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Abstract
The present article has the role of presemtime results obtained within the pepper culture, orMR®SB u z £ u
lots. An experiment was performed in which two types of biological fertilizers were tested simultaneously, in
parallel with a chemical fertilizer, on an area of approx. 3 ha. Based oexperiments, certain parameters
were established in order to highlight the effects of organic fertilizers on the culture of bell peppers and their
contribution on the productivity and wdiking of theprevious mentioned culture. After analyzing and
interpreting the data (both standafeixcel program and statisticgirogram Anova) it was concluded that the
activity of live bacterial cultures in the content of the two biological fertilizers led to a substantial increase in
both secondary parameters and a ease in the most important parameter, namely agricultural productivity.

Keywords:increasing agricultural productivity, biological fertilization, live bacterial cultures.

Rezumat

Articol ul are rol ul de a pr ezaendtea urleuz u | tpaet e loet uorbi W
staWwiune a fost efectawatt esn aexpemurmeratn drou-tarnep
Agrobiofertil NP, “"n paralel cu un “ngrtdktmoGnt ch
au foststai | i Wi anumi Wi parametr.i pentru a evidenwia
ardei gras Oi contribuwia acestora asupra produc
analizarea &i i -adjuasrigoconel tuazrieaa cdka taecltoirvist atea cul turi
RomAgr obi of ertil NP a dus la o credBtere substanWwi .

celui mai important parametru, respectiv productivitatea.

Cuvinte cheie crellerea poductivitN iliagricole, fertilizarea biologit{ culturile bacteriene vii

INTRODUCTION

The use of fertilizer products in agricultural crops is a beneficial source of supplementing
the nutrients needed for the growth and development of both plants amcrease in agricultural
production. However, often the fertilizer doses applied per hectare to agricultural crops are not
respected (Khaliét al, 2009). Failure to comply with the applied fertilizer doses will lead to the
occurrence of negative phenomefmat soil, environment and agricultural crops, implicitly for
human and animal health. Increasing the fertilizer doses per hectare and not respecting them will
lead to the occurrence of soil acidification (MalasdlVVassilev, 2014). An acidic soil will &l to a
deterioration of the active processes of the soil as well as of the beneficial fauna from its structure.
Deterioration of soil fauna will lead to a decrease in bacterial colonies beneficial to the soil. This
aspect will be a negative factor for tlgermination of seed material, for the growth and
development of agricultural crops but especially for obtaining quantitative agricultural productions
(Tejeraet al., 2005).
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The decrease of the bacterial colonies in the soil will bring with it a decréase o
humification processes, of the decomposition and solubilization processes of the complex
compounds in the soil as well as favoring the leaching and appearance of the complex compounds
in the soil (in large quantities) (Ravikumetral, 2007). The iorease of complex compounds in the
soil will lead to a decrease in pH (below pH 7), which will lead to an increase in soil acidity. On
acidic soil, crops will not reach their maximum potential in productivity (Ininbetgs, 2011).

In order to restoréhe beneficial flora of the soil, the processes carried out in the soil and to
restore the amount of organic matter in the soil, agricultural specialists have proposed a number of
emerging technologies for the negative effects that excess fertilizatiorbrbaght with it.
Specialists have proposed a new fertilization technology, namely the use of live biological
fertilizers (live bacteri al cultures or bact
fertilizers are biodegradable so they are npoluting factor for agricultural ecosystems. Bacterial
culture combinations can be diverse.

They can be used both as fertilizers and as biological insecticides, insecticides or
herbicides. Research in crops has shown that the use of bacteria as feaniddPPPs activates
various mechanisms such as nutrient synthesis and the production of phytohormones that feed and
support plants in the growth, development and productivity phases of the cropgiGatk2007).
Another important process favored lhetactivity of bacterial cultures is the mobilization of soil
compounds. This process involves an action of bacteria on insoluble compounds in the soil and their
solubilization so as to ensure a balance of basic nutrients for plant food and supportiche bas
processes of plants: photosynthesis and chemosynthegs4E512010).

The use of bacterial biopreparation technologies in agricultural crops plays an important
role in plant protection. Some bacterial cultures give plants a protection againstlipeata
stress, a resistance to the attack of diseases and pests as well as conferring a protection on
environmental factors (drought, heavy rainfall, cold, etc.). The use of these bacterial products as
fertilizers as well as plant protection products hasen shown to have great potential in growing,
developing, maximizing agricultural production, in restoring and greening the soil and its beneficial
flora, the role of these biological fertilizers being to address a green, sustainable agriculture and
achieving high, healthy, nutriesitch productivity, beneficial to human and animal health (Revillas
et al, 2000).

The use of microorganisms as fertilizer and plant protection products in agricultural crops
in Romania, has led to an increase in agriculturadipctivity of farmers, productions that represent
a substantial profit for them. The mechanisms of action of microorganisms (PGPR mechanisms) are
described in the following figure (Dweipayahal, 2016) (Figure 1):

Figure 1. PGPRmechanisms of plans/Mecani smel e de ac™ une al e
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Nitrogen is the basis of plant processes. The nitrogen cycle in plants is the essence in the
processes of photosynthesis and chemosynthesis, this element being necessary in the formation of
amino acids, proteingn order to grow and develop plants. The bacterial species used in biological
fertilization products (bacterial biopreparations) contain atmospheric  nitfogeg
microorganisms, the most representative spelikes Azospirillum spp., Azotobacter spprd
Bacillus spp (symbiotic bacteria associated with cereals and legumes), Frankia (zelmptants)
(Ravikumaret al, 2007; Ininberget al, 2011).

MATERIAL SAND METHODS

The researchwas carried out at VegetableResearctDevelopment StatioB u z. #Atuhe
research center, for the cultivation of pepp&alben Superiorvariety, three lots were established:
V1-biologically fertilized lot tproduct fertilization RorAgrobiofertii NP (equal mix of live
bacterial cultures oAzotobacter chrooccumzospirillium lipoferumandBacillus megateriuiV2-
biologically fertilized lot 2Azoter product (equal mix of live bacterial cultures Adotobacter
chroococcumAzospirillum brasilenseBacillus megateriunbacteria)y3-chemically fertilized lot
productComplex NPK 16:16:16250 kgha)

The experiment was performed in the 22020period The data obtained within the three
batches were collected, statistically processed and, based on the results obtained from their
modeling, the effectiveness of eachguot could be proven. The two biological fertilizer products,
the chemical fertilizer product and the batches where these products were tested were used as
working materials. Methods of observation, data collection, analysis, interpretation of data and
metods of their dissemination were used as working methods

RESULTS AND DISCUSSION

Following the pepper culture experiment, certain parameters were established to
differentiate between the fertilizer products tested. Data interpretation was performeq Iio¢h b
Excel program (Table 1) and by the Anova statistical calculation program (Table 2), as follows:

Between the three lots there are differences between the established parameters,
differences highlighted both between the two biologically fertilized latgl between the
biologically fertilized lots and the chemically fertilized one. The most important parameter is crop
productivity. Production showed a substantial increase of approx. 9.63% (V1 vs V2), 66.67% (V1
vs V3) and 52.03% (V2 vs V3). Based on thelata, it was demonstrated that the effectiveness of

bacterial cultures in the composition of biological fertilizers led &ul@stantial increase in pepper
plants in the two biological groups.

Table 1. Results data parameters pepper culture (Excel progim)/Re zul t at el e paramet ri |
cultura de ardei

Parameters Differences
Objectives
V1-Rom-Agro| V2-Azoter V3NPK | V1vsV3 | VIvsV2|[V2vsV3|V2vsV1
Plant height (cm) 46.33 49.33 4522 2.45 -6.08 9.09 6.48
Plant diameter (cm) 4489 42.67 39.89 12.53 6.97 -4.95
Number of leaves 142 120.11 108.11 3135 11.10 -15.42
Leaf length (cm) 17.68 17.48 16.58 6.63 5.43 -1.13
Leaf width (cm) 6.88 7.08 6.89 -0.15 2.76 291
Number buds 25.56 19.22 18.56 37.72 3.56 -24.80
Number of fruits 6.89 544 6.56 5.03 -17.07 -21.04
Number of flowers 7.78 5.44 6.33 2291 -14.06 -30.08
Stem diameter (cm) 1.11 1.11 1.16 -4.31 -4.31 0.00
T otal production (t / ha) 20.5 18.7 123 66.67 52.03 -8.78

Azoter parameters> Rom-A grobiofertil NP parameters

_ Rom-A grobiofertil NP parameters> Azoter parameters
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3 . L

a, Rom -Agrofertil NP fﬂ-‘u’vlu«- b, Ax« {lliza ¢. NPK dmnc;l felna

Fig. 2 The degree of branching béll pepper plantsGalben Superior variety (organic fertilized lotRom-Agrobiofertil NP)/ Gradul
de ramificare al plantelor de ardpis soiul Galben Superior (lotul fertilizat organic cu produsul Roe#grobiofertil NP)

From Figure 2we can see that the effect of bacterial cultures in the composition of the two
biological fertilizers was much more beneficial than the effect of chemiddizir. This effect was visible
both on the number of inflorescences on the plant but especially on the effect of bacterial cultures on
agricultural production. At the same time, the experiments performed on the seed material (with the two
biological fetilizers) showed that the bacteria in their content have the ability to produce enzymes and
antioxidants (catalase, peroxidase, etc.) that have important roles in ldaoippases and plant protection,
stress, acid rain, reactive oxygen (superoxide, lgatrgeroxide etc).

At the same time, in order to support the previous arguments, the statistical data from Excel were
modeled with the help of a statistical program, namely Anova. Following the modeling of the data, it was
proved that the effect of bacialr cultures was beneficial on agricultural productivity as well as on the
amount of soil elements. After modeling the data through the Anova program, the following values were
obtainedTable 2)

Table 2. Results data parametersn pepper culture (Anovaprogram) / Parametrir e z ul t at el or ob™Hi nut
Anovala cultura de ardei

Anova: Two-Factor Without Replication

SUMMARY Count Sum Average Variance
Plant height (cm) 3 140.88 46.96 4.52
Plant diameter (cm) 3 126.45 42.15 9.20
Number of leaves 3 370.22 123.41 295.28
Leaf lenght (cm) 3 51.74 17.25 0.34
Leaf width (cm) 3 20.85 6.95 0.01
Number buds 3 63.34 21.11 14.94
Number of fruits 3 18.89 6.30 0.58
Number of flowers 3 19.55 6.52 1.40
Stem diameter (cm) 3 3.38 1.13 0.00
Total production (t/ha) 3 51.5 17.17 18.57
V1- Biologically fertilized lot 1 (Rom:
Agrobiofertil NP fertilization 10 319.62 31.96 1739.18
product)
V2- Biologically festilized lot 2 10 286.58 28.56 1289.22
(Nitrogen fertilzer product)
Chemical fertilized lot (control lot -
Complex 16:16:16 x 250 kg / ha) 10 2606 26.06 1039.60

ANOVA
Sounrce of Variation AN df MS F Pwvalue | F crit

Rows 36097.27 9 4010.81 140.27 8.3128 | 2.456281
Columns 175.00 2 87.50 3.06 | 0.071788 | 3.554557
Error 514.70 18 28.59
Total 36786.97 29

10
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After the end of the harvesting campaign, as a result of the increase of the productivity of
the pepper crop on the biologically fertilized lots, a series of soil samplestakere in order to
carry out an agrochemical mapping. Due to the lack of funds, it was decided to take samples from
the control group (chemical fertilizer) and biologically fertilized lot 1 with the fertilizer product
RomAgrobiofertil NP. Following pedolgical analyzes in a reference laboratory, the following
changes in soil structure were identifidéble 3)

Table 3. Soil sampling mapping results (biologically fertilized lot 1 vs chemically fertilized lot) Rezultatele
cartografierii solului Tn lotlfertilizat biologic, comparativ cu lotul fertilizat chimic

Samples pH Humus Nt PaL Pat Ka
Sample 1- control lot (chemical fertilization
product Complex NPK 16:16:16) 8.04 259 0191 562 275 460
Sample 1 - biologically fertilized lot 2
(biological  fatilization ~ product Rom 8.01 2.59 0.185 570 287 404
Agrobiofertil NP)
Biological vs chemical differences -0.37 0.00% -3.14% 1.42% 4.36% -12.17%
Sample 2- control lot (chemical fertilization
product Complex NPK 16:16:16) 8.09 253 0.186 590 275 484
Sampe 2 - biologically fertilized lot 2
(biological  fertilization ~ product  Rom 8.14 2.53 0.182 611 270 424
Agrobiofertil NP)
Biological vs chemical differences 0.62% 0.00% -2.15% 3.56% -1.82% -12.40%
Sample 3- control lot (chemical fertilization
product Corplex NPK 16:16:16) 6.61 253 0.365 317 302 569
Sample 3 - biologically fertilized lot 2
(biological  fertilization ~ product  Rom 6.54 2.47 0.359 310 297 563
Agrobiofertil NP)
Biological vs chemical differences -1.06% -2.37% -1.64% -2.21% -1.66% -1.05%

CONCLUSIONS

The use of excess chemical fertilizers in agricultural crops has led to a deterioration of the
soil flora and a decrease in crop yields. The replacement of chemical fertilizers with biological
fertilizers, which identify live bacterial culturesadhthe effect of restoring the flora damaged by the
action of chemical fertilizers, increasing the parameters of agricultural crops, especially their
productivity and the amount of mineral elements in the soil. The use of these biological fertilization
products in Romanian agricultural crops was an important step for Romanian agriculture. At first,
farmers were reluctant to use these products because they were and still depend on chemical
fertilization. The application of these products in agricultural €rogs allowed farmers to open a
new horizon, a horizon that has led to their transition from a conventional agriculture to a
sustainable, ecological, environmentally sustainable agriculture.

Replacing chemical fertilizers with organic fertilizers was ageslvantage for farmers in
Romania and beyond. The beneficial bacteria from the content of biological fertilizers ensured the
restoration of the soil (following its degradation), its recolonization with beneficial bacteria as well
as an increase and maxaation of agricultural production and obtaining healthy crops with a much
better quality. At the same time, these bacterial biopreparations have the effect of lowering the pH
of the soil through various pH regulation mechanisms. The decrease of thel s®iup important
aspect because the lands affected by this phenomenon can be reintroduced in the crop production
circuit, which for farmers will represent a larger area, which will bring a substantial profit for them.

Bacterial cultures also have the exff of greening the groundwater and breaking down
complex compounds into soluble compounds, easily assimilated by plants. Bacterial cultures in the
composition of organic fertilizer products increase the amount of protein elements in plants and,
implicitly, in agricultural production. Thus, farmers will get a higher production, much richer in
beneficial elements for human and animal health. The use of microorganisms in agricultural crops
has led to a balance of soil electrolyte balance, balancing soilssesxcand the very fast and
beneficial mediation of energy exchange between soil, environment and agricultural ecosystems.
Another important aspect in the use of microorganisms in agriculture is their use as a treatment for

11
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seed material. Inoculation of treeed material in the three bacterial cultures from the -Rom
Agrobiofertil NP product led to a much faster germination of the seed material, protection of the
seeds from some pests in the soil and fixation of the planting material in the soil, a much better
rooting and much better plant development in the soil.
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Abstract

Within the Research and Ddepment Institute for Vegetable and Flower Growing Vidra, in 2024 was carried out an
experience in which were studied 4 cultivaksiiga, Belona, Eleonoraand Tudora) and 10 advanced homozygous
lines of eggplants from the collection of the Breeding and $eeduction Laboratory. The genotypes were compared

in the comparative crop field. Physiological and biometric measurements were carried out, in order to establish the
main phenophases of growth and development and the yield potential of each cultiliae ahadied. Some genotypes
present valuable characteristics such as high yield potential, while others stand out for their earliness. Due to its
various properties, the studied material has the potential to be used in eggplant breeding programs.

Keywod: breeding, eggplant, yield potential

Rezumat

n cadrul Institutului de CercetarBezvoltare pentru Legumicultur i Fl oriculturt Vidra, “'n
0 experienWwt “~ n car kuiza BelofapEeonorait Tuddra) ai ti0eliniiavarssat hamozigotede

ptt | t g edineolectia haddragorului de Ameliorar®Producerea Semiwlor, care au fost comparate in campul

de culturi comparative. Au fost realizate deptineipatele ntr i
fenofaze de credBtere &Gi dezvoltare &i potenWwialul de
prezintt ca “nsud@Giri valoroase un potenwial ridicmat de
di feritele propriettWwi, materialul studiat are potenwi
Cuvinte cheieamel i or ar e, pttl Ltgel e vinete, potenwi al de produ

INTRODUCTION

The consumption of fresh, cooked or preservedetables is increasing worldwide, which
calls for varieties and hybrids with remarkable fruit production and quality characteristics,
resistance to pathogens and environmental stress faberdreeding of plant resources in general,
the creation of ew genotypes in particular, is a constantly changing process, being determined
mainly by market demands and changes in biotic and abiotic f{&oustuet al. 2016; V' n
et al, 2019) Worldwide, the breeding of solanaceous fruit species has experienced a particular
boost. As proof, there is a very large number of cultivars listed in the official catalogs of European
vegetablegrowing countries(Scurtu, ®14) In the context of current climate change and the
orientation towards sustainable and organic agriculture, ensuringtdongfood security, the
cultivar must be tolerant to adverse environmental factors (thermal and water stress) and biotic
factors(Scurtuet al. 2 016 etaly20m9)Theoyean 2024 was the warmest in the histifry
measurements in our countryhttps://hotnews.ro/varli-2024-a-fostceamatcaldade-cand
existadatemetegin-romaniacatde-marea-fost-diferentafata-de-cele mai-racoroasereri-

1788483,

Eggplant is a hedobving species, which makes them recommended in these conditions, but

it must also be taken into account that they have high humidity requirements, due to its tropical
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origin, which must be ensured through irrigation sgst(Munteanu, 2003). These characteristics
are due to its tropical origin (Tudet al, 2009). Eggplant the most demanding species among the
solanaceous vegetables when it comes to environmental falttorare warm climate plants,
requiring a minimunof 125 days to produc@emperatures of 205°C are optimal for anthesis and
pollination of plants. In Romania, eggplant is an important crop, being cultivated both in the open
field and in protected areas, and it is considered that both consumptidreaaréas cultivated with

this species will continue to grow in the coming ye@surtuet al, 2020).In our country, the
species finds optimal cultivation conditions in the area around Buclfsrésh t ¢t al r2019.

In 2024, the Official Catalogue of Cultivated Plant Varieties in Romania included 19
eggplant cultivars, of which 13 were oppallinated cultivars and six were hybrids
(https://istis.ro/wpcontent/uploads/2024/07/ISTASATALOG-OFICIAL -2024.pdj.

In Romania, cultivars with black or dark purple fruit, with an ellipsoidal or pear shape, are
preferred, but in recent years, preferences for lighter colored varieties, such as white or purple, have
also increase(V ~ n t ¢t alr2019.

The breeding objectives for eggplants are more than they seem at first glance.

In all agricultural and horticultural species, the most important breeding objective is yield
potential and the various parameters that define it, a valid aspect also for eggp&amighest
productivity is achieved by hybrid cultivars. However, obtaining valuable hybrids depends on
parents.Therefore, obtaining valuable and productive oepelinated cultivars is also of vital
importance in breedin@Kumar, 2018)

The shape andolor of the fruit is important, with consumers having different and changing
preferences for these paramet@fs n t ¢t aly 2019. The shape of the fruit varies greatly, from
globular to ovoid or elongated, straight or curved. The color of the Vamies greatly from one
cultivar to another, from white to dark purple or black, they can have shades of green and may have
lighter stripes (Tudoet al, 2009).

Some of the most important objectives of eggplant breeding are represented by various
charactes related to fruit quality.

Fruit bitterness, due to several chemical compounds present in the fruit (including
solasonine), is one of the most important aspects of fruit quality breeding in eggplant. In general,
preferences are directed towards lesebtultivars. Also, the content of anthocyanins and phenolic
acids is a variety characteristic and is sought, depending on preferences, botmtemt and high
content cultivars. Some of these compounds can induce a bitter taste during preparatiane but
important therapeutic value (Daunay, 2008).

Another objective is to adapt resistance to pedological and atmospheric drought (Chapman,
2020). Even though they are plants that tolerate high temperatures well, they have high
requirements for soil and atspheric humidity (Tudoet al, 2009).

A very important breeding objective in eggplant is resistance to biotic and abiotic stress
factors. Of these, the most important is increasing tolerance tdbmok diseases, such as
Verticillium wilt (Verticilium dahliad (o wrél and Costache, 2018; Chapman, 2020) and
Fusarium wilt Fusarium oxysporurhsp.melongenae  ( relandiCostache, 2018).

The purpose of this work is to evaluate the performance of four varieties and ten advanced
homozygous lines from the Researd evelopment Institute for Vegetable and Flower Growing
Vidra collection, in terms of productive potential, under the specific pedoclimatic conditions of the
lIfov area.

MATERIAL SAND METHOD S

The experience took place in the open field, at the ReseartiDevelopment Institute for
Vegetable and Flower Growing Vidra, in 20Xeedlings from four cultivars and 10 advanced
homozygous lines were used as biological matefiag cultivars used in experience wéngaza,
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and the 10 advanced homozygous lines used in the present experiment.

Tabel 1. The main phenotypic characteristics of biological material Principalele caracteristici fenotipice ale
materialului bidogic

’(:lr: Genotype \'2';;1: Fruit shape | Fruit color
% Luiza medium ellipsoid vevri)c/)lc;?rk
2 Belona medium pear shaped white
3 Eleonora medium ellipsoid dark violet

Tudora big club shaped | dark violet
L2 big ellipsoid dark violet
" L24 big ellipsoid dark violet
o L 31 medium ellipsoid dark violet
- L 228 medium ellipsoid dark violet
2 L 43 medium ovoid light violet
% L51 medium cylindrical rr:/(iacc)jlgtm
g L 59 medium obovate light violet
I L 33 medium globular white
L34 big pear shaped white
L 245 small ovoid white

Two lines (L33 and L34) are characterized by white flowers, while the other genotypes have

purple flowergFigure 1)

Figure 1. Flowers at eggplant genotype$ white flower (left) and purple flower (right) / Flori la genotipurile de
vineteif | oar e al

bt

(st ©nga)

Oi

fl

oar e

Vi

ol et t

The seedlings were produced in alveolar pallets, with 70 cells, with a volume of 50 ml each

cell. Fertilized peat, the Domoflor Mix @duct,to which 1% perlite was adde@vas used as
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substrate Since sowing was carried out separately, one seed in each alveolus, replanting was
eliminated, avoiding the stress generated by this technological sequence on the plants.

The seedlings were plat in the open field on 18th of May, 2024, on mulched ground,
with a distance of 70 cm between rows and 40 cm between plants. The experimental variants were
arranged in randomized blocks, and every variant had three replications.

The plants were irrigateloly drip irrigation, with a watering rate of 8D m¥ha, every three
days, the watering rate being adapted depending on the precipitation.

Several fertilization works were carried out. The first fertilization was carried out one week
after planting, with e product Solfert 11.52.5 (12 kg/ha), for better rooting of the plants. The
second fertilization was carried out with ammonium nitrate, in a quantity of 35 kg s.a per hectare.
Another fertilization was applied with Solfert 20.20.20 (12 kg/ha), duringj $mitingand one with
Solfert 10.5.40 (12 kg/ha), during the fruit ripening period.

According to the National Meteorological Administration of Romania, the summer of 2024
was the warmest summer in Romania, from 12024, with an average temperature ia dountry
of 24.XC (https://hotnews.ro/varli-2024a-fost-ceamai-caldade card-existadatemeteain-
romaniacatde-marea-fostdiferentafatade-celemairracoroaseveri-1788484. Figure 2 presents
the valuesfor atmospheric temperature, relative air humidity and precipitation amount for the

period May- September 2024n Vidra, llfov county.
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Figure 2. Atmospheric temperature, relative air humidity and precipitation amount for the period May -

September 2024, in Vidra, llfovcountyy Te mper at ura at mosferickt, umiditatea
pr eciippetoadamaisept embrie 2024, “n Vidra, judeWw

During the growing season, the plants were monitored to determine some of the most
important phenological development stages. The moment of flowering (BBCH 61), beginning of
fruit setting (BBCH 63)and the moment when the first fruit reached technological maturity (BBCH
71) were determined, these being expressed in number of daysdealingemergence.
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The eggplant harvest was carried out in stages, at the technological maturity of each
genotypeThe first harvest was carried out at the technological maturity date, followed by two more
harvests. No fruit was harvested from any diseased plants, and fruit affected by blossom end rot
were removed and not used in the measurements. Fruit that met ciahmeguirements were
harvested, counted and weighed, in order to calculatgie¢tte the number of fruits/plant and fruit

weight

a b c
Figure 3. Eggplant cultivars studied (ai Luiza, b7 Belona,c-Tudora) /Cult i var e de pttl thel e vi
Luiza, bi Belona, c- Tudora)

In Figure 3, the variety of shapes and colorthoée ofthe eggplantultivarsstudied in the
experiment can be observekhese meet the current requirements of the Romanian naarétedre

appreciated by consumers.

d e f
Figure 4. Eggplant homozygous lines studied (aL2, b L43, ci L245, di L24, ei L33, f1 L59)/
Lini i homozigote de pi2 bil4Becl [245vdi P4 €id33sftLBYi at e ( a

The shapes and colors of some of the advanced homozygous lines studied can be observed
in Figure 4. Even if some of them do not meet market requiremeRsro&nian consumers, these
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lines may come with other valuable traits, such as earliness or resistance to various diseases,
especially soil diseases.

Statistical interpretation of the data was performed using a software program, IBM SPSS,
version 26, the sigficance of differences being expressed with the Duncan multiple range test
(POO. 05) .

RESULTS AND DISCUSSION

Figure5 presents the most important phenological development stages for the four cultivars
and the 10 eggplant genotypes studied observd that these parameters vary greatly depending
on the genotype. This aspect is important, because some genotypes can be used to improve the
earliness of other lines or cultivars.

Phenological development stages

150
143 a

140.33 a
140
133 b
130.67a
130
125 ¢ 125.67 ¢ 12467¢c 125¢ 1263
123.67 ¢ 123.33 ed
121.33 cd 123 cd
12 118.33 de 118.33 de
115.6 115.3 114.67 e
112.6 136
1 109 107,38 108 109.33 e
102.3 02.3 102.3
101.3 f 101 101.33 £ 99.67 00.67
100 96.6 0567 97.33
| | I | 92|

Luiza Belona Eleonora Tudora L24 L 31 L 228 L 43 L 51 L 59 L33 L34 L 245

o

—
o

® Flowering (BBCH 61) mBeggining of fruit setting (BBCH 63) " First fruit on technical size (BBCH 71)

Figure 5. Phenological development stages at the studied eggplant cultisand genotypeqdays)/ Stadii de
dezvoltare fenologict |l a so(lerile Gi genoti pi

Flowering began after a number of days that varied between 92 and 115.33 days. The
earliest to flower was the advanced homozygous line L 245, and the latest, the3eboth
having white fruit. The valuesf this parameter varieal lot, with an average value of 100.93 days.

Among the cultivars, the earliest flowering was observegietdna (95.67 days) antduiza
(96.67 days).The flowering was significantly earliecompared to theéEleonora and Tudora
cultivars, which flowered at 99.67 days and 102.33 days, respectively.

Of the lines studied, five bloomed less than 100 days after emergep48(92.00days), L
24 (93.00days), L 31 95.00days), L 2 97.33days) ad L 59 ©9.67days).The other five lines (L
228, L 51, L 43, L 34, L 33) flowered after an interval between 102.33 and 115.33 days

Some genotypes are noted for their early flowering, which is advantageous in climatic
conditions such as those of 2024,enhthere were many days with very high temperatures and
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severe drought. It is good that the flowering period takes place before the beginning of the period
with hot temperaturedVhen temperatures are too high and drought is too severe, there is a risk of
flower abortion (Munteanu, 2003)

The beginning of fruit setting varies greatly depenainghe genotype, with valueanging
from 97.33 days to 130.67 days, with an average of 108.98 days.

All cultivars began fruisettingafter a period of over 101.33 days, the first being the Belona
cultivar (101.33 days), and the last, #leonoracultivar (112.67 days)Of the lines, two were very
early, with fruits forming after a period of 97.33 days (L 24), and 99.67 days (L 245), respectively.
Some lines required a very long period until the first fruit set, 126.33 days (L 34) and 130.67 days
(L 33). Most lines needed an interval of 101:0015.67 days until the first fruit set.

Also, the first fruit reached the technical size after a time interval that varied significantly
between 114.67 and 143 daysth average of 125.67

Among the cultivarsthe earliest in terms of technical maturity was Betona cultivar, in
which the fruits could be harvested after 118.33 days from emergence, a significantly lower number
compared to the other three cultivars, whose harvest began after a number of tagsi¢da
between 107.00 daykyiza) and 112.67 day$(eonora).

Two of the studied lines showed a high precocity in the technical maturity of the fruits: L
245 (114.67 days) and L 31 (118.33 days). Five of the lines could be harvested after an interval of
121.33- 125.00 days (L 24, L 228, L 2, L 51 and L 59). Three of the lines were late, the
technological maturity being after a number of 133.00 (L 43), 140.33 (L 34) and 143.00 days (L
33).

Even though the constant warming trend is also observed in aatrgocultivars with a
shorter number of days until the fruit ripening for consumption are preferable, so that as many fruits
as possible can be harvested before the first fkdshteanu, 2003)

Table 2 presents data on the production parameters stiadiite 14 eggplant genotypes
that were the subject of the experiment.

Tabel 2. Yield per hectare, number of fruits on plant and fruit weight of eggplant genotypes r o d dacéciara

numtr ul de fructe pe plantt vibete greutatea fruc
Genotype Yield/ha | Number _of fruits/plant | Fruit weight
kg/ha fruits/plant g

1 Luiza 43.93 bc 4.08 cd 308.53 bcd
2 Belona 38.27 def 5.17b 211.62 e
3 | Eleonora| 37.60 ef 3.92 de 274.67d
4 | Tudora 46.94 b 4.11 cd 332.16 abc
5 L2 34.56 fg 3.67 de 270.12d
6 L 24 53.59 a 4.89 bc 313.14 bcd
7 L31 42.39 cd 4.56 bcd 270.42d
8 L 228 38.59 def 3.92 de 282.52 cd
9 L 43 15401 4,13 cd 106.74 f
10 L 51 26.23 h 4,53 bed 166.59 e
11 L 59 32.78 g 3.60 de 262.01d
12 L 33 31.42 g 255f 354.71 ab
13 L 34 39.82 de 3.11 ef 369.75 a
14 L 245 8.60 ] 8.14 a 30.35¢g

The yield varied significantly, with valugsinging between 8.6 and 53.59 kg/ha, with an
average of 35 kg/ha.

19



ACTA AGRICOLA ROMANICA, Volume 7, Year 7, No.7.2.

The four cultivars created at RDIVFG Vidra have high productivity, being acclimatized and
improved in our country, in the environmental corai specific to the area around the Romanian
capital. The four cultivars have productions ranging between 37.6 and 46.94 kg/ha. The most
productive cultivars ar@udora (46.94 kg/ha) andLuiza (43.93), with no significant differences
between the two. Compad to them, the other two cultivar8elona and Eleonora, gave
significantly lower yields, of 38.27 kg/ha and 37.6 kg/ha, respectively.

Among the advanced homozygous lines, the highest yield corresponded to the L24 line, with
a value of 53.59 kg/ha. Thext line, L31, gave a yield of 42.39 kg/ha, and L 34 (39.82 kg/ha) and
L 228 (38.59 kg/ha) did not differ significantly. The L2, L59 and L L33 lines had significantly
lower yields, ranging from 31.42 kg/ha (L33) to 34.56 ka/ha (L2).

The lowest yields wergiven by lines L 51, L 43 and L 245. The valuasged from 8.6
kg/ha (L 245) to 26.23 kg/ha (L51). Even so, these lines can be used in breeding for other traits,
such as characteristic earliness, or fruit shape and color.

The number of fruits per plamaried greatly, between 2.55 and 8.14 fruits/plant, with an
average of 4.31 fruits/plant.

Among the cultivars created at RDIVFG Vidra, the highest number of fruits per plant
characterizes the cultiv&elona, with an average number of 5.17 fruits/plaBy. comparison, the
other two cultivars have a significantly lower number, ranging between Bl&@nra) and 4.08
(Luiza) fruits/plant.

In the case of advanced homozygous lines, the lowest number of fruits per plant was given
by L 33 (2.55), and the highenumber of fruits per plant, by L 245 (8.14). However, most lines
were characterized by a number of fruits per plant close to the average of 4.31 fruits.

Fruit weight is a varietal characteristic and varied significantly. Vaiaeged from 30.35 to
369.75 g, with an average of 253.81 g.

In the case of the four cultivars studied, the fruit weight varied significantly between 211.62
g (Belona) and 332.16 gTudora). The fruits, in the case of tHaiiza cultivar, had an average
weight of 308.53 g, and thee were no significant differences compared toThdora cultivar. In
the case of thEleonora cultivar, the fruit weight value of 274.67 was significantly higher than that
of theBelonacultivar, butsignificantly lower compared fdudora.

In the case ofhe lines from the institute's collection, the fruit mass varied within very wide
limits, with valuesbetween 30.35 g (L 245) and 369.75 g (L 34). Three of the advanced
homozygous lines studied had fruits with an average weight greater than 300 313244 g), L
33 (354.71 g) and L 34 (369.75 g). Four of the lines had a fruit weight between 2832052 g: L
59 (262.01 g), L 2 (270.12 g), L 31 (270.42 g) and L 228 (282.52 Q).

CONCLUSIONS

1. Someof genotypes show high fruiting earlineShese carbe used in breeding to shorten the
fruiting period, so that as many fruits as possible can be harvested by autumn, when the ambient
temperature drops and the fruits grow more slowly.

2. Some homozygous lines show high production poteritfas character mads them valuable for
creating hybrid cultivars.

3. Some homozygous lines show large frults.general, market demands are directed towards
heavy fruit.

4. Special attention must be paid to the breeding process, as the genetic material may also have
undesirabldraits.
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Abstract
The study aims to valorize the nutritive and bioactive compounds founepirodiycts resulting from red winemaking
(pomace and wine | ees from the Bitbeasct neagrt grape

enhanced nutritinal and functional properties. Red grape pomace is rich in organic and mineral compounds that serve
as nutrients and bioactive compounds, positively influencing plants and soil microorganisms. To increase biotic
potential, the wine lees biomass was proedsthrough different treatments (ultrasound and thermal treatments),
resulting in the release of bioactive compounds (proteins, polyphenols, named postbiotics) and parabiotics (dead cells),
positively impacting the soil's microbiome. The results confirat fomace and the treated wine lees biomass are
valuable natural ingredients for formulating a new composite biofertilizer by combining them with slag, dolomite, and
cement kiln dust (CKD), in proportions that provide standardized final product chardicigris

Rezumat

Studi ul vizeazt valorificarea compu®ilor bi oactivi di
vinificarea strugurilor rodii (soiwul Btbeasct neagrt)
Oi funcWwiktdndlie e m@escovina din strugur.i rodii este bog
Oi compud@Bi bioactivi, cu influenWwt benefict asupra mic
biomasa de drojdie afostproes £t prin di ferite tratament e -getelibérarems unet
compudilor bioactivi (proteine, polifenoli, denumi Wi (
asupra microbiomului din sol. Aceste rezultatsmdoi r mt ¢t tescovina Oi drojdia r
naturale valoroase pentru formularea unui nou biofertd.i
praf de electrofiltru (CKD), ndandizgierpmqusuluiinai. car e confert
Keywords:BL beasct neagr t; red grapes; pomace; wine | ees; p
biofertilizers

Cuvinte cheieeBL beasct neagrt; struguri r o Gi i, aprobisticep bioticare; ; dr o

biocompozite.; fertilizatori noi

INTRODUCTION

The proper management and valorisation of secondary products resulting from winemaking
(pomace and residual lees) are essential for sustainable development from the perspective of the
circular economy. According to data published by the Food and Agriculture Organization (FAO),
with an estimated production of more than 79 million tons in 2018, grapevine culture is one of the
most widespread fruit crops worldwide. Pomace is the maijpr@yuct of wine production, which
is thought to account for about 75% of all grape production. Depending on the grape variety and
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wine-making process, pomace represents3@% of the total weight of grapes processed,
containing skins, pulp, seeds, and st¢liartinez Salgadet al, 20109 :etah2®2®.ni |

To improve the soil microbiome, which is involved in soil bioremediation, and the nutrition,
growth, vitality, health, and safety of plant biomass, winerpimducts can be utilized as natural,
beneftial ingredients for the formulation of green biofertiliz€Fsoilo et al, 2021).

Pomace is considered a valuable natural resource with many valorisation opportunities due
to its composition, which is rich in nutritious and bioactive substances, inglyzblyphenols,
organic acids, fatty acids, proteins, vitamins, émanzaOliveroset al, 2024). Inits use in the
formulation of biofertilizers, the physiechemical properties are considered, i.e. the moisture after
pressing 26 30% (g/g), high orgnic content consisting of macronutrients and micronutrients with
high bioavailability, C:N ratio 40(45):1, pH values between&(@ low electrical conductivity etc.
(GarciaLomillo & GonzalezSan José, 2017).

The residual yeast (lees) that resultsrafte grape juice fermentation is a solid fraction
mainly consisting of yeast cellS&ccharomyces cerevisja@rganic acids (mainly tartaric acid),
insoluble carbohydrates, inorganic salts, polyphenols, proteins etc. Thus, lees are a valuable source
of bioactive compounds (proteins, phenolic compounds, dietary fibers, antimicrobials etc.), which
have functional propertiedfaicas & Mateo, 2021).

Postbiotics and parabiotics are the emerging concepts associated with the functional
characteristics of fermesd products, having healfromoting properties. The postbiotics are
defined as the complex mixture of metabolic products secreted by viable cells -neeell
supernatants, such as proteins, enzymes, peptides, organic acids, vitamins, etc. The parabiotics
the inactivated microbial cells (intact or ruptured, containing cell components) or crude cell extracts
(i.e. with complex chemical compositiofiNatarajet al, 2020). In this context, the concept of
postbiotication means the increase the bioticst{potic, parabiotics) content by physicbemical
and biochemical processing of viable cells (Pihwebal, 2024).

In this study, the organic (nutrients and bioactives) and mineral composition of the red
pomace and lees obtained fr@nt. b e a s ¢ tgrape evaxigty vinification were characterized in
the perspective of formulation of an innovative ydasticated biofertilizer. In this context, the
residual wine lees biomass was processed through different pimysaitanical treatmento t
release the valuable postbiotics (proteins, polyphenols) and to obtain the parabioticilfieon
cells), which will be used for the biofertilizer formulation, with a positive impact on the soll
microbiome.

MATERIALS AND METHODS

Raw byproducts and eagents

The unfermented red grape pomavdi¢ vinifera from theB+ b e a s ¢ tvarietyeamd r L
the residual wine | ees were collected at Brat
commune, Gala™™Mi County (45U33Nj27.5182njN, 2800
-20°C until use, then dried at 35%th hot air convection, until a moisture content of 8% was
achieved and then ground and stored in vacaaaled bags under refrigeration (4°C). The residual
wine lees produced during the fermentation of the same grape juice was collected andriedeze
(-42°C, 0.11 mbar) to a constant mass. All chemicals used were of analyticakgdadesre
obtained from the SigmaAldrich company (Steinhelm, Germany).

Red grape pomace composition analysis

The organic and mineral composition of dried pomace was athlyg using Fourier
transform infrared spectroscopy (FTIR) with an ISRpIriET-IR spectrometer equipped with a
built-in QATR-S type ATR accessory, DLATGS detector, and KBr beam splitter in the range of
4000400 cm! at room temperature, with a resolutimf 2 cm®, and Xray fluorescence
spectroscopy (XRF OLYMPUS Vanta V Model VERCCG-AS-E) (Castroet al, 2025).
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For bioactive compounds assay, a quantity of 0.5 g of dried red pomace was subjected to
solid-liquid extraction, assisted by ultrasounds, ugitigmL of 70% ethanol and 0.5 mL of glacial
acetic acid. Ultrasoundssisted extraction was performed in a water bath with sonication at 30°C
for 30 minutes, followed by centrifugation at 6000 rpm for 10 minutes at 4°C. The extract was
characterized by dermining the total phenolic content (TPC), total flavonoid content (TFC) and
the total monomeric anthocyanin content (TAC) (Setesl, 2021).

Lee's biotication and composition assays

The organic and mineral composition of freezeed lees was analydeby using Fourier
transform infrared spectroscopy (FTIR) with an ISRpIriET-IR spectrometer equipped with a
built-in QATR-S type ATR accessory, DLATGS detector, and KBr beam splitter in the range of
4000400 cm! at room temperature, with a resolutimf 2 cm?, and Xray fluorescence
spectroscopy (XRF OLYMPUS Vanta V Model VBRCG-A3-E) (Castroet al, 2025).

To acquire biotics, postbiotics (chemical compounds) and parabioticsvigiae cells),
various mechanical and physical treatments of leesr@iogpto Figure 1 were attained. After
treatments, the samples were processed by centrifugation at 6000 rpm for 10 minutes. The
supernatants were collected, filtered through 0.22 pum pore size syringe filters, and stored under
refrigerated conditions for bgequent analysis of bioactive compounds such as proteins and
phytochemicals (total phenolic contentTPC; total flavonoid content TFC; and the total
monomeric anthocyanin content AC) ( (bat, 2029).e "H

! Freeze-dried residual wine

I
X Sterile distilled water
1 yeast, sample S0 '

| Homogenizing, l
T:1
v
Paste

1 -20°C, 2h i Freezing

20, 2h_
v
[oton 75 |
A 4

Dilution, 1:3 |«

___________ \ AU,

E Mechanically processed | Combined ultrasound

| east — sample S1 !

o yeasmn S I and thermal treatment

(UST)

|___________v ________ ' e [ St L [ A |
! UST Processed Yeast— ! ! UST Processed Yeast— | : UST Processed Yeast— | ! UST Processed Yeast— |
: sample S2 H sample S3 X sample S4 I sample S5 :
————————— T T T T _________I::::::::::' e e m ey T T T T T T EEe ey T T T
E 255C: 1h E p 70°C, 30 : 702C; 1'hi 80°C_, 30

min

Figure 1.RedwineBt beascteesebdgotication by release of postbioti
et al, 2025)/ Bioticareadrojdiei rezidualele vinBt beasc) peagr el i berarea postbio
paraprobioticelor (Cot®©rle™ Hi col ab.,

The yeast cell viabty was evaluated by the indirect counting metlibtartinset al, 2022;
Cot Cetdl 2029, by using two specific media for cultivation, Potato Dege Agar (PDA) and
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DichloranGlycerol Agar Base (DG18). The survival rate (SR, %) of yeast cellstedftgments was

calculated according to the following equation:
'Y 0 ¢l .
— TTTT
L € N “p

Where,
Ninitiat T number of colomyforming units (CFU) per mL in samp&0;
Nafter treatmentd NUMberof CFU per mL in sampleS1-S5

Statistical analysis
The experiment was conducted in duplicate, and each analysis was performed in triplicate.

The results were expressed as means and standard deviation, and were analysed-using one
way analysis ovariance (ANOVA), followed by the Tukey test at a significance level of 5% (p <
0.05) by using the statistical software package Minitab version 19.

RESULTS AND DISCUSSION

Chemical composition of driedB+t b e a s ¢ tpomaea g r t

FTIR and XRF are modern techniques used for advanced composition investigation of the
dried pomace.

FTIR spectrum of dried pomace analysis is presentétyure 2
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Figure 2. FTIR spectrum of dried Bt b e a s ¢ tpomaeekSgecttl FTIR al tescovineif £ b e a s ¢ Ltu snceaatgtr )

The FTIR spectrum shows various absorption bands indicating the presence of specific
functional groups as follows:

- in the wavelength range between 3=2ED0O cm?, the peaks are associated withl O
stretchingvibrations from hydroxyl groups;

- around the value of 2900 cm?, the peak is attributed-kb sIretching vibrations from
methyl and methylene groups, indicative of hydrocarbon compounds;

- at approximately 1650 cm?, the peak indicates the presence of dafGei®) groups,
specific for compounds such as proteins and lipids;
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around the value of 1550 cm?, the peak indicatdd &hd CN vibrations, specific to

proteins (amides);

near t he peak -Habendin 4ibrations associgted With methyl and
methylene groups are present.

at 1100 eOnand GO-Ctvibration€ from carbohydrates and polysaccharides
were identified;

between 904 00 cm T , t he psem&d aromatit ringsaancberizéne p |
compounds;

at appr oxi mat -Slvipratidh® @re present] associ@ted with thiolic or
disulfide compounds.

The X-ray fluorescence (XRF) analysis of the pomace provides detailed data regarding the
chemical composibn. The pomace contains various elements derived from the soil, water, and the
plant growth process. imneanalysed dried red pomace, the following minerals were evidenced:

Silicon concentration of 8.47%. The high concentration of silicon is commotam p
biomass, reflecting the presence of silicates in the soil.

Potassium concentration of 9.64%. Potassium is essential for plant growth and is
frequently found in pomace, being crucial in the process of photosynthesis and water
regulation.

Aluminium cone@ntration of 1.35%. Aluminium can come from the soil, being absorbed
by plant roots. In large quantities, it can be toxic, but at these concentrations it is
considered normal.

Calcium concentration of 1.036%. Calcium is an important structural elemetann p
cells, and it is essential for cellular integrity.

Iron concentration of 1.290%. Iron is vital for many biochemical functions in plants,
including chlorophyll synthesis.

Some elements present in moderate concentrations have also been identifiad; such

Phosphorus concentration of 780 ppm. Phosphorus is crucial for plant growth and
development, being part of DNA and RNA molecules, as well as ATP.

Sulphur concentration of 1000 ppm. Sulphur is important for proteins and enzymes
biosynthesis. It is invekd in the production of amino acids, proteins and enzymes.
Manganese concentration of 670 ppm. Manganese is a trace element necessary for
photosynthesis and other metabolic processes.

Copper (concentration of 160 ppm. Copper is essential in small gesnb®ing part of
some enzymes and playing an important role in the plant's metabolism.

Zinc concentration of 106 ppm. Zinc is crucial for protein synthesis and plant growth.
Titanium concentration of 1600 ppm. Usually, titanium does not have a significant
biological role, but it can be present in the soils where grapes grow.

Copper concentration of 160 ppm. Essential for numerous enzymatic and structural
functions.

Arsenic (concentration of 23 ppm. The concentration of arsenic is low, but its presence
mustbe monitored due to its potential toxicity.

Strontium concentration of 58 ppm. Strontium can be absorbed by plants in a similar way
to calcium.

Barium (concentration of 1900 ppm. Barium does not have a biological role in plants, and
high concentrations nyandicate soil contamination.

Other elements, such as magnesium, vanadium, and chromium, have no detection limits in
tested conditions.

The XRF analysis of the pomace shows a typical composition of vegetal biomass containing
essential elements for plagtowth (K, Ca, P, Fe, Zn) and a few potential contaminants, in small
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concentrations (As, Ba). The presence of these elements is directly correlated with the compaosition
of the soil and the environmental conditions in which the grapes were grown.

Regardingbioactive components in the extractsBt. b e a s ¢ tgrape @a@mgae ta total
polyphenol content of 42.35 £+ 0.13 mg gallic acid/g dry mass, total flavonoids of 29.80 + 0.25 mg
catechin equivalents/g dry mass, and a total monomeric anthocyanin content of 1.49 + 0.08 mg
cyanidin3-O-glucoside eqwialents/g dry mass were determined.

The results are according to those reported by other autBersaet al., 2021; Spinei &
Oroian, 2024), but the chemical composition of pomace is strongly influenced by several
factors:genetically factors, geographiaaigin (soil quality, temperature etc), regional and seasonal
variations, agriculturgbractices, vinification procedures, the moisture contfarget al, 2024).

The obtained results certified the potential of B2l b e s ¢ £ pomaca gsratvaluable
ingredient for the formulation of the biocomposite biofertilizers.

BL be as c twineleea @mposition evaluation and biotication

The freezedried lees composition was first analysed by FTIR and XRF assays. The result
of the FTIR investigation are presentedrigure 3

e L e ad i

.1'\
Figure 3. FTIR spectrum of freezedried leesB L b e a s ¢ twin@®) éSapgerckt r u | FTI R al droj di i
Btbeasc)r heafrbizatt

From the analysis of the obtained data, it is obsethatl the FTIR spectrum for lees
presents several important peaks, each corresponding to a specific molecular vibration, which
allows for the identification of important functional groups, as follows:

- at the wavelength around 3400 cm?, this peak can bibusttd to GH stretching
vibrations from hydroxyl groups and can be associated with the presence of water or
hydroxylated compounds;

- at the wavelength of 2900 cm?, it corresponds to the stretching vibrationsHoinC
hydrocarbons (alkyl), indicating th@esence of carbon chains;

- at the wavelength of 1650 cm T, this pe
vibrations in proteins and lipids;
- at the wavelength around 1550 c¢cm T, t hi

vibrations of NH and GN in amides (present in proteins);
- at the wavelength around approximately 140@¢his band is specific to-& bending
vibrations from methyl and methylene;
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-around the wavelength of a@and@O(stmchigl v 11

vibrations fom carbohydrates (polysaccharides) and cellulose compounds;

-around the wavelength of 70&Hstkemwhing, this p

vibrations in aromatic compounds and benzene rings;

-at the wavelength around céhb®dattrboumwedio;S t he pr

stretching vibrations from thiolic or disulphide compounds.

In the literature, FTIR spectra f@accharomyces cerevisidomass and other types of
yeast often show similar bands, reflecting their complex composition of proteémds, |
carbohydrates, and other biomolecules. Proteins are confirmed by the presence of bands at 1650
cm 1T (C=0) anH CN)5Lpids andnfatty acidsNre identified by the peaks at 2900
¢ m FH). C&bohydrates and polysaccharides are confirméoy t he band-©,GCat 11
O-C) (Binati et al, 2024).

The X-ray fluorescence (XRF) analysis of lees provides detailed information about the
chemical composition of biomass. The presence of the following major elements is highlighted:

- Potassium cagentration of 2.213%. Potassium is essential for the metabolism of yeast

cells.

- Calcium concentration of 1.501%. Calcium

metabolism.

- Aluminium concentration of 4600 ppm. The aluminium may come from wingmak

equipment or environmental contaminants.

- Silicon concentration of 6060 ppm. The concentrations of silicon reflect the presence of

silicates and may originate from soil or contaminants in the winemaking process.

- Phosphorus concentration of 1530 ppm. spinorus is essential for cellular metabolism

and for energy production in yeast cells.

- Sulphur concentration of 1590 ppm. Sulphur is involved in the synthesis of amino acids

and proteins.

- lIron concentration of 900 ppm. Iron is important for many enzymet catlular

functions.

- Titanium concentration of 430 ppm. Titanium does not have a significant biological role,

but it can be present as an impurity.

- Manganese concentration of 126 ppm. Manganese is an essential micronutrient for

enzymatic activity.

- Copperconcentration of 61 ppm. Copper is essential for numerous enzymatic functions.

- Zinc concentration of 37 ppm. Zinc is crucial for protein synthesis and yeast cell growth.

- Cadmium concentration of 29 ppm. Cadmium is toxic, and its presence indicates a

potental contamination.

Magnesium, vanadium, and chromium had no detection limits in analysed conditions.

XRF technique provides nemhestructive, multelemental analytical results with sensitivity
levels reaching 16g (depending on the element of interestgking it ideal for compositional
evaluation for many research activities. The character's -slatnental capability, satisfactory
speed and efficiency, ease of automation, portability, and the ability to directly analyse solid
samples without prior acidigestion are the primary attributes that have established it as a highly
developed analytical tool for routine monitoring in various contexts. In addition, XRF can be
effectively utilized for direct field analysis in agronomy researglarQui et al, 2029. In the
' iteratur e, there are no studies on applying
certifies that valuable information can be obtained valuable information about the elemental
composition of lees biomass analysed as frekeeel maerial.

To increase the bioactive characteristics of fresdrzed yeast biomass, a biotication strategy
was tested to release the bioactive compound (postbiotics) and inactivate the cells (parabiotics).
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Thus, the freezdried biomass was processed fdhyscal and mechanical treatments according to
Figure 1

For the obtained biotic samples, the protein content and bioactive composition are presented
in Table 1.

Table 1. The biotic properties of the treated red wine lees (adapted aft€ro t ©et.al @0BB)/Pr opr i et £ "Hi |
biotice ale drojdiei reziduale de vin tratatt (

Samples Survival Rate (%) Protein content, TPC, TFC, mg TAC, ug
PDA DG18 mg protein/g DM mg GAE/g DM CE/g DM C3G/g DM

SO 100.0¢¢ 100.00" 1.42+0.002 2.03+0.008 1.14+0.28  49.00+1.30
S1 80.6% 73.36¢ 1.49+0.04 1.07+0.008 0.64+0.15  27.15+0.60
S2 77.06 70.8¢ 1.45+0.0% 0.98+0.005 0.51+0.0f 23.27+0.29
S3 64.3# 0.00° 1.85+0.0% 1.82+0.2% 1.11+0.07  31.78+0.38
S4 40.86¢ 0.00° 1.73+0.04 1.93+0.02 1.46+0.05  11.12+0.16
S5 23.66 0.00° 2.37+0.08 2.90+0.13 2.96+0.1%  11.09+0.46

Samples:SOi freezedried residual wine lees, Sfreezedried residual wine lees mechanically processed; fs@eze

dried residualwine lees processed by ultrasousskisted method at 25°C/1 h, S&eezedried residual wine lees
processed by ultrasourassisted method at 70°C/30 min,-Sdeezedried residual wine lees processed by ultraseund
assisted method at 70°C/1 h, Seez-dried residual wine lees processed by ultraseassisted method at 80°C/30

min. PhytochemicalsT ot a | pol yphenol content (TPC); Tot al flavono
content; Statistically significant differences between the kmmgre denoted by superscript letters -(4&) with p

<0.05, based on the Tukey test.

By analysing the data frorhable 1can be seen that different treatments (mechanical and
physical) caused the lysis of the cell walls from the perspective of obtaimmglés enriched in
cellular bioactive compounds (proteins and phytochemicals) and parabiotiegigbtencells). The
ultrasound treatment combined with ttreermal treatment at 80°C for 30 minutes, assures the
highest level of total polyphenolic and prioteontent exogenously released and a high rate 6f non
viable cells (sample S5). For this sample (S5), only the TAC is the lowest, conipadhedother
samples, as a result of anthocyanins denaturation during thermal treatment at a high temperature
(80°C)for a relatively long time (30 minutes).

CONCLUSIONS

1. The organic (nutrients and bioactives) and mineral composition of the red pomace and
residual lees, resultinijgom B £ b e a s ¢ tgrape eauiafyrvinification, were characterized
in the perspective of using thesefmpducts as bioingredients for an innovative biofertilizer
formula.

2. Both byproducts from red grape winery are valuable raw resources with a beneficial
conmposition (organic, inorganic, bioactives) for the formulation of biocompédsitéisers
in combination with other industrial wastestag, dolomiteandcement kiln dust)

3. In addition, residual wine lees biomass, obtained from the vinication of the grape
variety, was processed through different physe&chanical treatments, to release the
valuable postbiotics (proteins, phytochemicals) and to obtain the parabioticsidbtn
cells), with a positive impact on the soil microbiome and plants groxtadity and safety
assurance.

4. The main innovation for this researctthe developmenaf a strategy to obtain biofertilizers
with improved functional properties, by exploiting the beneficial potential of red wine lees
to be important sources of postbasti(bioactives) and parabiotics (Raiable cells) in the
modern context of metabiotics production and use for increasing the life quality and safety
assurance on the axis splantsconsumers.
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Abstract

The global increase in mushroom consumption has led to a substantial rise in residual substrate production. For every
kilogram of cultivated mushrooms, approximateiy kilograms of secondary iyroducts are generated. Inadequate
managerant of these residues contributes to environmental degradation through the depletion of soil resources,
deterioration of soil quality, the release of potentially harmful compounds, and groundwater contamination beyond
designated storage areas recent yars, the growing emphasis on sustainable waste management has encouraged
researchers and policymakers to investigate the potential applications of Spent Mushroom Substrate (SMS). This
secondary byroduct has been repurposed in various fields, includinghmoom recultivation, animal nutrition, health
enhancement, biodegradable packaging, construction materials, biofuel production, and enzyme synthesis. The
application of SMS in agriculture, particularly in fruit tree cultivation, presents significanttapii@s for enhancing
ddzAGF Ayl oAt AGeE YR STTAOASyOeod bzilofées GKS dziaAf AT GAZ2
within controlled orchard environments may further support plant growth and productivity. The integration of SMS
into fruit production systems represents a promising strategy for improving soil fertility, mitigating environmental
impacts, and advancing circular economy principles in sustainable horticulture.

Keywords:spent mushroom substrafeuit growing, circular economysustainablehorticulture

Rezumat

CreOterea consumul ui de ciuperci la nivel gl obal a d
rezidual . Pentru fiecare kil ogr am kibgrame deunateriale secundaré.t i v a
Gestionar ea reaacestoerszpuun ahtrtbuieala degradarea mediului prin epuizarea resurselor de sol

Oi i mplicit |l a deteriorarea calitbtWwii solul ui, el i bera
zonele desemnate pentru depozitémeultimiia n i , accentul tot mai mare pus pe g
det ermi nat cercetttorii Qi factorii de decizie st ana
ciupercilor (SMS). Acest material secundar a fost valatfith diverse domenii, inclusiv recultivarea ciupercilor,
nutri wia ani mal t, "mbuntt LtWirea stnktt Lwii, ambal aj e
bi ocombustibili Oi sinteza enzimelor. aAploimé aovea f 8MS1t i |
oportunittbtWwi considerabile pentru “"mbuntttWirea susten
termice gener at e “'n ti mpul cul tiviridi ciupercarlaor “n
stimularea credteri.i pl antel or Ai l a sporirea product
reprezintt o strategie promi Wbtoare pentru “mbuntttWwir
promovarea principi | or economiei circulare “n horticultura sust
Cuvintecheiesubstrat wuzat din cultura ciupercilor, .pomicul tu

INTRODUCTION

Edible mushrooms are an important source of essential nutrients, ri@ing proteins,
fibers, vitamins, and minerals, while having a low caloric content. Their recognized health benefits
have led to a sharp increase in global demand, turning mushroom cultivation and commercialization
into a dynamic and fagjrowing industy.
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Global mushroom production has increased more thafol@0since 1978, with Asia
particularly Chinadeading the market, accounting for approximately 90% of global output. At the
same time, countries in the European Union, especially the Netherlandzokmdl, as well as
North America, have recorded significant growth in recent deq®i®seet al, 2017) Currently,
over fifty species are commercially cultivated, with the most common belonging teettiaula
(shiitake),Pleurotus(oyster mushroomspAuricularia (wood ear mushrooms), addjaricus(button
mushrooms) genera, collectively representing around 74% of the global market.

Although mushroom cultivation is considered an environmentally friendly agricultural
activity, it generates large amountisspent mushroom substrate (SMS), also known as mushroom
compost (MC). In China, this residue is also referred to as mushroom bran or residue (Chang,
2006). According to studies, approximately 5 kilograms of SMS are produced for every kilogram of
mushroomsharvested (Medinaet al, 2012). Improper management of this waste can have
significant negative impacts on the environment.

The large quantities of SMS currently regarded asvalue waste pose a major challenge
for mushroom producers, mainly due to th#ficulty of disposal. The high costs associated with
transporting a bulky material with low density and high moisture content, along with the difficulty
of drying it, limit its practical reuse. Moreover, temporary storage of SMS often leads to
uncontroled anaerobic fermentation, resulting in greenhouse gas emissions, unpleasant odors, and
leachate contamination of water bodies (Begeml., 2011). In the European Union, landfilling
SMS is now prohibited under the Council Directive on biodegradableew&sinsequently, the
current l i near ftake make disposeo approach,
incompatible with sustainable development goals.

Efficient valorization of spent substrate is crucial for transitioning toward a circular
ecoromy within the mushroom industry. The composition and physicochemical properties of SMS
are mainly influenced by the type of raw materials used to prepare the initial cultivation substrate.
For species in theentinulg Pleurotus andAuricularia genera, Wich together account for about
60% of global production lignocellulosic agricultural, forestry, and -aggastrial residues are
commonly used. FoAgaricus spp.the substrate typically includes manure, along with additives
such as cereal bran, legumeut, and mineral salts. During cultivation, these components are
enzymatically degraded, and the released nutrients are used by the fungal mycelium for biomass
development and fruiting body production. Significant mass losses have been repadéds 26
cellulose, 5777% of hemicellulose, and 615% of lignin, depending on the species (Ckeral,

2022). Thus, the final composition of SMS strongly depends on the initial substrate and cultivated
species (Weet al, 2017), consisting mainly of plant c&all components (lignin, hemicellulose,
cellulose), residual fungal mycelium, carbohydrates, proteins, and minerals.

Although most growers prefer to replace the spent substrate with fresh materialdBayer
2016), SMS still retains valuable agronomroperties. It can be used as an organic fertilizer rich in
nitrogen for agricultural crops or as a growing medium for ornamental plants or hydroponic
systems, as an alternative to peat moss (€egl, 2007). However, these applications involve
additiond costs and require piteeatment or conditioning to improve substrate quality.

Multiple valorization pathways for SMS have been explored in previous research

This paper is a review article that synthesizes national and international research findings
regarding the use of spent mushroom substrate, with a particular focus on its applications in the
sustainable management of fruit tree plantations. Based on a thematic analysis of the relevant
literature, this article aims to:

- highlight the potential of SM&s a soil amendment and organic matter source in orchard systems,
- identify the benefits and limitations of its use in perennial cropping systems, and
- outline future research directions and practical solutions aligned with the principles of sustainable
agriculture and the circular economy.
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MATERIAL SAND METHOD S

Numerous studies have highlighted the positive effects of organic soil amendments on crop
productivity and soil health through changes in physical, chemical, and biological soil properties
(Paredeset al, 2016; Medinaet al, 2012). Among the commonly used organic materials are
municipal waste, manure, crop residues, and-agiostrial byproducts, although many of these
can contain hazardous compounds or plant pathogens.

Spent mushroom sutbate (SMS), by contrast, is rich in nutrients and typically low in
xenobiotics and heavy metals, making it suitable for agricultural application, either directly or after
composting. Its properties vary depending on the raw materials used, the fungsd, sped the
cultivation technology applied, resulting in diverse outcomes when used in soils and cropst(Paula
al., 2017).

This review draws on experimental findings from various studies that assessed SMS
application across different cropping systemsr Example, application of unknown SMS at 20
mg/ha combined with poultry manure at 10 mg/ha in sandy soils over 20 years increased organic
matter content by 10201% and water holding capacity by up to 251% (Lips¢cal, 2021).
Annual applications of SM$i 25 mg/ha) in vineyard soils improved inorganic nitrogen, organic
carbon, total nitrogen, and labile organic fractions (Peregtiah, 2012).

Incorporation of A. bisporus SMS (100 kg/ha) increased oxidable carbon, organic nitrogen,
and available ph@horus more than a 1:1 v/v mixture with P. ostreatus SMS (Mediak 2012).
Microbial and enzymatic activity, such as phosphatase activity, also improved with no negative
effects on soil salinity or pH.

SMS combined with Bacillus amyloliquefaciens iroped soil performance in Hibiscus
sabdariffa more effectively than NPK fertilizers (Ngetnal, 2021). Fresh or sterilized SMS from
F. velutipes applied in cucumber crops enhanced microbial biomass and dissolved organic carbon
compared to NPK (Wanet al, 2021).

In lettuce, A. subrufescens and L. edodes SMS produced higher dry matter yields than NPK
fertilizers (Parede®t al, 2016). SMS use has also shown higher yields than mineral fertilizers
across various crops (Golstial, 2015; Wueskt al, 2012.

Was to investigate the potential of using mushroom compost in fruit growing, particularly in
the culture of fruit shrubs. In this sense, observations and determinations were made in the
experimental field and confirmed by the chemical analyzes carngdinothe agrochemical
laboratory of RSFG Baneasa Bucharest (Dogaml, 2024).

RESULTS AND DISCUSSION

Influence on soil microbial communities and enzymatic activity

SMS positively influences microbial communities and enzymatic activity, essential for
ecosystem function. However, immature SMS may limit agricultural use. Composting, either
independently or ceaomposted with other organic waste, under controlled conditions can address
this issue (Mengt al., 2017).

Organic Matter decomposition and compat quality

Research demonstrates that SMS promotes organic matter decomposition in mixtures with
sewage sludge, pig manure, corn stalks, and cow dung (&aala2017). ).Co-composting with
crop residues, manure, sewage sludge, or biogas digestdtedmashown to improve humification,
reduce ammonia volatilization, immobilize heavy metals, and increase compost maturitygiMeng
al., 2017). For example, composted A. bisporus SMS increased Loluwltiflorum yield by up to
300% compared to NPK (Abraset al, 2017). Composting Auricularia aurictjladae SMS with
biogas residues and pig manure produced superior seedlings versus commercial substratgs (Meng
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al., 2019). Compost mixtures of A. bisporus and P. ostreatus SMS enhanced baby lettuce yield,
even under pathogen pressuieythium irregularé (Hernandezt al, 2021).

Enzyme addition or vermicomposting with earthworms can further improve compost quality
by stimulating beneficial bacteria, increasing cation exchange capacity, lowering total carbon and
C/N ratio, and promoting nitrate synthesis .

Crop yield and soil fertility enhancements

Composted A. bisporus SMS has increased Lolium multiflorum yield by up to 300%
compared to NPK. Auricularia auricdfadae SMS ca&omposted with biogas residues and pig
manure resulted in better seedling quality than commercial substrates @flealg 2019).
Composted blends of A. bisporus and P. ostreatus SMS improved baby lettuce yields even in the
presence of Pythiunnregulare (Hernandeet al., 2021).

Beyond produtivity, SMS enhances the nutritional and biochemical profiles of crops.
Applications in tomato, basil, peppesugar and melon increased chlorophyll, carotenoids,
flavonoids, soluble sugars, essential oils, and antioxidant ac{jvVigyid Afagh et al, 2019,
Medina, Paredeet al, 2009)

Advanced techniques to enhance SMS efficacy

Techniques such as enzyme addition or vermicomposting using earthworms further enhance
compost quality by stimulating beneficial bacteria, increasing cation exchange cagatiting
total carbon and C/N ratio, and promoting nitrate synthesis (Bietaals 2018; Singlet al, 2018).

Application in Orchard Systems

Numerous studies report the application of SMS in Hguiwing systems: vineyards
(Peregrineet al, 2012), clture of fruit shrubsat he Moar a Domneasct Exper |
et al,2024),apple nurseries (Delver, 1982; AntSaeiral, 2000) and tea plantations (Manil
al.,1994),. Benefits included improved water retention, soil organic content, and reduced fertilizer
dependeay.

Although most studies target vegetables, the findings are transferable to orchards due to
similar rhizosphere and soil dynamics. Orchards being-temg systems without crop rotation
require inputs that regenerate soil biology. SMS can enhance giityfepathogen suppression,
and fruit quality in sustainable orchard systems.

Environmental integration and circular economy impact

Mushroom farms produce heat and CO t hat ¢
(Iglesiaset al, 2025. SMS fits into circular economy strategies by reducing waste, supporting
carbon sequestration, and lowering input céstedinaet al, 2009. Nevertheless, attention must
be paid to its salt content and compost maturity to prevent phytotofi¢itgstet al, 1991; Beyer,

2015. Transport costs and farmer acceptance remain practical béZadesi & Hamid, 2023

Summary of experimental applcations of SMS in agriculture

Table 1 summarizes the applications of spent mushroom substrate (SMS) found in scientific
literature, presenting its origin, application methods, and the observed effects on soil and crops.
These data support the conclusiorsvpusly discussed regarding the agronomic value of SMS.

Fig. 1. Moar a DomneachC@mparimEpEal méhehtd, deoPbe
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Table 1. Reuse of spent mushroom substrate (SMS) as soil amendment based on outcome reporteéritnent
publications / Reutilizarea substratului uzat pentru ciuperci (SMS) ca amendament pentru sol, pe baza rezultatelor

raportate “n publica'Hii pertinente
Origin of SMS Type of SMS an:r|fri1;:|odr;’3)(|)(n)'?tlon rate to soil Effects noted on the soiland/or crops after the use of SMS ‘ Reference
NR SMS (10-50%) and poultry manure (10-50% Increase of nutrient availability and salt-tolerant PGPB observed in treated saline soils; (Upadhyay,

mixed with saline soil in pots 10% poultry manure and 10% SMS significantly enhanced maize plant growth and yield et al., 2022

. ; SMS integrates to the soil in dosess of 25 ai SMS in degraded vineyard soils enhanced dehydrogenase activity, respiration activity ar (Herrero,
Agaricus bisporus

100 mg /ha (dry weight) microbial biomas etal., 2022
ggslﬁzzgi?somf Composted A. bisporus SMS and P. ostreattHi gher yi el ds of baby | eaf | ettuce, i . e(Hernandez
ostreatus SMS 7:3 (v/v) to replace peat to pots the pressure of the soil-borne plant pathogen Pythium irregulare etal., 2021;

SMS (20 Mg ha 1) andOM content |ncreased; pH |pcreased by 1(Lipiec,
NR ; content of residual pores increased by i

to sandy soils every - etal, 2021,

conductivity decreased
Increased NPK and OM contents, soil PGPB, and soil enzyme activities; higher biomass (Ngan
NR SMS (35 g) in soil-containing pots (1.5 kg) chlorophyll content obtained in Hibiscus sabdariffa in comparison to the use of mineral | gan, |
. etal., 2021
(16:16:16) fertilizer !
Flammulina Fresh or sterilized SMS (5%, w/w) mixed witt Total and dissolved OC, microbial biomass carbon and nitrogen, abundance and diversit (Wang,
velutipes soil in glass jars bacteria and fungi and enzyme activities were enhanced etal, 2021,

Agaricus bisporus;s MS (45 and 85 ton h8MSipromoted theeptesewde dffiungsimtielhighly nonnected fraction of the active micrc (Paula,

pots community etal., 2020,
Auricularia Composted SMS, biogas residues and pig  Better seedling quality was obtained by using the SMS-based substrate than withthe ~ (Meng,
auricula-Judae  manure 1:1:1 in seedling pots commercial seedling substrates etal, 2018;

. . Weathered and carbonized SMS increased available N; fresh SMS immobilized various
Fresh, weathered, and carbonized SMS mixe . R X . : X
. S ) . nutrients; high yields of pechay during first and second crop on weathered and carboniz¢ (Ultra ,
with soil (1:2) combined with 0, 50 or 100% S : ) o ) " |
A . o fresh SMS led to high yields only during the third crop; yield was increased by N fertilize et al., 2018;
the required rate of nitrogen fertilizer in pots . A
in weathered and carbonized SMS treatments

SMS (as the sole fertilizer source) Improved grass (Lolium multifiorum) yield up to 300Y (Paula
Agaricus bisporusCo mpost ed SMS (5 t o (Wt acpncentratign/dependegmtaesmnse) compared to the untreated control (with no Iet al 2'017,
fartilizatinn) o 4

SMS used to suppl y 5 Incontrastto mineral fertilizers, no increase in salt content was recorded when SMS we (Gobbi,

Volvariella
volvacea

NR

nitrogen requirements applied; similar lettuce and leek yields when either SMS or mineral fertilizers were used et al., 2015]
Pleurotus Fresh SMS incorporat Sl\:lsale: Lollnzrfaser:} p((J:r?sLt)y:mtd frrastil ?ITIEPS;OH’ ;ans calthEdestro:g d;v;\l(:p?wezntow (Nakatsuka,
ostreatus period of four years to a depth of approx. 10 g etal, 2016,

(457150 cm and 70775 cm)

SMS amendment on a calcareous clayey-loam soil resulted in higher oxidizable OC, or¢
extractable K, and available P compared to soil fertilized by 100, 22 and 208 kg/ha N P : (Paredes,
respectively; the use of SMS provided lettuce yields similar to that obtained with minera et al., 2016,
fertilizer

Agaricus bisporus SMS was incorporated to a soil depth of 30 ¢
and Pleurotus 1 month prior to planting; both organic
ostreatus treatments providing 100 kg/ha of N

SMS and peat moss alone or mixed (1:1, 1:Z2 SMS could replace up to 50% peat moss to support Chinese kale (Brassica oleracea) (Sendi,

NR and 2:1 v/v) with or without NPK fertilizer production; SMS alone cannot be used as growth medium because of its low nutrient co et al., 2013;

Agaricus bisporus

and Agaricus SMS increased the oxidi b¢e OC, organic N, available P, respiration rate, and phosphat
bisporus with SMS-based treatments acE\AEy,OWnViIIe i (fddnot af?gc pH, E%, ce}ectaﬁase', ané)u}rease activities in soil cultivated wit
Pleurotus lettuce

ostreatus (1:1,v/v

(Medina,
etal., 2012

Fresh or composted SMS applied annually fc SMS led at increased OC, TN and labile organic forms as well as enhanced microbiolog (Peregrina,

NR L o R |
four years at r at es actvityinasemiaridvineyard soil etal., 2012

SMS led to increase of water retention and enhanced the soil microbial population; whe!
supplemented by 10% of A. subulatus SMS, lettuce dry weight increased by 2.2 and 1.3 (Ribas,
compared to the control and the NPK ( 44etal 2009
L. edodes SMS did not perform equally well

Agaricus A. subrufescen$MS (5 to 40%, d.w.) arld
subrufescens ancedodesSMS (5 to 25%, d.w.) mixed with soil
Lentinula edodes in pots

SMS distributed onto field plots with a manur Corn yields were significantly higher in SMS-amended plots, and the nitrogen content of (Wuest,
spreader at r at es o fgrainandstover was significantly higher than the control etal, 1995
Abbreviations usedNPK-nitogen, phosphorus, potassium; NRiot reported; OG organic carbonOM - organic
matter; PGPB plant growth promoting bacteria; TNotal nitrogen

NR

FUTURE DIRECTIONS AND CONCLUSIONS

The cultivation of edible and medicinal mushrooms is a highly dynamic sector that has

experienced remarkable development over the pasadds. However, increased mushroom
production leads to the generation of large volumes of mushroom substrate (SMS).

The accumulation of unused SMS, or its restricted use inalidedvalue applications,
threatens the lonterm sustainability of the mushom industry. Therefore, identifying efficient
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valorization strategies for SMS is critical to ensuring sustainable sectoral growth. The research
reviewed in this paper highlights the broad potential of SMS as a source ofadalee products
and ecosystemnesvices.

Due to its nutritional and energetic value, SMS can be reused as a component in new
cultivation cycles, provided that adequate treatment or supplementation is applied. Reintroducing
SMS into the production of mushrooregher of the same species different ones, has proven
effective in maintaining yield levels, reducing production costs, and improving environmental
performance.

The nutritional composition of SMS supports its use in the development of animal feed.
Experimental data confirm its \bdity in the diets of poultry, ruminant, monogastric animals, and
even in aquaculture and insect farming. However, limitations such as high fiber content and variable
digestibility must be addressed. Research shows that through appropridteapnent, both

digestibility and acceptance by animals can be improved.

, P 2y ’ Bioactive

compounds

New
mushroom
cultivation

".'e ,,,;z.'
w S _(, ﬁ

Spent Mushroom
| feed Substrate Plant disease
Animal fee control

Biofertilizer,
Soil
conditioner
Fig. 2. Use of SMS in a circular economyUt i | i zarea SMS " n economi a
(SourcéSursaMartin, C., Georgios |. Zervakis C, Shaojun X., GéosgKoutrotsiosc, and Knut Olav, 2023

Initial substrate ' Mushroom cultlvatlon

SMS also presents significant potential as a raw material in the creation of sustainable, bio
based, and lowost agronomic products. Applied as a soil amendment or organic fertilizer, SMS
improves soil structure and fertility, without causing salinizatiom@dification. Furthermore, it
shows efficacy in controlling plant pathogens and in enhancing the content of secondary
metabolites and nutrients in crops. Scaling up current research through field trials aisdgbéot
demonstrations is essential to dalie these results under r@airld agricultural conditions.

Beyond agriculture, SMS contains extracellular enzymes secreted by fungi, enabling
applications such as textile effluent decolorization, soil bioremediation, and wastewater treatment.
Enzymes caralso be extracted and refined for use in industrial and environmental processes.
Moreover, SMS can support the growth of enzypneducing microorganisms, and the resulting
crude enzyme extracts can be purified and used in variousaddiesl applications.

The extraction and application of bioactive compounds from SMS is an emerging field of
great potential. These compounds may serve as sustainable ingredients in the nutraceutical,
pharmaceutical, and functional food industries. The future developmenmneivageneration of
Aimycotherapeuticso derived from SMS will depe
the properties of the target molecules and avoid degradation of other potentially valuable
components.

Spent mushroom substrate has conshlderpotential in sustainable orchard and horticultural
systems:

1 SMS is a valuable bgroduct of an expanding agricultural sector.
1 Its application improves soil fertility, structure, and biological activity.
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T It aligns with circular economy principles anchdae used in composting, biofertilizers,
construction materials, energy, and as a growth medium.

T Incontrolled orchard systems, SMS enabl es t
EU renewable energy goals.

T SMS use reduces greenhouse gas emissions and promotes soil carbon sequestration.

1 Standardization, improved logistics, and environmental rigigation are essential for
broader adoptian

1 SMS offers a sustainable alternative to conventional fertilizetls added benefits for soil
and crop quality.
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Abstract

Biotechnologies are playing an increasingly important role in food production, offering solutions to increase
agricultural yields, reduce pesticide use and improve product quality. This study exploresieonss 6 at ti tudes
foods derived from biotechnology, their level of information and the factors influencing their purchasing decisions.
Understanding consumer perceptions is essential for developing transparent policies and effective communication
strategies in the field of food safety.

Keywords:agricultural biotechnologies, genetically modified organisms (GMOs), consumer perception, food labeling,
food safety

Rezumat

Bi otehnologiile joact un rol din cef'emiod mal uWimpoptee
randamentel or agricole, reducerea utilizktridi pesticide
atitudinile consumatorilor faWwkt de ali ment ddctericare Wi nut
influenweazt decizia de cumptrare. CnWwel egerea percep
politici transparente &Gi a unor strategii eficiente de
Cuvinte cheie biotehnol@ii agricole, @ gani sme modi ficate genetic (OMG), p
alimentart, securitate alimentart

INTRODUCTION

Biotechnology is aresearchand capitaintensive sector, onef the most rapidly
developing fields globally. Its progse therefore depends crucially on a strong intellectual property
protection framework and an effective competition regulatory system (Sharma et al., 2010).

Since the beginning of the 21st century, the potential of new biotechnologies to contribute
to stremthening sustainable food security and increasing incomes in the agricultural sector has been
the subject of extensive debate.

According to Chatterjee and Ghose (2010), agricultural biotechnology is expected to have
a significant impact on ensuring lotgrm food security by increasing agricultural yields, reducing
dependence on chemical inputs such as pesticides, reducing soil degradation, increasing the
nutritional value of crops and, at the same time, promoting sustainable agricultural practices that
contribute to protecting the environment for future generations.

Sehgal (2000) believes that biotechnology has considerable potential in increasing food
production and promoting sustainable agricultural development, both osfienidjty and marginal
lands. Given that seeds are the main vector for the transfer of biotechnological innovations in
agriculture, the benefits of this technology can be exploited by farmers only to the extent that they
have access to higluality seeds.

Agricultural biotechnology dérs promising prospects for improving food security in
developing countries by increasing farmers' incomes and providing more affordable and
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nutritionally superior food products to consumers. However, the realization of this potential is
significantly limited by the restrictive regulatory framework imposed by the European Union,
which has established rigorous policies on the authorization, production and marketing of
genetically modified organisms (GMOs), including strict rules on imports offagdi prodicts that
do not meet these standards (Anderson, 2010).

The objectives of the study were:

- identifying the level of consumer awareness about GMOs and agricultural

biotechnologies;

- analysis of attitudes and level of trust towards these products;

- observing bkaviors related to reading labels and making purchasing decisions;

- exploring perceptions of the role of authorities and information channels;

- assessing consumers' openness to accepting biotech products.

MATERIAL SAND METHOD S
The research was based on #pplication of a structured questionnaire, composed of 25
closed and seropen questions. It was applied to a sample of 103 respondents, randomly selected
from various regions of the country, both urban and rural. The questionnaire was divided into four
thematic sections:
1. Sociodemographic data;
2. Knowledge about biotechnologies and GMOs
3. Behaviors regarding product labeling;
4. Opinions regarding the consumption of genetically modified products.
The data were centralized and analyzed using Microsoft Excelaeftaiming to identify
frequencies, simple correlations and major trends among respondents

RESULTS AND DISCUSSION

Regarding the profile of the respondents, the sdeimographic analysis showed that the
majority of respondents are between 18 and 35 yadrgover 60%), which suggests a relatively
young and active population. The gender distribution was balanced, with a slight female
predominance. The level of education is high, over 70% of the participants have university or
postgraduate studies, which ynpositively influence the level of information and the ability to
understand scientific concepts. Also, 60% of the respondents come from urban areas, where access
to information is generally easier (Figure 1, 2).

18i 25 years 26i35years 36i45years 46i 60 years peste 60 yearssub 18 years
Figure 1. Distribution of respondents ly age category Di st ri bu™Hi a responden™i | or p
Source: processing based on questionnaire dataSursa: procesaaalatelor din chestionare
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= No education

m Secondary school

= High school
Post-secondary/vocational school

m Post-university education

= Primary education

m University education

Figure 2. Distribution of respondents by level of educationDi st r i bu™i a r elslgecstmdien™i | or
Source: processing based on questionnaire dat&ursa: procesarea datelor din chestionare

Questions regarding knowledge about GMOs revealed that over 80% of respondents had
heard of their existence. The main sources of information wermthrnet (70%), television (50%)
and formal education (25%). However, only 60% were able to provide a correct or partially correct
definition of GMOs. The rest admitted that they did not fully understand the term or confused it
with other concepts sucls éood additives.

Perceptions regarding the safety of genetically modified foods are divided: 40% consider
these products safe, 35% perceive them as unsafe, and 25% have no clear opinion. The perceived
advantages of GMOs include: increased productionea&sad resistance to diseases and pests, but
also lower product prices. Among the disadvantages frequently mentioned are possible health
effects, ecological impact, and the lack of conclusive-anm studies (Figure 4).

Not Safe fo
consumptio
35%

Safe for
consumptio
38%

Don't know/don'
have an opinio
27%

Figure 3. Respondents' perceptia of the safety of GMOs'Per cep ™Hi a r esponden Hirloror pr i\
Source: processing based on questionnaire dat&ursa: procesarea datelor din chestionare
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Labelingrelated behaviors. Regarding food labeling, over 55% of participants say they
constantly check the farmation on the packaging. The most searched elements are ingredients,
nutritional values, and the origin of the product. Only 35% specifically look for mentions of GMOs.
A significant number (45%) say they have not noticed any labels regarding GMQO$%%rizklieve
that these mentions should be mandatory and clearly formulated. At the same time, 60% of
respondents believe that current labeling does not provide sufficient information about the presence
of GMOs in food products.

By age group, the situatios as follows (Table 1):

- 1825 years old(15 respondents) are distinguished by a strong presence in the categories
with university (6) andpostsecondary educatioi3). These young people seem interested in
the label, in line with the younger generatiocscerns for healthy eating.

- 26/ 45 years old(36 respondents) is distinguished by a large number of people with high
school education (6), a sign that it isnature categorypossibly involved in the decision to
purchase food for the entire family
over 60 years old (19 respondents) has a heterogeneous behavior: they are present both
among thosewithout education(2) and among those withigher education (3). Label
checking among seniors is not negligible, but it is likely to be limited to basic elements
(expiration, ingredients).

Table 1 Distribution by age category regarding label checkingDi st ri bu™i a pe categori.i d e
verificarea etichetei
Source: processing based on questionnaire dataSursa: procesarea datelor din chestionare

Age Category Number of Responses (%)
under 18 years 16.5 16.5
18 25 years 14.6
261 35years 175
361 45 years 175
461 60 years 155
over 60 years 18.4
Total 100.0

One of the key questions in the study was about the acceptance of genetically modified
(GMO) products. The results showed a relatively low level of acceptance, with onlyo25%
respondents willing to accept their consumption. This figure suggests a significant reluctance of the
population towards genetically modified products, which reflects the fears and uncertainties that
exist among consumers.

On the other hand, 35% of mmdents actively reject the consumption of GMO products.
They are firmly against these products, raising concerns about food safety, thertongpact on
health and the environment, as well as the ethics involved in the use of biotechnologies in food.
These people seem to be very reluctant to accept any argument in favor of the use of GMOs,
considering them a risky choice, even in the face of more attractive economic possibilities.

In contrast, 30% of respondents would accept genetically modified gsoduut only in
the absence of safer and more affordable alternatives. They are therefore more flexible, being
willing to accept these products only for economic reasons or in conditions where there are no other
viable options on the market. They could esitively influenced by the lower prices of GMO
products, which could offer them a more affordable solution compared to the higher costs
associated with natural or conventional products.

The reasons given by those willing to accept the consumption ofigmlyemodified
products are diverse. These include reduced costs for consumers, the possibility of more affordable
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food, recommendations and studies carried out by specialists in the field of biotechnology, as well
as the belief that GMO products do patse major risks to health or the environment. These people
rely on information from experts, considering that current technology is sufficiently advanced to
guarantee the safety of these products.

Those who reject GMO products cite a number of reasoatedeto their safety. The main
concern is the uncertainty about the ldagn impact on human health and the environment. The
lack of longterm studies and concrete evidence of their absolute safety contributes to consumer
fears. Many of those who rejedtese products also highlight the lack of clear and transparent
information about the process of genetic modification and the potential associated risks. In addition,
there is a significant preference for natural, unprocessed products, perceived ag lagaltbader.

This reflects a broader trend of consumers seeking authentic, traditional foods and foods perceived
as closer to nature.

Unspecified /No

answer Accept consumtion

o 25%
Refuset_s Accept
conzusr;p ion consumption
9 in abcenses of
alternatives30%

Figure 4. Respondents' perception of GMO consumptiodrPer cep ™Hi a r esponden ™i-urior f a’Ht
Source: processing based on questionnaire dafdursa: procesarea datelor din chestionare

An important aspect highlighted by the study results is the low level of trust that citizens
have towards the authorities that regulate the field of biotechnology. Thus, é6lgfI®spondents
declared that they have full trust in the state institutions responsible for this field. This figure
indicates a significant deficit of credibility, which can influence the public perception of the
decisions taken at the governmental lewad the regulations in force.

Amidst this lack of trust, most respondents choose to get their information from alternative
sources. The most frequently used channels are traditional media (television, radio, newspapers)
and, to an increasing extent, timteirnet, especially social networks and news websites. This trend
highlights the need for more efficient and transparent communication from authorities, as well as
the importance of verifying the quality and veracity of information available in the mgaae.

Regarding the responsibility for informing the public about biotechnology, the majority
opinion is that this task should not fall exclusively on a single entity. Respondents stressed the need
for a collective and coordinated effort, involving thatst (through competent and transparent
institutions), independent specialists (who can provide objective and scientifically substantiated
opinions), norgovernmental organizations (who can represent the interests of civil society) and
even manufacturers ithe biotechnology industry (who must assume an active role in ensuring
correct and responsible information for consumers). This collaborative model is seen as essential for
building a lasting relationship of trust between citizens and the actors involtiee development
and regulation of biotechnology.

45



ACTA AGRICOLA ROMANICA, Volume 7, Year 7, No.7.2.

Regarding the cultivation of genetically modified organisms (GMOs) in Romania, the study
revealed a diversity of opinions, reflecting a cautious and sometimes skeptical attitude of the public
towards thigractice. Approximately 40% of respondents believe that GMOs could be cultivated in
the country, but only under strictly regulated and monitored conditions. These participants
emphasize the need for a rigorous legal framework, which would ensure the ofabetth the
environment and the health of the population. They also believe that regulations should include
rigorous control measures to prevent any potential risks related to the use of these technologies in
agriculture. This group is open to the pos#ibof integrating GMOSs, but only under the close
supervision of the competent authorities.

Another significant group, 30%, is completely opposed to the cultivation of genetically
modified organisms in Romania. These people are strongly against thé @MOs, for various
reasons, including concerns about food safety, the impact on biodiversity, and thertomgks to
the environment and health. Many of them believe that, even with strict regulations, genetic
modification technology represents tosky an artificial intervention in natural ecosystems, and the
potential economic benefits do not justify the possible irreversible damage. Some of them are also
influenced by environmental movements and the global trend to promote a sustainable and natural
agricultural model.

A percentage of 20% of respondents do not have a clear opinion on this topic, being
undecided or simply uninterested in the topic of GMOs. They may either be uninformed about the
long-term implications of the use of GMOs in agricultuoe simply do not consider this topic to be
a major priority in the context of the economic, political or social problems facing the country.

Only 10% of respondents support the unconditional cultivation of genetically modified
organisms. They are gendyamore confident in the potential of biotechnology technologies and
believe that the economic and production benefits could outweigh any perceived risks. Many of
them are influenced by scientific arguments that GMOs can contribute to more efficienitagdicu
production, more resilient to extreme climate conditions and better able to meet the demands of a
growing world population. They believe that safety fears are unfounded, given that existing
scientific studies have not identified major risks to huimealth (Figureb).

40%

40%

35%

30%

25%

20%

15%

10%

5%

0%

Cultivation Total rejection of Undecided / Not Supporters of
allowed, but with GMO cultivation interested unconditional
strict regulations cultivation

Figure 5. Respondents' perception of GMO cultivaton/Per cep™™i a r esponden ™Hiriloror f a’ ™™t
Source: processing based on questionnaire dat&ursa: procesarea datelor din chestionare
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Regarding the future of biotechnology in agriculture, the majority of respondents (over
half) believe that biechnology holds significant potential for the development of agriculture in the
future. They are convinced that biotechnologies can play a key role in increasing agricultural
production, especially in the face of global challenges such as climate chaogent droughts
and increased food requirements. However, these opinions are accompanied by a constant call for
accurate and continuous information for the population. Respondents emphasize that, in order to
gain public trust and successfully integratietéchnologies into agriculture, it is essential that
authorities, research institutions and companies in the field provide transparent and accessible
information about the benefits and risks associated with their use. In addition, many participants
sugges the need for educational campaigns to help citizens better understand biotechnological
technologies, differentiate between myths and reality and make informed decisions regarding their
use.

Thus, while biotechnology has considerable potential to revwoiag agriculture, there is
still a significant need for dialogue and education to overcome public reluctance and create a
regulatory framework that addresses safety and sustainability concerns.

CONCLUSIONS

1. Regarding the level of information and knowledgbout GMOs, a significant
percentage of respondents (80%) are aware of the existence of GMOs, but only 60% manage to
provide a correct or partially correct definition of them. This suggests a lack of detailed
understanding of biotechnology concepts, eaemong those who are informed. In addition, the
main sources of information are the internet (70%) and television (50%), which indicates a
significant dependence on media channels and a potential lack of objective scientific information.

2.  The perception othe safety of GMOs is divided. Thus, 40% consider GMOs safe,
35% consider them unsafe, and 25% have no clear opinion. This highlights a general uncertainty
among the population about the impact of GMOs on health and the environment, which can be a
significant factor in influencing consumer decisions.

3. Regarding product labelling, the majority of respondents (55%) check food labels,
but only 35% pay attention to GMO claims. There is a significant desire (78%) for these claims to
be mandatory and clear. Thdgsdings suggest a clear need for stricter and clearer regulations on
the labelling of genetically modified products, to facilitate informed consumer choices

4.  The study highlights a general reluctance to consume genetically modified products,
with only 25%o0f respondents willing to accept them. This low percentage reflects concerns about
food safety and lontgerm health and environmental effects. A significant group (35%) also
categorically refuses to consume GMOs for safety and ethical reasons.

5. Regardinglie cultivation of GMOs in Romania, 40% of respondents claim that they
could be cultivated, but only under strictly regulated conditions. However, 30% are completely
opposed, while 10% are open to unconditional cultivation. This indicates a cautious atiittid
also an interest in the possibility of strict regulation of the use of GMOs, which reflects a desire for
a balance between innovation and safety.

6. Trust in the authorities regulating biotechnology is very low (only 15% of
respondents have completaust in them). This highlights a problem of communication and
transparency, suggesting that a sustained effort is needed from the authorities to gain public trust
and clarify regulations and processes related to GMOs.

7.  Over half of respondents believe thaitbchnology has significant potential for the
future of agriculture, being seen as a solution to increase production and respond to global
challenges such as climate change and food needs. However, these views are accompanied by a
clear call for accurateand continuous information to ensure public confidence in the use of
biotechnology.
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8. The study suggests that while biotechnologies and GMOs are perceived as having
the potential for more efficient agriculture, there is considerable reluctance to usesttyehy, due
to uncertainty about lonagerm safety and a lack of transparency in regulations. It is essential that
authorities, researchers and industry work together to provide clear, objective and accessible
information about biotechnologies so that greatast in these technologies can be built and their
informed and responsible adoption in agriculture can be supported.
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Abstract.

Malolactic fermentation (MLF) is defined as the enzymatic bioconversion of malic acid into lactic acid, a biological
process of rducing the acidity of wine performed by lactic acid bacteria (LAB). The use of immobilized bacteria
provides important advantages compared to the classic free cell inoculation, improving cell stability and process yield.
The current study aimed at the impiiization ofan autochthonoukAB strain (Oenococcus oegrsitrain 137) cells by
entrapping in 2% sodium alginate, 1% alginate/1%akrageenan and 1% alginate/1% gellan gum mixtures, analysing
the physical characteristics of the beads and the biocoiorengeld in three successive fermentation cychss.
additional layer o0f0.1% gel with the same composition was appliedhi® biocatalysts after initiagxtrusion of gels in

0.2 M CaC}. The beads obtained were spherical, with a diameter bet®@83.62 mm. Inoculated in synthetic wine
(12% vol. ethanol; 1&CFU/mL), the immobilized LAB cells metabolized betw&®@1 % of the malic acid in the
initial fermentation cycle (10 days), the bioconversion yield decreasing by about 3% in the second cycl&0&mihby

the final cycle of MLF. Blending of alginaf@%) with other natural polymers improved the structure of the beads,
especially incombination with 1% gellan gunthe constant values of the optical transmittance at 55@¢+®®%) and

the reduced numbef cells released in the final fermentation cyicldicating asuperiorstability of the immobilization
matrix compared to plain alginate beads.

Keywords sodiumalginate, lactic acid bacteria, malolactic fermentation, polymeric gels, synthetic wine
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INTRODUCTION
In the winemaking practice, it is generally accepted that wine is the result of two biological

fermentation processes, alcoholic andlolactic, determined by microorganisms that develop on

grapes during their maturation peri@fllimon et al, 2022) If in the alcoholic fermentation sugars

are metabolized by yeasts and transformed into ethanol and carbon dioxide, in the case of

malolectic fermentation(MLF), under the action of lactiacid bacteria(LAB), malic acid is

decarboxylated to lactic acid and carbon dioxide, with the formation of variable concentrations of
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secondary fermentation compounds. Beyond the reduction of acidifiedcaut under optimal
conditions, malolactic fermentatioprovides important benefits to wine quality increasg
microbiological stability(by exhausting the carbon source) and amipiifiyhe aroma profile of the
wine, increasing its complexityLérm et al., 2010. Considering all these aspectsalolactic
fermentatiorbecamean essential stage of the technological process of winemaking.

Cell immobilization is one of the most interesting aspects of biotechnology, with the first
research being carried osihce the 1970Hansen and€Cheong 2013) Recentstudieshighlighted
the advantagesf usng theimmobilized cells in biotechnological processesreag the stability of
the bacterial cell, increaghe performance of the procesg developing continuas fermentation
systemsfacile separation of biomassnd redu@d production cost (Tao et al, 2022). Given the
distinct metabolic particularities ohain LAB speciesused in winemakingespeciallyOenococcus
oen)), researclconductedn the last yearsimed at identifying efficient support materials foell
immobilization, testing new immobilization techniquasd identifying the relationships between
the microbial cell andthe carrier (Virdis et al, 2021). Moreover, was established that cell
immobilization by entrapmenin natural polymdc gels does notpose arisk of toxicity, the
materialsbeingintendedfor the food industry. In winemaking, the use of immobilized cells for the
biological deacidification is based on the following reasons: increaske tolerance and
fermentative capacity of bacterial celisderdifficult conditions in wine(low pH, presence of
ethanol and S¢), rapid initiation of the process, the enrichment of the wine aroma the and the
possibility of reusingthe biocatalysts in swessive operational cyclggilimon, 2023) Sodium
alginate is a food additive (E40Ieingthe first material used for cell immobilizatioa linear
polysaccharide derivative of alginic acmicomponent of the cell wall of brown algae conitagr80
to 60% alginic acidSodium alginate can bind an amount of water 300 timgserthan itsweight,
being usedin food as thickener emulsifier and gelling ageniGenerally Recognized as Safe
GRAS by the U.S. Food and Drug Administrationjhen monovalent ian(sodium) are exchanged
for divalent ions (calcium) structural changeccurs by passing from a lewscosity solution to a
gel matrix. Alginate is a valuable carrier agent due to its-te{ic nature, ability to form soft
matrices, and capacity to epsalate sensitive microorganisms such as lactic acid bacteria (LAB).
Although recentresearch suggests that cell viability remains unaffected, alginate gresdain
limitations, including susceptibility to acidic environments and structural degradzdissed by
calciumchelating agentsyhich may affect its protective barrier activitirasaekoopet al, 2003
Totosauset al, 2013. However, combining alginate with other hydrocolloids has proven to be an
effective strategy for overcoming thesechaical andstructural challengedn recent studiesvas
often proposed to use alginate in association with other natural polymers (Togsdy2013) or
inorganic compounds (Guzzaat al, 2012 lurciuc et al, 2017. Gellan gum is an extracellular
anionic heteropolysaccharide produced $ghingomonas elode@yn. S. paucimobilig, a food
additive (E418) discovered since the 1970s. Gellan is composed of a repeating sequence of four
sugars, which requires monovalent or divalent cations for gelatiors ¢ommercializedas
thickerer or solidifying agent, replacing agar in microorganism culture meésgdian typewith a
high degree of acylation produces soft and elastic géige weakly acylated forms form hard,
firm, but more fragile gels. The main advages of using gellagumin cell immobilization are
represented by its versatile texture, stability at high temperatures and at wide pH2Aldgeasy
dissolution in water and compatibility for combination with other polyn{&ing et al, 2015)
Carrageenan is the genename for a group of polysaccharides with high gelling capacity, obtained
by extraction from red algaéRhodophytasp., Eucheumasp). Carrageenan is used food,
pharmaceutical, and cosmetic industri@s thickening, gellingor stabilizing additive(E407)
(Wardhaneet al, 2022) Among the known types of carrageenan, thgpe (kappa) is the strongest
gelling agent, being the most used formthe immobilization of living cells or enzymes.- K
carrageenan shows affinities fof ,KCa’, Na', Li* ions that incease the gelling capaci{Chenet
al., 2002)
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Considering the related aspectie current studies aimed abtaining improved alginate
beads for LAB cell immobilization by mixing the sodium alginatewith other natural
polysaccharideslike k-carrageean and gellan gum, and testing the obtained biocatalysts in
successivdermentativecycles. Theexperimental datare usefulto researchers, winemakers and
biotechnologists, who will be able tlhoosethe best option fotheinitiation and controlof MLF in
orderto achievehigh quality wines

MATERIAL SAND METHOD S
The autochtonoustrain Oenococcus oer{code 137) isolated from the wine microbiota at

Research Development Statibor Vi t i cul t ur e a n,dRom&mian(EilMmaretiah,g | a’
2022),wasincubatedn anaerobic condition@nder thin layer ofiquid paraffin)in 10 mL ofsterile
MRS broth (De Maret al, 1960) at 28 , fbiomassBasst@anmated by cemtrgugation

(10 minutes,4500 RPM centrifuge CNBH600, MRC, Israel) and suspendedih 10 mL of
acclimationmedium with 10% ethanolLérm et al, 2011) After incubation a8°C, for 48 hours,

the cells in the exponential growth phase adapted to the presence of etti@nséparated from the
medium by centrifugation anthe biomass wawashed with sterile distilled watefhus, primary
inoculumwas obtaineds acell suspension with an optical densitylo25AU at 600 nm (Specord

200 Plus UV-vis spectrophotometerAnalytik Jena Germany),which corresponds to a cell
concentration of T0CFU/mL.

For the preparation of the immobilization support, sodium alginate (BosFood, Germany) was

di ssol ved i n di stilled water, i n a water bat
dissolved in 45 mL of sterile distilled water). After autoelavi on (121 15 min),
solution was cool ed in a water bath at 40

primary inoculum was added to the alginate solution, with contindmumsogenization on a
magnetic stirrer (40 RPM), obtainiregcell concentration of #aCFU/mL. In addition to theplain
alginate version (AL)two mixtures of 1% alginate with 1% gellan gum (Hampp Media, Germany
medium acylation(AG) and 1% alginate with 1%-&arrageenan (Bara Ezquerra, SpéK) were
obtaine using the same protocol as in the case of algiffdte.homogeneous immobilization
mixtures with a cell concentration of 8GFU/mL were maintained at constant temperatu@e (%
until the extrusion operations.

Using a 20 crfi medical syringe equipped with a sterilesGeedle (0.60x30 mm), the
homogenized cell suspension was manually extruded by gradual dripping at constant pressure into a
0.2 M calcium chloridgCaCkb) solution the droplets immediately passing from the dagcosity
solution state to a dense gelled structure. Extrusion was made at laboratory temper&uwe (18) ,
under continuous homogenization (magnet stirrer), 1 hour. After repeated washing with sterile
distlled water to remove excess calcium ions, tie beads were resuspended in solutions
containing 0.1% of the same polymer or mixture of polynfetithout inoculun), at temperatures
bel ow 45 , for 15 minutes, u n a secondary corhpaat gelo u s
|l ayer on the beadds surf ace. 8AOgtofadoubleMaysteadsn g wi
were inoculatéd in 100 mL synthetic wine (12% ethanol, pBl50, 3.5 g/L malic acid) (Bravo
Ferradaet al, 201), ensuring a cellensity of 16 CFU/mL. A fermentation cycle was established
for 10 days,a t 2 Being performedhree successive cycleAt the end of each cycle, the
syntheticwine was collected for analysis, and after washimg beadsvith distilled water, asimilar
volume of syntheticwine was added over the beads. parallel, a synthet wine sample was
inoculated with free cells of the sarsiain(O. oenil3-7), ata similarcell density (18 CFU/mL),
andincubated under the same experimental conditiensontral

Monitoring of the MLF process was performed by thin layer chromagbbgrdTLC), using
cellulose plated0x20 cm (Merck, Germany) and a mixture of solvents as mobile phdsgamnol:
distilled water: acetic acid: bromophenol blue, in a ratio of 100:20:20:0.1 (v/v/Vhe)retention
factor (Rf) for eaclacidwas calculateas the ratio of the distance travelled by the compound to the
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distance travelled by the solvent (Bele and Khale, 200Hg.residual kmalic acid was determined
using an enzymatic kit (BioSystems, Spain), involving the activity-afdlate dehydrogenasedan
glutamateo x al oacetate transaminase (GOT) at 37 AC
To highlight the cell releases from the immobilization maammxi beads stabilifythe transmittance

(%) of the synthetic wine for each immobilization variargs determined at a wavelength of 550
nm, at the end of the incubation period. Low transmittance vahaésate high turbidity of the
analyzed media, due to both the release of cells from the biocatalyst begassibtedegradation

of the polymer stucture.Also, the number of bacteria released from the support were enumerated at
the end of each fermentation cycle using spread plating on MRS agar (48 hs@pp®mented

with 1% CaCQ, and reported as colony forming units per milliliter (CFU/mDgterminations

were carried ouinh three replications

pH values were determined using a pH meter InoLab Level 1 (WTW, Germariy.
diameter (mm)of 20 beads from eachariant was determinedising a digital vernier caliper
(Powerfix, Germany)while their volume was determined by immersing 2 g of beaddistilled
water, in10 cn? graduatedylasscylinder. Beads weight was assessed using X 220 analytical
balance(Shimadzu, Japan).

Analysis of variance ANOVA testas initiated to investigate significadifferences between
datain XLSTAT® statistical softwareP values lower than 0.05 (p < 0.05) were considered to be
significant. The method used to discriminate
level. Different letters indicate signifant differences betweeatata.

RESULTS AND DISCUSSION

The immobilization of bacterial cells polymericgels involved several complex operations:
preparation of the bacterial cell suspension, preparation ofjeheolutions obtaining the cell
suspenginrimmobilization gel mixture, extrusion and formation of gel beads, obtaitiieg
additional layer ofgel, inoculation into the fermentation mediuand incubation LAB cells,
adapted to the presence ethano] were added to the polymersuspensios unde continuous
stirring and extruded dropwise into tGe2M CaCb solutionin order to achievéhe gel state (Figure

(a)
Figure 1. Obtaining the alginate beads by extrusion in CaClsolution (a), their appearance(b) and
characterisation () /Ob Wi nerea perl el or de al gizfa), paspeektitudh
caracterizarea acestora ()
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provides additional

As established in preliminary studies, the additional gel layer applied to the biocatalyst beads
protection to the peripdle cells and

ACTA AGRICOLA ROMANICA, Volume 7, Year 7, No.7.2.

improve physemechanical

characteristics othe beads.Thus, after obtaining the additional gel layer eachexperimental
variant, thebeadswere characterized anthoculated into synthetic win€l2% vol. ethanol}o
performMLF. The mainphysi®m-mechanical characteristics of thel beads arshowedin Table 1.
Along with theweightand volume, bead sphericity was calculated as the ratio betweemathe
diametersand was determinetthe number of nowwonforming beadsesulting from the drusion
process(deformed, cracked, elongated) diameters ratio closer to unity (1) indicates a high
sphericity. The double layerbeadsshoweda spherical shapali@meters ratic> 0.95) and a high
uniformity, regardless of the gel composition (Figure, T).

Table 1. Physicemechanical characterization ofdouble layerbiocatalyst beads obtained by entraping LAB cells
in alginate and polymeiic mixtures / Caracterizarea fiziceme cani ct a

perl el or

bi ocat al

K |

includerea celulelor bateriene “n alginat
Experimental variant Diameter (a) Diameter (b) | Sphericity Weight of | Volume of Non-
_ (mm) (mm) (alb) 100 beads| 100 beals |conforming
Code Composition (9) (cm?) beads (%)
AL [2% alginate 3.39x018 | 3.54+016® |0.96+003*| 1.70+002° | 1.80+002° | 1.670.58
AG |1% alginate/1% gellan gum | 3.44+012 | 3.62+014* |0.95+005%| 1.76+002 | 1.82+0.03*° | 1.00+0.00°
AK |1% alginate/1%-carrageena 3.46+0.16* | 3.58+01(¢% |0.97+006%| 1.74+0.01° | 1.86+0.022 | 1.33+0.58"

the progress ofthe MLF process being ighlighted after 10 days of incubationby thin layer

The diameter of the beads varied in the case of alginate be8x&®and 3.54 mm, being
slightly higher in the case die mixtures of alginate with gellaor k-carrageena (3.44-3.62 mn).
Theweightand volumeof the beadsaried significantlydepending on the polysaccharide ydee
plain alginatebeadspresenig the lowestweight and volume.Regarding the conformity of the
beads obtained by extrusion, the percentdg®nconforming beadsasthe highest in the case of
AL (1.67%),and the lowest in the case of h& combination(1.00%).
Biocatalyst beads containirtge bacterial cells were inoculated in synthetic w{ggcle 1)

chromatography(TLC). TLC is alaboratorytechniqueused to separate compounds from liquid

mixtures by exploiting their differential affinity for a stationary phase and a mobile phase (solvent)
(Santiagoand Strobel, 2013)This qualitative method combines the advantages lofv costand
simple work protocolwith the accuracy and speed of obtaining resilter each 16day cycle, he
MLF was assessetly the presenceof malic andlactic acid yellow spots on the chromatographic
plates (Figure 2).

Lactic acid Free cells
Malic acid  (control)
(standards)

1 1

11 il

I
| 1

1 I

Alginate

Alginate / Gellan gum

Alginate / k-carragenaan

Figure 2. Monitoring the MLF processin syntheticwines by thin layer chromatographyin three successive

fermentative cycles with immobilized LABcellsMoni t ori zar e a
cromatografie

“n strat

subwire,

“n trei

fer mentiapgin ei
cicluri
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The Rf valuesof the spots obtained by migrating the samples on the chromatographic plate
were compared with those of stardigolutions of malic and lactic asidin similar concentration)
The retention factors of the two acids, calculated at a migration front of 7.5 cm, were: Rf malic acid
= 0.48andRf lactic acid = 0.75, respectively.

Determinationof synthetic wine urbidity by measuring transmittance 20 nmwasused as
a qualitative indicadr of the mechanical stabilityandintegrity of the beads, as previously proposed
by lurciucet al (2017) It is possible thattahe end of théMLF, some polymer fragments bAB
cells may detacHrom the gel matrixand therefore diffusen the mediumgausing an increasa
turbidity. Thus, turbidity of the synthetic winesried significantly depending dhe fermentation
cycle If in the first cycle of MLF the differences betwettre variants weraonsignificant, in the
second cycle thesyntheticwine of theAL variant presented a significantly lower transmittance
compared to the mixed immobilization varia(@3.86%) (Table 2).

Table 2. Transmittance of fermentation media aftermalolactic bioconversion with immobilized bacterial cells
and residual malic acid concentrationdor each cycle performed Tr ans mi t anSa medi i |l or de
efectuarea bioconversiei mal ol act i c e adgdunalic etidughemtrub act er |

fiecare ciclu
Experimental variant Transmitance at 550 nm Residual malic acid (g/L)
Code Composition Cycle 1 Cycle 2 Cycle 3 Cycle 1 Cycle 2 Cycle 3
AL |2% alginate 99.18+0.34%| 97.860.26" | 95.80+0.3% | 1.04:0.06° | 1.16+0.08° | 1.37+0.112
AG |1% alginate/1% gellan gum|99.50+0.18% 99.59+0.122| 99.48+0.16% | 1.03:0.04° | 1.09+0.05° | 1.29+0.08"
AK [1% alginate/1%-carrageend 99.43+0.22% 99.14+0.18*| 98.92+0.20° | 1.070.04° | 1.11+0.04° | 1.34+0.107

Regarding the alginate mixturd&G ard AK), no differences were found between the
variants in the first two fermentation cycl@e third fermentation cycle led to an increase in the
turbidity of the samples, respectively a decrease in transmittance by up to 4% in the case of AL
indicatinga lowerstability of thegel beads Moreover,a higher standard deviation of AL samples
wasobservedas a result o&n erratidoehavior of alginate gels during successive cycles.

However gel strength and the characteristics of the beaats be influencedby the
concentration of the calcium ions, in this case, a concentration of 0.2 M &d@lonwas usedor
all tested variants, to highlight structural differences. In this case, the turbidity of the environment
can be influenced not only by the polynfexgments, but also e cells which can diffuse from
the gel beadsThe number of viable LAB cells in the synthetic wine was determined by inoculating
serial dilutions on Petri plates with MRS medium with 1% CaQ&gure 2). In the case &fL
beads, e number of viable cells released from the support matrix at the end of the third
fermentation cycle was 21+6 CFU/mbnd muchlower in the case oAG combinations (4+2
CFU/mL) andAK (114 CFU/mL).

(b) (c)

(@

Figure 3. Determination of the number of viable cells in synthetic wine in the last fermentation cycle (MRS agar,

with 1% CaCOs3): (a) alginate, (b) alginate/gellan, (c) alginateAcarrageenan/Det er mi nar ea numbtr ul
viabile din vinul sintetic in ultimul ciclu fermentativ (MRS agariZa))alginat, (b) alginat/gellan, (c) alginat/k
caragenan
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Although the mechanical stability of theadsvas different, the fermentation process did not
undergosignificant changesin the first cycles of FML.The residual malic acid concentrations
varied betweenl.03 (AG) and 1.07 (AK) g/L in the first cyclgradually increasing in the second
and third fermentation cycles respectively, probahlg toa gradualloss of LAB cells Compared
to immobilized cells, thecontrol sample with fredcAB cells (10° CFU/mL) showed a non
significantly higher malolactic activity, the amount of residual malic sandjing betweed.(2 i
1.069g/L.

The percentage of malicid metabolized by the immobilized LAB cells is showed in Figure
3, for each fermentative cyclén the first cycle the percentage of malic acid metabolized varied
between 6.43(AK) and 0.576 (AG), graduallydecreasin@s successive cycles were carried o
In the case ofAL variant, the percentage of malic acid consumed by the immobilized bacteria
decreased by abo@% in the second cycle and by up 8% in the third fermentation cycl&he
mixture of alginate with gellagumled to anon-significantincreasen the bioconversion activity of
Oenococcus oerstrain. Also, the percentage of malic acid consuniedhe second cycle of AG
variantwasabout2 % lower compared to the first cycle, and upgl®% in the third fermentation
cycle.The AK variantshowedverry similar results to thé&G variant.However, in the case of all
immobilization variants, the percentage of metabolized malic acid decreased significantly only in
the third fermentation cycle.

80
Cycle 1 Cycle 2 Cycle 3
a a

~ 7029 2 7057 a a
< 66.86 I 68.86 O 6329
T 70 [ b I
s [ b 63.14 [y b
9 60.86
2 & 61.71
; [
8 6
o
=)
=
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Experimental variant of immobilization

Figure 4. The percentage of malic acid metaboliz&in successive fermentation cycles by immobilized lactic acid
bacteria (AL T alginate; AG T alginate/gellan gum; AK' alginate/k-carrageenan) /Procentul de acid malic
metabolizat “n cicluri succesive déeALT aginagd@itad Wgii en ad e goutntt
gelan; AKi alginat/kcarragenaan)

Considering thenedium composition (12% etharopH 350; 3.5 g/L malic acid) and the
experimental conditions (10 day& 5 ; anaerobisis), the pH of thesynthetic winenoculated with
the biocatalyst beadsaschanged once malolactic bioconversion was perforvd= deacidifies
the wine by converting thstrongdiprotic malic acid to the softer monoprotic lactic acebsulting
in a decrease in total acidity and an increase itpbabou 0.3 units(Zoeckleinet al.,, 1999) Thus,
in correlation with the concentration of metabolized malic acid, the pH okyhthetic wine
increaseby up t00.26 units (in the first MLF cycle) (Table 3)The differences in pH were non
significant between the experimental variants.

According to Lee and Mooney (2012), the viscosity of alginate solutions increases as pH
decreases, and reach a maximanound pH 3.0 3.5, as carboxylate groups in the alginate become
protonated and form hydrogen bonds.
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Table 3. Changes in synthetic wine pH during malolactic bioconversion conducted with immobilized bacterial
cells in successive fermentative cycléModifi ¢ £ r i -ulai virlui gitdetic la finalul bioconverisei malolactice
efectuate cu celule bacteriene lactice imobilizate, in cicluri fermentative succesive

Experimental variant Initial pH Final pH
Code Composition Cycle 1 Cycle 2 Cycle 2
AL  |2% alghate 3.50 3.71+0.07 3.68+0.08° 3.61+0.09
AG  [1% alginate/1% gellan gum 3.50 3.76£0.02 3.72+0.05 3.70+0.06
AK  |1% alginate/1%-carrageenan 3.50 3.72+0.04 3.69+0.06° 3.67+0.08"

presence of ethanol can cause damage to the alginate beads, such as shrinkage, deformation o

Calciumalginatebeadsas any hydrogelre constitutednainly by water(typically 96-99%)
and tend to be dehydrateith contact with alcohols, such as ethanol (Toresl, 201]). The

drying. Thus, & the end of thehreeMLF cycles, the diameter of the beads washeasureand
their changes wereterminedTable 4).

Table 4. Physicemechanical characterization ofdouble layer biocatalyst beadsafter performing three MLF
succesive cyclesCaracterizarea fizicene cani ctora bpercla¢lal i zat or d

de

fermentaSie

upt

mal ol acti ct

Experimental variant Diameter (a) | Diameter (b) | Sphericity |Weight of 100|VVolume of 100
Code Composition (mm) (mm) (a/b) beads(g) beads (cnd)
AL |2% alginate 3.28+0.14° 3.41+0.0* | 0.96+0.%* | 1.68+0.@* 1.70+0.®*
AG |1% alginate/1% gellan gum 3.35+0.17 3.53+0.1# | 0.95+0.01* 1.75+0.%* 1.74+0.3%
AK |1% alginate/1% lcarrageenan 3.38+0.12 3.48+0.2% | 0.97+0.017 1.73+0.08% 1.75+0.08%

efectuarl

The diameter of the pearlsateased at the end of the three fermentation cycles compared to
the initial data with a percentage between 2.3 (AK) and 3.5 (AL) %tHausphericity of the pearls
was not affectedThus, he average diameter of the beads was reduced by 0.082tan@lwith
higher shrinkagerecorded in the case of plain alging#el). Although the weight was slightly
reduced, the volume of 100 beads decreased by oveuB%o the reduction in average diameter

CONCLUSIONS

1. Due to the advantages it offers to wine gyamalolactic fermentatiobe@me an essential
stepin the winemaking processmmobilization of lactic acidbacteriaby entrapping in natural
polymeric gelsis a helpful strategy forimproving cell stability and increasng the yield of the
bioconversiomprocess.

2. Double layer beadwith spherical shapéiigh uniformity,and specifioveight and volume
were obtain by entrapping the cells@&nococcus oersitrain13-7 in 2% alginate, 1%lginatel%
gellan gum and 1% alginatel% k-carrageenamixtures. The malolacticbioconversion yieldn
synthetic wine was nesignificantly higher in the case of alginate/gellan mixt(x@0.5 % of the
malic acidwas consumed

3. After thethree successive fermentation cycles (10 days per dyeg)ercentage of malic
acid metabolizedy the immobilizedO. oenicells gradually decreasl for all tested variantgut
more in the case of alginafby about 3% in the second cycknd by up to 15 % in the third
fermentation cycle

4. Themechanical stability and integrityf the plain alginate beads weaaffected #&er three
fermentation cycles synthetic winefact highlighted by the lower valued optical transmittance
at 550nm (<96%)and the higher number sifablecells released from the immobilization matrix

5. In the presence of ethanol, the beads obtained by gel extrusion in0afibns,have
reduced their diameter and implicitly their volupespecially in the case pfain alginate( 1 3 .
of volume) maintaining theiweightand sphericity.

6. Considering the bioconversion yield and toastant physiconechanical characteristics
doublelayer gel beads after performing multiple fermentation cycles, the 1% alginate/1% gellan

5 %
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gum mixturecould berecommended for immobilization of lactic acid bactéoiawine inoculation
thus improving the alginatgability and increasing the efficiency of theocess
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Abstract

Thisstuy examines the phenology of di fferent pea atcessic
2023), focusing on the impact of climatic conditions on key phenopteasergence, flowering, pod formation, harvest
maturity, and physiological maturityTemperature and precipitation significantly influenced both the duration of the
crop cycle and yield potential. In 2020, emergence occurré@@.4lays after sowing, with harvest maturity ai 86

days. High precipitation delayed harvest and reduced yield2021, slower emergence {18! days) and extended
physiological maturity (7il116 days) were observed. The 2022 season, characterized by extreme drought and strong
winds, led to delayed emergence and lower yiglis.contrast, 2023 experienced fastanergence and uniform
maturation due to fawgable weather condition. These findings highlight the critical role of climate monitoring in
optimizing pea production. Understanding the relationship between environmental factors and crop development is
essentl for improving agricultural efficiency and ensuring yield stability.

Keywords:abiotic stress, limateresilience crop phenology environmental stressoypeaphenology

Rezumat

Studi ul examineazt f enolddogi abamaai dneu lgteorrmol i pariviadd @020 nSaCzDtLr
2023, evidenWwiind impactul condi Wi i It,dnfloritc| F mamaceaapup
maturitateaadarcomsem ©i zmol ogickt. Variabilitatea temp
durata ciclului de veget abviAstfelin d2e0t2e0r, mi rnkCsntdr i dr2@fake daelamavveu t” n
semtnat , i ar mantkeBb59t6atzed ede Porercspmtawi il e abundente 7 n
Oi au redus producWwi a. Cn -3240 2z1i,1 ernt s tirairr enam tading fn X646 erma if i |
zile. Anul 2022 remarcat prunesecelftpOove®@ndpo rktstrire “ntce
2023, condi Wiile mai favorabile au favorizat o rbkstrir
esenwi al al monitoriztitridi cde mmazicree ,pesiti blui roipitndni izafr lea
asupra dezvolttitridi plantel or Oi a randamentul ui final

Cuvintecheieadapt are climatict, dezvoltarea csuwekabiot i | or, fact
INTRODUCTION

The Leguminosae fanyil (Fabaceae Endl.) is one of the most diverse plant families
worldwide, encompassing hundreds of generasauery large number of species, cultivated across
all continentsNumerous species within this family hold significant economic importance, having
been utilized since ancient times for various purposes, including human nutrition, animal feed, and

as a natur al fertilizer (Mikil et al ., 2006;
A representative species is the pdéds@m sativumL.), extensively cultivated annual

le gume, especially i n temperate regions, where

al ., 2007: Mihailovil & Mikil, 2010; Che™an e

The pea originates from the Middle East and was first cultivated approximat@f0h@ars
ag (Zeven & Jukovski, 1975). It is believed tHisum sativunderived fromPisum elatiusand
spread from the Fertile Crescent along two distinct routes: eastward through South Asia and
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westward through North Africa and the Mediterranean region (Blixt, ;1B@Rary, 1996; Mithen,

2003). Archaeological evidence suggests a rapid expansion throughout the Mediterranean region,
followed by a significant delay before its further spread northward (Colledgk 2005; Kreuzet

al., 2005).

The rapid distribution fopeas in Europe is evidenced by their early cultivation at Neolithic
sites such as KoWVsa30 BGEYand tBeu prgsancei imArniedial Gedmany, and
France across various historical periods (Rosch, 1997; Hovsepyan & Willcox, 2007; Marinova &
Popova, 2008). Peas were a staple in Celtic, Germanic, and-Reatlan diets, with finds in
Austria (700200 BCE) and Moselle, France (1@D0 CE) (Swidrak, 1999; Preigt al, 2005).
Linguistic evidence suggests that peas were widespread in Europe theféoemation of modern
| anguage families (Ljugtina & Mikil, 2010).

In Romania, the earliest references to pea cultivation date back to Alexandrescu (1873), who
described latenaturing varieties with purple flowers and garden varieties with white flowers.
Subsequently, Alessiu (1894) classified peas into types consumed fresh and those harvested at full
maturity, further differentiating between dwarf and climbing (staked) varieties. The first pea
cultivars documented as being grown in Romania were deschped Morlova (1926), and
included the wrinklegseed varietWerveille, thedwarf typesMammuth Daisy, andFolger, as well
as the tall varietieSelephon Remontant and Clamart'. Later, Scurtu (1998) emphasized the
development of novel pea cultivars Romania, targeted for industrial processing, underlining the
alignment of breeding programs with the needs of the processing industry. In a subsequent
contribution, lonesceet al, (1999) presented new genotypes within the assortment of leguminous
vegetab¢s, further evidencing the continuous enrichment of the national germplasm and its
adaptation to the evolving demands of cultivation and processing.

Peas rank third among leguminous crops worldwide, following dry beans and chickpeas.
They are primarily caivated in temperate regions, both for fresh consumption and as a dry legume
used in human and animal nutrition. In 2022, global green pea production was estimated at
approximately 20 million tons (FAOSTAT, 2022). The main producers of dry peas Indiajda&ana
Russia, China, and the United States, benefit from favorable climatic conditions aiaewvedtiped
agricultural practices. (Rawat al,, 2019).

Pea cultivation has expanded significantly worldwide since 2010, with the global harvested
area increasinfrom 6.58 to 7.15 million hectares, and total production rising from 10.44 to 14.16
million tons. In contrast, green pea cultivation in Romania has markedly declined, from 5,803
hectares and 23,313 tons in 2010 to a historic low of 670 hectares andtdn34h 2021.
Meanwhile, the area cultivated with dry peas initially increased between 2010 and 2016, but
subsequently declined, reaching 68,060 hectares and 109,240 tons by 2022 (FAOSTAT, 2022
(FAOSTAT, 2022).

Climatic variability exerts a profound inflaee on agriculture, particularly in the context of
global climate change, which is characterized by an increasing frequency of extreme phenomena
such as heatwaves, droughts, and excessive precipitation. Pea cultivation, with its moderate
requirements for émperature and humidity, is particularly susceptible to these alterations,
especially during critical developmental phases, such as germination, flowering, and pod formation.
Consequently, the climatic conditions experienced during each growing seasan gipyficant
role in determining both yield and the quality of the production. Within this framework, the present
study undertakes an analysis of the phenology of 15 pea accessions from the germplasm collection
of VRDS Buztu, S p a n 0ioRa023, with a papiclarifooud onfeluctdatingZh@ 2
impact of climatic conditions on the primary phenophase.
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MATERIAL SAND METHOD S

The experiment was conducted in the ge20202023 at the experimental plot of the
Vegetable Research and Developmént at i of VBRD&SL Budtow)ated i n Buz
Romania (latitude: 5.13711°N, longitude: 26.81711°E, and elevation: 95 m above sgea level

The plant material comprised fourteen pea accessions (L1, L2, L3, L4, L5, L6, L7, L8, L9,
L10, L11, L12, L13, 14) originating from the germplasm collection of the Vegetable Research and
Devel opment Station (VRDS) BuztuGetitapp Whicle r wii
was developed through the breeding persubjgated m o f
to evaluation, and their main morphological and agronomic traits are briefly summarized below.

L1 7 an early genotype with plant height ranging between 22.12 and 35.9 cm. The flowers
are white, the pods are green, with lengths varying betwéddna®d 9.23 cm. Each pod contaiiis 6
8 seeds, and the weight of 1,000 dry seeds is 247.95 g.

L2 i a semilate genotype, 48.652.26 cm in height. The flowers are white, pods are green,
with lengths between 10.21 and 12.56 cm. Each pod contéénsegéds, wh a 1,000seed weight
of 339.92 g.

L3 i a semiearly genotype with a height ranging from 41.25 to 60.13 cm. Flowers are
white, pods are green, with lengths between 6.92 and 8.15 cm. Each pod camaesds, and the
1,000seed weight is 312.45 g.

L4 7 a semilate genotype with plant height between 62.7 and 69.84 cm. Flowers are white,
pods are green, with lengths between 7.47 and 8.69 cm. Pods cémaeesls, with a 1,008:ed
weight of 265.85 g.

L5 7 a semiearly genotype, 42.6Z7.21 cm in heightFlowers are white, pods are green,
with lengths ranging from 7.42 to 8.54 cm. Pods contain $eeds, and the 1,08@ed weight is
293.85 g.

L6 T a mangetoutype, late genotype, 60.4B3.46 cm in height. Flowers are viclairple,
pods are green, withngths ranging between 8.14 and 14.85 cm. Pods coritéirsekeds, with a
1,0006seed weight of 153.87 g.

L7 7 a late genotype with plant height varying between 32.85 and 43.78 cm. Flowers are
purple, pods are also purple, with lengths between 6.1 and 7.2Baah pod containsi 3 seeds,
and the 1,00@eed weight is 402.15 g.

L8 7 a semilate genotype with plant height ranging between 41.25 and 66.85 cm. Flowers
are white, pods are green, with lengths between 7.15 and 8.56 cm. Pods ddhtseeds, with a
1,000-seed weight of 392.55 g.

L9 1 an extraearly genotype with plant height ranging between 46.55 and 51.25 cm.
Flowers are white, pods are green, with lengths between 6.7 and 8.33 cm. Pods ¢Ordards,
and the 1,00@eed weight is 277.93 g.

L10 7 asemtearly genotype with plant height ranging from 37.44 to 52.19 cm. Flowers are
white, pods are green, with lengths between 8.14 and 9.25 cm. Pods cdBtaeeds, and the
1,0006seed weight is 456.85 g.

L1117 a semiearly genotype, 42.361.45 cm in kight. Flowers are white, pods are green,
with lengths between 8.5 and 9.2 cm. Pods confiainséeds, and the 1,08@ed weight is 418.45
g.

L12 7 a late genotype, 38.84.12 cm in height. Flowers are white, pods are green, with
lengths between 7.55 ancb& cm. Pods contairi @ seeds, with a 1,0682ed weight of 466.12 g.

L13 7 a semiearly genotype, 42.149.9 cm in height. Flowers are white, pods are green,
with lengths ranging from 8.6 to 10.16 cm. Pods contaitD&eeds, with a 1,0a8ed weight of
286.96 g.
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L14 7 an early genotype with plant height between 54.2 and 81.69 cm. Flowers are white,
pods are green, with lengths varying between 11.78 and 14.95 cm. Pods citseeds, and the
1,000seed weight is 559.85 g.

L1577 an early genotype, 53945 cm in height. Flowers are white, pods are green, with
lengths ranging between 8.4 and 9.96 cm. Pods cont&irs&eds, and thk,000seed weight is
454.84 g.

The sowing was performed manually on March 3rd in each year of the study. The seeds
were sown 0 raised beds, each 70 cm in width, with four plant rows arranged two on each side of
the bed, maintaining a 3.5 cm irq@ant distance within each row (Fig.1), thus achieving a density
of 114.28 plants per mArigation was implemented via gravitatiorfldw through furrows, while
the soil was maintained free of weeds and aerated through mechanical tillage.
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Figure 1. Sowing scheme of the studied accessionrSE hema de semkinat a | inii

The analysis of the meteorological conditions in the cultivation area, conducted over the
period 20262023, aimed at evaluating the climatic factors relevant to plant development and crop
performance. This includedaglmonitoring of monthly average temperatures, precipitation, relative
humidity, and other important meteorological parameters to underb@mdhey influence the
duration of the vegetative cycle of studied accessibos the analysis of climatic effectagro
meteorological data were recorded from the local weather station for the perioc2@R0
covering daily temperatures from March to July, which coincided with the vegetation period of the
pea crop, from sowing to harvest. These data were compattedheivalues obtained at tkDS
Buztu to assess climatic deviations and their

Phenologicabbservations regarding the sowing date, emergence date, flowering onset date,
first pod formation date, consumption maturity dateg phwgiological maturity date were recorded
for each plot during all study years. Additionally, reproductive phenophases were observed and
analyzed, along with their respective durations

1 Emergence The number of days from sowing until half of the plants haerged.

1 Flowering: The number of days from emergence until half of the plants had at least
one open flower.

1 Pod formation: The number of days from flowering until half of the plants had set
at least one pod.

1 Consumption maturity: The number of days from emngence until half of the pods
reached consumption maturity.

1 Physiological maturity: The number of days from emergence until the physiological
maturity of the pods (which corresponds to the beginning of seed harvesting).

Statistical analyses were performeingEXCEL STAT software.
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RESULTS AND DISCUSSION

Phenology refers to the study of biological phenomena associated with specific biological
rhythms or periodic vegetative phases (phenophases) of plants and their interactions with
environmental factorgMundarain et al., 2005). The investigation of phenological processes is
crucial for optimizing performance ipeacultivation, as it facilitates the identification of critical
developmental stages that exert a direct influence on crop productivity.

Meteowlogical conditions and phenology are closely related, with plant phenophases being
highly dependent on weather. In 2020, emergence occurred after a period of 14 days (L5) and ended
26 days after sowing (L10), specifically from March 17, 2020, to March2@20. The average
temperature was 8.4°C, with a minimum temperaturg & C on March 7, 2020, and a maximum
temperature of 21.9°C on March 21, 2020. There was only one rainy day, on March 24, 2020, with
precipitation of 0.2 I/mz2.

The first flowers appead on May 2, 2020, and continued until May 28, 2020. The average
temperature during this period was 16.4°C, with a minimum of 8.3°C on May 7, 2020, and a
maximum of 31.1°C on May 15, 2020. The total precipitation was 105 |/m?, accumulated over 9
rainy da.

On May 13, 2020, the first pods formed in L1, while L7, the ladesessionformed pods
on June 12, 2020. The minimum temperature during this period was 7.4°C on June 3, 2020, with a
maximum of 31.6°C on June 6, 2020. The average temperature wa€&,1@rff precipitation
amounted to 100 I/m2, recorded over 11 rainy days.

At 65 days after emergence, L1 reached consumption maturity on May 23, 2020. L7 was
once again the lagtccessiorto reach consumption maturity, after 96 days from emergence. The
averge temperature during this period was 20.5°C, with a maximum of 33.3°C on June 28, 2020,
and a minimum of 7.4°C on June 3, 2020. Precipitation amounted to 98 I/m2, accumulated over 18
rainy days.

Physiological maturity was recorded between June 10, 268QJwdy 27, 2020. The average
temperature during this period was 23.5°C, with a minimum of 13.5°C on July 13, 2020, and a
maximum of 34.1°C on July 3, 2020. Precipitation during the final phenophase delayed harvesting
and reduced yield, especially for gaalccessios. A total of 231 I/m? of precipitation was recorded
over 17 rainy days.

AccessionL1 exhibited the shortest vegetative cycle, lasting 83 days, followed closely by
accessior.9, which had a cycle of 90 days. In contrastgession.6 was the latst, with a duration
of 121 days from emergence to physiological maturtgcessionL10 reached physiological
maturity after 101 days, whikeccessios L15 and L11 reached maturity after 104 d#&yessios
L3, L2, and L8 completed their cycles after 10& 107 days, respectivekxccessionL5 reached
maturity in 109 daysaccessiori4 in 113 days, andccessios L13 and L14 in 115 days. Finally,
accessios L7 and L12 reached physiological maturity 118 days after emergence.

The reproductive phenology tife peaaccessionn 2020 is shown in Fig.

In 2021, in contrast to the previous year, the fwgtessiorio emerge was L3, 18 days after
sowing. Compared to 2020, the emergence was slower, with the germination period extending up to
34 days foraccessin L6, which emerged on April 2. Emergence occurred after 29 days for L1, 30
days for L2 and L4, 28 days for L5, 31 days for L7, 33 days for L8, 29 days for L9, 30 days for
L10, 28 days for L11, 30 days for L12, 29 days for L13, 27 days for L14, and 27fatal15.

During the emergence period, the average temperature was 6.7°C, with a minirdlidf ©fon
March 24, 2021, and a maximum of 19.8°C on April 2, 2021. Precipitation was spread over five
days, totaling 11 I/m2.

Flowering lasted for 38 days, withnaaverage temperature of 13.1°C. The minimum
temperature during this period was 2.4°C on April 17, 2021, and the maximum temperature reached
28.1°C on May 2, 2021. The total precipitation was 40 I/m2, accumulated over 9 rainy days.
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AccessionL11 was the fist to flower, followed byaccessios L1 and L9, both of which flowered
37 days after emergenco&ccession_3 recorded the latest flowering, after 55 days, whdeession
L7 flowered after 52 days, amtcessios L14 and L15 flowered 50 days after emengen

v ] |

-

3

S I | . S

I EAN—-|

R I |

g I | - 4

= I —)

B —

0 100 200 300 400

B rissie [l inflori Fructificare [} Maturitate consum B oturitate fiziologics

Fig. 2. The reproductive phenogram of pea accessions forthe year2R@ nogr ama r eproduct i
de maztre pentru anul 2020

The first pod formation occurred at accession L1, 12 days after flowering, while accession
L7 was the last to forrpods. Accession L2 began pod formation 13 days after flowering, L3 after
17 days, L4 and L5 after 16 and 17 days, respectively, L6 after 18 days, L8 after 14 days, L9 after
16 days, L10 after 15 days, L11 after 16 days, L12 after 14 days, L13 after <9 dldyafter 17
days, and L15 formed pods 19 days after flowering. Pod formation took place over a period of 25
days, with an average temperature of 17.6°C. The minimum temperature during this period was
9.2°C on May 22, 2021, and the maximum temperaeaelred 26.7°C on May 23, 2021. Of the 25
days, 18 were rainy, accumulating 126 |/m?2 of precipitation.

On June 30, 2021, accession L11 was the first to reach consumption maturity, after 61 days
from emergence, followed by accession L1, which reached nyataftdér 63 days, and accession
L9, which took 68 days. Accession L15 was the last to reach physiological maturity, a month later,
after 93 days. The other accessions reached consumption maturity after the following intervals: L2
after 77 days, L3 after 88ays, L4 after 78 days, L5 after 79 days, L6 after 88 days, L8 after 90
days, L10 after 79 days, L12 after 88 days, L13 after 91 days, and L14 after 92 days.

The average temperature during the maturation period was 20°C, with fluctuations ranging
from a mnimum of 10.7°C on June 1, 2021, to a maximum of 32°C on June 30, 2021. The
abundant rainfall in June made it impossible to intervene in the crop (Fig. 3), leading to competition
between weeds and plants, which negatively affected accession developmirat. 32fdays, 22
were rainy, with a total precipitation of 235 I/mz.

The first accessionto reach physiological maturity was L11, 71 days after emergence,
followed byaccessiori1, which reached maturity after 79 days, aedessioni9, which required
83 days. The otheaccessios reached physiological maturity after the following periods: L2 after
97 days, L3 after 108 days, L4 and L5 after 100 days, L6 after 114 days, L7 after 115 days, L8 after
106 days, L10 after 98 days, L12 after 107 days, and L1R Bhdfter 116 days.

The average temperature during this period was 23.3°C, with a minimum temperature of
10.9°C recorded on June 15, 2021, and a maximum temperature of 33.6°C on July 17, 2021.
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Precipitation was consistent, hindering harvest activities @mnoting the appearance and
development of diseases, as seen in4dFigdhe number of days with precipitation was 20,
accumulating a total of 206 I/m2,

Fig.4. The effects of heavy precipitation on pea accessions during the harvesting peridgfectele precipitatiilor
abundente asupra plantelor “n perioada r

The year 2022 stood out as the most atypical within the studpdpemarked by
exceptionally warm climatic conditions during December and January. The drought, coupled with
strong and dry winds, hindered emergence under optimal parameters. On February 25 and 26, 2022,
precipitation occurred in the form of snow, coverithe soil with a layer of approximately 5 cm
(Fig.5). However, this amount of snow was insufficient to compensate for the soil moisture deficit.

- i

Fig. 5. Overview of the expefimentzﬂ field on February 26, 2022Imagine de ansamblu a campului experiraélat
data de 26.02.2022.
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During emergence, the average temperature was 5.4°C, with a minimum temperature of
8.4°C and a maximum temperature of 24.8°C recorded on April 1, 2022. Precipitation occurred on
only 14 days, totaling 55 I/m>.

The peaaccessionbegan to emerge after 35 days, and this process took place over a span of
11 days, representing the longest emergence period in the four years of the study. In some cases, the
emergence period was longer than the vegetation period of cartagssions.

AccessionL4 was the first to bloom, 33 days after emergence, followedcbgssios L6,

L12, and L15, which completed blooming 44 days after emergence.

The maximum temperature during this period, recorded on May 21, 2022, was 31.3°C,
while the minimum was°C on May 15, 2022. The average temperature was 19.6°C. The total
precipitation amounted to 47 I/m?, collected over 6 rainy days.

The firstaccessios to form pods were L1 and L8, 12 days after flowering, while L12 was
the last to develop pods, taking @8ys after flowering. The average temperature during this period
was 22.1°C, with a maximum of 31.9°C recorded on June 2, 2022, and a minimum of 14.9°C
observed on both June 8 and June 16, 2022. Precipitation occurred over 9 days, totaling 12 I/m?2,

Accessbn L1 reached maturity for consumption in 59 days, closely followeddmgssion
L4, which reached maturity after 61 dagscessiorL2 at 62 days, andccessiorL5 at 66 days.
AccessiorL15 was the last to reach maturity for consumption.

The average tempature during this period was 23.8°C, with a minimum of 14.2°C on June
22, 2022, and a maximum of 35.4°C on June 30, 2022. There were 16 rainy days, accumulating a
total of 18 I/m? of precipitation.

Due to fluctuating temperatures and prolonged droughg dlocessios reached
physiological maturity in a shorter interval, but the yield was significantly impa&tsskssionL1
reached physiological maturity in 74 days, followed by L4, which reached maturity in 73 days, and
L2 at 79 days. The latesccessiorwas L7, which tookphysiological maturityat 105 days from
emergence.

The average temperature during this period was 25.1°C, with a minimum of 13°C recorded
on July 13, 2022, and a maximum of 37.1°C on July 24, 2022. The total precipitation during this
petiod was 19 I/m2, collected over 15 rainy days.

The winter of 2022023 (Decembedanuary) was favorable, as December 2022 recorded
precipitation of 31 I/m?, and January 2023 saw 81 |/m? of rainfall. These precipitation levels
contributed to the formationf@ water reserve in the soil, which was essential for supporting the
germination process of pea seeds.

The year 2023 was marked by the fastest emergence observed in all the study years.
AccessionL1 was the first to emerge, 12 days after sowing, wadesssionL6 was the last,
emerging 18 days after sowingccessionL2 emerged after 14 days, L3 and L9 after 13 days, and
accessios L4, L11, and L15 after 17 dayAccessios L5, L7, and L12 emerged after 16 days,
while L8, L10, and L13 emerged 15 days affewing.

The average temperature recorded during this period was 8.5°C, with a minimQI3°Gf
on March 7, 2023, and a maximum of 19.1°C on March 9, 2023. There were no rainy days during
this period.

L7 was the firstaccessionio bloom, 31 days after eargence, whileccessios L5 and L14
bloomed the latest, 49 days after emergeAceessios L1 and L2 bloomed after 36 days, L3 after
45 days, L4 and L9 after 38 days, L6 after 39 days,aaedssion L8, L11, and L15 bloomed after
33 daysAccessionL10 bloomed after 42 days, L12 after 41 days, and L13 after 35 days following
emergence. The average temperature during this period was 11.4°C, with a minimum of 2.8°C on
April 3, 2023, and a maximum of 20.7°C on April 13, 2023. There were 9 rainy days, datogu
41 |/m2 of precipitation.
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Theaccessios formed pods over a period of 24 days. The first pod developed 16 days after
flowering inaccession.3, while accessioi.11 formed pods 40 days after floweringccession_l
started forming pods 31 days affkiwering, L2 after 22 days, L4 after 23 days, audessios L5
and L14 after 21 day#&ccessionL6 formed pods after 34 days, L7 after 38 days, L8, L12, and L13
after 35 days, L9 after 27 days, L10 after 30 days, and L15 formed pods 28 days aftendloweri

The maximum temperature was 26.5°C, recorded on May 19, 2023, and the minimum
temperature was 2.8°C, observed on both April 6 and April 13, 2023. The average temperature was
12.8°C, and the total precipitation amounted to 127 I/m?, accumulated orang@ays.

The firstaccessiomeached consumption maturity on May 10, 2023, and the ktestsion
reached the same stage on June 14, 2023, after a period of 34AdegssionL1l reached
consumption maturity after 67 days from emergence, followedcbgssios L5 and L8, which
reached this stage after 83 dafscessionL2 reached maturity after 85 days, L3 and L7 after 87
days, L4 and L12 after 88 days, L14 after 91 days, L13 after 92 daysceesksios L6 and L15
reached maturity after 95 day&ccessionL11 reached consumption maturity after 96 days, L10
after 99 days, and L9 was the lasicessiornto reach consumption maturity, at 101 days from
emergence. The maximum amount of precipitation recorded in a single day was 49 I/m?, on May 21,
2023, an the total precipitation accumulated was 65 I/mz2, distributed over 9 rainy days.

The average temperature during this period was 18.9°C, with a minimum of 5.8°C recorded
on May 12, 2023, and a maximum of 29.5°C on June 10, 2023.

The firstaccessiorio reat physiological maturity was L1, after 100 days from emergence,
while the latesaccessiomwas L10, which took 119 days to reach the same stage. The physiological
maturity of theaccessios occurred over a period of 19 dayscessionL4 and L8 required 1%
days, L5 required 106 days, L3 and L13 required 107 days, L6 required 108 dagscessios
L7, L12, and L14 reached maturity after 109 dayscessionL2 reached maturity after 112 days,
while accessios L11 and L15 required 113 days, and L9 took #ia§s to reach physiological
maturity.

The average temperature during this period was 22.9°C, with a minimum of 12.7°C
recorded on June 29, 2023, and a maximum of 34.2°C on June 24, 2023. There were 10 rainy days,
totaling 83 I/m2 of precipitation.

Therefae, considering that throughout the research we applied the same cultivation
technology for all the studied accession and that they were grown under the same environmental
conditions, the analysis of the data provided by the phenological observatioriedersation in
the duration of different phenophases, depending on the cultivar. This variation emphasizes the
importance of the genetic adaptability of each accession to the environmental conditions and the
specific climatic factors of each sied year Also, careful monitoring of climatic conditions is
essential for the efficient management of pea crops, thereby optimizing agricultural production.

CONCLUSIONS

1. This study highlighted the significant influence of climate variability on pea phenology,
affecting key phenophases such as emergence, flowering, pod formation, consumption
maturity, and physiological maturity. Temperature and precipitation played a crucial role in
determining the duration of the crop cycle and overall yield, underscoring tloetampe of
climate monitoring for optimizing production.

2. Phenological differences were observed across the studied years, influenced by specific
meteorological conditions. In 2020, emergence occurred between 14 and 26 days after
sowing, while consumption aturity was reached between 65 and 96 days. Excessive
precipitation during the final phenophase delayed harvest and reduced yield. In 2021, lower
temperatures resulted in slower emergencel 348days), and physiological maturity
extended to 71116 days, wh frequent rainfall favoring disease development. The year
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2022 was marked by extreme drought and strong winds, leading to significant delays in
emergence and a substantial decrease in yield. In contrast, 2023 presented more favorable
meteorological contions, facilitating rapid emergence and uniform maturation,
demonstrating the crucial role of balanced climatic conditions in achieving optimal yields.

The analysis of the studied accessions revealed considerable variation in their responses to
environmenrdl conditions, emphasizing the importance of genetic adaptability to abiotic
stress. Earimaturing accessions were more affected by excessive rainfall, whereas late
maturing accessions were more susceptible to drought stress. These findings highlight the
necessity of selecting climatesilient genotypes to ensure yield stability in the face of
changingenvironmental conditions.

Genotypes with higher thousasded weights, such as L10, L11, L12, and L14, represent
valuable genetic resources for improvirg fmproving seed production potential in pea
breeding programs.

The purpleflowered and purplpodded line L7 may be of particular interest for developing
novel pea varieties that combine agronomic performance with ornamental value.

This study underscordbe essential role of climate monitoring and adaptive strategies in
pea crop management. Given the increasing challenges posed by climate change, a deeper
understanding of the relationship between environmental factors and crop development is
crucial foroptimizing agricultural production and ensuring its ldagn sustainability.
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Abstract

Thisreview summarizes key management practices which promote biodiversity conservation in vineyards. As perennial
agricultural landscapes, vineyards shape ecosystems, support biodiversity, and contribute to distinct cultural heritage.
Traditionally, viticulture was part of a diversified agricultural system that fostered a high level of functional
biodiversity. In recent decades, this balance has been disrupted by intensive vineyard management. A diverse range of
species including plants, beneficial insectsd amicroorganism&nhance the vineyard resilience. Integrated Pest
Management (IPM) and organic viticulture have emerged as effective strategies that help biodiversity to minimize
reliance on chemical inputs and enhance natural ecosystem functions. Tld &ineyard in Transylvania, known

for its rich entomofauna and diverse agroecological infrastructure, highlights the importance of maintaining landscape
complexity to enhance biodiversity and ecosystem resilience. However, significant knowledge gappaeicalarly

in understanding the lonterm impacts of largscale vineyard landscape configuration and the integration of
biodiversitydriven conservation strategies. Future research should prioritize region specific conservation strategies
and longterm biodiversity monitoring frameworks to support the development of sustainable viticultural practices that
balance productivity, environmental health, and climate resilience.

Keywords: vineyards, biodiversity, agrotechnical practices, useful entomadaun

Rezumat

Acest review prezintt tehnicile esenWwiale de managemen
Fiind ecosisteme agricole perene, plantawiile viticol
ptatea unor tradi Wii culturale. | s tuo sistem ,agrieoli divérs; catetau r a
favorizat o biodiversitate funcWwionalt ridicatt. Cu to
practicile vitic ol e i nt ensive. RezilienWwa ecologickt este susWwinu
insecte benefice Oi mi croorgani s me. Viticultura ecol o
instrumente eficiente pentruswi nerea bi odiversitbtWwii, reducerea depen
funcWwiilor naturale ale ecosistemel or. Podgoria TOrnav
Oi infrastructura agrowercokbrgmptu di mercsatr,e rmemrivd miern teta

contribuit | a abundenWwa biodiversittwii Oi credOterea r
l acune, “n special “n ceea ce plovedtee mafréctdeilnee nme uh
abordtrilor de conservare bazate pe biodiversitate. Pe
echilibreazt productivitatea, stnttatea rmetdrieub wii sG@i a
prioritate strategiilor de conservare specifice fiectr
termen lung.

Cuvinte cheie: plantawiile viticole, biodiversitate, p
INTRO DUCTION

Vineyards represent cultural, economic, and ecological systems of great importance in many
regions with a temperate climate. As perennial agricultural systems, they shape the entire landscape,
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creating unigue ecosystems and contributing to thadton of distinct cultural traditions (Daniel
et al, 2012).

Over the centuries, traditional viticulture was integrated into a diversified agricultural
system, which included meadows and orchards, fostering an ecosystem with a high level of
functional bialiversity. This balanced approach has gradually been replaced in recent decades by an
intensive vineyard management model. The new model is characterized by heavy mechanization
and extensive use of plant protection products, impacting the ecosystem. Ugmtesginclude
erosion, soil structure degradation, loss of soil fertility, groundwater contamination, and the use of
high levels of agricultural inputs (Zallet al, 2015).

The conversion of regional land from natural habitats to intensive grape poodiectds to
the loss of both agrobiodiversity and the surrounding natural habitats, which can result in the
reduction of essential ecosystem services, such as biological control évale2012).

In response to these challenges, plant protectiona®sihave developed more sustainable
strategies, such as integrated pest management (IPM), aimed at reducing pesticide use and
minimizing environmental impacts, while preserving vineyard biodiversity (Pretty & Bharucha,
2015).

Despite these advances, réfgcant gaps remain in the full understanding of how specific
agrotechnical practices influence biodiversity at different trophic levels in vineyRedsnt studies
indicate that, globally, over 70% of thimeyardsare being managembnventionally withminimal
concern for the environment (Nicholsehal, 2020). Though it only accounts for roughly 3% of
total agricultural land, recent studies estimate that viticulture contributes nearly 10% of the pesticide
use in European agriculture, so its relativelyvironmental effect cannot be ignored (Eurostat,
2020; GomeRodriguezet al, 2022). Intensive vineyard management has been connected to
decreases of up to B&0% in beneficial arthropod diversity in comparison to more extensively
managed or organicallsertified vineyards, therefore highlighting theed for biodiversitfriendly
practices.

Furthermore, studies hasbown that even though organic and integrated management
techniquepromote greater degrees of biodiversity than traditional systems, etred &and
consistency of these advantages vary considerably depending on regional climatic conditions,
landscape structure, and vineyard lifespans (Wettat, 2018; Geldenhuyst al, 2021).

Current research efforts increasingly emphasize the needofarterm biodiversity
monitoring programs, with a focus on linking specific agrotechnical me@ssresh as interow
vegetation management, ecological infrastructure enhancement, and pesticide r@duitkion
measurable biodiversity outcomes and ecosystnvice provision (Motlet al, 2023). Developing
regionspecific, resilient viticulture systems able to sustain high productivity while protecting
environmental health in the face of continuous climate anduardchanges depends on addressing
these gaps

HISTORICAL OVERVIEW O F VINEYARD MANAGEMENT PRACTICES

Historically, grape cultivation was largely dependent on manual labor and organic inputs,
including natural fertilizers and traditional pest control methods. These early technigues, while
rudimentaryby t odayds standards, aligned closely v
sustainable resource use within localized environments.
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A significant transformation began to
unfold in the early 20th century with the
expansion of industrial agriculture. &n effort

EVOLUTION OF VINEYARD

to meet rising production demands and reducdMANAGEMENT PRACTICES

labor intensity, vineyard management saw a
marked increase in the use of synthetic
fertilizers, herbicides, and pesticides. While
these innovations significantly boosted grape
yields, they also disripd natural ecosystems,
leading to a notable decline in biodiversity and agriculture ‘"‘(’;’t‘:‘i’::f)
long-term soil health (Hurajovat al, 2024;
Stefanuccet al, 2018).
Since concerns over the ecological °reansm:earty ecological
consequences of these intensive methods began
to intensify, a growing bodyof scientific
literature started to reveal the harmful effects of
synthetic inputs, not only on soil microbiota
and water systems but also on beneficial insect
populations. This shift in perspective laid the
groundwork forintegrated Pest Management
(IPM), a more nuanced approach that blends

1920s -Biodynamic

Holistic approach treating
vineyard as a living

1970s - Environmental
awareness grows

Concerns over pesticide

biological control strategies with targeted impact soil degradation, and
chemical use, emphasizing monitoring and o e
ecological balance over broagectrum

pesticide applet @,a20250n s (06 Bri

Winteret al, 2018).
In more recent decades, taédas been a
notable revival of interest in sustainable and
organic vineyard management. These modelsisssostrise of certified
approaches prioritize soil vitality, biodiversity ©rganic and Biedynamic
reservation, and the minimization of syntheti e
_p T i X y lIQe 1991 EU Regulation
inputs. Organic vineyards, for instance, forege2/e1 estabtished tegal
syntheic chemicals in favor of compostiieres fer eraan farmina:
X . . X K ystems expanded.
applications, cover cropping, and biological the 2000s.
pest controls. Studies consistently demonstrate
that organic practices foster improved soil
biodiversity and deliver essential ecosystem
services, such as nutrient cycling andunal

pest suppression (Hendgenhal, 2018; Paiola '2023-present - Regenerative
et aI ) viticulture and Policy

.. . support via EU CAP
A more specialized chapter of this trendrechnotogical innovation

H H H ] H combines with new CAP eco-
is biodynamic viticulture, developed in the o tr7 0k
1920s by Rudolf Steiner. Biodynamic biodiversity-based vineyard
e H H H H systems and regenerative
viticulture builds upon organic principles but [T 7
introduces additional peritual and ecological

dimensions, treating the vineyard as a-self

Pre-1900s Traditional
viticulture

Manual labor, organic inputs,
mixed farming systems, high
biodiversity integration.

1940s-1950s - Post-war
intensification

Widespread use of synthetic
fertilizers, pesticides,
mechanization; biodiversity
Lloss.

1980s-1990s- Rise of

ibm (Integrated Pest
Management)

Balanced pest control using
monitoring, selective sprays,

~._and natural enemies.

2010s -

Focus on Functional
Biodiversity and Ecosystem
Vineyard management begins
emphasizing ecosystem
services such as pest control,

sustaining  organism. It  emphasize Figure 1. Timeline of milestones in the evolution of
biodiversity, soil vitality, lunar and cosmic vineyard management practices (O'Brienet al,
rhythms, and the use of specific preparatic 2025; Turinek et al, 2009; Winter et al, 2018;
made from fermented herbs, minerals, a CGeldenhuysetal, 2021).
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animal manure (Turigk et al, 2009). Drawing on both agricultural and philosophical principles,
biodynamic methods incorporate natural preparations and follow lunar and celestial cycles to guide
farming activities. Though often met with skepticism, empirical findings sutjgsthese practices

may further enrich microbial life in soil and enhanitee resilience of vineyard ecosystems
(Ghiglienoet al., 2020; Karimiet al, 2021).

Today, the concept diinctional biodiversity has emerged as a key focus in sustainable
vineyad management. Rather than focusing solely on species numbers, this perspective emphasizes
the roles that organisms play in vital processes like pollination, pest control, and nutrient cycling.
Measures such as planting cover crops, maintaining hedgerodsreducing soil tillage are
increasingly adopted to support functional biodiversity (Beaunsdll@l, 2023; Fiera, Ulrich,
Popescu, Bchholzet al., 2020).

Recent studies have explored the delicate balance between maximizing wine production and
fosteringecosystem services. Reducing the intensity of vegetation management can yield multiple
benefits, from mitigating soil erosion to enhancing natural pest control, all without compromising
grape yields (Winteetal , 2 01 8etal,Q082B)r i en

In summary the evolution of vineyard management reflects a complex interplay between
tradition, industrialization, and a modern push toward sustainability. The growing emphasis on
biodiversityfriendly practices highlights an increasing recognition that healthyeyeia
ecosystems are essendialot only for the environment but for the letgym success of viticulture
itself.

BIODIVERSITY AND ECOLOGICAL INFRASTRUCTURES IN THE VINEYARD

A variety of populations are included in thicultural biocoenosis, including fungi,
bacteria, viruses, insects, plants (grapevines, intercrops, and spontaneous weeds), and other plan
and animal species. Despite their territorial interdependence, these population groups function
somewhat independently. Predominant natural envirotethéactors determine the biocoenosis's
composition and borders (Oprea, 2001).

Abiotic factors like soil characteristics, water availability, and climate variability have a
significant impact on the overall functioning of the vineyard ecosystem, whilch @utcome of the
intricate interactions between all living things (Bernera@l, 2006).

Ecological infrastructures are defined as semitural elements either on the farm or within
a 150 meters buffer zone that offer significant ecological value dmghea functional biodiversity
in agricultural systems (Bdller, Hani, & Poehling, 2004). These features, such as hedgerows,
wildflower strips, unmanaged field margins, meadows, stone piles, and woodland patches, create
habitats and resources that supportdfieial arthropods and other organisms. They are essential for
maintaining ecological equilibrium, helping in natural pest control and pollination, while lowering
dependence on synthetic inputs.

In order to sustain proper biodiversity, it is estimated ¢lcalogical infrastructures has to be
around 15% of the land used for agriculture, however the International Organization for Biological
and Integrated Control (IOBC) proposes a minimum of 5% (Béliedl., 2004). These zones offer
essential ecologicalesvices, including overwintering habitats, alternative prey, nectar and pollen
for pollinators and natural enemies, as well as microclimates beneficial to predator development and
reproduction.

Boller et al. (2004) state that three essential componentaaressary to sustain functional
biodiversity in vineyard systems:

- A vineyardspecific list of key pests, diseases, and weeds requiring regular monitoring and
management.

- A minimum of two identified key natural antagonists (e.g., parasitoids or predasects).

- The allocation and proper management of at least 5% of total farm area as ecological
infrastructure.
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Landis, Wratten, and Gurr (2000), underline the need of habitat management in preserving
natural enemies of agricultural pests, suggesting tleaeased biological control is linked with
structurally complex settings. Pywadt al (2015) similarly shows that ecological intensification
allows wildlife-friendly farming practices, including the preservation of field edges and flowering
habitats, toncrease both biodiversity and crop production.

While green borders offer clear ecological benefits, they can also present certain drawbacks.
Several studies have shown that unmanaged vegetation strips and field margins can become
reservoirs for pest spesieespecially those with broad host rands.instance, Tirello, Pozzebon,
and Duso (2013) found that vineyards with substantial soil cover and adjacent neglected vegetation
were more susceptible to leafthoppers and planthoppers, which are vectorsevingrapseases
such as flavescence dorée. In addition to the fact that it encourages predators, Trivellone,
Barbagallo, and Pavan (2012) suggested that insufficiently managed natural vegetation may serve
as a host to insect pest populations. Ecologicalastfuctures maynduce a tradeff by
augmentinghe population of both beneficial and detrimental insects.

To minimize these risks, an integrated approach is essént@ie that combines species
specific pest management, regular monitoring, and théugsglection of vegetation, particularly
avoiding plants that serve as hosts for key vineyard pests.

Vineyard biodiversity spans multiple taxonomic groups, including soil microbes, arthropods,
birds, and mammals (Paictha al, 2019). Research has freqtigrshown that vineyards with greater
habitat heterogeneity tend to sustain richer and more functionally varied populations of species
(Winter et al, 2018). Maintaining native vegetation within vineyard landscapes enhances bird
diversity and ecologicaltner acti ons, such as seed dispersal
Furthermore, arthropod communities, particularly beneficial predatory insects and pollinators, show
increased richness and abundance in vineyards with complex vegetative struntiveing
hedgerows and flowarch ground cover (Thomson & Hoffmann, 2009; Costello & Daane, 2003).

Practices like as reduced tillage, organic amendments, and permanent cover crops also help to
promote soil biodiversity, which includes microbial commiasitand detritivores like springtails
and mites (Burns et al., 2016; Zaller et al., 2015). Vineyards set within mosaics efatanai
habitat® such as grasslands, woodlots, and riparian bd@ffegad to show more resilience at the
landscape level, therebgncouraging the spreading and recolonization of beneficial species
(Geldenhuyst al, 2021; Mdéthet al, 2023). Given these ecological dynamics, it's essential to have
clear, reliable ways to measure biodiversity in vineyard ecosystems.

QUANTIFYING METH ODS FOR SPECIES DIVERSITY IN VITICULTURAL
ECOSYSTEMS
Understanding biodiversity in vineyard systems requires more than casual observation, it
calls for reliable, standardized methods that can capture ecological complexity. While most studies
are carried ouat the local scale and often focus on a single crop, they typically examine functional
groups that both support agricultural productivity and respond sensitively to management intensity
(Cohenet al, 2015).
Various biodiversity parameters are used t@argify species diversity in biocenoses, the
most used being:
- Shannori Wiener Index (H'): One of the most used metrics in vineyard biodiversity
research, this index accounts for both abundance and evenness of species in a community
( Gt etlala2023).
- Simpsonds Diver &mphasizes theddeminaricd 9f particular species; useful
when pest outbreaks or predapoey imbalances occur (Trivellome al, 2012).
- Species Richness (SA count of the number of different species in a given area, ofteh use
alongside other indicedealf2@?2). a full er pictu
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Evenness (E):Measures how evenly individuals are distributed across species, which can
be a key indicator of functional stability in vineyard agroecosystems.

Sampling techniques in weyards:

Biodiversity assessments in vineyards often require a multimethod approach, tailored to

target both above and below the ground organisms:

Pitfall Traps: Widely used for grourdlvelling arthropods (e.g., beetles, spiders). This
method is nosselecive and effective in vineyards with permanent vegata(Thomson &
Hoffmann, 2009);

Yellow Sticky Traps: Common for monitoring flying insects, including pollinators,
parasitoids, and leafhoppers (Hogjgal, 2013). Placement height can be adjusted tasfoc
on canopy bgroundlevel fauna;

Sweep Netting: Especially effective in int@w vegetation to assess plaiwelling insects
like predatory bugs, aphids, andlr e r f | i etal, 2023t r bac

Vacuum Sampling (B/ac): Sometimes used in vineyards to dtdize suctiosbased
collection of small arthropods across a defined area, reducingvebseas (Winteret al.,
2018);

Visual Surveys and Transects: Useful for larger taxa or where identification reqdiird in
observation (e.g., butterflies, certéieetles, birds).

Soil biodiversity monitoring:

With increasing focus on below the ground health, studies have also incorporated soil

biodiversity assessments:

Soil core sampling and Berlese funnels: For extracting radfropods, nematodes, and
springtals (Zalleret al., 2015).

DNA Metabarcoding: A cuttinggdge method now being applied in some viticultural studies
to assess total microbial or invertebrate diversity in soil samples @iéth 2023).

Enzyme Activity Assays: Used to measure microbiaictional diversity and soil health
under different vegetation or tillage regimes (Bughal, 2016).

Functional diversity and ecosystem services:

Increasingly, researchers are moving beyond taxonomic diversity to evaluate functional

diversity, which conslers the roles species play in ecosystems. This can include:

Trophic guild analysisexamines how species are grouped based on their feeding roles,
providing insights into how energy and matter flow through vineyard ecosyseems
predators, herbivoresetritivores) (Costello & Daane, 2003)

Pollination or parasitism potentidcuses on assessing how different species contribute to
critical ecosystem services, like enhancing fruit set through pollination or naturally
controlling pest populations via @esitism(RodriguezSaoneet al, 2012),

Functional trait approaches, which link species ecological traits to habitat features and
agrotechnical inputs (Geldenhugsal, 2021).

Landscapescale biodiversity monitoring

Some studies combine vineyasdale ampling with broader landscape metrics, such as:
Habitat complexity indices (e.g., % of natural land within 500m radius);

Connectivity models to assess movement of beneficial species between patchest @loth
2023).

These methods help isolate the ef$eof local vs. landscagevel biodiversity drivers,

which is especially useful in fragmented vineyard regions like those in central and eastern Europe.
Particularly for implementingustainable or organic techniques, biodiversity monitoring in
vineyard e€osystems has to be thorough and pay close attention to the small impacts of
agrotechnical management. While traditional biodiversity measurements like Shannon or Simpson
offer a good beginning point, determining the ecological effect of vineyard mandgeeess a
combination of functional and landscal®el evaluations. As technology evolves, genomic and
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trait-based approaches are expected to play more important roles in biodiversity monitoring since
they offer highresolution insights on the sustainalibf vineyard systems.

INFLUENCE OF AGROTECHNICAL METHODS AND THE PESTI NATURAL
ENEMY EQUILIBRIUM

One of the main goals of biodiversibhased vineyard management is to achieve and
maintain an ecological balance between pest species and beneficial fantmandgrotechnical
techniques including mowing frequency, tillage intensity, pesticide use, and cover crop plants
species selection can notably impact #gsilibrium state. When managed well, diverse
agroecosystems create a regulatory environment iohwiatural enemies can effectively suppress
pest populations beforethey reach damaging populations (Lahdik, 2000; RodrigueBaona,
Blaauw & Isaacs, 2012).

Reduced mowing or postponed mowing of if@w vegetation, can preserve floral supplies
andrefuge habitats for beneficial insects during vital times, therefore sustaining their populations.
On the other hand, excessive mechanical disruption or the use ofdp@etdum insecticides can
disturb this equilibrium, leading to reducing populationsnatural antagonists and potentially
contributing to secondary pest outbreaks or pest resurgence (Wilson & Daane, 2017). Lowering
intervention levels in pest control, keep fluavering species, and selective planting of insectary
plants help to maintain gst species under control and increase the presence and activity of
beneficial fauna.

A functionally diversified and welinanaged vineyard seeks not the total eradication of
pests, but a stable equilibrium where natural predators maintain pest poputetmmdevels that
cause financial harm. This ecological strategy, focused on biodiversity, enhances the resilience of
vineyard systems, especially in the cobinate areas, where the growing season shorter and pest
dynamics may rapidly change due to climanstability.

Below arekey agrotechnical practicescommonly applied in viticulture, along with their
influence on biodiversity:

A. Inter -row vegetation management

Establishment of cover crops or maintenance of spontaneous vegetation between vine rows

1 Positive impact Enhances habitat complexity, provides floral resources (nectar and pollen),
overwintering shelters, and alternative prey for beneficial arthropods such as predatory
beetles, spiders, parasitoids, and pollinators (Brambilla & Gatti, 202®mson &
Hoffmann, 2009).

1 Risk: Poorly managed cover crops may also host pest species like leafhoppers if plant
species selection is not carefully considered (Tirello, Pozzebon, & Duso, 2013).

B. Mowing frequency and timing

Mechanical cutting of vegetat in vineyard interows or margins.

1 Reduced or delayed mowingpreserves flowering plants and structural habitat for
beneficial insects, leading to greater predator and parasitoid abundance (Gelagrdiyys
2021).

1 Frequent, intensive mowingreduces hatat availability, decreases floral resources, and
disrupts the life cycles of grourdivelling arthropods and pollinators (Wineral, 2018).

C. Saoil tillage practices

Mechanical soil disturbance for weed control or soil aeration.

1 Reduced tillage or natill systemspreserve soil structure, maintain microbial diversity, and
protect grounewelling beneficials like predatory mites, beetles, and springtails (Zller
al., 2015).

T Frequent deep tillagedestroys ground nests of solitary bees and exposeahat@mies to
predation and environmental stress (Bwhal, 2016).
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D. Pesticide use
Application of chemical products to control pests and diseases.

1 Selective, lowtoxicity pesticides (such as biopesticides or pheromdrased methods)
minimize nontarget effects and allow beneficial species to persist (Wilson & Daane, 2017).

1 Broad-spectrum insecticidesseverely reduce populations of beneficial arthropods, leading
to pest resurgence and secondary pest outbreaks due to the collapse of natural enemy
commurities (RodiguezSaona, Blaauw Isaacs, 2012).

E. Use of ecological infrastructures
Implementation of features like hedgerows, wildflower strips, stone piles, and unmanaged field
margins around or within vineyards.

1 Provides permanent refuges and resoufoeseneficial insects (e.g., spiders, predatory
bugs, parasitoids, pollinators).

T Increases species richness and functional diversity, enhancing pest suppression and
pollination services (Boller, Har& Poehling, 2004; Motlet al, 2023).

F. Irrigation pr actices

Regional meteorological and edaphic conditions have a major impact on the need of
irrigation in vineyards, though. In cooler, precipitatiavored regions like northern Romania,
including the Tarnave Vineyardrigation is usually not required bause of sufficient natural
moisture availability during the vegetative period. Classified as "Dfb" in the Ké@eeyer
Climate Classification, this area has a fully humid continental climate with wanmmmers and a
moderate yearly rainfall of about 544r8m. These factors, combinadth appropriate soil
qualities, offer sufficient water supply for grapevines without requiring artificial irrigation. Not
having to addrrigation not only lowers environmental input costs but also helps to maintain soil
microbial populations by preventing too much soil moisture and compaction étieta2020).

1 Drip irrigation tends to favor beneficial soil organisms by maintaining moderate soil
moisture without ovesaturating the environment (Gémetzal, 2018).

T Over-irr igation can negatively impact soil structure and microbial health, leading to a
decline in soil biodiversity.

G. Pruning and canopy management
Training and thinning of grapevines to optimize fruit exposure and air circulation.

1 Moderate canopy thinning redwces humidity and fungal disease pressure, minimizing
pesticide needs and indirectly benefiting beneficial arthropods.

T Over-pruning can eliminate microhabitats used by predatory mites, spiders, and parasitoid
insects (Geldenhuyat al, 2021).

Table 1. Conparison of agrotechnical practices in conventional and biodiversitypased vineyard management

and their impacts on biodiversity/ Co mpar ar ea practicilor agrotehnice “~n r
viticol e Hi “n cel bazat pe biodiversitate Hi
AGROTECHNIC CONVENTIONAL BIODIVERSITY -BASED BIODIVERSITY ADVANTAGES OF
AL PRACTICE APPROACH APPROACH IMP ACT BIODIVERSITY -BASED
PRACTICE
Soil Tillage Frequent, deep tillage | Reduced or ndill systems, convent i on g Improved soil fucture,
for weed control and | with mulching and cover biota loss; low microbial diversity, and
aeration crops di st ur banc ¢ erosion control
soil life
Inter -row Bare soil or frequent | Diverse cover crops or Low structural Natural pest control,
Management mowing of spontaneous vegetation complexity vs. high pollination support, ashweed

chemical pesticides
used prophylactically

selective biopesticides, or
pheromone traps

Vs. sel ecti
preservation of natural
enemies

spontaneous suppression
vegetation
Pesticide Use Broad-spectrum Targeted application, High nontarget impact | Reduced pest resistance,

natural pest suppression,
lower residue risk
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Fertilization Synthetic fertilizers Organic compost, green Reduced microbial Soil fertility, organic matter
focused on rapid manures, anchicrobial diversity vs. enhanced | retention, balanced nutrient
nutrient delivery inoculants belowground cycling

biodiversity
Ecological Often absent or Hedges, flower strips, stone | Low habitat Greater functional diversity
Infrastructures minimal piles, uncultivatedorders heterogeneity vs. high | and landscapkevel resilience
Y more bene
ecological niches
Canopy and Standardized pruning | Site-specific pruning Can affect arthropod Reduces fungal pressure,
Pruning for productivity optimizing beneficial insect | shelter and predator supports natural enemies
Management habitat habitat quality
Irrigation Uniform or excessive | Precision irrigation or dry Overwatering reduces | Maintains microbial activity

and avoids water stress or
excess

watering farming depending on climat{ microbial diversity;
precision protects
habitat quality

No floral resources vs.
extended blooming and
prey habitat for

beneficials

Cover Crops Rarely used or

replaced by herbicides

Flowering forbs, legumes, or
species mixes

Attracts pollinators, improves
soil health, suppresses pests

Conventional: fewer
feedback loops;
sustainable: pmotes
ecological balance

Pest Monitoring Reactive: spraying

after symptoms appea|

Preventive: pest thresholds,
monitoring traps, biological
indicators used

Reduces unnecessary spray:
supports early interventions

Livestock Not practiced Sheep grazing under vines ir] Adds nutrient cycling Enhances sbbiology,
Integration dormancy periods and reduces mowing; | reduces compaction and
(optional) minimal in conventional| herbicide needs

Note. This table summarizes how different agrotechnical practices affect biodiversity in vineyards, contrasting
conventional viticulture with biodiversitpased approaches. Practices such as reducee tillagrrow cover cropping,

and the use of ecological infrastructures have been associated with greater functional biodiversity and improved
ecosystem services (Geldenheysl, 2021; Burn®t al, 2016; Thomson & Hoffmann, 2009).

Biodiversity-friendly vineyard management hinges on thoughtful application of
agrotechnical practices that support natural enemies and maintain ecological balance. From reduced
tillage and selective pesticide use to strategic vegetation and habitat enhancement, each decision
phays a role in shaping the vineyardds biol ocgc
cover crops stands ous a particularly versatile toelcapable of influencing both above and below
ground biodiversity. The next chapter explores how diffetgmes of cover crops affect beneficial
entomofauna, offering insight into their role as a cornerstone of sustainable viticulture.

COVER CROP TYPES AND THEIR IMPACT ON BENEFICIAL ENTOMOFAUNA
IN VINEYARDS

Cover crops are a central component of biodivefsigndly vineyard management. When
selected and managed properly, they provide floral resources, shelter, and microclimates that
enhance beneficial entomofauna, especially predators, parasitoids, pollinators, and soil
invertebrates.

The most frequently @sl cover crops in viticulture include:

1 Legumes(e.qg., Trifolium spp, Vicia spp): These species fix atmospheric nitrogen, improve
soil structure, and attract pollinators. A greenhouse study by Sharifi et al. (2024)
demonstrated that legume species likdiha white clover and Dutch white clover exhibited
superior biomass production and nitrogen content, making them effective for enhancing soil
fertility in vineyards

1 Grasses(e.g., Festuca spp.Lolium spp): Provide ground cover and erosion control but
offer limited nectar/pollen.

1 Flowering forbs / Wildflower mixes (e.g., Phacelia tanacetifolia Melilotus officinalis
Sinapis alba, efc Rich in nectar and pollen, highly attractive to beneficial insects.
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Mixtures combining legumes and forlase
increasinty recommended to maximize both soil ar
ecological benefits. Recent experimental work F
highlighted the differential effects of various covi
crop regimes on vineyard insect communities. F .2
instance, in a mulyear field study conducted i
UK, the useof a wild beeoptimized floral seed mix§
significantly increased the abundance and richnes}
beneficial insects when compared to traditiorg
mowed grass interows. Notably, solitary wasps anf
pollinators showed heightened diversity in pld®
where spontaeous vegetation or tailored seed mix
were allowed to flourish, while the lowest diversij
was observed in areas with frequent mowingl
vegetati on s upp rekeak 8022).A
comparable trend was observed over the course ;
long-term study in Spanish vineyards, where ins¢ &
abundance and species richness rose notablyg#
intensively managed plots after flowering covi
crops were introduced. Interestingly, the mc
significant ecological improvements emerged duri
the second and third years of implementati¢is
highlighting the importance of maintaining stablf&:
continuous floral resources over time to fully realif
biodiversity benefits (Perig-elipoet al, 2021).

In Central and Eastern Europe, recent co
cropping trials are beginning to reveal how theg
practices perform under regional conditions. A stu
from Romania investigated the impact of artificially
established aver crops, specificallylrifolium repensand Melilotus officinalis on both soH
dwelling and surfacective insect communities from two vineyard sites. The results showed a
marked increase in both the abundance and diversity of beneficial arthropdids)grbr species
from the ordersColeopteraand Araneae when compared to conventionally managed black tilled
systems. In addition, soil microbial activity was notably higher in the mulched plots, suggesting that
cover cropping can deliver complementasyigns f or bot h soi |l heatt h a
al., 2023).

Cover crops support individual beneficial species, also they help shape entire vineyard food
chains. Species like phacelia, buckwheat, and mustard, which bloom in succession, extend nect
and pollen availability into late spring and early sundnarcritical period when natural enemies
often face prey shortages. This overlap has been linked to better control of pests such as leafhoppers
and mites (Altieri & Nicholls, 2005).

Overall, when lhoughtfully selected and timed, cover crops can serve as a powerful tool in
sustainable viticulture. As vineyards confront increasing climate and pest pressures, integrating
diverse cover species may enhance both ecological stability and crop resilience.

Figure 2. Vineyard landscape in Ciumbrud,
Transylvania, an example of biodiversity
friendly viticulture, with diverse inter -row
vegetation supporting ecosystem stability.
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ANTAGONISM AND THE ROLE OF BENEFICIAL ENTOMOFAUNA IN THE
BIOLOGICAL CONTROL OF VINEYARD PESTS

Beneficial entomofauna refers specifically to
insect species that contribute to maintaining ecolog
balance and the natural control of pest populationg
agricultural ecosystems.Biological control through &S
antagonismrefers to organisms that can suppress, cont®
or reduce populations. These antagonists can in
predators, parasitoids, pathogens (such as fung
bacteria) and other organisms witklieect effect on pest
Predators like spiders, green lacewings, predatory m
and birds (such as falcons) play significant roles
reducing pest damage in vineyards (Kresal, 2012).

Notable examples of potential antagonists incl
spiders, rafors, egg parasitoids, and entomopathog
fungi such asBeauveria bassianaThe effectiveness o
these biological agents depends largely on the spe
ecological conditions of the vineyard environment.

Vegetative ground cover, especially whd

Figure 3. Coccinellidae (lady beetle) on

) ) . grapevine, a key beneficial predator,
composedof native or diverse plant species, serves a contributing to natural pest control.

multifunctional component of landscape manageferi

providing shelter, alternative food sources, BT
microhabitats for insect predators and parasitoids (Wa g
2018).

Predators

Among arthropods, the most signdnt predators
involved in biological control in vineyards include spide
lacewings Chrysopidag predatory mitesRhytoseiidag
predatory bugs Anthocoridae, Miridae, and Nabidge

Zealand falcon Kalco novaeseelandiqeinto vineyards,
which led to a 95% reduction in grape losses wupest
birds, compared with vineyards lacking falcon prese
(Krosset al, 2012).

Parasitoids

Parasitoids, typically target and parasitize
immaturephases of pest insects, such as eggs, larvag
pupae of moths and leafhoppers, thereby greatieimg
their numbers. Parasitoids from tAgichogrammatidae
and Braconidae families have shown especially god . : .

) . regulate insect populations by capturing

results.Tr_lphogrammaspp., for instance, are well know pests in its orb web.
for parasitizing moth eggs, so preventing larval emergerce
and so reducing vineyard gdtation (Hogget al, 2013).
Another important parasitoid in vineyard @ccophagus scutellariand Coccophagus lycimnja
both of which are endoparasitoid wasps that contribute to the control of grapevine soft scales.
Coccophagus scutellarigor example parasitizes the larval stages of these pests, which damage
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grapevines by sucking plant sap and transmitting diseases. By parasitizing these pests, these wasps
help reduce their populations and minimize their negative impact on the crop. The incorparation
such parasitoids into biological control programs offers vineyard managers a practical strategy to
reduce chemical insecticide use, contributing to sustainable viticulture practices (Guerrieri &
Noyes, 2009).

Examples such a&richogrammaspp.,Anagris eposandCoccophagus scutellartaghlight
the important role of parasitoids in Integrated Pest Management (IPM) strategies. giHalgg
2013; Guerrieri & Noyes, 2009).

Other biological contorol agents

In addition to arthropod predators and
parasitodls, several microbial biological contrcl:f
agents are used in vineyard pest managemen

Ampelomycesp., Trichodermasp., and bacteri
such as Bacillus thuringiensis Beauveria
bassianais an ascomycete funguthat can
establish itself as an endophyte in grapev

tissues and retains its antagonistic potential
against insect pests and even microb Figure 5. Coccophagusspp. T endoparasitoid
pathogens, such as the downy mildew patho¢ Wasps that attack 'Fhe 'Iarvfall stages. of scalg
(Plasmopara viticolp This dual functionality msects_sub as Pulvinaria vitis, reducing pest
makesB. bassiana piomising tool in biological | PePulations.
control strategies that target both insect pests
grapevine diseases (Rondot & Reineke, 2013).
Similarly, Metarhizium anisopliadas been identified as a promising candidate for future vineyard
applications, offering pest suggssion potential comparableBo bassiangOwnleyet al, 2017).
Some newer IPM models suggest combining predators + parasitoids + fungi show better pest
suppression than using a single group alone (&uwat, 2017; Rondot & Reineke, 2013).
Sustainablerineyard management increasingly recognizes the necessity of a holistie, multi
trophic approach that not only suppresses pest populations but also reinforces the ecological
integrity of viticultural landscapesMaintaining an appropriate biological balendetween
beneficial and harmful species, as well as protecting and increasing the number of beneficial
species, especially through npolluting methods, significantly contributes to the health of the
grapevine, the conservation of natural biodiversityd ¢he reduction of environmental pollution
(Ostandieet al., 2021).

CASE STUDY - BENEFICIAL ENTOMOFAUNA AND BIODIVERSITY BALANCE
IN TARNAVE VINEYARD

Situated in the heart of Transylvania, the Tarnave Vineyard is distinguished by its rich
diversity of beaeficial insects, which play a vital role in ecological balance and pest suppression.
Field studies have revealed that predatory mite species sUgipll®dromus pyrand Amblyseius
andersoniare notably more diverse in this region compared to other Earowinegrowing areas
(Moth et al, 2023). These mites are not only effective natural enemies but also serve as indicators
of ecological health within vineyard systems.

The biodiversity of vine plantations in Transylvania, and particularly in Tarnaveyite
reflects a complex senairtificial viticultural ecosystem, encompassing the vineyard plantation and
a diverse beneficial entomofauna. This plays an essential role in maintaining ecological balance and
natural pest control, thus contributing to thestainability of viticultural ecosystems. Studies
conducted in 2015 in Tarnave vineyards revealed a high percentage oEcafpgical
infrastructure (IAE) of 28.46%, indicating a significant functional biodiversity compared to other
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viticultural regions inRo mani a, where this percentaegal, i s ¢
2016). The beneficial entomofauna identified in these vineyards includes a diveiGitleoptera

species, representing 64% of the total beneficial entomofauna, followed by speceshé&
Chrysopidaefamily and other groups of natural predators. These beneficial insects help maintain
pest populations below the economic damage threshold (EDT), thereby reducing the need for
chemical I n etal, 2013]. Tomoi agt

Evaluations also shwthat the variety of climatic and agronomic conditions in these regions
significantly impacts the density and distribution of beneficial and harmful species, suggesting that
careful management of these factors can enhance biodiversity and ecosystemceediti the
Tarnave area, the implementation of agroecological technologies in vineyards has led to an increase
in the diversity of beneficial entomofauna, especially amdetgropteraandHymenopterapecies
( To mo etaat), t2022). The diversity and equity of beneficial species were superior in
agroecological systems, highlighting the importance of these practices for biodiversity conservation
and maintaining a healthy viticultural ecosystem (Tomboiagj al, 2022). Furthermore, the
surrounding landscape composition played a significant role in shaping entomofauna diversity. A
higher proportion of vineyards in the local landscape was positively correlated with increased
densities of predatory mitésdemonstrating that landscagevel planning is as crucial as-field
practices (Matlet al, 2023).

Adopting viticultural practices that support entomofauna is essential for maintaining the
health and sustainability of vineyards. Implementing ground coseéucing pesticide use, creating
ecological corridors, and cultivating plant diversity are effective strategies for conserving beneficial
insects and improving ecosystem services in viticulture. The diversity of beneficial entomofauna in
Tarnave Vineyard s an indicator of the ecological health of this viticultural region. Local
management of vegetation and conservation of natural habitats play a crucial role in maintaining
and increasing populations of predatory mites, thus contributing to ecologicahabiity and
reducing the need for chemical pesticides.

Regional agricultural authorities should consider developing clear guidelines identifying
plant species to avoid, particularly those known to harbor pests or serve as vectors for plant diseases
andviruses. To promote faunal diversity and landscape resilience, farm planning should integrate
both linear elements (such as flower strips, hedgerows, ditches, and stone walls) -indanon
features (like tree clusters, ponds, and natural clearings). iGimigplihese elements strategically
ensures spatial and temporal continuity, which is essential for supporting diverse and stable insect
and wildlife populations.

FUTURE DIRECTIONS IN AGROTECHNICAL PRACTICES FOR BIODIVERSITY -
FRIENDLY VITICULTURE

As viticulture adapts to growing environmental and economic challenges, future
agrotechnical practices are increasingly oriented toward regenerative, -lbasece and
multifunctional systems. These approaches move beyond input reduction, emphasizing ecosystem
function, biodiversity enhancement, and resilience to climate pressures. Among the most promising
directions are regenerative viticulture, the integration of livestock, and digital innovations for
ecological monitoring and precision management.

Regenerative vitculture is an emerging paradigm that blends principles from agroecology,
functional biodiversity, and permaculture to support soil regeneration, carbon sequestration, and
ecosystem resilience. A comprehensive review by O'Briaal. (2025) illustrates tat regenerative
practices such as cover cropping, compost applicatioftjll neoil management, and reduced
synthetic inputs, can substantially improve vineyard ecological performance, including enhanced
microbial diversity, reduced erosion, and improvedtexr retention. However, the review also
identifies a gap in lonterm empirical studies assessing the impact of regenerative practices on
grape yield and wine quality across diverse viticultural regions (O'Btiah, 2025).
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A noteworthy innovation witim regenerative viticulture is the reintroduction of livestock,
particularly sheep, into vineyard ecosystems. Research in New Zealand has shown that integrating
sheep during the vine dormancy period can significantly reduce herbicide applications and mowin
frequency, resulting in both environmental and economic benefits. Sheep provide a biological
solution to undewvine weed management, reduce tractor passes, and contribute to nutrient cycling
through manure deposition. Participating winegrowers repord@thgs of up to US$120 per
hectare annually due to fewer herbicide treatments and mowing operations giN#dkEs2018).

Recent studies suggest that grazing can stimulate soil microbial enzyme activity, even if it does not
directly increase microbial diveity, showing a decoupling between soil biological function and
composition (Bansadt al, 2024).

Technological innovation will also shape future agrotechnical practices. Robotic systems
designed to perform selective weeding, pruning, or pest scougrigeaoming increasingly feasible
and costeffective. Precision viticulture tools, including drones, soil sensors, and remote imaging,
enable finescale monitoring of ecological variables, facilitating targeted interventions that
minimize environmental digtbance. Moreover, mobile apps and biodiversity databases are being
trialed to support redime species identification and ecosystem assessments, making ecological
monitoring more accessible to growers (Lugdtal, 2024).

Policy instruments, such aseth Eur opean Uni onds Common Ag
reform (20232027), are now aligning with these trends, supporting the adoption @ithemes,
biodiversity infrastructure, and natdb@sed solutions in viticulture. Integrating traditional
ecological kowledge with innovations like regenerative livestock integration and precision
agroecology offers a powerful path forward for sustainable vineyard systems.

In summary, the future of agrotechnical practices in viticulture is poised to shift toward
multifunctional, ecosysterbased strategies. Combining regenerative principles with targeted
innovations and supportive policy frameworks will be crucial to ensuring both vineyard
productivity and ecological integrity in the coming decades.

CONCLUSIONS

1. Convertional vineyard management, still practiced on over 70% of global vineyard land, poses a
substantial threat to biodiversity and letegm ecosystem health, with studies linking it té 8%

declines in beneficial arthropod populations compared to orgamtegrated systems.

2. Biodiversity is essential to maintaining ecosystem balance in vineyards, supporting natural pest
control, pollination, and soil healtiMaintaining a functional balance between pest species and
natural enemies (e.g., parasitoidsedators) is more effective than total pest eradication and
contributes to stable vineyard ecosystems.

3. Interrow vegetation and ecological infrastructures (e.g., hedgerows, flower strips) increase
species richness and functional diversity. Also, usioger crops, compost, and-tith management

boost soil microbial activity, sequester carbon, and help reduce erosion. Reduced tillage preserves
soil structure, maintains microbial activity, and supports beneficial entomofauna such as predatory
mites and betles.

4. Selective pesticide use and fewer chemical interventions support a stableapeat enemy
equilibrium and reduce ecological disruption. The selective application efokiaity pesticides

and integrated pest management help maintain a gtesi@atural enemy equilibrium.

5. Organic and integrated vineyard systems consistently show higher biodiversity than conventional
ones, though the benefits vary depending on local climate, vineyard age, and landscape context.
These findings highlight thiemportance of longerm, regiorspecific biodiversity monitoring.

6.Pol icy framewor ks, par ti culi&027,are bebirmingBaalignp e ar
with ecological goals, promoting the adoption of-eschemes and biodiversity infrastructurbese
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policies, when combined with traditional knowledge and modern technologies, support the
transition to resilient, regenerative vineyard systems.

7. Technological advancements, including drones, soil sensors, remote imaging;lzaskedIpest
recognition systems, enable precision ecological monitoring, reducing unnecessary interventions
and improving biodiversity outcomes; additionally, emerging tools like DNA metabarcoding and
genetic identification allow highesolution tracking of species compositi@nd functional
diversity, offering deeper insights into ecosystem health andrzgatal enemy dynamics.

8. The Tarnave Vineyard stands out as a strong model for biodiversity preservation in viticulture,
with 28.46% of its area dedicated to agroecologitfaastructure and supporting a rich community

of beneficial insects such as predatory mitésleoptera andHeteroptera these results highlight

the effectiveness of regionally adapted, biodiverBigndly practices in enhancing ecological
balance andeducing the need for chemical inputs.

9. Future research should prioritize letegym, regiomspecific studies to better evaluate the
ecological and agronomic impacts of agrotechnical practices, aiming to optimize both vineyard
productivity and ecosystestability through evidenebased, biodiversitjocused management.
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Abstract

Grapevine Pinot gris virus and Grapevine fleck virus ardely distributed in most vine growing countries of the
world. In general, the viruses have an uneven and different distribution in the plant. The existence of viral complexes
formed by two or more viruses raises problems regarding the choice of thesuitable testing period during the

year, and the plant material collected for analysis. The sample should have a high virus concentration, so that the
diagnosis has a high degree of reliability. When it is necessary to obtainfr@uplants, it is deskble to initiate the

virus elimination process with tissues with a low virus concentration. The study of the distribution of the viruses that
make up the viral complex in different plant organs, on vegetation phenophases, recommends for ELISA degnosis th
leaf blade and petiole in the phenophase before flowering, while the regeneration of healthy plants by applying viral
elimination methods can be initiated from intensely regenerative apices during the active growth period of the plant.

Keywords: Vitis, GPGV, GFkV, ELISA, detection

Rezumat

Virusul Pinot gris Qi virusul fleck au o | argt ritspond
au o distribuWwie neuniformt i diferitt “n plantt. EXi
ridi oL emeoprivind alegerea cel ei ma i potrivite perioa
prelevat pentru efectuarea analizel or. Proba ar trebu
st ai bt un graadimarAd udhei sicimrd este necesart obWwinerea
de dorit st fie iniwiatbkt cu Wesuturi cCu o concentraw
complexul viral in diferite organe ale plant , pe fenofaze de vegetaWwie, recoma
Il i mbul foliar Qi pewi ol ul, “"n fenofaza “"nainte de “n
metodel or de eliminare viralgemeatae i vie " mi pieat o adian da&p

Cuvinte cheieVi t i s, GPGV, GFkV, ELI SA, detecWwi e
INTRODUCTION

Molecular sequencing techniques NGS (Next Generation Sequencing) have led to the
continuous identification of new viruses in grapeviito date, 102 viruses infecting grapevine are
known, classified in 44 genera and 21 families or taxonomically unclassified, identified in different
Vitis germplasm collections worldwide (Fuchs, 2023; 2025). Viral infection produces physiological
and strgtural changes, affecting: photosynthesis, gas exchange, chlorophyll content, carbon
translocation, phloem transport, cellular metabolism (Gonzdlet, 1997; Bertamini et al., 2004;
Endeshaw et al., 2014, Martinkdscher, 2019; Kappagantu et al., 2020

One of these viruses discovered by NG&iiapevine Pinot gris virufGPGV). The disease
expressed by mottling, stunting and leaf deformation was first reported in Italy, Trento region,
where it infected Pinot gris and also plants of Traminer and Rioigenotypes (Martelli, 2012).
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At this time, the presence of GPGV has been reported in grapevine fruiting cultivars and rootstocks
in many growing countries from Asia, Europe, North America, South America, as well as in three
states from Australia (Salddli et al, 2017a); Constablet al, 2019; EPPO, 2022 the presence

of GPGV, losses in production quantity and quality may occur, affecting commercial production
(Tarquiniet al, 2021).

In Australia, GPGV has been found in a wide range of wineegiap varieties, table
grapevines and rootstocks, but the characteristic symptoms of grapevine leaf mottling and
deformation (GLMD) caused by GPGV infection have not been reported (Giampettuakj
2012; Constablet al, 2019). There has been somecspation that GPGV is associated with a
growth symptom observed in spring in Australian table grapevine varieties, which includes delayed
bud break, short internodes, stunting, andzag shoots (Constablet al, 2019). The hybrid
Tamnara V. viniferax V. labrusca grown in South Korea has a reduced number of bunches and
heavily necrotic grapes (Cled al, 2013). Recently, GPGV has been shown to be present in plants
grown from infected grapevine seeds (Zhanhgl, 2022).

Furthermore, GPGV was detedta nonVitis host plant around vineyardSilene latifolig
Chenopodium albuprAsclepias syriacaRosa sp.Rubus sp.Fraxinus sp (Gualandriet al., 2017;
Demianet al, 2018). However, mechanical transmission to herbaceous plants was not observed
(Malagniet al, 2016).

GPGV is currently considered a major pathogen of grapevines in Europe (Ciereewaicz
2020).

One study realized in Romania showed a GPGV infection incidence of 53.76% (107 positive
samples out of 199, analysed by ELISA (Enzylovéked Immunosorbent Assay). Of these, the
largest incidence was recorded in old varieties from germplasm collections (37.38%). As expected,
the clones followed with a close percentage (32.71%). The GPGV presence in clonal selections
(9.26%) confirmed once agaithe necessity to use a vifiiee grapevine material in breeding
programs. A lower percentage (9.35%) of GR{@¥cted plants belonging to cultivars created after
1994 year is probably due to the fact that grapevine viruses are generally Abbseedhe tests
revealed the association of GPGV with GFkV (5 samples) and GER&V2 samples). Three of
the 5 plants diagnosed with GFkV + GPGV mixed infection had no symptoms. Also, in this study
were analyzed 12 samples collected from 4 rootstock genotipésvere ELISA positive for
GPGYV (GuHL and Buciumeanu, 2021a).

Grapevine fleck virus(GFkV) is another virus widespread in all grapevine growing
countries Due to the latent symptoms in European cultivars and most American rootstocks, and
often detectionn viral complexes with viruses having an economic impact, it must be eliminated by
sanitation procedures ( Buci ume a-RPadieua2006BotaietHo i u ,
al., 2 01 4et al,R0IHLCrnogoraet al, 2021). Although many grapevinerieties and
rootstocks infected with only GFkV are asymptomatic, infection may be associated with graft
incompatibility (https://www.wineaustralia.com/getmedia/b1e50888048d8b3c2
25844af8e795/20116Grapevinefleck-andassociategiiruses?ext=.pJf

The evaluation of the phytosanitary status in five production vineyards with Romanian
grapevine varieties ithe Muntenia and Oltenia Hills Viticultural Region proved the presence of
simple and mixed viral infections in different percentages, without a positive correlation with the
symptoms presence. The identification of GFkV was noted in all plantationslsmdnaall studied
varieties, recording maximum values of 16.67% GFKV in simple infections, 4.76% GFkV +
GLRaV-1+3, 6.98% GFkV + (GFLV +ArMV), and 2.32% GFkV + GRL&M3 + (GFLV+ArMV)
(Buciumeantet al, 2015).

The presence of GFkV reduces rhizogenesid graft take; the effects depend on the
virulence of the viral isolate. GFkV alone or in the leafroll presence induces a reduction in graft
take and affects plant vigor in nurseries. GFkV infection associated with vein necrosis and vein
mosaic reduced thamount of cut wood in rootstocks 420 A and Kober 5BB by 52% and 37%,
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respectively, but it did not affect growth in Teleki 5A. There is no direct evidence of the GFkV
influence on the quantity and quality of grape production (Walter and Martelli, 1996).

Although certification regulations require the absence of GFkV only in rootstocks, the virus
can easily pass from scion to rootstock through the phloem and can negatively affect grape yield
and quality, usually in combination with other viruses. So, a Girlkdtted scion, clone or variety,
can not enter in a certification program (Teray, 1990; Kowcal, 2001; Komar et al., 2007;
Cretazzoet al, 2010). Simultaneous infection with GFkV and leafroll produces ajinashika disease
in the Japanese grapevingiety Koshu, characterized by a reduction in the amount of sugar in the
fruit (Terai and Yano, 1980; Walter and Martelli, 1996). Following field experiments, it is
considered that, in general, grapevines on their own roots are more tolerant to viransfect
(Garauet al., 1997).

The widespread of GPGV poses a challenge to the scientific community and grapevine
growers, requiring increased Mirdisease management measures, given that this virus is not a
regul ated pest (GuHL and Buci umeanu, 2021b) .
and mixed infections has determined the need to study viral elimination, in order to launch into
culture healthy propagation material.

Assessment of viral concentration in the grapevine plant is necessary because virus
distribution in young shoot tissues is uneven and viral concentration decreases significantly in
apical meristems, where cells are contunslg dividing (Lai and Lai, 2019). These plant fragments
constitute the source of biological material used in the application of methods of viral elimination
and new healthy plants regeneration through tissue cultures.

The paper deals with the distribai of GPGV and GFkV in grapevine plants having mixed
infection with these viruses, in different phenophases, with the aim to identify the tissues with high
virus concentration (most suitable tissue for virus detection), and, also, to identify the tighues w
the minimum viral concentration, to be used in virus elimination procedures.

MATERIAL SAND MEHODS

Different organs and tissues ¥fitis vinifera L., Negru mare cv. double infected with
GPGV + GFkV were analysed by ELISA (Clark and Adams, 1977) waimmercial reagents
(Bi oreba, Switzerl and), following the manuf a
grapevine growth and development. The grafted plants showing GPGV infection symptoms were
grown in ex situgrapevine collection belonging tNICDBH Rt-Af e @&Ht iTwo gr a
plants were analysed before flowering (05/16/2023), after flowering (06/24/2023), fall
(09/12/2023), and dormancy phenophases. From each plant, 2 shoots were analysed, from which
were collected: leaf (leaf blade andipke) located at the base, middle and top of the shoot; lateral
shoot; apex; rachis; berry skin; seed; cane after leave fall. The plant material was grinded and
homogenised with extraction buffer at 1/10 ratio (m/v). At completion of reactions, optisiliele
(OD) were measured with double filter at 405/492 nm, using a Chromate microplate reader
(Awareness Technology, Inc., Florida, USA). The sample was considered positive when its OD
405/492 nm value was at least three times the negative control value.

RESULTS AND DISCUSSION

The most important strategy to prevent the viruses spread is the use of healthy propagation
material, selected through periodic monitoring followed by the elimination of diseased plants, or
obtained by virus elimination methods. i known that the virus titre is variable during the
vegetation period in different organs and tissues of the plant. Such studies are useful both to
establish the optimal period of virus diagnosis and to identify the biological material suitable for
virus elimination processes initiation.
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One study regardingGrapevine fanleaf virus(GFLV) distribution on vegetation
phenophases, in different organs of the plant showed that young leaves had a high virus
concentration during the vegetation period, while meataaves, tendrils and inflorescences at the
beginning of the vegetation period only. The rachis, mature leaves and tendrils had a significantly
decreased titre during the vegetation period. ELISA results were confirmed by molecular analyses.
In addition,the viral titre was influenced by the genotype and the presence of other viruses in mixed
infections (Krebelgt al, 2015).

Similar studies performed f@rapevine leafroHassociated viruses 1, 2, 3, 4, 2R&_RaV
-1, GLRa\t2, GLRa\+3, GLRa\4, GLRa\ 2RG) revealed that virus titre was the lowest early in
the growing season (April/May) and the viral load was different between GLRaVs serotypes
(Osmaret al, 2018).

The study of the GFLV, GLRa3 and GFkV distribution showed that during the growing
seasonall samples were positive and no significant differences were observed between ELISA
values (OD 405 nm) of leaves along a shoot (bottom, middle, and top). However, some differences
were recorded between shoots of the same plant. During the warmest [pehiedyear, the viral
concentration was fluctuating along the shoots in the case of GFLV or GFkV, but the GLRaV
concentration at the base of the plant was higher for each of the three analysed shoots. Also, ELISA
values were lower in the warm period @snpared to the previous one. The viruses were detected
during dormancy both in the canes and in the buds, without significant differences between ELISA
values along the shoots (Buciumeanu and Gu Ht,

The discovery of a new virus, with a wide spreathi grapevinegrowing countries of the
world (Saldarelliet al, 2015), GPGV, determined the initiation of several studies including the
efficiency of diagnosis by ELISA. As a result, several analyses were carried out during the entire
vegetation periodn different grapevine organs, on Negru mare cv. maintained in vegetation pots in
greenhouse, naturally infected with the viral complex GFkV + GPGV. Considering the apex as a
possible regeneration organ of new viftee plants, in the prBowering phenphase the titre of
both viruses was below the detection limit of ELISA method. After flowering, GPGV concentration
decreased, such that in 3 out of 5 ELISA values were below the detection limit, and for GFkV only
1 out of 5 samples was ELISA negative. Tthensport of assimilates in the plant determined a
higher viral concentration of bothebtal20226es i n

In order to deepen these observations, two grapevine plants of theNegme mare cv.
infected with vial complex GPGV + GFkV stored in tlex situcollection were analysed along of
the year, both in the vegetation period and in dormancy.

GPGV+GFkV have been detected before flowering period in all analysed tissues, but
registering some differences betwg®ants, lower leaf blade of plant 2 giving negative results for
GPGYV at that time. The positive results were represented by high OD values (Table 1).

Table 1. ELISA results on 2 grapevine plants belonging to Negru mary. infected with
GFkV + GPGV viral complex, in the phenophase of vegetation before floweringTabelul 1. Rezultate ELISA la 2
pl ant e ap ar "HNeg@ mareirdeetat cutcomplexul uiraGFkV + GPGV in fenofaza inainte de inflorit

Sampling location Shoot 1 Shoot 2
and biological material type GFKV GPGV GFKV GPGV
OD | Result | OD | Result | OD | Result | OD [ Result
Plant 1
Lower leaf Leaf 2.777 + 0.298 + 3.303 + 0.352 +
blade
Petiole | 1.948 + 3.285 + 2.276 + 2.965 +
Leaf, node 5 below Leaf 3.238 + 3.062 + 2.995 + 3.573 +
inflorescence blade
Petiole | 1.017 + 3.549 + 1.676 + 3.555 +
Apex 0.454 + 2.022 + nt. nt. nt. nt.
Plant 2
Lower leaf Leaf 1.936 + 0.123 - 3.549 + 0.236
blade

89



ACTA AGRICOLA ROMANICA, Volume 7, Year 7, No.7.2.

Petiole 1.318 + 3.572 + 2.185 + 3.495 +

Leaf, node 5 above Leaf 3.403 + 3.528 + 3.011 + 3.260 +
inflorescence blade

Petiole | 0.439 + 3.381 + 0.621 + 3.5723 +

Apex 1.614 + 3.393 + nt. nt. nt. nt.

Tendril nt. nt. nt. nt. 0.821 + 3.570 +

Note: Plantscultivated ex sity from different organs located in different zones of the trunk, in the phenophase o
vegetation before flowering (05/16/2023). Temperature at the sampling time = 30°C. OD = optical density at 405/492
nm. The test result was expresseghasitive (+) = presence of virus, negative% not identified by ELISA, and nt. =

not test ed cultivalex sty din Bifertenargane situate in zone diferite ale butucului, Tn fenofaza de
vegetaHi e “"nainte de twhfdornt m¢méntel 2p28) evEeimpera 30
405/ 492 nm. Rezul tatul testul ui a f ost-)=eneidentificaprin " n p
ELI SA 'Hi nt . = netestat

After flowering, all tissue were positive for G¥kwhile the GPGV have been detected in
the petiole of the leaf located to the upper part of the shoot, rachis and berry, while the result of the
analysis from apex was inconclusive (Table 2).

In all analysed tissues, ELISpositive results have been oltadl in the ripening
phenophase for GFKV. In the case of GPGV, rachis, berry skin in shoot 1 of plant 1 were positive,
and the result of the analysis from apex was still uncertain (Table 3).

GPGV+GFkV viral complexhave been detected in the dormancy wrenes taken from
three zones of the cane, registering an exception on cane 2 of plant 2, at which at the base and the
top, GPGV has not been detected (Table 4).

Analyses performed from different tissues during the vegetation phenophases showed that
GPGV poses problems regarding the sampling period and the type of tissue suitable for ELISA
detection. It seems that before flowering the leaf blade, but especially the petiole showed a high
viral concentration whickecreased in the next phenophases.

Also, Sddarelli et al. (2017b) showed that GPGV concentration in cv Glera decreased in
both symptomatic and symptomless vines with the progress of the vegetative season.

The most suitable sampling period of biological material necessary for culture initiatton f
GPGV-elimination proved to be the pediowering phenophase, when ELISA values were lower in
most zones of plant, as compared with-fiogvering and ripening phenophases. In the same time,
higher ELISA values for GFkV have been registered in all phiessgs.

Table 2. ELISA results on 2 plants belonging to Negru marev. infected with GFkV + GPGV

viral complex, in the vegetation phenophase after floweringT a b e | u | 2. Rezultate ELI SA
genotipuluiNegru mareinfectat cu complexulival GRkV+GPGY, " n fenofaza de veget a't
Sampling location Shoot 1 Shoot 2
and biological material type GFKV GPGV GFKV GPGV
OD | Result | OD | Result | OD | Result | OD | Result
Plant 1
Lower leaf Leaf 3.031 + 0.148 - 2.636 + 0.166 -
blade
Petole | 2.569 + 0.225 - 1.798 + 0.290 -
Leaf, node 11 Leaf 2.980 + 0.128 - 2.360 + 0.129 -
blade
Petiole | 2.439 + 2.787 + 2.111 + 2.283 +
Lateral shoot, 0.660 + 0.625 + nt. nt. nt. nt.
node 15 (whole)
Tendril, node 10 2.337 + 0.817 + nt. nt. nt. nt.
Apex nt. nt. nt. nt. 1.516 + 0.212
Rachis nt. nt. nt. nt. 0.782 + 2.396 +
Berry nt. nt. nt. nt. 2.297 + 1.717 +
Plant 2
Lower leaf Leaf 2.286 + 0.152 - 2.494 + 0.136 -
blade
Petiole 3.536 + 0.298 - 3.327 + 0.273 -
Leaf, node 9 Leaf 1.567 + 0.133 - nt. nt. nt. nt.
blade
Petiole 1.774 + 1.225 + nt. nt. nt. nt.
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Apex 1.816 + 0.875 + nt. nt. nt. nt.
Tendril, node 8 3.493 + 1.214 + nt. nt. nt. nt.
Rachis nt. nt. nt. nt. 0.854 + 2.604 +
Berry nt. nt. nt. nt. 3.048 + 1.030 +

Note: Plants cultiated ex sity from different organs located in different zones of the trunk, in the vegetation
phenophase after flowering (06/24/2023). Temperature at the sampling time = 25°C. OD = optical density at 405/492
nm. The test result was expressed as positiyes (presence of virus, negativg € not identified by ELISA, and nt. =

not t est ed cultivaidex sttu,din Biferdenorgane situate Tn zone diferite ale butucului, in fenofaza de
vegetaHi e dupt " nflorit (OpreneepeB® . =TedRpErbauea oOpt ir
nm. Rezultatul testul ui a fost exp)yimmanei de mptoizfiitd avt (prr) |
netestat.

Table 3. ELISA results on 2 plants belongindNegru marecv. infectedwith GFkV + GPGV viral complexin the

ripening phenophase’a b e | u | 3. Rezul tate ELI S Aegruanarginfeptata complexa p ar Wi
viraAlGFKkV+GPGY "n fenofaza de pO©rgt
Sampling location Shoa 1 Shoot 2
and biological material GFKV GPGV GFKV GPGV
type OD | Result | OD | Result | OD | Result | OD | Result
Plant 1
Lower leaf Leaf blade 1.298 + 0.098 1.455 + 0.101
Petiole 0.770 + 0.114 0.616 + 0.105
Leaf, node 7 Leaf blade 1.885 + 0.104 3.196 + 0.100
Petiole 1.08 + 0.102 - 0.545 + 0.163 -
Apex 2.398 + 1.082 + 2.761 + 3.480 +
Rachis nt. nt. nt. nt. 3.490 + 1.020 +
Skin nt. nt. nt. nt. 3.559 + 3.562 +
Seed nt. nt. nt. nt. 0.275 + 3.569 +
Plant 2
Lower leaf Leaf blade 2.769 + 0.125 2.394 + 0.100
Pdiole 0.703 + 0.094 2.106 + 0.097
Leaf, node 7 Leaf blade 1.396 + 0.103 2.657 + 0.099
Petiole 0.519 + 0.099 0.935 + 0.097
Apex 2.068 + 0.139 3.082 + 0.189

Note: Plants cultivateex sity from different organs located in dlfferezrbnes of the trunk, in the ripening phenophase
(09/12/2023). Temperature at the sampling time = 25°C. OD = optical density at 405/492 nm. The test result was

expressed as positive (+) = presence of virus, negajiver(ot identified by ELISA,andnt.=ont t est ed [/ Not
cultivate ex sity din diferite organe situate “n zone diferi
Temperatura “n moment ul preleviridi = 25AC. DO = densit
n pozitiv (+) = pfezendHadentubutat, pepat ELl §A Hi nt .

Table 4. ELISA results in 2 plants belonging to Negru marev.infected with GFkV + GPGV viral complex,
during dormancy / Tabelul 4. Rezultate ELISAla2 plant a p ar "Hi n © Nebru ghaainfettat puwcdmplexul
viral GFKV + GPGV,in perioada de repaus vegetativ

Sampling location Cane 1 Cane 2
and biological material GFKV GPGV GFKV GPGV
type OD | Result | OD | Result | OD | Result | OD | Result
Plant 1
Base 2.470 + 0.469 + 3.547 + 1.779 +
Middle 3.567 + 1.369 + 3.560 + 1.986 +
Top 3.540 + 1.778 + 3572 + 2.727 +
Plant 2
Base 3.540 + 0.453 + 3.567 + 0.113
Middle 3.554 + 0.648 + 3.537 + 0.393 +
Top 3.539 + 0.796 + 3.538 + 0.257

Note: Plants cultivatedex sity from different zones of the canes 1 and 2 (base, middle, top), durmg dormancy. The
length of the analysed canes was 14 internodes on plant 1, and 12 internodes on plant 2. OD = optical density at
405/492 nm. The test result was expressed as ogit) = presence of virus, and negative X not identified by

ELI SA. / Nott: Pl ante cultivate ex situ, din diferite
vegetativ. Lungimea coardelor analizate a fost de 14 internodiiapt a 1 THi 12 internodid.i | a
optickt | a 405/492 nm. Rezultatul testul ui -)a=ndideificate x pr i
prin ELISA.
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The intensively regenerative apex is considered the approprigée for the initiation of
tissue cultures both from the point of view of the tissue's juvenility and from the perspective of the
fact that, depending on the type of virus and its ascent in the plant during the phenophases of
vegetation, the viral conceation is at a minimum level.

For GPGV infection, the results led to the hypothesis that the collecting period of biological
material necessary for the initiation of viremination cultures can be from the middle of August
(ripening phenophase), wheretmost ELISA values were below the detection limit in all zones of
the plant, including the apices.

Comparison the ELISA values obtained from grapevine plants infected with GPGV + GFkV
viral complex, located in the GO depository greenhouse in vegetatios po (eGal, 2422), with
those from plants belonging to the same genotype grown on soil @xtsiucollection regarding
the viral concentration of GPGV in the intensively regenerative apices, highlighted the following:

- in the preflowering phenopase (April- in protected space, Mayin the field) the apices
are ELISA negative in the greenhouse, while in the field the ELISA values were high (2.022;
3.393);

- in the postflowering/berry growth phenophase (June in both locations), in greenhouse
plants, three out of five apex samples were ELISA negative, but even in the positive ones the viral
concentration was low (0.118; 0.113), while in field all samples were ELISA negative;

- in the ripening phenophase (August in the greenhouse, Septembeffigidhéhe apices
registered a high viral concentration in both locations (1.357; 0.721; 1.082; 3.480), except for 2
values on one plant, that were ELISA negative.

The diagnosis by ELISA also showed that GFkV concentration in the intensely regenerative
apices was high in all vegetation phenophases.

These results reinforce the necessity to use virus elimination methodwit(o
chemotherapy, electrotherapy, thermotherapy and/or combined methods) to create a gap between
virus multiplication and plant growtinat allow the regeneration of new viriree plants.

CONCLUSIONS

1. The results confirmed the uneven distribution of viruses in the grapevine plant throughout
the year. In order to obtain reliable results, it is recommended to choose the most
appropriatetissue type and sampling period according to the virus/viral complex and the
purpose pursued (ELISA diagnosis or virus elimination).

2. The detection of GPGV+GFkV viral complex can be realized by ELISA both in the
vegetation and dormancy. The highest ELK&ues have been registered before flowering
phenophase for both viruses in leaf blade and petiole.

3. Since GPGV and GFkV concentrations are fluctuating in apex, the initiation of tissue
cultures to eliminate the viral complex can be done in different gira@eluring the active
growth period of the plant.
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Abstract

TheEuropean plum (Prunus domestica L.) remains the leader of the fruit tree species cultivated in Romania in terms of
cultivated area and total fruit production. In order to obtain profitable yields, however, the impact of abiotic and biotic
stress factors, hich can cause significant damage to the trees, must also be considered. The climate change
experienced globally, and in Romania as well, contributes to the increasingly frequent occurrence of extreme weather
events that can irreparably affect crops. Halone of the meteorological phenomena with negative effects in fruit
growing, sometimes causing significant economic losses. Such an unfortunate event occurred on June 4, 2024, at the
FRDS Bistriwa, with a torrent awmdd cansiderable dacnage tophe plimectbp. by s
To assess the impact of the hail, fruit samples from 26 plum cultivars grwun in a field trial were collected and
analyzed in terms of the mechanical effects on the fruits. Thus, four damage classes werkeelstéblino lesions,

(2) superficial lesions, (3) open lesions, and (4) 31% to 60% of pulp destroyed. The cHtersasGras ameliorat
andAgentare noteworthy, which had fruit without lesions in a proportion of 28.1%, 21.3% and 16.9%, respectively. In
contrast, in the cultivar®iana, Jogantg Jofela, Topend plus Anna Spath Delia, Zamfira, lulia, Flora, Jubileu 50,
Stanleyand Minerva, no intact fruits were identified. The results highlight important differences in the behavior of the
varieties both m terms of tolerance to mechanical hail damage and susceptibility to Monilinia spp infections,
underlining the importance of genetic selection in the context of intensifying climats.str

Keywords:climatic events, damages, hail, plum, abiotic stresistance

Rezumat

Prunul european (Prupubndbomaebaispeti g pomm@®akt cultiva
suprafewei ocupate, cOt PBintaupresdgauWiaeicat amalie pdoediicd
luarea “"n considerare a impactul ui factoril or de stre:
plantawiile pomicol e. Cn contextul schimbtrilor <c¢climat
crescutt a fmmehemenébgice extreme, cu ef ectCGr ippaotiennaWiraelp |
unul dintre fenomenel e met eorol ogi ce cu efecte negat
semnificative. Un astfel de evenimenta avutlodmt a de 4 iunie 2024 | a SCDP Bi st

"nsowitt de grindint puternict care a provocat pagube
probe de fructe de la 26 de soiuride prundiotr cul t ur tt compafoati wrelevate i

efectelor mecanice asupra fructelor. Astfelass st abi | it patru <c¢lase de dtunar
superficiale, (3) cu leziuni des &0 Begut Oe | €4 pucevpdep@i
Elena, Gras ameliorat(iAgent care au avut fructe fhkrt |l eziuni “n pr

polul opus sau situat soiurileDiana, Jogantg Jofela, Topend plus Anna Spath Delia, Zamfira, lulia, Flora,
Jubileu 50 Stanley S Minerva, la care nu sau identificat fructe intacte.Re z u | t at ceil fee rreen eev Li mp o r

comportamentus oi uri Il or at®©t “n ceea ce privedte susdptbiitsea®a | a
lai nf ea Wonilidiasspp,subl i ni i nd i mportanwa selecWwiei genetice
Cuvintecheieecacci dent <c¢l i matic, daune, grindinkt, prun, rezist
INTRODUCTION

Prunus domesticd., commonly known as the Eysean plum, is globally valued for its
delicious and nutritious fruits. Rich in essential vitamins and antioxidants, plums are recommended
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for a healthy diet, with a suggested daily consumption-éff@iits (Wills et al, 1983; Gilet al,

2002). Accordingto FAOSTAT data (2025), China leads the world in plum production, with an
impressive harvest of 6,888,894 tons. Romania holds a significant position in plum cultivation,
ranking second globally with a production of 645,090 tons. The popularity of titisfecies is
increasing, supported by the global presence of over 2,000 plum cultivars @aiti|022).

Hail represents an extreme weather phenomenon with a significant impact on fruit crops.
This is not only affects the physical integrity of thees but also has a considerable impact on the
qguality and quantity of the fruits in the current and the following year @ahl, 2014).
Considering the significant potential for damage and the considerable economic losses it can cause,
hail is a partialar concern in regions frequently exposed to this phenomenon (Changnon, 1999).
Furthermore, climate change, along with the increased intensity and frequency of extreme weather
events, has increased the susceptibility of plum crops to such incidentgHtigglthe importance
ofanindept h analysis of the effects of hail on t

After a hailstorm, plum trees can experience a wide range of damage, from superficial
injuries to leaves and fruits to severe breakage of branghéssignificant harm to the fruit.
Mechanical damage, such as broken branches and defoliation, reduces the trees' ability to carry out
photosynthesis, which negatively affects their growth and development (Gardiner, et al., 2016).
Hail also induces bruisghand puncturing of the fruits, increasing their susceptibility to infections
and pest attackdMoreover, the incidence of fungal and bacterial infections may rise, further
contributing to a reduction in overall yie{Brusky, 2011).

Comparative studies aluating the impact of hail on plum trees highlight that the degree of
damage depends on several factors, including the size and intensity of the hailstones, the
development stage of the fruit at the time of impact, and the age of the trees (Khan, 2028). Y
trees are generally more vulnerable to hail damage than mature ones, and fruits at an advanced
stage of development may suffer more severe damage than those at an earlier stage. These variables
determine the variability in the intensity and naturéhefdamage observed under different climatic
and geographical conditioriZwierset al, 2013).

Another important aspect of studying the impact of hail on plum orchards is the analysis of
the resilience of different plum cultivars to this phenomenon (Abasl, 2025). Studies have
demonstrated that certain plum cultivars are more resistant to hail damage due to their
physiological and structural characteristics, such as the skin thickness, the type of branches, and the
crown architecture (Seethapatbtyal., 2022). This variable resilience provide valuable information
for farmers and researchers, enabling them to select varieties that are better suited to the climatic
conditions of regions frequently exposed to hail (Benkedilal, 2018).

Hail also pays a significant role in promoting infections causedMmnilinia spp. on the
European plumRrunus domestic&.) fruits by causing mechanical injuries that promote pathogen
entry. Monilinia laxa, M. fructigenaandM. fructicola are the major fungal pabgens of stone
fruits, including of plums (Landgt al, 2016), and are responsible for brown rot, a disease that can
lead to considerable yield losses both in the field and during storage.

Studies have shown that the virulencéMailinia species is iffienced by both the host and
environmental conditions. However, the presence of wounds remains a decisive factor for
successful infection. For instance, a research conducted in Serbia demonstrated thtmirtitirea
species can infect plum fruits when wils are present, withl. laxa identified as particularly
virulent on this host (Vasil & Vico, 2013) .

Infections byMonilinia species are closely associated with the presence of wounds on fruit
surfaces, which may result from mechanical damage such asirfsatt activity, or improper
handling during harvest (Rungjindameti al, 2014). These lesions serves as entry points for
fungal conidia, which under favorable humidity and temperature conditions, can rapidly colonize
the fruit tissues, leading to thypical symptoms of brown rot (Hokt al, 2016).

A thorough understanding of the effects of hail on plum trees and the identification of
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appropriate prevention and management strategies are essential for protecting crops and ensuring
sustainable agrictural production (Chattopadhyagt al, 2017). Future research should focus on
developing innovative tree protection technologies and identifying the most resistant plum varieties
to reduce vulnerability to extreme weather events (Sattalr, 2021).

This study aimed to assess the impact of a severe hailstorm on a large assortment of plum
cultivars grown within a young field trialfocusing on the physical damage caused by hailstones,
as wel |l as t he Monilihia spps iafecgods omeatysedroits.e t o

MATERIAL SAND METHOD S

The experiment was conducted in a young comparative plum orchard established on 2020 at
the Fruit Research and Devel opment Station (
(Diana, French Improved, Joganta Jofela, Tophit, Topper, Topend Plus Top Five, Jojo,

Anna Spath, Matilda, Elena, Delia, Gras ameliorat, Zamfira, lulia, Agent, Flora, Andreea,

Jubileu 50, Stanley, Ivan, Minerva, Doina, Centenar, andCarpatin). The experimental plot is
located inthe hilyrgi on of Bi st r i "Ha, Romani a, under a cl
temperatecontinental, with warm summers and cold winters, and an uneven distribution of
precipitation throughout the year, often exceeding the national average (Minoiudgamil€990).

Weather data are recorded through an Adcon Telemetry weather station, which is part of the FRDS
Bistri™Ha equi pment. The monitored parameters
humidity, and precipitation.

In early of June 2024, asig fi cant poN#isowmdo€CoBmtsy r({ FHagur e
impacted by an extreme weather event. Torrential rainfall, accompanied by hailstones measuring
approximately 1.62 cm in diameter, resulted in extensive damage, particularly to fruit dsghar
but also affected other key economic sectors across the region. For about 30 minutes, the trees were
struck by ice crystals from the norslouth direction, from which the fruit samples were also
collected.

Fig 1. Aspects of hailstones at FRDS Risr i "Ha ( J/km g, 2A02MAppecte ale grindi
(iunie, 2024)

In order to quantify the mechanical impact of hail on fruits, a few days after the hailstorm,
samples were collected and analyzed from the 26 plum cultivars. A totEDQoffruits were
randomly sampled from each cultivar and subjected to evaluation. At that time, the development
stage of the fruits for the majority of cultivars was 75, according to the BBCH scale for stone fruits.
For a detailed and standardized analgéithe mechanical injuries caused by hail on plum fruits, a
scale structured into four damage classes was used (Table 1). The intensity of the damage was
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calculated according to the fromula:
I=(nxir+ é& é axng) /N

Where: n.4 is the number of organaffected in a classy & . . is the upper limit of the intensity percentage
assigned to the respective class and N is the total number of affected organs.

Table 1.Types of lesions and damage classes on plum fruits due to hail i p u r i d e seldedaunalai Hi c
fructele de prun cauzate de grindint
Damage classes Types of injuries on fruits
1 No lesions
2 Superficial lesions (less than 5% of the fruit was damaged)
3 Open lesions (less than 30% of the fruit was damaged)
4 31-60% of the pulp destyed

The damage degree (DD) was calculated using the formula:

DD=I x F/100
Where: DD= damage degree; I=intensity; F=frecquency of the sympthoms

As a consequence of the injuries caused by hail, despite additional phytosanitary treatments,
Monilinia spp. iffections were subsequently reported on the immature fruits of the plum cultivars in
2024. Therefore, the investigation was extended to evaluate the progression of the disease under
natural conditions and identify cultivapecific responses. Thus, the fnegcy of infections was
determined on the fruits as a percentage of the total fruits. The observations were made 14 days
after the meteorological event that occurred on early June of 2024. It shoul noted that the
experimental plot was treated against brawnhtwo times in the period between the hail and the
time of the observations. The first treatment was carried out 24 hours after the hailstorm using a
solution of copper oxychloride at a dose of 500g/ha (in 1000L of water). The second treatment was
carried out 7 days after the first and the substances used were copper from copper hydroxide
200g/ha and cypronidil 225g/ha.

RESULTS AND DISCUSSION

Effects of the hailstorm: direct damage

The classification of 26 plum cultivars based on the severity ofiduiced lesions,
revealed the existence of differences in varietal susceptibility to this type of abiotic stress (Table
2). This variability reflects the diversity of phenotypic responses to mechanical lesions,
suggesting the presence of distinct genetitsrassociated with resistance to the physical impact
of hailstones.

The first damage class comprises fruits with no visible lesion, with four cultivars
demonstrating a notable proportion of undamaged fritlena (28.1%), Gras ameliorat
(21.3%), Agent (16.9%), andCentenar (13.3%). These results indicate a high degree of
mechanical tolerance, likely attributable to the firmness of the pulp as well as the thickness or
elasticity of the epidermis. These cultivars may serve as valuable genetic resoumeaedling
programs aimed at developing valuable genotypes in terms of some environmental resilience,
such as resistance to hailstorimscontrast, a considerable number of cultiv@&ia, Joganta
Jofela, Topend Plus Anna Spath, Delia, Zamfira, lulia, Flora, Jubileu 50, Stanley, and
Minerva) exhibited complete fruit damage following the hailstorm, with a 100% frequency of
damaged fruits, thereby reflecting a pronounced susceptibility to this type of mechanical stress.

The second damage class incluftfests exhibiting minor superficial lesions, on less than
5% of the fruit, predominantly affecting the epidermis without penetrating into the pulp. In this
category, the degree of fruits damage ranged from 2\ftefva) to 42.6% Gras ameliorat).

Based orthe percentage of affected fruits, the cultivars were grouped as follows: lesions under
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10%: Jofela, Topend Plus Anna Spath, Elena, Delia, lulia, Jubileu 50, andCarpatin; lesions
between 1420%: Diana, Joganta Topper, Jojo, Zamfira, Flora, andStanley, lesions between
21-30%: Tophit, Topfive, Matilda, Agent, Andreea, and Doina; lesions more then 30%:

French Improved and Centenar. This distribution indicates that, although some cultivars

sustained limited deep tissue damage, superficial injuries wedie petivalent, reflecting

widespread exposure to the adverse meteorological event.
The third damage class includes fruits exhibiting open lesions that often extend beyond the

epidermis and into the pulp tissue. Frequency of damage in this category diysewnged from

36.1% (Gras ameliorat) to 98.2% [ulia). The distribution of these values highlights substantial

inter-varietal differences in fruit resistance to hailstones.

The final and most severe damage class dedufruits that had 31% to 60% ofetipulp
damagedOnly 8 of the 26 cultivars ltalesions of this severity, arttie frequencyof fruits
presenting such a high damage wasging from 1.5%I[Poina) to 12.9% Carpatin).

Table 2.The distribution of diffrent lession type for each cultivar andhail damage frequency on fruits/

Di stribu™Hia diferitelor tipuri de |l eziuni pentru

Hail Damage Classes Total
frequency of
Cultivar Class 1 Class 2 Class 3 Class 4 damaged fruits
No Superficial Open 31-60% of the (%)
Damage lesions lesions flesh destroyed

Diana 0 15.3 78.4 6.3 100
French Improved 11.2 37.0 51.8 0 88.8
Joganta 0 18.4 78.3 3.3 100
Jofela 0 6.2 86.1 7.7 100
Tophit 12.0 22.0 66.0 0 88
Topper 9.7 17.7 72.6 0 90.3
Topend plus 0 5.0 95.0 0 100
Top five 1.8 23.2 75.0 0 98.2
Jojo 1.6 14.5 83.9 0 98.4
Anna Spath 0 3.2 96.8 0 100
Matilda 1.6 21.6 76.8 0 98.4
Elena 28.1 9.4 62.5 0 71.9
Delia 0 7.5 92.5 0 100
Gras ameliorat 21.3 42.6 36.1 0 78.7
Zamfira 0 18.3 81.7 0 100
lulia 0 1.8 98.2 0 100
Agent 16.9 27.7 55.4 0 83.1
Flora 0 12.1 86.2 1.7 100
Andreea 9.3 215 61.5 7.7 90.7
Jubileu 50 0 3.4 91.6 5.0 100
Stanley 0 15.3 84.7 0 100
Ivan 1.7 8.3 90.0 0 98.3
Minerva 0 2.8 97.2 0 100
Doina 15 21.5 75.5 1.5 98.5
Centenar 13.3 36.7 50.0 0 86.7
Carpatin 1.6 4.8 80.7 12.9 98.4

The damage degree calculated based on the intensity and frequency of the damage reflect
the differences between the cultivars in regard to the resistance to hail wounds (Fig. 2). The least
affected cultivar wasGras ameliorat with 12.92%DD, while at the opposite pole the most

affected cultivars wereCarpatin, Jofela andJubileu 50 with more than 30%DD. Centenar and
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French improved were cultivars that recorded a relatively low degree of danthgse being
16.84% and 17.39% respectively followedAgent (18.01%) andElena (19.22%). All the other
cultivars had a DD between 20% and 30%, which meant a significant deterioration in the quality
of the production due to mechanical lesion.

Carpatin 32.19
Centenar 16.84
Doina 24.63
Minerva 29.3
Ivan 27.42
Stanley 26.18
Jubileu 50 30.65
Andreea 24.15
Flora 27.49
Agent 18.01
lulia 29.55
Zamfira 25.43
Gras ameliorat 12.96
Delia 28.13
Elena 19.22
Matilda 24.12
Anna Spath 29.2
Jojo 25.89
Top five 23.66
Topend plus 28.75
Topper 22.66
Tophit 20.9
Jofela 30.76
Joganta 26.39
French Improved 17.39
Diana 28.06

0 5 10 15 20 25 30 35

Fig. 2. The damage degree (%) caused by hail on 26 plum cultivars in 202&ig. 2. Gradul de deteriorare
(%) cauzat de grindint | a 26 de soiuri di

Indirect effects of Monilinia sppnfection
Pathogens of th&lonilinia spp. colonized the haiinduced injuries, leading to a further
deterioration of the yield, ultimately compromising the entire production.The results showed that
infection occured in all 26 plum cultivars that were affected by the disease, despite the antifungal
treatments (Fig. 3)The percentage of fruits affected by brown rot waried widely amoung the
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cultivars, ranging between 15 to100%, similar to the observed variability in lesion severity.

Carpatin [ oo
Centenar 220

Doina e

Minerva sl

van [ son

Stanley s
Jubileu 50 oo
Andreea [ se

Flora
Agent
lulia
Zamfira
Gras ameliorat
Delia
Elena
Matilda
Anna Spath
Jojo
Top five
Topend plus
Topper FRNNISH
Tophit 200
Jofela s

Joganta
French Improved I5H
Diana e

20 40 60 80 100 120

o

Fig. 3. The frequency of infections wititMonilinia spp. on the fruits of the plum cultivas/Fi g. 3. Fr ecven
i nf e c "Mionilihiaospp. pe fructele soiurilor de prun

The plum cultivars least affected by brown rot wé&gpend plus Topper and French
Improved each showing 15% infected fruitn contrast, the most severely affected plum
cultivars were:Delia, Zamfira, Jubileu 50 and Carpatin, all fruits of thesefruits exhibiting
symptoms of infection. Other cultivars with a high incidence of diseasmeding 80% infected
fruits by Monilinia spp., wereJofela, Iulia, Matilda, Flora, Diana, Anna Spath, Doina,
Minerva and Gras ameliorat These results underline the considerable variability in
susceptibility toMonilinia spp. among the studied plum cultivars, under the hailstorm condition
mentioned.

CONCLUSIONS

The assessment of damageused by hail revealed significant differences in the
susceptibility of the 26 cultivars to this type of abiotic stress. This variability highlights the
diversity of phenotypic responses to mechanical injuries, suggesting the presence of distinct
genetic taits associated with resistance to the physical impact of hail. The most favorable
responses to hail damage were observed in three indigenous culilarg Gras ameliorat,
and Agent), which demonstrated notable resilience. In terms of susceptiilkonilinia spp.
infections following severe hail events, the most tolerant genotypestwpend Plus Topper,
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andFrench Improved. These findings emphasize the importance of genetic selection in breeding
programs aimed at improving resilience to botlotb stress and pathogen infection in plum
cultivation.
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Abstract

Screening for adventitious regeneration abillgmains an important step when in vitro techniques are considered
useful for clonal propagation or genetic improvement of fruit species. Studies conducted highlight the difficulties in
regenerating shoots in vitro and emphasize the importance of seleqipprgpriate strategies for identifying and
isolating transgenic cells. The investigation targeted the evaluation of direct or indirect regeneration ability from
cotyledon explants of some plum and cherry cultivars and the assessment of the qualityestredelants (growth

and vigor). Significant differences in the genetic potential for organogenesis from in vitro cultured immature cotyledons
were found in both species. The overall results showed that the plum cotyledons, irrespective of cultureangedium
pretreatment are generally more responsive than the cherry cotyledons. The frequency of cotyledons forming shoots on
the most adequate culture medium exceeded 50% in seven out of nine investigated plum cultivars. At cherry cultivars,
frequency of shdaegeneration ranged from 8.3% at Van to 38.4% at Rivan. In case of cultivars which prove a low
ability of shoot regeneration from their in vitro cultured immature cotyledons, wounding of cotyledons and the use of
TDZ could allow higher frequencies of éamts regenerating shoots, as well as a higher number of shoots formed per
responsive cotyledons.

Keywords: organogenesisin vitro, cotyledon,plum, cherry

Rezumat

Eval uarea capacitbwi.i de regenerare adventivi rEtmOGne I
considerare pentru propagarea c¢lonalt sau " mbunktt btWwir
evidenWwiaztndiégenbktawehel bstarilor in vitro Oi subl i |
pentru identificarea Oi izol area celulelor transgenice
sau indirectt a @anx@l batelPoevdesopbtiiede prun Oi cired
regenerate (credtere Oi vigoare). Au f ost gtsite difer
cotiledoanele imature cultivate in vitro, atat la pru®@t  Oi la cired. Rezultatele gene
prun, indi ferent de medi ul de culturt i de pretratame
FrecvenWwa cotiledoanelor caredformeaczil tustami deet det
nout soiuri de prun investigate. La soiurile de cired,
Van | a 38, 4% |l a soiul Ri van. La s oi lordinlcatiledoameledmattira paci t
cultivate in vitro, renirea cotiledoanel or Qi utiliza
regenereazt | tstari, precum Oi un numktr mai mare de | &t
Cuvinte ché e : organogenezt, in vitro, cotil edon, prun, cire;

INTRODUCTION

Biotechnologies represent the future of pomology and a key pillar of national food security.
Fruit species biotechnologies can be essential for several red$wough the use of
biotechnolgies, more productive fruit tree varieties can be obtained, with higher yields and better
adaptation to local climatic conditions and genetic engineering and other biotechnological
techniques can contribute to developing varieties resistant to diseaspsstsdthereby reducing
the need for pesticides and minimizing production losses. Varieties with higher levels of vitamins,
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antioxidants, and other essential nutrients for public health can be created @waSchuyler,
2022; Silvestret al, 2024; Shbham and Shikha, 2024).

Biotechnologies such as in vitro culture allow the conservation and regeneration of rare or
traditional species, contributing to genetic diversity and the preservation of the national
pomologcal heritage (FAO, 2004; Pencet al, 2022). Therefore, the implementation of
biotechnologies in pomology can bring significant benefits for both farmers and consumers,
reinforcing bngterm food security (Sarasamnal., 2022).

The in vitro techniques and gene transfer technology were notonsidered but even used
as complementary tools for genetic improvemerrinuscultivars (Gribaudo and Franks, 2011).

If indirect organogenesis is considered to be much more successful for the practical application
aiming at the enhancement of genetariation and regeneration of somaclonal variants, direct
organogenesis is highly desirable for obtaining transgenic plants from transformed tissues, avoiding
the interference with additional and unwanted genetic modifications (Hammerschlag, 2002).

As long as plant regeneration from leaf explants remains inefficient in most plum cultivars
(Escalettes and Dosba, 1993), the induction of shoot regeneration from cotyledons by organogenesis
is the main chance for the application of in vitro techniques in ploprovement (Mante et al.,
1989).

It is generally accepted in the gerfeisinusthat genotype and culture medium are critical
factors for regeneration capacity (Popescu and Isac, 1998; Popescu and Militaru, 20@2;al.ang
2002). Cotyledons excised froommature or mature embryos were suggested as an alternative
which would allow the genetic manipulation of plum by somaclonal variation and transformation
(Manteetal. 1991; Pooler and Scorza, 1995). Plant regeneration from cotyledons could be also an
efficient way for the rescue of hybrid genotypes in early ripening plum varieties, in which the
embryos have a very low germination ability or this is rather absent (Bini and Bellini, 1972).
Moreover, the rescue of hybrid genotypes by shoot regeneration Btyledons was already
proposed for cherry varieties (Schmidt and Kaidelsner, 1992; Schmidt and Ketzel, 1993; Canli
and Tian, 2008).

The addition of PGRs is very important since this decides whether direct or indirect
organogenesis occurs from the expldn most cases,-Benzytaminopurine (BA) with or without
kinetin (Kin) or indole acetic acid (IAA) and thidiazuron (TDZ) are used for the direct
organogenesis and 2dichlorophenoxyacetic acid (2[4) with or without Kin or BA is preferred
for indired organogenesis (Adya and Dennis Thomas, 2024).

In this paper, we report the results of our investigations on establishing the influence of
genotype and hormones routinely used for regeneration from somatic tissues and, especially, on the
possibility to control the pattern of organogenesis in some of plum and sweet cherry cultivars,
offering the chance to adapt the regeneration system to the requirements of the specific application.

MATERIAL SAND METHOD S

Nine plum cultivars 'Alina’, 'Anna Spath’, 'Blu e Free', 'Gras ameliorat’, 'Record’,

'Silvia', 'Stanley', 'Tuleu gras' and Valor') and three cherry cultivarsRjvan’, 'Bigarreau
Moreau' and Van') were investigated for their direct or indirect organogenesis potential from in
vitro cultured cotyledons.

The biological material used was represented by cotyledons excised from immature embryos
(extracted from still green fruits) or in the phase preceding morphological and physiological
maturity.

The basal medium, Murashige & Skoog (MS,1962), was used,esuppted with BA 0.3
and 0.5 mg/l or TDZ 1.0 and 1.5 mg/l in combination with eitherd®lylbutyric acid (IBA 0.1 and
0.5 mg/l) or 2,4D 0.5 and 1.0 mg/l to induce organogenesis. The carbon source was sucrose at a
concentration of 3%, and the medium wabdsfied with 8g/l agar.
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Because previous results indicated the favorable influence of explant wounding prior in
vitro culture on the expression of organogenesis ability, for each treatment, half of the cotyledons
were superficially wounded by longitudihor transversaluttings on the adaxial surface.

Although the orientation of the explants is considered not to affect the organogenetic
response, all cotyledons were placed with the adaxial surface in complete contact with the culture
medium. After an iitial two-week treatment in the dark, an equal number of intact and wounded
cotyledons, respectively, were transferred to the light in the growth chamber, at 23+1°C, under a
16/8 h photoperiod. The experimental design included at least 24 cotyledoreplicétes for each
treatment.

The observations regarding the formation of shoots through direct or indirect organogenesis
were carried out weekly, starting from the moment of completion of the two weeks of dark
pretreatment and the transfer of cotyledorplemt cultures to the growth chamber under
photoperiodic conditions. For each experimental variant, the average percentage of cotyledons that
formed shoots and the average number of regenerated shoots per explant (cotyledon) were
calculated. The quality dhe regenerated plants, namely growth and vigor, was evaluated.

The differences in genetic potential, reflected in the vatfiese frequency of regenerative
explants recorded in the different experimental variants, were analyzed by the Duncan test.

RESULTS AND DISCUSSION

The observations made at regular time intervals showed that, regardless of the in vitro
culture medium, the direct or indirect organogenesis potential reflected in the percentage of
cotyledons from which adventitious shoots wererfed and in the number of regenerated shoots
from the same cotyledon was strongly influenced by the genotype. Shoot formation was achieved in
all the investigated plum and cherry cultivars, but significant differences were found in the
regeneration potentiand the quality of the regenerants for some genotypes. In the same genotype,
the organogenesis potential was expressed at a higher level by the immature cotyledons.

In all the cultivars we chose for the evaluation of organogenesis potential, calluidarma
and shoot regeneration from it was observed only under cultivation conditions on media
supplemented with auxin 2[3. The process is dependent on both the-R,ebncentration and the
auxin (2, 4D) / cytokinin (BA) ratio.

The overall results showediat, regardless of the culture medium and pretreatment, plum
cotyledons are generally more sensitive than cherry cotyledons, a fact highlighted by the higher
regeneration percentages recorded in indirect organogenesis in plum compared to those recorded in
cherry.

In the plum varietiesAlina', 'Anna Spath, 'Blue Freé, 'Silvia', 'Stanley and 'Valor'
indirect organogenesis was recorded in percentages of over 50% on the experimental variants tested
(Figure 1), while none of the investigated cherry cultiveese found to have such regeneration
potential.

The hormonal combination 1.0 mg/l 24+ 5.0 mg/l BA had the best influence on indirect
organogenesis in 6 of the plum varieties tested, with the best result recorded (93.7%)Blnethe
Free' variety (Figure 1).1t should be mentioned that most of the cotyledons with organogenetic
capacity formed shoots before the appearance of the callus, respectively in the first 4 weeks after
the initiation of the culture.

On the culture medium containing 2;D4 and BAP, the regeneration process initially
occurred through direct organogenesis, with shoot formation being triggered shortly after the
introduction of the cotyldon explants into the cultur&uch an evolution of the organogenesis
process constitutes an ahtage for the application of this regeneration system in genetic
transformation works or even in clonal propagation.
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In all 9 plum varieties investigated, adventitious bud differentiation and shoot formation
occurred after the dark treatment period aadgfer of explant cultures to light.

A first indication of the major influence of the cultivar on the organogenesis process was
provided by the different reaction of the cotyledons after the pretreatment periods in the dark and
transfer to light.

In somevarieties (e.g:Tuleu gras and'Gras ameliorat) the cotyledons did not change
their volume and color, and in otherél{na', ‘Anna Spath, 'Stanley and'Valor') they increased
significantly in volume and turned green quickly, as a result of a pradeddorophyll pigment
synthesis carried out in parallel with the shoot formation process. However, it should be mentioned
that, in the same genotype, the pigmentation process of the cotyledons was influenced by their
degree of morphological and physiologii maturity, being slower in immature cotyledons.
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Figure 1. The potential of indirect organogenesis from cotyledons in plum varietied ot en "Hi al ul or ganc

cotiledoanel or de prun “n organogeneza i

In cherry, the process of indirect organogenesis was much reduced compared to the results
recorded with plum varietiessrequency of shoot regeneration ranged from 8.3% irvew, to
38.4% in cvRivan on different culture media (Figure 2).
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Figure 2. The potential of indirect organogenesis from cotyledons in cherry varieties ot en™i al ul or gan
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It was faund that, regardless of the type of explant, in all three cherry cultivars used in this
experiment the highest frequency of regenerated cotyledons (between 13.2% and 32.1%) was
recorded on the culture medium containing the highest concentration-bf (2,8 mg/l) as in the
case of plum varieties (Figure 2).

Subsequent observations showed that after 4 weeks a callus process of the explants is
triggered, which determines the conversion of the regeneration mode from direct organogenesis to
indirect organogersgs. An interesting finding is that in all cultivars investigated, in the case of
cultivation on media containing 2[3 in low concentration (0.5 mg/l), callus formation not only
started later by over a week, but also ended the earliest, compared tcomtdiaing 1.0 mg/l 2;4
D. The inability to sustain the callus process for a longer period is probably the consequence of the
faster triggering of adventitious bud differentiation on these media, favored by a higher BA/2, 4
ratio (6:1 or 10:1, compared B:1 or 5:1). Therefore, the stop of callus proliferation is rather the
result of competition for auxin with the process of differentiation of organogenic structures (shoots),
than of its metabolism in a very short time.

After 12 weeks from the initiatio of in vitro cultures in plum, the observations made
showed the existence of considerable differences in organogenic potential. Regardless of the culture
medi um variant, the O6Alinad and o6Valord varie
both intact and injured cotyledons (Table 1). Even if the level of expression of the shoot
regeneration potential was obviously dependent on the genotype, it should be mentioned that the
frequency of shoot formation from wounded cotyledons was higher codnjzatiee one recorded in
explants of intact cotyledons (Table 1).

Table 1. The influence of genotype on organogenesis potential, as shown by the frequency of shoot formation
from cotyledon explants cultivated on media containing 0.5 mg/l IBAand 3.0 mgdAP /I nf | uen™a genot

asupra poten™Hi al ul ui de organogenezt, aHa cum aratt fr
medi i car &, o med/ | Al B 'Hi 3,0 mg/ |l BAP
Genotype Type of explant
Intact cotyledons Wounded cotylecbns
Regeneration frequency Duncan* Regeneration frequency Duncan*
Alina 100 a 100 a
Valor 100 a 100 a
Record 54.0 b 82.5 ab
Anna Spath 375 bc 56.2 b
Blue free 36.0 bc 62.5 b
Stanley 33.0 bc 50.0 bc
Silvia 31.2 bc 56.2 b
Gras ameliorat 24.0 c 375 c
Tuleu gras 0 d 18.7 d

*Values on the same column followed by the same letter are not significantly different for P= 5%

It was noted that, as highlighted by the Duncan test, the difference in regenerative potential
between these two cultivars and thest of the cultivars is significant both in the case of
regeneration by direct organogenesis (Figure 3) and regeneration by indirect organogenesis (Figure
1). The cultivars'Blue Free, 'Anna Spath and 'Record, have a moderate regeneration, with
valuesbetween 36% and 54% for intact cotyledons and between 62.5% and 82.5% for injured
cotyledons. The cultivarstanley and'Silvia’ have a lower regeneration, with regeneration values
between 31.2% and 33% for intact cotyledons and between 50% afd f6.ihjured cotyledons
(Table 1).

The cultivars'Gras ameliorat and 'Tuleu gras can be considered having a very low
potential for shoot regeneration from somatic tissues cultured in Vitnteu gras is at the lower
end of the scale with 0% regen&oa for intact cotyledons and 18.7% for injured ones (Table 1). In
fact, the last of these two cultivars is also the only one of the nine investigated, in which shoot
regeneration could not be induced from cotyledon explants except on three of theltiagr cu
medium variants supplemented with -4 On the medium considered optimal for expressing at a
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high level the organogenesis potential of plum cultivars, shoots regenerated only in a percentage of
16.2%, (Figure 3).

The fact that on any of the cultuneedium variants tested for th€uleu gras variety the
lowest valuesof the frequency of cotyledon explants with direct organogenesis capacity were
recorded, constitutes conclusive evidence of the determining influence of the cultivars in the
expressiorof the regenerative potential.

It was found that, regardless of the variety, the callus process was trigg8receeks
earlier in the injured cotyledons, compared to the intact ones, respectively-8fteeeks from the
initiation of the cultures. Theuperior genetic potential of plant regeneration from somatic tissues in
the 'Alina’ and 'Valor' cultivars is evident, these being the only cultivars in which the direct
organogenesis capacity was expressed at a high levelO(®B®) both on the culture meuan
variants supplemented with auxin 24(Figure 1) and on those supplemented with IBA (Figure 3).

On the culture media containing IBA and BA, the formation of the first shoots was initited 1
weeks later compared to those containing 2,4D and BA. Tgenogenesis process was most often
triggered at the site of detachment of the cotyledon from the embryonic axis, respectively the site of
injury, confirming the observations made by de Cossio and Lane (1986) irPotimeisvarieties.

Since in all nine ingstigated cultivars the interval between the moment of initiation of the
callus process and the cessation of the regeneration process was relatively short (about 2 weeks), it
is possible that most of the shoots were formed directly from the explant daléct (
organogenesis). Such an evolution of the regeneration process has very important practical
implications.

It is known that, while for the selection of somaclonal variants with modified characteristics,
callus regeneration (indirect organogenesisarnsessential condition, for works aimed at gene
transfer, direct organogenesis is preferable.
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Figure 3. The potential for direct organogenesis from cotyledons in plum cultivarsP ot en ™Hi al ul or gano
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Observations showed that in all plum cultivars in which shoot regeneration was induced, the
duration of maintaining the organogenesis capacity is shorter in cotyledon explénédeznibn the
culture medium containing growth regulators in a ratio that induces the early onset of the
regenerative process and a high frequency of regeneration.

Counting of shoots formed by each regenerating cotyledon showed that the number of
formed shoots is in almost all investigated plum and cherry cultivars higher on culture media
promoting callusing and subsequently indirect organogenesis.
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Even though, in some varieties, the increase in the percentage of regenerative explants was
still very low, the number of regenerated shoots per explant increased significantly within a period
of about 610 weeks. An interesting finding was that the influence of genotype on the organogenesis
process was conclusively reflected in the frequency of adventitiowt &ronation from injured
cotyledons. While in the varietiéSilvia', 'Alina’, 'Valor', 'Blue Freég, 'Stanley, 'Anna Spath
they differentiated from these on most of the culture medium variants, over 5 shoots/cotyledon in
most cases, in the varietiéRecord’, 'Gras ameliorat and 'Tuleu gras the frequency of
differentiated shoots did not significantly exceed that recorded in the case of intact cotyledons,
which confirms the limited organogenesis potential of these varieties (Figure 4).

Averagenumber of shoots per cotyledon
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Figure 4. The average number of shoots regenerated per cotyledon by indirect organogenesis in plum cultivars /
Numbir ul mediu de | Lstari regener a’Hi pe cotiledon |

Obvious differences were observed in terms of vigor and growth rate of shoots regenerated
from cotyledon explants belonging to different varieties, in theese high vigor in the varieties
'Alina’, 'Blue Free, 'Stanley, 'Anna Spath, 'Record, and'Valor', respectively of low vigor and
slow growth rate in the varietiéSras ameliorand'Tuleu gras

In cherry, under the same environmental conditiongelatively large variation was
recorded in the average number of shoots regenerated per cotyledons, fronVar8 ia 4.2 in
'Rivan'. Regardless of the growing environment, no cherry variety recorded the threshold of 5
shoots/cotyledon, but thRivar variety stands out with 3.6 shoots/cotyledon (Figure 5).

If the regeneration capacity was increased in some of the plum varieties investigated by
using TDZ instead of BA, the growth and vigor of the regenerants were influenced rather
negatively. The anatys of the ensemble of experimental results confirmed that the vavidiness,

'Valor', 'Silvia', have the highest potential for direct organogenesis. The average frequency of
shoot regeneration exceeds 70% (Figure 3).

The observations also showed thiase varieties were distinguished not only by the higher
frequency of cotyledons that formed shoots, but also by the higher number of shoots formed from a
single explant (the average number of shoots per explant was'Silia, 6.2 in'Alina’ and 52 in
'Valor'), compared to the other varieties, which is a conclusive confirmation of their high capacity
for organogenesis and implicitly of the very important role of the genotype (Figure 6).
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Average number of shoots per cotyledon
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Figure 5. The average number of shootsagenerated per cotyledon by indirect organogenesis in sweet
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However, in these varieties, as expected, the poorest quality of regenboattivgas found
with the highest concentration of TDZ in the culture media. If the multiplication rate of plum and
cherry shoots regenerated by organogenesis was significantly lower with poor shoots, with one
exception (plum cv. Tuleu gras), both the rogtability and acclimatization of plants regenerated
from cotyledons were affected by the weakness of initial regenerated shoots.

Average number of shoots per cotyledon
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Figure 6. The average number of shoots regenerates per cotyledon by direct organogenesis in plum caifiv
Numbtrul mediu de | tLtstari regenera™H pe cotiledon

The organogenesis process was most often triggered at the site of detachment of the

cotyledon from the embryonic axis, respectively the sitanpfry (Figure 7), confirming the
observations made by de Cossio and Lane (1986) in Bthaeusvarieties.
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Figure 7. Aspects regarding the organogenesis process in plum cotyledoAspecte privind procesul de

organogeneza la cotiledoane de prun

CONCLUSIONS

1.

2.

The regeneration potential of somatic tissues cultured in vitro is influenced to a greater
extent by genotype than by the culture medium.

The plum cultivars 'Alina’, 'Blue Free', 'Valor' and 'Silvia', have, in the order above, the
highest potential for indect organogenesis. These varieties were distinguished not only
by the higher frequency of explants that formed shoots (over 50%), but also by the large
number of shoots formed from a single explant (in most cases over 5 shoots/cotyledon).
The hormonal coimnation 1.0 mg/l 2, © + 5.0 mg/l BA had the best influence on
indirect organogenesis in 6 of the plum cultivars tested, with the best result recorded by
the 'Blue Free' cultivar 2.(93.7%), while in direct organogenesis regardless of the culture
medium \ariant, the 'Alina’ and 'Valor' varieties stand out by having 100% direct
regeneration for both intact and injured cotyledons.

The cultivars 'Stanley' and 'Silvia' can be included in the group of cultivars with low
regeneration potential, and the varieti€ras ameliorat’ and Tuleu gras' can be
considered as having a very low potential for shoot regeneration from in vitro somatic
tissues. 'Tuleu gras' is at the lower end of the scale with 0% regeneration for intact
cotyledons and 18.7% for injured ones.

The very low frequency of plant regeneration from cotyledons taken from embryos
belonging to the "Tuleu gras' and 'Gras ameliorat' cultivars constitutes an indisputable
confirmation of the genetic determinism of the organogenesis capacity, given that these
cultivars are closely related, since the Tuleu gras' variety is one of the genitors of the
‘Gras ameliorat' cultivar.

Although a few cherry cultivars were investigated for their organogenesis potential, we
can conclude that the cotyledons of cherry haverg low ability to regenerate shoots,

as compared to those of plum.

Significant differences in the genetic potential for organogenesisifraitro culture of
immature cotyledons was found in both plum and cherry cultivars which must be
considered wheattempting the use of somaclonal selection or transformation for their
genetic improvement.

In cultivars having low ability of shoot regeneration from theivitro culture immature
cotyledons, wounding of cotyledons and the use of TDZ could allow higfegrencies

of explants regenerating shoots, as well as higher number of shoots formed per
responsive cotyledon.

Although the use of the auxin 2[% should promote callus formation and therefore
indirect organogenesis when combined with BA, shoot formaticcurred in some
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cultivars by direct organogenesis, as in case of cotyledons cultured on medium
containing IBA and either BA or TDZ.

10.In cultivars having low ability of shoot regeneration from their in vitro cultured
immature cotyledons, wounding of cotgtens and the use of TDZ could allow higher
frequencies of explants regenerating shoots, as well as higher number of shoots formed
per responsive cotyledon.
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Anther culture is an efficient biotechnological method for obtaining haploid and double haploid plaimtsvity
androgenesis. The technique invake isolation of microspores from anthers and their regeneration under controlled
laboratory conditions, followed bgx vitro acclimatization of the plant. This method significantly contributes to plant
improvement by reducing the time required to dgvelew genetically stable genotypes. Evaluation of morphological
traits and genetic analysis using molecular markers confirmed the haploid origin of the regenerated plants and their
genetic diversityThe objectives of this study were to testithgitro regeneration capacity of anthers in five tomato

vari e

ties obtained at | NCDBH G efanesti, evaluate t he

perform genetic analysis using Simple Sequence Repeat (SSR) markers to identify possibleasoragatioms
resulting from the indirect organogenesis process. Successfully regenerated plants were obtained from only two of the

five

tested varieties, respectively '"Costate 21°' and

differencesbetween the regenerants and the donor plants, confirming that the regeneration process can generate
genetic variability.

Keywords:androgenesis, morphological evaluation, genetic variability, Solanum lycopersicum.

Rezumat

Cultura anterebioot eelsrtcel oogimet oedfti ci entt de obWinere a
andr ogrevitte.ztTehnica implict izolarea microsporilor din
de | aborator, ur mavitlo a dlante a c lAiceaatsitzzarmeat odt contri bui e

pl antel or prin reducerea timpul ui necesar dezvol tbrili
mor fol ogi ce, "mpreunt cu analiza geneined heapbsesi ad @ama
regenerate @i diversitatea | or genetict. Obiectivul a
anterelor |l a cinci Ssoi uri de tomate obWwi nut e plangelori NCDB F
regenerate @i analiza genetickt prin markeri Simpl e Sec
somacl onale rezultate din procesul de organogenezt i no
dout dehereinci soi uri testat e, respectiv o6Costate 21
di ferenwe genetice “"ntre regeneranwi Oi pl antele don:
variabilitate genetict.

Cuvintecheietandr ogenezt, evaluare morfologickt, variabilitate

INTRODUCTION

Solanum lycopersicurh. is the second most consumed vegetable in the world, after the
potato (Ibitoyeet al, 2009; Kambalet al, 2023), and is native to StuAmerica (Sumedreet al.,
2024). Tomatoes are being researched as a crop of global interest due to their high production
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gualities in different crop and climate areas (Gerszberg and Hnatlsrlk@, 2017) and their
organoleptic qualities.

In vitro andrognesis, as a biotechnological approach for obtaining haploid and double
haploid plants, among the procedures for regenerating new genotypes in a single generation, has
aroused great interest among researchers (Saath&z22020; Badulescat al, 2022).

Tomatoes are still a recalcitrant species to this regeneration process and require
improvements to be applied in breeding processes ($Bgnarro et al. 2011) compared to other
types of cropsTriticum aestivuni., Hordeum vulgard.., x Triticosecale Wim., Oryza satival.,
Brassicasp., Solanum melongenk., Capsicum annuurh. and Nicotiana tabacuni.) for these
species this methodology of obtaining double haploids has been efficient for obtaining new
genotypes (Saeedt al, 2019).

Tomato accessions dnavailable germplasm constitute valuable resources in genetic
breeding programs, used for morphological characterization and the evaluation of genetic diversity.
By applying molecular markers, researchers can identify genotypes with traits and getesgstf in
essential for improving tomato culture (8hammari & Hamdi, 2021; Sumedrea al, 2024).

Under favorablein vitro culture conditions, plant regeneration from anthers can occur through
direct or indirect embryogenesis, or indirect organogenesssjting in haploid or doublleaploid

plants (SeguSimarro and Nuez, 2007; Zhao al, 2014; MéndeHernandezt al, 2019). In the

case of indirect regeneration, whether through organogenesis or embryogenesis, it is essential to
analyze the ploidy levebf calli to understand the origin of the regenerants and confirm their
provenance from microspores (Juli@bal, 2015).In vitro regeneration is often a laborious and
complex process, so selecting the obtained plants requires precise methods fonidetgioidy,

such as chromosome counting in root cells or analysis of DNA content by flow cytometry (Murovec
and Bohanec, 2012).

Existing studies have shown tHadlanum lycopersicuis a difficult species in this type of
regeneration, which highlights éhneed to improve regeneration techniques, as well as careful
characterization of the newly obtained plant material (Tradeu De €aaila 2002; Prihatnat al,

2019).

Regardless of the regeneration method used, regenerants are selected based on their
characterization using morphological, biochemical, and molecular markers (G€batigjoet al.,
2013; Prihatnat al, 2019).

Plants obtained from complex plant organs ioy vitro regeneration may present
morphological traits different from the donoergptype. In the case of androgenesis, the use of
molecular markers such as SSR and RFLP allows confirming the genetic uniformity of regenerants
or highlighting somaclonal variations induced during culture (Krigdtnal, 2016; Cao and Deng,
2020; Betdlp20X)s c u

Considering the potential and challenges of plant regeneration through anther culture, this
work set the following objectives: a) testing timevitro regeneration capacity of anthers in five
tomato citivars; b) evaluating the phenotypic characteristics of the regenerants, compared to the
original cultivar; c) the use of SSR markers to verify the genetic uniformity of plants derived from
anthers and to detect possible somaclonal variations occurrihg icease of regeneration through
indirect organogenesis.

MATERIAL SAND METHOD S
Plant material
The biological material used for the initiationiofvitro anther cultures was represented by

five tomato varietiesSolanum lycopersicunobtained within theNational Institute for Research
and Development for Horticultar and Biotechnology (INCDBH): Ar ge Hand1lATr ge H 20
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determinate growth varieties, ar@state 21 At e f £ n eddd ft e 2 R n e iAdetermira#
growth varieties.

Microspore analysis and pregration of floral buds for in vitro culture initiation

Unopened floral buds, measuring betweé@ & m in length, were collected in the early
morning from vigorous, greenhougeown plants and stored at 4°C for approximately 48 hours to
preserve viability.Subsequently, bud and anther lengths were measured, and the developmental
stages of microspores were assessed microscopically using an OPTIKA digital binocular
microscope and the LUNA automated cell counter. Before use, the buds were susfaeobzed
according to a protocol involving treatment with 70% ethanol fér205seconds, immersion in a
10% sodium hypochlorite solution for 20 minutes, and several rinses with sterile distilled water

Culture media optimization and conditions for anther culture

Anthers, under sterile conditions, in a laminar flow hood, were excised from the flower buds
and inoculated onto Murashige and Skoog (MS, 1962) basal medium supplemented with 20 g/L
sucrose and 7 g/L agar, adjusted to pH 6.8, and autoclaved at 121°C fdr dhinutes.

Four variants of initiation medium, each containing MS maaral micronutrient elements,
with specific supplements were tested at this stage: (1) 0.5 mg/L kinetin (Kin) and 0.5 mg/L indole
3-acetic acid (IAA); (2) 2.0 mg/L ®enzylaminopurineBAP) and 1.0 mg/L 1AA; (3) 1.0 mg/L
BAP and 1.0 mg/L 24lichlorophenoxyacetic acid (2[); (4) 2.0 mg/L BAP and 2.0 mg/L 2.

The cultures were incubated under intumescent conditions at 24+2°C for 14 days, followed
by transfer to a growth chamber wahphotoperiod of 16 hours light and 8 hours dark (light: 24°C,
dark: 22°C).

Viable anthers and those with callus formation or organogenetic structures were transferred
to MS induction media supplemented with: (5) 0.5 mg/L IAA and 0.25 mg/L zeatin (Z2.@6)
mg/L BAP and 1.0 mg/L IAA. Shoots,i8 cm long, were transferred to MS medium without
hormones for rooting.

Observations included the assessment of anther viability, callus formation, and
differentiation of organogenetic structures. The data obtaives@ analyzed using ANOVA and
Tukey and Duncan statistical tests.

Evaluation of morphological features

The characterization of the phenotypes of plants obtained from anther culture and
transferred to soil in a greenhouse, as well as those grown in thed sgEeeration, was conducted
according to international standards for tomdtpcOpersiconspp.) descriptors, as established by
the International Plant Genetic Resources Institute (IPGRI, 1996). The assessments were performed
at optimal developmental stageas specified by IPGRI guidelines, to ensure accuracy and
consistency in the assessment of morphological traits of the regenerants compared to the donor
plant.

DNA extraction and SSR marker analysis

Total genomic DNA was extracted from young leaf tissofeBeld-grown plants using the
Qiagen DNeasy Plant Mini Kit protocol. For genetic analysis, nine SSR markers were employed:
SSR47, SSR62, SSR63, SSR70, SSR107, SSR110, SSR111,-7SLM@l SLM612. PCR
amplification and the analysis of the resulting prdduvere conducted following the procedures
described dag®BRdul escu

RESULTS AND DISCUSSION
Flower bud selection and culture conditions for anther culture in tomatoes

The success of anther culture in tomatoes depends largely on the aengidication of the
optimal stage of flower bud development and the careful selection of culture conditions.
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In this study, five tomato genotyped,r ge HAryte Hit aflt nefHef LB paRd i 2 4
Costate 21 were analyzed for morphological and phisgical parameters that influence the
efficiency of anther culture and haploid plant regeneration.

Morphological traits and optimal harvest time

The results demonstrated that the optimal time for harvesting flower buds for anther culture
varied between getypes, with a clear correlation between the size of flower components (sepals,
petals, pistils) and the potential for callus formation (Popestaill, 2022).

Larger flower buds generally indicated a higher probability of containing undifferentiated
cells suitable forin vitro dedifferentiation, supporting the findings of Zhab al. (2014). The
genotypes diffexd in their floral morphologyA r g e HndAR 10 g e ‘iereldistinguished by their
longer perianth elements and light green bracts and sepalsssaggacreased protection of the
reproductive organs. In contrast, e f + n gjiHe 1 £ & @ridCostate224had shorter sepals, but
the bud surfaces with denser hairs suggested alternative protection (Fig.1).

Fig. 1. Developmental stages of tomatitoral buds for efficient anther culture: optimal bud selection, carpel
elimination, and anther isolation- A. Buds at the optimal harvest stage; B. Removal of carpels; C. Excised
anthers/ Fig. 1. Stadiile de dezvoltare ale mugurilor florali de tomatetpenu cul t ura eficientt a
optimk a muguril or, el i mi n-aAr Muguri & atadipl @gdtim deueicoltafe; B.i z ol ar e
Cndeptrtarea carpelelor:; C. Anterele ex:

Measurements showed that bud sizes ranged from 4.8.27omm in length, with
corresponding anther sizes ranging from 2.1 to 6.8 mm, reinforcing that anther length is typically
2.113.4 mm shorter than the floral bud itself. This consistent relationship provides a reliable
morphological marker for identifyinguals containing microspores at the appropriate developmental
stage.

This is in agreement with Summess al. (1992) and SegtBimarro & Nuez (2005), who
highlighted the importance of anther length in selecting microspores during meiotic division or the
tetrad stage, crucial phases for gynogenesis. In addition to size, anther color and texture, especially
a bright yellow and translucent appearance, were important indicators of readiness for culture.

Culture initiation and cold pretreatment

A cold pretreatmenat 4°C was applied before culture initiation to increase the success rate
of anther culture. This approach, supported by Shariatpanahi et al. (2006), induced dedifferentiation
and improved viability. When floral buds were inoculated immediately afteesawithout this
treatment, cultures failed due to necrosis. However, in the case ofrealdd anthar viability
ranged from 33.9%A r g e td 42990A r g e Hfterltivlo weeks in the darlsome viable anthers
showed wall ruptures and early callus forimat and upon first transfer to fresh media,
differentiation processes accelerated.

The culture media had varied compositions, with some variants containiig, 2vhile
others used balanced combinations of IAA, BAP, and Z. Althougib2ykdia induced nre callus
formation, media 1 and 2 facilitated both callus and organogémictwe development (15.3% in
At ef £ n eBA5%INRAge)H 20

Anther culture and in vitro plant regeneration
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To initiate anther culture, flower buds selected based on the size and stage of development
of the anthers were used. Before inoculation, the biological material was imeshé 4°C, which
led to a significant increase in the viability of the explants. In the absence of this treatment, the
cultures showed early necrosis and did not generate a morphogenetic response.

Following the treatment, the viability of the antherseatwo weeks of cultivation in the
dark ranged between 33.9% ( g e Hand2407.9% A r g e HDuting the cultivation, cases of
rupture of the anther wall were observed, followed by the initiation of callus formation. After the
first transfer to fresh media, the differentiation processes were accelerated (Fig.2.C).

' A S
’ ‘ZS .- -
. wN
»
c.\;

Fig.2 Processes of differentiation and regeneration in callus derived from tomato anthers over 5 months from
culture initiation T A. Differentiation of callus into embryogenic tissue (months 23), B. Callus induction from
anthers, C. Plant regeneration &#er 5 months from culture initiation /Fig. 2Pr ocese de di ferenwi e
"n calus derivat din antere deA.t oafter @ere®kiter éda | awali u del
(lunile 213 ) , B. Il nducerea calusul ui din antieWwiegr e€Ca Rwelgtewnre

The composition of the culture media varied: some variants containdd &s4the main
regulator, while others included combinations of IAA, BAP, and zeatin. TheD 2media
predominantly induced callus formation, without subsequent rdift@ation, while the media
designated 1 and 2 allowed both callus formation and the initiation of organogenesis, with
frequencies ranging from 15.3%t( e f £ n etdB0.6% Lr4g e)H 2 0

The explants were subsequently transferred to differentiation medir(ts 5 and 6),
where two distinct behaviors were recorded depending on the initial medium. Explants from media
1 and 2 showed organogenesis capacity, with percentages ranging betweent6®% £ n ¢ Ht i
and 27.5%Ar ge)H @M medium 5+( 0. 25mogigL LT 71 2% gaejHd 2We 1
and 18.5%Costate2) on medium 6 (2.0 mgLL T BAP + 1.0
and 4 (with 2,4D) formed only calluses, which went into necrosis regardless of the differentiation
medium used subsequity.

After five months, the formed shoots were transferred to horffreeemedia, where they
achieved efficient rooting (Fig. 2). Experiments repeated for three years revealed a stable
regenerative behavior, specific to the genotypes analyzed. The gestypg e Bndfit e f £ n e Ht i
24 generated calluses with embryogenic potenial t e f £ n e Ht i 22E shansdved r
the genotyped r g e &hdQoS6tate 21regenerated complete, morphologically normal plants.

These plants were successfully acclimadizinderex vitroconditions, maintaining viability
and morphological stability during two consecutive growing seas®hs. results obtained
demonstrate the essential influence of the type of growth regulator on the direction of
morphogenetic developmeras well as the need to adapt culture protocols depending on the
specific response of each genotype. This aspect is crucial for streamiinuitgo regeneration
processes within tomato breeding programs.

Morphological characterization of plants regeneratdy anther culture

Following regeneration by anther culture, ptaobtained from the cultivafSostate 21and
A r g e Bhowed significant morphological variability, with obvious differences compared to the
donor cultivars from which the flowering buds neg¢aken.
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Morphological characterization was performed after acclimatization of the seedlings under
ex vitro conditions and their transfer to the greenhouse, using phenotypic descriptors specific to
tomatoes, following the internationalcopersicon(Solanum lycopersicuindescriptor standards
(IPGRI, 1996). The traits monitored included plant height, leaf density, leaf shape, floral characters,
and frut morphology. For the cultivaEostate 21 out of the 36 plants regeneraiadiitro, 20 were
successfull acclimatized and transferred to the soil in the greenhouse. Plant height ranged between
140 and 250 cm, with only 9 plants registering a large size (code 7), similar to the donor cultivar.
The others were medium (code 5) or small (code 3), often cadehdth necrotic inflorescences or
seedless fruits. The leaf type varied between the standard leaf (code 3) and the peruvianum type
(code 4), but a plant with a dwarf leaf type (code 1) was also identified. The position of the stigma,
essential for the defertilization capacity, was different in the regenerants: from the inserted style
(code 1) to the highly exerted style (code 4), which may influence fertility. The shape of the fruits
varied from flattened to round, the color at maturity being predortiyneed, except for two plants
in which the fruits remained green until late autumn. Only 9 of the 17 plants that reached maturity
produced fruits with viable seeds.

In the case of the variedy r g e H0 seédlings were transferred to the greenhouse in three
stages. Only 5 of these plants showed normal development and produced fruits with seeds. Plants
acclimatized later (December and January) showed weaker vegetative development, lower height,
and small and uneven fruits. Even though the initial appearance was similar to that of the control,
morphological differences were accentuated in the greenhouse, suggesting the influence of the
duration of then vitro phase on phenotypic stability.

To lummarize these findings, Table 2 presents a comparative overview of the key
morphological traits evaluated in regenerants from both varieties.

Table 2. Main morphological features of antherderived regenerants/ Tabelul 2 Principalele caracteristici

morfol ogi ce al e regieantereanwi | or derivati
Morphological Trait / Costate 21(36 regenerated, 20 Ar g e HO0 r2generated, 5
Donor genotype acclimatized) acclimatized)
Number of Acclimatized Plants 20 (55.6%) 5 (50%)
. 140 250cm; shorter plants showed reproductive | Not specified; growth rate varied among regenera|
Plant Height (7.1.2.2) anomalies (between 21144cm)

Varied: Dwarf (1), Standard (3), Peruvianiype

Leaf Type (7.1.2.9) (@)

Mainly Standard (3); some variations noted

Foliage Density{.1.2.6) Ranged from Sparse (3) to Very Dense (7) Generally Medium (5); low variability

Style Position (7.2.1.7) Inserted (1), Same Level (2), Slightly Exserted (3

Highly Exserted (4) Inserted (1), Same Level (2

Fruit Shape (7.2.2.5) From Flattened (1fp Highly Rounded (4) Rounded to Slightly Flattenedi(2)
Fruit CrossSection Shape (7.2.2.29] Round (1), Angular (2) Round (1)
Fruit Color at Full Maturity Mainly Red (5); plants 1 and 20 retained green, | Mostly Red (5); somé&uits with incomplete
(7.2.2.11) immature fruits development
Plants with Viable, Seeded Fruits | 9 out of 17 3outof5
Unique plants with dense foliage/seerect leaves, | Somaclonal variation confirmed at the molecular

Notable Observations high vigor, or unique flavor level; variel fertility and vigor

Molecular Analysis of AnthetDerived Lines Using SSRs

To assess the genetic variability induced durmgitro regeneration by anther culture and
to complement the morphological characterization that may be influenced by envitahfaetors
(Garcia et al, 2004; Irikovaet al, 2011), molecular analyses were performed using Simple
Sequence Repeat (SSR) markers (Shedtah 2009).

These molecular markers provide higfsolution information on genomic polymorphisms
and are effetive in identifying genetic variation in the analyzed tomato genotyfesarfum
lycopersicump (Khanetal , 2020 ;etd 20R)] es cu
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SSR markers previously validated for their ability to reveal polymorphism among tomato
cultivars regenerated from ter culture. DNA was extracted from androgenetic plants derived
from both the cultivar€ostate 21andA r g e, lds v&lDas from the donor cultivars.

Amplification of these markers generated polymorphic banding profiles, with clear allelic
differences oberved both between regenerated individuals and between regenerants and their
respective donor cultivars (Fig).

These findings demonstrate that regenerated plants are not genetically identical to the donor
plants, supporting the hypothesis that theenegation process originates from microspores rather
than somatic tissues in the anther (Bull & Michelmore, 2022; Popsay 2022; Sumedreet al.,

2024).

— s e QD T e

cC 1 T 4 5 6 7 8 9 10 11 12 13 14

Fig. 3. Electrophoretic profiles of DNA fragments. L = molecular weight ladder; C =donor plant of the

cultivar Costate 21; lanes 1 14 represent distinct regenerants obtained through in vitro anther culturd Fig. 3.
Profile electroforetice ale fragmentelorde ADN. = mar ker de gCemntplteantmbl ¢dcmudtaoar
Costae 2L benzielil4 reprezintt regeneranwi di feri wi obWwi nt

For the cultivarCostate 21 a wide range of genetic profiles was observed among the 20
androgenetic plants acclimatized to greenhouse conditions. Similarthe case foAr ge'H 20
molecular analysis of the five plants that reached maturity confirmed distinct SSR profiles,
indicating somaclonal variation.

These results align with the phenotypic variability recorded during the morphological
evaluation phase and confirmatibgenetic changes occurred duringitro culture, probably due to
either microspor@lerived embryogenesis or spontaneous mutations induced during tissue culture.
Furthermore, progeny obtained by seed germination from androgenetic gfl&dstate 21were
also analyzed. SSR profiling revealed uniform banding patterns within thelsgeed lines, but
distinct from the original donor variety (Fid). This suggests that the androgenetic lines have
achieved genetic stability and that the traits introducedixed by in vitro regeneration were
heritable. This progeny can be regarded as new genotypes, valuable for genetic improvement and
selection in tomato breeding programs.

Fig. 4. Electrophoretic analysis of SSR amplified products from secongear plants derived from seeds

obtained through in vitro regeneration; L = molecular weight marker; 1-9 = plants; C21 = control, Costate 21

Fig. 4 Analiza electroforetickt a produselor amplificat
prin regenerare in vitro,; -9L=phntan@2d k comtrol@ostatg2l e ut at e mc

The application of simple sequenmepeat (SSR) molecular markers in the evaluation of
regenerantdlerived from anther culture @ostate 2landA r g e tdma&2olcultivars revealed clear
patterns of induced genetic polymorphism, reflecting signifigariomic differencegrom the
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donor plats. SSR profiling enabled the detection of novel allelic configurations and the
identification of stable, genetically distinct lines, thereby confirming the efficacy of these markers
in characterizing somaclonal variation at a high resolution.

The observeé molecular diversity underscores the genomic impaat @ftro androgenesis
and highlights SSR markers as a powerful tool for monitoring genetic integrity, assessing clonal
fidelity, and guiding selection in tomato breeding.

These results emphasize tleetical role of markerassisted analysis in ensuring the
traceability and reproducibility of regeneration protocols aimed at developing new, genetically
unique tomato lines.

CONCLUSION

The study demonstrated that plant regeneration from anther culturdlusnced by
genotype, microspore stage at haryvastl the composition of the initiation medium. Cold treatment
and optimized media (1,,2nd 5) favored callus formation and regeneration, especially in the
Ar g e HndEZdstate 21varieties, unlike media with 2B, which generated only nenable
callus(without shoot differentiation or plant regeneration)

In vitro regeneration was successful for two of the tomato cultivaostate 21landAr g e 'H
20, which poduced regenerated plants distinct from the donor plants.

The regenerated plants showed morphological differences compared to the donor plants,
confirmed by SSR analysis, which revealed genetic variations between the regenerants and the
donor cultivars.

Plants regenerated from seeds obtained from the second generation demonstrated genetic
stability and uniformity, indicating their potential for use in breeding programs.
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Abstract

Fruit breeding in Romania began with the selection of local genotypes, laying the foundation for systematic breeding
programs. A major milestone was achieved in99hen Nicolae Constantinescu and Profirie Popa initiated the first

peach breeding program #te Research and Development Station for Fruit Growing n e (RSF&B L n e).a8Ssee

t hen, it has remained a |l eading institution, with not
Antonia IvadBcu in peach breeding, enhancing f rrsity,t qual
RSFGB L n e iatsgaated germplasm from China, Italy, Spain, and the U.S., focusing on disease resistance, fruit
quality, and climatic adaptability. The achievements include disessstant selections, flat peaches and dwarf
varieties, and cultivas for industrial processind.ooking ahead, fruit breeding must remain a priority, particularly in
addressing climate change. Key objectives include conserving genetic diversity and usingaseigted selection

(MAS) to develop varieties resilient taddrosts, drought, and extreme temperatures, phenomena that are increasingly
affecting Romanian orchards. Expanding the genetic base through global germplasm integration will be essential for
strengthening resistance to diseases, pests, and environm&ntgkors. Advancements in molecular genetics,
digitalization, and mechanization are transforming breeding programs. Identifying molecular markers improves
resistance breeding, while systematic data collection and automation optimize orchard manabespétet.land and

financial constraints, RSF® lheasaremains a key player in conserving native genetic resources and fruit breeding
research. Continued investment in innovation is vital for developing new varieties and ensuring teenfowigbility

of Romaniab6s fruit sector.

Keywords:breeding, aricot, peach, climate resilience, genetic diversity.

Rezumat

Ameliorarea pomilor fructiferi iIrRom&iaa "~ nceput prin selecWia genotipuril
sistematice de ameliorare. Un moment important a fost in 1949, cand NiomlaesCt ant i nescu Oi Profi
primul program de ameliorare al piersicului 18 tien@a de Cercetaré Dezvoltare pentrl® o mi c¢ uBl oeasa t

(SCDPB heasa). Deatuncgt ainea a rtmas o instituWie r emrrieczteintBtli arrt
ameliorarea <caisului Oi Antoni ei lvaBbcu “n cea a pie
rezilienwa acestor a. PentruBieetismdar éant cigry et s igtelr Wmoip | @ e
Sp aniiSHA, dncentrands e pe rezistenwa |l a boli, calitatea fruct
obWwinute selecWwii rezistente I a bol i, SOoi uri de pier
Amel i orarea nktebuiper iolrit ame, ma i ales “n faWwa schi mb!
conservarea diversittWwii genetice @i sel ecWwia asistat
"ngheWwur i t ©r zi i, secedre (da rtee mpfea catt eua 7 ¢ Romaia lategirea heinto n
germopl as mei globale va fi esenWwialt pentru credterea
genetica mol ecul art, di gital i za reemetibrare. ndemtificarda zmankegilor t r a n
mol ecul ari "mbuntttwedOte selecWwia, iar aut onmdiudaz ar e a
constr®©ngerilor l egate de pieBdeasa teméneriol ouni biat &
conservarea patrimoniul ui genetic autohton Oi al cerce
pentru dezvoltarea de noi soiuri Qi pentru viabilitate
Cuvinte cheie:ameliorare, cais pi ersic, rezilienwt climatickt, diversit:
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INTRODUCTION

Romania has a long tradition of cultivatifRyunus species, with historical records of
apricots and peaches being grown since thfecl@ nt ury (Btl an et al ., 20
breeding efforts began in the ma@" century. After World War I, organized fruit breeding
programs were initiated under the coordination of visionary horticulturists. For ped&tesig
persica(L.) Batsch), foreign cultivars were first introduced to Rania in the late 19century €.g.
the Istrid nursery in 1893) and tested by nurseries and pomologists. A formal peach breeding
program was established around 1949 at the Institute of Agronomic Research of Romania (ICAR)
under Prof. Nicolae Constantinesanarking the start of developing local peach varieties. The
creation of a dedicated horticultural research institute in 1957 led to a new era: breeders such as
Porfirie Popa aB heasaResearch Station began extensive crossing and selection work orgpeach
( St tenal,2@21) Similarly, apricot Prunus armeniacéd.) breeding gained momentum later in
the 20" century. By 1980, RSF® heasahad launched a program focused on apricot disease
resi st artalk 2000B and ia h98& comprehensive &pot genetic improvement program
was under galy2007)BL | an

RSFG B heasa located near Bucharest, emerged as a central node for these breeding
activities. Together with other stations liRgesttMt ciheniandC o n sa Balreakkspearheaded
thedevel opment of new peach and apri-coatinentalul t i
cimate( BL | an & |.Vhe station,assdnthl@dda)wide array of genetic resources, including
local genotypes and exotic germplasm from the USA, Western EunogeClana, to extend the
breeding pool (I vaHc u et&al, 3006). Oya the @6afeb,;breefiagn s a
objectives expanded from simply introducing foreign varieties to creating Rordam@drcultivars
that combine superior fruit quality with gatability to local growing conditionse(g. tolerance to
cold winters and late frost§) BL | an & | BilalHa al,,2003. Résdarchers & heasa
have particularly focused on traits such as extended ripening season (from veryo eatky
maturingcultivars), improved flavour and nutritional content, resistance to major diseases, and tree
traits like reduced vigour and later bloom time to escape spring frosts.

Notabl vy, Dr . Viorica Btlanbés team concent:
1980s onward, releasing numerous cultivars and studii@g n her i t ance odtalkey t
2007; etakl a2010) . I n parall el Dr . Antonia | v
breeding and germplasm program, emphasizing disease resistad quality in new peach and
nectarine varieties (lvaHcu & Stinga, 2006) .
at RSFGB heasahave built a rich genetic heritage, a legacy of breeding lines, cultivars, and
preserved gene bank access. This article synthesizes the past achievements oB theasa
breeding programs in peaches and apricots and discusses future perspectives. Emphasis is placed ol
how traditional breeding has been augmented by molecular tools and how the resultirg genet
resources can help address upcoming challenges such as climate change, emerging pests, and th
need for sustainable orchard management. This paper also aims to document past achievements anc
outline updated breeding directions focused on resiliencelinsate change and diversified
consumer demands.

MATERIAL SAND METH ODS

Genetic Resources

The breeding work at RSFB heasahas drawn on extensive genetic resources maintained
onsite and via collaborations. In apricot, a broad gene poolef 650 apricot genotypesas
preserved, representing landraces and diverse cultivars from at least seven geographic regions
(BLh et al, 2007. This living gene bank included both Romanian traditional varieties and
valuable foreign accessions, ensuring a wide reservoir of traits (fruit characteristics, phenology,
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stress tolerances) for breedingntil the 1990s, the RSF® heasa cllection of peach and
nectarine varieties included approximately 670 elite selections, along with thousands of hybrid
seedlings (1 vaHeumplaam Sturced fgoa China @nd 6ther centers of diversity
was especia)l important for introdumg novel genes for disease resistance and adaptation
(Sansaviniet al, 2006) Wild relatives and exoti®runus species (such aB. davidianaand P.
ferganensiswere also evaluated as potential donors of pest and disease resistancg éllgles Hc u &
Stinga, D06). Throughout the breeding programs, planned crosses were conducted using selected
superior cultivars, combining cclabrdy or flavourful local varieties with diseasssistant or late
bl ooming exotic genotypesetélP806lan & | vaHcu, 19

Breeding Methods

TheB heasaResearch tation employedlassical breeding technique$or both apricot and
peach improvement. Controlled hybridization was the primary method: hundreds of cross
combinations were made to generatefiyst n e r a)thybodnpop(ldtions. For apricots, a diallel
crossing scheme was used among selected parents with desirable quality attributes, yi&fing 12
F seedling8tipam ¢ @aSubskquent genérdtiény were produced to amplify
genetic variationselfp ol | i nati on of F hybr i ds-conopatibildyt e d F
allowed), andback r o s ses were done by crossing F hybr
specifictraits{ BL | a n e .tin addition,physic@l hBtggenesisvasexplored to induce novel
traits: for instancebuds of the apricot cultiv&omandorwer e i rr adi ated wi th
grafted, producing mutant | ines (V and V ) t
( B L Ektaln 2006) Open pollinéion in germplasm orchards provided another source of variable
seedlings, especially in peach; thousands of such-ppiéinated seedlings were screened for
promising traitsl va Hcu & Stinga, 2006)

Selection and evaluation practices

Selection and evaluan practices were rigorous and letegm. Seedling screenindor
disease resistance was initiated at early stages, for example, young peach hybrids were exposed to
pathogens (in greenhouse or nursery conditions) to quickly eliminate susceptible indi{liduah 'Hc u
& Stinga, 2006). Apricot seedlings were often inoculated or tested under high disease pressure for
fungal diseases (lik&tigmina carpophildeaf spot andMonilinia fruit rot) and observed for any
Plum Pox Virus( s har k a) s y mtpat, @00G OnlyBatsiall riraction of hybrids with
superior resistance and horticultural traits advanced to field trial®8 ¥éasaand its regional
partner stationsfield trials (competitive varietal testing plots) were established to evaluate the
performance otlite selections under real orchard conditions. For instance, in one apricot breeding
cycle, 240 elite hybridsvere planted in comparative trialsBitheasaandC o n sa about’ U0% of
these met the stringent standards for fruit quality, yield, and regilie ( €B &l,| 2810). Over
multiple years, data on flowering time, ripening date, yield, fruit size, flavour, and pest/disease
incidence were collected. Standard pomological measurements were taken (fruit weight from
samples of 2680 fruits, soluble dals content, acidity, etc.) to compare selections with commercial
cultivar benchmarks (Dumitret al, 2009). Tree habit and productivite.§. presence of spur
bearing branches, tendency toward alternate bearing) were also assessed in these trisitsg Promi
selections that consistently outperformed existing varieties across seasons and locations were
proposed for release as new cultivars.

In addition to conventional hybridization and selection methods conducted within the station
and its breeding depamnent, RSFGB heasaalso implemented physical mutagenesis as a
complementary breeding strategy. This approach, using e®lalt ( Co) at a dos
proved effective in expanding phenotypic variability, particularlyhe standard apricot cultivar
Comandor. Notable outcomes included the induction of reduced tree vigour, an important trait for
orchard management and hidansity planting, as well as alterations in fruit quality attributes such
as dry matter, vitamin C, and carotene content. Althouglptimary goal of mutation breeding was
to generate compact tree architecture and improve fruit quality, variations also emerged in
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flowering and ripening periods, and in certain cases, pigment intensity in the fruit flesh. These
findings demonstrated thatduced mutations could be a valuable tool in apricot improvement,
offering novel genotypes that would have been difficult to obtain through crossing alone. However,
some mutant lines showed reduced resistance to key patheganssStigmina carpophilaand
Cytospora cinctacompared to the parental genotype, highlighting the importance of integrated
screening during selection (Btlan, 1995).

RESULTS AND DISCUSSION

Breeding Achievements and Key Cultivars

Through decades of systematic breeding, RBR@easehas developed ampressive array
of apricot and peach cultivars tailored to RO
between 1983 and 2006 yieldeder a dozen new cultivarsnany of which have been officially
homologated (registered) and released for censral cultivation(B £ | et ral, 2007. These
include R a r, evVileria, Carmela, Viorica, Ni c u KAdima, Alexandru, Bucovina, Siret,

Atractiv, Dacia, Excelsior, Favorit, Comandor, and Olimp from the B heasastation, among
others(B L | e al, 2007. Eachof these varieties embodies specific improvements targeted by the
breeding program. For exampR,a r (ee€Hved from &B heasahybrid cross B12/6 x NJA13) is an
earlyripening apricothat matures in thérst half of Junewith large (666 5 g ) esphericalj at e d
fruits of excellent taste and arona £ | et al, 2010. O0RareH6 also has a c
(shorter internodes and fruiting on spurs), allowing higlarsity plantings and earlier bearing
(fruiting begins in the '8 year)(B L | et al, 2010). On the other endf the season, cultivars like
Excelsior and Comandor extend apricot harvest into late summer (August), helpirextend the
consumption periodf fresh apricots, a major breeding g@alt | edal , 200étal, 2BX).l an
Severalof the B heasaapricots also have improved pdsrvest characteristics (firm flesh, better
storability) and attractive appearance (bright ground and blush colours), aligning with market
demands for qualit{B £ | edat, 2007%.

In peach breeding, sigmaint advancements were achieved at RBHGeasaparticularly
during the 1990s and early 2000s, under the |
program capitalized on an extensive gene pool of over 670 cultivars and breeding lines from
Romana and abroad, and focused on developing new peach and nectarine varieties tailored to
Romani an environment al chall enges and mar ket
diverse germplasm, including materials from China, the U.S., and SoutheopeElbreeders
released a wide array of cultivars, each exemplifying specific typological and comimercia
improvements. These includé&bngres(white flesh),Victoria (late ripening),Triumf (firm flesh),
and Amalia (intensely colouredlesh), as well as netarines such a$ina andDida for improved
storability, andAntoniaf or superior texture (lvaHcu & Buci

The breeding strategy targeted not only fruit quality and ripening calendar extension (from
early June to late Segmber), but also resistance to critical biotic stressors Tikphrina
deformang Cytospora cinctaMonilinia spp, Sphaerotheca pannosandPlum Pox Virug | v a Hc u
& Stinga, 2006). Diseasieee cultivarssuch aslriumf, Sup er b a d,eandVicdaianwete
confirmed through systematic pathogen screening, including the Dienes staining technique for
mycoplasma detection (lvaHcu & Stinga, 2006)
tolerance, especially frost and spring fluctuation resilience smgugenitors with proven hardiness
like Amsden, Hardyred, andCanada 55111 | vaHcu & Buci umanu, 2006;

125



ACTA AGRICOLA ROMANICA, Volume 7, Year 7, No.7.2.

A notable innovation was the inclusion of dwarfing traits for higinsity orchard
suitability, achieved via hybridization withompact genotypese(g, Albertina, Compact
Redhavern), and the development of selections l&k 85.9.23 and89 BIl 03.21, characterized by
reduced vigour and stabl e pr od uwaitility, the rgedi{(gl v a H
efforts also targetk industrial traits, leading to clingstone cultivars suited for processing
applications such as jams, juices, and canngy tterived from crosses wittbadel, Andross, and
Babygold9( Il vaHcu & Stinga, 2006) .

Altogether, theB heasabreeding program stds out for its multidimensional approach,
integrating classical hybridization, selection from open pollination, mutagenesis, and pathogen
screening, resulting in more than 17 modern cultivars officially registered and adopted in Romania.
These contributios reinforce RSF@ heaséds pi vot al role in shaping
competitive peach germplasm for southeastern

Fruit Quality and Nutritional Improvements

A hallmark of RSFGB heasd s geneti c program hasoffugen t |
guality parameters in both apricots and peaches. Quality encompasses sensory attributes (flavour,
sweetness, texture) as well as nutritional content (vitamins, sugars) and technological traits
(firmness, transportability). Breeding for thesatsr@an be challenging due to coewinheritance
and tradeoffs, yet theB heasgrograms achieved notable progress. In apricot, by inducing greater

genetic variability across generations (F |,
observedsignificant gains in certain quality traitslotably, the lategeneratiorapricot populations
(F , backcr os s, inckasednevdlsahsbleble soBdh and eitdmicdalnpared to
both the original par ent (B laeatiale 200G Fhis andichtest h e

successful transgressive segregation for isagaumulation and nutritional quality, presumably by
combining complementary alleles from different genitors. For example, usingsiigin cultivars
| i IExcelstord abDadiadé as standards, the breeding prog
surpassig those standards in sweetness and dry matter cofBebtl atmal, 200§. Such
improvements are crucial for modern apricot cultivars to meet consumer expectations for richer
taste and for processing uses (dried apricots, juices) requiring high soluble solids ([traltru
2009). Peach breeding similanbyuts emphasis on flavour and texture. Through careful selection,
new peacHugesd |(iak effestl type with aromatic flavour) and firflesh types like
Orriumf6 wer e obtai ned, elkdlénataste anm grontdth &rmness adbqudte r
for handling (lvaHcu & Stinga, 2006) . The i nc¢
heirloom flavourful peaches) helped ensure thmgiroved yield or disease resistance did not come
at the expense of flavoua common risk in breeding (Dumitet al, 2009). By measuringBrix
(sugar content) and titratable acidity in hundreds of hybrid fruits each year, the breeders could select
those with a high sugar/acid ratio conferring a sweet-padiinced taste. Additional recent studies
confirmed th& both genotype and applied agrotechnologies significantly influence fruit firmness
and productivity in apricot. For instance, Oltenatwal (2025) evaluated three apricot cultivars at
RSFGB heasaand demonstrated that varietal differences and management practices jointly affect
key traits such as yield per tree and pulp firmness, reinforcing the role of integrated breeding and
orchard management approaches in fruit quality improvementeitigesult is that many of the
Baneasaleri ved <cultivars are recognized for supe
success imarrying quality with other agronomic traits

Disease and Pest Resistance

A major component of thB heasageneticheritage issnhanced resistance to diseatbed
commonly afflictPrunusspecies. In apricots, the program explicitly targeted a range of fungal and
viral diseases, aiming to create muésistant cultivars, a visionary goal at a time (1980s) when
most apicot breeding worldwide focused on single disease resistance. By the late B39€ssa
breeders had achieved selections that combined resistaioee tor more diseases in one genotype
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( BL ktaln 2009 . For exampl e, t wo promising apricot
BI 6 and 683.34.7 BI 6,0brewnhot(Madniline thxa)s shothmla disease s i st
(Stigmina carpophila cankerqCytospora cinctg andAlternaria fruit rot, and importantly showed
no symptoms of Plum Pox Virus (PPV, sharka) leaves or fruit even under both artificial
inoculation and rtaral exposurg B L lketaalhh 200Q. This breadth of resistance is remarkable,
effectively addressing the most economically serious apricot diseases in Romania. Although
achieving the ideal combination of high resistance and top fruit quality in a single cultivar is
difficult (some of those selections had only moderate fruit size or flagoBrL et @aln2000, the
work demonstrated that the resistant gene sources could be successfully combined. Indeed, crosses
of resistant x resistant or even resistant X susceptibénizawere pursued to accumulate resistance
genes, anthiochemical markersere explored to track resistance alleles in progeny. The program
was pioneering in also recognizing emerging threats: for instance, in 1997 a new apricot breeding
subprogram was itiated to improve resistance &chizophyllum communa wood decay fungus
causing trunk rot in orchards B £ ktaln 200Q. By proactively breeding for such traits, RSFG
B bheasahas been able to release apricot cultivars with substantially better disease prafiles
older varieties. CultivaComandor is one example often noted for its field tolerancertajor
apricot diseases while delivering large, highality fruit; it has become a preferred cultivar in
Romanian orchards partly for thisreagoB £ | an ¢t al ., 2007

Peach and nectarine breedingBatneasasimilarly integrated disease and pest resistance
objectives. Peach leaf curl causedTiaphrina deformangpowdery mildew $phaerotheca pannosa
var. persicag brown rot Monilinia), bacterial canker Gytospora/Leucostoma green aphid
(Myzus persicae and Oriental fruit mothGydia molestp are amonghe challenges for peach
grower s (| va'Hc u collectiBgandhpreservingZgéné solirfresn Brgund the world,
theBaneas ol | ecti on included resistance donors fo
For example, Chinese wild peadh. (davidiana accessions, which are known to carry genes for
leaf curl and powdery mildew resistance, were utilized to transfer those traits into new (Satsavini
al., 2006). One outcome of this approach is the creation of peach lines with signifiocgribyeéd
spring health: somB heasabred peaches show high field resistance to leaf curl, a disease that can
ot herwise defoliate trees in spring anB red.l
davidianaand other wild species has also been crucial in efforts to breedldor Pox Virus
resistance in peacha particularly difficult goal since most commercial peaches are highly
susceptible to this virus. In fact, conventional breeding for PPV resistance in peach is so
challenging that transgenic approaches have been reseantéredtionally as a potential solution
(Sansaviniet al, 2006). While Romania has not deployed transgenic fruit treesB theasa
program has identified a few parent lines (such as cdPainushybrids from INRA France) that
carry partial PPV tolerance (Sansaveti al, 2006), and these have been included in crossing.
Additionally, green aphid resistance, important foruadg virus transmission and minimizing tree
damage, was actively pursued. For instance, the French selection S2678, noted for its resistance to
Myzus persicaewas identified as a valuable parent in breeding programs (Sanstuini2006).
By 2006, thepeach improvement program Btheasahad produced a considerable pipeline of

breeding material: oveol bt &d Ihiymhes ds412265b
were under evalwuation (lvaHcu & Stinga, 2006)

and diseaseesistance traits. Thiereeding objectives between 192000 were firmly centered on
obtaining cultivars resistant to the main diseases causing crop losses in Romania (leaf curl, canker,
mi | dew, PPV, brown rot) (I vaHc u-2086 the tobjectiges , 2 (
expanded to also includesistance to abiotic stressasd orchard performance (yield consistency,
tree form) (l'vaHcu & Stinga, 2006) , as discl
breeding has ensured that the modern vadgetoming out oBheasdé s pr ogr ams ar e
robust than older cultivars, reducing the need for chemical controls and contributing to more
sustainable fruit production.
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Adaptation to Climate and Environmental Conditions

Adapting fruit cultivars todcal environmental stresses has been a defining theme of the
RSFGB heasdbr eedi ng strategy. Romani ads c¢climate,
summers, can be challenging for peaches and apricots, which originate from warmer or more stable
climates. Thus, breeding fopld hardiness and frost avoidartes been critical. One approach has
been to select fdate-flowering genotypes apricot, so that bloom occurs after the most dangerous
spring frost period. The breeding program successélitgpined new apricot hybrids whose bloom
time is significantly later than that of their parent varietiasthout losing early ripening of fruit
( B L Ektalnp 2007). This was achieved by crossing standard cultivars wittblzdening wild or
Central Asian apricot sources, and by cumulative selection over generations. The result is cultivars
that often bloomseveral days (or even a week) later than traditional Romanian apricots, greatly
reducing the risk of flower bud damage from late frosts, an adaptation of great value to growers in
colder regions. Additionallythe winter hardines®f flower buds and woo#as improved. Many
B lheasaapricot releases can tolerate winter temperature drops that would have killed or injured
older varieties; for instance, they can withsta2@°C to -25°C without serious bud loss, a
reflection of genes from hardy genitors and selection under Rangasi cont i nentetal wi
al.,, 2007). In peaches, a similar attention was given to frost resistance: breeding objectives
explicitly included improving resistance to frost and spring temperature fluctuations
acknowledging the reality of climate wok i | i ty (| vaHcu &Bi&tasered a, 2
peaches likeTriumf and Congres are noted to have survived severe winter conditions and late
frosts better than standard varieties, ensuring more reliable yieldsoygag ar (| va Hcu &
2006). Toaddress high summer temperatures and periodic droughts (which are increasing with
climate change), selection for robust tree health and wateefficiency is indirectly achieved by
choosing only those seedlings that fruit consistently under the rejaliovelinput conditions of the
research station (minimal irrigation, typical Romanian soil conditions).oblective of creating
cultivars that do not exhibit alternate bearing. that crop reliably each year despite weather
stresses, has been partlofda br eedi ng goals since 2000 (1 vaH
bearing is partly genetic and partly management, but by selecting genotypes that set flower buds
even after a heavy crop or a weather sh&ckeasabreeders have developed varietigthwnore
stable productivity. Indeed, field trials noted that for certain new apricot seledtiengenotype
had a greater influence on yield than the seasonal effeening some breeds consistently yielded
well across different years (Dumitet al, 2009). This yield stability is a key indicator of good
environmental adaptation.

Another aspect of adaptation tsee architecture and vigautn high-density modern
orchards, more compact trees with spure fruiting (short fruiting branches) and reduaceégbur
are desirable, as they better tolerate mechanical pruning and facilitate harvest. The apricot program
introduced spubearing traits (short fruiting twigs) into new selections, in part via cytoplasmic
inheritance and mutagenesis, resulting in sawmarf or semid wa r f phenodtplpes (
2007). Meanwhile, the peach program explicitly pursdwdrfing traitsby selecting or hybridizing
dwarf genotypes (1l vaHcu &uchtraitsnmpa cultivard likélgxia By |
and others cabe grown on their own roots or on sedwarf rootstocks with a smaller canopy,
fitting modern orchard systems. Rootstock development itself, while outside the scope of this
article, complements scion breeding; ongoing worB &teasancludes evaluatingew rootstock
genotypes that confer improved adaptabilgyg(tolerance to calcareous soil or drought) to grafted
peach tree¢ BL | an & |.VeeidlE the gerletic Inpnovements in phenology (bloom and
ripening time), stress tolerance, and growtbhat have produced cul tivar s
environmental conditions, reflecting the valuelaigterm local breeding versus direct import of
foreign varieties

128



ACTA AGRICOLA ROMANICA, Volume 7, Year 7, No.7.2.

Future Perspectives Challenges and Opportunities

The genetic heritage developatl RSFGB heasaforms a strong foundation to confront
future challenges in fruit growing. One looming challengelimate changewhich is expected to
cause shifts in temperature patterns, more frequent extremes, and new pest/disease pressures
Fortunately, manyraits already emphasized in the breeding programs directly contribute to climate
resilience. For instance, late blooming and flemtdiness will be even more crucial if winters
continue to fluctuate and spr i nggaf2006)sTheswork e c 0 n
done to accumul ate frost tolerance genes in t
developing new cultivars that can cope with erratic winter weather and sudden cold snaps.
Similarly, tolerance to heat and drought cibiotis, while not explicitly a trait targeted in older
programs, can be found in some of the diverse germplasm (such as hardy apricots from Central
Asia, or peaches from the Mediterranean) tAateasahas preserved. These can be utilized in
future crossewo introduce traits like deeper root systems or higher weterefficiency.

Markerassisted selection (MAS) will become an essential tool in accelerating the breeding
process aBaneasalt will allow the tracking of key alleles linked to disease resisg, fruit quality,
and stress tolerance. By identifying QTLs and associated molecular markers, MAS will enable early
selection in large populations, thus improving efficiency and reducing the time and cost of
traditional phenotypic screening.

Another corern with climate change is the potent@hge expansion of pests and diseases
Insect vectors and pathogens not previously seen in Romania may become problematic. The broad
spectrum disease resistance breeding approa&imasawill need to continue eganding to
address issuesich asKanthomona$acterial spot (already a peach issue in warmer regions) or new
viruses. Here, modermolecular breedingvill be a crucial ally: advanced genomic tools could
enable quicker identification of resistance genesmfrwild species and markassisted
introgression of these genes into elite lines.

International collaboration will also play a role, as Romanian researchers can exchange
germplasm and data with other breeding centers tackling similar issuesevErevdving
consumer preferencepose another set of challenges. Tastes may shift towards even more
convenient and novel fruit types, and there is growing interest in very large apricots, or peaches
with unique flesh colours and nutraceutical benefits. As coasymeferences evolve toward new
fruit types with attractive flavour, texture, and appearance, diversification of the breeding targets is
becoming increasingly relevant. The Romanian experience with nectarine cultivars, such as those
developed at th€onsa ra ResearchStation, demonstrates the importance of selecting cultivars
suited for both fresh markets and processing, with appealing attributes such as white/yellow flesh,
semidwar f growt h, and efgab 80@2). The genetib varialymgintajn&lanv £ "H
Bheasdas coll ections (including, for exampl e, a
content) offers opportunities to breed such n
i ngenuity and i vimangtedn(Sahsaviodt al., 2@06) inS@mbisiray these traits to
keep the fruit industry dynamic and appealing.

Finally, sustaining this genetic heritage requires ongoing support for research and
conservation. The accomplishments to datezens of highlyuality, locally adapted cultivars
underscore the value of loitgrm breeding programs. In light of ongoing land disputes and urban
expansion in theB heasaarea of Bucharest, RSFB heasahas initiated the relocation ofs
genetic collection to the Moala o mn e Bxpearinental Base. This site, located northeast of the
capital in llfov County, approximately 17 kmfro Buc har est , s&idaPkig, asubunihi n t
of the Romanian Plain. The farm belongs to the Research and Development Station for Fruit
Growing B heasaand offers improved agroclimatic and logistical conditions for the-tenm
conservation, restoration, and development of valuRhlausgermplasm.

Continuing these programs will require training new generations of plant breeders, investing
in genomic and phenotyping infrastructure, and maintaining rich field collections. In summary,
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RSFGBheasds past and pr e d&kontanianas a Hey shuace of yaluable apricotn e
and peach germplasm. By leveraging both traditional breeding knowledge and-edgagcience,

the station is welprepared to enhance this genetic heritage and address the future needs of fruit
growing in achanging world. The cultivars and knowledge developeB Batasawill not only

benefit Romanian agriculture but may also contribute globally, as breeders everywhere seek
germplasm resilient to climate stress while deliveringgqopa | i ty fr ui t (1 vaHc
Sansavinket al, 2006). This genetic heritagethus a living legagyone that continues to grow and
evolve with each new challenge and innovation.

CONCLUSIONS

Rich Germplasm Foundation

RSFGB heaséhas amassed a broad genetic base of apricot and peach germplasm (including
hundreds of local and ffleign accessions), which underpinned the successful creation of new
cultivars adapted to Romaniads <c¢cli mate. Thi s
future breeding efforts.

Successful Breeding Programs

Classical breeding @& heasahybridization, selection, and even mutagenesis) has yielded
numerous higlguality apricot and peach cultivars with desirable traits, from improved fruit quality
and extended ripening seasons to enhanced disease resistance and cold hardiness. These cultivar
(e.g R a r apititot, Congrespeach, among many others) exemplify the genetic progress achieved
in the last decades.

Improved Disease Resistance

The breeding programs have effectively addressed major biotic stresses by combining
multiple disease resistance gefesiew varieties. Apricot selections with combined resistance to
Monilinia, Stigmina CytosporaandPlum Pox Virusnvere developed, and peach breeding integrated
resistance sources for leaf curl, powdery mildew, canker, and pests. This results in mdre robus
cultivars requiring fewer chemical inputs.
Adaptation to Local Conditions

Bheasdas cultivars are notable for their adap
bloom times to avoid frost, tolerance to winter cold, and regular bearing even under variable
conditions. Traits like reduced tree vigour (spygpe growth) and avide harvest window (early and
late maturing varieties) have been incorporated to support modern, intensive orchard systems and
market demands.

Integration of Modern Tools

Advancements in genetic and digital technologies are being embraced to furtheceenha
breeding outcomes. Molecular markers and QTL mapping are increasingly used to inform crosses
and assist in selecting seedlings with desired traits, thereby accelerating breeding cycles.
Additionally, tools like the CROM expert system support optimehard management by assessing
site factors and guiding improvements, indirectly benefiting the selection and performance of new
cultivars.

Future-Ready Strategies

The genetic heritage at RSE>heasgrovides a strong platform to face future challenges
sudh as climate change and evolving pests. Ongoing and future breeding strategies will focus on
incorporating stress resilience (drought, heat, frost) and novel quality attributes, leveraging both the
rich germplasm and molecular breeding techniques. By rmugng the synergy of traditional
breeding expertise with modern science, R&-Beasas well positioned to sustain and expand its
contributions to fruit breeding in Romania and beyond.
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Abstract

The fastest method for cooling food products is the use of liquid nitrogen, which comes into direct contact with the food
to be frozen. The paper addresses the experimental research of théunatitnal quickfreezing equipmerit ICR,

developd by INMA within a national research program. The aim was to determine the qualitative working indices and
energy indices of the equipment during the gdiiekzing process of three species of berries, namely blueberries,
strawberries and raspberries. Follving the analysis of the experimental data, there were found the following: the
minimum total freezing time was recorded in the case of blueberries and the maximum total freezing time was recorded
for strawberries; for blueberries and strawberries, themge linear freezing rates recorded values corresponding to a
very fast freezing process and for raspberries, the average linear freezing rate recorded a value corresponding to a fast
freezing process; the liquid nitrogen consumption recorded a minimiua f@ blueberries and a maximum value for
raspberries. It was also found that the solution of utilizing the "exhausted” thermal agent (nitrogen gas) obtained from
the quickfreezing process, in order to reduce the thermal load of the refrigeration ithinwthe classic freezing
chamber, leads to a reduction in hourly electricity consumption by 30.96%.

Keywords:highly perishable, quickreezing, cryogenic freezing, liquid nitrogen, berry species

Rezumat

Cea mai rapidt met odtalpiemamrtuarret cd aresat tp r'omd usteil loirzar ea a
direct cu alimentul de congel at . Lucrarea abordeazt ¢
congel arie¢ CRapidetzvoltat de | NMA Ildececcatate @l uombiri prdgt ami
indicilor calitatiwvi de lucru G&i a indicilor energet
congel are rapidt a trei speci i de fructe deeigateldrur e,

experimentale-a u constatat ur mbt oar el e:-amregmstatiih cazuloafinaldr iamtimpui m d e
total maxim de congelares “~nregi strat pentru ctpdune; pentru afine
inregi strat wvalori corespunzttoare unui proces de congel
congelare a “nregistrat o valoare <corespunzttoare undu
"nregistrat o vafFoaee Omi mami mpeptemda uc emeetuattat Diesapteure
val orificare a agentul ui termic Oepuizatod (azot gaz) o

sarcina termict a agregatllauvie fTtiliagorcikfi codidmmciendiantoa rd
energie electrickt cu 30,96 %.

Cuvintecheief oart e perisabil, congelare rapidt, congel are cr

INTRODUCTION

Horticultural products play a very imgant role in human nutrition through their intake of
vitamins, mineral substances and antioxidants (Gherghi, 1994; Hoffetain2014; Cirilloet al,
2023), contributing to a better functioning of metabolic processes in the human body. These
productscontain water in proportion of 800% (Khanet al, 2017), which favours microbial
activity and enzymatic reactions within the cells, resulting in chemical degradation and loss of
guality. Taking into account the previously presented conditions, hortigufttoducts are highly
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perishable, often requiring preservation processes. Preservation technologies aim to lower the
intensity of metabolic processes like respiration and transpiration and also the activity of pathogenic
microorganisms which represenetmain cause of decomposition processes.

To extend the valability period of perishable products, various preservation methods can be
applied (Ingeatet al, 2015; Bigliaet al, 2016; Sous&allagheret al, 2016; Alhamdaret al.,
2018a; Alhamdaret al, 2018b; BilbaeSainzet al, 2019): decreasing the water content of the
product (concentration, dehydration); using high temperatures (sterilization, pasteurization); using
inhibitors of deterioration phenomena (chemical preservatives, bacteriocins, aaturatrobials,
acidification, sugar addition etc.); using low temperatures (modified atmosphere, freezing,
refrigeration); using nowonventional techniques (high pressure, high voltage electrical pulses,
ionizing radiation, no#ionizing radiation, ultrasund, photodynamics, ozone etc.). The best results
in terms of keeping the attributes and quality of the horticultural products at a level as close as
possible to that of the fresh product, are obtained when using artificial cold (refrigeration, freezing),
despite all other methods (Aghdam and Bodbodak, 2014gCalg 2018; Jhaet al, 2018; Galest
al., 2022).

Freezing, as a method of preservation, increases the permissible storage time of food
products by more than 5...50 times compared to presemayioefrigeration (Niculita, 1998). The
increase in longasting quality obtained by freezing is based on the effects of low temperatures of
strongly slowing down or completely inhibiting the development of microorganisms, of reducing or
stopping metabati processes in the case of living products, and of reducing chemical and
biochemical reactions.

Depending on the value of the average linear freezing rate, Wm, the International Institute of
Refrigeration (Institut International du FroidlIF) recommendshe following classification of
freezing methods:

- slow freezing Wm = 0.5 cm/h;

- quick freezing Wm = 0.5...3 cm/h;

- very quickfreezing Wm = 3...10 cm/h;

- ultrarquick-freezing Wm = 10...100 cm/h.

The usual freezing of products, during which their agertemperature drops bele®0°C
in a period of time that does not allow the triggering of unwanted enzymatic and microbiological
reactions, is characterized by the adoption of average linear freezing rates of 0.1...0.5 cm/h.

If the decrease in temperagus achieved slowly, a progressive formation of small and large
ice crystals is obtained, which can destroy the cellular structure of the product and irreparably
destroy the tissues upon defrosting (Delgado and Rubiolo, 2005; Buggeshait 2006;
ChasagneBerceset al, 2009; Kotwaliwaleet al, 2012; Chaudhary, 2021; Paramrdial, 2022;
LoayzaSalazaret al, 2024). If, on the contrary, these temperatures are reached quickly,
crystallization can be avoided by creating an amorphous phase, chaeatcteyithe formation of
small ice crystals (Li and Sun, 2002; Van der Sratmal, 2013; Jamest al, 2015; Zhuet al,

2020; Liet al,2025), that favours the stability of the products during the following storage period
(Kennedy, 2003; Fellows, 2017)hile limiting weight loss due to dehydration (Mukdtal., 2019).

The main methods of freezing food products are:

- cooled air freezing;

- freezing by contact with cold metal surfaces;

- freezing by contact with intermediate agents;

- freezing with cryogeic agents.

The cooled air freezing method is the most widespread due to the fact that most food
products lend themselves to this type of preservation. In general, the application of the cooled air
freezing method requires the existence of a closed, therswated space, an apoling aggregate
and a system of distribution of cooled air over the products.

133



ACTA AGRICOLA ROMANICA, Volume 7, Year 7, No.7.2.

In the case of freezing by contact with metal surfaces, the heat is taken from the products, by
direct transfer, by the cooled surface. Surface cgols achieved either with a vaporizing
refrigerant or with an intermediate agent. Heat transfer is carried out in most cases exclusively by
thermal conductivity.

Freezing by contact with intermediate agents consists in cooling the product by contact with
acooled intermediate agent, such as for example an aqueous solution of propylene glycol, and it is
generally suitable for hermetically packaged products.

The method of freezing by contact with cryogenic agents consists in using the latent heat of
vaporizaton at atmospheric pressure of some cryogenic liquids as well as the sensible heat that the
formed vapours absorb by increasing their temperature from the very low level of vaporization to a
level close to the temperature at which the product is frozenciiyylogenic agents used in this case
are: liquid nitrogen, nitrogen oxide, carbon dioxide.

Liquid nitrogen freezing equipment can be of discontinuous (cryogenic cabinet) or
continuous (linear tunnel, spiral freezer, immersion tunnel) operation:

- Cryogeniccabinet: is equipment designed for discontinuous operations and intended for
users whose production needs (100...500 kg of products per hour) do not justify the installation of
continuous operation equipment. The product must be placed in trays positioaedainlessteel
rack. An automated system regulates the introduction of nitrogen, depending on the temperature and
duration of the desired cycles.

- Linear tunnel: consists of an insulated room in which the product is introduced with the
help of a sinlesssteel conveyor belt. In the po®oling zone, the product is covered in
countercurrent, by a cold flow of nitrogen gas; in the middle zone, a first superficial freezing takes
place where a partial contact occurs between the product and the ligagem which, through
vaporization, takes the heat of the product causing its quick freezing. In the last zone, the
temperature of the product is homogenized, being brought to the desired value in the centre of the
product. The tunnel is equipped with amtomated system that regulates the introduction of
cryogenic fluid, so as to maintain a regulated temperature inside. In addition, a conveyor belt speed
control system and a series of homogenizing fans and exhaust gas extractors are provided.

- Spiral freezer: is a compact equipment that allows obtaining very high production
capacities occupying an extremely small space. It consists of an insulated room, in which the
product is introduced by means of a loop conveyor belt, made of stainless steel, whishimav
spiral. Liquid nitrogen is introduced at the top where, by vaporization, it creates afrgeizing
zone. With the help of a ventilation system, cold gases are directed to the bottom, where-they pre
cool the incoming product. The spiral freezeedipped with an automated system for regulating
the temperature and speed of the conveyor belt.

- Immersion tunnel: is the ideal system if the available space is limited, when a very quick
freezing is required or a superficial crust is desired. The ptadiintroduced into the tunnel using
a stainlesssteel conveyor belt and passes through the liquid nitrogen bath. In this way, the surface
crust is formed instantly, while freezing inside requires very short times.

The use of liquid nitrogen for the quidreezing of food is one of the most common
applications of gases in the food industry, being carried out with the aim of maintaining the
qualities of the product for as long as possible, both from an organoleptic and nutritional point of
view, through tle quick lowering of the temperature to values lower #i&®iC inside the product,

S0 as to inhibit the activity of microorganisms.

The fastest method for cooling food products is to use liquid nitrogen, which comes into
direct contact with the food to beozen. Nitrogen, the main component of the atmosphere, is
odourless, colourless, tasteless and inert, and has no harmful effect on food. At atmospheric
pressure, liquid nitrogen is found at a temperaturel®6°C, its main characteristic being the
ability to absorb a large amount of heat even at lower temperature, allowing high refrigeration
efficiencies and heat transfer coefficients far superior to mechanical systems.
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In the case of nitrogen, 48% of the total refrigerating capacity is representeeriyhieat
of phase change, and the remaining 52% is represented by the sensible heat of the vapours, which,
for this reason, are recirculated in the freezing room in order to make maximum use of cooling
capacity.

Unlike usual freezing methods, the cryogetdachnique has the following benefits: rapid
freezing, reduction of bacterial growth, minimal dehydration, significant decreasing of quantitative
losses due to dehydration, optimum conservation of nutritional value, maintenance of the
appearance and tasté food products, significant reduction of investment costs in production
facilities.

The experimental research presented within this paper aims to determine the working
gualitative indices and the energy indices in the cryogenic freezing of some bediesspsing a
multifunctional quickfreezing technical equipment with liquid nitrogen, having a discontinuous
operation and an automatic working regime.

The present paper addresses the experimental research of thiinatikbinal quickfreezing
equipmenti ICR, cabinet type, developed by INMA within a national research program. The aim
was to determine the qualitative working indices and energy indices of the equipment during the
quick-freezing process of some berrie species.

MATERIAL SAND METHOD S

The experimental research was carried out using three species of berries purchased from a

hypermarket, respectively blueberrissawberries and raspberries (Figlije

'E‘\

Fig. 1. Species of berries used in the experimentatien Speci i de f ratetatexperichentarpt dur e

The berries were subjected to a quikezing process using an experimental model of
multifunctional quickfreezing equipment, with discontinuous operation, that uses liquid nitrogen as
a thermal cooling agent, developed by INMA huit a national research programme (FigB)eAt
present, the equipment is subject to a national patent application (OB0%4/07.02.2023) and a
European patent application (EPC EP23020352.3/25.07.2023).

The ICR equipment uses the latent heat of vaparisaat atmospheric pressure of liquid
nitrogen, in order to reduce the temperature of the products to the frozen storage temperature. The
technical equipment includes new solutions for the distribution of liquid nitrogen by using high
precision nozzles ahhomogenising the exposure to the liquid nitrogen jets by driving in a
continuous rotation movement of the rack with trays on which the products subjected to quick
freezing will be positioned. The equipment also ensures the superior recovery of thesteXhau
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coolant, by reusing the cold nitrogen vap®&0(°C) discharged from the quifieezing room, when

cooling an adjacent room for poeoling/temporary storage in frozen state. To prevent the
formation of ice and facilitate the access to the freezogs at the end of the quifieezing/pre

cooling or temporary storage in frozen state process, the access doors are equipped with sealing
gaskets accompanied by defrost resistors.

Fig. 2. Experimental model of multifunctional quick-freezing equipmenti ICR / Model experimental de
echipament multifunciWiCRonal de congel are r

The experimental model is endowed with temperature probes that permit continuous
monitoring and control of process parameters:

- Thermocouple (chromighlumel), type K, with roddi amet er (G = 1.5 mm,
domain-100 °C...+30 °C, performs temperature measuring in the center of the product;

- Thermocouple, type K, with temperature transmitting segment, measurement dbd@ain
°C...+30 °C, performs temperature measuring orother surface of the product;

- Type TTR Pt 100 thermal resistance, measurement dof@@i °C...+30 °C, performs
temperature measuring within the freezing room.

In order to determine the qualitative working indices and energy indices of the
multifunctioral quickfreezing equipment, the following measuring and control devices were used,
the characteristics of which are presented in Table 1:

Table 1.The characteristics of the measuring and control devi¢&aracteristicile echipamentelordetns u r £ i

control

No. Name of the instrument or device Measurement range Measurement uncertainty/
crt. Tolerable error

1. |Digital caliper 0- 150 mm 0,007 mm

2. | Kern electronic scale 0-10000 g precizie: 0,1 g

3. | Adjustable arm scale max. 350 kg 509

4 ThermohygrometeP330 -40°C...+70°C incert.: 0,5°C

0 % RH...99 % RH incert.: 1,8 % RH
5. | Digital multimetertype CA 8334 0- 10 kA; 0 1000 V 1%

The mainmeasuring and control devicase presented inidgure 3.
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Fig. 3.Measuring and control deices/ Echi pamente de mbsurt Ki <co

Each sample had a mass of 5000 g, 500 g on each of the 10 trays (nine trays on the rack and
one tray on the floor of the quidkeezing room where there were positioned the product
temperature probes: for measuring temgpure in the center of the product and for measuring
temperature on the outer surface of the product) (fig. 4). The average mass of a berry was
determined, for each sample, as the mean of five aleatory weighings from the mass of the product.
The averagdeight and maximum equatorial diameter of the berries corresponding to each sample
of the three species were also measured. This was achieved as a mean of five random measurement
from the product mass.

Fig. 4. Preparation of samples for exprimentaton/ Pr egtti rea probel or pentru

Taking into consideration the geometric shapes of the three fruit species, the minimum
distance between the thermal center and the external surface of the product was calculated.
Assuming that, forwery specie taken into account, the tissue of the fruit is homogeneous, having
constant thermal properties throughout its mass, it is considered that the thermal center coincides
with the mass center of the fruit.

For the fruits having regular geometricaples, the thermal center (CT) coincides with their
geometric center. The minimum distance between the thermal center CT and the external surface of
t he fruit ofthsbeinga signibcdnt garpmeter to determine the average linear freezing
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rate( f i g. 5) . Favas agploxinetecchy h/2, oissirawlierries it was approximated by
h/3 and for raspberries it was approximated by h'/2.

o, ol 7N T (S

cT h 5o h
N Wil
]
(1]

D D

Fig. 5. Dimensional characteristics according to the geometric shape of the analyzed frGasacterisicile
di mensionale “n funcWwie de forma geometrict

The freezing process is considered complete only when the temperature in the product
thermal centre reached5 °C. During the quicltreezing process there were followed the main
paraneters, such as:

- Freezing time from 0 °C tel5 °C;

- Temperature within the quigkeezing room, at the end of the freezing process;

- Temperature on the surface of the product at the end of the freezing process;

- Temperature in the thermal center lod fproduct, at the end of the freezing process;

- Total freezing time;

- Mass of the liquid nitrogen container used for freezing;

After processing the experimental data, the following indexes were determined:

- Average linear freezing rate;

- Liquid nitrogen consumption for a freezing cycle.

To classify a freezing process depending of cooling intensity, the average linear freezing
rate is considered to be an appropriate indicator and is defined by the formula:

W, = i [cm/A 1)
[0
where:lp is the smallest distance between the thermal centre and the outer surface of the product,
[cm];

§ - the freezing time from a uniform initial temperature of 0 °C to the temperature to be

achieved in the thermal centre, [h].

The difference between the ssaof the liquid nitrogen container before and after the
freezing process was completed, represents the liquid nitrogen consumption for a freezing cycle.

To evaluate the influence of the supply of coolafite x haust edo nitrogen
consumptio of the refrigeration unit serving the preoling / temporary storage room in a frozen
state, the following procedure was followed:

- the refrigeration unit used for classic freezing was started and the temperature inside the
enclosure was allowed to &@&18 °C;

- the experimentation within the quidkeezing room, with liquid nitrogen, was started,;

- at the end of the quiekeezing cycle, the products frozen in this way were stored in the
classic freezing room;

- the operating times and the rest tintdsthe classic refrigeration unit were monitored,
while the experimentation with liquid nitrogen continued in the adjacent-dr@eking room;

- after completing the quiekeeang tests, the air exhaust valves were closed, both the one
in the common wall of the freezing enclosures and the one on the roof of the classic freezing room
(so that there is no cold nitrogen gas supply from the eueéglzing room and no warm air from
outside the classic freezing room);

- the monitoring of the operating times and the rest times of the classic refrigeration unit
continued for the working of the refrigeration unit without "exhausted" nitrogen gas supply;
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- both, for the working of the rageration unit with "exhausted" nitrogen gas supply and for
the working of the refrigeration unit without "exhausted" nitrogen gas supply, the power absorbed
from the electrical network was measured, in operation and at rest.

The electrical network volge and current intensity were measured and the power absorbed
(Ps) from the electrical network was determined by direct reading on the screen of the measuring
instrument. The energy consumption was calculated with the formula:

_PG
W= 3600 (kW @

where:P;is thepower absorbed from the electrical netwdkw];
t - the time for which energy consumption is calculated, [s].

RESULTS AND DISCUSSION

Regarding the characterization of the three species of berries used, after the processing and
intempretation of the experimental data, the following results were obtained:

Table 2. The characteristics of the three species of berries used for experimentatibCaracteristicile celor trei

speci i de fructe de ptdure utilizate pent:

N Value of parameters determined in the tests

0. ..
ort Characteristic UM . : '

' Blueberries | Strawberries Raspberries
1. Sample mass g 5000 5000 5000
2. Average mass of berry fruit g 2.220 15.367 4.313
Berries maximum equatorial diameter,

3. (average of five random measurements) mm 17.2 352 231

4. Berries average height, h mm 13.3 40.5 h=188 | h#.1

5 The smallest distance between the thermal cent] mm 6.65 13.50 205

and the outesurface of the produdly

Inside the quickreezing room, the limit temperature was set30 °C for all of the three
species of berries used. During the gtfidezing cycle, the process parameters can be determined
by direct readig on the touch screen of the command and control panel or bypnoasissing the
data recorded on the SD memory card. Freezing times were determined as follows:

- the freezing time from OC to -15 °C was determined by the difference between the total
timer recorded at the end of the freezing proceds (C) and the timer recorded when the
temperature reached®@i n t he productdos thermal centre;

- the temperature within the quidteezing room, the temperature on the surface of the
product and the tempdtaie in the thermal center of the product, all measured at the end of the
freezing process, were determined by directly reading the values indicated by the respective
temperature sensors, at the end of the freezing process;

- the total freezing time was temined by direct reading of the total timer recorded at the
end of the freezing process.

Aspects during the experimental research are presented in Figure 6 and 7:
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| e

Fig. 7. Determination of the environmental parameters and energy indicds
a indicilor energetici

Determinarea par amet

The parameters of the freezing process and the determined indexes are shown in Table 3.

Table 3. The parameters of the freezing process and the determined indexXd3arametrii procesului de congelare

Gi indicii determinawi
No. - Value of parameters determined in the tests
Characteristic U.M. - - -
crt. Blueberries Strawberries Raspberries
1. |Freezingime from 0°Cto-15°C s 379 773 457
Temperature within thguick-freezing room at theg ) ) )
2. end of the freezing process c 30 32 33
3 Temperature on the surface of the product at the oc 28 .30 31
of the freezing process
4. Temperature in thd)ermal center of the product, oc 15 15 15
the end of the freezing process
5. | Total freezing time S 498 965 603
6. | Average linear freezing rate for an operating cycl{ cm/h 6.32 6.29 1.62
7. | Liquid nitrogen consumption for an operating cycl kg 6.90 7.05 7.20
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Following the analysis of the experimental data, there were found the following: the
minimum total freezing time, 498 s, was recorded for blueberries and the maximum total freezing
time, 773 s, was recorded for strawberries; for bluebermels strawberries the average linear
freezing rates recorded values of 6.32 cm/h and 6.29 cm/h corresponding to a very fast freezing
process and for raspberries the average linear freezing rate recorded a value of 1.62 cm/h
corresponding to a fast freezingopess; liquid nitrogen consumption recorded a minimum value
of 6.90 kg for blueberries and a maximum value of 7.20 kg for raspberries.

Regarding the influence of the supply of coolaite x haust ed o0 nitrogen
consumption of the refrigeratm unit serving the preooling / temporary storage room in a frozen
state, after the processing and interpretation of the experimental data, the following results were
obtained:

Table 4. The comparativeenergy consumption of the classic refrigeration unj with or without "exhausted"”
nitrogengas supply Consumul energetic comparativ al instalawie
Aepui zato.

No. _ Value of parameters determined in
Characteristic U.M. P
crt. the tests
The working of the refigeration unit with "exhausted” nitrogen gas supply

1. Power absorbed in operation kW 1.235

2. Operating time S 1668
Electricity consumption in operation

3. (based on a-hour working period) kWh 0572

4. Power absorbed in rest kW 0.160

5. Rest time S 1932
Electricity consumption in rest

6. (based on a-hour working period) KWh 0.086

7. Electricity consumption based on a dhour working period kWh 0.658

The working of the refrigeration unit without "exhausted" nitrogen gas supply

1. Power absorbeih operation kW 1.235

2. Operating time s 2656

3. Electricity consumption in operation KWh 0911
(based on a-hour working period)

4. Power absorbed in rest kW 0.160

5. Rest time s 944
Electricity consumption in rest

6. (based on a-hour working p&od) KWh 0.042

7. Electricity consumption based on a dhour working period kWh 0.953

On average, extrapolated to a working period of 1 hour, for the working variant of the
refrigeration unit with "exhausted" nitrogen gas supply, an operating times8fslénd a rest time
of 1932 s was obtained (6 complete-affcycles plus an extra operating time of 162 s). For the
working variant of the refrigeration unit without "exhausted" nitrogen gas supply, an operating time
of 2656 s and a rest time of 944 sswabtained (8 complete aff cycles plus an extra operating
time of 168 s). The environmental conditions (temperature and humidity) at the time of the tests
were as follows: Tair=26C and Uair=49.2 %.

Analyzing the results obtained, it is found that $b&ution of using the "exhausted" nitrogen
gas supply obtained from the quifreezing process, in order to reduce the thermal load of the
refrigeration unit in the classic freezing room, led to a reduction in hourly electricity consumption
by 30.96 %.
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Aspect of the samples before arfteafreezing are presented irgkre 8:

Fig. 8. Aspect of the samples before and after the quickeezing/ Aspect ul probel or “naint
rapi dt
Foll owing the visual analysis of the state

as a consequence of thermal shock, in the case of blueberries, fissures and cracks appeared in fruit
epidermis and pulp during freezing. Strawberry and Raspberry fruits reacted better, with no
deterioration of the outer surface condition. Although ofiiekzing was associated with an
improved internal microstructure of individual berries, it may also causacture on the berry

skin, as a consequence of thermal shock, if the limit temperature set inside th&eprolg room

has a higher negative value. For a theseaosible berry skin, the limit temperature set inside the
quick-freezing room should have little lower negative value to avoid the damage produced by
thermal shock (for exampl@5 °C instead30 °C).

CONCLUSIONS

1. The best results in terms of keeping the attributes and quality of the horticultural products at a
level as close as possibte that of the fresh product, are obtained when using artificial cold
(refrigeration, freezing), despite all other methods.

2. Among the existing freezing methods, freezing with cryogenic agents allows obtaining average
linear freezing rates superior teetbther methods.

3. The fastest method for cooling food products is to use liquid nitrogen, which comes into direct
contact with the food to be frozen.

4. Although quickfreezing is regarded as the best technique to maintain the texture of frozen
products,very high average linear freezing rates may lead to epidermis and pulp damage, as a
consequence of thermal shock.

5. Using the "exhausted" nitrogen gas supply obtained from the-fiegking room, led to a
reduction in hourly electricity consumption b9.96 % of the classic refrigeration unit within the
pre-cooling / temporary storage room in a frozen state.
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Abstract

Bi otechnol ogy applied in in vitro propagation is a val
established pr ot oc olMrobolan tdwarfdos u(cpcleusns rAdagitbe#dt ofcke a dhé and
root stl &k éet @herry rootstock)Protocols for technologies or technological sequences were also
developed for other rooftern oxkrsi « oBarac @aApicyd R FGa it @@t §

SLIo DI éePA®/, PUHO6 and, p e a dvirvoperdoRedgasiihgoticekinternational assortmenere
established the protocols falGisela ® and ®PHLCO (cherry rootstocks)The culture media were represented by
Murashige & Skoog (M&3962), Lee & Fossard (L&RA977), Quoirin & Lepoivre (Q&E1977), vitamins Walkey,

1972 and Driver, J., A. Kuniyuki (DKW 9 8 4 ) . Our resul ts Mihroow otl hag®d510edeptr f va |
GAdaptabib ( 9 8i%kD® d 9 AUPCB n ( 73 . 33 %) .

Keywords:in vitro, meristem, propagatiompoting

Rezumat

Bi otehnol ogia aplicatt “n propagarea in vitro este un
| CDP PMttret@tiineni au f ost nanudbiiilriet «e uprrattdcadlde cche £ de s
p o mi cMirbbolan d@arfd ( p rAdaptdbid ¢ pi er sileC 3®i (pi ue)d) . 6duedezwlsae me n e ¢

protocoalele specifice @i pemlt’r_rru_niahﬁlipeptBardofalcﬁitbﬁsidoccrdec‘aW
pentr uStptirdt &eRHO®H ,PL/A  Gi pentMioperppi eOnsi ceead ce priveod
internawional au fost stabil i Gisla pGRHLGD Mexidelde cub u Ple nd o uf @

reprezentate de Murashige & Skoog (M&962), Lee & Fossard (L&RA977), Quoirin & Lepoivre (Q&L1977),
vitaminele Walkey, 1972 -OGP8DyivE€errcdtiLriAlL e Kamatawket (O
obWinut primipropéagaue at tMrabolanldearfog e(h@® IAdaprabid (69 &isela, 6

5 (94%) Oi o61PC 306 (73, 33%).

Cuvinte cheieiin vitro, mertistem, propagare, “nritditcinare

INTRODUCTION

For many fruit species/genotypes that are targeted for-ta@e propagation have been
established protocols fdn vitro propagation due to the advantages offered by this technique.
However, conditions must be optimiézér most species or genotyp@amianoet. al, 2000). The
use ofin vitro propagation techgue allows a considerable increase in the yield of propagation but
although a current application for some species the efficiency of micropropagation is dependent on
a number of factors. The differentiated cells of the explant retain their meristemtgipatntial,
which is however inhibited or repressed. In order for such a cell to return to the state of active
division, it is necessary to create conditions that allow the removal of inhibifio@. most
commonly used explants fam vitro pear establtsment and multiplication are shoot tips, axillary

145


mailto:rectorat@usamv.ro
mailto:andreeaelenadumitrescu00@gmail.com

ACTA AGRICOLA ROMANICA, Volume 7, Year 7, No.7.2.

buds and single nodes, especially those obtained from grafted plants grown in greenhouses (Thakur,
etal,2 0 0 8, etRly29as).

The type of basal culture medium, the type and concentration of plant growth regulators, and
the parameters of the explants are the most important factors for the success iof &&ch
propagation approach. Murashige and Sk@d§), 1962, Lepoivre (LP), DriveKuniyuki (DKW)

Quoirin, M.; Lepoivre, P., 1977, and Woody Plant Medium (WPM) Lloyd, G.; McCown, 1981,
have been the most commonly applied media for tissue culture in various species.

Regarding t o -paphthadndaceticmadnMA®), indbld-acetic acid (IAA),
indole-3-butyric acid (IBA), 2,4dichlorophenoxyacetic acid (2[), N6 benzyladenine (BA),-6
benzylaminopurine (BAP), thydiazuron (TDZ),-isbpenteniladenine {P), zeatin (Zt) and
gibberellic acid (GA) have been mainly used varying in concedraor the combination (Thakur
et al, 2008; Bomminenet al, 2001; Belletal., 2002; Anirudhetal.,2008). In other species as well
as in Prunus the type of cytokinin, its concentration are important factors tfi@ rate of
multiplication and elongation. The genotype response is different in addition to the intended effect,
and undesirable phenomena may occur as a result of hyperacidity. Many authors report that
although it is well known that cytokinins promatell division and implicitly shoot multiplication,
the association with the appropriate auxins is of great importance (Ruzic and Vujovic, 2016).

The rooting stage fom vitro culture is also related to certain culture conditions. The
response of cuttinggo exogenous application of auxins is dependent on several internal and
external factors. Both the concentration and type of the applied phytohormone and above all, the
genotype response can be limiting factors. Moreover, the concentration and mimgrasition of
the culture medium affect the evolution of the behavior of the biological maitenatro. Some
researchers have proposed reducing the normal concentration by half to intpeoveoting
capacity (Plop&tal., 2012).

Considering that tissueulture propagation usually aims for high multiplication rate and
good rhizogenesis, the objective of this study was to evaluate the apprapriateo culture
conditions.

MATERIAL SAND METHODS

The biological materialvas represented by the pear sibes: S £ | iT'Htl BL0MO4 1/91;
the plum rootstockMirobolan dwarf; cherry rootstocksIPC 3, Gisela 5 PHL ; apri cc
rootstocksApricor andBaroc and peach rootstock&daptabil andMirope .

Explant sourcevas represented by annual branches thae warvested in February. The
explants inoculated on the culture media were obtained from meristems excised from the axillary
buds on the annual branches.

Disinfection of biological material consisted of:

-washing with water and liquid detergent;

-immersbn in 6% (w/v) Ca(OChfor 20 minutes;
-immersion in 96 vol% alcohol for 10 minutes;

-washing with distilled and sterile water 3 x 10 minutes.

Culture mediawas represented by the media from the specialized literature, based on
macroelements, micraahents and vitamins Murashige&S Skoog (MS62), Lee & Fossard (LF
1977), Quoirin & Lepoivre (QL- 1977) + Walkey vitamins (1972), (QL 1977) + Lloyd and
McCown vitamins (WPM vitamins 1981), Driver&Kuniyuki (DKW-1984) to which optimizations
regardingthe concentration of macro and microelements in different phases of culture of some
genotypes and to whiché hormonal balance was addedlfle 1).
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Table 1. Culture mediavariants tested for micropropagation of pear, plum, apricot, peach and cherry gestyped

Variante de mediu testate penfrprmncroarspapaeesi c
Genotypes Regeneration phase
Variants Basal medium Vitamins Growth regulators (mg/l)
GA3 IBA
Mirobolan V1 QL Walkey 0.1 0.01
dwar f V2 QL Walkey 0.1 0.1
Adapt al V3 MS MS 0.1 0.01
Mirope V4 MS MS 0.1 0.1
IPC3 V5 DKW DKW 0.1 0.01
Gisel a
PHLC V6 DKW DKW 0.1 0.1
St i Ht V7 LF LF 0.1 0.01
Til eH V8 LF LF 0.1 0.1
P10/ 94 Multi plication phase
P1/91 Variants Basal medium Vitamins Growth regulators (mg/l)
Aprico BAP ANA GAs
Baroc V1 MS MS 0.5 0.2 0.1
V2 MS MS 0.5 0.5 0.2
V3 MS MS 1.0 0.2 0.1
V4 MS MS 1.0 0.5 0.2
V5 MS MS 1.5 0.2 0.1
V6 MS MS 15 0.5 0.2
V7 QL Walkey 0.5 0.2 0.1
V8 QL Walkey 0.5 0.5 0.2
V9 QL Walkey 1.0 0.2 0.1
V10 QL Walkey 1.0 0.5 0.2
V11 QL Walkey 15 0.2 0.1
V12 QL Walkey 1.5 0.5 0.2
V13 LF LF 0.5 0.2 0.1
V14 LF LF 0.5 0.5 0.2
V15 LF LF 1.0 0.2 0.1
V 16 LF LF 1.0 0.5 0.2
V17 LF LF 1.5 0.2 0.1
V18 LF LF 1.5 0.5 0.2
V19 QL WPM 0.5 0.2 0.1
V 20 QL WPM 0.5 0.5 0.2
V21 QL WPM 1.0 0.2 0.1
V 22 QL WPM 1.0 0.5 0.2
V 23 QL WPM 1.5 0.2 0.1
V24 QL WPM 15 0.5 0.2
Rooting phase
Variants Basal medium Vitamins Growth regulators (mg/l)
GA3 IBA ANA
V1 MS MS - 1.5 -
V2 ¥ MS MS - 1.5 -
V3 MS MS 0.01 1.5 -
V4 ¥ MS MS 0.01 1.5 -
V5 MS MS 1.5 1.5 -
V6 Y2 MS MS 1.5 1.5 -
V7 LF LF 0.01 1.5 -
V8 LF LF - 1.5 1.5
V9 LF LF 0.2 1.0 -
V10 QL Walkey 0.01 1.5 -
V1l QL Walkey - 1.5 1.5
V12 QL Walkey 0,01 1.0 -
V13 QL +1g/lactivated charcoal Walkey 0,01 1.0 -
V14 QL Walkey 0,01 2.0 -
V15 QL +1g/lactivated charcoal Walkey 0,01 2.0 -

All culture media contained dextrose 40 g/l, ag& ¢/l and Na Fe EDTA2mg/l.

RESULTS

The response of the genotypes to propagation by biotechnological methods respiectively
vitro cultures was monitored by the reaction to the tested culture media. In the differentiation stage
for the presented rootstocks were establiskeiGient protocols with the best resulta MS, LF
and QL culture media @ble 2).
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Table 2.Culture medium variants with the best results obtained in the differentiation phasé Variantele de mediu
de culturt cu ceb®i mat edh of efraezngHi debrteat e

Genotypes MS LF QL

Mi r o b ol a(Plophetaal, 2012) 0.01 mg/l IBA + 0.1 mg/l GA

Adapt @lbpa,let. al., 2012) 0.01 mg/l IBA + 0.1 mg/l GA

| P C (PBpa, et. al, 2009) - 0.01 mg/l IBA + 0.1 mg/l GA -
Gi s e (Plpatet. al., 2010) 0.01 mg/l IBA +0.1 mg/l GA -

Stli Hte * 0.01 mg/l IBA + 0.1 mg/l GA

TileH * - - 0.01 mg/l IBA + 0.1 mg/l GA

P10/ 94 * - - 0.01 mg/l IBA + 0.1 mg/l GA
P1/91 * - - 0.01 mg/l IBA + 0.1 mg/l GA
PHLC * 0.01 mg/l IBA +01 mg/l GA - -
Apricor * - - 0.01 mg/l IBA + 0.1 mg/l GA
Baroc * - - 0.01 mg/l IBA + 0.1 mg/l GA
Mi roper * - - 0.01 mg/l IBA + 0.1 mg/l GA

*= unpublished results

The same MS, LF and QL media but with hormonal balances adapted for stimulage of t
adventitious buds for multiplication provided optimal conditions in the multiplication phase of th
biological material studied @ble 3).

Table 3. Culture media variants with the best results obtained in the multiplication phasévariantele de medide

culturt cu cele@®bdManutbane frezaldatmul tiplica
Genotypes MS LF QL
Mirobolan dwarf - - 1 mg/l BAP + 0.1 mg/l GA+ 0.2 mg/l NAA
(Plopa et. al, 2012
Adaptabil (Plopa, - - 1.5 mg/l BAP + 0.1 mg/l G&+ 0.2 mg/l NAA
et. al., 2012)
IPC 3 (Plopa, et. - 1mg/I BAP + 0.1 mg/l GA+ 0.2
al, 2009) mg/l ANA
Gisela 5(Plopa, et.| 1 mg/l BAP + 0.1 mg/l GA+ 0.2 mg/| -
al., 2010) NAA
St i Ht - - 1.5 mg/l BAP + 0.1 mg/l G+ 0.2 mg/l NAA
Ti FeH - - 1.5 mg/l BAP + 0.1 mg/l G&+ 0.2 mdl NAA
P10/94 - - 1.5 mg/l BAP + 0.1 mg/l G+ 0.2 mg/l NAA
P1/91* - - 1.5 mg/l BAP + 0.1 mg/l G&+ 0.2 mg/l NAA
PHLC* 1 mg/l BAP + 0.1 mg/l GA+ 0.2 -
mg/l NAA
Apricor * - - 1.0 mg/I BAP + 0.1 mg/l GA
Baroc* - - 1.0 mg/l BAP + 0.1 mg/l GA
Mi roper* - - 1.5 mg/I BAP + 0.1 mg/l G&+ 0.2 mg/l NAA

*= unpublished results

Thegood results fom vitro rooting are represented in Table 4 based o, @Y, NAA in
different concentrations and MS, %2 MS, QL and QL culture media with added 1gAtedti
charcoal.

Table 4. Qulture media variants with the best results obtained in the rooting phaséVariantele de mediu de
culturt cu cel @ Hiamiutlrurne feazwl tdet é no Ltdbtci na

Genotypes MS Y2 MS QL QL +1g/l activated charcoal

Mirobolan dwarf (Plopa et. al, - 1.5 mg/l IBA - -
2012)

Adaptabil (Plopa, et. al., 2012) - 1mg/l IBA + 0.01 mg/l GA

IPC 3 (Plopa, et. al, 2009) 1.5 mg/l NNA - -

Gisela 5(Plopa, et. al., 2010) | 1.5 mg/l IBA + 0.01 mg/l GA - -

PHLC* 0.2 mg/l GA+1.0mg/l IBA

St Ht e - - 1.0 mg/l IBA + 0.02 mg/| GA

Ti FeH - - - 1.0 mg/l IBA + 0.01 mg/l GA

P10/94 - - - -

P1/9F - - - -

Apricor * - - - -

Baroc* - - - -

Miroper * - - - -

*= unpublished results
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The valuesestablished in the 3 phases carried iouvitro by rootstocks in our research
varied from a response indicating efficiency through this method of multiplication to a poor
multiplication capacity and lack of rooting on ttested media (dble 5).

Table 5. Behavior of rootstocks to propagation usingn vitro biotechnological method Comportarea portaltoilor

testawi l'a “nmul Wi r ealtupimvita met oda bi ot ehnol

No Genotypes Regeneration Multiplication Rooting

1 Mirobolan dwarf (Plopa et. al, 2012) 90% 6.2 (5 subcultures) 80.00100 %
2 Adaptabil (Plopa, et. al., 2012) 95% 9.0 (5 subcultures) 98.00 %

3 IPC 3 (Plopa, et. al, 2009) 100% 7.8 (5 subcultures) 73.33 %
4 Gisela 5(Plopa, et. al., 2010) 95% 7.0 (5 subcultures) 94.00 %
5 PHLC 90% 5.0 (5 subcultures) 90.00 %
6 Stl14 Hte 80% 5.0 (4 subcultures) 80.00 %
7 TiteH 70% 4.0 (4 subcultures) 80.00 %
8 P10/94 80% 5.0 (3 subcultures) -

9 Pl/or 75% 3.0 (3 subcultures) -

10 Apricor * 80% 6.0 (3 subcultures) -

11 Baroc* 60% 3.0 (3 subcultures) -

12 Miroper * 75% 3.0 (3 subcultures) -

For Mirobolan dwarf plum rootstock figures 1 and 2), maximum efficiency in the
differentiation of meristems was achieved with the formula QL + 0.01 mg/l IBA +0.1 mgfl GA
(Plopaet al, 2012) with a success rate 80% shoots.

The multiplication was 6.2 on average of 5 subcultures, Qlmg/l BAP + 0.1 mg/l GA+
0.2 mg/l NAA in the most favorable variant of culture medium. In the research carried out, it was
observed thaMirobolan dwarf emits roots from the multiplication phase, but to obtain plants it is
necessary to separate the dedmom the multiplication bush and transfer them to a rooting medium
represented by macro and microelements MS reduced by half and the addition of 1.5 mg/l IBA.
Anotherin vitro rooting performance of the rootstock is that obtained a good rooting peredétta
85%, even in the case of a culture medium without phytohormones.

Figure 1. Rooting Mirobolan dwarf / Figure 2 .Mirobolan dwarf -plant fortification
Mirobolandwarf “ nr t dt ci nar e obtained fromin vitro culture/ Mirobolan dwarf

fortificare plante b "Hi m witroe

Adaptabil rootstock(figure 3, figure 4) culture for initiation phase showed that explants
have a maximum differentiation in terms of 9586laptabil performed better in the medium with a
lower content of ammonium and nitrate ions (RLL977). The variants tested for initiation also
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included the medium based on MS components ($62), but unlike QL it had a higher
concentration of ammonium and nitrate ions (Plopa, et. al., 2012).

I n the multiplication phase, the Adapt abi
the 5 subcultures of 9 shoots, when 1.5 mg/l BAP + 0.1 mgéd 6.2 mg/l NAA were added to
the basic components QL + Walkey vitamins.

Rooting phase recordete best results 98% at a hormonal balance of 1mg/l IBA + 0.01
mg/l GAs. On this working protocol, a significant elongation of the rooted shoots also occurs.

Figure3 .Adaptabil -multiplication phase/ fgured . Adaptabil rooting ph
Adapthhdzda de mul tipl i cAdaptabil-f aza de “nritditcinare

For IPC 3 (Plopaet al., 2009), the best performance of shoot differentiation was given by
LF medum supplemented with 0.01 mg/l IBA+ 0.1 mg/l &Avhen regenetion was 100%.
Multiplication (Hgure 5) on LF medium + 1mg/l BAP + 0.1 mg/l @A 0.2 mg/l ANA with an
average of the 5 subcultures was of 7.8 shoots issued. Shoots obtained by microprofragatio
IPC 3 had the best rooting rate (73.33 % rooted plants) when using 1.5 mg/l NNA and MS medium
(Figure 6).

% -5 Xig Ry g v
Figure 5. IPC 3 - Multiplication pha se/ Figure 6. IPC 3Rooting phase /
| P faz&de multiplicare | PCfaza de "nrtdtcinare

|

The behavior of thésisela 5rootstock (Plopa, et. al., 2010), undarvitro conditions,
indicates the possibility of propagation bystimethod on a large scale, the establishedopol
having good efficiency (Figures 7igare 8). The culture medium recommended is the MS medium
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(Table 1) which recorded superior results in all 3 stages followed: initiation 95%, multiplication an
averageof 7 shoots/bush in the 5 subcultures, rooting 94%.

Figure 7. Gisela 5 multiplication / Figure 8. Gisela 5 rooting /
Gisela 51 faza de multiplicare Giselabif aza de “nritditcinar e

PHLC rootstock had the best behavior in the diffeieidgn phase on the V1 variantafle
1) with 90% differentiated explants the multiplication phase idure 9) 5 shoots / bush average
out of the 5subcultures on the V3 variantgfle 1) and in the rooting phase the LF medium
components with a hormonal balance represented by 0.2 mg/l GA3 and 1 mg/l IBA titetazst
results 90% rooting (Bure 10).

Figure 9. PL tip'licati/ Figure 10. PHLCrooting /
PHLC - faza de multiplicare PHLC-f aza de “"nritditcinare

s

In vitro propagation performances of the 4 gemes of pear were differers £ | ihadt e
differertiation in 80% of explants andl i | 76%]P10/94recorded 80% ané&1/9175% on the
same culture medium @ble 2). In the multiplicatin phas on the same culture mediumaple 3)
differences were recorded as follows:t | 5 $hoatddush average of 4 subculturesgiifes 10),

T i |4eshbots/bush, averagé 4 subcultures (Figurdl), P10/945 shootddush average of 3
subcultures (lgures 12) and?1/91 3 shoots pebush average of 3 subculturesgiifes 13). The
rooting medh provided optimal condition@-igures 14, 15, 16, 17, 18) only f@ £ | iadT el e 'H
with 80% rooted shoots (Table 4afle 5).
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Figure 10. S t-Imultidlication phase/ Fig ur e 'llmultipIiCEOh Ehase/
St | i fakza de multiplicare T i |-fazd de multiplicare

Figure 12. P 10/94 multiplication phase/ Figure 13P 1/91i rhdlplication phase/
P 10/94- faza de multiplicare P 1/91- faza de multiplicare

Figure 147 S £ | i rbidtiregy culture media/ Figure 157 T i |/ ®dting culture media/
St pelt medi ul de " nritditciTnkpe®medi ul de “"nrtdbicina

Figure 1ilréoted Tpl &t s/ -root edimluaret sl 7/. -aSikdtizafidn/eur e 18
Til-eMHantteci mata St ipHtent einatenr L dt St iddlimatizare
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For P 10/94and P1/91, the rhizogenesis process did not find favorable conditions on the
tested media.

Apricor andBaroc apricot rootstocks (Figure 19jdure 20, Hgure 21) recorded the best
differentiation 80% and 60% respectively andltiplication 6 shoots/bush (3 subcultures) and 3
shoots/bush (3 subcules) on the same culture media (Table 3 aadld 4). Both rootstocks did
not express their rooting capacdn the tested culture mediaafle 1).

' R

4

Figure 19.Apricor differentiation/ Figure 20. Apricor multiplication/  Figure 21. Baroc differentiation/
Apricor di f emreen’™Hi e Apricor multiplicare Barocdi f er en™Hi er e

Miroper peach rootstock (Figar22, kgure 23) had a differentiation of 75% under the same
basic medim and hormonal balance as tAdaptabil peach rootstock. The culture medium for
multiplication was the same as for tAdaptabil rootstock, the average for 3 subcultures being 3
shootgbush. Regarding theooting capacity, although thAdaptabil rootstock ecorded 98%
rooted plants, thMiroper rootstock did not root on the tested medium variants.

Figure 22. Meristem Miroper/ Figt]re 23. Miroer egenerated shoots/
meristemMiroper Miroper il L st ar i regener a’Hi

CONCLUSIONS

1. Each genotype requires theeusf a different culture medium in order to obtain a more
efficientin vitro culture.Adaptabil preferred the medium with a lower content of ammonium and
nitrate ions for the initiation phaséjirobolan dwarf recorded the better rooting results at a
concerration of macroelements and microelements MS reduced by half.
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2. The peach rootstock®\daptabil and Miroper had a positive behavior for the
differentiation and multiplication phase to the same componentg altture medium, but only the
Adaptabil rootdock responded tm vitro rooting.

3. The pear selections had different reactions tosdrae environmental conditiorS,£ | i Ht e
andT i lemitted roots when 1g/l of activated charcoal was added, while fét1iw®4andP1/94
selections, root emission wast activated by the components of the media used.

4. Cherry rootstock$PC 3, Gisela 5’HPHLC have a good resultvith foreign genotypes
standing out as superior, which are currently the most used as rootstocks.
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Abstract

Tomatoes (Solanum lycopersicum) are climacteric fruits that originated in South America and were brought to Europe
in the 16th century. Known for their delicious taste, they can be consumed fresh or used in a variety of food
preparations.The objective of ik experiment was to evaluate the efficacy of some chemical and biological products
used in the control of foliar pathogens in tomato crop in greenhouse and their influence on the quality and shelf life of
tomato fruits. In controlling pathogens, conventib products have ensured much greater effectiveness compared to
biological onesThis research systematically examines variations in water content, total dry matter, total soluble solids,
organic acids, and firmness in tomatoes stored at temperaturéCadired 22°C, starting from the time of harvest and
extending for 3, 5, 7, and 10 days.

Keyword: Solanum lycopersicunchemical and biological contradtorage temperatureshelf life.

Rezumat

Tomatele (Solanum lycopersicum) sunt fructe atierdce, originare dinAmerica de Sud, care au fost aduse Tn Europa

in secolulal XAl e a . Cunoscute pentru gustul l or del i ci oso pot
mare varietate de preparate culina®.bi ect i v ul acestel eaxcpietrd Weiniw eu neocsrt ep reovdau
biologice utilizate “n control ul agenwWwilor patogeni fo
asupra calittwii ai dur at ei de pitstrareduwsdlrancdondwean Wdiec
asigurat o eficacitate mul't ma i mare “'n comparawie cu
influenWwa tratamentelor fitosanitare asupra urmbitorilo
pH Oi fermitatea fructelor de tomate, depozitate | a t

Cuvinte cheie:Solanum lycopersicuns,0 mb at er e c hi,mieanp elHiat hirdludegit @ deér pL et r
INTRODUCTION

Tomaoes (Solanum lycopersicurh.) are some of the most important vegetables grown
worldwide from an economic and nutritional point of view, in open fields agde@enhouses

Organic agriculture is a dynamic sector in Romania that has seen an upward ewolution
recent years. Romanian agricultural research gives special importance to the development of
technologies for the cultivation of vegetables grown in conventional and/or ecological agriculture.
Good results were obtained in biological control ofdsesand pests on tomatoes (Bratal.,

2015, Hogea S.S., 2020), pepper (Calral, 2017, 2020), eggplants (losob and Cristea, 2022),
cucumbers (Cenusat al, 2016), melons (Sovarat al, 2024), cabbage (losoét al, 2023),
zucchini (Sovareét al, 2024), onion (Caliret al, 2016).

The main diseases that cause damage to tomato crogsdyeblight(Alternaria porrif.sp.
solanj), gray rot Botrytis cinereq, brown leaf spot Kulvia fulvg), late blight (Phytophthora
infestan$, powdery mildew Erysiphesp.), bacterialleaf spot(Xanthomonawsesicatorig, pustular
fruit spot Pseudomonas tomatobacterial wilt of tomatoesQlavibacter michiganensissubsp.
michiganensig root, stem and fruit roPhytophthora parasiticg wilt or fusarium wilt Eusarium
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oxysporunt.sp. lycopersic), root and crown rotHusarium oxysporuni. sp. radicis lycopersid),
verticillium wilt (Verticillium dahliag.

MATERIAL SAND METHOD S

The objective of this experience is to evaluate theafy of some chemical and bmgical
products used in the control of foliar pathogens in tomato crogeeenhouseand their influence
on the quality and shelf life of tomato fruits.

The experience was conducted at the Research Development Institute for Vegetable and
Flower Growing \dra, in 2024. Planting was made two greenhousesn 10 July,using tomato
(Solanum lycopersicum v a PinkeRbck Ffparranged according to the method of randomized
blocks 4 replicationsThe treatmentsvere applied preventivelfor Alternaria solani and Fulvia
fulvaandBotrytis cinereacontrol.

In the conventional systemiere made2 applicationsto control the pathogerns solaniand
F. fulva(July 19, 26) and 1 treatment fBr cinerea(September 6).

The experiment forconventional pathogen control consist on 4 variants treated and
untreatedccontrol.

Conv. 1: Ortiva Top (azoxistrobin 200 g/L + difenoconazol 125 g/l) 1;l/ha

Conv. 2: Cidely Top ( difenoconazol 125 g/l + ciflufenamid 15 g/l) 1 J/ha

Botrefin (cyprodinil 375 g/l + fludioxonil 250 g/l).8 kg/ha

Conv. 3:Amistar (azoxistrobin 250 g/L).©5 I/hg

Sygnum (boscalid 26,7% + piraclostrobin 6,7%9 Kg/ha
Conv. 4:Dagonis (difenoconazol 50 g/l + flapiroxad 75 g/l) 1 I/ha
Switch (fludioxonil 25% + ciprodinil 37,5%).8 kg/ha

Conv. 5: Untreatedontrol.

Also, in the biological pathogen controlthe experience also includes 5 experimental
variants,to which 6 treatments eve applied: July 19 (T1), July 26 (T2), August 2 (T3), September
7 (T4), September 14 (T5) and September 21 (T6), as follows:

Biol. 1: Cavaler 600SLrficroorganism®acillus pumillusandBacillus subtilig 0.3%;

Biol. 2: Amulet (microorganism®acillusthuringiensis, Bacillusubtilis, Bacillus

megatheriun 40 I/hg

Biol. 3: Zytron (citrus seed extract 20%0)15%

Biol. 4: Mimoten (Mimosatenuifolia80% extract)0.3%;

Biol. 5: Untreatedcontrol.

Cavaler 600SL is a product based on microorganideagillus pumillusand Bacillus
subtilis which populate the entire surface of the plant, preventing pathogens from establishing
themselves. When the disease has already establidedf upon application, Cavaler 600 SL
isolates the pathogens and destroys them. dtrabmost pathogens in tomato crops: late blight
(Phytophthora infestansearly blight (Alternaria solan), gray mold (Botrytis cinereg, leaf mold
(Fulvia fulva), vascular wilt Yerticillium dahliag, powdery mildew Erysiphesp.),root andbasal
rot (Phytophthora parasitica septoria leaf spot Sgptoria lycopersi¢j bacterial canker
(Clavibacter michiganensjisfusarium wilt Fusarium oxysporuim

Amulet is a biodgamic product formulated on the basis of liquid extract from marigold
leaves. The content of the product is based on microorganisms resulting from the natural
fermentation process of marigold leaves, namely by populating the resulting liquid with béneficia
bacilli (Bacillus thuringiensis, Bacillus subtilis, Bacillus megathenuim tomatoes, it aatrol the
following diseases: downy mildewrkiytophthora infestanspowdery mildew Erysiphesp.), gray
rot (Botrytis cinered, bacteriosis (Xanthomonas spQsérium wilt Fusarium oxysporujn white
rot (Sclerotinia sclerotiorur)) septoria wilt Septoria lycopersigj early blight(Alternaria solan).
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Zytron is a product based on 20% citrus seed extract. It is used on tomatoesdbarwl
prevent the followng diseases: powdery mildegrey mold, early blight fusariumwilt, late blight,
bacteriosisand white rot

Mimoten is a product obtained from 80Mimosa tenuifoliaextract whose formulation
ensures safe absorption through leaves and roots, stimulattabatie processes in the plant that
generate selflefense reactions. It is used in tomatoes t@roband prevent the occurrence of the
following diseases: powdery mildevErysiphe sp.), grey mold Botrytis cinereg, early blight
(Alternaria solan), fusaium wilt (Fusarium oxysporuin late blight (Phytophyhora infestaps
bacteriosisPseudomonasp., Xanthomona sp), white rot Sclerotinia sclerotiorum

Observations and determinations were made on the leaves (5 plants/variant) regarding the
frequency ad severity of thélternaria solanj Fulvia fulvaandBotrytis cineregpathogens, based
on which the eftacyof the products was calculated.

Climate data monitoring igreenhousgas done with the help of thermohygrometers, which
record air temperatu@nd humidity at hourly intervals.

The atmospheric humidity in thgreenhousewas greatly influenced by the amount of
precipitation that fell during this period. Thus, the precipitation that fell on July 17, 20 and 21, in
the form of torrential rains, innaounts of 11, 18 and 22sfm caused an increase in atmospheric
humidity to valuesof over 88%, between July 17 and 29, creating favorable conditions for the
evolution of the pathogemdternaria solaniandFulvia fulva

In September, atmospheric humidity began to increase, witlesfaetween 85 and 92.4%
recorded in 19 days, with a maximum average of 84.1% for the nffigptid). The high humidity
and lower temperatures in September created favorable conditions for the emergence and
development of the pathog8otrytis cinerea
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Tomato harvesting took place in Phase VI, according to the USDA tomato ripening stages
(Bertin, 2018). The fruits were stored at temperatures of 6°C and 22°C, with a relative humidity of
70%. Evaluations were conducted at harvest and after 3, 5, 7, and 10 days of storage. The analyses
included weight loss, dryeight total soluble solids, firmness, pH arghacontent.

The percentage of weight loss was calculated based on the duration of storage, following the
methodology presented by Tefera et al. (2007). The formula used was:
Weightloss(%)=Mo(Mol M1)x100 whereMo represents the initial mass of the fruitp (
andMirepresents the mass of the fruits after storggeé/Nater and dryveight (%)were determined
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using the gravimetric method, total soluble solfsBrix) were measured using thefractometric
method, fruit firmnesgkg/cm? was evaluated with a G¥ firmness tester, organic acid content
was assessed by measuring the fruit pH and ash cqftg¢mias determined using the gravimetric
method.

Statistical analyses were performed gs8PSS version 26.0

RESULTS

In the conventional sysm, all products applied to cwwal pathogens had a very high
efficacy ranging between 90.5 and 94.6% Adternaria solaniand86.9 - 90.4% forFulvia fulva
(Fig 2).

In the biological control of thpathogemlternaria solanj good results were obtaingalthe
treated variants, with an @facy between52.%% (Amulet) and58.3% (Cavaler 600SL) in
controlling this pathogen on leavealso, low efficacy was recorded in the control of the pathogen
Fulvia fulvawith valuesbetween 8.5% (Amulet) and48.68% (Cavaler 600SL).
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Fig. 2 The efficacy of conventional and biological
products onA. solaniandF.fulva/ Ef i caci t atea produsel oA soamHivfelva ™ onel ¢

The products Orta Top 1 I/ha, Botrefin 0.8 I/ha, Sygnum 1.5 kg/ha and Switch 0.8 I/ha,
used to cotrol gray rot, produced by the pathogBotrytis cinerea had a very good effacy,
betweerf0.2and %.4%. (Fig. 3).

The effcacy of biological products was between 7% (Amulet) and 46.1% (Cavaler
600SL) in controlling the pathogeBotrytis cinereaon leaves and 63.1% (Amulet) 65.26
(Cavaler 600SL) on tomato fruits.
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Results on quality maintenance during storage

Weight loss (%)

Fruit weight loss is mainly determined by respiratory processes, transpiration, and
metabolism that occur after harvest (Fatirad al, 2022). Thisloss, primarily caused by
dehydration, manifests through changes in the texture, aroma, and appearance of the fruit (Sanford
et al, 1991; Calelet al, 2012). In the case of tomatoes, the rate of weight loss is significantly
influenced by the type of plysanitary control used during plant development. The study presented
revealed average losses of 2.88% for organic products, 3.18% for conventional ones, and 3.48% for
the control variant after 10 days of storage at 6°C (FigAt higher temperatures, vght loss
becomes more pronounced; for example, in the Pink Rock F1 hybrid, it reached values of 4.52% for
organic products, 4.24% for conventional ones, and 5.10% for the control varianb)(Fldnis
increase is due to the intensification of the resipinarate of the fruits Gherghi, 1994 Kader,
2002a).The percentage of weight |l oss during stor
(Moneruzzamart al, 2009). According to Beivehoshua and Rodov (2002), fruits and vegetables
become unmarketablwhen they lose between 5% and 10% of their initial weight. Excessive water
loss not only reduces weight but also accelerates processes of senescence and membrane
degradation (BetYehoshueet al, 1983). Preand postharvest factors also play a signifitaole in
influencing water loss (Lufiet al, 2020). To minimize water loss from fruits during storage,
various types of edible coatings have been tested (R&uailtaet al, 2020). Additionally, the use of
less ventilated containers may provide mofeative protection (Adjoumaat al., 2018).
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Fig. 4. Influence of phytosanitary control on tomato weight loss (%) deperidg on the storage period at 6°CQ
I nfluen™a control ul ui fitosanitar asuprdepqziiarela@€r i i “'n

Fig. 5. Influence of phytosanitary control on tomato weight loss (%) depending on the storage period at 22°C
Influen™a controlului fitosanitar pesoagadedepoditwala2e°Ci i ~n

Total Dry Matter Content

The total dry matter (DW) content of fruits is an essential indicator for assessing their
guality at harvest. According to research conducted by Da&ties (1981), the water content of
tomatoes ranges between 92.5% and 95%. Theekigvalues of dry matter were detected in the
control variant after a period of 10 days of storage (Table 1). Factors such as temperature and
storage duration significantly influence this dynamic, according to the ANOVA analysis. At a
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