efficient instrument for
environmental product declarations, connecting
the LCA results and the socio-economical
needs of producers is important for acceptance
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by the agricultural sector. Producers can
operate with LCA as a tool for increasing their
competitiveness.

Further actions are needed to communicate in
the form of improvement opportunities, that can
be a useful addition to changing producer beha-
viour and reducing environmental emissions.
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Abstract

This research aimed to carry out a literature review of the use of life cycle cost analysis (LCCA) in the fruit production
sector by analysing its evolution in the last twenty years period. Life cycle cost analysis (LCCA) was an economic
evaluation technique valuable that enabled to estimate of the total cost of owning and operating over a given period. At
the same time, it provided additional information to supplement LCA-based decision-making. Articles published in
peer-reviewed scientific journals were selected and reviewed. They were refined according to references and organized
in several groups. Specific topics were selected such as organic and conventional technologies. Cost-hot spots along
product life cycle stages were identified and improvement actions were presented.

Key words: cost-hot spot; life cycle stages; organic technology.

INTRODUCTION

Life cycle cost analysing (LCCA) is part of the
life cycle evaluation methods, highlighting the
overall economic cost of a specific product,
service, or system (Davis et al., 2005; Perera et
al., 2009). It is defined by the ISO standard,
Buildings and Constructed Assets, Service-life
Planning, Part 5: Life-cycle Costing as an
economic assessment, considering all the
significant and relevant cost flows of a specific
project (ISO 15686-5:2017; RICS, 2016).
LCCA is a method for assessing the total cost
of owning and operating a product, facility, or a
system over a period of time. The life cycle
costs are the sum of the direct, indirect,
recurring, nonrecurring, and other related costs
incurred or estimated to be incurred during the
useful life span (Fuller & Petersen, 1996;
Woodward, 1997; Fuller, 2010; Gram &
Schroeder, 2012; Bosona et al., 2019;
Kambanou & Sakao, 2020).

This method can be a powerful technique that
enables to making of the most cost-effective
decisions at different life cycle stages. The
LCCA should be performed early in the design

19

process, giving the possibility to refine the
design to ensure a reduction in life-cycle costs
(Fuller & Petersen, 1996; Hunkeler & Rebitzer,
2003; Estevan & Schaefer, 2017; Bosona et al.,
2019).

As a method, LCCA precedes the extension of
environmentally oriented lifecycle thinking or
sustainability ~ (Hunkeler et al.,, 2008;
Kambanou & Sakao, 2020). LCCA was first
used in the United States by the Department of
Defense in the mid-1960s. They applied LCC
in the procurement of military equipment, as
they found that acquisition costs only
accounted for a small part of the total cost for
the weapons systems while operation and
support costs comprised as much as 75%
(Asiedu & Gu, 1998; UNEP LCA Training Kit,
2013; Estevan & Schaefer, 2017). Since then,
LCCA was widely used also in the construction
sector and nowadays in green public
procurement (Perera et al, 2009; Directorate-
General for Environment & ICLEI, 2016;
Clement et al., 2016; Bucea-Manea-Tonis et
al., 2021). It becomes essential in sustainable
public procurement (SPP) (www.ec.europa.cu).
A general appreciation for LCC sustain is



important in changing the procurement and
budgeting mindset from “the best value for
money” to the “best value across the asset life-
cycle.” Green public procurement is expected
to reduce environmental impacts and save
resources. Environmental vocabularies for
green contract identification were highlighted
(Yu et al., 2020). An interesting evolution of
the value of green contracts percentage from
total contracts was observed. In 2012, Ireland
(25%), Netherlands (22%), United Kingdom
(19%), Slovakia (17%), Slovenia (10%),
Bulgaria (10%), Danmark (9%), Cyprus (9%),
Greece (8%), and Hungary (8%) were first top
10 countries (Estevan & Schaefer, 2017). In
2018, France, Switzerland and Ireland had over
35% value of the green contract from all
contracts, followed by Sweden, Denmark,
Norway, United Kingdom (Yu et al, 2020).

An integrated life cycle evaluation study could
combine more methods: Life cycle assessment
(ISO 14040:2006; https://eplca.jrc.ec.europa.
eu), Life cycle cost analysis, and social Life
cycle assessment (the methodology is still
underdeveloped) (Swarr et al., 2011; Fiedler et
al., 2018).

LCC and LCA are designed to provide answers
to different questions. Life Cycle Assessment
evaluates the relative environmental
performance of alternative production systems
for providing the same function. Life Cycle
Cost compares the cost-effectiveness of
alternative investments or business decisions
from the perspective of an economic decision-
maker (Norris, 2001; Gluch & Baumann,
2004).

UNEP LCA Training Kit (2013) detailed three
approaches for aligning environmental and
economic  dimensions:  defining = LCA
compatible with LCC, defining LCC
compatible with LCA, or a mix of the previous
ones. Combined LCA/LCC results help specify
eco-efficiency  or  environmental  cost-
effectiveness of decisions, as ‘cost per unit of
environmental improvement’.

Specific instruments were developed for both
methods, IT tools and methods (Langdon,
2005), separately or combined.

The objective of this study was to present a
review of the Life cycle cost analysis technique
applied to fruit production.
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LIFE CYCLE COST ANALYSIS TECHNIQUE
APPLIED TO FRUIT PRODUCTION

LCC involves methods of financial evaluation
that calculate and analyse simple payback, net
present value (NPV), and internal rate of return
(IRR) (Fuller & Petersen, 1996; Durairaj et al.,
2002; Bosona et al., 2019). It implies details
about cost categories, bearers, models, and
aggregation (UNEP LCA Training Kit, 2013).
For the cost categories, details for economics
(cost regarding budget, market, collective,
alternative, social, etc.), life cycle stages
(R&D, primary production, manufacturing, use,
disposal, etc.), and activity types (design,
transport, sales, manufacturing, etc.) should be
provided.

The cost bearer like producers, supply chain,
owner, the user (not the owner), life cycle (all
involved), country’s society, global society can
be evaluated.

Between cost models can be listed steady-state
models, comparative static equilibrium models,
static optimization models, quasi-dynamic
models, dynamic  optimization models,
dynamic models, system dynamic models, etc.
Net present value, average yearly cost, steady-
state cost, annuity, pay-back time, or benefit-
cost ratio are used as methods (UNEP LCA
Training Kit, 2013).

Very few articles were found on the Life cycle
cost analysis method applied to fruit production
(selection in Table 1), in accordance with
Franca et al. (2021), Lampridi et al. (2019), de
Luca et al. (2017).

Sottile et al. (2020), combined LCA with LCC
analyzes and presented the ecological and
economic indicators for orchard renewal in
Sicily at almond (Prunus dulcis L.).
Environmental impact categories for modern
and traditional almond orchards were
evaluated, higher values for global warming
and non-renewable energy parameters at the
modern one being registered. For the
economical evaluation, the best results were
registered for modern almond orchids, for all
net present values per hectares invested
scenario. Interesting results for stakeholders
perception evaluation on the relevance of
different categories of assessment showed the
maximum relevance for LCCA categories
(investments, operational costs and rentability)



and minimum for LCA for growers. And
minimum relevance for LCCA indicators but
maximum for LCA for territorial governance.
Pruning to energy is an important topic for
several years for renewable energy resources.
Bosona et al. (2019) for almond, apple, olive,
vineyard, and peach evaluated the economic
impact. The life cycle costs varied from 50.06
€/tw.b. (vineyard chips), 54.67 €/tw.b.
(vineyard bale), 65.85 €/tw.b. (olive chips),
71.37 €/tw.b. (apple bale), 94.49 €/tw.b. (peach
chips) to 108.90 €/tw.b. (almond chips) in a
specific scenario of transport (50 km). The
operational cost was about 73% of the total life
cycle cost while investment cost represented
the remaining 27%. Dyjakon et al. (2020)
stated that under 25 km distance between plant
and farm is the optimum value for profitable
activity in the apple orchard.

A harvester for recovering wood biomass from
apple orchards was evaluated using LCCA by
Nati et al. (2018).

Tamburini et al. (2015) included in their study
apple and pear between the dominant five crops
in the Emilia Romagna region, Italy, using
LCC combined with LCA. Potential environ-
mental impacts due to the agricultural phase for
the production of 1 kg of selected crops was
evaluated at 9.70 x 107 for apple and 3.76 x 10
' for pear GWPi00 (kg CO2 eq.) and at 7.95
€cent/kg to apple respectively 42.96 €cent/kg
to pear for total costs of the life cycle. When
quantified of externalities costs deriving from
fertilizers and pesticides use, integrating LCA
with LCC, externalities calculated from fertili-
zers emissions were 4.23 €cent/kg (apple) and
6.59 €cent/kg (pear) and for pesticides emissions
7.05 €cent/kg (apple) and 4.06 €cent/kg (pear).
Using a photovoltaic irrigation system was
assessed in India for the banana crop (Narale et
al., 2013) or in Greece (Taousanidis & Gavros,
2016) for olive orchards. Both studies found
the LCC for the PV system lower than the
diesel one, being a more economical choice.

A comparison between organic and
conventional systems combined with the LCA
method was made for several fruit species like
bergamot, olive, lemon, and orange. At
bergamot, the organic system presented a
higher performance (NPV of 91,421.60 € ha™!),
rather than in a conventional system (71,921.06
€ ha!). IRR was also 28% greater in organic

than conventional system. Orange and lemon
organically produced had lower LCC costs than
conventional ones (Pergola et al., 2013).

More studies on olive crop economical
evaluation were made. The profitability of
olive cultivation was higher in the organic
system mainly due to the subsidies (Mohamad
et al., 2014; Stillitano et al., 2018; Iofrida et al.,
2020). Hot spots were identified, along with
each phase of the production process, in order
to suggest management strategies to reduce
production costs and to increase production
efficiency (Stillitano et al., 2016).

Weeds control in olive orchards was modeled
and using reduced herbicide applications in
combination with the no-tillage scenario was
the less expensive solution, compared with
conventional farming system and zero chemical
weeding (De Luca et al., 2018a; De Luca et al.,
2018b).

Several studies were focused to assess the
profitability of fruit crop species, being an
important instrument in policy decisions. In
Calabria Region, Southern Italy, economical
evaluation through LCC methods showed fig
crop more suitable than vineyard and olive
(Stillitano et al., 2017).

Table 1. LCCA methods applied
in the fruit growing sector

Species Topics Source
apple pruning-to-energy, Poland | Dyjakon et
al., 2020
almond* comparison modern with Sottile et al.,
traditional farms, Italy 2020
banana solar PV water pumping Narale et al.,
system for irrigation, India | 2013
bergamot* | comparison between Strano et al.,
conventional and organic 2017
cropping systems, Italy
fig production “Dottato” Stillitano et
cultivar, Italy al., 2017
olive photovoltaic irrigation Taousanidis
system, Greece. & Gavros,
2016
olive* weed control, Italy De Luca et
al., 2018a; De
Luca et al.,
2018b
olive* comparison between Mohamad et
organic and conventional al., 2014;
olive systems, Italy Tofrida et al.,
2020
olive comparison between Stillitano et
organic and conventional al., 2018
olive systems, Italy




Species Topics Source
olive economic feasibility Stillitano et
assessment of different al., 2016
olive farming investments
in order to identify the key
elements to optimize their
economic performance
almond, pruning-to-energy Bosona et al.,
apple, 2019
olive,
vineyard,
and peach
lemon and | production in organic and | Pergola et al.,
orange* conventional farming, 2013
Italy
tomato, environmental and Tamburini et
apple, economic impacts of the al., 2015
pear, agricultural production of
wheat, the dominant five crops in
and the project area, Emilia
chicory* Romagna region, Italy
fruit waste | review of evaluation De Menna et
methods in LCC al., 2018

*includes LCA method
CONCLUSIONS

Life cycle cost analysis, besides Life cycle
assessment and social life cycle assessment, are
decision tools. Knowing and applying them
lead to sustainable decisions and investments.
LCCA is also a powerful instrument to be
included in most of the research and
technology transfer projects for universities or
research institutes.

Combining LCC with LCA increases the
knowledge, even if calculating the costs of the
effects of environmental degradation are
difficult and some are still in discussion on how
to be quantified.

Further researches are required in agriculture
and especially in fruit growing production for a
better understanding of horticultural systems
and better investment decision.

An in-depth analysis could allow integrating
policy tools into effective packages that will
increase the supply of desired environmental
and social goods, ensuring at the same time
farmers' economic sustainability.
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Abstract

The aim of this study is to determine the C.A. storage conditions that can preserve better the organoleptic attributes of
quince (Cydonia oblonga Miller, Rosaceae family), depending on the level of CO.. The three quince cultivars studied
were ‘Ekmek’, ‘Bereczki’ and ‘Tinella’, monitored for 350 days. The samples were stored in C.A. conditions with: T:
1°C, RH: 95%, O2-3% and different levels of CO,, in the Research Center for Studies of Food Quality and Agricultural
Products, of the UASMV Bucharest. The following physiological and biochemical measurements: respiration and
transpiration rate, maturity index, ascorbic acid content, were compared with organoleptic attributes. After 350 days of
storage, from obtained results it was observed a decrease of the ascorbic acid content between 51,4% (for ‘Tinella’ cv.
in 5% CO;) and 70% (for ‘Ekmek’ cv. in 5% CO;). For respiration rate were observed increases between 85% (for
‘Ekmek’ cv.in 2% CO3) up to almost 3 times (for ‘Tinella’ cv. in 0% CQO,), between the initial and final moments. As
expected, the CO; content preserved better the quality of quinces compared with control (0% CO3), based on the results
obtained from the sensory analysis.

Key words: ascorbic acid, C.A., mass loss, quince, respiration rate.

INTRODUCTION traditional Iraqi (Wojdylo et al., 2014) and

iranian food in the form of stew or quince soup
Quince (Cydonia oblonga Mill.), is among the = (Dehghannya et al., 2018).
oldest cultivated plants, native to Central Asia The new post-harvest technologies main
(Rop et al., 2011), the crop being found mainly =~ objective is to find the optimal storage method
in the Mediterranean countries, Germany, Great ~ with maintaining the fruits organoleptic
Britain, Russia, Eastern European countries and qualities (Oltenacu et al., 2015).
South America (Kuden et al., 2009). The attributes with the greatest importance in
Like apple and pear, quince belongs to the  sensory analysis are fruit firmness, perceived
subfamily Pomoideae, family Rosaceae, being by consumers as an indicator off freshness
known for its distinct, sour and astringent fruit (Cortellino et al., 2017) and taste that is
taste (Dehghannya, 2018; Karar, 2014 correlated with maturity index (Yoon et al.,
Szychowski, 2014), rich in sclereids 2005). One of the most common methods for
(Badulescu, 2016). It is one of the least the preservation of fruit and vegetables is the
cultivated climacteric fruit species in the  controlled atmosphere (C.A.). C.A. helps to
temperate zone (Rop et al., 2011). maintain the organoleptic characteristics during
Quince are known as important sources of  storage (Oltenacu et al., 2013) and prevent loss
polyphenols, vitamins and minerals and with  of fruit quality (Bessemans et al., 2016).
high antioxidant capacity (Karar, 2014; Legua, Changes in fruit quality indicators were
2013), their consumption having a positive  observed during storage: increased values for
impact on health (Stojanovi¢, 2017). Consumed  dry matter content and maturity index
less fresh (Rop et al., 2011), quinces are of  (TSS/TA) and decresed values for firmness
great interest for processing in the form of  (Jan et al., 2012) and ascorbic acid, the final
jams, juices and are used in pastries. Dried  value for each quality indicator depending on
quinces are also used as an ingredient in  the cultivar (Lemmens et al., 2020).
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The aim of this study is to determine the C.A.
storage conditions that can preserve better the
organoleptic attributes of quince (Cydonia
oblonga Miller, Rosaceae family), depending
on the level of COa.

MATERIALS AND METHODS

The three quince cultivars studied were
‘Ekmek’, ‘Bereczki’ and ‘Tinella’, monitored
for 350 days. The samples were stored in C.A.
conditions with: T: 1°C, RH: 95%, 02:3% and
different levels of CO2, in the Research Center
for Studies of Food Quality and Agricultural
Products, of the UASMV Bucharest. The
physiological and biochemical measurements
like respiration and transpiration rate, maturity
index, ascorbic acid content, were compared
with organoleptic attributes.

Before sensory analysis sessions the evaluators
were trained to recognize the basic characte-
ristics of each variety. The sensory analysis
questionnaire contain questions in order to eva-
luate organoleptic attributes like: exterior
appearance, color, smell, taste, and texture
(crunchiness).

Respiration rate was determined with a static,
closed system, in containers with hermetic
closure with a volume of 1180 ml with Lambda
T NDIR Monitor, ADC BioScientific LTd..
The respiration rate was measured and the
results were expressed in mg COaz/kg/hour
(Enciu, 2020; Stan, 2020).

The transpiration rate was determined using a
gravimetric measurements (Fante, 2014,
Bezdadea-Catuneanu, 2019) and the results
were expressed in g water/100 g f.w./hour.

The quinces total titratable acidity was
determined by titration with NaOH 0.1N to 8.2
pH, using the automatic titrator TitroLine. The
firmness of the quinces was determined using a
piston of 11 mm diameter (Bessemans, 2016;
Rizzolo, 2010) of an electronic penetrometer
Turoni TR and the results were expressed in
kg/cm?. The total soluble solids content of the
quinces juice was obtained with refractive
device Kruss DR301-95 (%Brix).

The maturity index was calculated using the
formula: TSS/TA, and it was correlated with the
values of the taste. The firmness of the samples
was correlated with the values of the texture.
In this study, one of the main purpose was to

compare the organoleptic attributes, provided
through trained evaluators, for the three quinces
cultivars stored for 350 days in C.A.

Figure 1. Samples for ascorbic acid evaluation from
quince fruits

Ascorbic acid content was determined using the
same method described by Bezdadea-
Catuneanu et al. (2017) and Popa et al. (2019).

Statistical analyses were performed using
Excel, like: mean, standard deviation, ANOVA
single factor, T Test and correlations
(Pomohaci, 2017; Bezdadea-Catuneanu, 2019).

RESULTS AND DISCUSSIONS

Ekmek cv. registered a total score of 4.44
points (Figure 2, Table 1) out of maximum 5
points, for the initial moment, for all five
organoleptic attributes. After 350 days of
storage in C.A. without COz, the scores drop at:
2.9 points. Quinces stored in 2% CO2, could no
longer be analyzed. The quinces behavior
stored in 5% CO:2 was different, the score drop
at: 4.03 points out of maximum 5 points, after
350 days, for all five organoleptic attributes.

—8— |nitially

—8— After 350 days 0% CO,
—&— After 350 days 2% CO,
After 350 days 5% CO,

Ekmek

Exterior
appearance

Taste

Texture Smell

Figure 2. Variation of organoleptic attributes during
storage in C.A. conditions for ‘Ekmek’ cultivar

‘Bereczki’ cv. registered a total score of 3.84
points (Figure 3, Table 1) out of maximum 5
points, for the initial moment, for all five
organoleptic attributes. After 350 days of



storage in C.A. without CO2, the scores drop at:
2.83 points. Quinces stored in 2% COgz,
recorded a decrease to 3.03 points. The quinces
score, stored in 5% COz, drop at: 3.38 points
out of maximum 5 points, after 350 days, for all
five organoleptic attributes.

—8—Initially

—&— After 350 day:

—8— After 350 days 3
After 350 days 5% CO;

Bereczki

Exterior
appearance

Taste

Texture Smell

Figure 3. Variation of organoleptic attributes during
storage in C.A. conditions for ‘Bereczki’ cultivar

‘Tinella’ cv. registered a total score of 4.56
points (Figure 4, Table 1) out of maximum 5
points, for the initial moment, for all five
organoleptic attributes.

—e— Initially

—e— After 350 days 0% CO,
—e— After 350 days 2% CO,
After 350 days 5% CO,

Tinella

Exterior
appearance

Taste

Texture Smell

Figure 4. Variation of organoleptic attributes during
storage in C.A. conditions for ‘Tinella’ cultivar

After 350 days of storage in C.A. without CO2,
the scores drop at: 3.28 points. Quinces stored
in 2% COg, recorded a decrease to 3.80 points.
The quinces score, stored in 5% CO2, drop at:

3.69 points out of maximum 5 points, after 350
days, for all five organoleptic attributes.

All three quince cultivars storage in C.A.
without COg2, presented dehydrated peel after
storage.

For ‘Ekmek’ cultivar, the taste and maturity
index (TSS/TA) (Table 5) are negatively
correlated. But no correlation was observed
between firmness and texture.

Slightly negative correlations were reported for
‘Bereczki’ cultivar between taste of quinces
and maturity index (TSS/TA).

For ‘Tinella’ cultivar, the taste of the fruit is
weakly correlated negatively with maturity
index. For ‘Tinella’, the firmness of the quinces
was not correlated with texture.

Respiration rate (Table 2) showed significant
differences (P<0.05) for samples stored in 0%
COg, after 210 days, for ‘Ekmek’ and ‘Tinella’
cultivars. The tendency to grow maintained up
to 350 days. The quince cultivars behaved
differently, registering some significant
increases compared to the initial moment, thus
for ‘Ekmek’ and ‘Tinella’, maximum value of
respiration rate being registered at 210 days,
compared to the initial moment.

Transpiration rate (Table 2) of the samples
stored in 0% and 5% CO2, showed increases
after 210 days, followed by a decrease in values
after 350 days of storage.

In 2% COz, the behaviour of transpiration rate
was similar, decreasing at 350 days compared
to 210 days, for the ‘Ekmek’ cultivar and an
increase for ‘Bereczki’ and ‘Tinella’ cultivars.
The values had a decreasing trend at 350 days
compared to 210 days.

For 5% COz, the transpiration rate increased at
210 days followed by a decrease at 350 days.

Table 1. Variation of organoleptic attributes during storage in C.A. conditions for quince cultivars

Color Taste Smell Texture Exterior Total
appearance
Ekmek Initially 4,40 4,80 4,00 4,60 4,40 4,44
After 350 0% CO, 4,00 1,83 2,50 2,33 3,83 2,90
days 2% CO, -
5% CO, 4,17 4,20 3,60 4,20 4,00 4,03
Bereczki Initially 4,00 3,60 4,20 4,00 3,40 3,84
After 350 0% CO, 3,83 2,00 2,83 2,33 3,17 2,83
days 2% CO, 4,00 2,17 3,00 2,50 3,50 3,03
5% CO, 3,92 3,00 3,60 3,00 3,40 3,38
Tinella Initially 4,80 4,60 4,20 4,60 4,60 4,56
After 350 0% CO, 3,83 3,17 3,33 3,17 2,92 3,28
days 2% CO, 4,08 3,42 3,83 4,00 3,67 3,80
5% CO, 3,67 4,00 3,60 3,80 3,40 3,69
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Table 2. Variation of respiration and transpiration rates during storage in C.A. conditions for ‘Ekmek’ cultivar

Respiration rate

Transpiration rate

Ekmek Average Std. Dev. Average Std. Dev.
Initially 27,3303 1,7753 0,1153 0,0176
0% CO, 210 days 33,1916 7,2097 0,0206 0,0097
350 days 43,0413 12,3647 0,0041 0,0006
2% CO; 210 days 45,1075 6,7359 0,0248 0,0014
350 days 23,1412 2,5880 0,0139 0,0014
5% CO; 210 days 50,4807 2,6739 0,0368 0,0096
350 days 23,7853 0,9661 0,0289 0,0204

Table 3. Variation of respiration and transpiration rates during storage in C.A. conditions for ‘Bereczki’ cultivar

Respiration rate

Transpiration rate

Bereczki Average Std. Dev. Average Std. Dev.
Initially 24,4890 8,9511 0,1132 0,0093
0% CO; 210 days 49,7721 12,7657 0,0131 0,0017
350 days 49,2052 1,1895 0,0091 0,0022
2% CO; 210 days 43,7863 6,1143 0,0156 0,0103
350 days 63,0061 1,4962 0,0214 0,0000
5% CO; 210 days 54,3866 15,7530 0,0479 0,0064
350 days 40,8656 11,7781 0,0096 0,0089

Table 4. Variation of respiration and transpiration rates during storage in C.A. conditions for ‘Tinella’ cultivar

Tinella Respiration rate Transpiration rate
Average Std. Dev. Average Std. Dev.
Initially 27,3582 1,9520 0,0505 0,0318
0% CO; 210 days 20,8385 3,0589 0,0205 0,0062
350 days 78,9048 12,5439 0,0302 0,0087
2% CO; 210 days 36,5109 3,6134 0,0263 0,0041
350 days 36,0108 3,8295 0,0318 0,0010
5% CO; 210 days 60,2983 32,7145 0,0304 0,0011
350 days 37,6364 3,8392 0,0230 0,0001
Table 5. Variation of maturity index during storage in C.A. conditions for quince cultivars
Cultivars TSS/TA
Average Std. Dev.

Ekmek Initially 24,58 3,74

0% CO> 50,55 1,72

2% CO, 45,88 2,84

5% CO, 47,90 0,84

Bereczki Initially 23,38 0,66

0% CO» 36,53 3,52

2% CO» 38,16 4,26

5% CO, 41,09 1,34

Tinella Initially 22,23 2,51

0% CO» 33,11 0,48

2% CO, 49,09 5,64

5% CO, 40,59 1,50
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Figure 5. Variation of ascorbic acid content during storage in C.A. conditions for quince cultivars

After 350 days of storage, from obtained results
it was observed a decrease of the ascorbic acid
content between 51.4% (for ‘Tinella’ cv. in 5%
CO2) and 70% (for ‘Ekmek’ cv. in 5% COz).
For respiration rate were observed increases
between 85% (for ‘Ekmek’ cv. in 2% COz) up
to almost 3 times (for ‘Tinella’ cv. in 0% CO2),
between the initial and final moments. The total
ascorbic acid content of ‘Ekmek’ quince
cultivar (Figure 5), recorded 40.43 mg/100 g
f.w., similar value of ascorbic acid content with
values registered for blueberries, at the initial
moment (Shi et al., 2017). The total ascorbic
acid content of ‘Ekmek’ stored in 0% CO:2
recorded significant differences during storage,
decreasing after 210 days (13.01 mg/100 g
f.w.), followed by an insignificant increase
13,27 mg / 100 g f.w. after 350 days. In 2%
CO2, ‘Ekmek’ quinces registered a significant
decrease in the total ascorbic acid content, the
value being 11.26 mg / 100 g f.w. at 210 days.
For ‘Ekmek’ cultivar stored in 5% COg, the
maximum value was recorded at 210 days
(12.63 mg/100 g f.w.), and the minimum value
at 350 days (2.777 mg/100 g f.w.).

For ‘Tinella’ cultivar (Figure 5), the total
ascorbic acid content recorde 38.94 mg/100 g
f.w. for the initial moment, progressive
decrease at 210 days (17.40 mg/100 g mv) and
350 days (16.37 mg/100 g f.w.). In 2% COx,
quinces had a significant progressive decrease
for total ascorbic acid content, the value being
14.38 mg/ 100 g f.w. at 210 days, decreasing to
12.90 mg/ 100 g f.w. at 350 days. For quinces
stored in 5% CO2, the maximum value was
recorded at 350 days of storage (18.94 mg / 100
g f.w.), and the minimum value at 210 days
(15.80 mg/100 g fiw.). Rop et al. (2011)

29

recorded values between 41.12 mg / 100 g f.w.
and 78.90 mg/100 g f.w. similar values with the
initial moment, for all three quince cultivars
studied.

CONCLUSIONS

The COz content preserved better the quality of
quinces compared with control (0% COz),
based on the results obtained from the sensory
analysis.

The total ascorbic acid content decreased
sharply during storage for all cultivars, under
all conditions.

Respiration rate increased for ‘Ekmek’ cultivar
in 0% CO2 and decreased in the ‘Ekmek’
cultivar in 2% and 5% COz. For ‘Bereczki’ and
‘Tinella’ cultivars, respiration rate increased in
all storage conditions. The transpiration rate
decreased for all cultivars, under all conditions.
However, further research it requires for the
changes appeared between physiological and
biochemical, to highlight the influence of
temperature on quinces.
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Abstract

The almond (Amygdalus communis L.) is one of the first plants to be cultivated by man since prehistory. Often the
almond is mentioned in the ancient religious texts, being appreciated for its tasty and healthy fruits, but also the plant
as a whole is known as a symbol of hope. The Greeks and the Romans can be considered the first almond growers,
spreading this species in their colonies. Nowadays, this crop evolved from solitary trees through the vineyards, to
intensive orchards and more recently, to high and super high-density orchards. New resistant cultivars to specific
climatic conditions, specific rootstocks, and technology contributed to the development of almond crop technology. In
this review, we point out the evolution of the cultivation technologies for the almond crop with their specific
characteristics like the planting density, the rootstock vigour, the cultivars specificity, the training, and the pruning
systems, the irrigation, the soil management, the fertilizers, the plant protection, etc. This paper can be a useful tool for
anybody interested in almond crop technology.

Key words: Prunus dulcis, rootstock, cultivar, canopy, pruning system.

INTRODUCTION ancient and medieval cookbooks like De re
coquinaria, Kitab al-Tabikh, The forme of cury
The almond (Amygdalus communis L.) is a  and others (Socias et al., 2017), indicates the
deciduous tree native to South-West Asia.  importance of the almonds. It is important to
Almonds were collected into the wild, some state that the almonds are mentioned in Greek
10,000 years ago, and were among the first  mythology, The Bible, The Torah, The Quran.
plants to be domesticated by man, around the In conclusion, almonds were and are an
third millennium BC (Albala, 2009). The  important part of human’s life, in a socio-
kernels are very nutritious and relatively non- economic  manner, spiritual, medicinal,
perishable food, with many pharmaceutical culinary, art, etc. (Socias et al., 2017)
uses, being among the medicinal plants to be  Little is known about how the almond orchards
prescribed and mentioned in the ancient books were managed in the past, that is why this
of medicine and religious texts. paper will examine how the technology
This review is about the evolution of almond  evolved in the last century.
crop technology, from the beginning to present ~ The paper will try to examine the traditional,
times. intensive, and super high density (SHD)
Although not much written information  almond orchard systems, with their particular-
succeeded until our days, about how the rities, and what differentiates them. What
almond orchards were managed from the  rootstocks and varieties are used for each
ancient times to the late modern period, there is  orchard system, the planting distances, the type
clear evidence that in the Mediterranean basin ~ of training and pruning, how the pests and
and Asia, almonds were an important crop. diseases, the soil and the row weeds are mana-
Almond clonal propagation by grafting has  ged, the irrigation system how the trees are
been known since ancient Greek and Roman  fertilized and the fruits are harvested. Pointing
times, dating back to more than 2,000 years out the different almond orchard systems, could
ago, from Columella (Batlle et al., 2017). Also, offer a better understanding indicating how to
many important ancient medicinal texts from choose this crop or another, a technology crop or
Hippocrates, to Charaka Samhita, Susruta- the other, how a farmer can improve himself, etc.
samhita, to the medieval period of Avicenna or At a worldwide level, in North America and
Hu Sihui, or all the recipes mentioned in the Australia, this crop gained a lot of popularity
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among the farmers. In Europe, Africa, and
Asia, the tendencies are recording a decrease of
the cultivated surface, with several exceptions.
In Romania, the quantities produced and the
land occupied by the almond crop also
decreased in the last 30 years.

According to FAOSTAT (Figure 1), in the last
twenty years, the almond production with shell
doubled and the area harvested with almonds
extended by 25%.
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Figure 1. World production of almonds and the area
harvested with almonds (1999-2019 period)

The most recent advances in the almond crop
technology could represent an opportunity to
disseminate information in the scientific world
and farmers, that could lead to satisfying the
Romanian market needs for almonds. Low
vigor rootstocks, late and very late blooming
cultivars, mechanical pruning, automatized
irrigation systems, mechanical harvesting, and
other advanced management practices could
inspire the farmers to adopt this crop.

The review aims to highlight the new almond
orchard systems and technologies.

MATERIALS AND METHODS

To achieve the goal there will be an extensive
description of each crop technology taken into
consideration, namely traditional, intensive,
and super high-density almond orchards.

RESULTS AND DISCUSSIONS

Traditional almond orchards

The traditional almond orchards are to be
found, in general, in Europe, Northern Africa,
and Asia. The traditional almond orchards are
included among “traditional agricultural
landscapes”, popular in the Mediterranean
basin. The traditional agricultural landscapes
are described by the use of land that has led to
substantial changes to the original conditions,
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but has also maintained the functionality of the
natural systems or has replaced it with other
systems that are compatible with the local
environmental conditions (Antrop, 2005).
Frattaroli et al. (2014), argues that in Italy, the
traditional almond orchards were mixed,
sometimes with olive trees, or were planted in a
pure crop. The ones that were pure crop, are
regular, with more than 50 trees per hectare, or
irregular, with less than 50 trees per hectare. In
Italy, it is still the most widespread almond
crop technology (Sottile et al., 2014).

In Spain, some of the traditional almond
orchards are also pastures for animals, as the
Spanish call it “Dehesa de Almendros™ (Font et
al., 2010), or non-irrigated orchards with low-
density planting distances like 8 m x 8§ m or
even wider, to make more efficient the use of
the limited rainwater (Gradziel et al., 2017).

In the Middle East, generally, the almond
grows under rain-fed conditions, water being
hard to access resource.

In Romania, the almond growing zone is quite
the same as the grapevine, that is why,
traditionally, the almond trees are found
through vineyards (Cociu, 2011).

In the traditional orchard system, the grafted
almond trees were produced using seedlings as
rootstocks (Cordeiro & Monteiro, 2002).

Most of the varieties used were local selections.
The traditional almond orchards are character-
rized by a low density, planting distances being
8 m x 8 m, or wider (Frattaroli et al., 2014).
The training and pruning are summary or not
being done at all (Sottile et al., 2014). Pests and
diseases control, soil management, inter or intra
row weed management, in most of the cases, is
not realized or is briefly done (Frattaroli et al.,
2014). The trees are irrigated under rain-fed
conditions and in most cases, are not fertilized.
The harvest is done manually (Frattaroli et al.,
2014).

The traditional almond growing system is less
important for the profitability of this crop or the
almond yields, but still, the almonds cultivated
traditionally, are offering ecosystem services
and producing fruits in deserted areas where
not many fruit trees can live.

Intensive almond orchards
The intensive almond orchards are the most
common ways this crop is cultivated



worldwide. It is also the most widespread
system for almond cultivation in Romania since
all the recommendations are for wide-spacing
planting (Cociu, 2011).

The development of the intensive almond
orchards is correlated with the presence of the
almond breeding programs, thus countries with
important cultivated surfaces of intensive
orchards had or have successful breeding
programs. The recent almond breeding
programs developed superior rootstocks and
varieties, better adapted to local pedo-climatic
conditions. In general, the breeding programs
objectives varied from zone to zone. The main
objectives of the almond breeding programs
around the world were nut quality, late-
blooming, self-compatibility, drought
tolerance, resistance to different fungi, bacterial
diseases, and insects, etc. (Segura et al., 2017).
Generally, the rootstocks used in the intensive
almond orchards are GF-677, Garnem,
Felinem, Nemaguard, seedlings, and others. In
Romania, Felix and Tomis 1 are the rootstocks
used (Scheau, 2013).

A large number of varieties with commercial
significance and different traits are being used,
like Nonpareil, Texas, recently Butte and
Monterey in the USA (Almond Board of
California) and Nonpareil in Australia (Almond
Board of Australia), Filipo Ceo, Tuono, and
Cristomorto in Italy, Ferragnes and Ferraduel in
France, Desmayo Largueta and Marcona, more
recently Antoneta and Guara in Spain,
Marculesti 3/51, Tohani 17, and more recently,
Ana, April, Mirela and Veronica in Romania
(Gavat et al.,, 2015). Most of the varieties
mentioned above are self-sterile, have an early
or medium-late blooming, being frequently
affected by the spring frosts, and need to be
pollinated. Also, it is important to know the
chilling and heat requirements of a variety,
before choosing it for a new orchard (Gaeta et
al., 2018).

In the last decades, it became a necessity to
realize intensive orchards with self-fertile and
late-blooming varieties like Tuono, Antoneta,
Guara, and other varieties.

Planting distances in Europe are ranging from
8mx 8mto5mx4m, from 156 trees to 500
trees per hectare (Cociu, 2011), while in
California the common distance is 7.3 m X
7.3 m or even wider (Hendricks, 1996).
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The fruit trees canopy is trained as an open
vase and most of the pruning is done manually,
with the possibility to apply the topping
pruning, mechanically (Cociu, 2011).

Pests and diseases are managed manually or
mechanically by spraying pesticides, using
pheromone traps, and other cultural practices
(Perju, 2002). Regular monitoring of the pest
populations can predict potential problems.
Keeping records of the monitoring results will
help forecast pest outbreaks and schedule
cultural practices. Table and graphs of pest
counts can help identify population patterns
(Flint, 2002).

Soil management is done mechanically. The
space between rows is maintained tilled or with
cover crops like leguminous and other species.
Ramos et al. (2010) argue that cover crops in
semi-arid conditions improve soil quality,
compared to frequently tilled managed soil by
increasing the organic matter content,
improving the chemical and physical fertility of
the soil, and enhancing the soil biology activity,
in a wide-spaced 7m x 14 m rainfed almond
orchard. Becerra et al. (2010) point out that soil
compaction resulting from tractor traffic,
increases soil cone index and soil bulk density,
decreasing soil porosity, indicating that almond
orchard soil is wunable to limit subsoil
compaction under moderate traffic intensity.
Weed control is realized with herbicides or
mechanically by tilling with inter-row rotary
harrow or hoe or other devices through tillage,
burning/flaming the weeds, or mowing. Intra
row weed control it’s done with herbicides
(Ludwig et al., 2020). A study about mulching
as an alternative technique for weed
management draws attention to black geotextile
and almond husks as organic mulch, which are

successful alternatives  to  glyphosate
applications for managing weeds (Verdu &
Mas, 2007).

Most of the intensive almond orchards are not
irrigated in Europe, Africa, and Asia. Some
researchers have demonstrated that regular
deficit irrigation and sustained deficit irrigation
are financially feasible alternative methods to
full irrigation, in semi-arid zones where water
price is higher and hard to obtain. These
irrigation treatments could help farmers to
preserve production levels while ensuring the
feasibility of the almond plantation investment



(Alcon et al., 2013). It is worth adding that
Lipan et al. (2019) observed that in regular
deficit irrigation and sustained deficit
irrigation, there aren’t significant differences in
the lipid and minerals content, moreover in
some regular deficit treatments there were
discovered higher fat, potassium, and
unsaturated fatty acids content. Another study
observed that during the 3-year experimental
period and two successive cycles of harvest-
period irrigation deprivation resulted in yield
reductions that were associated with reduced
shoot growth in severely watered stressed trees.
The water stress did not influence flowering
and fruit set on established spurs, nor did it
accentuate the spur mortality (Esparza et al.,
2001). In California, nearly 80% of the almond
orchards are using micro-irrigation (Schwankl
et al., 2017). Some authors argue that in some
parts of the world the production increases
exponentially about the amount of irrigation
water, being able to reach 3,000 kg of
kernels/ha.

Fertilization is a base practice in managing an
intensive orchard. Fertilization is done by
incorporating manure 30 to 40 tons per hectare,
once every three to five years, and complex
NPK fertilizers, every winter (Cociu, 2011).
For the young orchards, it is recommended that
the annual dose of NPK be distributed as
follows: in the autumn, after the leaves have
fallen, the full P dose, half of the K dose, and
of 4 the annual N dose. The rest it’s applied in
the spring, when the shoots start to grow, half
of the N annual dose, and half of K annual
dose. The rest of Y4 N, it’s applied at the
beginning of June, when the buds start
differentiating (Davidescu & Davidescu, 1992).
It is important not to apply higher doses than
necessary of N, after sampling the soil and leaf
status, because the susceptibility of hull rot
increases (Saa et al, 2016). It has been
demonstrated that boron is an important
micronutrient that increases fruit set if applied
before the flowering period of a plant (Hanson
et al., 1985), in some cases the increase can
reach 100% like in the case of sour cherry, with
post-harvest and pre-bloom foliar boron
fertilization (Hanson, 1991). Nyomora (1997)
observed that the fruit set was increased by
130% and the yield by 53% for the Butte
cultivar, after applying B in the fall.
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Also, it is recommended to apply fertilizers
along with the foliar spraying of pesticides.

The harvesting is done manually or
mechanically. Mechanically is done by shakers,
with at least two workers being used (Pascuzzi
& Santoro, 2017). Shakers have the
disadvantage of injuring the almond tree trunks
during the harvest, which results in serious
damage to tree vigour, health, and longevity.
Injuries where the bark is crushed or torn from
the trunk immediately attract a variety of
insects, several of which are known vectors
(Connell et al., 2005).

The intensive almond growing system is the
most widespread and the first option when
farmers choose to develop a new almond
orchard. The initial investment, popularity,
long-term certitude of the profitability, the
evidence that others succeeded in realizing
intensive orchards, etc., are important points of
view when farmers choose not to risk applying
newly developed technologies (Almond
almanac, 2020). The intensive system’s
weaknesses are the necessity of specialized
workers, trees training and pruning, harvesting,
and so on. The need for irrigation in Europe,
Asia, and Africa, on contrary, the excessive use
of water in California for producing almonds
became a state problem. The rootstocks and the
varieties used, in many parts of the world, are
pretty old and an advance towards renewing
them would be a benefit for the production.

Super high-density almond orchards

The technology is advancing in horticulture and
almond crop has known it recently, too.

Super high density (SHD) is said to be the
future of the almond orchards. In the last
decades, different researchers in Europe
worked to develop a new almond crop
technology (Iglesias, 2019a). More recently,
the development of low vigor rootstocks had
allowed testing higher trees densities per
hectare. The novelty of SHD almond orchards
consists of enabling to fully mechanize the
orchard management operations (Iglesias,
2019b).

The mechanization reduces and solves the
deficit of labor in horticulture, especially
specialized workers. Also mechanizing the
work results in lower costs saves time, impro-
ves workers' safety, reduces labor requirements



and production costs, and increases the quality
of the products (Carbo et al., 2017).

The long-term effects are currently unknown,
that is why at the moment, this new crop
technology is still tested. Although California
has the highest area harvested with almonds in
the world and is the no.l producer, the
academics and the farmer's perspective over the
SHD orchard system was conservatory over
implementing it. In Spain, Portugal, and also
Italy, the SHD model is developing more
quickly (Maldera et al., 2021).

A study realized in 2018 and 2019, in an
experimental almond orchard in Spain showed
that the fruit set rates were similar in both SHD
and open-center training systems. The average
almond in shell weight was significantly higher
in an intensive orchard where trees were trained
in the open-center system, while the fruit yield
was significantly higher in the SHD one. It
follows, then, that the SHD training system
would be more efficient, although Iess
productive than the open-center training system
(Gascon et al., 2019). In the same study, it is
argued that the almond trees are prone to an
alternate-bearing pattern (i.e., previous year
fruit-bearing harms subsequent year flowering),
which can be more or less pronounced
depending on the specificity of the cultivar.
That is said because two years were not enough
to formulate appropriate conclusions.

It is believed that the SHD model offers
advantages in the effectiveness of the
phytosanitary treatments, in the management of
water savings in irrigation, minimizing the soil
maintenance, early yields, the possibility of
harvesting with over-the-row machines or
robotic harvester, the labour reduction,
therefore results in an improvement of the
profitability of the crop (Gascon et al., 2019).
The hedgerow is fully developed between the
3™ to the 5" year, this is the moment when the
maximum production is attained while, in the
intensive system, the maximum production is
attained only after 10 to 12 years (Cociu,
2011). Thus, results that the initial investment
is recovered more quickly, also higher
profitability than in the intensive system.

The rootstocks recommended for SHD almond
orchards are the low vigor ones, like Irta-1,
Rootpac 20, Rootpac 40, Krymsk 86, Ishtara, or
GF-677 (Duval, 2016). Low vigour rootstocks
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could be associated with a higher vyield
efficiency that is making it ideal for high-
density orchards with the benefits of reducing
labour costs, especially for pruning and harvest
(Yahmed et al., 2016). Gascon et al. (2019),
argues that the low wvigour rootstocks are
favouring smaller and more efficient canopies,
and at the same time, reduce production costs
due to better efficiency of water and fertilizers,
better accessibility to the canopy, and easier
mechanization. Since the market doesn’t offer
enough possibilities of low vigour rootstocks at
the moment, a good alternative is GF-677. GF-
677 is known as one of the best rootstocks for
the almond crop and its medium-high vigour
and excessive growth will be tempered by the
high-density planting. The varieties used have
high commercial significance. Independence, in
the USA (Almond Board of California), Tuono
and Supernova in Italy, Lauranne in France,
Vayro, Marinada (Vargas et al., 2009), Penta
(Dicenta et al., 2009), Belona (Dias et al.,
2018), Soleta and Makako in Spain (Dicenta et
al., 2018). Most of the varieties mentioned have
good agronomic characteristics, are self-fertile,
have medium or low vigor, have a late to very
late blooming time, and are very productive
(Socias et al., 2017).

Planting distances are ranging from 4 m x 2 m
to 3 m x 1 m, from 1,250 trees/ha to 3,333 trees
per hectare. The planting distances can differ
from country to country and are based upon the
latitude of the area of planting. For example,
for 40° latitude North, 3.35 m between rows is
an optimum distance. In Romania, for 45°
latitude North, it is required 4.0 m between
rows (Iglesias & Torrents, 2020).

The fruit trees canopy is trained as a single
central axis. The pruning is done mechanically
by limiting the height and the width of the fruit
trees row, creating a hedgerow. Trees planted
more densely are smaller being easier to fill the
canopy space. They are less likely to have
scaffold breakage problems regardless of how
they are trained Gascon et al. (2019).

Pests and diseases are managed mechanically
by spraying pesticides, using pheromone traps,
and other cultural practices (Perju, 2002).
Based on phenological observations, growers
could easily monitor developmental stages and
schedule timely various agronomic manage-
ments such as frost protection, pollination, fruit



thinning, irrigation, fertilization, pruning, pests
and diseases management, and harvesting
(Sakar et al., 2019).

The soil is managed mechanically. The space
between rows can be maintained by no-till,
tilled, or covered with green crops like
leguminous and other species, soil work being
reduced to a minimum. On the row, weed
control is realized with herbicides or
mechanically by tilling with intra row rotary
harrow or hoe (Socias et al., 2017).

It is a necessity to irrigate the SHD almond
orchards, even with a deficit of water, the most
recommended being drip irrigation.
Fertilization is a necessity in a SHD almond
orchard. Fertilizers application is preferred to
be done when the plant has the most need of
them. If the soil is not tilled, fertilization is
required to be done by fertigation also by
applying fertilizers with foliar spraying of the
pesticides. (Muhammad et al., 2017)

The harvesting is done mechanically by
machines, such as the over-the-row harvesters
of olive hedgerows and grapevine’s trellis. This
innovation offers a better fruit quality. The fruit
does not touch the ground, thus contamination
risks by aflatoxins and salmonella are avoided
(Carbo et al., 2017).

The SHD system is the last almond crop

effectiveness, on the long term could be more
profitable by paying less on human labour, on
water, and pesticides, also new and more
qualitative and efficient rootstocks and varieties
are being used, fully mechanized pruning and
harvesting, and better harvesting machines. As
for disadvantages, for the moment, it is an
orchard technology still in test, in the long term
all the good and bad effects can’t be
anticipated. It is unknown exactly how a SHD
orchard will behave 20, or 30 years after being
planted. What would be the yields, how the
yields evolve in relation with the almond
predisposition to alternate-bearing, long-term
management, and evolution of the pests and
diseases in an SHD orchard. Another
disadvantage is the higher cost of orchard
establishment, plus not enough nurseries and
rootstocks diversity (Socias et al., 2017).

To better view and understand the differences
between each crop technology, Table 1, is
presented, the summarized characteristics of
the main almond orchard systems, like what
rootstocks are being wused, the varieties
characteristics, the planting distances, the trees
training, the pruning, the pests, diseases and
weeds management, the irrigation, the
fertilization, and the harvesting.

Like a quick insight into the strengths and

technology improvement, and to summarise its ~ weaknesses of each crop technology,
advantages, less human labour is needed, traditional, intensive, and SHD.
rapidly entry into full production, higher
Table 1. The summary of the almond orchard systems characteristics
Orchard system Traditional Intensive Super high density
Rootstocks used Seedlings Medium to high vigour Low to medium vigour
Varieties characteristics Local selections Self-sterile; Early to medium-late Medium-late to very late
blooming blooming
Planting distances (m) 8 x 8 or higher 8x8to5x4 4x2to3x1
Training Rarely done Open vase Central axis
Pruning Rarely done Manual to semi mechanized Mechanical
Pests & Diseases Rarely done Mechanically Mechanically
Soil Management Rarely done Mechanically Mechanically
Weed management Rarely done Mechanically Mechanically
Irrigation Rain fed Rain fed to drip irrigation Drip irrigation
Fertilization Rarely done Mechanically Mechanically
Harvesting Manual Done with shakers Done with over-row
harvesters
CONCLUSIONS services but are not concentrated on almond

The traditional almond orchards are less and
less an option for today's farmers. The
traditional orchards offer important ecosystem

production. It is believed that traditional
almond orchards are one of the last options
when a farmer is interested in developing a new
orchard.



At present, most of the producing almond
orchards are managed in an intensive system.
This crop technology is the farmer’s first option
when choosing to develop a new almond
orchard. Along the time the possibility of
mechanizing increased, resulting in higher
profits and larger yields. Until clear evidence of
the SHD system's superiority and profitability,
it will remain the farmer’s first option for the
almond orchards.

SHD is a new almond crop technology,
developed in the last decades. The SHD model
attracts more and more interest in the academic
world. Until now the science confirmed that
this crop technology offers the possibility to
fully mechanize the work, rapidly enter into
full production, higher effectiveness than the
intensive orchards, lower water and pesticide
use, less human labour needed. More studies
are needed to confirm its higher profitability
over the intensive crop system. The orchard
establishment costs, the prediction in time over
the stability of the orchard in terms of pests and
diseases management, prediction on the long
term of yields and profitability, are serious
questions that somehow are still unanswered in
comparison with the intensive crop system.

The SHD crop system is necessary to be
studied more. This model could represent an
important option, in the future, for farmers
around the world and from Romania, also.
Scientific progress is necessary to evolve, for
horticulture, in general, and for the almond
crop, particularly.
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Abstract

The cherry crop is one of the most important horticultural crops both nationally and internationally. In terms of
production, Romania is in the top ten countries worldwide, more precisely it ranks ninth, with a production of 682.010
tons recorded in the last ten years. At Fruit Research and Development Station Bistrita, 12 varieties with different
ripening periods were monitored during the last three years (2018-2020). Objective of the research was to assess the
phenological response to climate change and the behavior of some Romanian and foreign bred sweet cherry cultivars.
Observations were made throughout the year for each phenophase. Following the data obtained, the number of days
assigned to each phenophase was determined, for each year studied (2018-2020). Results reveals that the instability of
climatic factors directly influenced the vegetation period of the cherry crop. Data showed that in the inflorescence
emergence and flowering period due to climate change events there is a possible risk for late frost events. Phenology
datasets in relationship with weather data modelling are bioindicators for climate change events and are key elements
in fruit crop technology.

Key words: crop, cherry, climatic factors, fruits.

INTRODUCTION crop. Previous researches in Pitesti and
Bucuresti area showed the climatic stress in
Sweet cherry (Prunus avium L.) is a diploid  some cultivars which occurred during 2005-
species, with origins in the Black Sea and the = 2006 and had a great impact on the cherry crop
Caspian Sea region, native to south-eastern  (Budan et al. 2007). Adequate phenological
Europe and western Asia, being a fruit crop  models together with climatical modelling can
with a worldwide economic importance, due to ~ show predictions regarding relationship of
the exceptional nutritional, technological and  weather and cropping of cherry cultivars in
commercial value of its ovoid or heart-shaped local conditions.
fruits. The generative buds of cherries are very
We assist nowadays to climate change  sensible and susceptible of freezing, injuring
phenomena throughout the world in the fruit and frost. Frost resistance depends on many
producing areas, which dramatically influences  factors including age, genetical factors, tissue
yields, quality of fruits, economical sides of  content of water, sap and soluble solids,
crop production, incomes and marketing prices environmental conditions (Proebsting, 1982;
and therefore the market is directly affected by =~ Melba R. Salazar & Gutierez, 2014). The main
these fluctuating negative events. The agro-  problem of cherry cultivation in Romania
climatical adaptability, ecological plasticity of =~ nowadays is the high age of plantations, with
cherry cultivars, are key elements of both  less frost resistance and the new plantations
successful research and farming. that are not yet in the fruiting period because a
Several researches were made in Romania  great amount of new cherry orchards were
some years ago regarding phenology and frost  established during 2015-2020 in the PNDR
resistance of trees (Budan et al., 1995; Asanica  reconversion program of Ministry of
et al, 2014) in the south zone of the country,  Agriculture and Rural Development.
but in the northern part of the country there is a Several researches studied the cherry and sour
lack of recent updated studies regarding  cherry crop and simulated predictions, charts
phenology and weather impact on cherry fruit  and graphs on bud-brake and flowering dates
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(Ladanyi et al., 2009; Apostol et al., 1990;
Chitu et al., 2005, 20006), respectively on other
woody plants (Davarnejad et al., 1993-apple,
1996, Davarnejad et al., 1996-pear; Hrotko,
1985-Prunus  mahaleb; Rachko,1985-pear).
Studies provided insights into how plant
growth can be affected by such conditions but
also possible outcomes of management options
(Soltesz, 2004; Spano et al., 2002). The key
element of the studies are the sum of the degree
days (GDD) initially established by Baggiolini
in the early 1952's (Baggiolini, 1952) and
several other studies contributed to the wider
understanding of plant physiology terms of
dormancy, thus the phenology models mostly
had the basis that budding and flowering occurs
after the chilling effect during the dormancy
and subsequently after an amount of specific
heat accumulation.

Objective of the research was to assess the
phenological response to climate change and
the behaviour of some Romanian bred and
foreign-bred sweet cherry cultivars.

MATERIALS AND METHODS

The research was carried out at Fruit Resarch
and Development Station Bistrita, in
geomorphological unit of Bistrita hills, the
climate is cold and temperate. There is
significant rainfall during a year (757 mm) in
the Bistrita area, the climate is considered Dfb
according to Koppen-Geiger classification,
with an average annual temperature of 9.6°C
(1993-2019). Observations were made in the
field throughout the year for each phenophase.
Following the data obtained, the number of
days assigned to each phenophase was
determined, for each year studied.

Extreme climate change events (climatical
accidents, hail), which occurred in the study
period were assessed visually and weather data
registration was made electronically by Adcon
Telemetry weather station. Sum of the active
temperatures were counted, based on existent
weather data from the Bistrita Meteorological
Station. We calculated the sum of daily active
temperatures, growing degree days (GDD)
taken above the basic temperature (5°C) and
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cumulated from the endodormancy until the
begin of flowering. Twelve varieties with
different maturation periods were monitored
especially during the last three years (2018-
2020) but also with a broader analysis of the
last 10 years flowering data. The analysed
cultivars were, ‘Timpurii de Bistrita’, ‘Bigareau
Burlat’, ‘Rosii de Bistrita’, ‘Negre de Bistrita’,
‘Uriase de Bistrita’, ‘Rubin’, ‘Germersdorf’,
‘Jubileu 30°, ‘Stela’, ‘Van’, ‘Kordia’, ‘Ana’.

RESULTS AND DISCUSSION
Woody fruit species synchronize their
physiology including blooming and their

annual growth patterns in accordance with
environmental ~ conditions, mainly  the
temperature factor. Stone fruit species are the
earliest in the blooming process.

Figure 1 shows the accumulated sum of active
temperatures above 5°C between 2012-2020,
according the Julian day of the year until the
beginning of flowering.
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Figure 1. Relationship of the sum of active temperatures
and Julian days of the year until flowering

We see very different degree day accumulation
patterns with very fast uprising of cumulated
temperatures (2012) starting at the 79th day of
the year, much later than the coming years.
This means that the early 2012-2013 year
winter periods were harsher in comparison with
the 2018-2020 period. Smoother, progressive
accumulation of GDD's were observed in 2014
(90™ Julian day), 2015 (108™ Julian day), 2016
(94™ Julian day) with much earlier flowering in
these years.
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Figure2. Dynamics of the sum of active temperatures in
the study period (2012-2020)

Figure 2 shows higher active temperature
values until flowering in the last 4 years (2017-
2020) at 103-108 Julian days, values ranged
from 140.2 to 179.3°C. In the period of 2012-
2016 flowering occurred at lower sum of
temperatures with a minimum value of 94.6°C
at the 90™ Julian day.

Data showed in Figure 3 presents the
relationship between the Julian day of the year
and the average daily temperatures at which
flowering occurred. Data showed that values
varied between from 87 to 115 Julian days with
average of daily temperatures ranging 6.9°C to
12.6°C, average beginning of flowering in
research period was at 103 days at 10°C.
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Figure 3. Average daily temperatures and the day of the
year at the beginning of flowering

Phenology data for the early variety ‘Timpurii
de Bistrita’ showed (Figure 4) a great variation
in duration, in 2014 and 2016 flowering begun
early at the end of March and beginning of
April. With the coming years study showed that
the flowering was shifted from March to the
middle and end of April in Northern
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Transylvania in Bistrita Fruit Region, mainly
with 16-17 April during 2018-2020.
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Figure 4. Phenology data for ‘Timpurii de Bistrita’
cherry cultivar during 2012-2020 at FRDS Bistrita

When analysing the whole range of 12
cultivars, results showed that in 2018 at early
cultivar ‘Timpurii de Bistrita’ and ‘Bigareau
Burlat® flowering begun on 16" of April and
had a duration of 11 days until 26" of April,
with ‘Rosii de Bistrita’ and ‘Negre de Bistrita’
cultivars, which seem to be in the same
flowering category of early cultivars, but with a
shorter flowering period (5 days for ‘Rosii de
Bistrita’).
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Figure 5. Phenology data for cherry cultivars during
2018 at FRDS Bistrita

Late maturation cultivars begun flowering at
20.04.2018 with a duration of 7 days of
flowering. In 2019 (Figure 6) flowering
occurred between 17-28" of April for the early
cultivars (‘Bigareau Burlat’, ‘Timpurii de
Bistrita’, ‘Rosii de Bistrita’, ‘Negre de
Bistrita’) and some of the late maturation
cultivars (‘Jubileu 30°, ‘Stela’, ‘Van’ ,
‘Kordia’, ‘Ana’). The late maturation cultivars



begun the flowering 2 days later (‘Uriase de
Bistrita’, ‘Rubin’, ‘Germersdorf’).
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Figure 6. Phenology data for cherry cultivars during
2019 at FRDS Bistrita

Significant changes occurred in 2020 regarding
flowering (Figure7), early ripening cultivars
begun the flowering almost in the same time
period as in 2018-2019 period ( 17-27" of
April) but the late maturation cultivars ‘Uriase
de Bistrita’, ‘Rubin’, ‘Germersdorf’, begun the
flowering much later, between 27" of April
and05™ of May.
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Figure 7. Phenology data for cherry cultivars during
2020 at FRDS Bistrita

A frost event occurred in April 2020 in April,
and the early cultivars were seriously affected,
yield being significantly reduced. Oppositely,
the late maturation cultivars ‘Uriase de
Bistrita’, ‘Rubin’, ‘Germersdorf’ begun the
blooming later, so they escaped the early frost
events, yield was not affected at these cultivars.
In the last three experimental years (2018-
2020), the blooming of cherry cultivars was
between 16-28" of April and had a duration of
11-13 days, with average blooming date of 20"
April. When analysing the 2012-2017 period,
we can observe that the blooming occurred
much earlier, between 30" March — 08" of
April in 2014 and between 03-15" of April in
2016; the years 2012, 2013, 2015, 2017 had
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overlapping blooming periods between 13-29'"
of April, and in these years the average
blooming date was 16" of April. The general
analysis on the whole experimental period
showed that the average blooming date for time
period 2012-2017 (16.04) shifted with about
four days (20.04) in the last 3 years (2018-
2020) which clearly is due to climate change
phenomena. This tendency will be more
pronounced, if we will assist to a much more
heat accumulation and warming up phenomena
of the weather, especially in the winter period,
before blooming in spring.

CONCLUSIONS

This study shows the shifting process of
flowering into more lately dates, especially for
late cultivars which bloomed till the beginning
of May, climate changing events, such as,
warmer winter periods influenced the
blooming, promoting the appearance of first
flowers in later Julian days. The great variation
of temperatures in spring affects mainly the
early cultivars, which has an impact on market
prices and the investment costs of farmers in
the technology. Temperature factors cannot be
influenced directly, thus appropriate
establishment of orchards with cultivars
according flowering period, detailed phenology
modelling is the key for proper choosing of the
optimum cultivars in a specific geographic
area.
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Abstract

Little is known about the fungal communities of rose leaves, the interactions between and with the main pathogens or
their response to abiotic and biotic stress. In this context, a preliminary study on microbiota of healthy and infected
leaves by Diplocarpon rosae and Podosphaera pannosa was carried out in the organic edible climbing rose plantation
of Faculty of Horticulture - USAMYV Bucharest. The composition and incidence of fungal isolates was variable in time
as well as in presence or absence of pathogens. The fungal community of rose leaves was represented by Alternaria,
Aureobasidium, Cladosporium, Chaetomium, Epicoccum, Fusarium, Penicillium and Sordaria isolates. Our study
highlights the presence of some well knowns natural antagonists as Chaetomium globosum, Epicoccum nigrum,
Sordaria fimicola and Aureobasidium pullulans isolates. Further, presently ongoing studies shall reveal the
antagonistic properties of our isolates and their colonizing ability (in vitro and in vivo assays). Our further studies will
contribute to a better understanding of the composition and diversity of rose leaves fungal community and how the
microbiota can play a role in plant protection

Key words: edible rose, leaves fungal microbiota, organic management.

INTRODUCTION yellowing and premature defoliation or reduced
rose flower production.
Rose is one of the most important ornamental ~ Organic edible roses are grown using
horticultural crops all over the world, being  environmentally friendly practices. Cultivation
historically associated with beautiful gardens. of healthy plants in organic farming is a
However, there is a worldwide trend of using  challenge due to the lack of resistance of Rosa
roses as an ingredient in various spices and damascena to the main diseases and pests
functional foods (Park et al., 2005), as raw  (Chalova et al., 2017). Cultural practices as
material for anti-inflammatory drugs or as a  planting in well - drained soil amended with
potential source of antioxidant compounds  organic matter, providing air circulation,
promoting human health (Ge et al., 2013; Lee avoiding overhead watering or maintaining
et al., 2015; Choi et al., 2015; Haejo & Shin, good sanitation are basic guidelines for disease
2017; Butcaru et al., 2019). management. Also, organic products (biologi-
Rose is susceptible to a large number of  cal control agents, plant extracts) are available
diseases that impact negatively on overall plant ~ and effective in rose disease control, having a

performance, reduce flower yield, quality,  preventive rather than eradicating function
marketing and production costs (Chalova et al., (Gupta & Dikshit, 2010). However, some
2017). botanical pesticides may express certain levels

Podosphaera pannosa (powdery mildew), and  of toxicity and therefore extensive research is
Diplocarpon rosae (black spot) are the most  needed prior to their practical application
common and damaging fungal pathogens in  (Chalova, 2017).

roses (Debener & Byrne, 2014; Byrne et al., To protect edible roses against fungal
2019). Both diseases affect susceptible  infections it is important to explore novel

cultivars worldwide (Gochomo et al., 2006; strategies. Leaves has been recognized as an
Munnenkhoff et al, 2017), leading to  important habitat for  microorganisms,
development of immature and stunted plants, including bacteria, yeasts and filamentous
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fungi. Knowledge of leaves microbiota is
important for the management of foliar
diseases. Indigenous fungal and bacterial
populations have been found efficient in
limiting pathogen population, and thereby
minimizing the disease severity in different
crops (Suman, 2008).

There are several studies thar have been
reported a wide range of beneficial effects of
microbiota members on plant health including
disease suppression, induction of systemic
resistance, increased nutrient acquisition,
increased tolerance to abiotic stresses or
adaptation to environmental variations (Hassani
et al.,, 2018).

Despite the increasing interest in leaves
microbiota, little is known about the diversity
and community structure of fungi associated
with Rosa spp. as well as its ecological roles.

Also, little is known about the fungal
communities of edible rose leaves, the
interactions between and with the main

pathogens or their response to abiotic and biotic
stress. In this context, a preliminary study on
microbiota of healthy and infected edible
climbing rose leaves by Diplocarpon rosae and
Podosphaera pannosa was carried out.

MATERIALS AND METHODS

Biological material.

A survey of black spot and powdery mildew
was conducted in an organic edible climbing
rose plantation established in 2015 at
University of Agronomic Sciences and
Veterinary Medicine of Bucharest, Faculty of
Horticulture.

Typical symptoms of black spot that include
circular dark brown spots with irregular
margins measuring up to 15 mm were
observed.

Powdery mildew was identified as a white to
grayish spots or patches and powdery growth
on the upper surface of the leaves.

Isolation of microbiota from healthy and
infected leaves.

Healthy and infected rose leaves with black
spot and powdery mildew symptoms (Falstaff
cultivar) were collected in June and November
2020.

The leaves were cut into small pieces (0.5 cm),
surface sterilized using 70% ethanol and rinsed

45

for three times. Tissues were blotted dried and
plated on potato dextrose agar (PDA). Plates
were incubated at 22°C until growing of
colonies. Fifty leaves/variant have been
collected and one hundred fragments have been
plated. The experiments were repeated twice.
Results are expressed as isolates incidence (%).
Fungal isolates were identified based on their
macroscopic (colony colour, pigmentation) and
microscopic characteristics.

RESULTS AND DISCUSSIONS

Fungal community associated with healthy or
infected edible rose leaves was assessed in July
and November 2020.

In July, the fungal community of edible
climbing rose leaves has been represented by
Alternaria, Aureobasidium, Cladosporium,
Chaetomium, Epicoccum, Fusarium,
Penicillium and Sordaria isolates. Bacterial
strains were also present.

The composition and incidence of fungal
isolates was variable in time as well as in
presence or absence of pathogens (Figure 1).

In healthy leaves, the highest incidence was
recorded for Chaetomium globosum isolates
(48%) in July, followed by Aureobasidium
pullulans (17%) and Sordaria fimicola isolates
(13%). All isolates belong to species that are
recognized as natural antagonists. In
November, the fungal community associated
with healthy leaves was represented by
Alternaria alternata (25%), Epicoccum nigrum
and  Cladosporium  cladosporioides  (3%)
isolates. Bacterial colonies were also present
(3%).

In July, in leaves with black spot symptoms,
the highest incidence was recorded for
S. fimicola isolates (22%). Other isolates
detected were A. alternata (18%), Fusarium sp.
(8%), C. globosum (6%) and Aureobasidium
pullulans (6%). In November, A. alternata
isolates was recorded with the highest
incidence (84%). Like for healthy leaves,
isolates of E. nigrum have been recorded, but
with low incidence (3%). Penicillium sp.
isolates (3%) and bacterial colonies (7%) were
also been present in leaves with black spot
symptoms (Figure 1).

The leaves community associated with
powdery mildew attack have been represented



by S. fimicola isolates (49%), A. pullulans
(28%), C. globosum (21%), A. alternata (18%),
Fusarium sp. (14%), and Monilia (Neurospora)
sitophila (10%). Bacterial strains were also
present (8%). In November, from leaves with
powdery mildew symptoms only A. alternata
(67%) and E. nigrum isolates (27%) have been
detected and isolated (Figure 1).

Different microorganisms have been isolated
from rose phylloplane (leaf surface) with
powdery mildew symptoms, but by a different
method than ours (wash leaf method). Kumar
and Chandel (2018) reported the presence of
Fusarium, Botrytis, Cladosporium, Penicillium,
Aspergillus, Alternaria, Trichothecium,
Trichoderma and two bacterial isolates
(Bacillus sp. and Pseudomonas sp.). Some of
these isolates have been recorded in our study,
too.

Gosh & Shamsi (2014) reported five fungal
species that have been associated with black
spot symptom of Rosa centifolia. The
associated fungi were C. cladosporioides,
C. oxysporum, Marssonina rosea, Penicillium
sp. and P. guepinii.

Our study highlights the presence of
C. globosum, E. nigrum, S. fimicola and
A. pullulans isolates with potential antagonistic
properties.

Chaetomium globosum isolates have been
detected only in July, both in healthy and
infected leaves (Figure 2), with the highest
prevalence in healthy tissues. Chaetomium
globosum is a saprophytic fungus which is
widely distributed on plant, soil, straw and
dung as well as an endophytic one.
Chaetomium species have been documented to
be potential antagonists of several soil- and
seed-borne plant pathogens (Yue et al., 2018).
Epicoccum nigrum isolates were detected only
in November (Figure 2), with low incidence in
healthy and black spoted leaves and with a
higher prevalence in leaves with powdery
mildew symptoms. Epiccocum nigrum is a
ubiquitous saprophytic hyphomycete found on
various substrates (soils and plants). Also, it was
isolated as an endophytic fungus. Epicoccum
species are famous for their application in the
biocontrol of many fungal pathogens but also
for their capability to produce biologically
active compounds with medical applications
(antioxidant, antimicrobial, and anticancer
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agents) and pigments with industrial
application (Ogorek & Plaskowska, 2011;
Elkhateeb & Daba, 2019).

Sordaria fimicola isolates have been detected
only in July, in healthy and infected leaves
(Figure 2) with higher incidence in leaves with
powdery mildew and black spot symptoms
compared to healthy leaves.

The genus Sordaria has important saprophytic
species that grow well and fast on organic
materials (Kavak, 2012). The main habitat of
S. fimicola is decaying organic matter and dung
of plant-eating animals. This fungus, a model
for studying genetics and meiosis in
ascomycetes has been also isolated as
endophyte or from the surface of necrotic
leaves colonized by fungal pathogens (Kavak,
2012; Newcombe et al., 2016). Recent studies
focusing on novel biocontrol agents, reported
the antagonistic activity of S. fimicola in wheat
(Er, 2010) and maize (Abdallah et al., 2018)
against Fusarium graminearum.

Isolates of A. pullulans have been detected only
in July (Figure 2), with a low prevalence in
healthy leaves. A higher incidence, compared
to healthy leaves was observed in leaves with
powdery mildew symptoms followed by those
with black spot attack. Aureobasidium
pullulans is a saprophytic yeast-like fungus,
well documented, found in plants, soil, rocks
and water which is well known for his
antagonistic  activity, especially  against
postharvest pathogens (Bozoudi & Tsaltas,
2018).

These observed dynamics/increase of indige-
nous beneficial populations in diseased leaves
could be the result of the pathogens activity or
a direct relationship between them and
pathogen. The host plant also provides meta-
bolic capabilities which leads to the adaptation
of niche specialized inhabitants (Thrall et al.,
2007). Effective colonization, large population
size and the wviability of beneficials are
important for successful biocontrol of plant
diseases. Increasing the size of a constituent of
the indigenous microbiota of leaves when the
constituent is used as a biocontrol agent is one
of our further research objectives. When the
size of indigenous beneficial population is low,
application of bio-products based on biological
control agents could lead to a better control of
diseases.
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ISOLATES INCIDENCE (%), HEALTHY LEAVES, NOVEMBER 20202
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Figure 1. Incidence of detected isolates on organic climbing rose leaves, healthy
or affected by black spot and powdery mildew
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Figure 2. Occurrence of detected isolates in July and November on organic climbing rose leaves,
healthy or affected by black spot and powdery mildew

Among the other isolates that have been
detected, we mention those belonging to
A. alternata, which have been present both in
July and November, in all variants (Figure 2).
In healthy leaves, the prevalence of A. alternata
isolates was low in July and higher in
November. In leaves with black spot or
powdery mildew symptoms, the incidence of
A. alternata isolates was higher than in healthy
leaves, in July. In November, these tissues have
been colonized mostly by A. alternata isolates.

CONCLUSIONS

Our preliminary results provide a first glimpse
into the microbial community associated with
healthy or diseased leaves of organic edible
climbing rose. The microbiota composition and
incidence of isolates was variable in time as
well as in presence or absence of D. rosae or
P. pannosa pathogens.

Since leaves of organic edible climbing rose are
naturally colonized by resident microorganisms
known for their antagonistic activity such
as  A. pullulans, C. globosum, E. nigrum, and
S.  fimicola the present challenge is to
understand their biocontrol potential and how
such microorganisms can be successfully
integrated in the control main diseases.

Further studies are needed to better understand
how the composition and diversity of edible
rose microbial community can interacts or
influence the pathogens. Research is currently
underway to test their antagonistic properties

48

and colonizing ability on the phylloplane (in
vitro and in vivo assays). Also, studies are
underway for the identification of recurring
patterns in the dynamics of the microbial
populations, and the acquisition of knowledge
on the mechanisms that generate these patterns.
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Abstract

Blueberry varieties are one of the central decision and part of the orchard success when it comes to the investor’s
choice. Therefore, even it is remarked a steadily increase of fruits demand from the global blueberry market, the
consumer and producers claim new varieties of blueberries with new and better quality traits such as firmness, flavor,
shelf life, storability, mechanical harvest, resistance to biotic and abiotic stress and even decorative values
enhancement. In this trend, our endeavor at the Faculty of Horticulture Bucharest is focused to start breeding cultivars
for the next blueberry generation. Beside the general breeding goals set for blueberries, at the University of Agronomic
Sciences and Veterinary Medicine of Bucharest we are targeting additional objectives such as earliness in ripening,
fruit color variability and decorative appearance. For the spring of 2021, we choose the following blueberry varieties
as genitors: ‘Simultan’, Hannah's choice’, ‘Early blue’, ‘Duke’, ‘Chandler’, ‘Pink lemonade’, ‘Spartan’, ‘Blue ribbon’,
‘Hortbleu petite’, ‘Peach sorbet’, V. angustfolium. First hybridization results are promising and new crossing and
evaluations are about to be done in the next years.

Key words: Vaccinium corymbosum, Vaccinium angustifolium, crossing, variety.

INTRODUCTION many breeders to achieve but some of them still
define the local or regional particularities.
In the range of the berry crops, blueberries are ~ Nevertheless, fruit quality remains a strong
ones of the most appreciated and desired fruits  target in the business. For instance, firmness,
by consumers. Beside the well-known sweetness (Gilbert J. et al., 2015), flavour
nutraceutical proprieties (Min S et al., 2017) (Sater H., 2020; Farneti B. et al., 2017), shelf
and benefits for human consumption (Kalt W. life and overall appearance are most relevant
et al., 2019), the blueberries are expecting to traits to be addressed (Gallardo K. et al., 2018).
continue grow in interest for farmers and  On the other side, for the large-scale

investors worldwide. production, the emerging blueberry varieties
In this respect, the breeders must develop new  need to be ready for mechanical harvesting and
blueberry varieties with superior traits (Pluta S. in this regard, additional traits of plants and

& Zurawicz E., 2014) that match both the  fruits are needed such as plant architecture,
actual and future consumer preferences and compact ripening period, excellent fruit
growers’ expectations (Gilbert J. et al, 2014). firmness, easy detachment from stalks etc.

The difficulties in choosing the right traits for Modern techniques (Cappai F. et al., 2020) as
the new blueberry cultivars come from the  marker-assisted breeding method (Mengist,
relevance of these traits in different parts of the M.F. et al., 2021) are developed and extended
world including adaptation, resilience (Lobos  to be predictable and to have a better selection
G. & Hancock J.F., 2015) and industry  efficiency in the breeding activity. For this,
priorities among consumers demands (Gilbert  special logistics and knowledge is required.

J., 2016). So, some of the plant and fruit  Not for long time ago, few breeding companies
characteristics represent common goal for  aimed to create blueberry varieties with
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ornamental value or mixt valorisation of plants,
opening a new direction for blueberry breeding
programmes (Kobelt M., 2020) and enlarging
the genetic datasets.

Famous breeding companies as Fall Creek
started specific breeding programme for
northern highbush blueberries in Europe (Fresh
Plaza, 2020) and many of the latest cultivars
became already well-known and appreciated.
For the producers it is very important to start a
new plantation with a high value genetic
material, and to influence the market and trends
for fresh blueberry consumption. This is one of
the reasons to increase and speed the breeding
work for the upcoming period.

For Romania, the Research Institute for Fruit
Growing Pitesti is the single institution that
own a breeding programme for blueberry and
in more than 30 years of activity in this field,
fifteen great Romanian blueberry varieties have
been bred (Mladin P. et al.,, 2012) and are
available for growers (Ancu I. et al., 2013).

At the Faculty of Horticulture in Bucharest, a
great number of blueberry varieties have been
collected and studied in the past 10 years. Also,
since 2016, in the frame of the Laboratory for
sensorial analyses of the Research Centre for
Studies of Food Quality and Agricultural
Products, we organized yearly tasting sessions
with more than 60 blueberry varieties.

The great interest of the consumers and farmers
for the national and international blueberry
assortment indicate us the opportunity to start a
new breeding programme and bring our
contribution to the next blueberry generation.
The current paper is presenting the first steps of
our effort in developing a long lasting and
fruitful breeding programme in the University
of Agronomic Sciences and Veterinary
Medicine of Bucharest.

MATERIALS AND METHODS

For the first year of breeding activity at the
Faculty of Horticulture Bucharest, beside the
general breeding goals set for blueberries, at
the University of Agronomic Sciences and
Veterinary Medicine of Bucharest we are
looking for additional objectives such as
earliness in ripening, fruit size, colour
variability and decorative plant traits.

In the spring of 2021, we choose the following
blueberry varieties to work with as genitors:
‘Simultan’ (RO), ‘Hannah’s choice’, ‘Early

blue’, ‘Duke’, ‘Chandler’, ‘Blue ribbon’,
‘Hortbleu petite’, ‘Peach sorbet” and V.
angustifolium.

From the nine blueberry varieties, 16 cross
combinations have been done between
17.04.2021 and 6.05.2021 (Table 1).

Table 1. Dates of hybridizations made in 2021 and
genitors used in crossings

No | Pollination date | Cross combination

1 20.04.2021 Simultan x Duke

2 20.04.2021 Simultan x Hannah's choice
3 20.04.2021 Simultan x Hortbleu petite
4 6.05.2021 Simultan x Blue Ribbon

5 20.04.2021 Duke x Simultan

6 17.04.2021 Duke x Early blue

7 20.04.2021 Duke x Hannah's choice

8 20.04.2021 Duke x Chandler

9 17.04.2021 Hannah's choice x Duke

10 | 20.04.2021 Hannah's choice x Simultan

11 | 17.04.2021 Early blue x Duke

12 | 1.05.2021 Blue ribbon x Simultan

13 | 20.04.2021 Chandler x Duke

14 | 6.05.2021 V. ang x Hortbleu petite

15 | 6.05.2021 V. ang x Peach sorbet

16 | 6.05.2021 Peach sorbet x Hortbleu petite

We aim to harvest the seed from other varieties
that cannot be used this year for controlled
hybridization such as: ‘Pink lemonade’,
‘Spartan’, ‘Toro’, ‘Pink breeze’, ‘Legacy’.
Each plant container was utilized for only one
cross combination (Figure 1).

Figure 1. Blueberry hybridization plot in the
experimental field of the Faculty of Horticulture
Bucharest




The mother plants have been prepared in
advance (Figure 2):

» selecting the right flower clusters,

flowers were protected by special paper to
avoid accidental or foreign pollination.
emasculation of flowers

reintroducing the flower clusters into the
paper bags

The father plants were used to harvest the
pollen from the suitable flowers and moment.
Pollen drops were captured in the Petri vessels
and regularly shacked about 24h-36h until the
full release of the pollen. After 1-2 days, the
paper bags were opened, and the pollen was
gentle placed with the brush on the top of the
stigma. Then the number of pollinated pistils
were counted and bag resealed.

>

>
>

Figure 2. Blueberry breeding steps
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After three weeks, the control was made for
each bag and cross combination. The fruits set
was observed (Figure 3), and the hybrid fruits
counted.

Figure 3. Hybrid fruits set (Early blue x Duke)

RESULTS AND DISCUSSIONS

From the 16 cross combinations (Figure 4), 756
flowers were pollinated in 2021 and 653 hybrid
fruits were set up. In this respect, the
percentage of 86.38% of fruit set is considered
a promising one.

Some examples of different hybrid fruits
obtained are in Figures 5, 6, 7 and 8.



=i Emasculted and pollinated flowers e Number of fruits set

Figure 4. The results of blueberry varieties cross combinations made in 2021

Figure 5. ‘Duke’ x ‘Simultan’ Figure 6. ‘Simultan’ x ‘Hannah’s choice’

Figure 7. ‘Simultan’ x ‘Duke’ Figure 8. ‘Chanticleer’ x ‘Duke’
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Analysing in depth each cross combination
(Figure 9), we can observe that most of the
varieties exceed 80% of fruits set. The highest
percentage of 90.00% was achieved by

Simultan

Duke

Hannah's choice

Early blue

Blue ribbon

Chandler

Vaccinium angustifolium

Peach sorbet

‘Chandler’ followed by ‘Hannah’s choice’ and
‘Blue ribbon’. The lowest share of fruit sets
(60%) was remarked at  Vaccinium
angustifolium.

%
087

Figure 9. The fruit set percentage of the mother blueberry varieties regardless the male genitor

The V. angustifolium and ‘Peach sorbet’ variety
choose for the decorative purpose has
encountered lower percentages. Although, the
fruits set wup from the interspecific
combinations . angustifolium X
V. corymbosum) allow us to follow the hybrid
seeds in further breeding process.

CONCLUSIONS

First hybridization results are promising, and
new crossing and evaluations are about to be
done in the next years.

Interspecific hybridization results in a lower
number of fruits set than intraspecific
crossings. The highest number of fruit sets
percentage (90%) was calculated at ‘Chandler’
x ‘Duke’ combination.

Early varieties combinations range between
81.67% and 88.46% fruit set.
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Abstract

In the period 2019-2020 at the Fruit Research & Development Station Bistrita observations have been made constantly
in apple and other fruit trees orchards. As a consequence, besides the usual apple pests and diseases such as: the
codling moth, the San Jose scale, woolly apple aphid, scab, powdery mildew and brow rot, new threatening pests were
detected. They are a part of the Lepidopterae order and did not represent a major problem in the past. Male adults of
Spilonota ocellana (eye-spotted bud moth) were caught on pheromone traps placed in a nearby plum orchard, for
monitoring the flight of Cydia funebrana, in the years 2019-2020. The number of captures was 53 in 2019 and 159 in
2020 per trap. In 2019 the damage was sporadically encountered both on leaves and fruits but in 2020 the damage was
significantly higher. On some apple cultivars the fruits were damaged up to 23,23%. Data suggest the need for control
measures to be taken especially in the second part of the summer.

Key words: Spilonota ocellana, apple, damage, flight pattern .

INTRODUCTION

The climatic conditions are globally changing
and so they do in Bistrita area, leading, alongside
the modifications in the life cycle of the tradi-
tional pests of the apple orchards, to some new
damaging insects to appear. Spilonota ocellana
(Denis & Schiffermiiller) (Figure 1) is a well-
known defoliator of different trees and shrubs,
but up until now, has not been a significant
threat for fruit trees at Fruit Research &
Development Station Bistrita (F.R.D.S.B.).

(7.4
#

Figure 1. Adult male of the eye-spotted moth on
pheromone traps, F.R.D.S. Bistrita, 2020

Spilonota ocellana sin. Tmetocera ocellana is
an insect of the Torticidae family, Spilonota

56

genus that can be encountered in all cultivation
regions of the apple in the northern hemisphere
throughout the vegetative growing stage
(Figure 2). It is a highly polyphagous species
that has a lot of host plants both cultivated or
spontaneous. Some of the host plants genus are:
Alnus spp., Querqus spp., Juglans spp., Larix
spp., Crataegus spp., Malus spp., Prunus spp.,
Pyracantha spp., Pyrus., Rubus spp., Sorbus
spp., Salix spp., while in orchards it prefers
apples (Malus) and also sweet cherry (Prunus).
(http://idtools.org/id/leps/tortai/Spilonota_ocell
ana.htm)

L

Figure 2. Distribution map of the eye-spotted moth.
Source https://www.cabi.org/isc/datasheetreport/51015

There have been studies that underline the
possible problems that this pest can cause in
different fruit tree species. In the 1970-1971



seasons the eye-spotted bud moth caused up to
45 % damage to the pear and peach untreated
orchards in Saragossa province in Spain
(Cabezuelo Perez & Hernandez Esteruelas,
1975). But the same study reveals that in
treated orchards the damaged buds represented
only 3.5%. In Romania the damage on buds
previously recorded was around 15% (Perju,
2002) and we found no data on the damage on
fruits. More recent studies have been made in
Canada, the Okanagan and the Sinukameen
regions on apples as a consequence of some
Spilonota ocellana outbreaks (Swain, 2016;
Swain et al., 2017)

The entomologic literature mentions that the
eye-spotted moth completes one generation per
year, the adults being present in orchards from
June to August (Perju, 2002). The female lays
the eggs on leaves and the new born larvae feed
primarily on it. The pest usually overwinters as
fifth and sixth instar larvae, sometimes fourth
instar (Mcbrien & Judd, 2004), that constructs a
hibernaculum, often in a spur crotch. In spring
they emerge and resume feeding on fruiting
buds, flowers and leaves. They form tubular
chambers by rolling leaves or by webbing the
space between two leaves. By webbing the
leaves, the larvae form their pupation nest near
the feeding spot. In apples, damage can also
occur on fruits in different growth stages, the
larvae externally feeding on them. Late
instar larvae are approximately 9-14 mm long
with a grey to dull reddish-brown abdomen.
The head and prothoracic shield are reddish-
brown to black, sometimes with dark mottling.
Prothoracic legs are dark brown (Figure 3).

Figure 3. Spilonota ocellana larvae.
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MATERIALS AND METHODS

Weekly readings of the captures of adult males
on pheromone traps (Figure 4) were performed,
in order to obtain the flight curve for Spilonota
ocellana.

Figure 4. Captures of adult males of the eye-spotted
moth on pheromone traps, 2020

The pheromone used was produced by the
Research Institute in Chemistry Raluca Ripan
in Clyj and is composed by 2 components: Z8-
dodecen-1-yl acetate and ES8-dodecen-1-yl
acetate. This combination is used for capturing
Cydia funebrana adult males. The pheromone
traps were placed in a plum orchard adjacent to
two apple orchards in which the damage was
evaluated at the end of the season 2019 and
2020. The eye-spotted moth being a pest the
records have been registered although it was
not the main concern in that particular orchard.
Data recorded along the two years (2019 and
2020) were grouped on seven days intervals, so
it can be compared using graphic representation.
During the flight period of the eye-spotted bud
moth there were 8 insecticide sprays on each
year (Table 1), in the treated orchard and none
in the untreated control orchard where the
damage was assessed.

The meteorological data has been recorded
daily with the aid of a computerised system so
that the appearance of the adults and the flying
curve were corelated with the evolution of
temperatures and rainy days through the
vegetative season.

At the end of the season 300 fruits/orchard and
200 leaves/orchard from the two apple orchards
were analysed to determine the frequency of
the attack of the eye-spotted bud moth.



The significance of the differences between the
years was analysed by Oneway Anova test and

graphic analysis.

Table 1. Treatments with insecticides made in 2019 and
2020 in the treated orchard

The number of adult moths caught in the two
years in May and June varied very much. While
in May 2019 the number of the captures
represented just 9% from the total number of
male moths caught that season, in 2020, 33% of
the total number of moths were caught in May.

Spray 2019 2020 It is also very interesting that the adults
Data Active ingredient Data Active : :
(concentation) ingredient appeared very early in May 2020 ?lnd continued
(concentration) to fly all through the summer until 02.09.2020.
TI | 09.05 | Dimetoat 400 g/ 0705 A‘;f)t(‘;‘z/p;;d This indicates a large amount of variability of
T2 | 2205 Lambda the distribution of overwintering instars or even
cihalothrine 50 g/l | 20.05 | Dimetoat 400 g/l a second generation considering the fact that
T3 04.06 Tiacloprid 480 g/ Deltametrin . g . g .
30.05 250 g/kg the diapause necessity has been less studied.
T4 17.06 Chlorpyriphos Acetampirid
metil 225 g/l 18.06 200 gkg
T5 01.07 Chlorpyriphos
metil 225 g/l 06.07 | Dimetoat 400 g/ 2019
T6 18.07 Dimetoat 400 g/1 Spirotetramate
16.07 100g/1
T7 06.08 Lambda Acetampirid | May
cyhalothrin 50 g/l | 27.07 200g/kg
T8 | 22.08 | Tiacloprid 480 g/l Tiacloprid 480 WlJune
18.08 g/l m July
H Au
RESULTS AND DISCUSSIONS y
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The readings of the pheromonal traps in 2019
show a low level of flight throughout the summer
with an increase in number of moths during the
warmer months. as the Figure 5 shows.

Figure 6. Distribution of the male adult moths caught in
the summer of 2019

20 2020
25
20 H mai
15 1% ;
L}
10 30% | 33% y'
5 miul
2%
0 34% Haug
05.mai 05.iun 05.iul 05.aug 05.sept = sept

020 em—2019

Figure 7. Distribution of the male adult moths caught in

Figure 5. The flight of male adult moths caught in the the summer of 2020

summer of 2019 and 2020
We used a combination of pheromones that we ;‘SS
usually use to capture Cydia funebrana adult 00
males with very good results. The pheromone 10,0
traps Atrafun seem to be very efficient for oo
Spilonota ocellana too, which is interesting and S L PP PP PP

suggests that one of the two compounds is © & ¢ & & & & & &
attractant for both these species. The ¢ & v A B
distribution of the captures was also verry
different in the 2 years (Figures 6 and 7). This
is an aspect that indicates that the evolution of
this pest is quite different in different years.

Figure 8. Evolution of average temperatures in May-June
in the years 2019 and 2020
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In June, on the other hand, 17% of the moths
were caught in 2019 and only 2% in 2020. The
situation in June corelates to the evolution of
the meteorological conditions in the two years.
Even though the differences are not statistically
significant for the average temperature, they are
statistically significant for the number of rainy
days (Fcalc < Fert; Fcalc. = 0.72; Fert. =
18.51282051 Df = 3, a = 0.05) (Table 2). As a
consequence of the big number of days with
rain the number of moths caught was
significantly smaller on one hand and on the
other it was impossible to enter the orchard to
apply the necessary insecticide treatments from
29.05.2020 to 18.06.2020.

Table 2. Average temperatures and number of rainy days
in May and June 2019 and 2020

Year Average temperatures Rainy days
May June May June
2019 13.74 20.89 16 10
2020 12.64 18.28 17 19
The meteorological conditions in June,

however were probably very suitable for the
evolution of the eggs laid by the females that
appeared in May.

On July and August, the distribution is not
significantly different but the number of moths
caught in 2020 was much higher than in 2019.
Their number was much higher in the summer
of 2020 when we compared the number of the
moths caught on each summer month as the
Table 3 shows.

Table 3. Number of individuals caught on the pheromone
traps in 2019 and 2020

Month 2019 2020
May 5 50
June 10 3
July 22 53
Aug 20 46
Sept 2 2
Total 59 154

The increased number of moths active in the
orchards on the second part of the summer of
2020 leaded to a big number of larvae that
produced a lot of damage both on leaves and on
fruits. They usually web leaves together and
feed on the them (Figure 9).
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Figure 9. Spilonota ocellana damage on Generos apple
leaves, 2020

Or they web a leaf on a fruit and feed on the
fruit staying well protected by the leaf. An
obvious discolouration of the fruit occurs at the
spot where the leaf was attached and there are
multiple feeding spots that diminish the quality
of the crop (Figures 10, 11).

Figure 10. Florina apple fruits damaged by the eye-
spotted bud moth larvae, 2020

Figure 11. Florina apple fruit and leaves webbed together
and eye-spotted bud moth pupae, 2020

The frequency of the damaged leaves and fruits
was much higher in 2020, the year of the
outbreak, than in 2019 (Figures 12, 13).
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Figure 12. Percentages of damage frequency in the
treated plot in 2019 and 2020
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Figure 13. Percentages of damage frequency in the
untreated plot in 2019 and 2020

The frequency of the damaged fruits and leaves
were higher in the treated orchard than in the
untreated orchard in both years. The attack on
fruits in the treated orchard was very small,
while in the untreated orchard was not even
spotted on 2019, with significant presence in
the year of the outbreak, 2020. The smaller
frequency of the damage in the untreated plot
could be possibly due to the mechanisms of
regulation of the ecosystems in untreated
environments or to the higher presence of other
Tortricidae moths such as Cydia pomonella,
Hedya nubiferana and Choristoneura spp. It is
also possible that the smaller frequency of
damage in the untreated orchard is because the
eye-spotted bud moth has increased in numbers
in the last two years and the future evolution
could be quite different. This is an aspect that
will be further evaluated in future studies.

The damage was highest on Florina apples and
leaves but had an important negative impact on
all the other varieties (Figure 14).
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Figure 14. Percentages of damage frequency
on the apple varieties from the treated plot at F.R.D.S.
Bistrita, in 2020

The increased damage frequency in 2020 in
spite of the insecticide sprays indicates that the
substances used or the timing of the sprays was
not suitable for controlling Spilonota ocellana.
But we must consider the fact that this species
was not a target due to the sporadic damage
caused in 2019 and to the fact that it was not a
threat for apples in this region.

CONCLUSIONS

In 2020 a new challenge for the protection of
crops appeared in two of the apple orchards of
Fruit Research-Station Bistrita.

The damage caused by the eye-spotted bud
moth had a significant negative impact on the
quality of the fruits. Therefore, a specific and
integrated pest management program for this
species must be developed and applied.

In the years that follow the study should con-
tinue in order to clarify the aspects concerning
the pheromones that attract Spilonota ocellana
and the ecologic mechanisms that make the
untreated biotops more resilient to the
outbreaks of this pest.
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Abstract

The present paper presents a review regarding the use of nets and other plastic covers for the orchard protection
against hail, rain and late frosts. The installation of the protection systems creates a modified microclimate that
influences many orchard parameters and most of these modifications brings benefits for the farmers, as indicated by
many studies made in the last decades. Two key factors that seem to be influenced in a positive manner by the plastic
covers are the late frosts protection and the earlier maturation of the fruits. In the sweet cherry orchard from the
Experimental field of USAMV Bucharest a roof plastic cover has been installed in order to study the evolution of the
plants inside and outside the covered area. The new system which has been patented in 2020, assures protection against
late frosts, hail and rain, sweet cherries being very susceptible to cracking caused by rain during the ripening season.
During the study, will monitor the effectiveness of the protection as well as the impact of the system on the fruit set, the
earliness of fruit production, yield quality and quantity, diseases impact and the general evolution of the cherry trees.

Key words: fruit protection, rain cover, plastic cover, orchard protection, hail net, orchard protection.

INTRODUCTION used to protect fruit trees and that can be used
for big surfaces of land.
Climate change is a fact that cannot be The present paper makes a review of the
contested anymore. Its effects are being felt all systems used worldwide to protect the fruit
around the world. We witnessed devastating trees and presents also a new protection system
storms, draughts, warm winters and cold  that was developed and patented in Romania.
springs, snow falls in areas where they have The system combines the characteristics of the
never been seen before, hail storms and so on. standard hail and rain protection systems with
The impact of these phenomena on agriculture  the covering and screening of greenhouses and
is huge, because they affect all the aspects of  protects the crops against late frosts, hail, rain
the plants’ life. If we consider the horticulture, and wind.
the impact is even bigger, as the horticultural
crops are generally of higher value and many of =~ Review of the orchard protection systems
them are perennial, so one phenomenon can  The orchards protection against hail by
affect the plants for the next years. covering them with nets of various meshes and
In this context, the use of protection systems  colours is one of the most effective means of
for horticultural crops is a key factor in  protection. Besides assuring an almost perfect
assuring the quality and quantity of the protection, this system brings other benefits,
production. For vegetable production the best  such as better fruit quality (Kiprianovski et al.,
way for crop protection is to use greenhouses. 2016), improved yield and even improved
They are very effective in protecting the plants  efficiency of photosynthesis of the shaded
against late frosts and strong enough to resist leaves (Bosanci¢ et al.,, 2021), reduction of
hail storms. But the cost of building sunburn on fruits etc.
greenhouses is so high that, they do not In the last years there have been made tests
represent a viable solution when we speak  with coloured, photo-selective nets. As any
about fruit orchards, or even vegetables grown  type of net cover will decrease the light
on field. Therefore, there is a need for a transmission, this can adversely affect
feasible, cost effective alternative that can be  vegetative and reproductive plant growth, but
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each type of colour net can improve the quality
and colouration on specific cultivars (Blanke,
2009).

The anti-hail nets are used usually after
blossom, till late after harvest period, when the
risk of hail storm persists. Anyway, they do not
protect the orchards against late frosts or rains
during the harvesting period.

There are fruit species susceptible to cracking
caused by rain coming in the pre-harvesting
period. The most common example is the sweet
cherry tree. For the protection against rain there
have been proposed many solutions. All of
these solutions have the same base principle
which is to cover the trees with a plastic roof.
One main aspect about these covers is that they
can be affected and even destroyed by the wind
gusts. Therefore, most of these systems can
only be used during a short period of time (2-3
weeks), before and throughout the harvesting
period. All the systems used against the rain
proved good effects, even if the fruit cracking
was not 100% avoided. According to Measham
et al., (2014) “the development of apical and
stem end cracks are induced by skin surface
wetting, while deep cracks on the side of the
fruit are induced by water moving via the
vascular system”. The vast majority of rain
plastic shelters discharge the water in the space
between the row trees, therefore there is rain
water coming through the roots towards the
fruit, so the second type of cracks cannot be
avoided. The trees cultivated under the so
called “high-tunnels” or inside greenhouses can
be totally protected against cracking, but these
constructions are very expensive and have
other disadvantages, like low ventilation, that
make them unfit for tree growers.

Using structures that permitted the plastic
sheets to be used for longer periods gave the
opportunity to conduct studies about the
influence these covers on the various aspects of
fruit cultivation. According to Lang et al,

(2016), “Protective covering systems can
modify many variables in the orchard
production environment and ecosystem,

including rain, wind, frost, and some pests and
diseases, resulting in more consistent sweet
cherry cropping with higher quality fruit and
healthier trees in less-than-optimal growing
regions.”
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One of the most important benefit of plastic
shelters was the protection given against late
spring frosts. Covering the orchard with plastic
roofs  “increased the temperature by
approximately 1-2°C, resulting in decreased
frost damage occurring during the bloom stage”
(Vavra et al., 2019, p. 503). Studies of the
plastic covers on sweet cherry orchards,
conducted in Germany in nineties, proved that
even if they did not offer 100% protection
against cracking, they “gave an efficient
protection against frost during flowering in
1997 (Balmer, 1998).

Plastic covering of the canopy also proved
useful for reducing the leaf diseases associated
to rain water and damages caused by hail
(Kjaer et al., 2016). Tests have been made to
apple trees and there have been less infections
and consequently less treatments. On sweet
cherry orchards plastic shelters “used to cover
trees from bloom throughout the growing
season, can reduce some key diseases (cherry
leaf spot and bacterial canker), and it may be
feasible to increase certain pesticide spray
intervals due to less loss of protective residues
to rain or UV light breakdown” (Lang, 2014).
Because the plastic covering alters the light
characteristics, it modifies the fruits maturation
and colouring. Studies conducted in Vignola
Region of Italy showed that the characteristics
of the polyethylene used in plastic covers have
different influences on the ripening date of
cherry trees. Some types accelerate fruit
ripening, while other induce a delay in
maturation (Grandi et al., 2017). This suggested
that by using different plastic covers and
eventually sequential opening of the covers,
some early cultivars will maturate even earlier,
while the harvesting period of some late
cultivars can be delayed for some days. This
method can bring important benefits for
farmers, as cherry prices are very high off-
season.

The fruits quality grown under the plastic
shelters is another key aspect that has to be
considered. According to the type of covers, the
influence on the quality can be different. If the
system does not assure a good ventilation the
fruits will have “less surface colour, reduced
red juice colour and lower percent of soluble
solids” (Berve and Meland, 1998) and they will
“have a higher risk of infection of different



diseases” (Meland and Skjervheim, 1998). But,
with shelters that assured a good ventilation,
the fruits were of a very good quality, with
diameter and weight higher than the ones
grown in open fields (Lang, 2014).

Besides the beneficial aspects of using plastic
covers for orchards there is also a big issue:
pollination.  Pollination using European
honeybees (Apis mellifera) 1is affected
negatively by plastic covers, ‘“since these
covers change the light spectral quality that
honeybees use for effective navigation” (Lang,
2014). A good solution to this problem is the
use of bumblebee hives (Bombus spp.).
Bumblebees seem to be less affected by the
conditions under the covers (Lang, 2014) and
therefore the pollination of the flowers is good.
The effect of opening the plastic covers early in
the spring on the maturation date of the fruits
has been extensively studied in researches
conducted all over the world. On sweet cherry
trees the results have been contradictory. In
some cases, the earliness of the production was
spectacular: “when roof plastic covers are used
during the whole season, trees bloom 6 to 13
days earlier, harvest is advanced by 12 to 19
days, and soluble solids concentration increase
in comparison with uncovered controls”
(Wallberg and Sagredo 2014, apud. Blanke and
Balmer, 2005). In other cases, the results have
been exactly the opposite, a “delayed ripeness
from 4-7 days” (Berve and Meland, 1998), or 1
to 5 days delay (Meland and Skjervheim 1998,
apud. Zbinden, 1988). Most probably the
properties of the plastic which was used, as
well as the geographical conditions of place
were the studies have been made have had an
impact on the results, so there is a need to
replicate these studies in the Romanian
conditions and with different types of plastic.
The use of plastic shelters was extended to
many other species beside the sweet cherry.
Raspberries grown in China, under the plastic
rain shelters have a bigger height and diameter
and the harvesting can be done even during
rainy days, which results in a higher amount of
marketable fruits and a lower percentage of lost
fruits. Also, the harvesting season of primocane
fruiting raspberry has been prolonged late in
the autumn (Dai et al., 2020).

Kiwifruit “could be harvested 15-20 days
earlier under plastic house culture than in the
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field without any quality deterioration” (Cho et
al., 2016).

Under the rain covers the mean yield of mango
fruit increased by a staggering 60.2%, while the
quality of the fruits was not affected and more,
the fruits decay after harvest was diminished
significantly (Xu et al., 2019).

Used in apple and pear orchards, plastic
shelters can reduce the incidence of the rain
induced diseases, with a direct impact on the
lower number of treatments. These shelters can
also protect the plants against hail and sun,
eliminating the burns caused by the high solar
irradiance (Kjaer et al., 2016).

Apricots, peaches and nectarines grown in
temperate climate are very susceptible to be
affected by late frosts. In Romania, almost
regularly there are several nights with freezing
temperature during middle and late spring.
Studies conducted at the R.S.F.G. Constanta
between 2012 and 2014 showed that as much
as 90% of some peach cultivars have been lost
because of the frosts (Moale et al., 2016). In
1991 there has been made a study for apricot
grown inside plastic houses. The results were
very promising as there were obtained higher
yields and earliness of 15-20 days compared to
apricots grown on open fields (De Salvador et
al., 1991).

MATERIALS AND METHODS

In 2020 we developed a protection system
using plastic sheets linked to a structure of
cement posts. The sheets covered each row of
trees and the lateral sides were linked from one
row to the next one with elastic strings. The
resulting space between the sheets gives the air
the possibility to exit the system in such a way
that it does not create pressure on the structure
itself. Therefore, the system can be used from
early spring until late autumn, protecting the
crop from late frosts, hail, rain, sunburn. If we
do not want that rain water to enter inside the
system, we can mount a plastic gutter that will
transport the rain water outside the system
(Figure 1). The system has been patented and
has been already installed on about 20 hectares
of different crops, like sweet cherries,
raspberries, strawberries and blackberries.

As part of this study, we installed the system on
14 rows of sweet cherries orchard located



inside the USAMV Experimental field in
Bucharest. The plot contains the following
cultivars:  ‘Ferrovia’, ‘Lapins’, ‘Celeste’,
‘Vega’, ‘Skeena’, ‘Early Red’, ‘New Star’,
‘Kordia’, ‘Mora di Vignola’, ‘Firm Red’,
‘Giant Red’, ‘Katalin’, ‘Ulster’, ‘Sam’, ‘B.
Burlat’, ‘Boambe de Cotnari’, ‘Hedelfinger,
Germersdorf’”, “Van’, ‘Rivan’, ‘Regina’,
‘Giorgia’, ‘Rubin’ and ‘Severin’ grafted on
PHLC, Colt, CAB6P, CABI1E and Prunus
mahaleb L. The opening of the covering system
has been made on March 31, 2021. We opened
the system on about half of the total surface, in
order to have control trees to compare.

As there are many cultivars with different
canopy types and the plants are not of the same
age, we identified those cultivars whose
position permits to have plants both inside and
outside the opened system. In this way, we can
study the evolution of the covered plants by
comparison with the ones that remained
uncovered. The cultivars that will be studied
are: ‘Early Red’, ‘Ferrovia’, ‘Kordia’, ‘Regina’,
‘Rubin’ and ‘Severin’. In order to monitor the
temperature and wind speed we installed
temperature sensors inside the covered area as
well as outside. Our goal is to compare the
evolution of the trees that are covered by the
plastic shelter with the ones outside. The
aspects that will be investigated are: effect of
low night temperatures, pollination by insects,
fruit development and maturation dates, fruit
colouration, fruit cracking caused by rain and
the general evolution of the trees.

RESULTS AND DISCUSSIONS

Several days after the system opening, the
temperatures dropped significantly during the
night between the 8" and 9" of April. Our
sensors registered -3.8°C outside the covered
area and -2.1°C inside. The temperature
difference of about 1.5°C is consistent with the
measurements we made during the last years
and with measurements made by other
researchers in similar conditions (Vavra et al.,
2019). In the morning of the 9% of April the
whole field was covered by hoar-frost, with the
exception of the sheltered area. Actually, the
hoar-frost remained on the plastic sheets and
did not fall on the trees (Figure 2). The ‘Early
Red’ trees were in full blossom and we could
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see the effect of the hoar-frost on the flowers
that have been exposed. In the following days
we checked these flowers and it was clear that
they have been affected (Figure 3). The
covered ‘Early Red’ trees did not have affected
flowers with the exception of some flowers
which were positioned in the area were the
plastic sheets were linked and they were
exposed to the hoar-frost. This proved that the
system can be successfully used to protect trees
against hoar-frost and even against negative
temperatures in spring time. On another hand,
if the temperature drops significantly, the
plastic covers themselves are not enough to
eliminate the damages. Additional heat sources
are needed, which, with the help of the covers,
will increase sufficiently the temperature. In the
next season we will install such heat sources
and we will test how the system influences the
loss of heat, as well as the fuel consumption
needed to keep the positive temperature inside
the covered area.

The modification of light parameters inside the
covered areas gives a concern regarding the
effectiveness of honeybee (Apis mellifera)
pollination. Lang (2014) speaks about this
problem and proposes as an alternative solution
the use of bumblebees (Bombus spp.). In our
research area we installed three honeybee hives
situated inside the covered space and one
bumblebee hive. In the first days the bees did
not seem interested to visit the flowers of the
sweet cherry trees, neither covered, nor situated
in the open area. Most probably this was caused
by the fact that there were few blossomed trees
inside the experimental field and in close
proximity there are some parks where there
were other blossoming trees. When the
majority of the trees started to blossom, the
bees activity inside the experimental field
increased. We could see that the honeybees
preferred the trees situated outside of the
covered space. There were honeybees also
inside the covered space, but not in big
numbers. The bumblebees however, did not
seem to make differences between the inside
and outside of the covered area. The pollination
is ongoing during these days, so we will have
the results in the coming weeks. We will
further investigate also if the roof plastic
covering has any effect on the fruit maturation
as well as on the fruit quality and quantity.
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Figure 3. Flowers damaged by hoar-frost outside the roof plastic cover
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CONCLUSIONS

The impact of climate change on fruit
production is huge and cannot be
underestimated anymore. The very low

temperatures of winter combined with the high
temperatures during late winter — early spring
and with sudden drops of temperature below
zero degrees in late spring are causing big
problems for fruit growers in temperate areas,
like Romania (Asanica et al., 2012; Asanica et
al., 2014). Hail storms destroy fruit crops
already on regular basis. Severe draughts
alternate with heavy rains coming during the
harvesting periods. There is no other solution
for avoiding the damages caused by all these
phenomena but to use the protected crop
environments. Besides the use of greenhouses
and high-tunnels, there must be found other
cheaper solutions that can be afforded by the
regular farmer. One such solution is the use of
roof plastic covers, that can cover big areas,
have a good cost-benefit ratio, can be adapted
to various types of crops and provide protection
against late frosts, hail and rain, besides other
benefits like fruit earliness or disease
protection.

All these aspects will be thoroughly studied in
the next period on the specific climatic
conditions of Romania. Further results of this
study will be published.
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Abstract

Organic chokeberries (Aronia melanocarpa L.) are plants with unique health-promoting properties, due to its high
content of antioxidants in fruits. The present study focuses on the incidence of fungal pathogens and the quality
parameters of organic chokeberry in different storage conditions. Two organic chokeberry varieties, ‘Nero’ and ‘Nero
Eggert’, were harvested in August 2020 from the University of Agronomic Sciences and Veterinary Medicine of
Bucharest experimental orchard, stored in normal and controlled atmosphere conditions, and analysed during the
storage period. In pre-harvest field, for both varieties of chokeberry it were performed two different fertilization
scheme: control (untreated) and treated variant with organic fertilizers applied on soil or by foliar sprays. Aronia
melanocarpa L. fruits were monitored in terms of: shape index, firmness, total soluble solids, total titratable acidity, dry
matter content, total phenolic content, antioxidant activity and fungal fruit pathogens during storage. Total phenolic
content and antioxidant activity showed similar behaviour during storage period for all samples. Penicillium, Botrytis
and Alternaria were the main fungal pathogens identified on organic chokeberry fruits.

Key words: chokeberry, controlled atmosphere, DPPH, fungal pathogens, storage condition.

INTRODUCTION health benefits for the consumers (Denev et al.,
2012). However, due to its astringent taste and
Black chokeberry (Aronia melanocarpa) is a  high tannin content, chokeberries is not a very
plant native to North America and was  popular table fruit, despite its qualities.
transferred to Europe about a century ago  (Chrubasik et al., 2010)
(Chrubasik & Li, 2010) and is a member of = Recent studies have shown, regarding the
Rosaceae  family, Maloideae  subfamily =~ maximum reach levels of fruits anthocyanin
(Howard et al., 2013). content and weight, the optimal harvest period
The cultivation of Aronia for the food industry  is at the end of August, beginning of September
started in Russia in 1900s in the cold areas of  (Andrzejwska et al., 2015).
Siberia and, afterwards the crops spread all ~ Postharvest environmental conditions have a

over Russia. In the first half of the 20" century, major impact on visual and compositional
the plant was introduced also to the other  quality of fruits. The most important
European countries like Poland, Germany, component of postharvest environmental is

Finland, Sweeden and Norway (Jannick et al,  temperature that has a great impact on the
2008). At the beginning of cultivation in  quality of fresh fruits (Cheng et al., 2013). It is
Europe, chokeberry was used for domestic  estimated that about 25% of the harvested fruits
production of juices and jams, but in the recent  are decayed by pathogens during postharvest
years, Aronia berries was cultivated more as an  (Droby, 2006).

industrial crop (Hardin, 1973; Strigl et al., During the early stages of growth, the
1995). pathogens remain in the fruit tissues and remain
Previous studies show that chokeberry is one of ~ there for all the maturation period. After
the richest fruits in phenolic compounds, they harvesting, the diseases will be visible during
have antioxidant potential, bringing multiple  the storage period (Passey et al., 2017).
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MATERIALS AND METHODS

Samples

Two varieties of organic chokeberry, ’Nero’
and ‘Nero Eggert’, were harvested in 2020
from the experimental field of the University of
Agronomic Sciences and Veterinary Medicine
of Bucharest. For both varieties of chokeberry
it were performed two different fertilization
scheme: control, untreated (noted with M) and
treated variant (noted with TR) with organic
fertilizers applied on soil or by foliar sprays.
They were stored at 1° C and 95% relative
humidity (RH) for one day, after which they
were transported to Postharvest Technologies
Laboratory from Research Center for Studies of
Food Quality and Agricultural Products.

After the initial analyses were performed, the
fruits were evenly distributed and stored in
three  different conditions: 1) normal
atmosphere (NA) with 1°C and 95% RH, 2)
controlled atmosphere conditions with 1°C,
95% RH, 3% and 5% CO, (CA 5% CO,), and
3) controlled atmosphere conditions with 1°C,
95% RH, 1.5% O, and 10% CO, (CA 10%
COy,).

Organic chokeberries samples were analysed in
5 different moments, initial (noted with 0-zero),
after 1, 3, 6, 7 months of storage (noted with 1,
3,6,7).

Chemicals

To determine antioxidant activity, DPPH (1,1-
diphenyl-2-picrylhydrazyl) and Folin &
Ciocalteu’s reagent were purchased from
Sigma-Aldrich Chemie GmbH (Riedstrasse,
Steinheim).

Methanol used was bought from Honeywell
(Riedel-de Haén, Seelze, Germany).

Gallic acid was purchased from Carl Roth and
Trolox (6 - hydroxy - 2, 5, 7, 8 -
tetramethylchroman - 2 - carboxylic acid) from
Acros Organics, Fisher Scientific (Geel,
Belgium). Sodium hydroxide 0.1N was from
Cristal R Chim S.R.L. (Bucharest, Romania)
and anhydrous sodium carbonate was
purchased from Lach-Ner, s.r.o. (Neratovice,
Czech Republic).

Ultrapure water used it was made with a Milli-
Q equipment (Millipore, Bedford, MA).

Potato  dextrose agar (PDA) wused in
microbiological analyses was purchased from
Scaharlau S.A. (Germany).
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Quality indicators

Quality parameters were represented by
firmness, total titratable acidity (TTA), pH, dry
matter (DM) and total soluble solids (TSS),
methods of analysis being described forward.
Firmness results were obtained and expressed
in N/cm? using a digital penetrometer (53205
TR Italy) equipped with a 3 mm piston.

TTA and pH analysis were realised using the
TitroLine automatic titrometer, equipped with
pH electrode. The analysis consist in mixing 5
g of fresh homogenized sample with 25 mL of
distilled water, measuring the initially pH
values and then titration with 0.1N NaOH until
the final pH is 8.1° T according with AOAC
Official Method 942.15. For TTA, results were
expressed in g malic acid /100g of fresh fruit
similar with Stan et al. (2020).

Dry matter results were obtain using UN110
Memmert oven and drying approximately 1 g
of sample at 105°C (Stan et al., 2020) until
constant weight. The analysis of total soluble
solids (TSS) were performed using Kruss
DR301-95 digital refractometer (Catuneanu et
al., 2017).

Phenolic content and antioxidant activity

For total polyphenol content (TPC) quantitative
determination was used the Folin—Ciocalteu
method adapted after Georgé et al., (2005)
protocol. Samples extraction consist in
trituration of 1 g fresh sample with 10 mL of
70% methanol and incubated overnight at room
temperature (aprox. 22°C) and dark. Extraction
continue next day through 500 rpm
homogenization for 1 h and, then centrifugation
for 5 min at 4°C and 7000 rpm. The
supernatant was recovered and the residue re-
extracted two more times and the final volume
of extract was 30 mL. By mixing 0.5 mL of
extract with 2.5 mL of Folin-Ciocalteu reagent
and incubated for 2 minutes at room
temperature (aprox. 22°C) is the first step in
total polyphenol content determination. Second
step is represented by adding 2 mL of 7.5%
sodium carbonate solution (Na,COs) and
incubate the obtained mix for 15 minutes at
50°C. The final step is based on the absorbance
read at Specord 210 Plus UV-VIS spectro-
photometer (Analytik Jena, Jena, Germany) at
the 760 nm wavelength. Results are expressed
in mg GAE/100 g fresh weight and Gallic.
Gallic acid is used as standard solution.



Antioxidant activity determination was used the
DPPH (2,2-diphenyl- 1-picrylhydrazyl) method,
similar as Bujor et al. (2016) with modifi-
cations presented forward. Mixing 0.4 mL of
extract with 2 mL of 0.2 mM solution of DPPH
in methanol and incubated for 30 minutes, in
dark with continuous homogenising. The absor-
bance was measured at 515 nm wavelength.
Results were expressed as mg Trolox/100 g FW.
The blank reference was realised with methanol.

Pathogens identification

The experiments were realised in the Plant
Protection Diagnostic Laboratory. Organic
chokeberries were analysed in 3 different
moments: after 3, 6 and 7 months of storage in
all 3 conditions. The samples were incubated at
22°C for 48 hours on PDA (potato-dextrose
agar) culture medium, followed by macros-
copic identification of pathogens.

The preparation of PDA culture in the pathogen
development was made by following the
existing literature (Hulea et al., 1969). Petri
dishes with 65 mm diameter were used.

Statistical analysis

Statistical analysis of obtained data was
performed using Microsoft Excel for standard
deviation, represent the average of three
replicates with independent sample preparation.

RESULTS AND DISCUSSIONS

Quality indicators

Both varieties of chokeberries registered
quality indicators variation for all of the three
storage conditions.

Experiment were performed during 7 months of
storage, but physiological disorders appears
after 3 months of storage in NA conditions, and
5 months of storage in CA conditions (1.5%
COg, 16% O,, 1°C, 95% RH and 1.5% CO,,
16% O, 3°C, 95% RH).

The initially TTA values of ‘Nero’ variety
untreated 0.97 £ 0.07 g malic acid/100 g FW
(Table 1), after 6 months of storage, the TTA
values decrease to 0.86 + 0.01 g malic acid/100
¢ FW, which means the acidity of chokeberries
increases after 6 months of storage.

Table 1. Variation of pH, total titratable acidity (TTA), total soluble solids (TSS),
and dry matter (DM) content during storage of ‘Nero Eggert’ variety

Variety/ Storage Analysis TTA (g malic Total soluble Dry matter Firmmnes
Treatment conditions (I:; (Z)Irr:;lr;t) pH ac1%/\i]0)0 £ solids (%) (%) (kg/em?)
0 3.51+0.03 0.97 +£0.07 16.45 £2.45 22.07 +£0.46 0.33 +0.07
NA with 1°C 1 3,43 £0.06 1.11 £0.02 18.87 +£1.05 23.94 +1.43 0.453 +£0.098
95% RH ’ 3 3.29 +0.00 1.08 £0.01 19.79 £0.94 24.15 +0.21 0.315 +0.047
6 3.69 +£0.01 0.86 +0.01 19.95 +1.60 27.46 £0.76 0.393 +0.063
7 3.73 +£0.01 0.91 +£0.01 22.17 141 26.38 +1.02 0.410 +0.106
Nero/ CA 1.5% 1 3.41 £0.02 1.03 +£0.01 17.89 +£2.10 24.44 £1.42 0.403 +0.061
untreated | CO,, 16% O, 3 3.37+0.05 1.01 £0.01 18.85 £0.65 23.34+0.27 0.405 £0.064
1°C’95% RH’ 6 3.73 +£0.01 0.88 +0.03 20.69 +1.92 30.57 £1.22 0,388 0,051
’ 7 3.64 £0.02 0.94 +£0.01 23.44 £1.39 29.09 +2.08 0.422 +£0,089
CA 1.5% 1 3.37 +£0.05 1.07 +£0.01 19.14 +£2.30 23.64 £1.83 0.450 +0,094
CO,. 16% O, 3 3.38 £0.07 1.03 £0.04 20.45 +£0.99 23.12 +1.32 0,391 +£0,049
3°C’95% RH’ 6 3.72 +£0.01 0.88 +£0.03 19.39 +£2.56 22.46 +£2.11 0412 +£0.062
’ 7 3.70 +£0.03 0.87 £0.02 21.25+1.77 27.19 +1.45 0.355 +0.051
0 3.47 +£0.02 1.11 £0.004 18.21 +£1.20 22.75 +0.46 0.37 +£0.05
NA with 1°C 1 3.36 £0.05 1.09 £0.01 19.65 +1.42 23.55 +0.68 0.415 £0.043
95% RH ’ 3 3.40 +£0.07 1.04 £0.04 20.49 £0.98 26.1140.51 0.357 £0.075
6 3.74 £0.02 0.80 +£0.01 21.48 £0.77 27.10 +0.89 0.376 £0.064
7 3.77 +£0.01 0.87 +£0.001 21.88 £1.77 28.57 £0.00 0.396 +0.086
Nero/ CA 1.5% 1 3.39 +0.08 1.06 +£0.03 19.50 +1.12 25.21 £1.09 0.442 +0.052
treated CO,. 16% O, 3 3.3140.02 1.03 +0.03 18.97 +0.87 21.68 +£0.20 0.341 £0.045
1°C’95% RH’ 6 3.66 £0.01 0.95 +0.01 21.11 +1.18 27.88 £1.42 0.408 +0.048
’ 7 3.68 +£0.06 0.94 +0.01 20.82 £2.89 27.69 £2.22 0.442 £0.089
CA 1.5% 1 3.37 £0.06 1.06 +£0.01 19.21 +0.67 25.36 £0.51 0.349 +0.086
CO,. 16%0, 3 3.41 +£0.07 1.05 +£0.01 20.05 £1.26 23.28 +0.27 0.414 +£0.088
3oC ’95% RI—E 6 3.66 +0.09 0.95 +0.01 22.01 +1.41 27.41 £0.39 0.410 +0.084
’ 7 3.63 +£0.03 0.90 +£0.02 22.38 £1.09 27.20 +1.50 0.443 +£0.054
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Nero treated variety show similar variation of
TTA after 6 months of storage. Similar
behavior were observed at ‘Nero Eggert’
variety (Table 2), both treated and untreated, in
all 3 storage conditions.

TSS values showed constant increases to all
samples, in all storage conditions, fruits
dehydrating considerable after 3 months of
storage, which increase the concentration of
total soluble solids. During the storage period,
the value of TSS for the fruits stored in NA
with 1°C, 95% RH increase much more
compared to the fruits stored in CA 1.5% CO»,
16% Oy, 1°C, 95% RH and CA 1.5% CO,,

16% O3, 3°C, 95% RH. Dry matter values
showed significant increases for all samples, in
all storage conditions, after 6 months of
storage.

The firmness values of ‘Nero’ variety, both
treated and untreated showed an increase after
1 month of storage, in all storage conditions.
After 3 months of storage the firmness showed
a small decrease to all samples.

‘Nero Eggert’ showed a constant decrease of
firmness values (Table 2) after one month of
storage, with exception of untreated sample
stored in NA with 1°C, 95% RH, variation
being similar to Nero variety.

Table 2. Variation of pH, total titratable acidity (TAA), total soluble solids (TSS), and dry matter (DM) content during
storage of ‘Nero Eggert’ variety

. Analysis TAA. (e .
Variety/ Stora.ge moment pH mallc Totall soluble | Dry matter Firmmnes
Treatment conditions (months) acid/100 g solids (%) (%) (kg/cm?)
FW)
0 3.49+0.01 | 0.97+0.01 | 17.7842.06 | 24.7+0.80 | 0.343 £0.045
NA with 1°C 1 3.4420.03 | 0.96+0.02 | 1926%2.06 | 25.08+0.81 | 0.442%0.067
0500 RH 3 33240.02 | 0.92+£0.012 | 19.51+1.53 | 24.1440.19 | 0.338 £0.064
6 3.8020.01 | 0,61£0.011 | 20.82=1.12 | 26.59£0.53 | 0.300=0.083
7 3.7120.01 | 0.89+£0.004 | 19.77+2.27 | 27.45+0.38 | 0.567 £0.085
1 3.42+0.03 | 0.96+0.002 | 17.43+1.63 | 24.25+0.94 | 0.407£0.064
Niﬁrgagtgezrt/ 01/2%1) 'é% ﬁ%’ 3 3.4240.11 | 0.90+0.03 | 19.19+1.83 | 22.54=0.15 | 0.374 £0.067
oo RH 6 3.73+0.01 | 0.78+£0.003 | 17.91+2.61 | 26.84+1.25 | 0.376%0.105
7 3.6940.01 | 0.80+0.01 | 21.50+1.91 | 28.50+0.66 | 0.342 £0.087
CA 15% CO, 1 3.44+0.03 | 0.93+0.01 | I8.15%1.15 | 23.55+0.68 | 0.359 £0.081
16% 0 3¢ 3 3.36+0.03 | 0.91+0.02 | 19.44+1.26 | 24.17=1.04 | 0.374+0.067
oo RH 6 3.7240.02 | 0.78+£0.003 | 21.51+1.23 | 2524+1.00 | 0.338 £0.077
7 3712001 | 0.78£0.02 | 20.27%0.84 | 26.92+0.90 | 0.407 £0.057
0 3.5020.01 | 1.00+0.02 | 2036=1.42 | 23.1920.72 | 0.408 £0.05
NA with 1°C 1 3.42+0.06 | 1.00+0.006 | 18.47%1.34 | 23.4640.72 | 0.416+0.067
0500 RH 3 3364002 | 0.93+0.02 | 19.03+1.60 | 23.32£0.25 | 0.348 £0.055
6 3712001 | 0.81£0.02 | 20.90£0.74 | 25.66+0.01 | 0.371%0.067
7 37140.02 | 0.79%40.01 | 19.61£1.25 | 26.97 40.43 | 0.442 +0.086
1 3.43+0.03 | 1.024£0.02 | 18.90%0.81 | 22.8640.49 | 0.414%0.070
Neio Etgie“/ Cle/l ‘é% fo%’ 3 3.3740.02 | 0.99+0.01 | 18.90 £1.87 | 22.64+0.43 | 0.367 £0.065
reate (’9‘?5%21’“ ’ 6 3.74+0.04 | 0.85+0.02 | 20.63=1.42 | 27.81+0.42 | 0.388 £0.051
7 3.71£0.01 | 0.87+0.004 | 22.63+1.42 | 30.03+£0.35 | 0.418 £0.073
CA 1.5% CO, 1 3.46+0.03 | 1.00£0.03 | I8.68%1.19 | 21.2640.15 | 0.416+0.047
6% 0 3°C. 3 3.3840.04 | 0.96+0.01 | 18.73+1.26 | 22.59 40.52 | 0.341 £0.060
oo RH 6 3.7020.01 | 0.85+£0.02 | 19.97%1.96 | 24.12+137 | 0.375+0.066
7 3.68+0.04 | 0.82£0.01 | 22.05£2.31 | 26.43+0.67 | 0.395%0.099

Phenolic content and antioxidant activity

Total phenolic content were determined from
whole fruit and showed similar behavior for
both varieties in all tested storage conditions.
For Nero variety, initially TPC values was
1274.5 mg GAE/100 g FW, results similar with
those obtain by Catana et al. (2017), which
demonstrate important increases during storage
after 3 and 6 months of storage, up to 1667.1,

respectively 1812 mg GAE/100 g FW for fruits
stored in NA with 1°C, 95% RH. The increases
are similar to the samples stored in CA 1.5%
CO,, 16% Oy, 1°C, 95% RH and CA 1.5%
COz, 16% 02, 3°C, 95%.

TPC was better preserved in CA 1.5% COg,
16% Oy, 1°C, 95% RH during storage period,
for all varieties (Figure 1).
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All samples present a high antioxidant activity,
initially value being registered at 699.78 mg
Trolox Eqiv/100 g FW for ‘Nero’ variety
untreated, 742.84 mg Trolox Eqiv/100 g FW
for ‘Nero’ variety treated, 682,675 mg Trolox
Eqiv/100 g FW for ‘Nero Eggert’ variety
untreated and 723.59 mg Trolox Eqiv/100 g
FW for ‘Nero Eggert’ variety treated, results
similar to Kapci et al. (2013). After 1 month of
storage all samples stored in all condition have
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showed important increases of antioxidant
activity, but after 3 months, chokeberries stored
in NA with 1°C, 95% RH, showed the higher
increase of antioxidant activity. After 6 months,
all samples stored in all condition showed a
high increase of antioxidant activity, up to
1002.11 mg Trolox Eqiv/100 g FW on ‘Nero’
variety treated stored in NA with 1°C, 95% RH

(Figure 2).
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d-‘Nero Eggert’ variety untreated)
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Figure 2. Antioxidant activity variations for organic ‘Nero’ and ‘Nero Eggert’ chokeberries,
registered during storage period (a-‘Nero’ variety treated; b-‘Nero’ variety untreated;
c-‘Nero Eggert’ variety treated; d-‘Nero Eggert’ variety untreated)

Pathogens identification

Studying the pathogens found on the harvested
fruits, it was found that the microflora present
in the samples consisted of genus fungi species
like  Fusarium  spp., Penicillium  spp.,
Cladosporium spp. and Alternaria spp. After 3
months of storage, Penicillium spp. were found
on all the samples, exception being ‘Nero’
variety untreated stored in CA 1.5% CO,, 16%
0., 3°C, 95% RH (Tables 3, 4).

High incidence of Alternaria spp. were
observed on untreated samples, comparative
with treated samples, in all storage conditions,

in all moments of analyses. Botrytis spp.
incidence were higher in NA with 1°C, 95%
RH than in both CA 1.5% CO,, 16% O, 1°C,
95% RH and CA 1.5% CO,, 16% O, 3°C,
95% RH. Cladosporium spp. was detected only
on samples stored in CA 1.5% CO,, 16% O,
1°C, 95% RH and ‘Nero Eggert’ variety
treated stored in NA with 1°C, 95% RH
Fusarium spp. was only detected on ‘Nero
Eggert’ variety untreated stored in NA with
1°C, 95% RH.

Table 3. Identification of fungal pathogens in ‘Nero’ variety

Variety/ Storage Analysis Peniciullium Fusarium | Alternaria | Cladosporium
Treatment conditions moment spp. Spp. spp spp.
(months)

NA with 1° C, 3 + - -
95% RH 6 + + - -
7 + + - -
Nero/ CA 1.5% COo, 3 + - - +
Untreated 16% O, 1°C, 6 + - - +
95% RH 7 + R - T
CA 1.5% COq, 3 - - -
16% Oz, 3°C, 6 - - +
95% RH 7 - - - +

NA with 1°C, 3 + -

95% RH 6 + - -
7 + - - -
Nero/ CA 15% CO, 3 + - + +
Treated 16%0,, 1°C, 95% 6 + - + +
RH 7 + - + +
CA 1.5% COq, 3 + - - +
16% O,, 3°C, 6 + - - +
95% RH 7 + - - +
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Table 4. Identification of fungal pathogens in ‘Nero Eggert’ variety

Variety/ Storage Analysis moment | Peniciullium Fusarium Alternaria | Cladosporium
Treatment conditions (months) spp- spp- spp spp-
NA with 1° C, 3 + - -
95% RH 6 + - - -
7 + - B B
Nero Eggert/ | CA 1.5% CO», 3 + + -
Untreated 16% O, 1°C, 6 + + B
95% RH 7 + + - -
CA 1.5% COg, 3 - - +
16% Oz, 3°C, 6 - + +
95% RH 7 - - + +
NA with 1°C, 3 + - -
95% RH 6 + -
7 + - - -
CA 1.5% CO,, 3 + - - +
Nero Eggert/ | 16% 0,, 1°C, 6 + - + +
Treated 95% RH 7 T R I T
CA 1.5% CO,, 3 + - - +
16% 0, 3°C, 6 + - - +
95% RH 7 + - - +
CONCLUSIONS number PN-III-P1-1.2-PCCDI-2017-0662,
within PNCDI III.
Organic fertilization did not significantly
influence the properties of chokeberry fruits, all ~ REFERENCES
quality indicators are similar between treated
and untreated fruits. AOAC. (2000). Official method 942.15 Acidity

The results show that the fruit retains its
firmness better in both controlled atmosphere
conditions comparative to normal atmosphere
storage.

The longest storage period had the varieties
stored in CA 1.5% CO,, 16% O, 1°C, 95%
RH, but to keep the antioxidant capacity at
higher values, it is recommended to store the
fruits for a maximum 6 months.

RECOMMENDATIONS

‘Nero’ variety stored in NA with 1°C, 95% RH,
had the highest concentration of TPC after 6
months of storage, which is the maximum
storage period, to keep the phenolic content at
the optimal level.

‘Nero’ variety stored in CA 1.5% CO,, 16%
0,, 1°C, 95% RH, showed constant firmness
values during storage, being the most
performing variety of chokeberries.
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Abstract

The modified atmosphere is intensively studied as a fruit storage method due to consumers growing demands regarding
the fresh fruit quality. The aim of this study was to extend the organic plums shelf life, by packing them in
biodegradable, eco-friendly trays, and to ensure that the physicochemical and nutritional characteristics are
maintained throughout the storage period. The experiments were performed in 2019 and 2020 with organic ‘Tita’
plums harvested at the end of July, packed immediately and cold stored at 1 + 0.5 °C and 85 + 5 % RH. The modified
atmosphere was realised in passive way through respiration and transpiration processes of organic plums. As control,
unpacked plums were kept in same storage conditions. The results showed small decreases for physicochemical
characteristics of organic ‘Tita’ plums stored in modified atmosphere, after more than 40 days, for both years of study.
Based on the physicochemical and nutritional properties we can state that organic ‘Tita’ plums packed in
biodegradable and compostable trays were better preserved.
Key words: antioxidant activity, biodegradable package, cold storage, passive MA, respiration.

INTRODUCTION

Modified atmosphere packaging is a technique
used for prolonging the shelf-life period of
fresh or minimally processed foods (Sandhya,
2010). Modified atmosphere packaging (MAP)
is defined as "the packaging of a perishable
product in a changed atmosphere and different
by air concentration“. This preservation
technique is based on air surrounding the food
in the package is changed to another gaseous
composition and the initial product freshness
may be prolonged.

Modified atmosphere packaging (MAP)
technology is largely used for minimally
processed fruits and vegetables (Sandhya,
2010) and can be realized as an active or
passive dynamic process (Jalali et al., 2017).
Passive MAP relies on natural initial gaseous
composition as well as the interaction between
the respiration rate of the produce, and
packaging material gases permeation, while in
active MAP gaseous composition is
additionally flushed into the package in order
to achieve faster equilibrium atmosphere (Jalali
et al., 2017; Caleb et al., 2012; Farber et al.,
2003; Mahajan et al., 2007).
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Plums (Prunus domestica L.) are climacteric
fruits with highest diversity in native cultivars
in Romania (Stan et al., 2020; Butac et al.,
2019). Due to their climacteric characteristic,
after harvesting plums continue the respiration
and transpiration processes, which can be used
in passive modified atmosphere packaging.
One of the most common plum cultivars is
‘Tita> variety, wich belong to Prunus
domestica L. species. In the last years the
passive or active MAP utilization as
postharvest technologies was more extesively
studied, with the main scope of prolonging the
freshness and shelf life of fruits, especially for
plums. The MAP efficacy in reducing chilling
injury symptoms in some plums varieties was
studied in several papers (Diaz-Mula et al.,
2011a; Cantin et al., 2008; Guan and Dou,
2010) and it was observed that ripening
parameters  like  dehydration, softening,
respiration rate, colour changes, total soluble
solids increasing, and acidity losses are delayed
(Diaz-Mula et al., 2011b).

The aim of this study was to extend the organic
plums shelf life, by packing them in
biodegradable, eco-friendly trays, and to ensure
that the physicochemical and nutritional



characteristics are maintained throw the storage
period.

MATERIALS AND METHODS

Chemicals

Chemicals used in experiments were purchased
from different producers: Gallic acid from Carl
Roth; Trolox from Acros Organics, Fisher
Scientific (Geel, Belgium); Folin-Ciocalteu’s
reagent and DPPH (1,1-diphenyl-2-
picrylhydrazyl) from Sigma-Aldrich Chemie
GmbH (Riedstrasse, Steinheim); anhydrous
sodium carbonate from Lach-Ner, (Neratovice,
Czech Republic); sodium hydroxide 0.1N from
Cristal R Chim S.R.L. (Bucharest, Romania);
methanol from Honeywell (Riedel-de Haén,
Seelze, Germany) and ultrapure water was
obtained with Milli-Q water equipment
(Millipore, Bedford, MA).

Samples

Organic plums from ‘Tita’ variety were
harvested in July 2019 and 2020 from ICDP
Pitesti (Research Institute for Fruit Growing
from Pitesti, Romania), and stored at 2°C, 90%
relative humidity (RH) until were transported
to the Research Center for Studies of Food
Quality and Agricultural Products (USAMYV of
Bucharest) in the Postharvest Technologies
Laboratory. Plums were packed immediately
after reception and cold stored at 1 + 0.5°C and
85 £ 5% RH. The modified atmosphere was
realized in passive way through respiration and
transpiration processes of organic plums. As
control, unpacked plums were kept in same
storage conditions. Organic plum samples were
evaluated during 41 days of storage in modified
atmosphere.

Quality indicators

Quality parameters represented by pH, total
titratable acidity (TTA), total soluble solids
(TSS), dry matter (DM), and firmness; were
analyzed during storage period, their methods
being described below.

TTA analysis was performed with the
automatic system TitroLine, equipped with pH
electrode. 5 g of fresh sample were mixed with
25 mL of distillate water and titrated with 0.1N
NaOH up to 8.1 pH according with Saad et al.
(2014) and AOAC Official Method 942.15.
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Results were expressed in g malic acid / 100 g
of fresh fruit similar with Stan et al. (2020). pH
was obtained by measuring the pH values of
sample before titration. TSS analysis was
realized with digital refractometer Kruss
DR301-95, in accordance with Brix reading
(Turmanidze et al., 2017). Dry matter content
was obtained by oven drying (UNI110
Memmert) 1 g of sample at 105°C (Ticha et al.,
2015) until constant weight. Firmness was
expressed in N/cm? and performed with digital
penetrometer 53205 TR Italy and 8 mm piston
(Stan et al., 2020). During storage period the
passive modified atmosphere was monitorized
by measuring oxygen and carbon dioxide
concentrations with OxyCheck equipment.

Bioactive compounds

Bioactive compounds like total polyphenol
content (TPC) and antioxidant activity were
also monitored during experiment
development. TPC quantitative determination
using Folin-Ciocalteu method was realised
besed on a previous developed protocol
(Badulescu et al., 2019). Extraction consist in 1
g fresh sample mixed with 10 mL of 70%
methanol, incubated in dark at room
temperature (approx. 21°C), then homogenized
for 1 h and 500 rpm, followed by centrifugation
for 5 min at 4°C and 7000 rpm, with
supernatant recovering and re-extracting the
residue for two more times. The final volume
was 30 mL. Sample preparation for
spectrophotometric measurements: 0.5 mL of
extract was mixed with 2.5 mL of Folin-
Ciocalteu reagent and incubated at room
temperature (approx. 21°C) for 2 minutes. Then
2 mL of 7.5% sodium carbonate solution
(Na,CO3) were added and incubated at 50°C
for 15 min. Spectrophotometric measurements
of the samples were realized using the Specord
210 Plus UV-VIS spectrophotometer (Analytik

Jena, Jena, Germany) at the 760 nm
wavelength. Results were expressed in mg
GAE/100 g fresh weight.

Antioxidant activity was determined using the
DPPH (2,2-diphenyl- 1-picrylhydrazyl) method
(Bujor et al.,, 2016). Therefore 0.2 mL of
extract were mixed with 2 mL of 0.2 mM
solution of DPPH in methanol and incubated in
dark with continuous homogenising for 30
minutes. The Specord 210 Plus UV-VIS



spectrophotometer  (Analytik  Jena, Jena,
Germany) was used to measure the sample
absorbance at 515 nm wavelength. Results
were calculated as mg Trolox eq./100 g fresh
weight.

Statistical analysis

All data were obtained from average of three
independent replicates and were statistically
analysed with standard deviation using
Microsoft Excel.

RESULTS AND DISCUSSIONS

Quality indicators

Quality indicators of organic ‘Tita’ plums were
monitored during 41 days of cold storage and
modified atmosphere. Analysis were performed
initially, after 28, respectively 41 days for both
plum storage conditions. In Table 2 are
presented oxygen and carbon dioxide variation
during storage of organic ‘Tita’ plums. It can
be observed that after packaging, due to
respiration and transpiration processes oxygen
concentration decrease and carbon dioxide
increased in both years of study. In Table 1 it
can be observed that translucency appear after
28 days of both organic ‘Tita’ plums storages
(packed in modified atmosphere and bulk).
Same physiological disorder were observed by
Stan et al. (2020) for organic ‘Tita’ plums
stored controlled atmosphere conditions with
5% COg, respectively 10% CO,. After 41 days
of storage in 2019 the organic ‘Tita’ plums
stored as bulk presented a more sever decay
appearance comparing with those from 2020
experiment. When organic ‘Tita’ plums packed
in modified atmosphere were analyzed, it was
observe that translucency also appear after 28
days of cold storage and after 41 days similar
results like in the case of bulk plums storage
were noted. The translucency disorder was
present after 28 days of storage (passive
modified atmosphere and bulk), comparing
with same organic plums from Stan et al.,
(2020) paper, stored in controlled atmosphere
with 3% O, and 5% CO,, respectively with
1.5% O, and 10% CO, when disorder appear
after 5 weeks of storage (35 days). It can be see
that a high concentration of carbon dioxide and
low oxygen prolong the shelf life of organic
‘Tita’ plums. In the case of organic ‘Tita’
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plums packed in passive modified atmosphere,
the carbon dioxide and oxygen concentrations
were high, therefore the storage capacity was
considerably lower.

In Table 3 the following quality indicators are
present TTA, pH, TSS, DM and firmness. The
TTA values of organic plums registered a
similar variation for both storage methods used
and for both studied years. Similar results were
observed by Majeed & Jawandha (2016) and
Stan et al. (2020). Dry matter content registered
increases during storage periods in 2019 with
51% for plums packed in passive MA and with
93% for those stored bulk after 41 storage days.
TSS shown smiliar variations for both studied
years. In 2019 experiment, firmness registered
decreases of 19% for plums packed in passive
MAP comparing with those stored bulk, which
registered decreases with 57% after 41 storage
days. These result are in accordance with those
observed by Manganaris & Crisosto (2020) in
their study were they mentioned that fruit
stored in air are less firm than those stored in
CA and temperatures above 0°C.

Bioactive compounds

Bioactive compounds were represented by total
phenolic content and antioxidant activity and
present similar variations during storage period
for both storage conditions and years. In 2020
study the organic ‘Tita’ plums showed smaller
values comparing with those obtained in 2019,
but kept a similar trend for both TPC and AA.
For plums packed in passive MAP, higher
values for TPC - 128.11 mg GAE/100 g FW
comparing with bulk stored - 117.27 mg GAE/
100 g FW after 41 days of storage were
observed. Comparing with the initial moment
of analysis, the TPC values registered increases
in both study years (Figure 1).

An increase in AA values for plums packed in
passive MA in 2019 (1468.09 mg Trolox eq./
100 g FW) after 41 storage days was observed
when compared to the initial results (1255.10
mg Trolox eq./100 g FW). On a contrary basis,
in 2020 a small decrease (1033.58 mg Trolox
eq./100 g FW) was observed after 41 storage
days, comparing with the initial analysis
(1205.99 mg Trolox eq./100 g FW) (Figure 2).
The obtained variation for both TPC and AA
are small, less than 10% for passive MA in
both years, and for bulk plums in 2020, except



for the AA for bulk plums in 2019, which
showed a decrease of 14.08%. This suggest that
passive MA stored plums can be stable for at

least 41 days without high degradation of TPC
and AA.

Table 1. Influences of modified atmosphere and cold storage on organic ‘Tita’ plums appearance

Moment of analysis

Year 0 28 days 41 days
Storage conditions
Before storage n/a n/a
Modified atmosphere n/a 3
2019 -

Bulk n/a

Before storage

2020 Modified atmosphere n/a 3
00
Bulk n/a .

Table 2. Oxygen and carbon dioxide variation during storage of organic ‘Tita’ plums

Variety Stox:a.ge Analysis moment Oxygen concentration Carbon dioxide concentration
conditions (weeks) (%) (%)

e N/A 0 20.9 +0.001 0.74 +0.05
;;tlag / Modified 28 19.04 +0.0074 6.90 +0.003
atmosphere 41 18.54 +0.008 6.37 £0.004
“Tita'/ N/A 0 20.89 +0.01 0.78 +0.02
2020 Modified 28 19.18 +1.01 6.06 +3.06
atmosphere 41 20.075 +0.7 5.90 +0.007

Data represent mean + standard deviation of five replicates.
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Table 3. Variation of quality indicators during storage of ‘Tita’ plums in modified atmosphere and bulk in cold storage

. TAA (g
. Storage Analysis malic Firmmnes
Variety o moment pH . TSS % DM %
conditions (weeks) acid/100 g (N/em?)
FW)
N/A 0 3.42 +£0.06 1.16 £0.01 17.85 £1.10 8.13 £1.47 15.14 £1.86
— Modified 28 3.39+0.05 | 1.17+0.00 15.17 £1.72 14.06 £1.27 | 8.46 +1.73
2019 atmosphere 41 3.43+0.03 | 0.89+0.01 13.94 +1.93 12.3 +£0.90 12.15 +4.87
Bulk 28 3.34+0.05 | 0.95+0.01 15.93+2.29 | 14.38+0.36 | 7.54£1.73
41 3.60£0.20 | 0.74 +0.04 16.87 +2.14 | 15.74+0.87 | 6.50+2.31
N/A 0 3.25+0.02 | 0.96 £0.01 13.3142.06 | 14.89£5.18 | 18.05+4.85
"Tita'/ Modified 28 3.26+0.02 | 0.83 +0.003 13.04+0.27 | 11.36 £0.88 | 8.97 £3.16
2020 atmosphere 41 3.43+0.14 | 0.75+0.01 13.49+0.99 | 10.46+1.57 | 9.00+1.68
Bulk 28 3.20+0.05 | 0.94 £0.005 15.90 £2.06 | 14.94+1.13 10.62 +3.29
41 3.28+0.03 | 0.77 £0.01 14.73 £0.38 | 14.04 £0.56 | 7.32£2.05

Data represent mean + standard deviation of three replicates.
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Figure 1. TPC variation for organic ‘Tita’ plums in modified atmosphere and cold storage
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Figure 2. AA variation for organic ‘Tita’ plums in modified atmosphere and cold storage
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CONCLUSIONS

The results showed firmness decreases of
organic ‘Tita’ plums stored in modified
atmosphere and bulk, after 41 days, for both
years of study.

Even if the translucency disorder appear after
28 days both storage methods, the quality
indicators present better values for organic
‘Tita’ plums packed in passive MA than those
stored as bulk. Moreover the bioactive
compounds of organic ‘Tita’ plums packed in
biodegradable and compostable trays were
better preserved.
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Abstract

Chinese jujube (Ziziphus jujuba Mill.) is the most important species of Rhamnaceae family and one of the oldest
cultivated fruit trees in the world. In Romania, it was introduced for the first time in Dobrogea region, some 2000 years
ago. The first cultivated varieties were introduced in 1997 at the Faculty of Horticulture, in Bucharest and nowadays
the first commercial orchards are planted. This review aims to highlight the nutritional importance of jujube fruit and
its high potential for the development of new and valuable food products. Moreover, jujube can be incorporated into
different food formulations to improve their nutraceutical quality. A huge number of products can be obtained from
fresh and dried jujube fruits: juice, compote, tea and coffee, liqueur, wine, brandy, but also gems, fruit bars and cakes.
Jujube fruits can be processed in different ways, dehydration being utilized for most of the varieties. Besides that, fruits
can be transformed into non-alcoholic fermented beverages such as juices, tea, coffee, energy drinks, or distilled
beverages.

Key words: benefits, food products, jujube fruits, nutritional importance, Ziziphus jujuba Mill.

INTRODUCTION Roman and Byzantine ruins at Ostrov,
Jurilovea and Mahmudia.
Chinese jujube (Ziziphus jujuba Mill.), also  Probably, those old civilizations had an
called Chinese date, is one of the oldest cul-  important role in the introduction of this Asian
tivated fruit trees in the world and is the most plant to the area (Stanica, 2000; Stanica, 2009;
important species in the large cosmopolitan  Stanica et al., 2018).
family Rhamnaceae in terms of its economic, The plant, nearly unknown, is named Dobrogea
ecological, and social importance. Its utilization  olive by the locals and the fruits are rarely used
and cultivation history can be traced back to the ~ for eating. Only Ostrov type, a real Ziziphus
Neolithic age, 7000 years ago (Qu & Wang, jujube tree, has interesting fruit for fresh and
1993; Guo et al., 2010; Liu et al., 2020). dry consumption (Ciocarlan, 2000; Stanica,
Chinese jujube is a new fruit species for Europe  2009; Stanica et al., 2018).
with a high potential to be planted on arid and Even it was introduced in the Dobrogea region,
semiarid areas on marginal, poor, and even  some 2,000 years ago by the Greek and Roman
salty soils. Being a multi-millennial fruit crop colonists, jujube plants and fruits are nearly
in China, jujube has high importance in the  unknown, as it happens in other countries from
Chinese diet due to its complex nutraceutical  the Mediterranean basin.
properties. The first cultivated varieties were introduced at
Nearly 1,000 varieties and local genotypes are  the Faculty of Horticulture in Bucharest from
cultivated in China on over two million Shanxi Province, China, within a common

hectares on low input production systems. research project in 1997 (Stanica, 2019).
In Romania, jujube populations were found in A superfruit species for the future should
the Dobrogea region (Ciocarlan, 2000), simultaneously meet the diverse needs of

between the Danube and the Black Sea in the growers, consumers, marketers, governments,
neighbourhood of antique sites as Greek,  and society.
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Generally, growers prefer fruit trees that crop
early, reach high and stable yields quickly, and
have light pest pressure, easy management, low
cultivation costs, and high economic benefits
(Stanica, 2019).

Consumers like fruits that are delicious and
nutritious and that appeal to appearance and
status. Marketers prefer fruits that can be easily
transported from production areas and have long
shelf lives and large markets (Liu et al., 2020).
The government and society pay more attention
to ecological friendliness, the efficient use of
land resources, and the social and economic
advantages for rural farmers in marginal
regions. By meeting all these expectations,
jujube deserves to be considered a super fruit
for the future (Liu et al., 2020).

This review aims to highlight the nutritional
importance of jujube fruit and its high potential
for the development of new and valuable food
products.

MATERIALS AND METHODS

1. Health benefits

Traditional medicinal uses and potential health
benefits of jujube are found also in the modern
medical industry.

The jujube leaf, which is the main by-product
of jujube, has also been used in traditional
Chinese medicine (TCM) for thousands of
years to improve sleep, nourish the heart and
soothe the nerves, and reduce haemorrhaging
(Damiano et al., 2017).

Based on Iranian traditional medicine, local
traditional healers (Hamedi et al., 2016) used
powders of stem bark and leaves of jujube to
cure wounds and oral wounds as aphthous.
Hamedi et al. (2016) also discovered that fruits
are widely used in Iranian folk medicine as
antitussive, laxative agents, and blood pressure
reducers.

Jujube has also been used in Chinese medicine
(TCM) for many years for its various and
numerous health benefits such as anti-
inflammatory (Yu et al., 2012), anti-cancer
(Plastina et al.,, 2012), gastrointestinal
protective, anti-oxidant, anti-insomnia, and
neuroprotective (Yoo et al., 2010).

In recent years, food scientists and nutrition
specialists agree that jujube fruits, consumed
daily, contribute to reducing risks of certain
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diseases, including cancer and cardio and
cerebrovascular diseases (Liu et al., 2000).
Different parts of jujube can be used for curing
different kinds of illness such as diabetes,
diarrhea, skin infections, liver complaints, urinary
disorders, obesity, fever, pharyngitis, bron-
chitis, anaemia, cancer, insomnia, and of course
for blood purification and the gastrointestinal
tract (Shahrajabian et al., 2019).

2. Nutritional value

Jujube is an interesting plant to prevent several
diseases. Fruits are one of the major dietary
sources of various antioxidant phytocompounds
for humans.

Jujubes have a high nutritional value for the
human health (Stanica, 2016; Stanica, 2019).
Taking all this into consideration, the jujube
fruits were included in the category of new
“super fruits” that should be introduced on
large scale production in Romania but in
Europe, also (Stanicda, 2016; Dicianu et al.,
2017; Liu et al., 2017; Zhao et al., 2017;
Stanica, 2019; Stanica et al., 2020a).

The various antioxidants (polyphenol, ascorbic
acid, carotenoids, and tocopherols) present in
fruits contribute to these beneficial effects
(Peschel et al., 2006).

These antioxidants prevent diseases by scaven-
ging radicals or by suppressing the formation of
free radicals by binding to metal ions, reducing
hydrogen peroxide, and quenching superoxide
and singlet oxygen (Guroo et al., 2017).

Jujube has a high nutritional value due to the
presence of a large number of nutrients and
phytochemicals, such as fibres, proteins, fat,
carbohydrate, vitamins (ascorbic acid, thia-
mine, and riboflavin), phenolics, and minerals
(Chen et al., 2019; Rashwan et al., 2020).

First of all, its dietary fibres (Li et al., 2007)
and fructose (Gao et al., 2012) contents may
contribute to regulating blood sugar levels by
slowing digestion, with its fibres content also
contributing to controlling calories intake by its
satiating effect.

To a lesser extent, jujubes are a source of
healthy, essential fatty acids because jujube
fruit is rich in unsaturated fatty acids (68.54-
72.44% of the total fat in jujube fruits). There
are 33 fatty acids identified from the dried pulp
of Ziziphus jujuba Mill. (Gusakova et al.,
1999).



The chain length of those components was
from 7 to 28 carbon atoms. Sixteen fatty acids,
with a dominance of 16:1 (Guo et al., 2010)
and 16:1, (Pawlowska et al., 2009) are partly
responsible for the fragrance of the fruit.

Fatty acid profiles of the fruits were influenced
by their developmental stage (Guil-Guerrero et
al., 2004).

The predominant fatty acids in jujube
selections were oleic, linoleic, palmitic, and
palmitoleic acids (San & Yildirim, 2010).
Jujube fruits are rich in lipids, especially
linoleic acid (omega-6), that the human body is
not capable of producing (Simopoulos et al.,
2008).

Great interest has developed for jujubes
because of their high content of vitamin C,
which makes them an important source of this
vitamin for human nutrition.

Moreover, the jujube, although to a lesser
extent, is a source of several other vitamins,
such as thiamine, riboflavin, niacin, vitamin
B6, and vitamin A (Chen et al., 2019).

In this part, we comprehensively discussed the
jujube nutrients and phytochemicals that were
divided into three categories: macronutrients,
micronutrients, and bioactive compounds.

The content of macronutrients, micronutrients,
and Dbioactive compounds in jujube fruits.
(Ziziphus jujuba Mill.) (Rashwan et al., 2020)
is present in Table 2.

2.1. Macronutrients

Generally, macronutrients are the main
nutrients in the foods that we consume, such as
proteins, fat, carbohydrate, fibres, and

moisture. According to the National Research
Council (1989), jujube is a rich source of
macronutrients.

Chinese jujube contains eighteen kinds of
amino acids including eight essential amino
acids. In addition, protein, sugar, and fat
content ranged from 3.3 ~ 4.0, 50.3 ~ 86.9, and
0.2 04 g/100 g DW (dry weight),
respectively (Food & Board., 1989).

Sheng and his team (2002) found that the
jujube Chinese winter fruit contained moisture
74.08%, soluble protein 0.307%, total sugar
18.46%, soluble solid 27.0%, and fibres 1.37%.
In contrast, a study on five Chinese jujube
cultivars made by Li et al. (2007) reported that
jujube contained carbohydrates ranged from
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80.86 to 85.63%, reducing sugar 57.61-77.93
%, soluble fibres 0.57-2.79%, insoluble fibres
5.24-7.18%, protein 4.75-6.86%, lipid 0.37-
1.02%, and moisture 17.38-22.52 % (Li et al.,
2007).

Afterwards, Uddin and Hussain (2012)
uncovered that the moisture, total solids, total
soluble solids, total sugar, proteins, fat, and ash
contents of jujube fruit were 83%, 17%,
8.1°Brix, 6%, 1.6%, 0.2%, and 0.7%,
respectively.

Instead, a study on four Spanish jujubes by
Hernandez et al. (2016) unveiled that Spanish
jujube contained moisture amount from 78.3 to
82.1%, TSS (total soluble solids) 14.6 to 18.4
°Brix, total sugars 10.8 to 19.2 g100 mL™,
protein 3.7 to 5.8%, and crude fibres 0.7 to
1.0 g'100 g ' DW.

A recent study on three Chinese jujubes by
Chen et al., uncovered that the moisture
content, total dietary fibres, protein, and total
sugar of jujube fruit were ranged from 64.31-
76.50, 4.85-7.32, 1.87-3.97 g/100 g, and 28.68 to
31.7% (FW), accordingly (Chen et al., 2019).
These studies confirmed that jujube fruits have
large amounts of macronutrients and the
contents were varied depending on location,
cultivars, and detection method (Rashwan et
al., 2020).

2.2. Micronutrients

Micronutrients are important substances that
are found in small amounts in food, often
indicated as  minerals and  vitamins.
Micronutrients are vital elements for healthy
growth and development and disease
prevention.

Previous studies indicated that jujube fruits
were a rich source of micronutrients including
vitamins, macroelements (N, K, Mg, Ca, P,
etc.), and microelements (Fe, Mn, Cu, Zn, etc.)
(Chen et al., 2019; Choi et al., 2016). Sheng’s
team (Sheng et al., 2002) reported that Chinese
winter jujube fruit contained higher vitamin C,
approximately 379.4 mg/100 g, which was
about 80 to 100 times higher than that of apple.
On the other hand, they also found that jujube
fruit contained a moderate amount of minerals,
such as phosphorus, potassium, calcium,
magnesium, iron, manganese, copper, zinc and
sodium. In addition, Li et al. (2007) evaluated
the range of micronutrients in five Chinese



jujube cultivars such as ascorbic acid (192-359
mg/100 g), thiamine (0.04-0.08 mg/100 g), and
riboflavin (0.05-0.09 mg/100 g). According to
their study, the range of minerals contents
(mg/100 g FW) in jujube cultivars were as
follows, potassium contents (79.2 to 458,
phosphorus 59.3 to 110, calcium 45.6 to 118,
manganese 24.6 to 51.2, iron 4.68 to 7.90,
sodium 3.22 to 7.61, zinc 0.35 to 0.63, and
copper 0.19 to 0.42 (Li et al., 2007; San et al.,
2009).

Jujube fruit contained about 71.92% of the
nitrogen-free extract, which contained calcium
and potassium approximately 72.14 and 899.82
mg/100 g, respectively (Kim et al., 2011). In
the case of four Spanish jujubes cultivars, the
range of vitamin C content was found to be
0.41-0.64 (g 100 mL™"), while the range of
macroelements content such as potassium,
calcium, magnesium, and sodium were 11.9-
17.3,0.23-0.72, 0.40-0.77, and 0.11-0.43 g kg !
DW, respectively.

Furthermore, the range of microelements
content such as iron, zinc, copper, and
manganese were 10.2-17.1, 4.0-5.1, 0.5-1.2,
and 02-29 mg kg'! DW, accordingly
(Hernéndez et al., 2016).

In two Korean jujubes cultivars, the vitamin C
content ranged from 29 ~ 37.67 mg/100 g FW,
and the minerals content such as calcium,
phosphorus, and iron were ranged from 11.58
to 14.69, 32 to 29.83, and 0.3 mg/100 g FW,
respectively (Choi et al., 2016). Analysis of
vitamin C content in three Chinese jujube
cultivars showed the significantly higher
content ranged from 162.50 to 244.58 mg/100 g
FW (Chen et al., 2019).

In summary, it is confirmed that jujube fruit is
a potential source of micronutrients (Rashwan
et al., 2020).

2.3. Bioactive compounds

Jujube is considered a great source of bioactive
components, including polyphenols, triterpenic
acids, polysaccharides, nucleosides, and
nucleobases. Jujube is thus recognized as one
of the rich sources of functional food (Wojdyto,
et al., 2016). For example, in the pulp of jujube
fruit, total phenolic ranged from 1.1 to 2.4
2/100 g DW, and flavonoids contents ranged
from 0.7 to 1.8 g/100 g DW.
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Furthermore, the jujube fruits contained several
flavonoids compounds, such as procyanidin
B2, epicatechin, quercetin — 3 — O — rutinoside,
quercetin — 3 — O — galactoside, kaempferol
glucosyl — rhamnoside (Choi et al., 2011).
Jujube contained a low amount of triterpenic
acids, nucleosides, and nucleobases. A study by
Guo et al. (2015) reported that the total
triterpenic acids in six stages of growth of
jujube fruit ranged from 166-6126 (pg/g of
DW), whereas the total nucleosides and
nucleobases contents ranged from 253-481
(ug/g of DW). In the case of fresh jujube,
titratable acids content of three Chinese jujube
cultivars ranged from 1.98 to 3.12% FW,
cAMP ranged from 20.35 to 87.5 (ug/g FW),
and total flavonoids ranged from 41.21 to 62.72
(mg/g FW) (Chen et al., 2019). On the other
hand, the polysaccharide is one of the minor
bioactive compounds of jujube fruit (Zhan et
al., 2018). A recent study confirmed that the
maximum crude polysaccharide yield obtained
from jujube fruit was 7.9%.

According to their research, the main
components of jujube polysaccharides were
arabinose, galactose, glucose, mannose,
rhamnose, and galacturonic acid (Liu et al.,
2020; Rashwan et al., 2020).

Table 1. Nutritional value of fresh jujube fruit

Nutritional value per 100 g
Energy 79 kcal
Carbohydrates, by difference 2023 g
Fat 02g
Protein 12g
Ash 051g
Water 77.86 g
Vitamins
Vitamin A 2 ug
Thiamine (B1) 0.02 mg
Riboflavin (B2) 0.04 mg
Niacin (B3) 0.9 mg
Vitamin B6 0.081 mg
Vitamin C 69 mg
Minerals
Calcium (Ca) 21 mg
Iron (Fe) 0.48 mg
Magnesium (Mg) 10 mg
Manganese (Mn) 0.084 mg
Phosphorus (P) 23 mg
Potassium (K) 250 mg
Sodium (Na) 3 mg
Zinc (Zn) 0.05 mg
Copper (Cu) 0.073 mg

Source: USDA, 2019



The nutritional value of fresh jujube fruit
according to (USDA, 2019) is present in Table
1. This makes jujube a premier choice for
anyone looking to live a healthier life or even
simply bolster their immune system.

3. Processing

The common purpose of food processing is to
avoid food spoilage during the storage period,
which is caused by the development of
bacteria, yeasts and fungi. It also makes the
seasonal products available for a long period.
Suitable product processing allows
maintenance of typical organoleptic and
nutritional features of foods, which is also
beneficial for human health (Krska & Mishra,
2009).

Normally, jujube fruit is harvested in autumn,
and their postharvest shelf-life is very short
(Stanica et al., 2020b). It can be stored for no
more than ten days under non-controlled
conditions (Zozio et al., 2014a).

Jujube Candiod

Jujube Juice

Jujube Cake

Micronutrients
Macronutrients \

Bioactive

..
. .x' . \f’

Thus, it is very important to explore jujube
processing and/or preservation strategies for
extending its shelf-life.

Shin and co-authors studied the diverse
processing methods for jujube fruits. They
found that dried fruits, nectar, jam, fruit
extracts, and powdered tea were the most
promising processing methods. Evaluation of
these products was conducted by sensory
evaluation and chemical analysis (Shin et al.,
1992).

Besides, Krska & Mishra (2009) studied the
different ways of processing jujube fruits like
cloying with honey, preservation in sweet-sour
infusion vinegar, conservation in sweet
infusions like compote and dry jujube fruits.
Furthermore, another study investigated the
processing and preservation of jujube fruits via
developing various products formula such as
jam, jelly, chutney and pickles (Rashwan et al.,
2020; Uddin & Hussain, 2012). In Figure 1.
processing possibilities of jujube can be
observed.

Jujube Powder

L

Dried Jujube

% Jujube Wine

k-]

-

v @

components

Fresh jujube 1

2

under non-controlled conditions

3456 7 8 9 10 Day
Jujube fruit short sholf-life
Source: Rashwan et al., 2020

Figure 1. Processing possibilities of jujube fruit

3.1. Dried jujube

The drying technique is one of the most
substantial methods for the preservation of
foods, which has been used for a long time.
Drying can assist in transportation and storage
of jujube by providing some features such as
lighter weight and smaller volume compared to
fresh products.
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In addition, it can prolong the product's shelf-
life via minimizing and/or removing moisture-
mediated deteriorative reactions.

Hence, it can prevent the growth and
reproduction of the microorganisms that cause
putrefaction (Brasiello et al., 2013).

Dried jujubes have a chewy texture and taste
similar to dates. Besides, dried jujube products



(e.g. whole fruit, slices, jujube chips, and
powder, etc.) are popular among consumers
owing to great taste and high nutritional value
(Hao et al., 2019; Wang et al., 2016; Wojdyto
et al., 2016; Wojdyto et al., 2019).

In Figure 2, can be observed dried jujube in
different forms.
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Figure 2. Dried jujube in different forms

3.2. Candied jujube

Candied fruit is known as crystallized fruit or
glacé fruit, where the whole fruit or smaller
pieces of fruit/peel are placed in heated sugar
syrup, which absorbs the moisture from the
fruit and eventually preserves it (Kuwabara,
1988). Candied jujube is a famous product in
China. Haiying (2006) reported that candied
jujube with nutritional value can meet more
consumer's needs (Figure 3). Jujube with low-
sugar syrup type can be prepared through
substituting xylitol for sugar, where can be
reduced sacchariferous quantity of the
preserved fruit.

Figure 3. Candied jujube

3.3. Jujube jam, jelly and cakes

Jams are thick sweets prepared by the cooking
of crushed or chopped fruits with enough
amount of sugar, which tend to hold their shape
but are less coherent than jelly (Rashwan et al.,
2020).

Jelly is very similar to jam but is produced by
boiling/cooking fruit juice with a large amount
of sugar, with or without the addition of pectin
and food acids depending on the pectin and
acid content in the fruit (Zhao, 2012).

Jujube fruits have a large number of nutritional
components especially polysaccharides that is
considered as one of the bioactive compounds.
Therefore, jujube jams and jelly are considered
promising processed foods (Zhao et al., 2012).

Figure 4. Jujube cakes

3.4. Jujube fruit as a food additive

The jujube powder is used in many food
product formulations (Najjaa et al., 2020). The
ingredients added to food to enhance the nutri-
tional value, improve the taste, maintaining the
flavour and appearance of food, etc., are known
as food additives. Recently, the application of
food additives was of great importance in the
food industries throughout the world.

However, there are increasing concerns about
the harmful health effects (hazard) of synthetic
food additives, including colourings, flavourings,
and preservatives (Liu and Hill., 2015).
Therefore, the use of natural food additives is
the better alternative to overcome the health
risks of synthetic food additives. Jujube fruits
are considered as one of the natural food
ingredients, which is applied both in food and
herbal medicinal (Rashwan et al., 2020)
because of their good health benefits.

The powder of jujube (Figure 5) has a higher
availability of phenolic compounds; possesses
antioxidant, anticancer antimicrobial, and
antianemia activity (Addo et al., 2019).

Figure 5. Jujube powder



For example, the addition of jujube extract to
the bread dough showed an increased water
absorption rate.

In addition, the dough development time,
stability, and degree of the extension were
decreased, while the degree of weakness,
degree  of resistance, and resistance/
extensibility were increased (Lee et al., 2005).

3.5. Jujube beverages

Any drinkable liquid prepared for human
consumption except water is called a beverage.
Recently, the consumption of fruit beverages
has increased throughout the world due to the
rich source of natural nutrients.

Like other fruits beverages, jujube beverages
such as juice, tea, wine, and others, are also
available in the market due to their rich source
of bioactive compounds (Rashwan et al., 2020).
China is one of the top jujube producers, which
is about 90% of the total world production.
Interestingly, the production amount of jujube
in China has been increasing significantly from
4 to 15 million tons over the last 10 years (Guo
et al., 2018).

3.6. Jujube juice

Jujube juice (Figure 6) contained a large
number of bioactive components, is a rich
source of vitamin C, and possesses antioxidant
properties. (Vithlani et al., 2010).

Nowadays, jujube juice is consumed as a food
ingredient and supplement due to potential
sources of bioactive components (Rajauria &
Tiwari., 2018; Zhang et al., 2012).

Jujube juice can be successfully combined
with other fruits.

Figure 6. Jujube juice

3.7. Jujube wine

Jujube wine (Figure 7) is considered one of the
important jujube fruit beverages. However,
studies on wines production from jujube fruits
are limited.

Based on the scientific study by Liu & Zhao,
(2011), the optimum fermentation conditions
for jujube wine were as follows: initial sugar

(18%), pH value (4.0), fermentation tempera-
ture (24°C) and inoculum concentration of dry
yeast  Saccharomyces  cerevisiae  (0.3%)
(Rashwan et al., 2020).
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Figure 7. Jujube wine

3.8. Jujube brandy

VOCs (Volatile Organic Compounds) play an
important role in brandy aroma, whereas the
presence, absence, or different proportions of
VOCs can be greatly influenced by processing
methods (Rashwan et al., 2020). Fresh jujube
brandy (Figure 8) is a popular alcoholic
beverage that is produced by the distillation of
fermented broth achieved via continuous
fermentation of jujube fruits (Li et al., 2016).

-
-

Figure 8. Jujube brandy

This alcoholic beverage is characterized based
on the presence of volatile organic compounds
which are produced during the fermentation,
distillation, and storage stages (Xia et al.,
2020).

CONCLUSIONS

Jujube fruit is a dietary supplement with high
contents of bioactive compounds such as
dietary fibers, mineral, and natural antioxidant
compounds. Nevertheless, fresh jujube has a
short shelf-life. Thus, converting fresh jujube to
processed products is the best way for
preserving it for a long-time. Moreover, jujube
can be incorporated into different food
formulations to improve their nutraceutical
quality. A huge number of products can be
obtained from fresh and dried jujube fruits:



juice, compote, tea and coffee, liqueur, wine,
brandy, but also gems, fruit bars and cakes.
Jujube fruits can be processed in different
ways, dehydration being utilized for most of
the varieties. Besides that, fruits can be
transformed into non-alcoholic fermented
beverages such as juices, tea, coffee, energy
drinks, or distilled beverages.
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Abstract

Kiwifruit (Actinidia sp.) is native to Asia and the first commercial plantations were established in New Zealand, in the
early twentieth century. In our country, the first commercial orchard was planted at Ostrov Agricultural State
Enterprise (CT) in 1993, by the efforts of Nicolae Cepoiu, Corneliu Petrescu and Florin Stanica. Kiwifruit has become
popular worldwide for fresh consumption due to its high sensory and nutritional properties. It contains high levels of
bioactive compounds such as vitamin C, vitamin E, flavonoids, antioxidants, carotenoids, minerals and fibbers. Being
cultivated both in North and South hemisphere, and having a good storage life (over 6 months), fresh fruits are
available through the year. Even so, kiwifruit is largely processed as juices, nectars, syrups, alcoholic drinks (cider,
liqgueur, brandy), candies and fruit bars, jam and marmalade, patisseries (cakes, cookies), dehydrated and lyophilized
products. The aim of this paper is to present a review of the main processing possibilities for kiwifruit.

Key words: Actinidia sp., benefits, fruits products, nutritional properties.

INTRODUCTION

Kiwifruit is botanically known as Actinidia
deliciosa (Beutel et al., 1990). Also known as
‘China’s miracle fruit’, ‘the horticultural
wonder of New Zealand’ and ‘Chinese
gooseberry (Nirmal et al., 2018; Iliescu et al.,
2019).

This species was first found along the border of
the Yangtse River valley in China and later, in
1847 and 1904, the first plants were sent to
England and United States, respectively (Yerex
et al., 1983).

Kiwifruit is an example of recent success in the
domestication and commercialisation of a plant
for food (Young et al., 1995).

According to official records, the major centre
of diversity for Actinidia genus is the hilly
region of South-Western China (Litz 2005;
Nirmal et al., 2018; Stanica et Zuccherelli,
2009), but the first commercial orchards were
established in New Zealand (Ferguson and
Bollard, 1990; Warrington, 1990; Young et al.,
1995) in 1950’s (Barboni et al., 2010; Iliescu et
al., 2019).

The expansion of this species throughout the
world began to take place in the 1960s with the
export of New Zealand plants and seeds to
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destinations such as Germany, Italy, Spain,
India, South America, Morocco, Israel and
South Africa (Yerex et al, 1983; Pinto T.,
2018).

By the 1980°s, other countries around the world
began to produce and export kiwi.

At present, commercial growth of the fruit has
spread too many countries including the United
States, Italy, Chile, France, Greece, India and
Japan. (FAO., 2018; Teresa Pinto, 2018).

In Romania, the first commercial orchard was
planted at Ostrov Agricultural State Enterprise
(CT) in 1993, by the efforts of Nicolae Cepoiu,
Corneliu Petrescu and Florin Stanica, on an
area of 2 ha. Hayward, Kramer, Katiuscia,
Tomuri cultivars and three new selections
obtained by Vitroplant Cesena: AD 20, AD 24
and AD 25 were planted (Stanica, 2009;
Stanica et Zuccherelli, 2007).

MATERIALS AND METHODS

Nutritional value

This new fruit is considered a superfood and is
widespread throughout the world, due to his
high nutritional value characteristic flavour and
high antioxidant and anti-inflammatory
properties (Sanz et al., 2020).



Kiwifruit are some of the most nutrient-dense
fruit and compared with other commonly
consumed fruit, are particularly rich in vitamins
C, E, and K, folate, carotenoids, potassium,
fibre, and contain a range of phytochemicals
(Ferguson and Ferguson, 2003). Both green and
gold kiwifruit contain almost double the
amount of vitamin C found in oranges and
strawberries; traditionally known as good
sources of vitamin C (Scaeteanu et al., 2019).

In addition, kiwifruit have been shown to be a
significantly better delivery vehicle for
replenishing depleted vitamin C at tissue levels,
compared with supplemental vitamin C, in a
mouse model (Vissers et al. 2011).

Green kiwifruit has a higher total dietary and
insoluble fibre content than other commonly
consumed fruit (Scaeteanu et al., 2019).

Its soluble fibre content is lower than that of
oranges, but compares well with apples,
bananas, and strawberries.

Both green and gold kiwifruit contain
significant levels of two fat-soluble vitamins,
vitamin E and vitamin K (as phylloquinone).
Kiwifruit compares well with avocado (1.5
compared with 2.07 mg vitamin E/100 g), the
only other fruit high in vitamin E (USDA
2011).

It has been assumed that vitamin E in kiwifruit
is restricted to the seeds and therefore not
bioavailable (Ferguson and Ferguson, 2003).
However, this seems to be a myth, as
Fiorentino et al. (2009b) showed that a-
tocopherol is found in the flesh of the kiwifruit,
and consumption of both green and gold
kiwifruit resulted in increased plasma vitamin
E concentrations (Chang and Liu, 2009; Hunter
etal., 2012).

The potassium in kiwifruit is comparable with
that of bananas, well known for their high
potassium content, and more than double that
of other fruit. Gold kiwifruit are a good source
of folate; similar to that of oranges, but higher
than other fruit. (Scaeteanu et al., 2019).

Apart from oranges, both green and gold
kiwifruit are better sources of carotenoids,
including fB-carotene, lutein, and zeaxanthin,
than other fruit. The carotenoids contribute to
the colour of the kiwifruit, but the unique green
colour of green kiwifruit is attributed to the
retention of chlorophyll during ripening (1 mg
of chlorophyll/100 g), which masks the yellow

colour of the carotenoids (McGhie et al., 2002;
Nishiyama, 2007).

Kiwifruit also contains a range of other
phytochemicals/polyphenols, although many of
the phenolics and flavonoids in kiwifruit are yet
to be identified, as to date they have been un-
extractable (Tarascou et al., 2010).

The taste of kiwifruit is influenced by the
balance of sugar and organic acids (Welma et
al., 2012).

According to the Institute of Medicine, the
recommended daily fibre intake for adults is 25
grams for women and 38 grams for men
(Anderson et al., 2009; Lindsey et al., 2020).
However, average fibre intake for US children
and adults are less than half of the
recommended levels (Wong et al., 2007).

Table 1. Nutritional references for 100 g fresh fruit for
the main species of Actinidia

Energy keal 61022 6322 32101
Water g 83,1122 82,4 122 88,0 L1
Carbohydrates g 14,66 221 14,23 2 9,201
Sugars o 8,99 21 10,98 21| 3,0.0,6 1:3:2%
17
Protein o 1140 1230 1,70 11
Fiber g 2,13-3,39 1519 2,000 2,9-4,1 141
Saturated fats g 0,029 181 0,149 181 13.90-30.50
[10; 14]
Vitamin A g 87,0 2 23,002 37,3-84,5
2]
Thiamine (B1) mg 0.027 221 <0.01 122 0,01-0,05 [ 10:
717)
Riboflavin (B2) | mg 0.025 22 0.074 220 [0,02-:0,11 51
7171
Niacin (B3) mg 0.341 22 0.231 2 0,50-1,55 10
7171
Vitamin B6 mg 0.63 122 0.079 21 1,10-1,90
10;7; 17
Vitamin C mg 92,7 W4:16:21:23] 105,4 162 22,8-43,0
21;23) [16:17;:25]
Vitamin E mg 1,46 [4:21:23] 1,49 [4:21:23] 4.6-531
B9 (Folic acid) ng | 25 P29 WL 3402 -
Magnesium, Mg mg 1722 12.0 22 10,0-23.2
20]
Phosphorus, P mg 341221 25221 31,7-80,2 5
20]
Potassium, K mg 300 521 250-400 181 162,7-382
[5:20]
Calcium, Ca mg 3422 17.0 22 51,5-120,1
[5:20]
Copper, Cu mg 0.13 122 0.1522 0,05-0,16 1
ab; 13]
Tron, Fe mg 0.31 2 0.21 122 031-1,151
ab; 13]
Zinc, Zn mg 0.14 12 0.08 21 0,181,451
13]

Ul Bieniek, 2012a; ! Bieniek, 2012b; ! Boyes et al., 1996; [/ Chew et al., 2012; I*!
Drummond, 2013; ! Ferguson et Ferguson., 2003; ") Gan et al., 2004; * Henare,
2016; " Jiang, 2011; 19 Jin et al., 2014; [ Jo et al., 2007; ['*'Kim et al., 2014; ['¥)
Latocha et al., 2015; ['*) Latocha, 2017; ' Lintas et al., 1991; '® Nishiyama et al.,
2004; U7 Nishiyama et al., 2008; ') Samadi-Maybodi et Reza Shariat, 2003; [}
Schakel et al. 2001; ! Sivakumaran et col., 2016; 2! Stonehouse et col., 2013; 1%
US Department of Agriculture, 2019; ¥ Vasile Scdeteanu et al., 2019; >4
Wojdylo et al., 2017; ) Xiao, 1999.
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Kiwifruit is known to contain approximately
2% to 3% dietary fibre comprised of one-third
soluble fiber and two thirds insoluble fibre
(Mishra et al.,, 2012; Lindsey et al., 2020).
Nutritional — references of  kiwifruit is
summarized in Table 1.

This makes kiwifruit a premier choice for
anyone looking to live a healthier life or even
simply bolster their immune system.

Health benefits of kiwifruit consumption
Food scientists and nutrition specialists agree
that fruits and vegetables, consumed daily,
contribute to reducing risks of certain diseases,
including cancer and cardio and cerebro-
vascular diseases (Liu et al., 2000).

The various antioxidants (polyphenol, ascorbic
acid, carotenoids, and tocopherols) present in
fruits and vegetables contribute to these
beneficial effects (Peschel et al., 2006).

Recent studies also have confirmed the health

benefits associated with its consumption
(Baranowska-Wojcik” et Szwajgier, 2019;
Lopez-Sobaler’et al., 2016). Antioxidants

contained in kiwifruit reduce oxidative stress
and support the cardiovascular system
(Leontowicz et al., 2016). In addition to its low
caloric content, wealth of vitamins and its high
phenolic content (Baranowska-Wojcik” and
Szwajgier, 2019) provide protection against
heart diseases, cancer, diabetes, vascular
diseases and central nervous system diseases
(Tyagi et al., 2017), making this fruit a valuable
component of a healthy diet and may also be
used as a dietary supplement (Baranowska-
Wojcik’and Szwajgier, 2019; Sanz et al.,
2020).

As a source of ascorbic acid and polyphenols,
the kiwifruit aids in lowering the risk of
arteriosclerosis, cardiovascular diseases, and
some forms of cancer (Puri et al., 2018) in
irritable bowel syndrome (Chang et al., 2010)
and also protect the cells in vitro from
oxidative DNA damage (Teresa., 2018).

There is growing evidence that kiwifruit have
beneficial effects on digestive health and
general wellbeing, a potentially important
characteristic in the light of the increasing
proportion of the elderly population in ageing
societies that experience impaired bowel
function, changes in gastrointestinal function
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and gastrointestinal discomfort (Donaldson et
al., 2018).

A consumption of kiwifruit plays a protective
role against reactive oxygen species (ROS) due
to the presence of great content of antioxidants
(Duo et al., 2009; Skinner et al., 2013), enhance
iron retention (Stonehouse et al., 2013), have
beneficial effects on digestion (Lintas et al.,
1991) and may decrease cardiovascular disease
incidence (Stonehouse et al., 2013; Scaeteanu
etal., 2019).

Kiwifruit have also been proposed to decrease
gastric symptoms of indigestion such as
bloating (Chan et al., 2007).

Kiwifruit have been shown to relieve consti-
pation in several clinical trials (Eady et al.,
2019; Chan et al., 2007; Barbara et al., 2005).
The laxative effect of kiwifruit has been
attributed to its fibre content, which is
approximately 2-3% of its dry weight.

As described earlier, the fibre content of
kiwifruit is approximately two-thirds insoluble
and one third soluble fibre (Mishra et al., 2012;
Lindsey et al., 2020).

Allergens

Although the popularity of kiwifruit is
constantly growing due to its pleasant taste,
low caloric value and beneficial effects on
health, there are also some contra-indications
addressed especially to people who are more
sensitive, allergic or intolerant to some fruit
compounds (Lucas et al., 2003; Vasile
Scaeteanu et al., 2019).

According to some studies, people who are
allergic to birch pollen are also allergic to kiwi
(Eriksson et al., 2003); and approximately 12-
17% of people allergic to natural rubber latex
may develop an allergy to kiwifruit (Kim and
Hussain, 1999; Lucas et al., 2003).

The main allergens identified in kiwifruit are
actinidine (Act d 1), protein kiwellin (Act d 5),
thaumatin-like proteins (Act d 2) and oxalates
(Bublin et al., 2004; Hassan and Venkatesh,
2015; Henare, 2016; Maddumage et al., 2013;
Nguyen, 2012).

Most patients with allergic reactions to
kiwifruit experience localized symptoms of
irritation and discomfort in the oral mucosa, but
more severe systemic reactions such as rash,
redness, and hives have also been observed
(Ferguson et al., 2003; Lucas et al., 2007;
Lucas et al.,, 2014; Nishiyama et al., 2004;



Pastorello et al., 1998; Popovic et al., 2013).
Most allergic symptoms occur within minutes
of eating kiwi fruit (Bublin, 2013).

Some studies (Watanabe and Takahashi, 1998)
have shown that A. arguta fruits have a lower
oxalate content than those of A. deliciosa
species.

According to Chen et al. (2006), thermal
processing reduces the risk of causing allergic
reactions in people who are sensitive or
intolerant to the consumption of fresh kiwi.
Storage possibilities

Being cultivated both in North and South
hemisphere and having a good storage life
(over 6 months), fresh fruits are available
through the year when harvested at correct
maturity and at optimal storage conditions
(temperature, gas  composition, relative
humidity, ethylene concentration). In Figure 2.
processing possibilities of kiwifruit can be
observed.

Kiwifruits that are intended for sale within 3-4
months are stored under normal atmospheres
(Brigati and Donati, 2003), whereas fruits that
are to be kept for longer times are stored under
modified atmospheres. Earlier MAP with 3%
02 and 3% CO: was used, but afterwards
oxygen concentrations reduced and CO:
concentrations were increased owing to the
reason that higher CO2 concentrations reduce
fruit respiration and hence ripening (Sozzi et
al., 1980).

Presently kiwifruits are stored under 4.5% to
5.0% CO2 and 1.8% to 2.0% O2 in CA storage
(Brigati and Donati, 2003). ULO (Ultra Low
Oxygen) technique have also been used but it
did not seem to be suitable for kiwifruit as it
results in development of off-flavours and thus
reduced storage life (Brigati and Donati, 2003).
Within cool storage relative humidity is
maintained above 94% to 95% that helps to
reduce weight loss by 2% to 7% (Nardin and
Galliano, 1988).

Kiwifruits are sensitive to ethylene and
concentrations as low as 0.1-1.0 ppm can
induce softening (Monzini and Gorini, 1986).
In cool storage, ethylene concentrations are
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kept below 0.05 ppm in order to prevent
softening (Guroo et al., 2017).

Processing

Kiwifruits are mostly eaten fresh, although
some kiwifruits are also processed into juices,
alcoholic beverages (cider, liqueur, brandy),
purees, candied fruit and bars, jam and
marmalade, dehydrated and lyophilized
products, cakes or pastries, kiwifruit leathers
(Cassano et al., 2007; Guroo et al., 2017). In
Figure 2, processing possibilities of kiwifruit
can be observed.

The freeze-drying process, using lower
temperatures and reduced pressure, is more
expensive, but allows a much better retention
of bioactive ingredients (Morais et al., 2018;
Tylewic et al., 2020).

Actinidia deliciosa - the green kiwifruit is not
usually processed due to the fact that the
chlorophyll responsible for the attractive green
colour gets destroyed during processing
(Torreggiani et al., 1994).

Also, the characteristic flavour of green
kiwifruit gets lost. Actinidia chinensis - the
golden kiwifruit has become an alternative to
food processors. In terms of processing, 'Jintao'
variety has shown good results, the yellow
colour of the fruit survives well in processed
products like juices and jams (Guroo et al.,
2017).

However, high prices currently fetched by
yellow-fleshed kiwifruit reduces the processing
options. For the fruits that do not meet quality
standards of the fresh fruit market, processing
can be an alternative for adding value to the
product.

Small quantities of fruit that do not meet grade
standards are used for cosmetics or
nutraceuticals (Guroo et al., 2017).

Although in our country the foods based on
kiwi fruit are quite few, worldwide the range of
commercial products is very wide. In Figure 1
some of the products found on the shelves of
Chinese stores are presented: a) kiwi cider; b)
bars and jellies; c¢) 1-3 jam; d) - i) candied or
dehydrated fruits; j) kiwi honey; k) lyophilized
fruits.
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Figure 1. Kiwifruit products, China 2019

The fruits of Actinidia deliciosa are less used in
the production of products, such as juices or
jams, than those of Actinidia chinensis, due to
chlorophyll, which is destroyed during
processing (Torreggiani et al., 1994).

Guine and Seabra (2017), created two types of
kiwi-based nutritional bars (plain and walnut)
and analysed consumer preferences. They
capitalized on the pulp of kiwi fruit not in
accordance with marketing and consumption
fresh (in terms of shape and size).

To evaluate the sensory profile, the following
attributes were analyzed on a 5-point hedonic
scale: consistency, texture, intensity of kiwi
flavor, kiwi taste, acidity, sweet taste and
homogeneity.

A preference test was also performed to iden-
tify the preferred sample of consumers. The
conclusions of the study were - simple kiwi
bars were much more appreciated, especially in
terms of color, consistency, texture and
homogeneity (Guinea and Seabra, 2017).

In order to assess the sensory properties of
some dehydrated kiwi fruits, at different

Compote

Uqueur  Jam/
marmalade

temperatures (50°C, 60°C, 70°C and 80°C),
descriptive  sensory profile tests were
performed, the evaluated sensory attributes
being: colour intensity, aroma intensity, sweet
taste, sour taste and bitter taste, texture, general
appearance (Correia et al., 2017). Chakraborty
et al. (2020), using a hedonic scale of 9 points,
determined the degree of consumer acceptance
for freeze-dried kiwi fruit and obtained the
following results: for sweet taste an acceptance
rate of 68.18%, for sour taste - 90.91%, salty
taste - 100%, bitter taste - 100%, aroma -
95.45%, texture - 77.27% and for the overall
impression - 81.82%.

Hussein et al. (2017) analyses consumers'
perception of natural kiwi juice, which can be
considered a functional drink, due to its high
content of antioxidants and vitamins. Consumer
preferences on the colour, taste, aroma and
overall appearance of natural kiwi juice
indicate the possibility of widespread
marketing of this product.

For kiwi products such as jams, marmalades,
jams, the combination with other types of fruit
can improve the colour and flavour of dishes.

In studies on consumer perception, Reddy et al.
(2015), analysed parameters such as - general
appearance, taste, aroma, texture, colour,
consistency, aftertaste, overall acceptability.
Regarding the drinks obtained from kiwifruit,
Hande and Chavan (2019) mentioned in their
study some results on consumer preferences
regarding colour, appearance, consistency,
aroma and overall appreciation of products.

A major impact on consumers' perception of
products is also the packaging or the form of
presentation, which can influence the association
between colour and flavour (Wan et al., 2014).

candied
\
A Freeze

1 2 3 4 5 6 7 months

Kiwifruits
long shelf-iife

Figure 2. Processing possibilities of kiwifruit
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According to Soufleros et al. (2001), the
sensory evaluation of kiwi wines and the
statistical analysis of the results showed that:
the sweetness is significantly affected only by
the amount of sugars, while the role of alcohol
is marginal. Sensory alcohol is significantly
influenced by sugars, alcohol and CO2, while
carbon dioxide, viewed as a sensory indicator,
was not found to be statistically influenced by
any chemical factor examined.

The conclusions of the studies showed that the
acceptability of kiwi wines is higher if they
contain 10% vol. alcohol, more than 30 g/l
sugars and 0.5 bar COz (Soufleros et al., 2001).

CONCLUSIONS

Kiwifruit contains high levels of bioactive
compounds such as vitamin C, vitamin E,
flavonoids, antioxidants, carotenoids, minerals
and fibbers, he becoming popular worldwide
for fresh consumption due to its high sensory
and nutritional properties.

Even fresh fruits are available through the year
(being cultivated both in North and South
hemisphere, and having a good storage life —
over 6 months), kiwifruit is largely processed.
The main processing possibilities for kiwifruit
worldwide are juices, nectars, syrups, alcoholic
drinks (cider, liqueur, brandy), candies and fruit
bars, jam and marmalade, patisseries (cakes,
cookies), dehydrated and lyophilized products.
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Abstract

Pietroasa wine-growing region is characterised by their particular natural environment, such as climate, soil
properties, and a human factor, deciding on the use of grapevine cultivars and viticulture practices. The database
underlying this study includes climatic factors and indicators that are considered to be defining for the climatic
suitability of a geographic area. They are: solar insolation (hours/1.04-30.09), annual average temperature (°C), the
hottest month average temperature (°C), the sum of fractions of average daily temperatures above 10°C for the period
from st April to 30 September (2tu°C), average rainfall for the period from 1st April to 30 September (mm), the length
of bioactive period (mm), the heliothermal index (IHr), the bioclimatic index (Ibcv) and the index of oenoclimatic
aptitude (IAOe). Significant changes were noticed when comparing recent climatologic period (2010-2020) to the
reference climatological period (1958-2009).

Key words: viticulture; climate change, bioclimatic indices.

INTRODUCTION information about climate changes impact on
viticulture (Malheiro et al., 2010). One of the
Climate change is a global phenomenon,  most widely used indices is temperature - based

triggered at the beginning sec. XX, against the ~ Winkler index (WI), using a growing degree
background of the increase of the industrial  base of 10°C (growing degree-days; GDD), to
activity. It manifests through increasing the air ~ place viticulture in the context of climate
temperature, changing the precipitation regime, suitability (Winkler, 1944).
the increase of insolation and solar radiation, as  The Cool Night Index (CI), which accounts for
well as the intensification of the phenomena  minimum temperatures during grapevine
extreme weather conditions (IPCC, 2013). maturation period, is also one of the strictly
Climate is the critical component of ferroir  thermal indices (Tonietto, 1999; Tonietto &
limiting grape and wine production, which also  Carbonneau, 2004). Using a degree-day
determine suitability of particular grapevine approach, with the inclusion of a day-length
(Vitis vinifera L.) varieties for wine production  factor as a proxy for radiation, the Huglin
in the particular winegrowing region  Heliothermal Index (HI; Huglin, 1978) allows
(Gladstones, 1992). Impact of change climate  assessing the thermal potential of a given
on viticulture is major; the change in phenology ~ region. HI can help in determination of the
vines; the growth alcoholic potential and  thermal demands for the ripening of each grape
decrease in the total acidity of the must; lower  variety, also reflecting the potential grape sugar
predictability of output size and quality wine;  content.
earlier maturation of grapes, with altered colour
and their aromatic profile; profile change well- MATERIALS AND METHODS
known organoleptic of wines.
Several bioclimatic indices are commonly used ~ For this study, there were used weather date
in vineyard zoning and in aim to describe  recorded for a period of 10 years (2010-2020)
suitability of climate of different winegrowing and use the database for period 1961-2020.
regions (Jones et al., 2009). Bioclimatic indices Bioclimatic indices were calculated: the
are also useful metrics to provide the  average temperature of the growing season
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(AvGST), Growing degree-days (GDD or WI)
according to Winkler et al. (1974), Huglin
index according to Huglin (1978), Cool night
index (CI) according to Tonietto (1999) and
Tonietto and Carbonneau (2004) and
maximum/minimum temperature and the
amount of precipitation in growing season.
Average growing season temperature according to
Jones (2006) (AvGST):
I/N Y, ((Tmax +Tmin)/2)
Growing degree-days (GDD or WI) according
to Winkle et al. (1974):
WI=Y(Tmax+Tmin)/2-10°C ;
Tmax — maximum daily temperature
Tmin — minimum daily temperature
Huglin Index (HI) according to Huglin (1978):
Y ((Tavg-10°C)+(Tmax-10°C))/2%k ;
Tavg - average daily temperature
k — Latitude, daylight adjustment factor
Cool night index (CI) according to Tonietto
(1999) and Tonietto and Carbonneau (2004):
CI=1/N Y, Tmin;
N — number of days in the period
To calculate the agro-climatic indices, the
database of the Pietroasa Research Station was
used.
Bioclimatic indices were evaluated based on
the listed class levels:

Period/classes definition
April-October
Too cool < 13°C

Index

Average growing

season temperature Cool 13 - 15°C
(TGS) Jones Intermediate 15-17°C
(2006) Warm 17-19°C
Hot 19-21°C
Very hot 21-24°C
Too hot > 24°C

Growing degree -
days (GDD or WI)

Region I <1390
Region II 1391 - 1670

Winkler et al. Region ITI 1671 - 1940 Region IV
(1974) 1941 - 2220 Region V > 2220
Index Periode/classes defination

April-September
Huglin index (HI) Very cool (HI-3) < 1500

Huglin (1978) Cool (HI-2) 1500 - 1800
Temperate (HI-1) 1800 - 2100
Temperate warm (HI+1)
2100 - 2400
Warm (HI+2) 2400 - 2700 Very
warm (HI+3) > 2700
Periode/classes defination
September
Very cool nights(CI+2)<12°C
Cool nights (CI+1) 12 - 14°C
Temperate nights (CI-1)

14 - 18°C
Warm nights (CI-2) > 18°C

Index

Cool night index
(CI) Tonietto
(1999)
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In addition to bioclimatic indices, it was take
into account:

Maximum temperature in growing season T°C
April-October period;

Precipitation in growing season (mm) April-
September period.

RESULTS AND DISCUSSIONS

Temperature is a primary environmental factor
that plays a key role in affecting several plant
physiological processes including phenology,
vegetative growth, flowering and fruit set, crop
development, yield and quality.

The wine-growing Pietroasa region belonged to
intermediate climate based on AvGST for
reference period 1961-1990, ranging from 16°C
to 16.69°C. Regarding the period from 1990-
2010 values ranged from 16.69°C to 17.63°C
meaning that region moved to another variety
favourability class fall into warm climate
according to AvGST. The growing season
temperature increased by 0.72°C from 16.69°C
between 1961-1990 to 17.42°C between 1990-
2020

Recent climatological period 2010-2020,
AvGST values ranged from 17.07°C (2010) to
18.71°C (2012), thus maintaining region in
warm climate (Figure 1).

AVGSTT °C

Period 1961-1990 =16 59
Period 1990- 2010 = 17.63°C
Peripge 1990-2020% 17,42

18.71

17.9

17.29

B 16.41

16

2008 2010 2012 2014 2016 2018 2020 2022

Figure 1. AvGST in period 2010-2020

The Winkler Index, sometimes known as the
Winkler Scale or Winkler Regions, is a
technique for classifying the climate of wine
growing regions based on heat summation or
growing degree-days. Regarding climatological
period 2010-2020, values ranged from 1662 to
1825 GDD, which means that Pietroasa belongs
to Winkler region IIl. These results show that
the region is favourable for high production of



standard to good quality table wines (Figure 2).
Along with local varieties in Pietroasa wine-
growing region are found favourable conditions
for international varieties ‘Chardonnay’, ‘Pinot
noir’, ‘Sauvignon Blanc’, ‘Riesling’, ‘Cabernet

Sauvignon’, ‘Merlot’, ‘Semillion’, ‘Syrah’,
‘Chardonnay’,  ‘Tempranillo’,  ‘Grenache’,
‘Barbera’.

INDEX WINKLER Region IlI

1850

1800

1750

1700

1650

1600

1550
2009

2011

2013 2015 2017 2019 2021

Figure 2. Index Winkler
in period 2010-2020

The Huglin heat sum index (or after Huglin
respectively is warmth index or short Huglin
index,) in which the temperature sum over the
temperature threshold of 10°C is calculated and
then summed for all days from beginning of
April to end of September. The calculation uses
both the daily average temperatures and the
maximum temperatures and slightly modifies
the calculated total according to latitude. Each
grape variety needs a certain amount of heat in
order to be cultivated successfully in the long
term in a given area. According to the Huglin
index for the period 2010-2020, Pietroasa
belongs the area temperate warm (HI+1). In
ranging from 2243 (2016) and 2345 (2020). In
the year 2012 the index Huglin was 2640 which
indicates the change of region in warm (HI+2)
(2400 - 2700) (Figure 3). Considering HI, there
are certain limits regarding growing of different
grape varieties. Varieties such as ‘Cinsault’,
‘Syrah’, ‘Grenache’, ‘Carignan’, ‘Mourverdre’
needs to be grown in temperate warm (HI+1)
climate to reach maturity.

Regarding this, such varieties are suitable for
growing in Pietroasa wine region, important
aspect for zoning and other varieties in this
wine area.
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Figure 3 Index Huglin in period 2010-2020

Cool night index ranged from 15.8°C to 20.0°C
in period 2010-2020 which shows us that they
are temperate nights CI-1 there is an
intermediate condition between viticulture
climates cool nights and warm nights. The cool
night index has an upward trend (Figure 4).

It is important monitoring this index for the
next years for evaluation the qualitative poten-
tials of wine-growing Pietroasa region, espe-
cially in relation to the secondary metabolites
of grapes (polyphenols, aromas), responsible
for the colour and aromas of grapes and wine.

Cool night index (Cl)

25
20
15

10

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 4. CI in period 2010-2020

In  wine-growing Pietroasa region, the
maximum temperatures in the summer often
reach 33-39 °C for growing season (Figure 5).
This high level causes the photosynthesis
process to be blocked and the respiration and
evapotranspiration processes to intensify. The
heat also hastens ripening, producing grapes
with bolder flavours, more sugar, and wine
with more alcohol and short on taste and
aroma.
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Figure 5. Maximum temperatures in period 2010-2020

While climate and humidity play important
roles as well as the soil, a typical grape vine
needs 635 to 890 mm of water a year, occurring
during the spring and summer months of the
growing season, to avoid stress. If much of the
vines water needs are met by rainfall, the
distribution rather than the total amount of
rainfall is important. In wine-growing Pietroasa
region, the precipitation has been increasing
since 1961. In period 1961-1990 multiannual
average of precipitation in growing season was
373 mm, in period 1991-2010 multiannual
average of precipitation in growing season was
377 mm and in period 2010-2020 multiannual
average of precipitation in growing season was
394 mm.

The precipitation within a wide range, uring
the growing season (April 13- September 30™)
slightly increased between 1961-2020, with an
average of about +21 mm.

The results obtained in the period 2021-2020
(Figure 6) show that there is a tendency to
increase precipitation during flowering (late
May to early June) and the installation of
excessive drought starting with August during
the ripening of the grapes.

200
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Figure 6. Amount of precipitation (mm)
in period 2010-2020

Although the amount of annual precipitation is
optimal, their uneven distribution during in
growing season period causes them to lead to a
physiological stress of the vine.
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CONCLUSIONS

This study provides detailed analysis of
bioclimatic indices in Pietroasa winegrowing
regions. The growing season temperature
increased by 0.72°C from 16.69°C between
1961-1990 to 17.42°C between 1990-2020. In
period 2010-2020 values ranged from 1662 to
1825 GDD, which means that Pietroasa region
belongs to Winkler region II1.

According to the Huglin index for the period
2010-2020, Pietroasa belongs the area
temperate warm (HI+1). In ranging from 2243
(2016) and 2345 (2020). In the year 2012 the
index Huglin was 2640 which indicates the
change of region in warm (HI+2) (2400 - 2700)
The precipitation in growing season, increased
by +21 mm between 1961-2020

Regardless of the geographical region and the
type of climate specific to it, climate change is
expected to alter the specificity of vineyards
and will change the boundaries of DOC wine
production areas
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Abstract

In the 2019 year, the phenology of the white and black grape varieties for wine was studied, from Medgidia centre and
the fertility elements for each variety were determined. Also, the climatic elements specific to 2019 compared to the
multiannual average were studied. The year 2019 recorded values close to or higher than the multiannual average for
almost all climatic elements, except for the sum of annual rainfall from the vegetation period, where the values are
much lower, this year being a deficit in rainfall. According to the value of the Real Heliothermic Index (IHr) of 3.13, the
vear 2019 registered optimal values for the vine. The study shows that: white varieties for wine, sprouted early, between
15 April (‘Chardonnay’) and 17April (‘Muscat Ottonel’); black varieties, sprouted between 15 April (‘Merlot’) and 18
April (‘Cabernet Sauvignon’); the white varieties bloomed on 5 June (‘Merlot’) and 7 June (‘Cabernet Sauvignon’); the
ripe, occurred on different dates for different varieties; full maturity was in 8 September for white varieties and between 17-21
September for the black. For the varieties studied, the largest number of fertile shoots were for ‘Muscat Ottonel’ (22).

Key words: fruit elements, phenology, ripe, thermal balance.

INTRODUCTION

Cernavoda, Murfatlar and Medgidia vine
centers are part of the Murfatlar vineyard, the
only vineyard located in the south-eastern part
of Dobrogea spreading on both sides of the
Carasu valley. The research in the viticultural
field has shown that external ecological factors
act on the vine plants. Therefore, there are
analysed: - climatic and atmospheric factors,
which include: the light, air temperature,
atmospheric humidity, precipitation and winds;
- pedological factors: soil temperature, soil
humidity and air, and physico-chemical
characteristics of the soil; - orographic factors:
the relief, slope of the land, exposure and
altitude; -biotic soil factors composed of:
phytocenosis, zoocenosis, microbocenosis,
fungocenosis,  parasitocenosis.  Ecological
conditions listed above, influence each
phenophase in each period of the annual
biological cycle of the vine (Oslobeanu et al.,
1980; Olteanu, 2000; Dejeu, 2004; Bucur,
2011). In many wine-growing areas, were
recorded more changes in the climate as a result
of the high average temperatures, due to low
precipitations (Stroe and Cojanu, 2018; Bucur
et al., 2019; Badulescu et al., 2020).

MATERIALS AND METHODS

The climatic factors evolution in the ecosystem
of Medgidia wine center (like temperature,
rainfall, humidity, insolation and so on) was
monitored using the Weather Master 2000
performance meteorological station; all climate
factors in 2019 were compared with the
multiannual average from 1999-2018;

The working material was represented by four
vine varieties: ‘Chardonnay’ and ‘Muscat
Ottonel’- grapes for white wine and ‘Cabernet
Sauvignon’ and ‘Merlot’- grapes for red wine.
All these varieties are grafted on the rootstock
Berlandieri x Riparia Oppenheim Selection 4
and planted at 2.2 m distances between rows
and 1.1 m between plants in a row; the area of a
vine nutrition is 2.42 m?; the vine number/ha
4,132; rows orientation N-S; support system:
concrete pillars; number of wires: 6 (two load-
bearing wires and two double rows for off
shoots directing); trunk highness: semi-tall with
70 cm; driving form: double Guyot;

The phenological behaviour of the above-
mentioned varieties from the Medgidia wine
center and the calendar delimitation of the
phenophases were followed in the existing
plantations (BBCH Monograph, 2018);
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For twenty-five vines of each variety, it was
performed the fertility elements statistic (total
shoots/vine, fertile shoots, sterile shoots, total
number of inflorescences, percentage of fertile
shoots (FS%), relative and absolute fertility
coefficients and relative and absolute
productivity indices). The relative fertility
coefficient was calculated according to the
formula (Oslobeanu et al., 1980; Bucur, 2011;
Badulescu et al. 2020):

no. of inflorescences on the vine plant
total no. of shoots (fertile + sterile)

and absolute fertility coefficient:
nr. of inflorescences on the vine plant

total nr. of fertile shoots on the vine plant —

In order to calculate the productivity indices,
the fertility coefficients were multiplied by the
weight of a bunch of grapes (in grams) for each
variety (Badulescu et al., 2020);

The standard deviation was calculated using the
formula:

=STDEV (number 1; number 2).

RESULTS AND DISCUSSIONS

Climate characterization of the 2019 year:
The vintage 2019 year started with an average

During the vegetation period, the thermal
balances (global, active and useful) registered
values were above the normal average of the
year (Table 2).

Table 2. The thermal balances (global, active and useful)
in 2019 during the vegetation period compared with the
multiannual value (1999-2018)

Global (£°C) Active (X°C) Useful (X°C)
Month | Multiann 2019 Multiann 2019 Multiann 2019
value value value

v 369.7 374.2 219.8 3315 53.8 81.5

v 513.7 623.4 5137 623.4 203.7 3134

VI 620.1 811.2 620.1 811.2 328.1 511.2
il 726.3 829.0 726.3 829.0 416.3 519.0
VI 671.0 853.1 671.0 853.1 361.0 543.1

X 521.2 685.8 521.2 685.8 2527 385.8
z°C 3,422 4,176.7 3,303.6 4,134 1,615.6 2,4354

In the table 2 it is observed that, in 2019, the
global thermal balance was 4,176.7°C
compared to multiannual value of 3,422.0°C;
the active thermal balance was 4,134.0°C, with
830°C higher than the multiannual value, and
the useful thermal balance was almost 820°C
higher than the multiannual value. The main
climatic elements of 2019 compared to the
multiannual average (1999-2018) are presented
in the table 3.

Table 3. Synthesis of the main climatic indices of 2019
year compared to multiannual averages (1999-2018)

The climatic elements analysed Multiann 2019
temperature over the normal average of the average
period_ There was an absolute minimum of - Global thermal balance (£t°g) 4,790.7 5,058.6
o . . . Active thermal balance (Xt°a) 4,300.7 4,134.0
10.5°C, which did not affect the fruit buds and 5 i cimat batance (zew) 2.1789 | 23540
the viability being 100%. July average temperature °C 255 26,7
Temperatures over 10°C higher than normal | Augustaverage temperature °C 244 24.7
. . September average temperature °C 19.3 22.8
were recorded throughout the Vegetatlon perlOd, Temperature min. absolute in air °C -22.0 -10.5
which led to a normal growth and deVelopment Temp. min. abs. at the soil surface °C -15.5 -15.0
fth . Table 1 Annual average temperature °C 13.0 1.8
0 € vine ( apble ) Maximum air temperature °C 44.0 39.0
¥ of annual rainfall, mm 522.6 270.6
Table 1. Thermal regime in air and in soil in 2019 % of rainfall, in the vegetation period, mm 3242 139.6
compared with the multiannual average (1999-2018) > of the hours of insolation in vegetat. per 1,612.1 1,329.7
Max. average of temperature in August, °C 30.8 33.8
Air temperature °C Soil temperature °C X. temp. in I-st and II-nd decades of June 22.9 26.3
Month Wai;ﬁ:*gc— Abs. | Abs W:;Tlgc— Abs. | Abs Nr of days with maximum temp. > 30°C 51.0 98.0
average 2019 | max | min. |0 | 2019 | max min. Duratioq of the ?iqactive period, days 188.4 162.0
1 0.5 25 | 169 |-105 0.7 25 224 15 Real heliothermic index (IHr) 3.6 3.13
11 1.3 5.8 | 208 | 5.6 3.4 6.6 335 8.6 Hydrothermal coefficient (CH) 0.8 0.3
11 42 108 | 27.0 | -5.5 8.1 132 49.6 -8.4 Bioclimatic index (Ibcv) of vine 13.2 24.3
v 10.5 12.5 | 274 | -4.50 132 17.1 53.9 -8.2 Oenoclimatic index (IAOe) 5,178.6 5,574.1
‘\;I 162 20.11 i;f: 174-59 ;‘7’2 522 233 142-13 Heliothermic Index (HI) Huglin 3,130.1 3,063.6
20.4 27.0 5 . . 3 A . - B
Vil 26 | 267 [389 | 144 [ 313 346 | 701 | 102 Night Cooling Index (IF) O:)iﬁal R;:{g“
vin 22,6 244 | 390 | 145 29.6 366 695 102 The year characterization values for deficit. Rich
X 17.6 | 228 | 36.1 | 7.0 216 285 | 675 27 the vine, in heliother-
Annual rich water mal
average 12.8 16.9 | 39.0 | -10.5 17.3 22.1 70.1 -15.0 resources resources
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Due to

especially by extreme values
30°C.

frequently

The

excessively  high

temperatures,
associated with prolonged pedological and
atmospheric drought, the varieties showed a
tendency of entering quickly in ripe (end of July
— the beginning of August), a phenomenon
caused by very high air temperatures and
exceedingly

phenomenon

is

accentuated when there is a water deficit, as it
happened in 2019 (Table 3). According to the
table 3, the registered values of 2019 year were
close to or higher than the multiannual average

for almost all climatic elements, except the sum
of annual and vegetation rainfall, where the
values are much lower, this year being a deficit
in rainfall. According to the value of the Real
Heliothermic Index (IHr) of 3.13, the 2019 year
registered the optimal value for the vine.
Phenological behaviour of the studied white and
black varieties:

The phenological behaviour of the white and
black varieties studied during the vegetation
period and their calendar delimitation (BBCH
Monograph, 2018) is presented in the table 4.

Table 4. Phenological behaviour of the white and black varieties studied during the vegetation period varieties in the
Medgidia wine center/2019

Phenophase/Calendar data Duration of the
Variety Year vegetation period (days)
Sprout Blooming Ripe Full Harvest Leaf fall Sprout- Sprout-
maturity Full Leaf fall
maturity
White varieties
‘Chardonnay’ [ 2019 | 1504 | 0406 [ 13.08 [ 08.09 [ 1209 [ 23.10 | 146 [ 191
‘Muscat Ottonel’ | 2019 | 18.04 | 0406 | 1108 | 0809 | 12.09 | 2510 | 143 | 188
Black varieties
‘Cabernet Sauvignon’ | 2019 [ 18.04 | 07.06 [ 1908 [ 2109 [ 2509 [ 2310 | 156 | 188
“Merlot’ [ 2019 | 1504 [ 0506 [ 1708 | 2009 [ 2509 [ 2310 | 158 [ 191
The data from the table 4 indicate that: the black varieties; harvesting began on September

white and black varieties, sprouted at about the
same time first in April 15, ‘Chardonnay’ and
‘Merlot’, followed by ‘Muscat Ottonel’ and
‘Cabernet Sauvignon’ in April 18. The white
varieties bloomed on the same date, June 4, and
the black ones at different date (June 5 for
‘Merlot” and June 7 for ‘Cabernet Sauvignon’.
Among the four varieties, ‘Muscat Ottonel’
reached the ripe earliest August 11, followed by
‘Chardonnay’ August 13 and then ‘Merlot’ on
August 17 and ‘Cabernet Sauvignon’ on August
19. Full maturity was reached on September 8
for white varieties and after 12-13 days for the

12 for the both white varieties and after two
weeks for the black varieties. Leaf fall began on
October 23 for black and white ‘Chardonnay’
varieties and two days late for ‘Muscat
Ottonel’. The days number of the vegetation
period (from sprout-full maturity, and to sprout-
leaf fall) was different for the different varieties
(158 days for ‘Merlot” and 191 days for
‘Merlot’ and ‘Chardonnay’).

Statistics of the fruit elements

Table 5 shows the averages of the data resulting
from the evaluation of the fruit elements
statistics for the studied varieties.

Table 5. Statistics of the fertility elements and their standard deviation of the black and white varieties in the Medgidia
wine center/2019 year

Variety / Total Fertile Sterile Total no. % RF.C* A.F.C" | weightof R.P.I API
Average (X) or. of Shoots Shoots of inflores- Fertile a grape
Shoots cences Shoots (2)
White varieties

‘Chardonnay’ X 24 19 S 28 79 1.2 1.5 91 116 144
STDEV* 3] 0.8485 0.9380 0.9380 0.9164 0.7483 0.1154 0.1252 0.8944 0.9860 0.9120

‘Muscat Ottonel” X 26 22 4 34 84 1.3 1.5 84 109 126
STDEV* o 0.8447 0.9759 0.9583 0.9514 0.8904 0.2136 0.1348 0.9730 0.8650 | 0.9801

Black varieties
‘Cabernet 22 19 3 33 86 1.5 1.7 88 132 150
Sauvignon’ X

STDEV* [9) 0.9583 0.9380 1.058 0.9828 0.9174 0.2653 0.5463 0,9514 0.9964 0.9531

‘Merlot’ X 24 20 4 26 89 1.1 1.3 94 103 122
STDEV* o 0.8484 0.9534 0.9583 0.8325 0.9638 0.2034 0.3142 0.9797 0.7626 | 0.8990

“R.F.C/A.F.C - Relative /Absolute fertility coefficient; R.P.I /A.P.I - Relative /Absolute productivity indices; STDEV-standard deviation

111




In the case of white varieties, the highest total
number of shoots (26) was at ‘Muscat Ottonel’
variety and of those, 22 were fertile shoots that
had a number of 34 inflorescences, with 6
inflorescences more than the ‘Chardonnay’
variety, while the ‘Cabernet Sauvignon’
compared to ‘Merlot’ had a smaller number of
total shoots (22) a smaller number of fertile
shoots (19), but had a larger number of
inflorescences (33), with 7 inflorescences more
than ‘Merlot’. The highest percentage of fertile
shoots had the black varieties ‘Merlot’ (89%),
then ‘Cabernet Sauvignon’ (86%) followed by
the white varieties, ‘Muscat Ottonel’ (84%) and
‘Chardonnay’ (79%). Also from the table 5 we
can see that: at the white varieties the absolute
fertility coefficient had the same value (1.5), but
due to the weight of the grapes the highest
absolute productivity index was calculated for
Chardonnay and for the black varieties the
highest fertility coefficients and productivity
indices were founded for ‘Cabernet Sauvignon’
(150) and the lowest for ‘Merlot’ (122); all the
values calculated for standard deviations were
subunit and these data show that the dispersion
is close to their average value.

CONCLUSIONS

The registered values of the 2019 year from the
climatic point of view were close to or higher
than the multiannual average for almost all
climatic elements, except the sum of annual and
vegetation rainfall, where the values were much
lower, this year being a deficit one in rainfall.
According to the value of the Real Heliothermic
Index (IHr) of 3.13, the 2019 year registered the
optimal value for the vine.

In 2019, in the Medgidia wine center, we
studied the phenological behaviour of four

white and black varieties for wine:
‘Chardonnay’, ‘Muscat Ottonel’, ‘Cabernet
Sauvignon’ and ‘Merlot’.

The phenophases of sprouting, blooming,

ripening and full maturity, were produced at
similar data for white varieties and red.

In the same time, we performed the fertility
elements statistics of the varieties (total
shoots/vine, fertile shoots, sterile shoots, total
number of inflorescences, % fertile shoots,
relative and absolute fertility coefficients and
relative and absolute productivity indices).

The entire study was done in existing
plantations

The highest average of fertile shoots was found
at the variety ‘Muscat Ottonel’, 22 fertile
shoots/vine. The highest percentage of fertile
shoots had the black varieties ‘Merlot’ (89%),
then ‘Cabernet Sauvignon’ (86%) followed by
the white varieties, ‘Muscat Ottonel’ (84%) and
‘Chardonnay’ (79%). The highest fertility
coefficients and productivity indices were found
for ‘Cabernet Sauvignon’ and the lowest for
‘Merlot’.

All the values calculated for standard deviations
were subunit and these data show that the
dispersion is close to their average value.
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Abstract

Although organic viticulture has slowly developed in last decades, especially in Europe, with Italy, France, and Spain
as main promoters, in Romania organic viticulture is still at the beginning. The research focused on the main
technological sequences (soil management, fertilization, disease, and pest control) in conventional and organic
viticulture and the influence on leaf area, yield, grape quality, management costs, and profit in ‘Cabernet Sauvignon’,
‘Feteasca Neagra’, ‘Pinot Noir’, ‘ltalian Riesling’, and ‘Chardonnay’ wine varieties from Recas-Petrovaselo
Vineyards. Variants from organic grapevine registered lower yields compared to the conventional ones, without
significant differences in the grapes quality. The management and production costs were higher in the organic
viticulture plots, but also the profit was higher due to demand and the higher price of wine. Organic viticulture, through
the correlation of the technological sequences with the requirements of the varieties and natural resources from the
growing area, has great chances to spread more and more based on the demand and the development of a stable market
in Romania.

Key words: organic viticulture, quality, cost, profit, grapevine.

INTRODUCTION the soil, environment and wine—based products

(Bindi & Nunes, 2016; Azorin & Garcia,
Viticulture is an intensive sector of horticulture =~ 2020). By optimizing the organic vineyard
characterized by a high degree of land use management result lower pollutant emissions,
(Roselli et al., 2020). However, in recent years,  without significant differences in grape
organic viticulture is beginning to spread on  production, quality and economic indicators
larger areas (Meissner et al, 2019). The compared to  conventional  viticulture
organic viticulture is mostly concentrated in  (Baumgartner et al., 2007). European research
Europe (over 85% - OIV, 2019); among the  in recent years has provided winegrowers with
European countries, Spain, Italy, and France  various soil management solutions with lower
encompassed the majority of organic grapevine  fuel consumption and less aggressive with the
growing areas (Mann et al., 2012). In Romania,  soil and the environment (Dobrei et al., 2015).
organic viticulture is just at beginning, with  Also, there are currently effective alternatives
very few  vineyards converted from  for replacing the conventional fertilizers and
conventional viticulture (Dobrei et al. 2018). classic schemes for diseases and pests control,
Therefore, only few studies exist concerning  to can obtain quantitative and qualitative grape
the research results in organic viticulture and  production  compared to  conventional

grape yield. viticulture, in more environmentally friendly
Organic viticulture can be differentiated from  conditions (Merot et al., 2020). However, these
conventional one by soil management, new solutions must be chosen -carefully,

fertilization, disease and pest control (Merot &  according to each variety particularities, the
Wery, 2017). In addition, vineyard pedo-climatic resources of each grape-growing
management, have an important share in the  area and the technical and financial possibilities
grape production costs, and also require the  of each vineyard (Dobrei et al., 2016).

higher inputs with possible polluting effect on
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MATERIALS AND METHODS

The research was carried out in the Recas Wine
Center, Petrovaselo area, in a full maturity
vineyard in expectation for conversion to
organic viticulture, during 2016-2018.

The research focused on the main technological
sequences  which are different from
conventional to organic viticulture, namely:
soil management system, fertilization, diseases
and pest control. Separate experiments were
organized for each technological sequence, in
order to observe the impact and the differences
between the variants for conventional and
organic viticulture. The weight and impact of
the three technological sequences were also
observed separately. The planting distances
were 2.2 meters between rows and 1 meter
between vines on row resulting 4545 vines
density per hectare.

The main varieties cultivated within the
vineyard (‘Cabernet Sauvignon’, ‘Feteasca
Neagra’, ‘Pinot Noir’, ‘Italian Riesling’ and
‘Chardonnay’) were observed for suitability to
the requirements of organic viticulture in the
soil and climate conditions of the local
grapevine growing area. Observations and
determinations were made on the influence of
experimental ~ variants on  physiological
indicators (leaf area, photosynthetic efficiency),
on grape production and quality, as well as on
economic indicators (total costs, production
value, production cost and profit). Leaf area
was measured by LI- 3100C leaf area meter
(LI-COR, Biosciences GmbH, Bad Homburg,
Germany). Phothosynthetic efficiency was
determined by gas exchange measurements on
vine leaves with a portable steady-state gas-
exchange system (Li-6200, Licor, USA).

All data were statistically processed by using
XLStat statistical software 16.0.6741.2048
version. Pearson correlation was performed to
examine the relationship among measurements
and yield components. PCA (Principal
Component Analysis) illustrate the relationship
among different variables (IR/C= ‘Italian
Riesling” Control; IR/H = ‘Italian Riesling’
Herbicides; IR/T+H = ‘Italian Riesling” Tillage
+Herbicides; IR/M= ‘Italian Riesling’ Mowing;
IR/O= ‘Italian Riesling” Organic; C/C=
‘Chardonnay’ Control; C/H = ‘Chardonnay’
Herbicides; C/T+H ‘Chardonnay’ Tillage
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+Herbicides; C/M= ‘Chardonnay’ Mowing;
C/O= ‘Chardonnay’ Organic; FN/C= ‘Feteasca
Neagra’ Control; FN/H = ‘Feteasca Neagra’
Herbicides; FN/T+H ‘Feteasca Neagra’
Tillage +Herbicides; FN/M= ‘Feteasca Neagra’
Mowing; FN/O= ‘Feteasca Neagra’ Organic;
CS/C= ‘Cabernet Sauvignon’ Control; CS/H =
‘Cabernet Sauvignon’ Herbicides; CS/T+H =
‘Cabernet Sauvignon’ Tillage +Herbicides;
CS/M= ‘Cabernet Sauvignon” Mowing; CS/O=
‘Cabernet Sauvignon’ Organic; PN/C= ‘Pinot
Noir’ Control; PN/H = ‘Pinot Noir’ Herbicides;
PN/T+H = ‘Pinot Noir’ Tillage +Herbicides;
CS/M = ‘Pinot Noir’ Mowing; CS/O= ‘Pinot
Noir’ Organic).

RESULTS AND DISCUSSIONS

The PCA model was applied for leaf area and
photosynthetic efficiency data for determi-
nation the relationship among variables when
different soil management for ‘Cabernet
Sauvignon’, ‘Feteasca Neagra’, ‘Pinot Noir’,
‘Italian Riesling” and ‘Chardonnay’ varieties
was applied.
Leaf area per vine highly influenced (r
0.7570) the photosynthetic efficiency in leaf
area/kg grapes, for ‘Cabernet Sauvignon’ and
‘Feteasca Neagra’ variety in all experimental
variants, while for ‘Italian  Riesling’,
‘Chardonnay’ and ‘Pinot Noir’, the correlation
is negative regardless of soil management
variant.
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Figure 1. PCA correlation biplot for leaf area variability
to soil management methods, during 2016-2018 growing
seasons



The link is also strong between leaf area/vine
and the leaf area/kg sugars achieved in grape
berries (r = 0.7459) in ‘Feteasca Neagra’ and
‘Cabernet Sauvignon’ varieties; in ‘Pinot Noir’,
‘Chardonnay’ and ‘Italian Riesling’, the leaf
area/vine did not influence the leaf area/sugars
ratio. Factor 1 explains 88.63% of the variation
of photosynthetic efficiency for both other
variables (Figure 1).

The higher correlation between leaf areas per
sugars yield in ‘Cabernet Sauvignon’ and
‘Feteasca Neagra’, which are more vigorous
varieties, can be explained by several studies of
Downton et al. (1987), Edsonet al. (1993), Nabi
et al. (2000) or Petrie et al. (2000) which found
that grapes are a strong sink that have the
capacity to stimulates the photosynthetic rate in
grapevine leaves maybe due to the demand for
assimilates.

In Figure 2 it is presented the influence of
different soil management methods on grape
production and components during 2016-2018
growing seasons for the same five wine grape
varieties. Sugars (kg/ha) content is highly
correlated with the grape production (r = 0.905)
in ‘Cabernet Sauvignon’ and especially in
‘Italian Riesling’ for conventional and organic
soil management. Grape production explains
66.25% of data.
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N o —t— r/éf's*/‘!ﬂ: *IR/O
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2,5
-3 -25 -2 -15 -1 05 0 05 1 15 2 25 3 35
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Figure 2. PCA correlation biplot for yield variables
(reaction to soil management methods)
during 2016-2018 growing seasons

Variables with the highest contribution were
sugars content in all grape berries (kg/ha),
grape production and sugars in must (g/l).
Grape production and sugars yield (kg/ha) in
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‘Pinot noir’ variety were negatively influenced
in organic plots and those with herbicides and
mowing soil management; the experimental
plot with ‘Pinot noir’ and soil management by
vegetation mowing has the lowest score.
‘Chardonnay’  variety reaction to soil
management shows the higher variability.
Factor 2 separated the soil management in the
experimental plots and explains only 32.21% of
the results; sugars yield (kg/ha) contributed the
most.

Grape production had positive influence on
sugar yield (kg/ha) (r = 0.9605) but the sugars
(g/1) in the grape must had negative relationship
with grape production and was also highly
negative influenced by acidity (r =-0.9397).
Negative results for organic plots are contrary
to the findings of Susaj et al. (2013) in
Albanian variety ‘Kallmet’, comparing the
organic and conventional soil management, and
recorded higher yield in organic practices
thanks to the improved soil properties

The behaviour of the wine grape varieties
concerning the photosynthetic efficiency when
different fertilizers (green manure, Fertilpolina,
Humus Vita Stallatico and Fertilpolina +
Cropmax) were used during 2016-2018
growing season is presented in Figure 3.
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Figure 3. PCA correlation biplot for wine grape varieties
(reaction to fertilization) during 2016-2018
growing seasons

PCA diagram show that leaf area per vine
influence in acceptable limits the leaf area/kg
grapes (0.7062) and leaf area/kg sugars
(0.6852), mainly in ‘Cabernet Sauvignon’ and
‘Feteasca Neagra’ varieties. ‘Chardonnay’,



‘Italian Riesling’ and ‘Pinot Noir’ varieties had
very low or no reaction to different methods of
fertilization. There is a very strong correlation
between leaf area/kg grapes and leaf area/kg
sugars (r = 0.9749) in ‘Cabernet Sauvignon’
and ‘Feteasca Neagra’ varieties in all
experimental plots (Figure 4).
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Figure 4. PCA correlation biplot for grape yield quality
(reaction to fertilizers) during 2016-2018 growing
seasons

Variables variability is explained in 57.76% by
F1. The higher acidity was registered in ‘Italian
Riesling’ variety (fertilized with green manure)
and the lowest in the ‘Pinot Noir’ control plot
(with highest concentration of sugar in the
must). ‘Italian Riesling’ registered the highest
grape  production in the control and
Fertilpolinat+Cropmax  plots;  the  grape
production in the same plots was highly
correlated with the sugar yield (kg/ha). Very
close results for the same variables and
fertilizers show the ‘Chardonnay’ variety.
‘Pinot Noir’ variety did not register positive
reaction for fertilization with Fertilpolina,
green manure or Humus Vita Stallatico for
none of the variables.

The influence of the diseases and pest control
system on the leaf area and the photosynthesis
efficiency during 2016-2018 growing seasons
is shown in Figure 5.

F1 explained 88.92% of the variability in PCA
for the wine grape varieties leaf area after
treatments (conventional, organic, and mixed)
for diseases and pest control were applied. The
highest leaf area per vine was registered in
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‘Cabernet Sauvignon’ and ‘Feteasca Neagra’
varieties in all three treatments. Moderate leaf
area shown ‘Chardonnay’ and ‘Italian Riesling’
varieties and the lowest leaf area was observed
in ‘Pinot Noir’ variety.
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Figure 5. PCA correlation biplot for leaf area
performance after diseases and pest control treatments
during 2016-2018 growing seasons

The PCA for the grape yield quality variables
during 2016-2018 growing season after
diseases and pest control treatments accounted
for 61.49% of the variability in the dataset
(Figure 6).
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Figure 6. PCA correlation biplot for grape yield quality
after diseases and pest control treatments during 2016-
2018 growing seasons)

The PCA for the grape yield quality variables
during 2016-2018 growing season after



diseases and pest control treatments accounted
for 61.49% of the variability in the dataset

(Figure 6). ‘Cabernet Sauvignon’ variety
registered the highest results for sugar yield
(kg/ha)  and  grape production  (kg/ha),

regardless of treatment, but ‘Italian Riesling’
shown the highest results for the same
variables. Except for ‘Cabernet Sauvignon’
variety, in the other four varieties was found
the highest acidity in organic and mixed
treatments plots. In the grape must from
conventional plot of ‘Pinot Noir’, it was
observed the highest content of sugars (h/l);
however, the ‘Pinot Noir’ grapes from the
organic plot do not show any positive influence

for quality variables after treatments
application.
Organic  grapevine growing create the

microclimate that positively influence the vine
development, grape yield and quality according
to Klimenko et al. (2021) research in
‘Chardonnay’ grapes from Crimea on the
background of natural grass strip middle rows.
Soil management systems, besides being
expensive, pollute the soil and environment

especially if they are not performed with
enough caution (Bindi et al., 2016). Until few
decades, bare soil middle rows were very
common in vineyards, but for economic and
environmental performance, many alternative
possibilities of soil management have emerged,
some, like mowing or cover crops are more
environmentally friendly, while other like
herbicides require less labour despite being
polluting (Dobrei et al., 2015). The influence of
soil management on some economic indicators,
have different impact (Table 1). The highest
production cost of all wine grape varieties was
found for bold soil plot and the lowest
production cost was found in the organic plot.
Concerning the influence of soil management
on the grape production value, the highest
value was obtained for the grapes from the
organic plots, but this value is decisively
influenced by the higher price of organic
grapes. The lowest value of production was
registered for the grapes harvested from plots
maintained by mowing and herbicide
application, mainly due to the lower grape
yield.

Table 1. The influence of the soil management system on the economic indicators in 2018

Variant Total costs Varieties Production costs  Production Profit Difference
Soil management (lei/ha) (lei/ton of value (lei/ha) to control
grapes) (lei/ha) (lei/ha)
Italian Riesling 1230 22700 13500 -
Chardonnay 1300 19650 10450 -
Feteasca Neagra 1270 29340 20140 -
Bare soil (C) 9200 Cabernet Sauvignon 1310 31575 22375 -
Pinot Noir 1270 25119 15919 -
Ttalian Riesling 1070 21080 12960 -540
Chardonnay 1120 18264 10144 -306
Herbicides 8120 Feteasca Neagra 1110 26760 18640 -1500
Cabernet Sauvignon 1150 29535 21415 -960
Pinot Noir 1110 23175 15055 -864
Italian Riesling 1060 22040 13380 -120
Chardonnay 1100 19240 10580 130
Tillage + Herbicides 8660 Feteasca Neagra 1110 28863 20203 63
Cabernet Sauvignon 1110 30687 22027 -348
Pinot Noir 1100 24360 15700 -219
Italian Riesling 1140 20466 12666 -834
Chardonnay 1210 17900 10100 -350
Mowing 7800 Feteasca Neagra 1180 25950 18150 -1990
Cabernet Sauvignon 1240 29130 21330 -1045
Pinot Noir 1180 22350 14550 -1369
Italian Riesling 910 32340 23840 10340
Chardonnay 950 28410 19910 9460
Organic 8500 Feteasca Neagra 940 37500 29000 8860
Cabernet Sauvignon 960 40048 31548 9173
Pinot Noir 940 31880 23380 7461

The most important indicator, profit, also
differs depending on the soil management
system; for all varieties, the maximum profit
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was realised on the organic plots, although, it
did not yield the highest grape production, had
the lowest production cost per plot and the



highest value of grape production. In the
organic plots, the differences from the control
vary between 10340 lei per hectare for the
‘Italian Riesling’ variety and 7461 lei per
hectare for the ‘Pinot Noir’ variety. In the plots
maintained by mowing and herbicide
application, lower profit values were recorded,
compared to the control for all wine grape
varieties. Grapevine fertilization has been
intensively studied, but due to the climate
changes and wvariability, to the soil and
fertilizers diversity, can be further improved,
because there is not a perfect solution for

universal fertilization recipes. Fertilization
must be approached differently from one area
to another, from grape variety to variety and
from one year to another, because there is a
large possibility to find new fertilizers and
formulas to combine them to be more efficient.
The conventional fertilization, generally based
on complex chemical fertilizers, has been
replaced in organic viticulture with other types
of fertilizers, more environmentally friendly,
with a higher recovery rate and with a less
harmful impact on wine products and implicitly
on humans (Table 2).

Table 2. The influence of the fertilization treatments on the economic indicators in 2018

Varict Fertilizers Tota! costs Production costs Production Profit Difference to
¥ (Iei/ha) (lei/ton grapes) value (lei/ha) (lei/ha) control (lei/ha)
Conventional (C) 8850 818 21648 12798 -
Italian Green manure 9400 1039 27147 17747 4949
Riesling Fertilpolina 9200 974 28344 19144 6346
Humus Vita Stallatico 7950 863 27642 19692 6894
Fertilpolina+Cropmax 9800 937 31380 21580 8782
Conventional (C) 8850 908 19486 10636 -
Green manure 9400 1160 24306 14906 4270
Chardonnay  geilpolina 9200 1116 24738 15538 4902
Humus Vita Stallatico 7950 948 25167 17217 6581
Fertilpolina+Cropmax 9800 1032 28488 18688 8052
Conventional (C) 8850 961 27621 18771 -
Feteasca Gre@n manure 9400 1235 30444 21044 2273
Neagra Fertllpohr}a ' 9200 1117 32936 23736 4965
Humus Vita Stallatico 7950 995 31964 24014 5243
Fertilpolina+Cropmax 9800 1139 34432 24632 5861
Conventional (C) 8850 942 28197 19347 -
Cabernet Grgen manure 9400 1197 31408 22008 2661
Sauvignon Femlpollr}a ) 9200 1081 34024 24824 5477
Humus Vita Stallatico 7950 966 32920 24970 5623
Fertilpolina+Cropmax 9800 1112 35260 25460 6113
Conventional (C) 8850 1097 24195 15345 -
Green manure 9400 1485 25316 15916 571
Pinot Noir Fertilpolina 9200 1291 28496 19296 3951
Humus Vita Stallatico 7950 1177 27024 19074 3729
Fertilpolina+Cropmax 9800 1332 29428 19628 4283

Regarding the influence of fertilization on
economic indicators, issues are different for
each indicator analyzed. The impact of
fertilization on total expenditure per hectare is
different; mixed and organic fertilization
options have led to an increase in total costs for
all grape wvarieties. The less expensive
fertilization option was when the organic
Humus Vita Stallatico was applied. The lowest
cost per ton of grapes production was registered
in the conventional fertilization, and the highest
production cost was found in the plot with
green manure fertilization. Among the
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alternative fertilization options, the closest
value to the control for the production cost was
in the plots fertilized with Humus Vita
Stallatico. Although the organic fertilization
plots recorded higher costs per ton of grapes,
due to the higher price of organic grapes, the
same plots registered the higher values of
production and profit per hectare for all wine
grape varieties. The highest profit were
recorded in organic plots fertilized with the
combination of Fertilpolina + Cropmax,
ranging between 25460 lei per hectare for
‘Cabernet Sauvignon’ and 18688 lei per hectare



for ‘Chardonnay’. The profit differences
registered compared to the control were higher
in all experimental plots; the maximum
difference was found when fertilization with
Fertilpolina + Cropmax was applied. With all
of the sustainable advantages of organic
viticulture, Weeler and Crisp (2009) mentioned
that organic grapevine growing suppose
significant increases in input costs driven
especially by the labour costs.

Diseases and pests control is another
technological sequence that involves a
completely  different approach  between

conventional and organic viticulture. Due to
climate change and variability, the diseases and
pests prevention and control is increasingly
difficult and with an increasing impact on the
grape production level (Nistor et al., 2018). The
necessity for carbon mitigation and pesticides
application imposed new strategies and
products for diseases and pests control in both
conventional and organic viticulture. Therefore,
hazardous products with high remnant effect
are less and less wused in crops. The
conventional, organic, and mixed fertilization
treatments had different influence on economic
indicators. For all grape varieties, the highest
total costs were recorded in the plots with
conventional diseases and pest control, and the

lowest - in the plots with organic control (Table
3). Instead, the cost of production differs from
grape variety to another, depending on the
amount of production and the grape variety
sensitivity to diseases and pests. The highest
cost per ton of grapes was recorded in the plots
with organic control, except for ‘Cabernet
Sauvignon’ variety, which, being more tolerant
to diseases, had similar production costs.
Without costs for pesticides, and higher price
for grapes, in the organic control plots was
recorded higher grape yield and profit than the
control plots. The profit was in favour of
organic plots, with differences per hectare
between 8509 lei in the case of the ‘Italian
Riesling’ variety and 4240 lei per hectare in the
case of the ‘Pinot Noir’ variety. The mixed
treatment for diseases and pest control, by
alternating organic products with conventional
ones, although it ensures higher grape
production compared to the organic plots,
because grapes are sold at lower price,
registered the lowest values of production and
profit. Results are confirmed by the opinion of
Borca et al. (2019) which found that the
treatments for diseases and pest control in the
conventional grapevine growing had the
highest inputs and impact on the grape
production costs, grape yield and quality.

Table 3. The influence of the disease and pest control treatments on the economic indicators in 2018

Variety Diseases and pest Tota} costs Production costs Production Profit Difference to
control (lei/ha) (lei/ton grapes) costs (lei/ha) (lei/ha) control (lei/ha)
Conventional (C) 9500 832 22842 13342 -
Italian Riesling Organic 8500 840 30351 21851 8509
Mixed 8900 818 21750 12850 -492
Conventional (C) 9500 958 19830 10330 -
Chardonnay Organic 8500 1033 24669 16169 5839
Mixed 8900 970 18348 9448 -882
Feteasca Neagra Conventional (C) 9500 958 29736 20236 -
Organic 8500 1002 33900 25400 5164
Mixed 8900 981 27225 18325 1911
Cabernet Conventional (C) 9500 895 31809 22309 -
Sauvignon Organic 8500 885 38388 29888 7579
Mixed 8900 891 29952 21052 -1257
Conventional (C) 9500 1129 25236 15736 -
Pinot Noir Organic 8500 1193 28476 19976 4240
Mixed 8900 1127 23691 14791 -945
CONCLUSIONS have major importance in the structure of total

The main technological sequences that require
different approach in conventional and organic
viticulture are: tillage, fertilization, and disease
and pest control. These management practices

expenditures and with a high impact on grape
production, quality, and economic indicators.
Soil management and fertilization influence the
health of plants, with direct influence on photo-
synthetic rate. Conventional soil management
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offer the best conditions for higher photo-
synthetic rate, but have the most aggressive
impact on the soil and the environment due to
much higher carbon emissions compared to the
mowing or organic soil management. Although
soil management by mowing or organic did not
confirm the parameters of the control plot (bold
soil), are achievable and necessary alternatives
in order to mitigate carbon emissions, soil and
water protection, and last but not least to offer
the consumer wine products as healthy as
possible.  The conventional fertilization
provides the highest increase in production,
while is the most energy-intensive consumer,
with the highest degree of soil and water
pollution. For many reasons, chemical
fertilizers must be increasingly replaced
partially or even completely with organic
fertilizers or other useful nutrients less harmful
for environment and groundwater. Although
the alternative options for soil management,
fertilization and disease and pest control could
not exceed the control plots with conventional
viticulture, as regards the production rate,
thanks to the availability of many consumers
willingness to offer higher prices to benefit
from healthy wine products, these variants have
led to increased production value and profit
rate. ‘Cabernet Sauvignon’ was the variety with
the best results for leaf area, grape production,
and sugars yield/ha for all soil management,
fertilizers applied and diseases and pest control
treatments. With close results ranked ‘Feteasca
Neagra’ variety. ‘Italian Riesling” and
‘Chardonnay’ were versatile registering
positive and negative reactions to conventional
and organic practices. In most experimental
plots regardless organic or conventional
practices, recorded negative results, excepting
the high sugars concentration in grape must.
The main technological sequences that require
a totally different approach in conventional and
organic viticulture are tillage, fertilization, and
disease and pest control, which have a major
importance in the structure of total
expenditures and with a high impact on grape
production, quality and economic indicators.
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Abstract

The aim of this study was to determine the effect of different doses of organic fertilizers on the content and dynamics of
microelements in vine leaves on carbonate soil during three vegetation. The trial was performed according to
randomize complete block design with 6 treatments (unfertilized, farmyard manure 20 t ha™ and 40 t ha™', peat 20 000 L
ha! and 40 000 L ha'', NPK (5-20-30) 500 kg ha'+2x100 kg UREA kg ha’') in 4 repetitions. Samples of vine leaves
were taken three times during the growing period: at the flowering, 2 weeks after flowering and verasion stage.
Statistically significant difference in iron leaf content was determined in the first vegetation year (verasion). The highest
amount was determined in the treatment with 40 t ha' of farmyard manure (94 mg kg Fe) and the lowest in the
treatment with mineral fertilizers (79 mg kg Fe). Statistically significant difference in the content of manganese was
recorded in the second year of research (flowering). The highest amount was determined in control treatment (30.50 mg
Mn kg'), and the lowest amount in the treatment with NPK fertilizer 500 kg ha'+2x100 kg UREA (18.50 mg Mn kg™).
In three years of research there were no significant differences between average values of zinc and copper.

Key words: farmyard manure, peat, microelements, grapevine, alkaline soil.

INTRODUCTION grapevine chlorosis in the Plesivica vineyards
is most common in June, during flowering or
Viticulture in Croatia is an important part  immediately after flowering, and thus has the
agriculture and economy. Growing on  strongest impact on reducing the yield of
inadequate rootstock on carbonate soils often  grapes due to poor flowering and fertilization.
reduces the height and quality of yield. On soils The most common visible symptoms in
with high carbonates content, uptake of iron, grapevine are the appearance of pale green to
zinc, manganese, and copper is significantly  yellow color on the leaves. If the symptoms
lower by the poor solubility of compounds  appear on younger leaves, we talk about the
containing the trace elements (Ksouri et al., lack of microelements: iron, zinc, manganese,
2005). Therefore, on such soils, chlorosis often  while on older leaves there are symptoms due
occurs on grapevine, which is a physiological  to magnesium deficiency (Herak Custi¢ et al.,
disorder often caused by insufficient or  2007). Fertilization of vineyards is has a great
imbalance of essential cations for physiological impact on yield and quality of must and wine.
processes in the plant. This may be due to the  Fertilizer application results in increased yields,
high amount of calcium in the soil (carbonate ~ however, excessive or unbalanced fertilization
soil) which is usually bound in calcite (CaCO3),  can have a negative impact on quality
a relatively poorly soluble calcium mineral, but  (Delgado, 2004).
in the presence of CO2 and H20 turns into a ~ The application of organic matter to
soluble form of calcium bicarbonate (Ca  agricultural soils does not show a significant
(HCO3)2), whose dissociated forms of HCO3™  effect on the total amount of trace elements in
and Ca®" affect the increase of soil pH (Imas,  the soil, but increases their availability
2000; Ksouri et al., 2005). The occurrence of ~ compared to soil fertilized with mineral
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fertilizers (Herencia et al., 2008; Moustaoui
and Verloo, 1995; Tamoutsidis et al., 2002, cit.
according to Petek, 2009).

Furthermore, one-side application of mineral or
organic fertilizers cannot achieve sustainable
agricultural production. Even with a balanced
application of mineral fertilizers, high and
quality yields are unsustainable over many
years due to the negative effect on the physical
and biological properties of the soil (Khan et
al., 2008). In addition, one-side application of
mineral fertilizers and other chemicals often
used in agriculture, in addition to adverse
environmental effects, may lead to changes in
the composition of fruits, vegetables and reduce
the ammount of vitamins, minerals and other
nutrients (Masoud, 2012). The main role of
microelements in the plant organism refers to
their participation in the activity of enzymes (as
a component, cofactor or activator). Because of
their ability to change valence, they participate
in oxido-reduction processes by transporting
electrons (Marschner, 1995). Availability of
micronutrients is highly dependent on soil
characteristics such as pH, CaCOs, organic
matter, and available phosphorus (Christensen
et al., 1951; Jenne, 1968; Lutz et al., 1997;
Olomu et al., 1973; Yuan, 1983; Shuman,
1988, cit. according to Wei, 2005). Interactions
with macronutrients also significantly affect
micronutrient uptake (Aulakh and Malhi,
2005). It should be noted that temperature and
humidity are important factors influencing the
availability of micronutrients in the soil. The
availability of most micronutrients in the soil
decreases at low temperatures and low moisture
content due to reduced root activity and
reduced dissolution and diffusion (Frageria et
al., 2002). Gao et al. (2000) state that organic
fertilizer is a better source of available iron,
manganese and zinc compared to mineral
fertilizers. This is particularly pronounced on
carbonate soils because the decomposition of
organic fertilizers releases organic acids and
CO2 which leads to lower pH and better
nutrient availability (Wei et al., 2005), while
Herencia et al. (2008) state that the application
of compost does not lead to a significant
increase in the total content of micronutrients in
the soil, but the available forms increase
compared to mineral fertilization. Mann et al.
(2006) point out that the highest availability of
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micronutrients was found in the combination of
manure and mineral fertilizer.

Iron is necessary for chlorophyll synthesis,
nitrite and sulfate reduction, nitrogen
assimilation and electron transport in the
process of photosynthesis (Marschner, 1995;
Bergman, 1992). Interactions between iron and
calcium in soil and plant are very complex.
Calcium reducing the availability of iron and
lead to chlorosis on plants on carbonate soils
(Kabata-Pendias, 2011). In carbonate soils,
most iron is found in the form of oxides and
other insoluble forms that are not available to
plants (Miller et al., 1984). Iron in the form of
Fe (IIT) oxide is hardly soluble in water, but in
the presence of various organic compounds it
forms chelates, thus becoming available to
plants (Kabata-Pendias, 2011). Zinc is part and
activator of many enzymes. The great
importance of zincis in the biosynthesis of
RNA and DNA, proteins, auxins, and in the
uptake and transport of phosphorus. It is the
basic catalytic component of over 300 enzymes
(Marschner, 1995). According to Vukadinovi¢
and Loncaric (1998) zinc increases plant
resistance to disease (through its effect on
protein synthesis), drought (reduces
transpiration) and low temperatures. Zinc
deficiency is most common in soils with a pH
of 6.5-8.0, and in the case of carbonate soils,
zinc deficiency is often associated with iron
deficiency (Herak Custi¢ et al., 2011).
Manganese has great importance in water
photolysis (Salisbury and Ross, 1992) and in
activation of many enzymes (Marschner, 1995;
Bergmann, 1992). Factors affecting the
availability of Mn*" ions and its deficiency or
excess in the plant are: concentration of Mn?"
ions and other readily reducing manganese
compounds in soil, concentration of other

cations in soil, cation exchange capacity
(CEQ), temperature, organic matter,
microbiological activity and redox soil

potential. However, the deciding factor is the
pH value of the soil and the balance between
Mn?" —-Mn*" — Mn*" ions (Masoud, 2012). The
aim of this study was to determine the effect of
different doses of organic fertilizers on the
content and dynamics of microelements in vine
leaves on carbonate soil during three
vegetation.



MATERIALS AND METHODS

Three years fertilization trial was set up on
Plesivica  wine-growing region, Boricka
location (northwestern Croatia), in a 10-year
old vineyard, cv. ‘Sauvignon White’ grafted on
Kobber 5BB rootstock, planted on soil with
quite high pH for grapevine growing (pHuz0
8.02), containing 2 mg P20s 100 g soil, 14 mg
K20 100 g! soil and 13.5% CaO. The trial was
set up according to randomize complete block
design with 6 treatments: unfertilized (C),
farmyard manure 20 t ha! (FM 1) and 40 t ha™!
(FM 2) , peat 20 000 L ha'(P 1) and 40 000 L
ha! (P 2), NPK (5-20-30 500 kg ha'+2x100 kg
UREA kg ha!) in 4 repetitions. Samples of
grapevine leaves were taken three times during
the growing period: at the flowering, two
weeks after flowering and at the veraison.
Average leaf samples were formed from 80
healthy, fully developed and undamaged
leaves, taken opposite to clusters from 40
vinestocks (4 replicates x 10 vinestocks). Dried
(105°C) homogenized grapevine leaf samples
were analyzed in triplicate and the results are
presented as mean values.

After digestion of dry plant material with aqua
regia microelements (iron, manganese, zinc and
copper) were determined by atomic absorption
spectrometry (HRN ISO 11466:2004).
Statistical data analyses were performed using
the SAS 8.2 System (2002-2003).

RESULTS AND DISCUSSIONS

Statistically significant effect of fertilization on
iron grapevine leaves content (Table 1) was
determined in the first year of the study in third
sampling (veraison).

Significantly the highest amount of iron was
determined with fertilization of 40 t ha! of
farmyard manure (94 mg Fe kg'), while the
lowest amount was recorded with fertilization
of 500 kg ha' NPK 5-20-30 + 200 kg ha’!
UREE (79 mg Fe kg!).

In all three years (Figure 1), the average values
decreased from the first to the third sampling.
Statistically significantly the higest values were
found in the first sampling - flowering (136.60,
180.88 and 93.27 mg Fe kg™'), and the lowest
values in the third sampling - veraison (86.42,
101.21 and 54.56 mg Fe kg™)
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Table 1. Iron grapevine leaves content (mg Fe kg! in
DW) in grapevinevine leaves under different fertilization
treatments in three year experiment

mg Fe kg' DW
2008
Phenophase | Flowering | After flow. | Veraison | Average
Treatments
C 125,25 83,50 84,75 ab 97,83
FM 1 131,35 94,75 93,50 ab 106,53
FM 2 157,25 87,50 94,00 a 112,92
Pl 143,75 101,25 81,00 ab 108,67
P2 135,50 91,25 86,25 ab 104,33
NPK 126,50 92,50 79,00 b 99,33
Average 136,60 a 91,79 b 86,42 b
2009
C 180,00 103,50 106,00 129,83
FM 1 181,25 119,50 96,00 132,25
FM 2 178,75 113,00 115,00 135,58
P1 174,00 105,75 96,00 125,25
P2 187,00 109,25 95,75 130,67
NPK 184,25 114,25 98,50 132,33
Average 180,88 a 110,88 b 101,21 ¢
2010
C 83,73 70,45 50,90 68,36 b
FM 1 102,68 67,63 54,13 74,81 ab
FM 2 104,18 80,28 56,68 80,38 a
Pl 88,55 70,48 58,23 72,42 ab
P2 92,68 67,60 56,30 72,19 ab
NPK 87,83 67,63 51,15 68,87 b
Average 93,27 a 70,68 b 54,56 ¢

Factor level means accompanied by different letters are significantly
different, with error p<0.05 according to Tukey's HSD test. Means
without any letter indicate no significant differences.

mg Fe kg'! DW
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Figure 1. Average iron content (mg Fe kg™ in DW) in
grapevine leaves by sampling

Determined values are in accordance with
Petek et al. (2008), who state that iron
grapevine leaves content of Sauvignom blanc
variety ranged between 60.17-161.90 mg kg™
Fe per dry matter, as well as Fregoni (1998)
who determined values 65-300 mg kg™! Fe.
Furthermore, according to the average annual
values of treatments in all three years of
research, the highest values of iron in leaves
were determined on the treatment with 40 t ha™!
manure with 40 t ha' (112.92, 135.58 and
80.38 mg Fe kg!) while in the third year the
stated value was statistically significantly the
highest.



These results are consistent with research by
many authors (McCaslin et al., 1987; Parsa and
Wallace, 1979; Prasad, 1981, cit. according to
Chen et al.,, 1998) who conclude that iron
deficiency in carbonate soils can be corrected
by applying organic fertilizers, and Chen et al.
(1988) who state that the application of carbon-
rich organic fertilizers (manure, compost) on
carbonate soils increases the number of
microorganisms that produce Fe-chelators.
Furthermore, authors state that the beneficial
effect of organic matter in preventing Fe-
chlorosis is not only the result of chelation of
iron with humic and fulvo components, but also
a stimulating effect on soil microorganisms.
Fertilization had no a significant effect on
average zinc values (Table 2) in any year of
research by individual sampling (flowering,
two weeks after flowering, veraison). However,
according to the annual average values, in the
first and the second year of the study, relatively
the highest values was determined on treatment
with 40 t ha™! farmyard manure (22.80 mg Zn
kg!; 11.25 mg Zn kg'™h).

Table 2. Zinc grapevine leaves content (mg ZN kg™!
in DW) in grapevinevine leaves under different
fertilization treatments in three year experiment

mg Zn kg' DW
2008
Phenophase | Flowering | After flow. | Veraison | Average
Treatments
C 16,08 17,15 16,25 16,49
FM 1 19,19 16,35 18,25 17,93
FM 2 16,88 15,53 36,00 22,80
P1 18,04 16,13 17,75 17,30
P2 17,70 16,30 14,68 16,22
NPK 16,74 16,00 14,00 15,58
Average 17,44 16,24 19,49
2009
C 7,20 5,10 19,73 10,68
FM 1 9,15 4,33 12,40 8,63
FM 2 8,18 6,05 19,53 11,25
P1 7,00 4,88 14,88 8,92
P2 7,30 8,23 11,70 9,08
NPK 7,98 7,20 15,78 10,32
Average 7,80 b 5,96 b 15,67 a
2010
C 20,00 8,85 14,68 14,51
FM 1 13,88 5,40 12,70 10,66
FM 2 18,15 3,68 10,73 10,85
P1 18,40 6,15 12,94 12,50
P2 17,38 10,35 11,53 13,08
NPK 21,50 6,13 14,75 14,13
Average 18,22 a 6,76 ¢ 12,89 b

Factor level means accompanied by different letters are significantly
different, with error p<0.05 according to Tukey's HSD test. Means
without any letter indicate no significant differences.

125

According to average values by individual
sampling, the same trend was recorded in all
three years (Figure 2). From flowering stage
(17.44, 7.8 and 18.22 mg Zn kg™!) to two weeks
after flowering (16.24, 5.96 and 6.76 mg Zn kg’
1) values were decreased, and than to veraison
stage again were raised (19.49, 15.67 and 12.89
mg Zn kg™!).

mg Zn kg'' DW
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Figure 2. Average zinc content (mg Zn kg! in DW) in
grapevine leaves by sampling

Results are consistent with Coga et al. (2011)
who obtained significantly higher values of
zinc in grapevine leaves on pseudogley (18.4
mg Zn kg!) in flowering stage compared to
rendzina (carbonate soil) (13.4 mg Zn kg™).
However, these values are generally low
according to Jackson (2000) who stated optimal
supply of grapes with zinc is in the range of 25-
150 mg Zn kg' while Fregoni (1998) states
values of 20-250 mg kg! Zn. Furthermore,
relatively low values are in agreement with
Herak Custi¢ et al. (2011) who found a reduced
possibility of zinc uptake on soils with a high
percentage of physiologically active lime.

The effect of fertilization on the amount of
manganese in grapevine leaves (Table 3) was
recorded in the second year of research in the
first sampling (flowering). The highest amount
of manganese was determined on control
treatment (30.5 mg Mn kg™!) and treatment with
20 t ha-! manure (27.75 mg kg'! Mn), while the
lowest amount was determined on treatment
with 500 kg ha! NPK 5-20-30 + 200 kg ha!
UREE (18.50 mg Mn kg™).



Table 3. Manganese grapevine leaves content (mg Mn
kg in DW) in grapevinevine leaves under different
fertilization treatments in three year experiment

mg Mn kg! DW
2008
Phenophase | Flowering | After flow. | Veraison | Average
Treatments
C 29,75 37,50 37,75 35,00 a
FM 1 29,40 33,75 36,25 33,13 ab
FM 2 23,98 31,75 31,00 28,91 b
Pl 27,92 28,75 34,25 30,31 ab
P2 25,06 32,50 34,00 30,52 ab
NPK 26,91 26,75 32,00 28,55 b
Average 27,17 b 31,83 a 34,21 a
2009
C 30,50 a 29,75 66,50 42,3
FM 1 27,75a 32,00 65,0 41,6
FM 2 23,75 ab 33,50 72,75 43,3
P1 25,50 ab 35,75 73,5 45,0
P2 25,25 ab 30,50 58,3 38,0
NPK 18,50 b 35,00 69,0 41,0
Average 2521 ¢ 32,75b 675a
2010
C 18,13 14,88 24,80 19,27 a
FM 1 14,70 12,15 24,43 17,09 ab
FM 2 13,90 11,05 20,60 15,18 b
P1 18,08 12,68 24,35 18,37 ab
P2 18,45 13,68 21,40 17,84 ab
NPK 18,75 14,00 27,30 20,02 a
Average 17,00 b 13,07 ¢ 23,81 a

Factor level means accompanied by different letters are significantly
different, with error p<0.05 according to Tukey's HSD test. Means
without any letter indicate no significant differences.

According to trend, in the first two years of the
study the amount of manganese in grapevine
leaves was increase from flowering to veraison,
and in the third year it was decrease from the
first to the second sampling, and again increase
to the third sampling (Figure 3).

mg Mn kg'! DW
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Figure 3. Average manganese content (mg Mn kg™!
in DW) in grapevine leaves by sampling

However, these values are lower than optimal
(30-100 mg Mn kg!) as reported by Bergman
(1992). Furthermore, in the first two years of
the study, the amount of manganese increased
from flowering to veraision, what is consistent
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with Coga et al. (2008) who states the lowest
values in flowering (33 mg Mn kg!) and the
highest in harvest (100 mg Mn kg™!).
Fertilization had no a significant effect on
average copper values in any year of research
by individual sampling (flowering, two weeks
after flowering, veraison), and between average
annual values of individual treatments, as well
(Table 4).

Table 4. Copper grapevine leaves content (mg Mn kg™! in
DW) in grapevinevine leaves under different fertilization
treatments in three year experiment

mg Cukg'! DW
2008
Phenophase | Flowering | After flow. | Veraison | Average
Treatments
C 11,63 715,00 501,25 409,29
FM 1 10,87 717,50 274,48 334,28
FM 2 11,22 712,50 266,00 329,91
P1 11,09 715,00 432,50 386,20
P2 11,56 747,50 388,25 382,44
NPK 9,79 667,50 452,50 376,60
Average 11,02 ¢ 712,50 a 385,83 b
2009
C 7,70 2,78 123,08 44,5
FM 1 8,48 3,50 107,23 39,7
FM 2 8,80 2,13 105,78 38,9
P1 7,98 2,85 102,35 37,7
P2 9,33 4,20 95,20 36,2
NPK 8,73 3,80 100,65 37,7
Average 8,50 b 3,21b 105,7 a
2010
C 397,25 505,25 276,25 392,92
FM 1 383,75 526,50 263,50 391,25
FM 2 390,25 508,25 252,00 383,50
Pl 353,75 566,75 273,25 397,92
P2 394,00 487,50 261,50 381,00
NPK 372,50 468,25 269,00 369,92
Average 381,92 b 510,42 a 265,92 ¢

Determined values in individual samples varied
in very wide ranges (2.13 to 747 mg Cu kg™).
According to the average values of individual
sampling, the highest values in the first (712.5
mg Cu kg! and third (510.42 mg kg!' Cu) year
were recorded two weeks after flowering, and
in the second year of the study in verasion stage
(105.70 mg Cu kg™"). Determined lowest values
differed significantly depending on the year of
the study. Thus, in the first year of the study,
the lowest value was recorded in flowering
(11.02 mg Cu kg, in the second two weeks
after flowering (3.21 mg Cu kg), and in the
third in verasion (265.92 mg kg Cu) (Figure
4). These differences can be attributed with use
of copper plant protection products.
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Figure 4. Average copper content (mg Cu kg™ in DW) in
grapevine leaves by sampling

CONCLUSIONS

Fertilization with organic fertilizers affected the
amount of iron and manganese in grapevine
leaves, while the effect of fertilization on the
amount of zinc and copper was not determined.
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Abstract

The study was conducted at the Department of Viticulture and Fruit Growing. The aim is to find out how Gomat Rost
affects the vegetative and reproductive manifestations of a variety ‘Merlot’. The results of the experiment showed when
applying with doses of 1 to 4 L/Ha, leads to a change in the growth dynamics of the different variants in the experiment.
Treated in four different stages of the growing season, it has a positive effect on the vine plants included in the
experiment compared to the control variant. The result of the application of higher doses has a positive effect on the
growth and shoots maturation and increase the grapes mass. This is found despite the small amount of soil available
and 35% atmospheric humidity. This is confirmed by the data on the yield and the sugar and acidity content in the
grapes during harvest. In the variants treated with the highest dose of 4 L/Ha sugars and acids remain stable close to
those for normal fermentation. This is very important for wine grape varieties in order not to dilute the grape must in
order to compensate for the water that has evaporated during veraison. From a technological point of view, vines
subjected to water stress causes problems in the fermentation process.

Key words: Bulgaria, Gomat rost, Merlot variety, foliar feeding.

INTRODUCTION The highest berry diameter, weight and size of
100 berries are obtained when vines are treated
It is very difficult to distinguish the soil with Ca 200 g/L. The highest cluster weight
influence on grape yield and quality of wines  was obtained for vines that were treated with K
obtained, as it is intertwined with the influence 150 g/L using the soil application method. The
of variety, rootstock and the complex climate  highest berry hardness was obtained in
impact of a country. Another important element  vineyards treated with K 20 g/L using foliar
in the vine cultivation as a plant is related to application method.
nutrition. The highest pH and TSS were obtained in
Use of natural bio stimulants to improve the  vineyards treated with Cu 5 mg/L using also
quality of grape production (Salvi, 2016). the foliar application method. The highest fruit
Studies was conducted during the 2015 yield was found in vineyards treated with K
growing season of Vitis vinifera 'Sangiovese' to 150 g (M.R. Beibulatov, 2018).
investigate the effects of foliar fed bio It was found that treatment with the preparation
stimulants on the vine, eco-physiological and  "Mars-U" promotes the accumulation of starch
productive characteristics, to improve quality in 0.4% in variety ‘Tempranillo’ and up to 0.6%
a vigorously growing vine. Similar results were  in the variety ‘Syrah’. Potassium humate treat-
obtained from Andras-Sauca, 2018. ment is encouraging the starch accumulation in
Tillage and foliar fertilizers include control Tempranillo - from 0.2% up to 0.4% in ‘Syrah’.
variant, Ca-200 g/L, K-150 g/L, N-20 g/L g, Treatment with the "CryoMix" at a dose of 0.5
Ca-30 g/L, K-20 g/L and Cu-5 mg/L. The  L/ha contributed to an increase in the starch
results show that the application of soil and  content in “Tempranillo’ from 0.2% to 0.15%
foliar fertilizers increases the quality and  for ‘Syrah’; with a dose of 1.0 I/ha by 0.2% for
quantity of table grapes compared to the control ~ both varieties; with a dose of 1.5 1/ha from
treatment. 0.4% for ‘Tempranillo’ to 0.2% on ‘Syrah’.
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As the analysis of the agro biological
characteristics of the studied varieties showed,
under the conditions of equal the foliar
treatment with the tested substances had a
significant influence on the number of
developed shoots and the coefficient of fruiting.
The use of Cryoprotectants ("CryoMix" at a
dose of 0.5 1/ha and "Mars-U" 1.0 I/ha) before
the onset of shoots helps to improve the
maturation, which is associated with earlier
achievement of optimal shoot length and
stopping their growth. This improves the
ripening, contributing to increasing the frost
resistance of the vine.

The use of tested Cryoprotectants ensures
better buds preservation of both grape varieties.
Great safety is ensured by the preparations
"Mars-U" and "CryoMix" in doses of 0.5 1/ha
and 1.0 I/ha. Revealed this foliar treatment
using  tested  Cryoprotectant:  Mars-U,
Potassium humate.

CryoMix at a dose of 1.5 l/ha contributes to
better tissue differentiation, with a high dry
matter content in the vines. The Syrah variety
was found to have the highest water content,
especially when treated with Cryoprotectants:
"CryoMix" at a dose of 0.5 1/ha and "Potassium
humate" with values of 23.9% and 23.4%. The
main source of energy in the soil are plant
residues, animal excrements and water-soluble
organic compounds, from which "Gomat Rost"
originates, it is also mineralized (decomposed)
by soil microorganisms. After these processes,
energy is released needed to stimulate growth
and form quality grapes.

It is accepted that the grape quality is
determined by the amount of sugars, organic
acids and anthocyanin’s contained in red
varieties. All other indicators are correlated
with the sugar content. Therefore, the quantity
of sugars has established itself as one of the
main criteria for assessing the grape quality.

MATERIALS AND METHODS

The ‘Merlot’ variety, planted in 2013 in the
Department of Viticulture and Fruit Growing
near the village of Brestnik, was used as the
object of the study. The experiment was
conducted in 2019-2020. The planting
distances are 3.0/1.0 m, the vines are formed on

a stem bilateral cordon and loaded with spurs.
The wvariety is grafted on the rootstock

Berlandieri x Riparia sel. Oppenheim4. The
experiment was performed in the following
scheme.

Figure 1. V, - control;
V - treated with "Gomat Rost" - 2 L/Ha
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V, - treated with "Gomat Rost" - 3 L/Ha; V; - treated
with "Gomat Rost" - 4 L/Ha

Treatment stages are:

1. Before flowering;

2. After flowering;

3. “Pea” berry size;

4. Two weeks after “Pea” berry size.

Also are included:

Description of the soil and climate
characteristics of the site (terroir).
Dynamics in growth and shoots maturation.
Study of the influence of the leaf treatment
with "Gomat Rost" through different
phenological stages.

Study on the yield and quality of grapes.
The indicators were studied in Laboratory
complex at AU-Plovdiv. The grapes were
picked and processed on 11" September,
2020. The yeast used is Excellence XP 20
g/hl.

Sugars, %, Titratable acids, g/dm®

The indicators were examined according to the
methods described in the Exercise guide in
winemaking (bam6asnos, 2009).



RESULTS AND DISCUSSIONS

Soil characteristic - this study presents the
important soil ingredients and necessary factors
for making good wine production. The studied
area is situated in South Bulgaria, Plovdiv
region. Studied area is near the north part of the
place, named “Rhodope collar”, covering area
of 29.7 Ha. The viticulture data is gathering
from territories, which are located in training
and experimental base in Brestnik village, part
of the Department of Viticulture of Agricultural
University- Plovdiv. The experimental base is
one of the 28" University cellars in the world.
Here are located more than 400 different types
of grapes. This is the most developed
agricultural region for wine production in
Bulgaria. The relief is plane to hilly and that
makes the studied area most suitable land for
different viticulture analyzes. The climate is
transcontinental, characterized with a cold
winter and a hot summer. The Figure 2 shows
the studied area Brestnik, located in Plovdiv
region. Blue colors show the water resources
and the black lines are the roads in the area.

Figure 2. Studied area

The main soil types in the studied area are
Solonchaks and small part of type Chernozems
by World Reference Base (2006) Soil Groups.
On the next Figure 3 is the soil distribution of
these two soil types by pink and yellow colors.

The studied site belongs to the Upper Thracian
region of distribution of Cinnamon forest soils
and is located in its accumulative part. The
profile is very poorly differentiated. The soil is
defined as deluvial meadow, clayey - sandy to
sandy-clayey. The content of digestible
ammonium and nitrate nitrogen in an extract

with 1% KCI, absorbable phosphorus according
to Egner-Rhyme and digestible potassium with
a flame photometer was studied.

Figure 3. Soil distribution

The content of digestible ammonium nitrogen
is relatively low and is a reason for the need to
supplement the nitrogen deficiency in these
plants. The content of easily digestible
phosphorus is also below the norm of 10 m/
100 g of soil and varies in the range of about
5.46 mg/100 g of soil. The stock of soils with
absorbable potassium is good - 26.27 mg/100
g. The soil conditions for the experiment give a
clearer picture of the impact of Gomat rost. It is
effect on the vegetative and reproductive
manifestations in the cultivation of the Merlot
variety in a state of N and P20s deficiency
(Table 1).

Table 1. Nitrogen, phosphorus and potassium content in
the upper root soil layer

Neofthe | pH | Nmg/1000 g | P,Osmg/100 g | K,0 mg/100 g
sample
30-60cm | 8.0 | O6m N-8.55 5.46 26.27
Common
carbonates ke 60227
Active
carbonates gke 15.00
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Water regime - The average annual amount of
precipitation for the period from December
2019 to the end of November 2020 in the area,
has a total of 560.6 mm, which is close to the
data for the average annual amount of
precipitation in Bulgaria.

Research on the physiological condition of the
vines include:

Phenological observations - The bud burst of
the Merlot variety in the area during the




experimental period begin around middle of the
third decade of March and ends in the first
decade of April. The "flowering" stage takes
place mainly in the first ten days of June, and
the “pea” size berries in second half. The
veraison starts in the middle of the third decade
of July and ends within the third decade of
August. Here we must note that the techno-
logical maturity of grapes reaches the first ten
days of September. This is relatively close to
the typical date for this phenological manifes-
tation of this variety, which is around mid-
September.

The vines from all variants treated with
different concentrations, as well as the control
variant, enter and leave the respective phase
almost simultaneously. The data from the
conducted phenological observations (Table 2)
show that the only feature occurred is the
reporting of an approximate period of "bud
burst" and "flowering" took place for 14 days.

Table 2. Terms of the phenological stages of Merlot
variety, in the Brestnik area in 2020

Variant] Bud burst Pea Veraison

size

Technol

P pp Flowering
ceon the |e of thelst
st leaf i

ogical
ripeness

tart  bn mass{ end start pn mass{ end start pn mass

control |24,03] 31,03 | 7.04 [ 18,04 23,04 [29,05] 6,06 |12,06] 20,06 [25,07| 8,08 11,09

2 L/Ha [24,03[31,03 [ 7.04| 18,04 [ 2304 |29,05| 6,06 |12,06] 20,06 |25.07| 8,08 | 23,08 | 11,09

3 L/Ha [24,03[ 31,03 [ 7,04 | 1804 [ 2304 |29,05| 6,06 |12,06| 20,06 |25,07| 8,08 | 23,08 | 11,09

41L/Ha [24,03[ 31,03 [ 7.04| 1804 [ 2304 |29,05| 6,06 |12.06| 20,06 |25.07| 8,08 | 23,08 | 11,09

Dynamics in shoot growth - The growth of the
shoots begins with the bud burst, which is in
21% March, 2020. It can be seen that the
strongest growth distinguishes the shoots from
the variant treated with 4 L/Ha “Gomat Rost”
in 2020, followed from variant with 3L/Ha,
with no significant difference between them
(Figure 4). In the next measurement there is a
tendency for a gradual increase in the needs of
the treated options.As the vegetation
progresses, the growth increases, and by the
end of May an increase of about 64 - 74 cm is
already formed, in the different variants. On
average per week it moves within about 15-20
cm. In June, with the increase of the average
daily air temperatures, even greater activity in
the growth processes is observed.Subsequent
measurements made in June show a positive
effect on treatment options in terms of "Gomat
Rost" as all perform better than control variant.
This trend continues in all variants in July.

131

As this is most clearly seen in the variants
treated with 3 to 4 L/Ha. This is evident after
the third application of the fertilizer during the
“Pea” size stage. The following conclusion can
be drawn from the positive result reported
when monitoring the growth dynamics in fruit-
bearing vineyards. Applied in a young vineyard
"Gomat Rost" can have a positive effect on the
formation and growth processes, as well as
contribute to the faster establishment and entry
to fruiting.

41/Ha;
o )/)(—353'75
500
/ 3 L/Ha;
g 400 =1130,25
- 2 L/Ha;
= 39,75
c
2 200 control;
2,5
100
0
14.05.2020 14.06.2020 14.07.2020

Figure 4. Dynamics in shoot growth

Dynamics of shoots maturation - Maturation
is of great practical importance. It is associated
with low temperatures resistance, as well as
that of buds. The ripening process begins more
noticeably in the first ten days of August. This
occurs at a relatively high temperature and a
minimum rainfall of 46.7 mm/m? lasting 4
weeks in all variants. The process is relatively
intense, with the individual length of the
mature part being about 20-30 cm per week
(Figure 5). The dynamics of shoot maturation is
directly dependent on climate conditions, as in
the growth of shoots.

control
2 L/Ha
@73 | /Ha
41/Ha

=

Figure 5. Dynamics in shoot maturation

Research on grape yield - Grape yield is one
of the indicators determining the economic



efficiency of the
measures (Table 3).

applied agro-technical

Table 3. Quantitative changes in the yield of Merlot

did not have a significant effect on the
inflorescences in the different variants. Because
according to ampelographic characteristics the
average size of a bunch is 17 cm length and

grapes 11.1 cm wide (Table 4).
. . Ayerage Average yield . . .
Period Variants yield per per Ha, kg Table 4. Quantitative change in the size of bunches
vine, kg in the Merlot variety treated with different amounts
2020 KOHTpOJIa 2.950 8850.00 of "Gomat Rost"
2020 2 L/Ha 2.965 8895.00
2020 3 L/Ha 3.100 9300.00 Bunch sizes
2020 41L/Ha 3.600 10800.00 Period Variants Length Width
(cm) (cm)
. . . 2020 KOHTpoJIa 16.76 8.35
The yield of grapes in variants ranges from 2020 > L'Ha 701 .41
2.950 kg to 3.600 kg per vine. The highest 2020 3 L/Ha 17.80 3.79
yield was in the variant treated with 4 L/Ha, 2020 4L/Ha 18.00 8.43

followed by the variant treated with 3 L/Ha,
and in relation to this indicator it can be seen
that no significant difference was observed
between the control variant and the variant
treated with 2 L/Ha. The application of "Gomat
Rost", with rates of 3 to 4 L/Ha in the indicated
stages in the methodology of the experiment a
yield of about 900 to 1000 kg can be
established.

The average mass of the clusters changes in the
same sequence. The bunches have the highest
mass again from the variant treated with 4
L/Ha, followed by the variant treated with 3
L/Ha "Gomat Rost". With regard to this
indicator, it can be seen again the formation of
a group dynamics between the control and the
variant treated with 2 L/Ha (Figure 6).

B grapes weight, g

156
128 130 i I

21/Ha 31/Ha 41/Ha

control

Figure 6. Average bunch mass in Merlot variety

In variants to which higher doses of "Gomat
Rost" are applied, a positive trend in the mass
of grapes is established. This is because again it
has to be underlined thickly that the experiment
is under non-irrigated conditions and this cause
stress. The length of the bunches is in the range
from 16.76 to 18.00 cm, and at the width 8.35
to 9.41 cm. The application of "Gomat Rost"
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The grapes ripen around mid-September. From
a practical point of view, this would lead to
earlier planning and implementation of the
grape harvest campaign. This is very important
because the climate conditions are monitored
during the harvest. If rains, that can create
conditions for not being able to carry out the
grape harvest. Figure 7 presents the results of
the application of "Gomat Rost".

¥ sugars % ™ acids g/dm3

28,17 37,88
5,72 5,76

27,5
6,2

25,6
5,59

control 2 L/Ha

3L/Ha 4 ua

Figure 7. Dynamics of sugars and acidity content

The year 2020 was extreme in terms. The lack
of rainfall required for vine growth and grape
ripening was significant. It is important for the
practice to emphasize that application of
"Gomat Rost", in its highest dose, creates a
condition for the vine plant to overcome the
stress of the low soil and atmospheric humidity
and to form yield, mass and shape of grapes
typical for the ‘Merlot’ variety. From a
technological point of view, the treated vines
with the highest dose used lead to the
preservation of relatively balanced sugars and
acids.



They are directly correlated between both the
rapid and the silent fermentation of the grape
must. It can be clearly said from the results
obtained so far that "Gomat Rost" has abilities
that positively affect the presence of stress
caused by drought during the growing season.

CONCLUSIONS

There is a positive effect of "Gomat Rost" on
the development of the vine plant, regardless of
the nitrogen deficiency. The content of easily
digestible phosphorus is also below the norm of
10 mg/100 g of soil and varies in the range of
about 5.46 mg/100 g. Here we must also note
the fact that precipitation is not evenly distri-
buted regardless of their total amount, which is
560.60 mm close to the national average.

Leaf application of "Gomat Rost" do not have a
significant impact on the timing and duration of
the individual phenological stages.

The strongest growth is characterized by the
shoots from the variant treated with 4 L/Ha "
Gomat Rost " followed by the variant treated
early with 3 L/Ha. Applied in a young vineyard
"Gomat Rost" can have a positive effect on the
formation and growth processes, as well as
contribute to the faster formation during
establishing and entry into fruiting.

Despite the low rainfall during the growing
season, ripening of the vines treated with the
highest dose of 4 L/Ha is established and the
process itself is proceeding at a faster pace.

A vyield of about 9000 to 10000 kg/Ha can be
formed using the application of "Gomat Rost",
with rates of 3 to 4 L/Ha. In variants to which
higher doses of "Gomat Rost" are applied, a
positive trend in the mass of grapes is
established. This is because again it has to be
underlined thickly that the experiment is under
non-irrigated conditions and this puts stress on
the vine. From a technological point of view,
the treated vines with the highest dose of
fertilizer lead to the preservation of relatively
balanced sugars and acids.

Gomat Rost has abilities to positively affect the
presence of stress caused by drought during the
growing season.
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Abstract

Field experiment was conducted in An-Najaf governorate during spring of 2016. The aim of this experiment was to
study the effect of different concentrations of putrescine 0, 50, 100 mg-L". and humic acid 0, 500 and 1000 mg-L"
spraying on chemical parameters of tomato plant. The experiment included nine treatments, i.e. the interactions of three
concentrations of putrescine (0, 50, 100 mg-L"') and three concentrations of humic acid (0, 500 and 1000 mg-L").
Sprays were applied twice during season at fifteen days interval that was done on forty-five days from cultivation.
Factorial experiment within Randomized Complete Block Design (R. C. B. D.) was used with three replications. Means
were compared according to Duncan's Multiple Range Test (D.M.R.T.) at probability of 0.05. Results can be
summarized as follows: the use of different concentrations of putrescine with conc. 100 mg-L” and humic acid with
conc. 1000 mg-L” had significant effects on most of the chemical parameters such as: N, P, K, total soluble
carbohydrate and total Chlorophyll in Leaves and N, P, K, T.S.S and amount of vitamin C in fruit compared with
control treatment which gave the least values for the above-mentioned parameters. The interactions between two
factors (putrescine and humic acid) showed the presence of significant effects on most of the studied chemical
parameters.

Key words: putrescine, humic acid, tomato plant, Lycopersicon esculentum.

INTRODUCTION are involved in the various developmental
processes (Tonon et al., 2004).

Tomato, Lycopersicon esculentum Mill., is in ~ Putrescine which having a role in the regulation
the family Solanaceae and is a widely  of plant developmental and physiological
distributed annual vegetable crop. Tomato was  processes. (Kusano et al., 2007). A variety of
high nutritional quality. It is rich in vitamin C,  roles have been proposed for PAs, including
lycopene and different phenolic compounds cell division, root growth, flower and fruit
(Scalfi et al., 2000). Tomatoes are important  development and apoptosis (Paschalidis &
not only because of the large amount Roubelakis-Angelakis, 2005). PAs were
consumed, but also because of their high health ~ reported to be involved in stabilization of
and nutritional contributions to humans. Most membrane and scavenging of free radicals
important, tomato consumption has been shown (Velikova et al.,, 1998), osmotic adjustment
to reduce the risks of cardiovascular disease (Aziz et al., 1999), mineral nutrition (Prakash
and certain types of cancer, such as cancers of = & Prathapasenan, 1988).

prostate, lung, and stomach (Canene-Adams et ~ Humic substances are a heterogeneous mixture
al., 2005). United Nations FAO reports that the of naturally occurring organic materials those
world production of tomato in 2019 was  arise from the decay of plant and animal
180766329.00 tons and in IRAQ was residues. These organic materials contain
619543.00 tons (FAO, 2021). carbon, which serves as a food source for soil
Polyamines (PAs) are organic polycations organisms such as bacteria, algae, fungi and
found in all living organisms. In higher plants  earthworms. These soil organisms break the
putrescine  (Put), spermidine (Spd) and chemical bonds in the residues as they digest
spermine (Spm) are the most abundant PAs and  the carbon. The remaining by-products serve as
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building blocks of humic substances, which are
not easily decomposed by soil organisms
(Hopkins & Stark, 2003) and this will decrease
nutrients leaching with irrigation water, and so
increase fertilizers use efficiency (Mikkelsen,
2005). In this concern, Selim et al. (2009)
found that application of humic substances
through drip irrigation enhanced tubers yield
quantity, starch content and total soluble solids
and this application associated with the
decrease of nutrients leaching, which was
reflected on  increasing macro- and
micronutrients concentration in potato tubers,
as well as increasing concentration of these
nutrients in soil after tubers harvesting.

The objective of this study was to investigate
the effect of foliar application of putrescine and
humic acid as well as their interaction on
growth improvement, chemical parameters, and
determining the best application level of both
factors.

MATERIALS AND METHODS

A Field experiment was conducted during the
growing season in spring of 2016 at desert
region between An Najaf and Karbala
provinces. Seeds were sown in agriculture plate
on 15/12/2015 and then after 25 days seedlings
(3-5 true leafs and 10-15 cm height) were
planted in the field.

Then, the experimental plot was divided in to
27 furrows at 4 m length. The distance between
each furrow is two, and each furrow was
bedding the animal fertilizer as width 35 cm to
each furrow about 3 tons-d”'. Seedlings were
cultivated at 40 cm apart on furrow. The
experiment design was factorial with two
factors adopted with Randomized Complete
Block Design R.C.B.D. in three replicates with
two factors i. e.. 1 - Putrescine with two
concentrations 50 and 100 mg-L™! spraying on
vegetative part, besides control treatment
(spraying with Distilled water only); 2 -Humic
acid 500 and 1000 mgL' spraying on
vegetative parts, besides control treatment
(spraying with Distilled water only).
Agricultural practices were done equally and
when it is considered necessary (cultivation,
weeding, etc.) as mentioned in (Matlob et al.,
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1989). Period between spraying putrescine
treatments and humic acid was one weak.
Irrigation was done from well water with E.C.
of 5.6 dSm’! by dripping system. Duncan's
Multiple Range Test was used to compare
means when it is considered significant at
probability of 0.05 (Al-Rawi & Khalaf-Allah,
2000).

Parameters:

Determination of N, P, K in Leaves and Fruits.
Nitrogen Determination in Leaves and Fruits:
by using Micro-Kjeldahl according to Jackson
(1958).

Phosphorous Determinations in Leaves and
Fruits: by using Ammonium molybdenum and
Spectrophotometer methods on 882 nm
according to Olsen and Sommers (1982).
Potassium Determination in Leaves and Fruits:
by using Flame photometer.

Total soluble carbohydrates in Leaves (mg-g'):
according to Duboies et al. (1956). Total
Chlorophyll in Leaves (mg-100 g!): By using
acetone to extract chlorophyll pigment
according to Mackinney (1941), by using the
following equation: Ascorbic Acid
Determination in Fruits mg-100 g': Titration
with 2, 6-dichlorophenol indophenol according
to (A.O.A.C, 1980).

Total Soluble Solids in fruits (T.S.S.) by using
Handel Refractometer according to Al-Ani
(1985).

Table 1. Chemical and Physical Characteristics for Field
Soil in the Beginning of the Experiment

Characters Value Unit
pH 7.1 --
EC 14 dS'm’!

Ca®? 16.6
Mg 5.8
Na* 2.9
K* 0.6 mM-L!
SO42 10.8
Cl 15.9
HCO3" 1.0
Soluble P 0.16 mg-L’!
O.M. 5.0 gkg'!
CaCOs 285.5 gkg!
Clay 20
Silt 65 gkg!
Sand 915
Texture Sandy




RESULTS AND DISCUSSIONS

With regards to the spraying putrescine, resultd
in Table 2 shows that there was a significant
difference between treatments of putrescine,
particularly treatment of 100 mg-L! that gave
the highest values for chemical parameters of
leaves which included N, P, K concentration,
total soluble carbohydrate and total chlorophyll
in leaves with 2.11%, 0.24%, 1.96%, 2.82
mg-g! and 36.88 mg-100 g!, respectively
compared with control treatment (sprayed with
distilled water) that gave 1.70%, 0.22%, 1.51%,
2.41 mg-g"' and 32.92 mg-100 g, respectively.
Moreover, humic acid with concentration 1000
mg-L"! spraying had a significant effect on
chemical parameters of leaves which included
N, P, K concentration, total soluble
carbohydrate and total chlorophyll in leaves
were 2.30%, 0.25%, 2.25%, 2.86 mg-g’ and
37.52 mg100 g!, respectively. Meanwhile,
control treatment gave the lowest values i.e.
1.53%, 0.20%, 1.41%, 2.39 mg-g’! and 32.19
mg-100 g'!, respectively.

The interaction between factors showed
significant differences on chemical parameters
of leaves, and the treatment of putrescine
100 mg-L' x humic acid with concentration
1000 mg-L"!' gave the highest values the of
chemical parameters of leaves were 2.555%,
0.259%, 2.458%, 3.05 mg-g"' and 39.99 mg-100
g, respectively compared putrescine 0 x
humic acid 0 presented the lowest value of
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chemical parameters of leaves were 1.452%,
0.178%, 1.236%, 2.31 mg-g' and 31.60 mg-100
g’!, respectively.

Results in Table 3 reveals that there was a
significant difference between the treatments of
putrescine, the treatment (100 mg-L™!) gave the
highest value of chemical parameters of fruits
which included N, P, K concentration, T.S.S
and amount of vitamin C in fruits were 2.01%,
0.16%, 1.15%, 5.00 and 27.77 mg-100 g,
respectively compared with the control
treatment which gave the lowest means i.e.
(1.62%, 0.21%, 1.44%, 4.20 and 23.44
mg-100g™") respectively.

Spraying humic acid at a concentration 1000
mg-L! clearly affected on chemical parameters
of fruits which included N, P, K concentration,
T.S.S and amount of vitamin C in fruits were
2.21%, 0.23%, 1.51%, 5.03 and 26.66 mg:
100 g, respectively compared with control
treatment (without spraying of humic acid) that
gained the least values i.e. (1.41%, 0.15%,
0.98%, 4.27 and 23.55 mg-100 g!) respectively.
The interaction between factors appeared
significant ~ differences on all chemical
parameters of fruits and the treatment of
putrescine 100 mgL! x humic acid with
concentration 1000 mg-L"! gave the best values
were 2.420%, 0.242%, 1.546%, 5.23 and 29.66
mg-100g™!, respectively. While, the treatment
of (0 Putrescine X0 humic acid) which gave the
lowest values 1.260%, 0.120%, 0.690%, 3.83
and 22.00 mg-100 g!, respectively.



Table 2. Effect of putrescine and foliar application of humic acid on chemical parameters of leaves of tomato plant

(e} (e}
S o ] @ — o - — =3
Treatments ;«-; = % = é 5 é'% 5 é. Z i‘g g é g g
£ 328 = 2 =5 |REE |=&$
g g 7 | - |wss |27 F
2 2 = =
2 2
0 1.70c 0.22a 1.51b 241b 32.92¢
Putrescine mg-L™! 50 1.92b 0.23a 1.83a 2.75a 34.97b
100 2.11a 0.24a 1.96a 2.82a 36.88a
0 1.53¢ 0.20b 1.41c 2.39b 32.19¢
Humic acid mg-L"! 500 1.90b 0.24a 1.64b 2.72a 35.05b
1000 2.30a 0.25a 2.25a 2.86a 37.52a
Putrescine mg-L™! 0 1.452ef 0.178¢ 1.236f 2.31d 31.60¢
0 500 1.645d 0.233b 1.364¢ 2.36cd 32.49d
1000 2.005bc 0.239b 1.940b 2.56¢ 34.66¢
0 1.550e 0.211c¢ 1.475d 2.41c 32.08de
x 50 500 1.882¢ 0.238b 1.654c .286b 34.90c
1000 2.325ab 0.255a 2.365a 2.98a 37.92b
0 1.592¢ 0.223bc 1.522¢ 2.46¢ 32.90d
Humic acid mg-L"! 100 500 2.180b 0.244ab 1.895b 2.95ab 37.76b
1000 2.555a 0.259a 2.458a 3.05a 39.99a

Table 3. Effect of putrescine and foliar application of humic acid on chemical parameters of fruits of tomato plant

<
Q [e) [e) <) =
=] ] e S 2
g ~F8Z | 588 | 582 | 5o =
Treatments E«-; g\fg’aé g\fg?;% §§’§§ ’é”a é(‘)
= 28 85 @ 2 E 7 E
g” g @ g * "
0 1.62¢ 0.16b 115 420c | 23.44c
Putrescine, mg.L" 50 1.84b 0.20a 1.28b 464b | 24.44b
100 2.01a 021a 144a 500a | 2777
0 141c 0.15b 0.98¢ 427c | 23.55¢
: . -l
Humic acid, mg-L 500 1.86b 0.19a 1.39% 454b | 25.44b
1000 221a 0.23a 151a 5038 | 26662
Putrescine, mg L 0 1260c 0.120f 0.690c 383c | 22.00¢
o 500 1.605¢ 0.155¢ 12886 | 4.00bc | 24.00d
1000 1.992b 0.198¢ 1.482ab | 4.76b | 24.33cd
0 1.450d 0.157¢ 0.984cd | 420bc | 2233de
" 500 1.850bc 0.202¢ 1.366b 463b | 25.00d
x 1000 | 2.225ab 0.235a 1.500a 510 | 26.00c
0 1.505¢ d0.184 1260b 4780 | 2633c
00 500 2.110b 0211b 1522a | 5.00ab | 2733b
Humic acid, mg-L"! 1000 2.420a 0.242a 1 .546a 5232 | 29.66a

The results show that spraying with the
Putrescine in combination with humic acid had
a significant effect on the increases in chemical
parameters of leaves which included N, P, K

concentration, total soluble carbohydrate and
total Chlorophyll in leaves and chemical
parameters of fruits which included N, P, K
Concentration, T.S.S and amount of vitamin C
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in fruits (Tables 2 and 3) respectively. That
could be attributed to putrescine spraying
induction important biological processes such
as ionic balance and DNA, RNA and protein
stabilization, hence, leading to the enhance-
ment of free amino acids and increasing in leaf
sucrose content. Certain PA changes are
correlated with changes in the structure and
function of the photosynthetic apparatus
(Demetriou et al., 2007). Application of Put.
lead to improvement in photosynthetic pigment
(Zeid, 2004). Ndayiragije and Lutts (2007)
reported improvement in net photosynthesis as
response to Put treatment in rice, and that Put.
induced stomatal closure in wheat which
exhibited high water content (Liu et al., 2000)
and these all lead to increase all studied
chemical parameters which mention above.
Humic acid spraying which promote growth
and increased yield and quality in a number of
plant species at least partially through
increasing nutrient uptake (Karakurt et al.,
2009). Humic acid have been reported to
enhance mineral nutrient uptake by plants,
increasing the permeability of membranes of
root cells (Valdrighi et al., 1996). Humic acid
is important for chloroplast system through it
leads to the increased rate of photosynthesis in
plant and consequently, productions of
photosynthesis materials have increased in
plant when spraying with humic acid also. In
general, spraying with humic acid had
increased the length of growth period, rate of
carbohydrates, amino acids and proteins in
plant. In the same direction, rate of retransfer of
photosynthesis materials is done to a great
extent from growth parts and consequently,
weight of plant will be increased (Farnia &
Nasrollahi, 2010).

Tahir et al. (2011) pointed that higher leaf
chlorophyll associated to humic spraying could
be related to increased cell membrane
permeability by humic acid and thus promoting
greater efficiency in the absorption of nutrients,
especially nitrogen a nutrient with direct
relation with leaf chlorophyll concentration.
Moreover, the effect of humic acid caused good
nutritional status in plant and thus, increased
the availability of elements such as: N, P, K
which had an activation of biotic activity in
plant and then conformation of organic acid
such vitamin C (Ertan, 2007). David et al.
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(1994) reported that promoting growth and
nutrient uptake of plants due to the addition of
humic substances. The plants take more
mineral elements due to better-developed root
systems. In addition, the stimulation of ions
uptake under the applications of humic
materials led many investigators to proposing

that these materials affect membrane
permeability.
CONCLUSIONS

The addition of putrescine and humic acid by
spraying on the shoot of tomato had a
significant effect in increasing and improving
the chemical characteristic. The double
interference treatments between putrescine and
humic acid had a significant effect on
increasing all the studied traits more than single
factors.
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Abstract

Among the alternative agricultural systems that have been developed, organic agriculture has deserved increasing
interest. This fact is due to the demand of a certain segment of consumers for products with taste, the aspect not being a
determining factor for the acquisition. The study aimed to assess whether the application of fertilizers with algae and
protein hydrolysate affects the quality of tomato fruits, Siriana cultivar. The applied fertilizers contained substances
that are allowed to be used in organic agriculture. The research has been conducted in vegetation pots and quality
indicators (chlorophyll pigments, total phenolic content, titratable acidity, soluble solid content, organoleptic
characteristics) and production (mean weight per fruit and number of fruits) indicators have been evaluated. The
results obtained showed that both organic substances (algae and hydrolyzed proteins) improve the quality of tomato
fruits, and production indices were higher by about 5.4% for variant B_AN, respectively by 5.8% for variant B_HP
compared to variant control (without organic substances).

Key words: tomato, biostimulants, Ascophyllum nodosum, hydrolyzed protein, fertilizer.

INTRODUCTION As a consequence, N losses are dependent on N
mineralization, which supplies the excess N in
The Commission's Farm to Fork and  the balance. Assuming a mean N mineralization
Biodiversity Strategies include the target of  rate of 0.75 kgN/ha/day in tunnels during the
reaching 25% of agricultural land under  tomato cropping period, N losses can be
organic farming by 2030 (European Green  equated to 28% of N inputs (Boulard et al.,
Deal, 2020). 2011).
The EU's harvested production of fresh  The use of biostimulators has played a
vegetables (including melons) was 64.8 million  beneficial role in mitigating the effects due to
tonnes in 2017, a very similar level to that in ~ water shortage and maintaining a level of
2016, of which 17.4 million tonnes were  production (Peripolli et al., 2021).
tomatoes, 6.7 million tonnes were onions and  Ascophyllum nodosum belongs to the class of
5.8 million tonnes were carrots (EUROSTAT,  brown algae and has a wide use in the category
2018). of products used in agriculture as a
Consumption of tomatoes, like many other  biostimulator with positive effects on some
plant species that are part of the human diet, is quality indices of crops (Battacharyya et al.,
considered to have some positive effects on  2015; Peripolli et al., 2021).

health. Protein hydrolysates have great potential to
There are many evidences supporting the anti- improve crop performance, especially under
inflammatory and anticancer action of tomato environmental stress conditions (Colla et al.,

fruit bioactive compounds (Raiola et al., 2014). 2015; 2017).

A regional survey of farmers conducted by Seaweed extracts are part of many
Bojaci et al. (2014) in Colombia, found that the  biostimulators because they have been shown
fertilization was a cause of abiotic soil  to be factors that promote plant growth and can
depletion. be applied with good results in conditions of
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abiotic stress (Battacharyya et al., 2015; De
Saeger et al., 2019).

MATERIALS AND METHODS

Plant materials and treatments

This study is focused on the effect of fertilizers
with algae and protein hydrolysate on tomato,
Siriana cultivar. The research has been
conducted in vegetation pots.

The cultivar Siriana F1 of Lycopersicon
esculentum was used in experiment. Siriana F1
is an early growing cultivar with indeterminate
growth, known to produce its first fruits after
~100 days. The fruits are red, spherical and
slightly flattened, with a medium weight of
140g/fruit. One plant can produce 5-5.5 kg of
fruits (Inculet et al., 2019).

It has been observed that cultivar Siriana F1
has good resistance to the most important
pathogens on tomato crops (Sovarel, 2015).
The applications of all fertilizer were
performed by fine atomization on the whole
foliage surface, during the vegetation period,
using four foliar treatments including 1%
concentrated solutions, as follows: first
treatment at 21 days after planting and the next
three treatments la interval de 7 days after the
previous one.

It has been observed that foliar application of
seaweed extract is effective in the morning
when the stomata leaf is open (Battacharyya et
al., 2015).

During the experiment, when fruits were fully
ripened, a minimum of three medium fruits
were collected for further analyses.

Obtaining and characterizing fertilizers
Fertilizers were obtained in the laboratory
using raw materials that are allowed to be used
in organic agriculture and were coded thus
taking into account the components of each:
Control with code Bm: contains secondary
nutrients and micronutrients (B, Cu, Fe, Mg,
Mn, S, Zn), without organic matter;

Variant 1 with code B_AN: contains secondary
nutrients and micronutrients (B, Cu, Fe, Mg, Mn,
S, Zn) + algae extract (Ascophyllum nodosum),
Variant 2 with code B_HP: contains secondary
nutrients and micronutrients (B, Cu, Fe, Mg,
Mn, S, Zn) + hydrolyzed soy protein;
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The composition of secondary nutrients and
micronutrients (B, Cu, Fe, Mg, Mn, S, Zn) for
all 3 samples were in the concentration ranges:
B 1.92-2.12 g/L, Cu 0.44-0.55 g/L, Fe 0.44-
0.53 g/L, Mg 2.40-2.59 g/L, Mn 0.42-0.54 g/L,
S 2.06-2.39 g/L, Zn 0.43-0.51 g/L.

The amounts of algae extract (Ascophyllum
nodosum) and hydrolyzed soy protein were
added so that the organic matter in each of the
two products was 30 g/L. The laboratory tests
used to determine the composition of the
biostimulators were based on the adapted
methods described in the Regulation (EC) No
2003/2003 of the European Parliament and of
the Council of 13 October 2003 relating to
fertilisers.

Agrochemical experiments were performed on
a soil with the following characteristics:

total nitrogen (Nt) 0.615%, mobile
phosphorus  (PaL) 166 mg/kg, mobile
potassium (Kar) - 317 mg/kg, organic carbon
(Corganic) -9.41%.

Soil samples were analysed by ICPA
methodology (Stoica et al., 1986) developed to
assess soil properties as follows:

- Organic carbon determined by volumetric
method Walkley - Black wet oxidation after the
change Gogoasa;

Total nitrogen (Nt): Kjeldahl method
digestion with sulphuric acid at 350°C, a
catalyst of potassium sulfate and copper
sulphate;

- Phosphorus accessible (P mobile): method
Riehm-Domingo and dosed with colorimetric
molybdenum blue method after Murphy-Riley
(reduction with ascorbic acid);

Potassium (K mobile) accessible: after
extraction method Egner-Riehm-Domingo and
determination by flame photometry.

Statistical analysis

Different lowercase letters mean significantly
difference from other treatments at the level of
p<0.05 according to the least significant
difference (LSD) tests.

RESULTS AND DISCUSSIONS

Tomatoes are part of the human diet and there
is clear evidence that they contain bioactive
compounds with positive effects on human
health (Raiola et al., 2014).



This study is focused on the effect of fertilizers
with algae and protein hydrolysate on tomato,
Siriana cultivar.

Throughout the experiment, specific practices
to this crop were performed for all variants.
Bordeaux mixture was used to control diseases
and pests. All solutions were prepared before
each application. During the experiment, when
fruits were fully ripened, a minimum of three
medium fruits were collected for further
analyses.

The results obtained showed that both organic
substances (algae and hydrolyzed proteins)
improve the quality of tomato fruits, and
production indices were higher by about 5.4%
for variant B_AN, respectively by 5.8% for
variant B _HP compared to variant control
(without organic substances) (Figure 1).

600
500
400
300
200
100

0

Bm (control) B_AN B_HP

MW Yield/plant (g) ™ Mean weight/plant (g)

Figure 1. Yield and mean weight for variants treated
with bio-fertilizers and control

It has been observed that the application of
biostimulants leads to an increase in production
yield and to a reduction in fruit ripening times
(Mannino et al., 2020).

The differences in production between the
variants treated with B_HP and B_AN were
insignificant but had a significant increase
compared to the control, given in accordance
with the studies performed by (Colla et al.,
2017).

The rational use of biostimulants for a crop on
a soil that contains at least the minimum
nutrients needed by the plant is a way to
provide plants a possibility of adapting to
abiotic stresses. In order to obtain positive
results, it is important that the application
moments, the concentration of the active
elements and the type of components respond
to the needs of the tested culture.

The application of fertilizers that can be
capitalized superiorly by plants and not to
create pollution is a priority in agriculture. This
situation is very common for fertilizers
containing soluble forms of nitrogen (urea,

ammonium nitrate) (Liang et al., 2020).

Table 1. The composition of chlorophyll a and b and

carotene
Chlorophyll | Chlorophyll | Carotene
Treatments a (mg/g b (mg/g (mg/g
FW) FW) FW)
Bm

(control) 0.83a 0.79 a 0.69 a
B_AN 0.89b 0.86b 0.77b
B _HP 0.90b 0.87b 0.77b

Different lowercase letters mean significantly difference at the
p <0.05 level

Regarding the effects of the two fertilizers, it
was observed that there are no statistically
assured differences between the variants with
organic matter content (Table 1). Although the
Chlorophyll a and b content was higher for the
variant in which the organic source came from
the protein hydrolyzate, the difference
compared to the variant with algae extract
content is not significant, being proven that the
application of seaweed leads to the increase of
chlorophyll content in plants (Battacharyya et
al., 2015; Goiii et al., 2018).

Studies have led to the conclusion that the
content of carotenoids is influenced by doses of
nitrogen fertilization, the nitrogen source being
the variant with protein hydrolysate (Erba et al.,
2013).

Table 2. Evolution of total soluble solids, titratable
acidity and total phenolic content concentration in

tomatoes
Total soluble Titratable Total phenolic
Treatments solids, TSS acidity, TA, content, mg
(%) (g/L) GAE/g FM
Bm

(control) 421a 033a 89.2a
B AN 449b 0.37b 95.1b
B_HP 451b 0.37b 95.4b
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Different lowercase letters mean significantly difference at the p < 0.05

level.

The increase of the concentration

in total

soluble solids and titratable acidity in tomatoes
leads to the improvement of the taste and the
values obtained are in the range of values




obtained by other authors (Table 2) (Sora et al.,
2019).

The effect of increasing the weight and content
of titratable acidity and skin total phenolics is
also manifested for grapevines as a result of
treatment with Ascophyllum nodosum extract
(Frioni et al., 2018).

Tomatoes contain antioxidant compounds that
plays an important role in maintaining a normal
state of plant nutrition (antibiotics and natural
pesticides) and positive effects on human
health (natural sources of antioxidant and
antimicrobial compounds) (Turhan et al., 2011;
Dadakova et al., 2020).

Although both fertilized wvariants showed
increases in the composition of nitrogen,
phosphorus and potassium in tomato fruits, the
significant increases were for N and P (Figure
2).

Studies performed on tomato crop do not
indicate a clear correlation between the
composition of these elements and the
application of organic fertilizers (Demir et al.,
2010; Rouphael et al., 2017).

b a a

I b I a I a
u O [
Bm

B_AN B_HP
Figure 2. The composition of tomato fruits depending on

0,25
0,2
0,15
01
0,05

0

BN (%) WP (%) HK(%)

the variant used for fertilizers.
Different lowercase letters mean significantly difference
at the p < 0.05 level

Organoleptic determinations were based on 3
criteria: aspect (maximum 15 points), texture
(maximum 35 points) and taste (maximum 50
points) (Sora et al., 2019).

Table 3. The results about organoleptic determinations

. Organoleptic evaluation (score)
Variants Aspect Texture Taste Total
Bm 11 31 45 87
B AN 12 33 47 92
B _HP 12 32 48 92
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Products treated with fertilizers with organic
substances had a better score compared to the
variant treated only with the mineral part, due
to the ability of biostimulants to produce more
marketable tomato fruits (Table 3) (Mannino et
al., 2020).

CONCLUSIONS

There is a high demand for the cultivation of
quality tomatoes from consumers who are
interested in taste and appearance. Because of
this there is pressure on farmers to get quality
crops with authentic taste. It was observed that
the preservation of the taste and quality of the
product depends on the treatments performed
during the vegetation.

In our study, we obtained 2 products with
organic  substance with algae extract
(Ascophyllum nodosum) and hydrolyzed soy
proteins. These were applied foliar (4
treatments) to the tomato crop to evaluate the
effect on quality and production indicators.
Both products have led to an increase in the
content of total soluble solids, titratable acidity
and total phenolic content in fruits. Also, a
significant increase compared to the control for
B AN and B HP variants was also for the
chlorophyll content in plants.

The improvement of the organoleptic indices is
due to a more concentrated composition in
nutrients, which leads to the choice of products
treated with nutrient solutions that meet the
conditions of imputations that can be used in
organic agriculture.

Taking into consideration these results, the
present work suggests that, the application of
the biostimulants represents an efficient method
of obtaining quality products for tomato crop in
conditions of environmental protection.
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Abstract

The climate change that has occurred in the last three decades is also present for the region of Plovdiv in Bulgaria.
Increase of annual average air temperature and temperature values during winter and early spring has been recorded
in comparison to the (1961-1990) referent period in Plovdiv region. The lettuce development was researched in a
greenhouse in the Agricultural University- Plovdiv. During the lettuce growth six different variants were used: no
fertilizer, one chemical, and four organic fertilizers. The effect of the different organic fertilizers was studied through
physiological parameters and vegetative behavior of plants. This paper analyzed changes in functional activity of the
plant photosynthetic apparatus and productivity of variants with different fertilizers in an unheated greenhouse. The
ratio between photosynthetic active radiation (PAR) and quantum yield (qY-Fv/Fm) of PS Il was more effective in dark-
adapted leaves for the organic fertilizer variants, compared to the no fertilizer variant. No significant difference was
observed in the values of the minimal fluorescence Fo in reaction centers of PS II after the dark-adaptation of leaves
from the different fertilizer variants. It was estimated the higher value of the chlorophyll content index (CCI) for
organic and chemical fertilizers compared to the no fertilizer variant. The main biometric parameters were studied.

Key words: photosynthetic activity, chlorophyll content index, lettuce, vegetative behauvier, greenhouse.

INTRODUCTION

In recent years, with the intensification of
extreme phenomena of meteorological origin,
the advancement of agricultural science and the
desire of people to produce qualitative and safe
food with minimal risk to the environment,
biological farming technologies have aroused
scientific interest. Production without mineral
fertilizers is important for the environment
protection, for the balance and fertility of the
soil, as well as for human health. The lettuce is
a vegetable, intended only for fresh
consumption, which requires good taste and
purity of production. Vitamins A, B, C, D, and
E can be found in the leaves of the species
(Fogg, 1983). The vegetable is one of the main
components from the dietary menu and the
table in Bulgaria.

The resistance of the species to low
temperatures and the duration of the period up
to their typical leaf mass reached growth stage
make it preferred both for autumn-winter
production in unheated facilities and for early
spring cultivation. Both the higher temperatures
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and the changes in the humidification
conditions in the country (Marinova et al.,
2018; Alexandrov et al., 2004), and the studied
area (Georgieva et al., 2017), registered in the
recent  decades, affect the  specific
meteorological conditions, the growth and
development of the different production
(Popova et al., 2014) and types of lettuces. It is
necessary to specify the varieties and the
fertilization. Therefore, an experiment in
polyethylene greenhouses with a type of lettuce
was set (type Head lettuce, variety “Winter
butterhead”) with six different variants of
organic (biological) fertilization, namely: no
fertilization; fertilization by means of one
chemical; and fertilization by four organic
fertilizers.

There are studies on the interaction of different
factors on the physiological status of plants
(Shopova &  Cholakov, 2014). The
physiological condition of plants and effect of
various stressful factors thereon have been
studied using  chlorophyll  fluorescence
properties by many researchers (Mathur et al,
2014; Kalaji et al., 2016). Chlorophyll



fluorescence is a non-invasive measurement of
photosystem II (PSII) activity and is a
commonly used technique in plant physiology.
The sensitivity of PSII activity to abiotic and
biotic factors has made this a key technique not
only for understanding the photosynthetic
mechanisms but also as a broader indicator of
how plants respond to environmental change
(Murchie & Lawson, 2013). The fluorescence
is emitted mainly from chlorophyll a of PSII
and reflects the primary processes of
photosynthesis by light absorption, distribution
and transfer of excitation energy and
photochemical reactions in PSII. Because of the
functional relation of PSII with other
components of the photosynthetic apparatus of
the chlorophyll fluorescence, it is seen as a
proxy for the state of the integral
photosynthetic process and the plant organism
as a whole (Rohaéek, 2002). Chlorophyll
fluorescence, among others, has been
satisfactorily used for monitoring leaf health
status in lamb’s lettuce (Ferrante & Maggiore,
2007) and storage potential of iceberg lettuce
(Schofiled et al., 2005).

The device Chlorophyll Content Meter is useful
for improving nitrogen and fertilizer
management, and is ideal for crop stress, leaf
senescence, plant breeding, health
determination, and other studies. Furthermore,
the affordability and ease of use make it an
exceptional teaching tool for botany and plant
science  courses  (Opti-Sciences  2002;
Richardson et al., 2002).

The aim of the present study was to monitor the
reaction of the lettuce (type Head lettuce,
variety “Winter butterhead”) to six different
fertilization  variants by analyzing the
temperature conditions and measuring the main
parameters of productivity and photosynthetic
activity.

MATERIALS AND METHODS
The experiment was conducted on the
experimental field of the Agricultural

University of Plovdiv in 2018-2020 in unheated
greenhouses on alluvial meadow soil (Mollic
fluvisol, FAO 2006). The soil texture is sandy
clay loam to clay loam, despite the small
amount of total carbonates (2-3%), the soil
reaction is slightly alkaline pH @20) - 7.7-8.0
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(Valcheva et al., 2015). The same authors
found a high amount of exchange bases
(Ca*+Mg?" - 20-30 meq/100 g soil) in the
composition of the soil sorption complex, and a
low content of nitrogen, phosphorus and
potassium. The importance of the organic
matter of the soil for its fertility is indisputable.
However, the nitrogen bound in the organic
matter remains hidden in this indicator. The
nitrogen in organic form, which is over 95.0%
of total soil nitrogen is the basis of soil fertility.
Organic nitrogen is the source that supports the
plants throughout the growing season and
ensures an even supply of nitrogen to the
plants. The active fraction of soil nitrogen
varies with different soil types and depends on
a number of factors - degree of cultivation,
field history (previous crops in the crop
rotation, fertilization system), biotic and abiotic
soil characteristics and some environmental
factors, mainly temperature and humidity.

The head lettuce type plants (Lactuca sativa L.
var. capitata L., variety ‘Winter butterhead”)
were planted on 8" of November in
polyethylene greenhouses in 4 rows according
to the scheme 70+30+30+30/30 cm with a
profile of the soil surface a high level bed
(100+60cm.) The experiment was based on the
block method with four repetitions, using 28
plants per repetition, and a plot size of 3.36 m>.
Organic seeds were provided for seedling
production using container technology with
150-hole Styrofoam boards in the following
combination - organic seeds - 80.0%, Perlite -
20.0%, Lumbricompost for bioproduction of
seedlings (Kostadinov & Filipov, 2013).
Several variants were tested: 1. Control (non-
fertilization); 2. NPK (mineral fertilization); 3.
Italpollina; 4.  Arkobaleno; 5. LC
(Lumbricompost); 6. Ekoprop NX. The
granular fertilizers were introduced as basic
fertilization, with soil pre-transplantation at the
following norms: N-12.5 kg/da, P20s-1.25
kg/da, + K20-4.75 kg/da, Italpollina-25 kg/da,
Arkobaleno - 100 kg/da, and Lumbricompost -
400 1/da. The liquid bio fertilizer Ekoprop NX
was applied by double treatment in a dose of
100 g/da, before planting - in the 5" leaf
seedling phase, and 10 days later on, after the
adaptation to the soil. The remaining bio
fertilizers are granulated and introduced into
the soil before the last tillage and before



planting the seedlings. The biometric
measurements were taken three times at one-
week intervals in stage-typical leaf mass
reached.

Chlorophyll  fluorescence imaging. The
Chlorophyll fluorescence of the lettuce leaves
was measured using a portable device PAR-
FluorPen FP 110/D manufactured by Photon
Systems Instruments Ltd., Czech Republic.
The fluorescence measurement protocol uses
short (30 ps) measuring flashes to measure zero
level fluorescence (Fo) followed by a strong
saturating flash (duration 0.8 s, intensity about
3000 pmol m 2 s™!) to measure the maximum
fluorescence (Fm). Three strong flashes of
saturating light probed the effective quantum
yield (Qy) of PSII during the actinic light
exposure (Maxwell & Johnson, 2000; Nedbal et
al., 2000). Light Meter for direct digital
readouts of  Photosynthetically  Active
Radiation (PAR) in the range from 400 to 700
nm, the span in which plants use energy during
photosynthesis. ~PAR is measured as
Photosynthetic Photon Flux Density (PPFD),
which is indicated by units of quanta (photons)
per unit time per unit surface area. The
chlorophyll  fluorescence transients were
measured on the same day in the morning. The
periods of measurement were between the end
of March and the beginning of April, when the
plants were in their typical leaf mass reached
growth stage. The nine leaves from each
variant were dark adapted for about 30 min by
detachable leaf-clips prior each measurement.
The numeric value of each parameter (Fv/Fm,
Fo, PAR) was determined by integrating it over
the measured leaf area.

Physiological estimate of the chlorophyll
content index (CCI). The Chlorophyll content
index of the leaves was measured using a
portable  apparatus CCM 200  plus
manufactured by Opti-sciences, Inc., NH, USA.
The physiological assessment was carried out
in vivo on the field. The measurements were
taken on three dates from a sample of leaves at
their typical leaf mass reached growth stage.
The periods of the measurements were between
the end of March and the beginning of April.
20 leaf measurements in the central part of the
leaves were taken for each variant (in each of
the repetitions).
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Statistical evaluation of the results: The statistic
processing of the data was performed by
applying the mono-factorial dispersion analysis
(Dimova & Marinkov, 1999).

RESULTS AND DISCUSSIONS

Physiological parameters

The mean value of the initial fluorescence (Fo)
of the oxidized reaction centers of PSII was
highest in the mineral fertilization variant, and
lowest in the Italpollina and Arkobaleno
organically fertilization variants (Table 1). For
this parameter, significant differences in the
average values of the different fertilization
variants were not calculated. In relation to the
studies of Zlatev & Kolev, 2012 and Chen et
al., 2018, who believe that a higher value of Fo
is associated with high temperature stress, we
can conclude that the temperature conditions in
the greenhouse do not lead to a stress response
in the plants. For parameter Qy (Fv/Fm), a
statistically significant lowest value was
registered for the control plants - 0.790 and a
highest value was read for the biological
fertilization variant Italpollina - 0.812. Higher
values were also reported for the all variants
compared to the control (Table 1). The
comparative characteristic made by dates of
measurements shows the largest difference
between the unfertilized variant and the
variants with organic fertilizers on the second
measurement date. The mean value of Qy for
all variants in this study indicates the presence
of moderate stress in the photosynthetic activity
of the plants, most pronounced in the control
variant. It was confirmed from the average
value of the ratio Fv/Fm or the quantum yield
Qy of the different variants, which was close to
the normal for healthy leaves - 0.83 (Demmig
&  Bjorkman, 1987). The  measured
photosynthetically active radiation (PAR) is
higher on the first two dates, which is
associated with the higher daily temperatures
and the increased solar radiation compared to
the atmospheric conditions during the third
reporting date. The higher PAR values on the
first two dates are associated with a lower Qy
value, and this reduction should not be
associated with photoinhibition due to low
PAR values. The ratio between photosynthetic
active radiation (PAR) and quantum yield (qY-



Fv/Fm) of PS II in dark-adapted leaves was
more effective for the organic fertilizer variants
Italpollina and Ekoprop, as well as for the
variant with mineral fertilization (Table 1).

In parallel with the readings of some indicators
of the chlorophyll fluorescence of the leaves,
the chlorophyll index - Chlorophyll Content
Index (CCI) was measured (Table 2). The
lowest mean CCI value was estimated for the
non-fertilized control variant, with few
exceptions this dependence being maintained

for all three dates of measurement. The leaves
of the variants fertilized by organic fertilizers
Ekoprop have the highest CCI. The
significance difference only for organic
fertilizer variant Ekoprop compared to the
control variant was calculated. The values of
the chlorophyll index are in a positive
correlation with the values of the quantum
yield-Qy (r = 0.648) which proves the inducing
effect of the organic fertilizers on the
photosynthetic activity of the plants.

Table 1. Chlorophyll fluorescence parameters of the plant leaves for the head lettuce type (Lactuca sativa L. var.
capitata L.) variety ‘Winter butterhead’) in an unheated greenhouse, averaged for the period 2018-2020 year

Control NPK Italpollina Arkobaleno LC Ekoprop
fo 4513 3531 3561 4858 4844 5109
fo 5209 5715 5041 4400 5449 5215
fo 4626 5226 4882 4848 4335 4149
4782.6 4823.9 "~ 4494.7 4702.0 4875.9 " 4824.3 "
Qy=Fv/Fm 0,813 0,810 0,803 0,807 0,810 0,807
Qy=Fv/Fm 0,760 0,787 0,800 0,780 0,792 0,783
Qy=Fv/Fm 0,797 0,825 0,833 0,828 0,827 0,833
0.790 0.807* 0.812 ** 0.805* 0.809 * 0.808**
PAR 110,0 79,7 97,0 121,0 1453 135,0
PAR 124,0 135,0 130,0 153,3 183,0 175,3
PAR 1453 110,0 86,7 83,3 78,0 68,3
126.4 108.2 " 104.6 " 119.2" 1354 126.2™
LSD Fo Qy PAR
p=0.05* 557.1 0.0015 27.6
p=0.01*%* 779.3 0.0020 36.9
p =0.001%** 1054.5 0.0022 48.5
n.s. - no significance
difference

Table 2. Chlorophyll content index (CCI) of the leaves for the head lettuce type (Lactuca sativa L. var. capitata L.)
variety ‘Winter butterhead”) in an unheated greenhouse averaged for the period 2018-2020 year

Date of

estimate Control NPK Italpollina Arkobaleno LC Ekoprop
Variants

first date 4.85 4.87 542 6.68 5.48 6.00

second date 4.36 5.46 4.90 4.60 5.16 5.56

third date 4.90 6.34 4.82 5.02 5.96 5.68

mean value 4H.70 5.55 n.s. 5.03 n.s. 5.43 n.s. 5.53 n.s. 5.75%

LSD

p=0.05*% 0.91

p=0.01%* 1.20

p = 0.001%** 1.56

n.s. - no significant difference

Vegetative behavior relatively  high, meeting the  market

Head lettuce type plants are characterized by a
faster rate of growth and development and form
a bigger vegetative mass, which can also be
seen from the readings of the ‘Winter butter
head’ variety. At the moment of the first
reading, the fresh mass of the whole plant was

requirements, though (Table 3). The largest
mass was formed after mineral fertilization with
Italpollina, Arkobaleno and Ekoprop- between
391.25 g and 452.86 g. The yield in fresh mass
of the other variant with organic fertilization is
363.62 g.
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Table 3. Vegetative behavior of the head lettuce type, variety ‘Winter butterhead’ in the first biometric measurement,
for the experimental period 2018-2020 year

fresh mass of the whole leaf rosette stem
leaves, number . .
plant, g diameter, cm diameter, mm mass, g
year year ear ear ear
varlant . . o . kA . . @ . . @ . . o
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n.s. - no significance difference

Relatively small differences were reported in
the diameter of their rosette. The largest
diameter is reported for for Ekoprop and
Arcobaleno - 39.11 and 37.73 cm, respectively.
The variants with organic fertilization have
formed a rosette with a diameter between 36.62
and 39.11 cm.

The plants had formed a relatively smaller
number of leaves. The plants, fertilized with
Ekoprop had the highest number of leaves -
41.12, followed by Arcobaleno with 37.58. The
other variants formed between 29.52 and 41.12
leaves.

Larger differences were observed with the
indicators of the stem. The differences in
diameter were significant. It was the largest
with Ekoprop - fertilization - 25.54 mm and
with Arkobaleno- 25.02 mm. The highest mass
value had the stem with the Ekoprop variant of
fertilization - 33.38 g, followed by the resulting
stem in the case of using Arkobaleno - 30.50 g.
With the smallest mass of the stem were the
unfertilized plants and Lumbricompost, 20.37
and 26.04 g, respectively.
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During the two experimental years, with the
exception of the fresh mass of plants fertilized
with Lumbricompost, the statistical difference
between the tested variants was proved.

The second reading revealed that the plants had
continued to grow, albeit slowly (Table 4). The
fresh mass of the whole plant had increased
compared to the previous moment of
measurement. The largest were the plants,
fertilized with Ekoprop - 524.14 g. The options
with  organic fertilization Italpolina,
Lumbricompost and Arkobaleno - were close in
value to conventional fertilization and ranged
from 476.96 g to 481.62 g.

There were small differences between the
variants of fertilization in the diameter of the
plant rosette. It ranged from 34.92 mm for the
control variant (no fertilization) to 39.56 mm
for the variant of fertilization with Ekoprop.
The values of the stem indicators were
equalized. The diameter of the stem ranged
from 23.06 mm for the control variant (no
fertilization) t030.53 mm for the variant of
fertilization with Ekoprop.



Table 4. Vegetative behavior of the head lettuce type, variety ‘Winter butterhead’ in the second biometric measurement,
for the experimental period 2018-2020 YEAR

leaf rosette
fresh mass of the " stem
hole bl leaves, number diameter,
whole plant, g em diameter, mm mass, g
year year year year year
Variant
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n.s. - no significance difference

The mass of the stem showed comparatively
small differences between the variants. It was
slightly higher for Ekoprop, Arkobaleno and
Italpolina fertilization, namely: 41.17 g, 40.91
g and 39.75 g respectively.

The statistical difference between the tested va-
riants by experimental years has been proven.
Plant growth was registered at the moment of
the third harvest (Table 5). The fresh mass of
the whole plant had increased slightly. The
largest were the plants, fertilized with Ekoprop
- 531.47 g, exceeding the mineral fertilized
ones by 52.26 g. The other variants with
organic fertilization were similar in size to
conventional fertilization.

New leaves had been formed in all variants of
fertilization, ranging from 1.42 after Italpolina
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to 3.90 after mineral fertilization. The total
number of leaves was between 38.27 for the
unfertilized plants to 48.72 for the ones,
fertilized with Ekoprop.

Leaf growth was also registered, which caused
the formation of a larger leaf rosette, with a
diameter, ranging from 33.66 mm to 39.67 mm.
In most variants, the mass had increased
significantly, while its diameter of the stem had
grown less. The plants fertilized with Ekoprop
had the largest mass - 50.85 g, while the ones,
fertilized with mineral fertilization and
Italpolina were with a mass of 48.95 and
48.12 g. This trend is valid for the diameter as
well, with Ekoprop and Arkobaleno fertilized
plants having the largest diameters. The
diameter had increased by 2-3 mm, but the



differences between the variants were
significant - 4-9 mm. The statistical difference

between the tested variants was proved for the
two experimental years.

Table 5. Vegetative behavior of the head lettuce type, variety ‘Winter butterhead’ in the third biometric measurement,
for the experimental period 2018-2020 YEAR

fresh mass of the le?f rosette stem
hole bl leaves, number diameter, N
whole plant, g cm diameter, mm mass, g
Variant year year year year year
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CONCLUSIONS harvesting. The variant with organic
fertilization with Lumbricompost form plants
The ratio between photosynthetic active  close in their average mass to those, grown

radiation (PAR) and quantum yield (qY-
Fv/Fm) of PS II in dark-adapted leaves was
more effective for the organic fertilizer variants
Italpollina and Ekoprop,

The leaves of the variants fertilized by organic
fertilizers Ekoprop have the highest CCI.

The values of the chlorophyll index are in a
positive correlation with the values of the
quantum yield-Qy, (r = 0.648) which proves
the inducing effect of the organic fertilizers on
the photosynthetic activity of the plants.
Organic fertilizers are able to meet the need for
essential nutrients when growing lettuce in
polyethylene greenhouses. All variants with
organic fertilization comply with the quality
standard from the beginning to the end of

after conventional fertilization with mineral
fertilizers, and the plants grown after organic
fertilization with Italpollina, Arkobaleno, and
Ekoprop surpass it.

Under the meteorological conditions of the ex-
periment, biological fertilization does not
require photosynthetic activity of plants com-
pared to those found after mineral fertilization.
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Abstract

The purpose of this study was to assess the growth potential in liquid cultures conditions of ten edible and medicinal
mushrooms named: Flammulina velutipes, Lentinus edodes, Pleurotus eryngii 2600, Pleurotus ostreatus var. Florida,
Trametes versicolor, Hericium coralloides, Ganoderma lucidum, Ganoderma applanatum, Agaricus campestris and
Laetiporus sulphureus. The evaluation of the mushroom growth potential was carried out using six types of culture
media with different chemical composition. After 21 days from the cultures initiation, it was found that Ganoderma
species had the greatest potential for the production of biomass in liquid culture conditions on all six media; also, the
PpH values of culture media have undergone important changes from baseline.

Key words: fungal biomass, growth conditions, liquid culture, mushrooms.

INTRODUCTION

Growing mushroom in submerged culture, a
procedure applied in the last two decades, may
result in a fast production of abundant mycelial
biomass. Therefore, this method may present
an important advantage over cultures practiced
on solid media (Zhong & Tang, 2004; Tang et
al., 2007). In addition, submerged cultivation is
considered industrially efficient because many
bioactive compounds found in liquid culture.
Some of these compounds, such as:
polysaccharides, proteins and their complexes,
phenolic compounds, triterpenoids, steroids,
alkaloids, have important medicinal properties
(cholesterol-lowering,anti-diabetic, antioxidant,
antitumor, immune-modulating, antimicrobial,
and antiviral activities, etc.) (Nandi et al.,
2019). Since the production of these
compounds is usually associated with specific
environmental conditions, in vitro imitation of
these conditions is an effective strategy to
influence secondary metabolic pathways.

Most fungi have different growth requirements.
The biomass development, as well as bioactive
compounds production, are strongly affected by
several environmental parameters, including
the composition of the culture medium (in
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particular the nature and concentration of the
carbon source) (Lee et al., 2004; Papinutti,
2010). For bioprocessing, not much research
has been carried out regarding the effects of the
chemical composition of the culture media on
the biomass production made by different
species of edible/medicinal mushrooms grown
under submerged conditions.

In this context, the aim of this study was to
investigate the growth potential of some
edible/medicinal mushroom species in different
liquid culture media conditions for the
production of mycelial biomass.

MATERIALS AND METHODS

Mushroom samples. Ten mushroom species,
named: Flammulina velutipes, Lentinus edodes,
Pleurotus eryngii 2600, Pleurotus ostreatus
var. Florida, Trametes versicolor, Hericium
coralloides, Ganoderma lucidum, Ganoderma
applanatum,  Agaricus  campestris  and
Laetiporus  sulphureus  were used for
experiments. The mushrooms strains were kept
in the collection of Faculty of Biotechnology of
the University of Agronomic Sciences and
Veterinary Medicine of Bucharest. Stock



cultures were maintained in test tubes on 2%
malt extract agar, at 4°C.

Culture media and performed assays. To
investigate the growth potential of mushroom
mycelia in submerged culture, the following
liquid media were used: malt extract broth
(ME) (Merck), potato dextrose broth (PD)
(Merck), potato-malt-peptone broth (PMP)
(Kim et al, 2002), mushroom complete
medium broth (MCM) (Kim et al., 2002),
glucose - malt extract - yeast broth (GMY)
(Pickard et al., 1999) and yeast — malt extract
broth (YM) (Kim et al., 2002). The synthetic
media composition are presented in Table 1.

Table 1. Composition of liquid media

Culture media and nutrient concentrations
Compositi /1)
of culture 1 2 3 4 5 6
media PD | ME | PMP | MCM | GMY | YM
Potato 4 - - -
infusion
Dextrose 20 - 24 - - -
Peptone - - 1 2 - 5
Glucose - - - 20 10 10
Malt extract - 20 10 - 35 3
Yeast extract - - - 2 2,5 3
KH,PO, - - - 0.46 2 -
K,HPO, - - - 1 -
MgS0.x7H,0 - - - 0.5 0.5 -
pH control 5.0 5.4 4.6 5.9 5.2 59

Note: PD: Potato Dextrose Broth; ME: Malt Extract Broth;
PMP: Potato- Malt-Peptone medium; MCM: Mushroom
complete medium; GMY: Glucose - Malt - Yeast extract
medium; YM: Yeast Malt extract.

The inocula were prepared by adding actively
growing mycelia from a newly prepared culture
(myecelial agar discs with 0.5 cm of diameter)
into 100 mL in 250 mL Erlenmeyer flask. For
the submerged culture, 100 mL of the each type
of liquid medium (see Table 1) were prepared
in a 250 mL flask. The cultures were incubated
for 3 weeks, with stirring at 110 rpm and 25°C.
During the incubation period, once a week, the
pH variation in the culture media was measured
with a electronic pH meter WTW, inoLab®
730 and compared with the initial pH of
inoculated media (pH control). At the end of
the experiment, the mycelial mass was
recovered from the each liquid medium by
filtration and weighed in a wet state. Then, the
wet biomass was dried at 70°C, for 4 hours, and
weighed again. Thus, it was established which
of the culture medium was most suitable for
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obtaining an
biomass.
Statistical analysis. Measurements on the pH
value were performed in triplicate and
compared with the initial pH values. The data
obtained were statistically processed in Excel,
by analysis of the variance (ANOVA) using the
Student t-test.

increased amount of fungal

RESULTS AND DISCUSSIONS

The investigation of mushrooms growth
potential under submerged conditions for
biomass production was performed using six
variants of liquid culture media, different in
terms of chemical composition. After 21 days
from fungal mycelium inoculation the
developed biomass was filtered, weighed and
quantified as wet biomass (Figure 1).
Depending on the composition of the culture
medium and the cultivated mushroom species,
it can be observed that are differences in the
accumulation of mycelial biomass. Also,
mushroom mycelium appearance, in terms of
color and consistency varies depending on the
culture medium. For example, the mycelium of
L. sulphureus, developed on the MCM and
PMP media, was more compact and with
spherical agglomerations on the culture
medium surface. Contrariwise, the biomass
developed on the PD medium had a fluffy
appearance with a specific orange color of the
mushroom fruiting body. On the GMY and YM
culture media, the fungus retained the specific
orange color, but the surface developed
mycelium has a folded appearance (Figure 2).
The non-isoprenoid polyene laetiporic acid A,
recently described from fruit-bodies of the
fungus Laetiporus sulphureus, was found to be
the major orange pigment also in mycelium
grown in liquid culture (Davoli et al., 2005).

Between the 10 types of fungi studied,
Ganoderma species showed the highest
potential for biomass production under

submerged conditions on all six variants of the
tested culture media (Figure 3).

Among Ganoderma species, G. applanatum
developed a significant amount of wet biomass,
obtained especially on PD (30.57%), GMY
(20.56%) and YM (16.28%) (See Figure 1).
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Figure 1. Amount of wet biomass harvested from the six types of liquid media
Abbreviations: ME: Malt Extract Broth; PD: Potato Dextrose Broth; MCM: Mushroom Complete Medium;
PMP: Potato- Malt- Peptone medium; GMY: Glucose - Malt - Yeast extract medium; YM: Yeast Malt extract.

Figure 3. G. applanatum - abundant biomass on all types of culture media

After filtering and quantifying, the wet biomass
harvested from each variant of culture medium
was dried and weighed. Contrary to
expectations, it has been found that the dry
biomass obtained from a large amount of wet
biomass is quite low. For example, G.
applanatum which had the highest amount of
wet biomass on PD (30.58%), GMY (28.56%)
and YM (16.28%) media, only 5.33 g, 436 g
and 6.04 g of dry biomass were obtained after
drying. The highest amount of P. eryngii wet
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biomass was obtained on the YM medium
(30.27%) and only 6.29 g of dry biomass were
recorded after drying (Figure 4).

These differences could be explained due to the
particularities of the resulting fungal mycelium
(consistency, morphology, etc.), to the media
composition and the cultural conditions, and
not least of the cultivated species. Therefore,
the effect of culture media on mycelium growth
varies with the species of fungi.
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Figure 4. The amount of fungal dry biomass (g) obtained from the six types of liquid media

One of the main factors affecting the
biosynthetic potential of fungi in submerged
culture is the pH of the medium. This can affect
cell membrane functions, uptake of different
nutrients from the extracellular environment,
solubility of mineral salts, ionic potential of
substrates, enzymatic activity and biosynthesis
products (Elisashvili, 2012). Environmental pH
is an important parameter that has been shown
to affect fungal morphology (Gibbs et al.,
2000). For basidiomycetes, it has been reported
that an optimal pH is around pH 6.0 (Kim et al.,
2002). With regard to mushroom species tested,
our results shown that the mycelial mass
increased quite well at a pH between 4.6 and 7.
At the end of the 21 days of culture, performed
at the room temperature, study on pH variation
in all culture media showed that pH values
underwent major changes compared to the
initial values. The most drastic decrease was
recorded at Laetiporus sulphureus grown on
the ME (from pH 5.4 to pH 2.1) and PD (from
pH 5.0 to pH 2.0) (Figure 5). The values
between the initial pH and the final pH in
culture media were statistically calculated. As
data shown, there are no significant differences
for the MCM, PMP, GMY and YM culture
media. On the contrary, in the case of ME and
PD media, there are significant differences
between the initial and final pH (Figure 5). The
maximum biomass of L. sulphureus (15.04%
fresh weight) was harvested from MCM
medium at a pH between 5 and 6.9.
Acidification of the ME and PD media could be
due to the gradual accumulation in the
extracellular environment of some acids
released by the organism as a result of some
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metabolic processes which are induced by the
composition of culture media (ME or PD).
Regarding P. eryngii, it was observed that
obtaining a maximum quantity of fresh biomass
(30.27% on YM and 20.40% on GMY
respectively) was produced at a final pH of 6.2;
this mean that the fungus has adjusted the
medium pH during incubation. As can be seen
from the figure below, significant differences
between the initial and final pH values exist
only in the GMY medium (Figure 5). The strain
of P. ostreatus var. Florida recorded a
significant amount of biomass (16.31%) on
MCM medium, with a final pH around 6.9.
During the incubation period, the fungus
adjusted the initial pH of the culture medium,
releasing some alkaline compounds in the
extracellular environment. The pH variation
was negligible only in the MCM medium
(Figure 5). Acidification of the culture medium
(pH 3.27) resulted in a reduced amount of
biomass (0.57% fresh mass). The maximum
amount of biomass obtained from A. campestris
was recorded on PMP medium (10.97%), at a
final pH of 6.8. Although the initial pH of the
PMP medium was 4.6, the fungus gradually
increased the initial pH during incubation.

The only liquid media in which the pH
variation registered insignificant values were:
MCM, GMY and YM. F. velutipes recorded
mycelial biomass values at a final pH between
4 and 6.1, which suggests that this fungus
prefers an acidic pH. The pH variation towards
neutral values (pH 7.0) resulted in very low
quantities of biomass (in the GMY and YM
media). The increase of the pH value with the
accumulation of biomass may be due to the



elaboration in the culture medium of some
basic compounds (e.g. proteins). The difference
between the initial pH and the final pH was
significant in all tested culture media (Figure
5). In L. edodes culture, a well-developed
biomass was obtained on PD (3.2%) and ME
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(2.13%), respectively, at a pH between 3.9 and
4.3. In the case of G. lucidum, the pH variation
(between 4.2 and 6) during the incubation
period does not seem to significantly influence
the amount of biomass (Figure 5).
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Figure 5. PH variations in submerged culture media during 21 days of incubation, at 25°C
Note: The pH values were calculated based on three measurements to determine if there are significant differences from
the initial pH values (pH control). Values with the same letter are not significantly different for p <0.05 (Student t Test)

Insignificant values of pH variation were
observed only in the MCM medium. On the
other hand, the highest values of G.
applanatum mycelial biomass were obtained
when the pH value was around 4.3. During the
culture period, the pH variations were around
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4.3-4.7. Significant differences were observed
for all culture media. Within the combinations
performed for 7. versicolor and H. coralloides,
the maximum amount of fresh biomass was
obtained on PD medium (27.94% and 8.4%



respectively). The pH variations were around
4.3 (Figure 5).

Many studies developed in recent years have
shown that the mycelium growth rate, but also
the production of secondary metabolites in
submerged culture, depend on the chemical
composition of the liquid medium and the
conditions of incubation (Zhong & Tang, 2004;
Lin & Sung, 2006; Fidler et al., 2013; Popa et
al., 2014).

Following these results, it was possible to
identify the optimal culture medium for each
tested mushroom species, which led to a high
production of mycelium biomass. Also, at the
beginning and at the end of the experiment, the
pH values of the culture media were recorded
(Table 2).

Table 2. Optimal liquid media and pH values for
maximum fungal biomass yield

Speches Cultere | Inftial pH | Final pH | Fresh biomas

mudia (g /100 mady
Lavriporn sulphurens MCM 39 [E] 1504
FPlerrotus evynghi 2600 M 59 6.2 30,27
Pooagreains Flovida MM 5e a8 16.31
Agaricns camgesiris PMP 4.6 6.8 10.97
Flaweruding velusipes MM ip 4.1 1422
Lentinm eifodey FD 3.0 43 320
Ganederrsa Tucidum PMP &6 6.2 12,43
Ganoderma applonatum PD 5.0 42 30.57
Tramiered versfeolor PD 3.0 4.1 2184
Hericimm coralloides D 3.0 41 840

PD: Potato Dextrose; PMP: Potato- Malt —Peptone; MCM:
Mushroom Complete Medium; YM: Yeast-Malt.

CONCLUSIONS

The results showed that the optimal liquid
media for maximum fungal biomass yield
were: PD for G. applanatum, T. versicolor,
H. coralloides and L. edodes species; MCM for
P. ostreatus “Florida”, L. sulphureus and F.
velutipes; PMP for G. lucidum and
A. campestris and YM culture medium only for
P. eryngii 2600 mushroom. Study of the pH
variation in the culture media during the
incubation period showed that the pH values
underwent major changes compared to the
initial values. In general, it was found that
acidification of the culture medium resulted in
a reduced amount of biomass.

Liquid culture of edible and medical
mushrooms is viewed as a promising
alternative for efficient production of valuable
metabolites for the research and development
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of new pharmaceutical from

mushrooms.

products
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Abstract

The study was conducted in the Hortinvest greenhouses of the University of Agronomic Sciences and Veterinary
Medicine-Bucharest and refers to the use of a device that is the subject of a patent, published internationally and which
was used experimentally in a tomato crop, in the system unconventional, on perlite substrate. We noticed a faster
growth of tomato fruits following the application of EMCOPAD-Doctor Tech devices compared to the variant not
exposed to the reflected electromagnetic field. The differences in physiological maturation compared to the untreated
variant were 4-5 days when the device was placed directly on the immature fruit and 4 days when it was placed directly
on the stem of the plant near the insertion of the inflorescence. The aim of the study was to identify new methods to

shorten the fruit ripening period, non-aggressive.

Key words: EMCOPAD-Doctor Tech, tomatoes, fiuit, perlite substrate

INTRODUCTION

Environmental conditions, such as climate
change and pollution, as well as the population
explosion, directly affect plant crops.
Remedying these issues through industrial
treatments and solutions has deepened these
problems. For these reasons, researchers in the
field have had to find innovative solutions to
improve crop quality.

Magnetotherapy or electromagnetic  field
therapy is known as a healing method used
since ancient times, it is even mentioned in
Indian Vedas.

In the case of plants, the application of
magnetotherapy is just beginning. However,
there are enough studies to show the positive
effects of using electromagnetic fields on plants
at different stages of their cultivation.

Through this paper, we aim to analyse the
effect of electromagnetic fields on the
cultivation of tomatoes, by reducing the period
of development and ripening of the fruit.

162

Research on the influence of seed exposure to
different intensities of the magnetic field has
shown its beneficial effect on pea seeds
(Dobrescu et al., 2000), Zea mays, barley or
other fruit species (Rochalska, 2005; Rochalska
& Orzeszko-Rywka, 2005).

Maffei (2014) mentions that plants feel
different wavelengths of light and react to
electrical signaling, but can not escape the
effect of the geomagnetic field.

Recently, based on the beneficial effect of the
magnetic field on plants, there has been a
special interest from many researchers
(Occhipinti et al., 2014).

Jedlicka et al. (2015) demonstrated the impact
of extremely low frequency electromagnetic
fields on the germination of tomato seeds
(Solanum lycopersicum L.) as well as plant
growth.

EMCOPAD DOCTOR  TECH/PEM
PASSIVE DEVICES The original devices
called EMCOPAD Doctor Tech/PEM-Coherent
ElectroMagnetic Patches, made in accordance



with the patent published under number PCT-
WO/2018/037379, were used.

In medicine they are activated by the energy
imbalance manifested by a high electrical
potential from the acupuncture points above
which they are located.

The devices start to act when they are placed on
the acupuncture points in imbalance and cease
to function when the energy balance is
achieved. If they remain on the body, they will
resume their action when another imbalance
occurs.

Between the periods of activity, a waiting state
is installed, which is manifested by the lack of
any electromagnetic effect.

The devices are used in medicine but, in 2020,
they were also tested in tomato cultivation on
the ‘Cheramy’ cultivar.

The advantage of field interaction allows an
approximate positioning of the devices on the
plant. The device is maintenance-free, does not
wear out and has an indefinite duration of use
for normal use.

The operation of the device does not require
materials, batteries or charging electricity from
the mains.

The use of the devices does not oblige the
expenditure on consumables, the simple
positioning above the points being sufficient.

MATERIALS AND METHODS

The preliminary study was carried out in
Hortinvest greenhouses, in the cultivation of
tomatoes on perlite substrate with granulation
of Smm diametre, well aerated, during October-
December 2020. We chose the inflorescences
with the same number of fruits. We used the
EMCOPAD-Doctor Tech divais that was
placed when the fruits were formed, according
to the experimental variants: V1 Witness;
V2-EMCOPAD-Doctor Tech placed on the

first fruit of the first inflorescence;
V3-EMCOPAD-Doctor Tech placed on the
sixth fruit of the first inflorescence;

V4 EMCOPAD-Doctor Tech located at the
base of the plant stem; V5-EMCOPAD-Doctor
Tech located next to inflorescence 1;
V6 EMCOPAD-Doctor Tech located next to
inflorescence 2.

We followed the location of the technical
maturation after its placement
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of fruits until their physiological maturation,
fruit size, fruit mass as well as nitrate
content.All data were interpreted statistically as
well as the correlation between experimental
variants and fruit size. We used in the
experiment the ‘Cheramy’ cultivar, with
undetermined growth, with fruits of about 16-
20 g, and can be harvested in bunches.

RESULTS AND DISCUSSIONS

Analysing the obtained data, we could see that
in the case of placing EMCOPAD-Doctor Tech
on the fruit, its mass increased compared to the
rest of the fruits in the inflorescence but also
compared to the mass of the first fruit in the
case of the control variant. Its mass was 20.18 g
at V2 compared to V1 - control of 15.2 g. If we
look at the average mass of fruits in the
inflorescence we could see that there were
differences compared to the control variant,
most fruits having higher average masses
(Figure 1).
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Figure 1. Influence of EMCOPAD application (V2)
to control variant (V1)

In the case of V3- EMCOPAD-Doctor Tech
placed on the sixth fruit in the first
inflorescence we found that the fruit in the
inflorescence had an average weight of 18.23 g,
higher than the control variant of 14.5 g. We



found that the average mass of all fruits was
higher than the control variant (Figure 2).
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Figure 2. Influence of EMCOPAD-Doctor Tech
application (V3) to control variant (V1)

If we placed EMCOPAD-Doctor Tech (V4) at
the base of the plant stem, we also found an
increase in the mass of fruit on the plant, which
is 8.7 g for fruit 11 compared to 8.02 g for V1.
On average, in the case of variant 4, the
average mass of the fruit was 13.74 g compared
to the control V1 of 12.98 g (Figure 3).

17,00 15,60

15, so 02 15,80
15 60
15, 20 15,30
15,00
13,74
11 80 1298

13,00
% 1 L&gjo

11,00 1030

9,

7, I]

5,00

\'»’sbxsb’\ﬂbq\b\\

[=3
S

[=3
S

[=3

mV] mVv4

Figure 3. Influence of EMCOPAD application (V4)
to control variant (V1)
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Figure 4. Influence of EMCOPAD application (V5) to
control variant (V1)

In the case of the EMCOPAD-Doctor Tech V6
variant located next to inflorescence 2, we
found the same tendency to increase the mass
of fruits in the inflorescence. We found that, on
average, the mass of the fruit was higher, of
13.45 g/fruit in the variant to which we applied
EMCOPAD-Doctor Tech near the inflores-
cence 2 (V6) compared to the control variant of
12.98 g/fruit (Figure 5).
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Figure 5. Influence of EMCOPAD- application (V6)
on control variant (V1)
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Analysing the data on the difference between
the values obtained on average from the three
plants observed to which we applied
EMCOPAD-Doctor Tech to fruit 1 we found
that compared to the control wvariant the
difference was distinctly very significant. The
weight of the fruit was on average 20.18 g with
4.98 g more than the control. We also found
that the fruit was 32.76% higher than the
control variant (Table 1).

Table 1. The influence of EMCOPAD-Doctor Tech
applied to the first fruit

Variant Mass  Difference Significance
(g (e (%)
V(0) Average 16.03 0.83 105.46 ok
V(1) 15.20 0.00 100.00 Ct
V(2) 20.18 498 132.76 ok
V(3) 14.80 -0.40 97.37 N
V(4) 14.80 -0.40 97.37 N
V(5) 15.80 0.60 103.95 *
V(6) 15.40 0.20 101.32 N
DL5% = 0.540 DL5% in % = 3.5526
DL1% = 0.780 DL1% in %= 5.1316
DL0.1% =1.130 DL0.1% in %= 7.4342

If we applied EMCOPAD-Doctor Tech to fruit
no. 6, we also noticed an increase in weight. It
was 18.3 g at V3 with 3.73 g over the control
variant. The difference was 25.72% over the
control variant. From a statistical point of view,
we found that the difference was distinctly very
positive (Table 2).

Table 2. The influence of EMCOPAD-Doctor Tech
applied to the sixth fruit

Variant Mass  Difference Significance
(g) (e O
V(0) Average 15.74 1.24 108.52 o
V(1) 14.50 0.00 100.00 Ct
V(2) 16.78 228 115.72 Ak
V(@3) 18.23 3.73 12572 Ak
V(4) 15.30 0.80 105.52 *
V(5) 14.60 0.10 100.69 N
V(6) 15.00 0.50 103.45 N
DL5% = 0.620 DL5%in %= 4.2759
DL1% = 0.890 DL1%in %= 6.1379

DL0.1% = 1.290 DLO0.1% in % = 8.8966

Analysing, on average, the average mass of
fruits in the inflorescences, we found that in the
case of V1 Mt the average mass of fruits was
the lowest, 12.98 g, and in the case of all
variants to which we applied EMCOPAD-
Doctor Tech the average mass of fruit was
higher by 6.19% over the control in the case of
V3 and by 1.67% in the case of V5 (Table 3).

Table 3. Average mass of tomato fruits on experimental

variants

Variant Mass  Difference Significance

(g) @
V(0) Average 13.46 0.47 103.64 N
V(1) 12.98 0.00 100.00 Ct
V(2) 13.58 0.59 104.57 *
V(3) 13.79 0.80 106.19 o
V(4) 13.74 0.75 105.80 **
V(5) 13.20 022 101.67 N
V(6) 13.45 0.47 103.62 N
DL5% = 0.490 DL5%in %= 3.7741
DL1% = 0.700 DL1%in %= 5.3915

DLO0.1% = 1.020 DL0.1% in % = 7.8562

Analysing the average total mass of the
inflorescences we found that the control V1
presented inflorescences with an average mass
of 142 g. It was noted that all the variants we
used EMCOPAD-Doctor Tech the total mass of
the inflorescence was higher, statistically
positive, very significant view (Table 4).

Table 4. Total mass of the inflorescences

Variant Fruit Mass  Difference SEMF
(8) (8) (%)
V(0) Average 148.08 526 103.69 ok
V(1) 142.82 0.00 100.00 Ct
V(2) 149.73 691 104.84 Ak
V(3) 151.66 8.84 106.19 ook
V(4) 151.10 8.28 105.80 ok
V(5) 145.20 2.38 101.67 Ak
V(6) 148.00 5.18 103.63 ook
DL5% = 0.620 DL5%in %= 0.4341
DL1%= 0.880 DLI%in%= 0.6162

DLO0.1%=1.280  DLO0.1% in % = 0.8962




Figure 7. Section through tomato fruit

CONCLUSIONS

The aim of this study was to identify new non-
aggressive methods capable to shorten the fruit
ripening period of the tomato fruits

During the study, we noticed a faster growth of
tomato fruits following the application of
EMCOPAD-Doctor Tech devices compared to
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the wvariant not exposed to the reflected
electromagnetic field. The differences in
physiological maturation between the two
abovementioned tomato variants were the
followings: a reducing of the period with 4-5
days when the device was placed directly on
the immature fruit and 4 days reducing when it
was placed directly on the stem of the plant
near the insertion of the inflorescence. The
conclusion is that the wuse of the
electromagnetic  field created by the
EMCOPAD-Doctor Tech device has positive
impact on the tomato culture by reducing the
physiological maturation period as mentioned
above.
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Abstract

This study was carried out to detect the Pepino mosaic virus in various tomato hybrids grown in greenhouses. Total of
194 plant sample were collected from the greenhouse during 2019-2020 years. As a results of DAS-ELISA was found 54
of samples with PepMV, which was identified both in monoinfection and in the complex with Cucumber mosaic virus,
Tobacco mosaic virus and Tomato mosaic virus. The possible symptoms of PepMV during the growing season of
tomatoes include interveinal chlorosis, deformations, mosaic and yellow spots on leaves and also blotchy ripening
fruits. The reaction of 10 plant species to the inoculation of PepMV was established. The results showed the greatest
susceptibility of Nicotiana rustica and Datura stramonium, where the maximum concentration of viral particles was
detected 4 weeks after infection (OD 405 nm: 0.952-1.013).

Key words: PepMV, tomato, test plants, DAS-ELISA, symptom.

INTRODUCTION
In the Republic of Belarus, tomato
(Lycopersicon  esculentum) is grown in

greenhouses under conditions of long-term
crop rotation. The grown assortment of tomato
hybrids allows satisfying the demand in the
consumer market segment in the country and
increasing the volume of exports.

Due to the absence of breeding centers in the
country, vegetable growers buy seeds from
international  vegetable-breeding companies
(De Ruiter, Rijk Zwaan, Syngenta et al.).

It is known that many pathogens persist in
seeds which contributes to their introduction
into new regions (Hanssen et al., 2010). This is
the main way for the spread of such dangerous
viruses as Tomato ringspot virus (ToRSV) or
Tomato brown rugose fruit virus (ToBRFV)
that infects tomato culture (EPPO, 2017;
EPPO, 2021).

Previously, Cucumber mosaic virus (CMV),
Tobacco mosaic virus (TMV), Tomato mosaic
virus (ToMV), TAV (Tomato aspermy virus),
Potato virus X (PVX) and also Potato virus Y
(PVY) were detected in greenhouse tomato
plantings, the level of development of which
ranged from 5.6 to 37.5%. (Vabishchevich,
2012; Vabishchevich et al., 2020). Pepino
mosaic virus (PepMV) periodically in tomato
plant samples was noted.
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PepMV is a Potexvirus (family
Alfaflexiviridae) which infected tomato crops
worldwide (EPPO, 2013). For example, the
occurrence of PepMV on tomato crops was
noted in Germany, Italy, the Netherlands,
Poland, Romania and others. It is also known
that the main host plants of PepMV are pepino
(Solanum  muricatum), potato  (Solanum
tuberosum) and some weed species (Cordoba et
al., 2004; Blystard et al., 2015).

The main source of the virus is tomato seeds,
where the pathogen remains in the coat (Ling,
2007). The infection of tomato seeds can vary
from 0.005 to 0.057% (Hanssen et al., 2010).
As for most potexviruses PepMV mainly
spreads mechanically from plant to plant
without the involvement of an obvious vector
(King et al.,, 2012). There is evidence that
bumble bees (Shipp et al., 2008) and the soil-
borne fungus Olpidium virulentus (A. Br.)
Schroet. (Alfaro-Fernandez et al., 2010) can
function as vectors for PepMV. Also, recent
studies suggest that tomatoes pests (e.g.
Trialeurodes vaporariorum Wetw.), as well as
some types of entomophagous (e.g. Aphidius
colemani Viereck) can act as vectors too (Nodl
et al., 2014; 2016).

The damage from PepMV is associated with a
decrease in the commercial quality of tomato
fruits and their quantity, which can vary
depending on the hybrid, time, conditions, the



way the virus enters the plant, as well as its
strain composition and the presence of other
viral pathogens (mixed infection) (Spense et
al., 2016). Soler-Aleixandre et al. (2005)
reported high losses with the collapse of up to
90% of plants; others describe low yield losses
of up to 15% (Verhoeven et al., 2003) or no
quantitative yield losses, but significant
reduction up to in fruit quality (up to 40%).
PepMV was first detected in greenhouse
tomato plantings in Belarus in 2012, but no
further targeted research has been carried out
(Blotskaya & Vabishchevich, 2013). The
objectives of this work was to identify the
Pepino mosaic virus in tomato plants and to
study the symptoms of the disease on various
test plants.

MATERIALS AND METHODS

Phytosanitary monitoring of tomato plantings
was performed in 11 greenhouse complexes of
the republic during 2019-2020 years.
Inspection and sampling were made according
to the recommendations presented in the EPPO
diagnostic protocol for PepMV (PM 7/113 (1),
2013).

The samplings were made from tomato plants
with a wide range of virus-like symptoms:
various types of mosaics on leaves and fruits,
lightening of wveins, chlorosis, reduction,
wrinkling of leaves, etc. The samples were
placed inside polyethylene bags and brought to
the laboratory.

Identification was performed using the DAS-
ELISA method (double antibody enzyme-
linked immunosorbent assay) for PepMV.
(commercial kits BIOREBA AG, Switzerland).
Each ELISA test included two positive and two
negative controls. Samples were rated positive
if the mean optical density at 405 nm (OD) of
the sample exceeded three times the mean of
two wells containing extract from healthy
plants (Samson et al., 1993). In the same way,
the samples were tested for the presence of
pathogens such as CMV, TMV, ToMV, PVX,
Tomato spotted wilt virus (TSWYV).

Plants Nicotiana tabacum L., N. glutinosa L.,
N. rustica L., Datura stramonium L., Capsicum
annuum L., Lycopersicon esclentum Mill.,
Physalis pruinosa L., Phaseolus vulgaris L.,
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Cucumis sativus L. and Cucurbita pepo Mill.
were tested for their susceptibility to PepMV.
The indicator plants were grown under
laboratory conditions in pots with a peat
substrate. When 5-6 true leaves were formed,
the plants were transplanted into 5-liter pots for
further keeping in the greenhouse. The distance
between the pots did not allow contact between
plants. Watering was carried out daily in
accordance with the needs of the plants.
Individual equipment was used to care for the
plants, and the necessary measures were taken
to prevent the development of pests.

As an inoculants, the juice of the leaves of
tomato (Prunus hybrid) infected with PepMV
was used. Virus was inoculated locally by
standard procedure (Jeffries, 1998). Five plants
of each cultivar were inoculated with the
isolates used and as control 5 plants was
inoculated with water.

The plants were inoculated by PepMV at the
stage of 3-4 full-grown leaves. The inoculated
plants were observed regulary in a long period
post inoculation. DAS-ELISA testing was
performed 4 and 20 weeks after inoculation to
confirm viral infection in the test plants and to
determine the accumulation of viral particles.

RESULTS AND DISCUCCIONS

Plants with virus-like symptoms on differents
tomato hybrids were noted in greenhouses.
Also the symptoms that charactered by PepMV
on tomato plants were noted. Symptoms such
as interveinal chlorosis, leaf deformation,
mosaic and yellow spot on the leaves, shoots
and even pedicels of tomato have been
observed. In addition, yellowish stripes
covering the entire stem, up to the point of
growth and inflorescences tomato were noted.
Various types of mosaic, cracking or
deformation were observed in fruits, in
particular on cherry tomato hybrids (Figure 1).

DAS-ELISA tests were carried out on the leaf
samples collected from 194 plants with virus
infections symptoms in order to determine the
existence of PepMV. The results showed that
54 samples of 6 tomato hybrids grown in
different greenhouses were infected with
PepMV. Thus, the incidence of PepMV
infection for 194 samples was 27.84% of which
11.34%  of the samples  contained



monoinfection. In 16.5% of the studied
samples, a complex defeat of PepMV with
other viruses was established. At the same
time, the species composition of viruses

involved in pathogenesis and the level of their
accumulation in tomato plants varied in the
same hybrids.

The possibility of PepMV development in
together

tomato plants with other viral

<)

pathogens is noted in the works of many
authors. Thus, PepMV was detected with
CMV, Tomato chlorosis virus (TCV), Tomato
torrado virus (ToTV), etc. (Gémez et al.,
2010). In our studies PepMV detected together
with CMV, TMV, ToMV or PVX in different
combinations (Table 1).

Figure 1. Symptoms Pepino mosaic virus on tomato plants:
a - yellow mottling on the leaves, b - yellow leaf spot and streakiness on the shoots,
¢, d - spotting and deformation of fruits

Table 1. Species composition of viruses co-occurring with Pepino mosaic virus in tomato plants
(determined by DAS-ELISA method, 2019-2020)

Complex infections

2-component 3-component 4-component
PepMV + TMV PepMV + TMV + CMV PepMV + ToMV + TMV + CMV
PepMV + CMV PepMV + TMV + PVX -
PepMV + ToMV PepMV + ToMV + CMV -

In most cases, the presence of a complex
infection in a plant leads to a change in the
nature of the phenotypic manifestation of the
disease: an increase in symptoms or a weak

development of external signs. Co-infection of
tomato with PepMV and TMV showed
symptoms of venous chlorosis (a) and
reduction of leaf blades (b) (Figure 2).
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a)

Figure 2. Symptoms on tomato leaves at complex infection Pepino mosaic virus with Tobacco mosaic virus

On susceptible tomato, plants were infected
with PepMV together with CMV manifested
interveinal chlorosis and mosaic (a), and

on the fruit — deformation and blackening
(b) (Figure 3).

b)

Figure 3. Symptoms on leaves (a) and fruits (b) of tomato at complex infection Pepino mosaic virus with
Cucumber mosaic virus

The presence of PepMV in combination with
ToMV was manifested in the form of a pale
green leaf spot of the upper layer of tomato or
on young shoots.

This wide variation in symptoms observed with
viral infections in tomato suggests that both
positive and negative interference can occur
between species. It is known that under
conditions of mixed infections, the pathological
effect of viruses is due to the nature of the
interaction of pathogens with the host plant and
the relationship with each other.

In this regard, the fact of establishing a high
frequency of occurrence of PepMV in com-
bination with other viruses requires a more
detailed study of the specificity of accumulation
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and translocation of the pathogen, depending
on the composition of the infection.

To determine the response to infection and
assess the level of its accumulation, we
inoculated a number of test plants with PepMV
isolate under laboratory conditions. The test
results showed that 8 out of 10 species tested
were susceptible to the virus.

It should be noted that D. stramonium plants
showed the fastest and brightest response to
inoculation with PepMV isolate. On the 7th day
after infection, a yellow mosaic was observed
on the inoculated leaves plant. Local chlorotic
lesions, leaf deformities, or systemic yellow
vein streak were then noted (Figure 4).



Figure 4. Reaction of Datura stramonium L. to infection with Pepino mosaic virus

It is known that the reaction of plants of the
genus Nicotiana to infection with PepMV is
variable and strongly depends on the strain
composition of the pathogen, the type and even
the variety of tobacco. For example, the reac-
tion to mechanical inoculation with the polish
isolate of N. tabacum cv. ‘“White Burley’ plants
manifested itself as vein chlorosis and mosaic.
N. tabacum cv. ‘Xanthi’ reacted in the same
way (Pospieszny et al., 2003). In other studies,
N. tabacum cv. ‘Xanthi’ plants did not respond
to inoculation by such strains PepMV as EU-
tom, Ch2 or US1 (Verhoeven et al., 2003,
Gomez et al.,, 2009). Fakhro et al. (2011)
unrecorded any symptoms on N. tabacum L.
cv. ‘Samsun’ after mechanical inoculation by
european isolate of PepMV. However, in our
experiments, a positive reaction of N. tabacum
cv. ‘Samsun’ to the virus was noted, which was
noted already on the 7th day after inoculation
in the form of a chlorotic mosaic. Among other
Nicotiana species, N. rustica was also susceptible
to the PepMV isolate, where a systemic mosaic
was observed. The reaction of N. glutinosa plants
to PepMV inoculation was asymptomatic.
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The results of laboratory experiments by some
researchers showed that pepper plants of
various varieties were not infected with PepMV
or the manifestation of symptoms was local
(Salamone & Roggero, 2002., Blystard et al.,
2015). Overall, the scientists concluded that
pepper is not a systemic host for the three viral
strains (EU-tom 1066, Ch2 PCH06/104, USI-
PRI) used in the study, and it is likely that
Capsicum annuum L. is not an important host
in the epidemiology of PepMV.

In our studies, to assess response to infection of
PepMV was used C. annuum cv. ‘Alesya’
(belarusian selection). Despite the same
conditions of infection and maintenance of
pepper plants, mixed results were obtained. So,
10 days after inoculation of the plants, local
symptoms in the form of a light yellow mosaic
2 out of 5 test pepper plants appeared. Other
plants were asymptomatic even 4 weeks after
inoculation with PepMV. After 4 months, the
response of susceptible pepper plants was
divided into soft mosaic and marginal chlorosis
(Figure 5).

Figure 5. Symptom development of Pepino mosaic virus isolate in Capsicum annuum cv. ‘Alesya’
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It should be noted that tomato plants are highly
susceptible to virus infection. One week after
inoculation and throughout the entire study
period on L. esculentum cv. ‘Lyana’ noted
systemic symptoms of lesion: yellow or light
green spotting, chlorotic lesion and leaf
deformation (Figure 6a). Plants of Physalis
genus normally is not infected by PepMV.
Cases of local and systemic reactions of

P. floridana to the Polish isolate of the
PepMV-SW virus are known (Pospiezny et al.,
2007). 1In our studies used P. pruinosa cv.

‘Yantar’. As a result, the reaction in the form of
deformation and swelling of the leaf blade
manifested itself only in 2 plants on the 30"
day after inoculation (Figure 6b).

1 2)

Figure 6. Symptom development of PepMV in Lycopersicon esculentum cv. ‘Lyana’ (a) and Physalis pruinosa cv.
“Yantar’ (b)

When infected with different PepMV isolates,
symptoms on P. vulgaris plants may be absent
or appear as small-spotted spots (Jorda et al.,
2001; Pospieszny et al., 2003). The same
spotting was observed in P. vulgaris cv.
‘Motolskaya White’ in our experiments.

During the experiment, the visual signs of
infection PepMV plant cucumber (Cucumis
sativus cv. ‘Verasen’) and pumpkin (Cucurbita
pepo var. clypeata cv. ‘Malyshka’) was absent.
The results of enzyme-linked immunosorbent
assay of test-plant samples also confirmed the
absence of PepMV virus particles.

PepMV  is  mainly  accumulated in
D. stramonium and N. rustica plants, where the
content of viral particles 4 weeks after infection
reached 1.013 and 0.952 units OD (optical
density), after 20 weeks — more than 2,400 OD.
In plants L. esclentum and C. annuum high
virus concentration only 20 weeks after
inoculation was observed (Figure 7).
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CONCLUSIONS

As a result of the ELISA-test of 194 tomato
plant samples in 54 samples PepMV was
detected. The virus was identified both mono-
infection and in combination with other viruses
from  Bromoviridae, Virgaviridae and
Alphaflexiviridae ~ families. =~ The  most
characteristic symptoms of PepMV on tomato
plants are yellow spot on the leaves, shoots and
pedicels; spots on fruits and their deformation.
In conditions of complex damage to tomato
plants, chlorosis, reduction of leaf blades and
mosaic were noted. An asymptomatic course of
the disease is also possible.

During artificial infection of 10 species of
indicator plants, 8 showed various kinds of
mosaic lesions. The highest susceptibility to
PepMV of plants by D. stramonium and
N. rustica was established. On these plants also
after a long time of cultivation the maximum
concentration of viral particles detected.
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