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THE HERI TAGE OF A. E. KOVARSKYO0S
FI ELD OF BREEDI NG AND GENET

YevgenyV. KOVARSKY

I n the | ife of an academi cReapnu bolfi ct
Mol dova, a professor of the Chisinau
doctor of agricultural scienkt®s4)Antal
periods of his activity are distingui
Republic of Mol dov a, in the steppe p
Kyrgyzisnt aanhese three regions, which d
soils and gene pool of field crops th

There of A. E. Kovarskyodos | egacy i s
includes theoretical and practical e
students in the Republic of Mol dova.
Kovarsky grewiunpotrd almédcesmi enti sts, ac
members of the Academy of Sciences of
school s and institutes. To t he her.
approaches of A. E. Kdv Nrad kuy et, 0o btalsee dk nt
of C. Darwin, practical recommendati o

Among them are t he influence of
mor phogenet i cpoplrloicneastsieosn,, -wt&hlaf ed fafl @ catn o
ment or peplollen,nactpi@dsisiinmtsienlgf pl ants, m
of dgsobgntaphical hybridizati on, cyt
hybridization, intergeneric and inter
and r ectonmobniani variability.

Born in 1904, i n the countryside (
a | arge family of farmers engaged in
brother Mi khail, foll owed his fat her
fonding Kharkov Agricultural l nstitut
Ascania Nova, and then in Kharkov

anc
Kherson | abor colony.?! Thwédofmathe dfovlikeid:
could bmot &elect Anatoly Efimovich, b
prob.l ems

During this early period of his s

read extensively, both professional a
in the ofacChiamdges Dar win and I . V. \Y
independent studies, and authored boo
IMi khail Kovarsky, was ondrattoheStatndess ( Mf
for this by the Order of Lenin, worked as de|
by the Soviet authorities awnd <sbatnodleuwmt ilAMBa8r
activities in Ukraine, rehabilitated in 1957
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his native Ukrainian | anguage. These
di stributi on tfoa rckodl|Kehcotzievse )Jannddh tssotavakiyheo L
whil e headbngetdhegpstya BNoovna aNa ttuhree AREKS
Kovarsky gained valuable experience i
studied the geograpmphiVavsowivndg nsttin dtue @
new field crops, and worked with cot:
acquired practical experience during
1926 to 1928.

As a result of hi ¢ aernpeaedi triegn oho o
collected and described varieties of
wheats

A.E. Kovarsky received his first o
staff me mb-&ni amn PhantAl BreBdi mgmédsaf
Vavil ov) . Later, in 1939, he defend:eé
"I'ntroduction of Peanuts in the USSR.

The second period of Anatoly Yefim
place during the evacuation of the Khersonridgtural Institute to Southern
Kazakhstan and Kyrgyzstan. Between 1941 and 1942, he served as Deputy Directol
and Head of Department at the Kaplanbek Republican Agricultural College
(Kazakhstan). From 1942 to 1944, he was Head of the Department ofrigyeedi
Seed Production, Head of the Experimental Field, and Chief Agronomist of the
Training Farm at the Kyrgyz Agricultural Institute.

In 1943, he was awarded an Honorary Diploma by the Presidium of the
Supreme Soviet of the Kyrgyz SSR. During gesiod, A.E. Kovarsky carried out
research on leguminous crops, in which his wife, agronomist D.A. Kovarskaya, also

took part.

The third and |l ongest period of
lasting thirty years, t oan.k Hilsacmaiim v
centered in Chi Hi ntu, where he was
activities at the Agricultur al l nsti
managed the operations of the Experi:H
Agicul tur al I nstitute, |l ocat ed i
I n addition, he was active in public
included founding the Society of Gen
Mol dov a, & dhiotwinn g aonudr Inbtad ssdemi ¢ col | ect i
sessions of the Supreme Soviet, hol c
Republic of Mol dova and the Ministry

throughout the territory of the Repub
The practical heritage includes A. |
as A. E. Kovarsky field crop collecti
producti on
A. E. Kovarsky and S. L. Pynzar, along with their colleagues, collected and
studied adrge collection of samples of chickpea, bean, vetch, soybean, and cowpea.

12



For soybean and especially for cowpea and mung bean, they used the introductior
of initial material from outside, from the center of its diversity (according to N. I.
Vavilov, 1935) and distangeographical and distagenetic hybridization. By
methods of distargeographical, distargenetic hybridization and experimental
mutagenesis, they developed wheat variglie&ishinevskaya 9, Kishinevskaya

24, Kishinevskaya 101, Kishinevskag@?2, Eritrospermum 103, Kishinevskaya
Early, Kishinevskaya Larg&rained, new 56and 42chromosome triticale forms;
soybean varietie® Kishinevskaya 1 and Kishinevskaya 5; bean variefies
Kishinevskaya Stambovaya and Delicates; chickpea varéetieavorit and others.

The collection of 709 local Moldovan maize samples, initiated by A. E.
Kovarsky together with V. G. Uchkovsky in 19485 the vast majority of which
belong to the flint and sendent subspecies of maide served as the source for
obtaining nale pollen sterility, known as the "Moldovan type of cytoplasmic male
sterility” or "Moldovan CMS." Based on the Moldovan type of CMS, several maize
hybrids zoned in the Republic of Moldova were developed and converted to a sterile
cytoplasmic base, incling VIR 42 MV, Kishinevsky 109 M, Kishinevsky 150
MV, Kishinevsky 161 MV, Kishinevsky 167 M, Doina, Vstrecha, Kishinevsky 183,
Kishinevsky VL 115, and others.

A. E. Kovarsky were collected new
di fferent <¢euwnttroi eésh;e eatrtorsasd ng wi th m
triba maize; created a collection of
of natur al factors of external envir
resulting fromahtdephgsei ol cmemagahesi
of csad |l ed ment har l' ines resulting fr
products. The collection includes a |
Kazakhstan. The coll eb60i smmpbasaifm®m
countri es, which are mainly obtained

periodi cdal lyyeafasflt aarpddat ed by p-@aDI poht
pl ants wi@ hploamtes. 5Thi s met hrodt lag ims d r

state

I n order to preserve the heritage
breeding and genetics, it 'S necess:
coll ections of the gene pool created
Kovarsky and his students, continue
conferences, preservation of t.he memo

13
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Abst.Tamat o production in protected enviro
popular trend in agriculture. The main advan
systems is the ability to conabbbtibeaerdvbio
However, under greenhouse conditi orbsortnemaftuone
di seases. Early detection of fungal pat hogen
spread. The aimoofmonheorstiudygalaspathogens af
protected conditions. Mol ecul ar di agnhostics
Penicillium spp. and Aspergillus spp. was car
ofmatoo plants plantingPCR a@g®a&yn.hoA.s ealutseé rmrga tna
pat hogen among all tested tomato genotypes.

in greenhouse tomato plantings during veget a:

Keywofodgi greenhouse, pat hogens PCR Tomat

I NTRODUCTI ON

Gl obal temperature rise is a trig:t
multitude of risks to organisms all
i mpact on the agricultural sector, d e
and ext ratmeonfsl uich upreci pitation quan
facilitate the emergence of new pests
t he host range [ 1, 2] . Threats of er
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currently incgysatsemg iim tagmmpercat e r ec
i mpact of pathogens has | ed to the ex
consequences for the environment, hun
programstamnm UsegoVeppsebvokddst ha eme
with increased virulence [6]. Numerou
bi ol ogi cal processes demonstrate the
severity of di seases, us imet hmalrse odn
protection. Mi tigation methods includ
materi al, the use of resistant vari e’
decade, tomato production in proatsect
become a new trend in agriculture. |
production over open field systems is
the i mpact of abiotic and biotic fact
anduai€éorm in shape, size and color ¢
However, under greenhouse conditions
mi crobi al di seases, as the closed en
i nf ect tboorrbnuen $oi &re the main | imiting
cause significant economic | osses [ 8
paramount for controlling the disease

The aim of the study was ng momat
pl ant s gr own i n protected condition
Al t ersnpaf i, aasipypneni csppiAdlsapmaedrgppl uwas ¢
out during the vegetative season in

greenhongsepfPERedssay.
MATERI ALS AND METHODS

Monitoring of phytopathogenic fungi was carried out during the 2024
growing season. The following tomato genotypes were studied: the wild tomato
species Solanum pimpinellifolium, Elvira and Rufina varietiesgske€tion of
IGFPB. Asymptomatic tomato plants at different phases of development were
tested: seeds before sowing (2023 harvest), legves¢ of 6 leaves, flowering
phase), f r u i Total,DNAI from plant nsatergaldveere isolated by a
modified CTAB method [9]. At all stages of the analysis, DNA extraction from
tomato plants was performed in triplicate to ensure reproducibility of the results.

Mol ecul ar an&ICRsiwasbypenmdotrenced uUsSi
det ect®Al o ersophpfusaansip Peni csppiAusapmedrgpp | u
Primer design wass gpeonief ibaseagoweance® Cco:
NCBI nucl eotide collection preBleA$SEd
desi gnignlgy cteo @ll-pdheohsypdneat @ dehydr ogAnase
altemamdt d a;oitransl ati on -adlpdme)d dyge da ©0t
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verticillioides, F. 0X Yyl etoa uunl,u)n2.g(e o e |
sequenkEese@di set i, F. S por ot roixcyhgi eoni adse
(f um6 gene s eFqu egerrcedtsafne;t hy | t r aafS)if Ryearsee
Aspergillus flavus.

The PCR mixtur e, i n a6evmMtnisHE (plb-f 2!
8,4), 16 mM (NH).SGy, 25 mMMgCk, O, 1% Tween 20, 7 %
1 Bovin Serum Albumijr0,2 mM dNTPs of each,25 U Taq DNApolymerase, 5
pM of each primer, and-50 ng DNA.

The first round of theesteePCR included 1 cycle: &7 4 min, 60°C1 1 min,
72°C i 1 min; followed by 29 cycles: & i1 min, 60°Ci 1 min, 72°Ci 1 min. The
seconeround conditions of theesteePCR were: 35 cycles: 961 1 min, 60°C1 1 min,
72°C7 1 min

The amplification products were separated in 1,5 % agarose gel by
electrophoresis (8 V/cm) and compared with molecular marker (100 bidAD
ladder, Thermo Fisher Scientifiz) a migration buffer of Tris/borate/EDTfHH
8.0) with ethidium bromideviewed in the UV (302 nm) and photographed.

RESULTS AND DI SCUSSI ON

Prior to molecular diagnosti @lant of
materiawas tested for the presence of PC
performed wusing primers designed bas
sequences [10]. The results of amplif

Fi guEleedtropherogram of PCR products

from tomato seeds using primers
1-3 Solanum pimpinellifolium -6 &lvira, -97Rufina -MM00 bp DNA | adder. T
at a 500 bp marker fragment.

Speci fic fragment of expected si z
DNA sampl es The analysis indicated t
suitable for downstream pathogen test

Mol ecul ar peapmlad nstdiaxlgsiorf g -sspexxciigeais me r s
Al t ersnmap.i ar eveal edAlttheer npmrr e sheuntecletr basfe a €
Al ternarhnaabbl genoRgmiesi lolf imtam malitetd reicrt ve

in the seeds of Solanum pimpinellifol
The positi we ssicpopmane sshu@BdloAof al t err
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were marked with the presence 6fgar e
2Aand 2i5f0o0Prb pci tiFg lnrueht2Bi.s) .known t hat i
serve as a sonfeetiodn,priimamregasing th
during the growing season.

12 3 45 6 HL0M7 8 9 Ik

300 l’i‘

200 bp

Fi guideée2tropher ePgORa np roofd uncetsst eodb t a
primers f oA. deltfe&rt jiRotmacd ¢ B.i )nuannd t ot a

extractesdeedsom t he
1-3 Elvira, -64Rufing -97 Sol anum pi #mpOionebp iONA iluamd. d
arrow points at a 500 bp marker f

Thus, I n order to obtain heal t hy
assessment of their qgabdntdycompheaprss
condiA.i omnlswasnatetmeal ed in the thomataow e
in all studi edFgwmatdd) genotypes

Fi gu!EdaeBI ropher ePgORa np roofd uncetsst eodb t a
pri medet d ki oal bar hat al DNA extracte
pl ants -t eheesf 4

1-3 Elvira, -64Rufing -97 Sol anum pi #mpOionebp iONA iluamd. d
arrow points at a 500 bp marker f

Al t ersnpapr.i awas not found in | eaves
The singleAinalidenhegat ®dn was reveal ec
absent in Anewd seeds of all tomato g
of t he genufsecAl tteomaatra apliannt s i n ope
devel opment [11]. Therefore, in green
devel opment of this pathogen.

During the velgeds aitA vpee r gaendiPdeans ,c i | | |
specH.esvi(rbi de§, F. OXyspor um, F. s ol
sporotriFchipoiodes,ef atavmgs) Werei hot nure
greenhouse grown tomatoes. I n previot
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at different vetloagpgere naf itno mgptecn da el d ¢
t hAaltt ercrmanr iianhi bit the gFowahild@mimd dHewe
the effectiveness of suppression <can
environmental condift itchres haorsd tpHea nge q d
growing conditiongsAl & e dxnmph.iea pprroebsaebnl cye
devel opment of Fhsesanamend afnRleer gl blUsm

As shAdhwnal warsndathae predomi nananpat

during some phases of development. So
for presymptomatic assessment of phy
optimize fungal di sease control under

The probabinfiegt iodbnotrlonyeadfau nlig a | patfl
all stages of cultivation. To overcom
genotypes with | ow susceptibility to
conditions. Success | angeloymbdé pegdspat
application of pl ant pr odquwealtiitoyn amed ¢
product s. Of great i mportance is the

the appearance of externa$eassgmal orhor
of pathogehasesdsi nfilg a@@GBsti c met hods i
detection of tomato pathogens all ows
protection products and obtaining a
protduand seed materi al

CONCLUSI ONS

As a result of monitoring some fun
conditions, a decrease in the pathoge
field Aysdletmeasnatbha predominant pathog
genotiypearmnAspergpkbtiuses were not det
tomat o plantings d\urnien go fv etgheet aptaitvheo gsee
in the study were detected in the fre

reproduction.

u
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Abstract. For the first time inMoldova, changes in microbiological indicators obtained
using polymerase chain reaction (PCR) in carbonate chernozem were studied depending on the type
of land use under different anthropogenic loads. The work used soil samples from winter wheat crop
rotaion of longterm field experiments of different types of use: without fertilizers, mineral and
organic background, as well as-y&arold fallow land . A high diversity of genetic information
with a spectrum consisting of 17 phyla was established. Acaptdithe International Committee
on Prokaryotic Taxonomy (2021), they are new, identified and / or confirmed by metagenomic
analysis. The prokaryotic pool varied from 0.01% to 46.53%: Actinomycetota (38.53%),
Pseudomonadota (194&07.02%), Bacillota (7.3222.40%), Bacteroidota (5.33.55%),
Acidobacteriota (1.98.32%), Verrucomicrobiota (1.32.09%), Myxococcota (1.09.71%),
Nitrospirota (0.150.65%), Planctomycetota (0-£B65%), Gemmatimonadota (0-8668%),
Patescibacteria (0.6817%), Cyanobaetiota (0.050.08%), Chloroflexota (0.08.07%),
Fibrobacterota (0.00.05%), Abditibacteriota (0.60.07%), Bdellovibrionota(0.00.011%), and
Nitrososphaerota (7.322.4%). The first 16 are representatives of the Bacteria domain, and the
Nitrososphaerotghylum belongs to the Archaea domain. Based on the results of multiple
observations of the content of conserved DNA regions of different phylogenetic groups in the soil,
it can be concluded that the prokaryotic community is susceptible to the type mdzdraruse. As
an alternative to soil conditions, bacteria
organic background Y mineral buwcevemga ound Y f a

Keywords:prokaryotes, bacteria and archaea, 16S rAPH genmetagenomic analysis
INTRODUCTION

Prokaryotes, whose representatives include two doriddasteria and
Ar chaea, are Athe basic unit and un
of the total number of prokaryotes on Earth are concentrated in the soil [4],
characterizing the soil emanment as the largest reservoir of microbial
diversity on Earth. The majority belongs to bacteria, while archaea account for
0.5 to 3.8% of the total number of all prokaryotes. However, the high level of
genetic diversity of the soil microworld remainatknown for many years [1].
Only the advent of new methods of molecular ecology of microorganisms
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revealed that at present, only about 0.1% of the total microbial diversity of the
biosphere is taken into account by the cultivation of microorganisms [2].

With the introduction of methods of molecular ecology of
microorganisms, science has gained the opportunity to take into account not
only cultivated but also uncultivated forms of microorganisms [8, 12]. It is
believed that the microbial community is a kiofi"mirror" that reflects the
features of the habitat, and its diversity represents the hidden potential of the
soil microworld [1, 5] in connection with which the metagenomic
characteristics of soils are in demand for assessing the sustainability of soil
ecosystems under the influence of natural and anthropogenic factors, and
interest in such studies is constantly increasing. The soils of Moldova have not
been studied from this point of view.

The aim of this study was to study the pool and diversity okaryotes
of the carbonate chernozem of the Republic of Moldova using quantitative PCR
and highthroughput sequencing of 16S rRNA gene libraries.

MATERIALS AND METHODS

The object of the study was microbial communities of carbonate chernozem:
light loam wth a humus content of 25.0%, mobile phosphate of 8185 mg / 100
g, exchangeable potassium of283 mg / 100 g and carbonates of-2.2% in the
0-20 cm layer. The studies were carried out in 2022 in atemyg stationary field
experiment (founded i1950) of the Ketrosy scientific and educational farm,
district Anenii Noi . Soil samples were collected in the spring from variants with
winter wheatof eight i el d tf c r- without fertllizars, i2-owith the 1
application of mineral fertilizers3 - with the application of organic fertilizers and
4 - fallow land. Fertilizer application rates: total for crop rotation N675P480K480
(N90P60K60 for corn, N120P60K60 for winter wheat before corn and before
sunflower, N45P60K60 for sunflower and pedsjal for crop rotation 144 t/ha of
semtrotted manure (40 t for corn, 22 t for winter wheat, 20 t for sunflower).

Metagenomic analysis was carried out using modern methods [3, 4] and
equi pment of the Collective Usesa@dent e
Cel | Bi ol o-Ryssian Bdsearchlmstituéelofl Agricultural Microbiology,
St. Petersburg, Russia. Taxonomic identification of OTUs was performed using the
RDP (SILVA) database, the classification was refined using the online database
https:/ivww.ncbi.nim.nih.gov/taxonomy) [9, 10, 11].

RESULTS AND DISCUSSION
A study of longterm used carbonate chernozem soil revealed that its

prokaryotic community consists of 17 phylumsActinomycetota,
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Pseudomonadota, Bacteroidota, Bacillota, Acidobacteridtarrucomicrobiota,
Planctomycetota, Myxococcota, Nitrospirota, Gemmatimonadota,
Cyanobacteriota, Patescibacteria, Chloroflexota, Fibrobacterota,
Abditibacteriota, Bdellovibrionotag NitrososphaerotgFig. 1). The first 16 are
representatives of the Bacteria domain, and Nitrososphaetmtéonged to the
domain Archaea According to the quantitative assessment of the content of
conservative DNA regions of different phylogenetic groups in the soll, it can be
conduded that the bacterial community is most responsive to the type of use of
chernozems. As an alternative to soil conditions, bacteria act in the following
sequence: soil without fertilizers Y
fallow land, and afttaea- vice versa.

o o m
W

mEB
B
B
=E B B B o
M Bacte
A B C D

Figurel. Taxonomic structure of prokaryotic communities of carbonate

chernozem at the phylum level, %:
AT without fertilizers. B mineral background, € organic background, D fallow land

The identified microbiome was similar the composition of its components
during the study, but the presence of phyla in the variants was different. All phyla
were simultaneously present only in the soil of the crop rotation without fertilizers
(control). In the fertilized variants, 15 phylaere identified, and in the fallow soll
T only 13. The phyla also differed in their proportion of representation in the
community. Among the identified prokaryotes, the highest abundance was recorded
in microorganisms of the Bacteria domain (77®268%).The leaders among
them were representatives of the Actinomycetota phylum (B86L33%),
reaching the highest value in soil without fertilizers and the lowest in soil fertilized
with organic fertilizers for a long time and in the fallow land. Next, ambeg t
majority of components of the prokaryotic community, representatives of
Pseudomonadota (19:27.02%) were widely encountered, which in general were
almost 2 times inferior to actinobacteria in numbers, recording a similar
development with actinobactari in variants. The third in terms of
representativeness was the archaeal phylum Nitrososphaerota22748%).
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despite the fact that it was represented almost twice less than the previous one, i
recorded the highest ratios in the fallow and the lowebEminfertilized soil, while
the fertilized variants occupied an intermediate position. In addition, it should be
emphasized that the contribution of archaea in the prokaryotic community doubled
in fertilized variants (13.043.25%) in relation to unfelized soil (7.32%), while
at the same time noting a doubled representation in the fallow land soil (22.40%) in
relation to fertilized variants (13.643.25%) and an almostfdld excess in relation
to unfertilized crop rotation soil (7.32%). The phylum Bata was also
characterized by high rates (642.42%), distinguished by the highest values of
abundance in the organic background soil and the lowest in unfertilized soil and
fallow land.

The Bacteroidota phylum had a taxa abundance of-&5% withthe
highest indicators in the fertilized variants (6865%).Further, attention is drawn
to the phyla that did not differ in either large fluctuations or large vatdies
abundance in the community: Acidobacteriota (3%R%) Verrucomicrobiota
(1.372.09%) and Myxococcota (1.00871%). They recorded the highest indicators
in the soil of the organic background or in the fallow soil, and the lowasthe
unfertilized soil. Of these, the highest values were recorded by the phylum
Acidobacteriota (3.34.94%) and the lowestby the phylum Myxococcota, and
Verrucomicrobiota (1.32.09%) occupied an intermediate position among them.
The following 9 phyla had very small contributions to abundance prokaryotic
community. Moreover, the first 5 phyla: Nitrasga (0.150.65%),
Planctomycetota (0.58.65%), Gemmatimonadota (0-868%) Patescibacteria
(0.080.19%) Fibrobacterota (0.6L05%) were found comparatively more often
and showed 0.08.65% contribution, in comparison with the rest. And the phyla
Aditibacteriota and Bdellovibrionota with a contribution of only 60007% were
not identified in the soil of fertilized variants and in the fallow land soil.

Ranking of phyla by individual s
long-term agricultural use afarbonate chernozem provoked a strong restructuring
of the prokaryotic community. The same composition of components hides a
distinctive hierarchical role of taxa in the community (Fig. 2). Based on this, all
phyla can be divided into 3 groups, which, lgegonstant in composition, differ in
their relative abundance throughout the study period. The first group with a
domi nant ecol ogi cal role and an occu
representation among these 3 groups, individually differing signifly both in the
variant and among them, accounting for about 90363% of 16S rRNA genes
from all sequences without significant differences among variants themselves.It
consisted of 5 phyla, which in order of decreasing abundance were as follows:
Actinomycetota (38.11746.53%), Pseudomonadota (19.80.02%),
Nitrososphaerota (7.822.40%), Bacillota (6.08.2.42%) and Bacteroidota (5131
8.55%). The second group, commonly found commonly encountered, was formed

24



Session. General and molecular genetics

from 3 phyla with a secondary ecologicalre and abundance O
about 4.406.60%, recording an increase of 25% in the organic background soil and
50% in the fallow soil, compared to the rest. Moreover, the greatest contribution of
Acidobacteriota (1.943.32%) and Verrucomicrobiota @/-2.09%) was recorded

in the fallow soil, and Myxococcota (1.4971%) in the organic background. The
smallest contribution of this group of microorganisms was noted in the unfertilized
soil of the crop rotation. Representatives of the second groupkafrgotes formed

the following descending sequence: Acidobacteriota (B943 2 %) Y
Verrucomicrobiota (1.32 . 09 %) Y and Y MyM¥%)ciothe ot a
soilorganic background. The third group included rarely seen representatives of
prokaryotes withaabundance of O 1 %, ecdlogival rolegin a n
the community and amounted to only 2B87%, differing slightly in variants and

at the same time constituting the smallest group of prokaryotes in terms of
contribution and the largest group among them in terms of the number of@hyla

100
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Abundance of procaryote%y

A B C D
mGroup |O5 98,63 93,13 92,93 91,56
HGroup 1-5% 4,4 4,93 5,17 6,6

mGroup 0 1,97%. 1,94 1,9 1,84

Figure2. Redistribution of the relative participation of prokaryotes under winter

wheat in carbonate chernozem, according to the degree of dominance (d.d.), %:
Al unfertilized, Bi mineralbackgroundC i organicbackgroundGi fallow land

They were arranged in descending order of abundance as follows:
Nitrospirota (0.150 . 6 5%) Y Pl anci0 oty ®pt ¥t a (0.5

Gemmatimonadota (0.86 . 5 8 %) Y PatesC.i baw)t ey
Cyanobacteriota (0.09 . 08 %) Y Chl a0 o0f71%) x ot aF i (bOr. ook
(0.00. 05%) Y Abditio b@att®wyi and YOoBO®@I|I I o
0.07%).

Consequently, under the influence of letegm agricultural use of carbonate
chernozem, physicochemical and climatic factors from year to year, thace
beginning of time, a significant restructuring and redistribution of the prokaryotic
community occurs. Microorganisms, changing the degree of their dominance in the
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community, losing or acquiring a new ecological status, survive and remain an
importantcomponent of the microbiome of carbonate chernozem [7, 12]. It is these
properties that characterize prokaryotes as structural elements of living matter in
the soil, which interact with each other in the struggle for nutrients, thereby ensuring
the role & the molecular alphabet of living matter.

CONCLUSION

1. Carbonate chernozem is characterized by high genetic diversity of the
most ancient representatives of the living worldrokaryotes, the spectrum of
which consists of 17 phyla of bottommains, similar to soils of other regions. But at
the same time, all were present only in the unfertilized soil of the crop rotation.

2. The pool of prokaryotes ranged from 0.01% to 46.53% with the highest
values in the unfertilized soil and the lowesthe organic background and fallow
soil. The mineral background occupied an intermediate position among them.

3. According to the estimates of the International Committee on Prokaryotic
Taxonomy (2021), the phyla are new, identified and / or confirmedgbgganomic
analysis.
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Abstract. Insects provide important ecosystem services of great economic value. We
investigated a method for activating of entomophages and pollinators of Hymenoptera order natural
populations ("field breeding"), consisting of a combination (synergy) of overseeding spice plants
and placing Fabre hives nearby the fruit garden. The objefctke study were entomophages and
pollinators of the Hymenoptera ordefhe experiment was conducted in three different biotopes:
an apple orchard near a forest belt, a collection of spice plants near a pear orchard, and a field of
Miscanthus sinensi§he maximum number of Megachilidae bee nests were found in artificial dark
colored shelters: made of cylindrical dark plastic (70,8%), and deltoid dark cardboard (20,8%).
The bees preferred to build nests in the agrocenosis of the pear orchard nearbgfasploe plants
(91,7%). 1 t has been established that the opti ma
activating consists of combining a variety of
flowering (conveyor).

Keywords: entomophagedield breeding, artificial shelters, Hymenoptera, aromatic
plants

INTRODUCTION

Insects provide important ecosystem services of great economic value.
Proper management of agendscape resources can contribute to the biodiversity
conservation. In thisontext, agrenvironmental schemes (AES) were included in
the EU agricultural policy in 1985 and have become the main instrument for
biodiversity conservation in Europe [1]. We investigated a method for activating of
entomophages and pollinators of Hyroptera order natural populations (“field
breeding"), consisting of a combination (synergy) of overseeding spice plants and
placing Fabre hives nearby the fruit garden, which contributes to an increase in the
benefici al i nsect 0 supperts the formation ofsstalde selfc t |
developing and selfegulating agrobiogeocenoses [2]. Since many predators are
also anthophiles, their survival, productivity and performance are enhanced, when
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flowering herbaceous plants are present within the agostcenResearch by
scientists has shown, that strips of flowering plants near gardens and fields increase
the biodiversity of pollinators and entomophages [3]. Flowering plants of the
Apiaceae and Lamiaceae families significantly increase the number dfciane
insects in agroecosystems [4]. Wild bees (©gmiaspp.) are more effective in
pollinating fruit crops than honey bees. The placement of Fabre hiv€sioia
increases the yield of fruit orchards several timesQ@Smiabees prefer highipid

palen with a high content of sterols (fam. Asteraceae) [6]. Analysis of the nectar
of essential oil plants showed that maltose and sucrose dominate in plants,
pollinated by bees [4]. The key amino acid for the energy metabolism of solitary
wasps (Sphecidaednd bees is proline, and the amino acids tryptophan and
phenylalanine increase the survival and fertility of parasitoid wasps (Braconidae)
[7, 8]. Terpenoids (linalool, geraniol) in the nectar of lavender and mint attract bees
and repel unwanted insec®].[ To adapt the method to a specific garden, it was
important to study local bee species and the optimal set of partner plants.

The aim of our work was to study
populations activating, which involves the inclusion @i ce pl ant 6s
industrial garden array, in combination with the use of artificial shelters to attract
of Hymenoptera entomophages and pollinators to the agrocenosis.

MATERIALS AND METHODS

The place and time of the research are laboratoryiekidcbnditions of the
Institute of Genetics, Physiology and Plant Protection of the Republic of Moldova,
2024. The development of technological elements of artificial shelters for attracting
economically important Hymenoptera order entomophages wascdcatien the
basis of certain modifications of Fabre hives. The objects of the research were
entomophages and pollinators of the Hymenoptera ohd@rder to evaluate the
most attractive filling materials, we used hollow tubes (reed and plastic) in each
shelter. Four variants of the enclosure were considered: 1) white cardboard; 2) dark
cardboard; 3) transparent plastic; 4) dark plastic. The expetimas conducted in
three different biotopes: an apple orchard near a forest belt, a collection of spice
plants near a pear orchard, and a fielMfcanthus sinensigrovides insects with
natural tubular stems for nesting).

The sowing whishi ayepwantesy used i

perfumery, contributed to the increasc
The diversity of species-atrlpantat mak e | lam
not only in botanihealpeariiogli no,f biuto weelr
nectar and poll en. The attractiveness

was assessed by comparing the density
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were counted by
a

sequemmtli alhley tiem DEe cteic
the taxonomic fi

f Il iation of individu
RESULTS AND DISCUSSION

A dependence of the Hymenoptera nests number on the artificial shelter
structure and the type of agrocenosis was established. Thenamaxaumber of
solitary bees (Megachilidae) nests were found in cylindrical shelters made of dark
plastic (70,8%), deltashaped shelters made of dark cardboard (20,8%) and 8,4% in
deltashaped shelters made of white cardboard. Tubular reed stems withedediam
of 0,71 0,9 mm were populated, and bee nests were not found in plastic tubes. Thus,
bees prefer darkolored shelters and tubular reed stekrigyrel).

—

Figure 1. Population of artificial shelters by wild solitary bees depending on the
type of bodyand material

In the agrocenosis of the pear orchard near the spice plot nested 91,7 % of
bees, in the agrocenosis of the apple orchdy®a %, and 4,1 % in the agrocenosis
of the Miscanthus sinensield. In our studies in 2024, we obtained imagoes and
nests of slitary bees from two genera (Megachilidae): one of the largest genera of
bees in the family, the gen@smiaPanzer, 1806 (mason bees) and the genus Stelis
Panzer, 1806 (cuckoo bees) (Figure 2).

Inside the cavity of the reed sten@smiabees divided the passage into
brood chambers. Each chamber was supplied with enough pollen to feed one larva
The bee laid an egg on each pollen mass and sealed the chamber. The end of th
tunnel was sealed with mud, plant resins, pieces of leaves a@rflmtalsOsmia
bees pollinate an extremely wide range of flowering pleé8itsisbees lay eggs in
the nests of other bees (Figure 3).
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apple orchard + forest belt Miscanthus sinensis
4% field 4%

4

pear orchard + necrar plants 92%

Figure2. Population of artificial shelters and agrocenosis types by Megachilid
family bees in various agrocenoses

Figure 3. Nesting of solitary bees (Megachilidae)
Bee nests in tubular reed stems with madtiored plugs (1), open bee nests (2), imago of the
genus Osmia bees (3), imago of Stelis (4).

The hosts ofStelisare other Megachilinae. In most cases, the parasite,
having discovered the host's nest, returns to it repeatedly to lay an egg in each of
several host cells before they close. The ability of bees to populate anthropogenic
cavities of suitable sizes ancdettvide polytrophism of species allows us to consider
Megachilidae bees as very promising species for field breeding in artificial shelters
in order to increase the economic efficiency of agroecosystems.

In order to maintain and activate the population giménoptera order
entomophages and pollinators in the agrocenosis, a food base was provided frormr
the continuous flowering of spice plants throughout the season. The flowering
period in the collection of spice and aromatic plants in 2024 began on ApritiL7 wi
the flowering ofBergénia crassifoliaL. (Saxifragaceae) andldonis vernalisl..
(Ranunculaceae), which lasted for-2@ days, respectively, and the visit (mainly
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by bumblebees) was average. Then, from April 24 (flowering for 25 days), the
flowering of Nepeta transcaucazich., (Lamiaceae) an&¥eronica officinalisL.
(Plantaginaceae) began. Their flowering is shortet3 8lays, as well aRumex
acetosa.., Rheum officinaldaill. visits by insects, which are more numerous and
varied.

Starting from April25 and for 2830 days, species, suchBsymus vulgaris
L., Thymus serpiliunk., Thymus longicauli&., Salvia officinalisL. (Lamiaceae)
bloomed, and at the end of April, beginning of MayRosa gallicaL. and
Sanguisorba officinalig. (Rosaceae). Fronné beginning of May and for 226
daysThymus x citriodoraSchreb.,Asparagus officinalid.., Ruta graveoleng..
(with inconspicuous flowers, but very much visited by inseci&ronica
chamaedrysL., Matricaria chamomilla L., Plantago lanceolatal., Linum
usitatisimumL., Centaurea cianus., Allium shoenoprasurh. bloomed. In early
June and for 280 days, most species of the Lamiaceae family bloom and secrete
nectar, which are well visited by insects. Among thenmLarandula angustifolia
Mill., MelissaofficinalisL., Hyssopus oficinalit., Dracocepalum moldavich.

The month of July is rich in flowering of the Apiaceae family species, which
are visited by insects from the moment of the budding phase of plants (lasts from 5
to 13 days for different spexs). During this period, from July 2 to 5, insects
"check" the umbrellas for nectar. The most frequent visits by insects are observed
during the period of the flowering beginning and until the flowers in the umbrella
have completely faded. This period begon July 5 and lasts from 25 days for the
annual speciednethum graveolenk. to 25 days and up to &b days for the
biennial specie®asstinaca sativd., Apium graveolens&., Foeniculum vulgare
Mill., Ammi visnaga.., Anhtriscus cerifoliuni. T equato 2535 days. In August
September, such species Alium ramosumL., Satureja montand.., Inula
heleniumL. bloom. Thus, the site saw continuous flowering (conveyor) of 34
species of spice plants throughout the growing season {3@pilember).

CONCLUSIONS

1. The degree of artificial shelters attractiveness for Hymenoptera order
entomophages was established, depending on the design and materials from whicl
they are made. The maxi mu ®smiaandStelis of
(Megachilidae) genera were fodi in artificial shelters of a dark color: from
cylindrical dark plastic (70,8%), from deltoid dark cardboard (20,8%). Bees
preferred to build nests in the agrocenosis of a pear garden near a plot of spice plant
(91,7%);

2. It was established that theptomal strategy for the activating
entomophages method consists in combining a variety of spice plants of different
families and ensuring continuous flowering (conveyor). This composition of the
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collection has a long flowering of species and providescseiffi food for insects
living nearby, an ecdriendly environment, and is also important for creating
favorable conditions for pollination and increasing seed productivity of spicy
aromatic and garden crops.
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Abstract This article aimed to evaluate the efficacy of the iPBS @Rtaner Binding Site)
molecular marker system, leveraging mobile genetic elements, for genotyping diverse triticale
accessions sourced from the colientof the Institute of Genetics, Physiology and Plant Protection.
The objectives included the isolation and purification of genomic DNA fralay-old triticale
seedlings of 'IngeB4’ and 'Ingem3' genotypes, the empirical determination of optimal iPBS
primer efficiency through a series of experimental amplifications, and the subsequent selection of
highly informative primers for triticale genotyping. Standard polymerase chain reaction (PCR)
amplifications were conducted utilizing specific iPBS prim&il3, Pb20, Pb21), followed by
electrophoretic separation of amplification products on agarose gel. Amplification produced 33
clear, 100% polymorphic | oci. POPGENE analy
diversity h=0.1290, Shannon index 1=0.2)0despite low genetic distance (0.00840169)
between the closely related varieties. Primers Pb20 and Pb21 generated the most polymorphic loci.
These results confirm the high utility of iPBS markers for genetic diversity assessment and cultivar
identification in triticale breeding, even for closely related genotypes.

Keywords: genotyping, polymorphisms, retrotransposons molecular markers, triticale
INTRODUCTION

Triticale (x Triticosecale Wittmack) is an artificial amphidiploid species
derived from across between wheatrfticum aestivurpand rye (Secale cereale).
This hybrid was developed to combine the agronomically valuable traits of both
progenitors: the high yield and grain quality of wheat with the cold tolerance,
disease resistance, aadvironmental adaptability typical of rye.[1, 2] In terms of
nutritional and feed value, triticale holds an intermediate position between wheat
and rye. Triticale has high antioxidant activity due to its rich content of
polyphenolic compounds and flavonsjdparticularly phenolic acids such as 4
hydroxybenzoic acid, vanillic acid, caffeic acid, chlorogenic acichygmaric acid,
and rosmarinic acid [3]. Due to its combined traits, triticale isonsidered a promising
cereal crop, especially in regions with $taclimatic conditions and marginal soils.

The world production of triticale currently exceeds 20 million tons per year
and is mainly concentrated in Europe, accounting for over 80% of the global output.
In the countries of Central and Eastern Europdudicg Romania and Ukraine,
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triticale is actively introduced into crop rotations as an alternative to winter wheat
on lowproductivity soils.[4] Its adaptability, resistance to abiotic stress, and
relatively low input requirements make it an important adaue for sustainable
agriculture and food security in the context of climate change. In Moldova, national
agricultural research institutions have prioritized the development of- high
performing triticale varieties. [2, 5]

Because of longerm efforts by tk Institute of Genetics, Physiology and
Plant Protection of the Republic of Moldova, was created a diverse collection of
autochthonous triticale varieties, which has been developed to improve agronomic
performance under Southeastern European conditiortabMoexamples include
Ingen 93 (1998), widely used as a reference standard in local research, as well a:
Ingen 33, Ingen 35, Ingen 40 (2015), Ingen 54 (2020), and Costel (2022) [2]. The
existence of such a diverse gene pool within a relatively limitedrgpbic area
underscores the necessity for precise identification and differentiation of genetic
variability among these cultivars.

Genetic diversity analysis plays a fundamental role in crop breeding,
conservation, and genotype selection. Various magkstems have been employed
to evaluate genetic polymorphisms, including phenotypic, biochemical,
cytogenetic, and molecular markers. Among these, molecular markers are
considered the most reliable due to their high reproducibility, independence from
environmental factors, and the potential for automation and scalability. Techniques
such as RFLP, SSR, RAPD, AFLP, SNP, and iPBS have been used to assess genet
variation in cereal crops [6]. The iPBS (inferimer Binding Site) marker system,
based on the coasred regions of long terminal repeat (LTR) retrotransposons,
offers several advantages, including high sensitivity to polymorphisms, especially
among closely related genotypes. This makes it a powerful tool for cultivar
identification and genetic divergistudies in breeding programs [Qurrent work
focuses on using iPBS markers for triticale genotyping as well as assessing
molecular diversity within populations with different genetic background.

MATERIALS AND METHODS

Plant material. Two triticale geotypesi Ingen54 and Ingef®3 were used
in this study. The Laboratory of genetic resources of Institute of Genetics,
Physiology and Plant Protection provided plant material. Seeds of 2022 yield were
germinated on Petri dish and filter paper under 27°@duf days. Eight seedling
of each genotype were selected for population analysis. Approximately 2 cm of
apical meristem were cut off and used for DNA extraction.

DNA extraction. DNA extraction was performed using the ISO 21571
method [8]. A sample of exdcted DNA was subjected to a series of dilutions (1:4,
1:14). From the extracted samples, we randomly selected 16 genotypes, 8 genotype
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each of the Ingeb4 and Ingefd3 varieties, for PCR testing. Purified and diluted
DNA was subsequently used for PCRtte

Primers. Several primers (Pb13, Pb20, and Pb21) designed to universal
iPBS markers and described in (Kalendar R. et al., 2010) were used for genotyping
and population analysis (Tab.1).

Table 1. Primers used for gPCR analysis

Primers Sequence Tm (°C)
Pb13 CCATTGGGTCCA 45.7
Pb20 GGCTCAGATGCCA 50.5
Pb21 GCTCATCATGCCA 47.6

Amplification. PCR was perfor med i Gomnbrcid| o
buffer x10 (DreamTaq Buffei)2 . 5 ¢ | pri meri4.f5 rewa,r dd
mixi 0. 5 epolymeras#d® . 3 el , di |l utled eDINjAiptaetmer
25 ¢l volume. The amplification proto
95°C, 3 minutes, followed by 45 cycles of denaturation at 95°C, 30 seconds, primer
annealing at 55°C, 38econds and elongation at 72°C, 1 minute. Amplification
concluded with final elongation: 72°C, 7 minutes.

Product analysis.PCR results was visualized on a 1.5% agarose gel stained
with ethidium bromide. Molecular weight of the amplicons was assessedl@$ing
bp DNA Ladder (Thermo Fisher Scientific).

Data processing was carried out using the following software: GelAnalyzer,
MS Excel, POPGENE.

RESULTS AND DISCUSSIONS

Total DNA quality test via agarose gel electrophoresis showed crisp and
intense bands ohigh molecular weight without smears and low RNA content
(Fig.1). This presumes high yield of integral DNA suitable for molecular

genotyping.

Figure 1 Electrophoregram of total triticale DNA
The amplification profiles obtained using three iPBS primers (Pbl13, Pb20,

and Pb21) are shown in FigureésA2 The banding patterns reveal the presence of
polymorphic loci and demonstrate the capacity of the chosen primers to
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discriminate between triticatenotypes.

M1 234567 8 M9 1011121314 1516

LLELTREC ¢ o

Figure 2 Electrophoregram of PCR products amplified with iPBS primer Pb!:
1-87 Ingen54; 91671 Ingen93; Mi 100 Plus Ladder (Thermo Fisher Scientific)
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Figure 3 Electrophoregram of PCR products amplified with iPBS primer Pb:
1-87 Ingenb54; 9167 Ingen93; M1 100 Plus Ladder (Thermo Fisher Scientific)
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Figure 4 Electrophoregram of PCR products amplified with iPBS primer Pb:
1-871 Ingen54; 9167 Ingen93; M1 100 Plus Ladder (Thermo Fisher Scientific)

Amplification with these primers produced a total of 33 clear and

reproducible loci (attested in three arfipations), ranging in size from
approximately 243 to 2912 bp.
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According to POPGENE statistical analysis, all 33 loci were polymorphic
(100%), indicating the high informati
diversity (h) ranged from 0.0625t0@8 8 wi t h a mean of 0. 1
Information Index (1) varied from 0.1426 to 0.6096 (mean = 0.2403). The highest
polymorphism was observed at locus 257 (h = 0.4188), suggesting it as a key
marker for genotypic discrimination, which was detectdekrvamplifying with
Pb20 primer.

Nei 6s genetic distance between the
0.0169), with genetic identity ranging from 0.9832 to 0.9926, indicating a relatively
close genetic relationship. Gst values (genetic differentiptiveraged 0.0642, and
gene flow (Nm) was high (mean Nm = 7.29), reflecting limited genetic subdivision.

Primers Pb20 and Pb21 generated the greatest number of polymorphic loci
and showed higher values of gene diversity (h), making them more suitable for
distinguishing closely related triticale genotypes. Consequently, these specific
primers are highly recommended as potent tools for prospective genotyping and
breeding programs

CONCLUSIONS

iPBS markers proved to be effective for badlscriminating between
triticale cultivars with different genetic background, as well was evaluating
population diversity for this species. It has potential application in triticale breeding
programs and supplying national Gene bank information on tatical

PCR amplification using primers Pb13, Pb20, and Pb21 yielded a total of 33
clear and reproducible loci. All 33 loci demonstrated 100% polymorphism,
confirming the high informativeness of the selected iPBS primer set.

The highest level of polymorphism%0.4188) was recorded for locus 257.
Nei's genetic distance between the two triticale varieties (‘tbdeand 'Ingesd5")
is low, while genetic identity is high.

Primers Pb20 and Pb21 generated the greatest number of polymorphic loci
and exhibited highegene diversity (h) values compared to Pb13, making them
more suitable for distinguishing closely related triticale genotypes.
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| NTRODUCTI ON

Cultivating peas for grains, seed material and fodder solves three strategic
problems: increasing seed production, increasing vegetable proteircfiwodand
improving soil fertility, being 23 times richer in vegetable protein and having the
advantage that it can be sown and harvested extra early [1, 2, 3, 4]. They are sowr
as a first priority under the environmental conditions of the Republic ofidxal,
when the soil has sufficient moisture and allows sowing, usually in early March,
but delayed sowing leads to significant production losses. Pea plantations for grain
and fodder represent 8% of the arable land in the Republic of Moldova. They are
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annually invaded by over 40 harmful species, which are also associated with
invasive nematode complexes that trigger helminthiasis, which motivates specific
annual monitoring to control the populations and their parasitic impact in the
cultivation process ohis crop [4, 5, 6]. Annually, according to the new institutional
project 20242027, we conduct nematological research, including biodiversity
estimates, morphecological assessments and analyses of the structure of
complexes of parasitic fauna, affectarious field crops, including peas [5, 6, 7,

8].

In the Republic of Moldova, helminthological research and monitoring of
the biodiversity and structure of parasitic nematode complexes, detected in the
agrocenoses of field crops cultivated in statened &ad private enterprises, were
initiated and conducted by specialists in phytohelminthology and parasitology,
renowned at the national level and recognized internationally, such as: Petru
Nesterov, (1974.980); Nicolai Ocopnnii, (1982999); Melnic Maria edl., (1970
2024); Poiras Larisa et al., (192616) [4, 5, 6, 7, 9]. Currently, taking into account
the specifics of areas with contrasting and unstable climates, we aim at investigating
invasive nematode complexes from the familiésteroderidae Hoplolaimae,
Tylenchidagaffecting pea plant®{sum sativun.), in the context of applying new
modern cultivation technologies, comparatively by areas, production associations,
plantations and purpose of production. Based on current events and the estimate
purpose, the goal of our research has been to estdidiskracture and diversity of
invasive helminth species from the familié$eteroderidae Hoplolaimidaeand
Tylenchidae associated with parasitic forms affecting pea créfisum sativum
L.), determining the parasitic impact by comparative analyses gfidrey and
abundance indices, in various production and experimental sectors, in the dynamics
of phenological stages [5, 6, 7, 8]

MATERIALS AND METHODS

The proposed program included specific, helminthological investigations in
field crop plantations (gumes, winter cereals, technical crops), where samples of
soil and plants affected by helminths were taken and surveys and periodic records
were made comparatively across various investigated sectors, mainly in the Central
area as compared with the Northarea.

To establish the areas affected by helminthiasis, over 6 field trips, in 10
localities, 12 sectors, from 4 administrative districts in the Central area, were
undertaken, where over 200 samples of soil and diseased plant organs were
collected and aalyzed (Fig. 1). Subsequently, indices of parasitic impact were
determined, such as: species diversity, population density, frequency of attack
(F%), intensity of attack (1%), estimation scales were used following phytosanitary
control, field and laboratgrrecords were made.
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C
Figurel. A, B, C. Surveys with soil sampling and analysis of plants
collected during the growing season (Criuleni district, Malghe 2024025)

Fiug2eA, B, C. bed ims nit bh® | @agd cal extr a
mi croscopi c est abalxiosnhonmei nct ionfd incoersp hoof
from analyzed sampl es.

The collected samples were subseque
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of the nematode genera. Through speci i
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Baer mann fwunmels)ome ami¢tulsd dn@eind gi, c avli t h s
in 4% formalin, at tempeoabmie sfu6i0d
figure 2. The fixed materi al was ana
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and plants. Methodological and | ogi sti
Hel mi nt hol ogy Laboratoryl] OwbOtgsdzmet § o d «
Nesterowl®PsMel n1¢78., E20&anP®irafRubu @
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nemat ol ogi cal i denti f:i cend.koetBg2d e hi n
Nadler, S.A., Adams, B.J. 260dmePer Wy,
bD. J. 2006; Siddigi, M.R. 2010; Sasan:
13, 14].
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RESULTS AND DISCUSSIONS

Biological control of pea plantations affected by helminths was verified in
various privatehouseholds and production associations in the Center of the
Republic of Moldova and in the administrative districts of Criuleni, Anenii Noi,
Nisporeni, located in the Souffast and SouthlVest, where winter cereals, corn,
sunflower, fodder crops, etc. aabso intensively cultivated. Peas are cultivated on
large and significant areas, in the sectors of the Central area, but in the North the
areas are limited, instead, soybean plantations for grains and fodder predominate
For this reason, our research wasused mainly on sectors of the Central area,
making detailed surveys and analyses.

Phytosanitary surveys were conducted monthly, in the period Manud,
20242025, which were characterized by relatively warm and humid weather
conditions, which had an aantageous influence on the development of plants
including but also of parasitic nematode complexes. The average frequency and
intensity of helminthic attack were established, reaching values up-39%5
Abundant precipitation and higher temperaturegehdetermined the severity of
helminthiasis in association with various disastrous diseases such as: ascochytosis
fusariosis, which appeared early on the roots and stems during the vegetative phase
Simultaneously, on the preventively marked samples thsepce of helminthic
diseases was detected, the values of intensity and frequency of attack were analyze
comparatively, and the structure and predominance of certain genera and specie:
with specific pathogenic invasive impact were highlighted. In alirliestigated
sectors, helminthic diseases and infestations were reported through local outbreaks
with retarded plants, in association with wilted, partially necrotic ones in variegated
colors, presented in Figure 3.

The periods with abundant rainfal/

t he mont RWsunef, Ampmruisled an increase 1in
numeri cal density of the pest popul at
areabs5®m™0 i ndhivo@uglt./ soil. |t was fout
sector s, there were extensive nemat o
certain sectors affecting the plants
capacities inet,he esmaitlo.d eMe adamwhn speci ¢
crops, caaemdl bgnamenwi th maintenance
favored the increase in the degree 01
plants in the stades hef flogafatfiocornmatfi g
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Figure3. A, B, C. Plants affected by mixed helminthic diseases associated with
downy mildew and powdery mildew, on all plant organs, in the pod formation
phase; Aproductive sector Mayune, Criuleni district, 2@

During t his peri od, t he reported
accentuated and extensive, the vVvisua
number of mature | eaves, dwarf | eaves
causehldelbryi nt hs. The species of pat hoq
ascending comparative values, by pher

of-52l eaves up to 30% in the fruit dev

Table 1. The estimation of ptosanitary indices by comparative values of
helminthic parasitic impact in various phenological stages of pea plants grown in
the districts of the Central area, (Matdime, 2025)

. 26 June, fruit
26 March, stage of-2 25 April, stage of 145 27 May, flowering stage | developmerit ripening

developed leaves developed leaves
stage
Central area ang D D D
pilot districts (160 (160 D. (160
F.(%) | 1.(%) F.(%) | 1.(%) | (100g | F.(%) | 1.(%) F.(%) | 1.(%)
9 9 soil) 9
soil) soil) soil)
Nisporeni, 17.
Virzire| 517 7-10 57 23 912 7-10 | 2535 | 1215 | 811 180 | 2528 | 2225
village

Criuleni district, 14
PaHcani 7-15 59 35 18 89 6-8 2028 | 1013 | 912 | 250 | 2730 | 2427

Criuleni,

Bl £tbtn| 816 | 812 57 11% 7-10 69 2833 | 1318 | 7-10 | 220 | 2528 | 2225
village

Anenii Noi, 13

Mereni village 6-14 58 25 16 1014 | 812 | 2330 | 914 79 190 | 2025 | 1822

Legend: DI density of nematode per 100 grams of soil; F (%equency of attack; |
(%) 1 intensity of attack.
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Figure4. A, B, C. Peglantations in the buddinfyuit development stages, pely
invasively affected by helminthiasis and other diseases associated with specific
pathogens, May June, Criuleni district.

Such investigations were carried out for the first time in the Repuldiolabva
on legume crops, including peas, as this research was conducted in another
technologically intensive format and in the new private system, related to establishing
the diversity and structure of nematode complexes, aspects of parasitic impaict, trop
specialization, strategically adapted specialization, with the estimation of the most
invasive forms in this eardgpring crop. The investigations carried out consistently reflect
in the seasonal dynamics, during growth stages, of the parasitic haninpact
associated with specific diseases affecting peas, such as: downy inifuiiogen
Peronospora pisiSyd., powdery mildewi pathogenErysiphe pisiDiet., blight i
pathogenAscochyta pisiSacc., wilti pathogenFusarium spp., triggered by some
prablems in the cultivation techniques and environmental factors. Pea plantations
affected by the abowamentioned diseases, in the budeingt development stages, are
presented in Fig. 4 A, B, C.

These analyses and results are useful for adjusting sdddreyterm forecasts
and are useful for applying an efficient integrated protection management for peas,
namely by reducing the damage caused by pest invasions, the degree of infestation, th
resistance in critical phases etc., aimed at production dgsasi@xperimental research
sectors and private households. In this regard, by analyzing the samples collected fron
soil and affected plants in the laboratory, the structure and taxonomic diversity of
invasive nematode complexes was determined in therdgmaf plant growth and
development stages, in the presence of helminth associations accumulated in the so
planted with peas, the growing season Mahahe 2025, presented in Table 2. The
analyses presented in Table 2 estimate the structure, diverditgdemsity of the
nematode populations, established at genus level, and the level of parasitic impact ant
infestation, up to 3 points (250 individuals per 100 grams/soil), detected from the first
stages of plant development and increasing each monthdiagctw the biological
development cycle. In the detected complexes, the individuals belonged to 8 genera
namely: Ditylenchus spp., Helycotilechus spp., Tylenchus spp., Fylenchus spp,
Nothotylenchuspp., Heteroderaspp., of the ordefylenchida with diverse trophic
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specialization (endectosemiendoparasites), migratory and sedentary.

Table 2. Diversity and structure of nematode complexes, accumulated in the soll
planted with peas (Marebune, 2025) in the dynamics of phenological stages

Date of collecting and analyzing soil

Detected gener Trophic group samples (rﬁ?z(;g%;frrg the plant's

25.03 | 25.04 | 25.05 30.06
1. Ditylenchus sp Migratory + + ++ ++
2. Prathylenchus sp., endoparasites + + ++ +4++
3. Helycotilechus sp., + + ++
4. Tylenchus sp., Ectoparasites - + + ++
5. Fylenchus sp., - + ++ ++
6. Nothotylenchus sp. - + + ++
7. Meloidogyne sp., Cystand gallinducing + + ++ +++
8. Heterodera sp., sedentare - + ++ +++

Legend:- noindividuals; + from 30 to 100 individuals are present; ++ from 100 to 200
individuals are present; +++ over 200 individuals are present

All the estimated genera were found practically in all the investigated sectors, but
the most invasive, with high frequency and abundance, were the forms belonging to the
genera Meloidogyne and Prathylenchus, from the families Tylenchidae and
HeteroderidaeThese highlighted complexes represent a significant danger to pea plants,
because they are associated with various species of insects and diseases, and are a
vectors of microbial infections in the soil.

CONCLUSIONS

As a results of théelminthological monitoring, carried out in 4 production
associations from 4 districts, mainly belonging to the Central area of the Republic of
Moldova, in plantations of peas grown for graiRgs(@m sativunt..), the diversity and
structure of invasive nestode complexes in the dynamics of phenological stages were
established for the first time, detecting the presence of the most dangerous forms
associated in 8 genera, suchBisylenchus spp, Pratylenchus spp., Meloidogyne spp.,
Helycotilechus spp., Tylehus spp., Fylenchus spp, Nothotylenchus spp., Heterodera
spp., which belong to the familiedHeteroderydae, Aphelenchidae Tylenchidae,
Hoplolaimidae, Neotylenchidaerder Tylenchida, with diverse trophic specialization
(ende ecte and semendoparasitgsmigratory and sedentary.

The more abundant and frequent pests were the forms of migratory endoparasitic
nematodes, thdylenchidaefamily and the gallnducing forms belonging to the
Heteroderidadamily, class Nematodafter establishing the indices the population
density and frequency and intensity of attack, it was found that the nematodes that appee
early, at the seed germination stage, the complexes belonging to théRgatyéeachus
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andMeloidogynedetected in the rhizosphere of young daatp, had an abundance of
50 to 250 individuals (adult forms, eggs, invasive larvae).

Helminthic diseases were reported as local outbreaks, with a frequency of 5 to
25% with an average attack intensity of3[o. These highlighted complexes represent
a spnificant danger to pea plants, because they are also associated with species c
lepidopteran and coleopteran insects in the soil, various diseases, causing unfavorabl
conditions for obtaining biological and agricultural harvests.

Acknowledgements: The esearch was carried out with the support of the institutional
projecti State Program, the Subprogram 010701, within MSU, Z1126.
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Abstract Resolving phylogenetic structure in cryptic rodent species is essential for
understandingwlutionary history, population connectivity, and informing conservation strategies.
In the Republic of MoldovaMicrotus arvalisco-occurs with the morphologically simild. levis
complicating speciekevel identification based on external traits alorfl@ determine the
phylogenetic affiliation of locall. arvalispopulations, we sequenced the mitochondsiédchrome
b (CYTB gene (1106 bp) from five individuals identified molecularly from a total of 13 vole samples
collected in central Moldova. Theseguences were analyzed alongside 26 reference sequences
retrieved from GenBank, representing the major phylogenetic lineagésan¥alisacross Europe.
Phylogenetic reconstruction, performed using the Neigliboting method in R software
environment, reealed that the samples from Moldova form a highly homogeneous cluster and group
with sequences from Poland, Slovakia, Finland, and Hungary. This pattern indicates a clear
affiliation with the eastern phylogenetic lineage. The results expand the phylaghingr
understanding ofl. arvalisin Eastern Europe and underscore the utility of mitochondrial markers
in distinguishing closely related species and supporting regional biodiversity assessments.

INTRODUCTION
The CYTB gene of mitochondrial origin, encodes foytochrome pan

integral ®mponent of the mitochondrial electron transport chain responsible for
driving oxidative phosphorylation aratlenosine triphosphat@TP) production.
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Its sequence exhibits low intraspecific variability and pronounced interspecific
divergence, making it a&liable molecular marker for phylogenetic reconstruction.
Cytochrome MDNA sequences from a phylogenetically and geographically diverse
array of species are systematically archived in reference databases, such a:
GenBank and BOLD, enabling highsolutionspecies identification based on
sequence homology, including cases where morphological traits are ambiguous due
to convergence, development stage, or cryptic speciation.

Although small in size, voles exerts@nificant influence on the habitats
they occup, shaping trophic interactions, vegetation dynamics, and nutrient
cycling. Monitoring voles populations is therefore critical, as their abundance and
distribution often serve as sensitive indicators of ecosystem stability. Analysis of
intraspecific geneti variation provides critical insights into the evolutionary
trajectory and ecological differentiation of vole populations resolvingdoae
phylogeographic structure and demographic history. By reconstructing patterns of
lineage divergence, gene flolnd population connectivity, such studies may
inform the design of targeted population control strategies and resolve phylogenetic
relationships among geographically or ecologically distinct populations. In the
Republic of Moldova, the genldicrotusis regpresented by 2 specidd. arvalis
(common vole) ani. levis(East European vole). These taxa are morphologically
cryptic and often inhabit overlapping ecological niches, rendering sgevis
identification based solely on external characteristics liabte during field
sampling. Microtus arvalisis paraticularly abundant occupying open grassland
habitats across a broad geographic range that extends from the Atlantic coast of
Europe to Central Siberia [1]. Previous research [1] suggests that thesvearal
phylogenetic lineages of the common vole across Europe and Asia, including
western (United Kingdom, France, Spain), Italic (ltaly), central (Germany,
Netherlands, Denmark), eastern (Hungary, Slovakia, Poland, Ukraine, Finland) and
a distinct lineag (Ukraine, Georgia, Armenia), which corresponds to the
distribution of theobscurusform. In the present study, we sequenced and
phylogenetically analyzed the mitochond@ TBgene fromM. arvalisspecimens
from Moldova, with the aim of determining thelineage affiliation. The
phylogenetic inference was performed through comparative analysiy oB
sequences of the same species, extracted from GenBank [2,3].

MATERIALS AND METHODS

Speciedevel identification of Microtus arvalis and M. levis in thegriblic
of Moldova was not feasible during sampling due to the lack of diagnostic
morphological traits and the potential for sympatric distribution across habitats. A
total of 13 samples were collected, and after sequencing 5 were affiliakéd to
arvalis. The samples were taken from the suburbs of Chisinau and from several
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other localities in the central region of the country (Table 1).

Table 1. Localities and geographical coordinates where the voles included in the
study were captured

Localities Latitude Longitude Identified specimens
Piatra Alba 46.926 28.825 1 x M. arvalis
Horesti 46.806 28.929 3 x M. arvalis

3 x M. levis
Malcoci 47.016 28.665 5 x M. levis
Chisinau 47.021 28.718 1 x M. arvalis

Tissue samples were immersed in 96% ethyl alcohol for preservation and
subsequently stored in a freezer until DNA extraction. DNA was extracted using
the GeneJET Genomic DNA Purification Kj#] using column purification
technology and according to thi@emo Fisher Scientifienanufacturer's protocol.

The sequencing of the 13 samples was performed at the Institute of Ecology and
Evolution of the University of Bern using ti&angertechnology. The 5 sequences

of interest with a size of 1106 bp were companith 26 otherCYTBsequences
(extracted fromGenBank that represent the speciés arvalisand are associated

with all the evolutionary lineages mentioned above. The phylogenetic analysis of
31 sequences was performed in the R programming environmergiifg] theNJ
(Neighbor Joining)nethod [6] the pipeline being adapted based on several sources
[7, 8]. The analyzed sequences comprise all 5 mentioned phylogenetic lineages anc
originate from specimens from the following countries: Armenia, Denmark,
Finland, France, Georgia, Germany, Hungary, Italy, Moldova, Netherlands, Poland,
Slovakia, Spain, Ukraine, United Kingdom (Orkney).

RESULTS AND DISCUSSIONS

Analysis of 31 mitochondrial CYTB sequences revealed relevant
phylogeographic structure and patternsgehetic similarity betweemicrotus
arvalisspecimens across different regions of Europe. The resulting genetic distance
matrix delineated distinct sequence clusters, with Moldova samples exhibiting
minimal pairwise divergence, indicative of high geneteniogeneity within the
local population. These sequences together with sequences from Poland, Finland
Slovakia and Hungary form a walkfined cluster, suggesting a high genetic
similarity between the Eastern European populations of this species (Fig. 1).
Consistently low intesample distances, approaching zero in the heatmap, further
underscore the close genetic affinity among these Eastern populations.

The presence of significant genetic homogeneity between populations from
Moldova and neighboring EasteEuropean countries suggests a lstanding
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ecological connectivity that has allowed for the maintenance of gene flow among
these populations. This pattern has important implications for understanding the
population dynamics di. arvalisin eastern Euq@e and contributes to a better
understanding of its phylogeographic map. The absence of major geographic
barriers in this region may be a key factor in maintaining this uniform genetic
structure.
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Figurel. Genetic distance between B¥ TB gene sequencés the
speciedM. arvalis

Sequences from western Europe, such as those from the United Kingdom
(UK), France, Spain and Italy, show some degree of genetic differentiation from
eastern populations. Notably, sequences from the UK samples form a relatively
homogeneous cluster, but distinct from the rest of continental Europe, confirming
their geographic isolation and reinforcing the idea that oceanic barriers have a
crucial role in shaping their unique genetic signature. The minimum genetic
distance observdoetween any two sequences was 0.001 (0.1%), indicating a very
close relationship, likely within the same local population or closely related
individuals. The average genetic distance across all comparisons was 0.024 (2.4%)
providing a measure of overalanability within the species across the studied
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range. The maximum genetic distance recorded was 0.05 (5%), highlighting the
most divergent evolutionary relationships found amongvtharvalissamples. In

total, 5 clusters associated with the 5 previously described phylogenetic lineages
were obtained, with the analyzed specimens from Moldova grouping with those
from the Eeastern phylogenetic lineage (Fig. 2).
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Figure2. Phylogenetic tree obtained from sequences o€tfi€B gene in

the specied/. arvalis
Phylogenetic lies that can be observed: 1. Western; 2. Line associated with the obscurus
form; 3. Italic; 4. Central; 5. Eastern, which also includes the voles from the Republic of Moldova;
a, ¢, g, ti adenine, cytosine, guanine, thymine.

The color scale of the treedmches represents the genetic distance and the
color changes of the aligned sequences show the nucleotide differences. A
relatively large difference is observed between the lineages, especially between the
eastern and western clusters on the one hancharehstern and the one associated
with theobscurudineage on the other. At the same time, there is no large variation
between the sequences within the eastern phylogenetic lineage. The presente
phylogenetic tree has 29 internal nodes and 31 top brandlmes analyzed
sequences have a size of 1106 bp and present 113 sites of variation. Nucleotide
substitutions per site (unit of branch length) have a value of 0.004 which constitutes
0.4% genetic variation per 100 nucleotide sites. To assess the robusthess
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phylogenetic inference, we evaluated the congruence between the tree topology anc
the original genetic distance matrix (Fig. 3). The cophenetic correlation coefficient
was 0.99, indicating an excellent fit between the tree structure and the pairwise
genetic distance.
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1 1 1 1

Distanta in arborele filogenetic

0.01
1

0.00
1

0.00 0.01 0.02 0.03 0.04 0.056
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Figure 3. Correlation between the distance shown in the phylogenetic tree
and the original distance

Mitochondrial DNA analysis oM. arvalis offers critical insights into the
species evolutionary history, ecological adaptability and response to environmental
change. Such data not only elucidates historical population dynamics but also
informs predictive models of future evolutionary traject®riender shifting
ecological conditions. These insights are essential for developing evibasee
conservation and management strategies aimed at safeguarding genetic diversity
and ensuring population resilience. Furthermore, sequencindC¥ieB gene
provides valuable taxonomic resolution and enables molecular discrimination of
morphologically cryptic species, such BBcrotus arvalis and Microtus levis,
within the Moldova fauna.

CONCLUSIONS

The study provides a phylogeographic assessmenl.ofairvalis in the
Republic of Moldova based on mitochondri@YTB sequences, offering a
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comparative perspective within the broader European context. The samples
collected in the Republic of Moldova show a high genetic homogeneity and cluster
together with those frorRoland, Finland, Slovakia, and Hungary. These findings
confirm the affiliation of thdocal samples with theastern phylogenetic lineage
of M. arvalis, one of the major phylogenetic clades previously described in the
literature.

All sequenced samples veeregistered on the global platfodarcode of
Life Data Systemas part of theFERVMprojecti Terrestrial Vertebrates of the
Republic of Moldovd]. The work was conducted under the MSU subprogram no.
010701 and contract no. @Bp 096/0305-2024, finaaced by the National
Environmental Fund.
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Abstract This study focuses on the molecutgnetic identification of phytaihogenic
fungi transmitted by aphids in fruit orchards. Specimer3ysaphisandHyalopterusaphids were
collected from apple and plum trees respectively, and DNA was extracted using the SDS protocol.
A two-step PCR method with specisgecific primersdrgeting fungal pathogen®oénilinia spp.,
Penicilliumspp., andotrytis cinerea was applied. Amplification products revealed the presence
of P. chrysogenumM. fructigena andB. cinereain samples fronHyalopterus while Dysaphis
samples tested negative for all target fungi. These results confirrAyhaipterusaphids can act
as vectors for both generalist and specialist phytopathogens at early stages of the growing season
The findings highlight the complex mulgvel interadbns between insect vectors, pathogens, and
host plants in agroecosystems. Continuous monitoring and early detection of secondary fungal
infections are essential for maintaining phytosanitary stability.

Keywords: phytopathogenic fungi, aphids, vectors, RC Monilinia spp., Penicillium
spp., B. cinerea

INTRODUCTION

The formation of specific pathologies in tree species and their poputations
both in natural forest communities and in cultivated orchards, parks, and urban
planting® is largely influenced byibgenic factors. These factors include various
living organisms and their associations, encompassing biological systems at
different levels of organization. Representatives of different kingdoms, phyla,
classes, and numerous lower taxonomic groups ardvet/ohigher and lower
plants, fungi, insects, mites, nematodes, protozoa, bacteria, mycoplasmas,
phytoplasmas, spiroplasmas, and viruses.

To date, it has been established that most significant infectious diseases of
woody plants and mycoses in particuke in one way or another associated with
the activity of insects [10]. Entomochory in the pathology of woody plants is a
complex and multifaceted phenomenon that encompasses processes such a
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transmission, reservation, reproduction, persistence, and trp@me of
phytopathogenic infections into plant tissues and organs, including fruits and seeds.
The joint colonization of the same plant organs by phytopathogens and
dendrophilous insects promotes their interaction and the formation of various forms
of contact. These organisms may simultaneously act as both pests and vectors of
infection.

Among the dendrophilous insects capable of transmitting phytopathogenic
fungi are representatives of various orders: Coleoptera, Lepidoptera, Hymenoptera,
Heteroptera, Homoptera, Diptera [8]. Some aphid (order Hemiptera) species, such
as the green apple aphiiphis pon, are the most widespread pests of apple trees,
affecting them throughout the Northern Hemisphere. When aphids multiply en
masse, the afféed leaves and shoots curl and wilt, leading to a decline in fruit tree
productivity. Plum trees are colonized throughout June and sometimes into early
July. Under high air temperatures and moderate humidity, due to their high
reproductive potential, theumber of plum aphid larvae on young plum trees can
reach 78 thousand per 100 leaves, completely covering the underside of the leaf
blades [1]. Additionally, apple aphids are known to play a role in the maintenance
and spread of phytopathogenic bacterieghsasErwinia amylovoraE. aphidicola
Pseudomonas syringaPickeya dadantjiandPantoea stewartif4]. It is known
that microorganisms, including phytopathogens, may enter the aphid body from the
surface and internal tissues of host plants. Many of these microbes are capable o
adapting to life in the aphid's digestive tract and may even reproduce the
However, scientific researches focusing on aphids (order Hemiptera) as vectors for
pathogenic fungi and outbreaks of certain diseases is scarce. Therefore, this topic
requires a thorough investigation for its future exploitation in environfniemnidly
pest control management.

Current work aims to elucidate the role of aphids in transmitting certain
pathogenic fungi in plum orchards in the Republic of Moldova. The identification
of phytopathogenic fungi transmitted by aphids plays a crucial rolesurieg the
phytosanitary stability of agroecosystems. Identifying specific fungal species
carried by aphids not only enables effective pest control but also prevents secondary
fungal infections. This makes it possible to include not only aphid monitonithig a
control but also additional fungal infection prevention in the Integrated Pest
Management (IPM) system.

MATERIALS AND METHODS
At the beginning of the fruit ripening season, specimens of two aphid genera
parasitizing applelfysaphis sp.and plum Hyalopterus sp.trees growing in the

IGFPP orchard were collected (Fig. 1). DNA extraction from the insects was
performed using the ISO 21571 protocol [2].

56



Session. General and molecular genetics

Figure 1. Visualization of aphid specimens collected in the IGFPP fruit

orchard under a photon micamgpe.
A’ Dysaphis, B Hyalopterus

Table 1. Primer sequences for PCR analysis

: Primer :
Primer Taxon . . Primer sequence
orientation
pchbtl Forward primer | GTTGCTAATCGATTTACAGGCAAAC
pchbt2 Reverse primer | CACCGCTGGGCCTAGATTTGTC
P. chrysogenum -
pchbt3 Forward primer | TGATGGGGATTCGTGTGATCA
pchbt4 Reverse primer | CCGCTGCGCTAGATTTGTCAA
pexl Forward primer | CAACCTCCACCCCGTGTTT
pex2 P. expansum Forward primer | ACTCGTCCTGAGAGATTTGTGT
pex3 ' Reverse primer | CGGAATCGGGGGGAGGGG
pex4 Reverse primer | ATTTGGGTTGTATCGGGAGC
mfg]_ Forward primer CAATTATTGCTGATTGGGTGACA
mfg4 M. fructigena Reverse primer AGGTGGCGTAATTTTGGAATTAACTT
mng ’ Forward primer GATTGGGGTGACAACTTCTATAATCCG
mfg3 Reverse primer TCTAAACTTCTTCGCTGACCAATC
mlal Forward primer | AGCAATTACTGCTGACTGGG
mla4 M. laxa Reverse primer | AGGGCACTTATGCGGAATGTT
mla2 ’ Forward primer | GTTCCATCACTCGCGAAGTCA
mila3 Reverse primer | AAAGTGGCGAAATCTTGGAATC
bcl Forward primer | TCACCCGCACCTAATTCGTC
bc2 B. cinerea Reverse primer | AGGAGCCTTCTCCCTTGGTT
bc3 ’ Forward primer | TGTGCGAGGGTGAAGTAGTG
bc4 Reverse primer | GCACTCGGCGATCCAGATAA

Molecular identification of pathogens was carried out using astep PCR
method with primers specific to genomic regions of various fungal pathogens:
Monilinia spp, which cause significant spoilage of the harvest, leading to fruit rot;
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as well agenicilium spp andB. cinereawhich are producers of mycotoxins. The
primers were developed by staff of the Molecular Genetics Laboratory (IGFPP)
based on speciespecific sequences stored in the GenBank database [7].
Amplification included two consecutiveuon ds of 30 cycl es
reaction mixture containing: 66 mM T4 C | (pH 8.4), 16 mM (
Mg CI , 0.1% Tween 20, 7% glycerol, 10
units of Taq DNA polymerase (Thermo Fisher Scientific), 5 pM of dackiard
and reverse primer, and 10 ng of DNA template.
The first round began with ar@inute initial denaturation at 95°C, followed
by 30 seconds of denaturation at 95°C, 30 seconds of annealing at 60°C, and 3(
seconds of elongation at 72°C. The secondhdowas conducted without initial
denaturation. Both rounds concluded with a final elongation step of 7 minutes at
72°C. Amplification products were separated by electrophoresis in a 1.5% agarose
gel using 1xTBE buffer at 6 V/cm for one hour. Visualizatias carried out using
a transilluminator at a wavelength of 302 nm.

RESULTS AND DISCUSSION

Molecular analysis revealed a marked qualitative difference in fungal
species associated with aphid populations of diferent species. Visualization of
amplification products in samples containing DNA extracted fidyalopterus
revealed target sequences Rénicillium chrysogenumM. fructigena and B.
cinerea In contrast, no target sequences of the reviewed pathogens were detectec
in Dysaphis samples. The overall results of the PCR analysis using the
aforementioned primers are summarized in Table 2.

Table2. Identification of mycopathogens in the analyzed samples*

Aphid Hyalopterus Dysaphis

Pathogen
P. chrysogenum +
P. expansum
M. fructigena +
M. laxa
B. cinerea + -

* A+0 sign indicates predisn-@lasenoef t he f

The emergence of founding female aphids in the main zone of harmful
activity is observed from March to early April, coinciding with the bud scale
separation of fruit trees. During the growing season, up to 10 generations typically
develop. On thelant organs affected by aphids (leaves, annual shoots, flowers, and
fruits), sugary secretions appear, which promote the development of saprophytic
fungi by serving as an additional nutrient substrate essential for their activity [8].
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Thus, in addition taheir direct harmful impact on fruit trees, aphid colonies, by
acting as vectors for pathogenic fungi, can contribute to the accumulation of
damage in the host plant. As a result, a disruption of water balance and loss of
nutrients occurs, which may legal leaf and fruit drop by midummer, while the
remaining fruits become deformed and begin to rot.

Based on the obtained results, it can be concluded that aphids of the
Hyalopterusgenus are capable of acting as vectors for both polyphagous fungi and
specalized species such 8wotrytis cinereaand Monilinia fructigeng potentially
serving as sources of infection at the beginning of the growing season and during
early fruit development.

Thus, pathological processes in fruit orchards, initially triggereal $iggle
phytopathogen, tend to evolve over time into systemic, multifactorial pathologies
involving numerous other organisms. As a result, several models oflewudti
interaction systems emerge within agroecosystem pathogenesis, involving insect
vectors phytopathogens, and host plants.

CONCLUSION

The moleculaigenetic analysis demonstrated the ability of early generations
of Hyalopterusaphids to transmit pathogenic fungi such Rischrysogenum
Botrytis cinerea and Monilinia fructigena A comprehensive assessment of the
vector potential of the studied aphid genera requires further investigation and
identification of fungal pathogens in fruit trees at different insect developmental
stages.

Due to the variability of the mycopathogenic composiin fruit orchards
and the pronounced susceptibility of mycopathosystems to abiotic and
anthropogenic environmental factors, there is an increasing need for monitoring and
timely identification of secondary infection foci to enhance the effectiverfess o
phytosanitary measures in orchard management.

Aknowledgements The research was carried out within the framework of
subprogram 011101 "Genetic and biotechnological approaches to agroecosystem
management under climate change conditions”, funded by thisthi of Education and
Research of the Republic of Moldova.
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Abstract Diabetes mellitus is a major public health issue, characterized by chronic
hyperglycemia, complex metabolic dysfunctions, and severe systemic complications. This study
investigates the impact of the biopreparation SEWn glucose metabolism homeostasis in
experimental diabetes induced in laboratory white rats. The conducted research highlights a
hypoglycemic effect and stimulation of insulin secretion, suggesting thatipb use of natural
biopreparations in improving the metabolic imbalances associated with diabetes mellitus.

Keywords Biopreparation, experimental diabetes, homeostasis, glucose metabolism,
medicinal plants.

INTRODUCTION

Diabetes mellitus is a chranmetabolic disorder caused by insufficient
insulin production or peripheral insulin resistance, leading to disruption of glucose
homeostasis. This condition affects millions of people worldwide and is associated
with a wide range of chronic complicatigriacluding retinopathy, nephropathy,
and diabetic neuropathy [1; 2]. At the core of the disease pathogenesis lies a
profound disturbance in carbohydrate metabolism, which, if left untreated,
progressively impacts lipid and protein metabolism and, ultimatee overall
homeostasis of the body.

Maintaining glucose metabolism homeostadisat is, preserving a
dynamic balance between glucose intake, storage, and utili@asassential for
the optimal function of all organs, especially those highly selstbvglycemic
fluctuations, such as the brain, liver, and pancreas.

Glucose homeostasis, ensured by complex hormonal and enzymatic
mechanisms, plays a critical role in the prevention and control of diaieddésd
complications [2]. Under physiological mditions, this balance is maintained
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through a complex interplay kadldandktten i
peripheral insulin response in muscle, liver, and adipose tissue. In diabetes, this
system is impaired, leading to excessive accunmiatf glucose in the
bloodstream, with longerm detrimental effects. Moreover, oxidative stress and
chronic inflammation, frequently associated with diabetes, further contribute to
cellular damage and disruption of hormonal regulatory mechanisms [3].

The imbalance in glucose metabolism leads to systemic complications,
necessitating effective interventions for glycemic control. Given the limitations and
adverse effects of conventional antidiabetic treatments, interest in alternative and
complementary ther&gs has significantly increased over recent decades.
Phytotherapy, especially the use of medicinal plant extracts with hypoglycemic
action, has emerged as a promising area in diabetes reseasthPkantderived
biopreparations can positively influence blood glucose levels by increasing insulin
sensitivity, stimulating insulin secretion, or through antioxidant activity, thereby
reducing oxidative stress on pancreatic cell§[6

In addition to conventional treatments, the use of natural bioactive
compounds has become a growing focus in biomedical research, aiming to reduce
hyperglycemia and prevent diabetessociated complications,[8]. In modern
experimental research, induced diabetes nspdeich as the alloxan model, have
allowed for the evaluation of potential therapeutic effects on carbohydrate
metabolism in a controlled and reproducible manner. Alloxan is commonly used in
diabetes research due to its ability to selectively induce cytitipin pancreatic
b-cells, thereby mimicking the characteristics of diabetes mellitus [10]. These
models are essential for understanding the mechanisms of action of antidiabetic
compounds and for validating their efficacy prior to clinical application.

In this context, recent studies have been exploring the effectiveness of
natural biopreparations, such as SEMvhich contains standardized plant extracts
with antioxidant, antinfammatory, and glycemieegulating properties. This
biopreparation showsrpmising potential in correcting metabolic disturbances
associated with diabetes [7]. Due to its rich content of flavonoids, glycosides,
alkaloids, and synergistically acting vitamins, SBVnay contribute to restoring
glycemic balance and alleviating oatilve stress, thus offering an integrative
approach to maintaining glucose homeostasis under diabetic conditions. Some of
these bioactive substances may positively interact with insulin receptors on target
cell membranes, enhancing insulin signal transdocand facilitating glucose
uptake via GLUT4 transporter activation, thereby contributing to the normalization
of blood glucose levels. This mechanism can directly improve insulin sensitivity in
insulinrdependent tissues, such as skeletal muscle andsadimsue [6]. As a
result, these biological products exert pleiotropic effects, enabling them to act
simultaneously on multiple pathological mechanisms while reducing the risk of
toxic or allergic complications.
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Thus, the aim of this study is to evaludtee effects of the SE3
biopreparation on glycemic and insulin parameters in an alimduced diabetes
model, highlighting its therapeutic potential in maintaining glucose homeostasis.

MATERIALS AND RESEARCH METHODS

The investigations were conducted laboratory white rats of both sexes,
with body weights ranging from 180 to 220 g. A total of 60 rats were used in the
study, housed under standard vivarium conditions with free access to food and
water for 30 days. Experimental diabetes mellitus wascedlly intraperitoneal
injection of a 5% alloxan solution at a dose of 200 mg/kg. Blood glucose levels
were measured using the "On Call Plus" glucometer, and hormone levels were
assessed by the enzwigked immunosorbent assay (ELISA) method using the
Sta Fax 4700 analyzer. Statistical analysis was performed using GraphPad Prism
InStat software (version 10.2.3, GraphPad Software Inc., La Jolla, California,
USA).

The biopreparation contains the aerial parts of the following medicinal
plants: Vitis vinifera Equisetum arvense, ayringa vulgaris

Figurel. Dried medicinal plants in the compositiortloé

biopreparation SEAB
a) Syringa vulgarid) Equisetum arvensg) Vitis vinifera

The preparation is administered at a dose of 50 mlragigoer 24 hours,
prepared by infusing the mixture of the aforementioned plants (6 g per plant in 600
mL of water).

The biopreparation SE® has a complex phytochemical profile with
therapeutic potential in regulating carbohydrate metabolism. The majoe act
compounds of these plants are glycosides, flavonoids, alkaloids, vitamins, and other
natural antioxidants that act synergistically on multiple mechanisms involved in

64



Sessionll. Human and medical genetics

maintaining glucose homeostasis 14]. Thus, the flavonoids and glycosides in
Vitis vinifera are welknown for their hypoglycemic effects, acting by increasing
the sensitivity of peripheral cells to insulin and regulating intestinal glucose
absorption [57]. The antioxidants present fByringa vulgarisand Equisetum
arvense extracts redce oxidative stress induced by hyperglycemia, thereby
protect i ng-celisaagansteapdptoses ,[3H). Vitamin C, phenolic
compounds, and saponins contribute to neutralizing free radicals, supporting partial
regeneration of pancreatic islets [1Zhe alkaloids and bitter compounds in the
SEV-3 biopreparation may directly stimulate insulin secretion by activating
cal ci um c-belisi6h €his sielps mainfain a physiological level of insulin
in the blood, essential for glucose metabolism. pitesence of essential vitamins
and phytonutrients aids in stabilizing lipid and protein metabolism, which are often
disrupted in the context of diabetes mellitus [7]. This global action supports the
general homeostasis of the organism.

Therefore, the biomparation SEM3 may contribute to restoring glycemic
bal ance through multiple acti oxwels, r e
stimulating insulin secretion, and combating oxidative stress. These effects justify
its exploration within complementary ttagies for diabetes, especially in the early
or moderate stages of the disease.

RESULTS AND DISCUSSION

Endocrine pancreatic dysfunction, characteristic of diabetes mellitus, has
profound pathological implications, contributing to sevdisturbances in the
homeostasis of carbohydrate metabolism 32 This dysfunction is primarily
associated wi t-bellsdhtheaigets oft Langethlans, wifich are
responsible for the synthesis and secretion of indulre key hormone regulating
blood glucose levels. The loss of functionality or destruction of these cells results
in a marked decrease in insulin secretion and, consequently, in the body's inability
to maintain plasma glucose concentrations within physiological limits [13].

The dysrgulation of this hormonal mechanism leads to significant
alterations in carbohydrate metabolism, resulting in persistent hyperglycemia. In
the absence of effective glycemic control, the excessive accumulation of glucose in
the bloodstream serves as a taggg factor for the onset and progression of both
microvascular and macrovascular complications associated with diabetes mellitus

[2].

In experimental diabetes, insulin deficiency leads to increased protein
catabolism in tissues, elevated amino acid Eval the blood, and increased
excretion of ammonia and nitrogen in the urine [10]. These changes correlate
directly with the degree of insulin deficiency. Reduced circulating insulin impairs
the ability of tissues to absorb glucose, leading to elevated lgloicose levels.
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In decompensated diabetes mellitus, ingulihe essential hormone for
blood glucose regulati@ncan no longer effectively exert its functions. As a result,
glucose metabolism is severely impaired, with direct consequences for overall
homeostasis. Normally, insulin facilitates the uptake of glucose into peripheral
tissue cells, such as muscle and liver cells, where it is utilized for energy production.
In this form of diabetes, whether due to insufficient insulin or increased insulin
resisance, this mechanism becomes dysfunctional, and blood glucose remains
elevated [7].

Insulin resistance plays a central role in this process. Under certain
conditions, cells become less responsive to insulin, a phenomenon often
exacerbated by lipid accumtilan in tissues. This impairs glucose transport into
cells, resulting in glucose buidp in the blood. In compensation, the pancreas
increases insulin secretion. However, over time, this compensatory response
becomes inadequate, leading to chronic hyyegghia.

In addition to insulin imbalance, the liver continues to produce glucose
through gluconeogenesisa metabolic pathway by which glucose is synthesized
from noncarbohydrate precursors. Normally, this process is suppressed by insulin,
but in poorly caitrolled diabetes, gluconeogenesis persists, contributing to elevated
blood glucose levels. Simultaneously, lipolysis (fat breakdown) is activated,
releasing free fatty acids into the bloodstream. While these molecules serve as
alternative energy sourcesgeir excess conversion into ketone bodies can lead to
ketoacidosid a life-threatening metabolic disturbance that significantly impairs
t he b o dogsé kalarce [B]d

At the renal l evel, hyperglycemi a
capacity fo glucose, leading to glucosuria and placing additional strain on renal
function, thereby contributing over time to the development of diabetic
nephropathy. Furthermore, hyperglycesmduced disturbances in electrolyte
balancé such as hypokalemdamay advesely affect cardiovascular function and
increase the risk of cardiac arrhythmias [10].

Our study confirmed a significant increase in blood glucose levels in
experimental diabetes (16.9 £ 0.84 mmol/L), compared to the control group (5.5 £
0.27 mmol/L). Adnmnistration of the SEM3 biopreparation reduced blood glucose
to 10.5 £ 0.52 mmol/L, demonstrating a clear hypoglycemic effect. Furthermore,
insulin levels were significantly reduced in the alloxaduced group (1.51 £ 0.44
pmol/L), while SEV,3 administréion stimulated insulin secretion up to 3.03 £ 0.32
pmol/L, compared to the normal value of 4.02 £ 0.39 pmol/L, indicating the
bi opreparationés potenti al to amelio
diabetes. These findings are consistent witheéhreported by Zhang et al. (2020)
[13], who demonstrated the antidiabetic effects of pteemived flavonoids. The
differences between groups were statistically significant (p < 0.05) for both blood
glucose and insulin levels between the diabetic grouphengroup treated with the

66



Sessionll. Human and medical genetics

SEV-3 biopreparation.

EInsulina
(pmol/)

B Glucoza
(mmol/ly

Glucoza (mmol/Iy

Insulina (pmol/l)

Alloxan+Biopreparat SEV-3

Biopreparat SEV-3

Figure 1. Blood plasma glucose (mmol/l) and insulin (pmol/l) levels
following administration of the SEX3 biopreparation in experimental
diabetes.

Insulin plays a central role in the regulation of cdmydrate metabolism. It
acts by maintaining blood glucose levels within physiological limits, ensuring the
metabolic balance required for optimal organismal function. When blood glucose
levels rise, for instance after food intake, the pancreas resporels&sing insulin,
which facilitates glucose uptake into cells, where it is utilized as the primary source
of energy. Insulin deficiency leads to severe imbalances in glucose metabolism. In
the absence of insulin, glucose cannot be efficiently used atthaar level and
accumulates in the bloodstream, resulting in hyperglya@raisghallmark of
diabetes mellitus [2]. In animals, this imbalance can be corrected through the
administration of synthetic insulin, a therapeutic approach also widely used in
humanmedicine. Beyond its primary role, insulin also antagonizes the effects of
hyperglycemic hormones such as cortisol and adrenaline, which promote glucose
release into the bloodstream under stress conditions [3]. Thus, insulin plays a
critical role in moduhting metabolic responses under both physiological and
pathological states.

Preliminary results suggest that administration of SEvay contribute to
reducing hyperglycemia and improving metabolic dysfunctions associated with
alloxaninduced diabetes. These effects may be attributed to the protection of
p a ncr ecals, iattenudiion of oxidative stress, and enhancement of glucose
utilization in peripheral tissues. This mechanism suggests a beneficial role of SEV
3 in carbohydate metabolism regulation by promoting glucose uptake and
inhibiting excessive endogenous glucose production.

67



Sessionll. Human and medical genetics

CONCLUSION

Decompensated diabetes mellitus is characterized by a series of metabolic
dysfunctions, including insulin resistance, increased tiegéucose production,
disturbances in lipid metabolism, and the development of ketoacidosis. These
processes collectively contribute to sustained hyperglycemia and the onset of severe
complications associated with the disease. The data obtained sumpodet of
SEV-3 as a phytotherapeutic adjuvant in strategies aimed at preventing and
managing hyperglycemia, particularly in the early stages of diabetes. This effect
may be attributed to the bioactive compounds present in&EXhich play a role
in reguhting carbohydrate metabolism and maintaining glucose homeostasis. The
SEV-3 biopreparation promoted an increase in insulin secretion in experimental
di abetes, suggesting a pcells.t The obsewed e f
improvements in glycemic aridsulin parameters underscore the potential of this
biopreparation to ameliorate metabolic dysfunctions associated with diabetes,
thereby justifying further investigations to elucidate its mechanisms of action and
therapeutic applicability.

Ac k nowl esdRpsaarah tsubprogram with code 011001 "Mechanisms of regulation
of organism homeostasis and health and the development of procedures and measures to maintai
it".
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Abstract Spinal muscular atrophy (SMA) is severe neuromuscular disorder caused
mainly by homozygous deletion of exon 7 in the SMN1 gene. Early qualitative and quantitative
diagnosis, especially in the presymptomatic stage, is essential for timely access to treatment and
improved outcomes. This giufocused on developing and implementing a sensitive, rapid, and cost
effective reatime PCRbased method for detecting the exon 7 deletion in SMN1. The test was first
validated using 25 clinical samples, then applied in a pilot study on 300 dried spatcamples
to assess its use in presymptomatic newborn screening. The method demonstrated high sensitivity
and specificity, a fast turnaround time, and suitability for both symptomatic and presymptomatic
diagnosis. Compared to commercial alternatives,¢hstom assay proved more eefficient while
maintaining diagnostic reliability. Despite challenges such as lack of national protocols, ethical
considerations, and logistical constraints, the findings support integrating this method into routine
diagnosics. Its implementation highlights the need for structured policies and infrastructure to
enable equitable access to genetic screening for rare diseases like SMA.

Keywords: coseffectiveness, custom genetic test, rale PCR, SMA, SMN1
INTRODUCTION

Spinal muscular atrophy (SMA) is a group of autosomal recessive inherited
neuromuscular disorders characterized by progressive degeneration of motor
neuron® nerve cells located in the brainstem and spinal cord that control essential
skeletal muscle actity, including speaking, walking, breathing, and swallowing.
The loss of motor neurons leads to muscle weakness, atrophy and can be fatal.

Two survival motor neuron (SMN) genes are typically present in the 5913.2
chromosomal regionSMN1and SMN2 Homozygos deletion of the telomeric
copy,SMN1(also known aSMNte), is causally linked to the development of SMA
(OMIM: 253300). Although rare, with an estimated incidence i@ tases per
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10,000 newborns and a prevalence of 8.43 £ 0.15 per 100,000 in thelikepub
Moldova, SMA is one of the most common inherited causes of childhood mortality
[1][2]. The SMN1gene encodes the survival motor neuron protein, essential for
maintaining the structure and function of motor neurons. Reduced levels of this
protein lea to neuronal dysfunction and progressive muscular atrophy. The nearly
identical centromeric copysMN2 functions as a pseudogene and modifies disease
severity in a copy numbelependent manner. HowevEiyIN2alone is insufficient

to compensate f@MN1loss.

The most frequent causative mutation for SMA is the homozygous deletion
of exon 7 in SMNJ1 accounting for approximately 95% of cases. Early
identification, especially in the presymptomatic stage, is critical for accessing
available therapies, as dgdal diagnosis significantly decreases survival and
treatment efficacy. Consequently, neonatal presymptomatic screening is vital for
improving clinical outcomes in SMA [3].

Spinal muscular atrophy (SMA) is classified into four types based on motor
function,with treatment now recommended for newborns lacking SMN1. However,
the timing of treat ment remains debe
Although individually rare, such diseases collectively impact many and pose
diagnostic challenges due to genetmnplexity and limited resources. Since the
approval of SMA therapies in 2017, early, accurate, andeaftesttive genetic
testing especially presymptomaéfichas become essential. This is particularly
important for newborn screening programs and maternitysvavith access to
testing or referral systems [5][6].

The aim of this study was to develop and implement a molecular genetic
diagnostic method for detecting exon 7 deletion in the SMN1 gene, associated with
spinal muscular atrophy (SMA), and to evaluhtedevelopment and customization
of genetic testing strategies for rare diseases, with a focus ceeffiogncy and
clinical applicability.

MATERIALS AND METHODS

The molecular genetic test described in this study was developed within
HumanMolecular Genetics Laboratory (HMGL) with the support of institutional
research projects, utilizing authorized access to the HMGL biobank of the Institute
of Mother and Child (institutional agreement from 18.09.2020).

The patient cohort consisted of indivals suspected clinically of having
spinal muscular atrophy (SMA) who subsequently underwent testing for the
deletion associated with SMA using qualitative methods such asRKLR. A
total of 25 DNA samples were included for validation of new test base@al
time PCR, of which 15 were from individuals without SMA and 10 from patients
with a confirmed diagnosis of SMA, specifically the deletion of exon 7 iS K1
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gene(Table 1).

After validation, the test was used in a pilot study aimed at applyiog i
presymptomatic molecular genetic screening of this disease. The pilot study
included 300 dried blood spot (DBS) samples from newborns as a primary
biological material.

The costeffectiveness of the custedeveloped test was evaluated by
comparison \th a commercially available diagnostic test. Parameters assessed
included cost per diagnosis, turnaround time, and diagnostic yield. All procedures
were conducted in accordance with national and institutional regulations
concerning genetic testing and bamk utilization (approval no. 613/591 from
18.09.2020, Institute of Mother and Child).

This custom test was also employed within the framework of a doctoral
research project focusing on the implementation of newborn genetic screening,
approved bytheunver sityés ethics committee (

Test Principle and Methodology

The test is based on the 5086 nucl
technique with realime detection. It was specifically designed to identify the
SMA-causing mitation in theSMN1gene using the amplification control geXieB,
from both dried blood spot (DBS) samples collected from newborns and EDTA
stabilized blood samples.

The method allows for the detection of the exon 7 deletion in the SMN1
gend responsibledr SMAJ through a sensitive and cesfficient approach using
both commercially available reagents (ThermoFisher Scientific, USA) and custom
developed reagents.

Customization of the assay began with the design of specific primers using
PrimerBLAST software (https://www.ncbi.nlm.nih.gov/tools/primdnast/),
followed by synthesis by BioAnalitica SRL. The primer design targeted the
c.280TTC>TTT (also referenced as ¢.840TTC>TTT) transition, which
differentiates theSMN1gene from its nearly identical paral@IN2. This was
achieved using a combined gPCR and Hr#solution Melting (HRM) technique,

a molecular assay that merges the-tma¢ quantitative amplification power of
gPCR with the high sensitivity and accuracy of HRM analysis. This integrated
approachoffers a robust tool for detecting and characterizing genetic variations,
including point mutations, while enabling qualitative and quantitative analysis of
target DNA.

The qPCR+HRM method (in HMG Lab.) provides high sensitivity and
specificity, allowing br point mutation detection without the need for ge6R
electrophoretic separation or labeled probes. Amplification and melting curve
analysis are performed in re@he, allowing for immediate data interpretation and
visualization. Realime PCR amplit at i on i s i nitiated u
SYBR Green Master Mix (Applied Biosys
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intercalating dyd@ SYBR Greed that fluoresces only in the presence of double
stranded DNA, thereby enabling detection of sequence variafidres custom
primers designed for exon 7 detectionSMN1,the sequence of nucleotides of
forward and reverse primers are includedhinovation Act nr 562, 07 Mart 2024.
The primer design focused on the exon 7 nucleotide transition§®INlvs. T in
SMN2), which represents a synonymous codon change that critically affects exon
splicing. This specificity is crucial, given the high sequence homology between
SMN1 and SMN2 (only five nucleotide differences, with only one affecting
transcription). Thereforgrecise primer design is essential to minimize the risk of
falsenegative results due to nonspecific amplification.

To ensure the accuracy and reproducibility of the results, the method was
validated using control samples with known SMA status. Validatasperformed
on the Applied Biosystems 7500 Rdame PCR System and demonstrated 100%
sensitivity and 100% specificityTable 1. The complete protocol has been
documented as part bfnovation Act nr 562, from 07 Mart 2024.

Talde 1. Methodralidation through custom test

S MA
Not af f. SMA posi Tot a
Clinioc Not af f. 15 0 15
diagno S MA 0 10 10
Tot al 15 10 25

RESULTS AND DISCUSSIONS

The proposed method was integrated into a molegdaetic diagnostic
process for the early identification of Spinal Muscular Atrophy (SMA) as part of a
pilot study conducted at the Institute of Mother and Child Maternity Hospital during
the period 20222024. Over this period, more than 300 informed consents and dried
bloodspot (DBS) samples collected on Guthrie cards were processed.

In the first phase, a pr@nalytical analysis was performed, targeting the
amplification of exons fronBMN1and ALB12 genes using redgime PCR with
customdesigned primers. Melting curve interpretation was conducted using high
resolution melting (HRM) argsis. The results from this phase identified a lack of
amplification of exon 7 in thEMN1gene and altered melting curve profiles in two
samples.

Assessment of the Screening Test Sensitivity for Exon 7 Deletion in SMN1

The custom screening test employed in this study was designed to detect
deletions of exon 7 in th&MNL1 gene, the genetic alteration responsible for
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approximately 95% of all SMA cases. Among a cohort of 300 newborns screened,
two samples tested positivedamwere subsequently confirmed using the MLPA
(Multiplex Ligation-dependent Probe Amplification) methddr{ovation act no.

483 from 17.03.20223s a gold standard for diagnosis. This result indicates a 100%
detection rate for this specific mutation. Acaogly: Analytical sensitivity of the

test (for exon 7 deletion): 100%. Estimated clinical sensitivity (for detection of all
SMA forms, including those caused by ra@MN1 variants): ~95%. This
discrepancy reflects the fact that approximately 5% of cliyichhgnosed SMA

cases are due to other genetic variants (e.g., point mutations, gene conversions) the
are not detectable through this type of molecular screening. The method was further
validated through comparison with a commercial-teaé PCR kitNed\at SCID

SMA Multiplextargeting SMAassociated geneSNMN1landSMN2 and an internal
control genef§-Globin). (Labsystems Diagnostics, ref no. 81004TBMle 3 [9].

Table 2. Comparative results of applying genetic screening tests for SMA using
both cusomized and commercial tests

Posit

No. Gene |/ Analyt Clinic . I ntern
No'prob Test TyAnaIyz‘g:gﬁf ;?:g':]'SensitSensitSpec'fValida
;2)osit ALB
Customi SMN1 c o o o ex oni
1 300 HMGL exon .‘2 / fzg:3 S100% 95% 100% 300/ 3
negat n
1
Commer ¢ posit ba | oib
(Neo SMN1 . c o o o -g | of
2 75 gat)-SC|ex0n .‘1 / f7?1r S100% 95% 100% 75/n75
MA
negat

CostEffectiveness EvaluationAs part of the optimization of the neonatal
screening protocol for Spinal Muscular Atrophy (SMA), a comparative- cost
effectiveness analysis was performed between a custom labedateeioped
method and a commercial multiplex assay designed for thetidetexd exon 7
deletions in th&&MN1gene.

The custom method (HMGL) is based on SYBR Green intercalating dye in
RealTime PCR, comprising two reactions per sample for the target G
and one for the internal control ged_B), enabling analysis &2 samples per 96
well plate. DNA is extracted from DBS samples or blood on EDTA, and the entire
workflow (extraction, amplification, and interpretation) is completed within
approximately 4 hours. Both the sensitivity and specificity of this method at.100

In contrast, the NeoNat SCIBMA Multiplex RealTime PCR kit is a
comprehensive commercial assay that includes all necessary reagents (including fol
DNA extraction) and allows for multiplex detection of mutatiohale 3.
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Table 3.Comparative tablé Cost per round (32 samples)

Commerci al Te

Par amet e Custom Test SCI-DMA )
Tot al feact 96 reqctions 53 reactions
duplicate + controls)

Total cost/ ~3052 ~7485

Cost/ sampl e ~95. 3 ~233.9
Sensitivity 100% / 100 100% / 100
Pl atform us 7500 Applied 7T5RA@plied Bi

However, each kit is optimized for 75 clinical samples, and partial usage for
a smaller batch of 38amples results in significantly higher ample costs. A
financial analysis of a test round involving 32 clinical samples revealed a
substantial cost advantage in favor of the custom method.

Implementing a molecular diagnostic test N1 exon 7 delabn in
neonatal screening revealed critical challenges, including lack of national protocols,
ethical concerns, logistical barriers, and limited funding. Despite sharing
infrastructure with the national PKU screening program, SMA testing required
additiona consent procedures, data handling strategies, and specialized
communication of results. These limitations highlight the need foreftesttive,
ethically sound, and scalable testing strategies for rare genetic diseases.

CONCLUSIONS

The implementatiorof a customized qPCGRRM method for detecting
SMN1 exon 7 deletion significantly improved diagnostic accuracy, speed, and
applicability for SMA. This approach offers high sensitivity and specificity, rapid
turnaround, and utility in both presymptomatic aythptomatic cases, including
newborns. Its successful use highlights the need for supportive policies, ethical
oversight, and infrastructure to ensure equitable access to genetic screening for rare
diseases like SMA. Integration into routine diagnosticstiongly recommended,
especially for early detection and carrier confirmation.

Acknowledgements: This study was supported by the institutional research project
ADi agnosis and Monitoring of Genetic Disease
Di sorders (140102, Di Mo GEN) 0.

REFERENCES

1. VERHAART, I. E. C. et al. Prevalence, incidence and carrier frequency-lifilseg spinal
muscular atrophy A literature review. InOrphanet Journal of Rare Diseas&¥17, vol.
12, nr. 1, pp. 115. ISSN 17501172. 10.1186/s1302317-0671-8.

2. KEINATH, M. C., PRIOR, D. E., PRIOR, T. W. Spinal Muscular Atrophy: Mutations,

75



Sessionll. Human and medical genetics

Testing, and Clinical Relevance. Infthe Application of Clinical Genetics2021.
10.2147/TACG.S239603.

RAO, V. K., KAPP, D., SCHROTH, M. Gene Therapy for Spinal Muscular Atrophy: An
Emergirg Treatment Option for a Devastating Disease.Jburnal of Managed Care &
Specialty Pharmacy 2018, vol. 24, nr. 12a, pp. B316. ISSN 2374032.
10.18553/jmcp.2018.24.12.

SHUM, B. O. V. et al. Technical feasibility of newborn screening for spinal nhasatrophy

by nextgeneration DNA sequencing. IRrontiers in Genetics2023, vol. 14, pp.ib. ISSN
16648021. 10.3389/fgene.2023.1095600.

M.S.A.R.Moldova.PCNt 02 ATROFI A MUSCULARdiI BiP&NIAHII n L
2022.

SUBSCRIBE, M. SMA Bst Added to Newborn Screening Recommendations. Miniwatts
Marketing Group, 2019, ppi 8. [accessed 02.09.2019].

MIX, M. Product bulletin PowerTrack SYBR Green Master Mix. Miniwatts Marketing
Group. [accessed 02.10.2021].

APPLIED BIOSYSTEMS. SYBR Green PCRlaster Mix and SYBR Green RPCR
Reagents Kit User Guide. 2011, vol. 4309155, nr. 4309155) @B. Jlaccessed 02.09.2020].
LabSystems Diagnostics. NeoNat_SEHMA_Multiplex_brochure_16716232972.
Miniwatts Marketing Group. [accessed 12.04.2022].

76



Sessionll. Human and medical genetics

DOI: https://doi.org/10.53040/cgal2.10 UDC: 616056.7:575.113

GENETIC MAPPING OF HUMAN DISEASES: A
QUANTITATIVE AND FUNCTIONAL PERSPECTIVE ON
GENEIPATHOLOGY RELATIONSHIPS

Maria DUCA 1, ORCID 0000-000258555194
mduca2000@yahoo.com
Alexandr ANTONOV 1, ORCID 0000-0001-:86102654
antonov.alexandr@usm.md
Manuela SIDOROFF, ORCID: 0000-0001-8740-3803

Moldova State University, Chisinau, Republic of Moldova
2Romanian Society of Bioengineering and Biotechnology, Bucharest, Romania

Abstract. The classification of human diseases based on genetic contribution has
significantly evolved with advancements in genetic research. This study explores the chromosomal
distribution of diseasassociated genes from a quantitative and functional perspectivigatm
identify genomic regions with a high density of pathogenic associatemsalled genetic hotspots.

We integrate data from genomede association studies (GWAS) to evaluate genetic overlap among
major disease categories, elucidating molecular catinoes between seemingly unrelated
pathologies. The findings highlight the significance of genetic architecture in disease manifestation,
offering valuable insights for precision medicine, genetic diagnostics, and targeted therapies.

Keywords:geneticmapping, genetic hotspots, geipathology relationships, quantitative
genetics, genetic overlap

INTRODUCTION

The advancement of genetic research has enabled the classification of
human diseases based on the extent and manner in which genetic fad¢tdrsteon
to their onset and progression. Two major perspectives have thus emerged:
gualitative genetigs which focuses on monogenic diseases, guodntitative
geneticswhich addresses multifactorial or polygenic diseases. Both branches offer
critical insights for diagnosis, treatment, and prevention.

Qualitative geneticenvestigates diseases caused by mutations in a single
gene or by major chromosomal abnormalities. These are conditions characterized
by clear and detectable genetic alterations. Such ésedien follow weldefined
Mendelian inheritance pattefhsautosomal dominant, autosomal recessive, -or X
linked. Classic examples includgstic fibrosis Duchenne muscular dystroptand
sickle cell anemia,caused by mutations in th€FTR (Cystic Fibross
Transmembrane Conductance Regulator) gene. This mutation disrupts chloride ion
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transport in epithelial tissues, leading to the accumulation of thick mucus in the
lungs and digestive tract (Riordan et al., 1989). As an autosomal recessive
condition, bothparents must be carriers of the mutation for the disease to manifest
in their offspring. SimilarlyHu nt i n gt ofollbws ardautssenaalsdeminant
inheritance pattern, being caused by a CAG trinucleotide repeat expansion in the
HTT gene (MacDonald etla 1993). In such cases, the genotgbenotype
correlation is typically clear and predictable: a specific mutation is strongly
associated with disease expression. Monogenic diseases are often severe and ha
early onset, but their predictable inheritaratlows for genetic counseling and
preventive testing.

In contrast, most common adwlbset disorders are influenced by numerous
genes, each exerting a modest effect. In combination with environmental factors,
these genetic contributions shape diseaseTis#se complex diseases inclugee
2 diabetes cardiovascular diseasesbesity and neuropsychiatric disorder\
typical example is type 2 diabetes, for which o#@0 genetic variantsave been
associated (Mahajan et al., 2018). Genawge associatin studies (GWAS) have
identified numerous genetic variants implicated in such diseases, each contributing
only marginally to overall risk (Visscher et al., 2017). For these conditions, genetic
research employs advanced statistical models, includotggenic risk scores
(PRS) to evaluate individual susceptibility (Chatterjee et al., 2016).

Some conditions lie at the intersection of qualitative and quantitative
genetics. For instancehereditary breast cancexssociated withBRCA1 and
BRCAZ2 mutations has a clearly defined genetic basis (qualitative), yet the actual
cancer risk is modulated by other genetic and environmental factors (quantitative).
This overlap illustrates that while the distinction between qualitative and
guantitative genets is pedagogically useful, biological reality is far more nuanced
(Mavaddat et al., 2019)

The distinction between these two branches of genetics has direct
implications forprecision medicineln monogenic disorders, genetic testing can
confirm the diagnsis and guide treatmeéntas seen in the case @éne therapies
for spinal muscular atrophiMendell et al., 2017). Conversely, for multifactorial
diseases, genetics mainly aidsisk stratification and prevention

In the era ofgenomic medicineunderstading the genetic basis of disease
is critical for the development of personalized treatments and preventive strategies.
Identifying genes associated with various categories of disease offers important
insights into thenmolecular mechanismsderlying theseonditions.

This study aims to analyze, from a quantitative and functional perspective,
the chromosomal distribution of diseasssociated genes, and to identify genomic
regions with a high density of pathogenic associafiossc al | e d ige
h ot s pFarthermooe, we assess the degree of genetic overlap among major
disease categories, with the goal of identifying molecular connections between
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seemingly unrelated pathologies.
MATERIALS AND METHODS

The current investigations utilized publicly availanomic databases and
curated diseasgene association datasets to analyze the chromosomal distribution
of diseaseaassociated genes. Statistical and bioinformatic tools were employed to
identify genomic hotspots with high densities of pathogenic assmtsatind to
assess genetic overlap between major disease categories.

RESULTS AND DISCUSSION

By combining quantitative data on the number of implicated genes with a
comparative analysis across different disease categories, we aimed to obtain ar
integrative view of the genetic complexity of human diseases. The results obtained
can contribute to prioritizing research directions, optimizing genetic testing, and
developing targeted therapies based on individual genomic profiles.

The bioinformatic analysisf gene distribution associated with various
disease categorigwovided a comprehensive overview of the genetic landscape of
human pathology. The data summarized in Table 1 reveal not only the extent of
current knowledge in medical genetics but also theipridirections for research
and intervention in precision medicine. Behind the numbers lie not only real
biological differences but also echoes of the evolution of genetic technologies,
funding priorities, and the intensity of scientific investigations.

Among all analyzed disease categoriesyous system and sensory organ
diseases (NSDtand out with the highest number of identified géntk,862 This
impressive figure reflects both the structural and functional complexity of the
central nervous sysin and the diversity of conditions included under this category,
ranging from neurodegenerative disea:
neurological developmental disorders or sensory perception disorders. The
pathogenic complexity of these conditgoften translates into significant genetic
heterogeneity, which justifies the scale of research in the field.

In second place, witl3366 associated genesre mental and behavioral
disorders (MaBD) This finding supports the idea of a consistent genetic
contribution to the etiology of these diseases, often considered multifactorial and
biologically difficult to define. The presence of an extensive genetic basis offers
hope for the development of more effective methods for differential diagnosis and
persomlized treatment.

Digestive diseases (DSRhdmusculoskeletal diseases (MSDI)ow, with
7260and 6688identified genes respectively. The multiple involvements of these
categories in various metabolic and inflammatory processes, as well as the variety
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of organs and tissues affected, partially explain the associated genetic volume. At
the same time, thesagfires reflect increased research interest, with direct
implications for available treatments.

At the opposite endnfectious and parasitic diseases (lastthw the lowest
number of associated gerie3369Q This lower value aligns with the nature of these
di seases, where an external pat hogeni
genetic predispositions have a relatively secondary impact. However, the number
is not negligible and suggests the existence of genetic susceptibility factors,
especially m the context of immune response and systemic complications.

Beyond their descriptive value, these results have significant medical
implications. Disease categories with a large number of identified genes emerge as
promising targets for innovative therapié including gene therapy, targeted
molecular interventions, or predictive genetic testing. For example, treatment
strategies in neurological and psychiatric disorders could be shaped based on
individual genetic profiles. For diseases characterized ®rdgtneous etiolody
such as NSD or MaBD the identification and cataloging of involved genes
contribute to the definition of molecular subtypes and, implicitly, to the
development of a more precise diagnostic and clinical classification framework.
The gene distribution also reflects current scientific investments. Diseases such as
Al zhei mer 6s, cancer, or depression he
research projects, which has led to better genetic characterization and rapid date
accumulation

Table 1. Identified Genes in the GWAS Catalog Database for Various Disease
Categorieshttps://www.ebi.ac.uk/gwas/home (21.03.2025)

Disease Category Abbreviation | del:tilfrre tc)je(rsgzes
| Diseases of the circulatory system || CVvD || 5,687 |
| Diseases othe respiratory system || RSD || 3,650 |
| Endocrine, nutritional, and metabolic diseases || ESD || 5,512 |
| Diseases of the digestive system || DSD || 7,260 |
| Diseases of the nervous system and sensory orgzﬂ NSD || 11,862 |

Disease_s of _the musculoskeletal system and MSD 6.688
connective tissue '
| Mental and behavioral disorders || MaBD || 8,366 |
| Infectious and parasitic diseases || laPd || 3,369 |
| Neoplasms (tumors) || Neo || 6,479 |

This quantitative perspective thus provides a solid starting point forthe in
depth exploration of the molecular mechanisms involved in pathology and for
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guiding research toward areas with the greatest potential for clinical imipact.
addition to the quditative analysis of genes involved in different disease
categories, a further functional perspective can be obtained by evaltlsing
chromosomal distribution In this context, understanding chromosomal
distribution and genetic overlaps has not only theoretical value but also direct
implications in personalized medicine. Knowing the chromosomal location can aid
in the development of targeted gene therapie$, mihimal risk of side effects by
avoiding damage to adjacent regions.

Based on the absolute number of genes per chromosome (Figure 1), the
results highlight the intensity of genetic associations and reveal chromosomes 6
(5484 genes), 1 (493enes), 2 (4780 genes), 5 (3430 genes), and again 1 (3275
genes) as genomic regions with higher pathological Idaggnetic "hotspots"” for
specific diseases or pathology in general.

Chromosome 6, ranking first, is already known for its region of highest
genetic density within the immune systetn the Major Histocompatibility
Complex (MHC). This region plays a central role in antigen recognition and
autoimmunity, justifying its constant presence in the pathogenesis of infectious,
autoimmune, and even mentaiesses, where chronic inflammation is an emerging
pathogenic mechanism. Conversely, chromosomes 13, 18, 21, and Y have the
lowest number of genes associated with diseases. This can be explained by thei
smaller size and limited genetic content or lowgity of functional genes. For
chromosome Y, its malgpecific genetic content has lower relevance for common
nonsexlinked diseases.

Although numerically less active, the X chromosome is critical in genetic
pathology, especially in sdinked diseases (g., hemophilia, Duchenne muscular
dystrophy), due to its unique transmission and random inactivation in females.

The chromosomal distribution of diseasmgsociated genes (Table 2)
highlighted a disproportionate concentration on certain chromosoies
particularly those of larger size or containing geiod regions involved in nervous
system development, metabolism, or immune regulation. For example,
chromosomes 1, 6, 11, and X host a significant number of genes associated with
neurological diseases, psyatnic disorders, and autoimmune conditions. These
findings support the idea of genetic

For each group of conditions, certain chromosomes stand out as "genetic
hotspots". For example, in CVD, chromosomes 1 (513 genes), 6 (45),gmmck 2
(445 genes) are predominant. These chromosomes encompass key genes involve
in blood pressure regulation, lipid metabolism, and inflammatory response.
Respiratory diseases are primarily associated with chromosome 6 (418 genes),
reinforcing the hpothesis of an immunogenetic basis in these conditions, followed
by chromosomes 1, 2, and 5. Endocrine and metabolic diseases (ESD) are linked tc
genes located on chromosome 6 (570 genes), followed by 1 (461 genes) and 2 (41«
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genes), reflecting the genetmsportance in diabetes, thyroid disorders, and obesity.
Neurological and sensory diseases are determined by genes with closely relatec
values (~1000 genes each), located on chromosomes 1, 2, and 6, supporting th
complexity of genetic networks involved icentral nervous system function.
Neoplasms are determined by oncogenes and tumor suppressor genes with a wid
distribution across chromosomes 6 (611 genes), 2 (549 genes) and 1 (510 genes).

Table 2. Chromosomal Breakdown for Each Disease Group

Chromo Total of
-Sone CVD RSD ESD DSD NSD MSD MaBD laPd Neo affected
ID genes
1 513 305 461 598 1023 561 680 283 510 4934

445 | 294 414 562 1018 524 743 231 549 4780

2

3 341 | 213 317 422 734 398 542 224 426 3617
4 310 | 178 310 357 628 379 435 199 302 3098
5 328 | 239 292 421 712 360 506 182 390 3430
6

7

8

454 | 418 570 659 1011 706 737 318 611 5484
284 | 182 303 397 615 335 437 179 293 3025
230 | 162 226 313 531 297 383 156 336 2634
9 189 | 170 212 279 444 292 304 134 311 2335
10 283 | 164 268 383 521 368 347 145 308 2787
11 364 | 186 317 423 648 380 468 162 327 3275
12 314 | 181 286 369 608 327 433 163 284 2965
13 133 83 144 201 336 179 238 96 167 1577
14 175 96 142 196 374 174 260 91 190 1698
15 181 | 146 161 217 376 184 269 99 199 1832
16 168 97 192 257 400 246 275 101 220 1956
17 270 | 156 225 286 456 240 309 116 238 2296
18 106 70 111 151 259 133 168 84 149 1231
19 207 | 105 162 254 404 171 296 114 195 1908
20 140 72 147 215 296 155 206 83 217 1531
21 64 36 52 78 150 84 104 54 76 698
22 97 55 100 138 205 119 136 57 125 1032
X 37 38 77 84 107 74 83 93 56 649
Y 0 4 0 0 6 1 6 4 0 21

Thus, understanding the cytogenetic topography of pathologies can be
applied in targeted research, personalized medicine and in diagnosis and
prevention.Chromosomal distribution can guide the development of sequencing
panels focused on the "hot regions" of the genome. Integrating this knowledge into
clinical practice will lead to faster diagnoses, targeted therapies, and effective
prevention.
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Abstract. A semiclassical model (classical by the field and quantum by describing biomolecules)
is proposed, which establishes the dependence of the DNA/RNA dimerization rate on ultraviolet C (UVC)
radiation intensity. Iparticular, a nonlinear model based on cooperative processes similar to the Raman
like in quantum optics is developed. The main result of the theory demonstrates that the dimerization proces:
in DNA/RNA strongly depends on the UVC light intensity, thus/ioig a possible quantum microscopic
mechanism of UVC light interactions with DNA. A notion of a photonic molecule consisting of the normal
state and the dimer state under the action of the bimodal Raman field is given. This type of molecule exists
only inthe presence of the excited field, and after it is turned off, the biomolecule remains part of the time
in the entangled state after which DNA dimerization is probabilistically established. A nonlinear dependence
on the intensity of the applied radiatioasestablished, which was confirmed in a series of experiments on
the inactivation of pathogens (or yeast colonies) reproduction under the action of ultraviolet radiation. The
main objective of this study was to establish a link between the intensity©fatifation and the efficiency
of decontamination using metamaterials with an increased contact surface with contaminated fluid by
pathogens, that cause nosocomial infections, namely Escherichia coli, Pseudomonas aeruginosa, Candic
albicans, and Candidgabrata. These microorganisms were put through different forms of packing, both
thick fibers repacked with thin fibers and millimeter balls repacked withrgilimeter quartz balls. The
results demonstrate that bacterial pathogens respond differestlyasure to UMC radiation, depending
on the contact surface created between the elements of thperieiic metamaterials.

Keywords: raman conversion, cooperative dimerization, critical intensity for
dimerization, metamaterials in inactivation, photanbiomolecules

INTRODUCTION

The possibility of creating localized states linked between cellular partners was
an idea proposed by Kasha and is actually the basis of the formation of some supracellula
structures in which the excited state is relatively stable in time and the etectron
subsystem does not recombine in time. Such supracellular patterns could arise upon th
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cooperative absorption of photons in the multiple Raman scattering process. This model
assumes that between the normal state and the excited state of the bipoldesible
possible to form a localized state of the electrons of both molecules so that the systen
has a relatively long lifetime. If we talk about a system of such bipolar molecules upon
excitation, they can enter into a bipolar bond that could Ieaé tormation of relatively

large molecules. A model of multiple excitation of molecular states and the formation of
molecular clusters in induced Raman scattering is proposed in this chapter. The model i
reduced to the multiple steps of absorption angssom of photons in the scattering
process. The model could be used in photosynthesize using natural and artificial
photoreceptors, mostly of microbial origin, to be genetically introduced into the cells of
interest. For the multiple Raman effect to hamancreased efficiency, optical cavities

are needed. In biological systems, such optical cavities are observed. For example, ir
photosynthesis, both the chloroplast membrane and its internal elements are used as
resonator. The chloroplast is a struciarthe cells of plants and green algae that is the
site of photosynthesis, the process by which light energy is converted into chemical
energy, resulting in the production of oxygen and ergotpyorganic compounds. With

the introduction of photosensiivopsin/rhodopsin it was observed that cells that are
naturally insensitive to light can be made photosensitive and addressable by illumination
and can be precisely controlled in time and space. If we look at some proteins as radiatior
accumulation resorats, then possibilities of selective Raman directing when
introducing such proteins into the cell can take place at the subcellular level. In other
words, the cellular subsystems are activated by applying control elements such as
promoters, enhancers amsific targeting sequences to the DNA/proteins encoding the
photoreceptor used. This powerful approach enables precise characterization anc
manipulation of cellular functions and has motivated the development of advanced
optical methods for patterned pbstimulation.

heo

(7N) : ®)

Figure 1.(A) Observation of disshaped optical microresonators (photaeptors)
in chloroplasts in the process of storing and using radiation in photosynthesis. (B)
Observation of spherical Hystone elements in the DNA packing [142 53,

As follows from the literature [1, 2] a nucleosome is the basic structural unit
of DNA packaging in eukaryotes and may serves not only support for DNA cain
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but the possible electranagnetic contact through the evanescent zone of the
elements of his repached structure in nucleus with dimension abeufl(b
micrometers. The structure of a nucleosome consists of a segment of DNA wound
around eight histone proteins [1, 2] and resembles thread wrapped around a spool
The nucleosome is the fundamentabugnit of chromatin. Each nucleosome is
composed of a little less than two turns of DNA wrapped around a set of eight
proteins called histones, which are known as a histone octamer. Each histone
octamer is composed of two copies each of the histone pdi@id, H2B, H3, and

H4 (see Ref. [3, 4, 5]). Due to the fact that the refractive index of histone elements
is higer than the water one it is posible to brelize the standung or guide waves in
such a system like in the traditional optical emements Ref.

In ADN modification, the histones are highly basic proteins abundant in
lysine andarginine residues that are found in eukaryotic cell nuclei and play an
imortant role in the localization of vibration waves as this take place in
microspherical resonators (see Fig. 1) B. They act as spools around which DNA
winds to create structural usitalled nucleosomes [3, 4]. Nucleosomes in turn are
wrapped into 3thanometer fibers that form tightly packed chromatin. Histones
prevent DNA from becoming tangled and protect it from DNA damage. In addition,
histones play important roles in gene regolatand DNA replication. Without
histones, unwound DNA in chromosomes would be very long. For example, each
human cell has about 1.8 meters of DNA if completely stretched out; however,
when wound about histones, this length is reduced to about 90 micrerfeG
mm) of 30 nm diameter chromatin fibers [5]. In other words, the subsystems of the
cell nucleus in eukaryotes are activated by applying control elements, such as
promoters, enhancers and specific targeting sequences, to the DNA/proteins thai
encode the photoreceptor used. This powerful approach enables precise
characterization and manipulation of cellular functions and has motivated the
development of advanced optical methods for patterned photostimulation. A huge
catalogue of histone modificationsave been described, but a functional
understanding of most is still lacking. Collectively, it is thought that histone
modifications may underlie a histone code, whereby combinations of histone
modifications have specific meanings. However, most functidatgd concerns
individual prominent histone modifications that are biochemically amenable to
detailed study.

Modification of Biomolecular Structural Changes Under UVC Radiation

Experimental results: analyses of dynamical and static regime The core of
theequipment proposed in the Refs. [6, 7, 8] was adapted to the new conception of
the repacking of studied metamaterial small quartz balls/fibers between the big one.
Taking into consideration that numerous pathogens are more sensitive to UVC
radiation than wekaryotic cellular structures, we had to substitute these
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contaminated dangerous fluids with yeast solution, the DNA of which has larger
resistance to UVC radiation in comparison with many viruses or bacteria. In
comparison with Ref.[7], where the yeastusion was inactivated aftet 0 1 15
min, in this investigation the fungal solution was decontaminated2afteours of

the preparation moment. We suggested inactivating the yeast fungus as a function
of exposition time and the applied intensity of UV@iadion. The inactivation ate

this yeast fungal solution depends on the tunnelling effect between normal and
dimerized DNA states described in the Ref [6]. The measurements were done after
10and20 min of inactivation in the dynamic regime (see Figs. 2).

The consecutive action éflamps on the yeast solution durih and20
minutes time duration: Figures (a) represent the preparation of yeast fungal solution
before going through the decontamination system for 6 experiments, which contain
from one to6 adive UVC lamps; Figures (b) describe the yeast fungus after it has
gone through decontamination system ald@unin for 6 experiments in which the
lamps were switched off from one to 6 lamps consecutively. Figures (c) correspond
to 20 min inactivation timen the same consecutive application of external intensity
of UVC sources. This gives us the possibility to find the dependence of the
decontamination rate as the function of the intensity of applied UVC radiation in
the lamp units. The mediation in themioer and dimensions of colonies observed
in the 20 experiments, in which of it was observed about8DB0fungal colonies
per figure. Our decontamination core with 0.8 meters length and 2.5 cm in diameter
are filled up with a diameter of spheres abouti05mm of the quartz material.
The core is covered by 6 mercuri al | a
260 nm. To improve the efficiency of UVCradiation, all the system is placed in an
aluminum cylinder with a diameter of about 20 cm so that ttengity of the
radiation in the center of the big cylinder increase significantly due to the reflection
proprieties of the aluminum. More than this, the researchers and people in the room
are well protected from the direct action of UVC radiation obtafrad 6 lamps
represented in the Figs. 2.

The initial prepared yeast solution. These figures were obtained by multiple
testes by the microscope after 24 hours of the prepared yeast solution. We have
prepared the yeast solution, dissolving 25 g of fungadtyieéo 800 g of water. In
order to improve the development of fungi, we add 20 g of agar, C14H24009. At the
initial stage of the development of fungi, we observed the appearance of various
numbers of yeast fungus colonies with aleatory dimensions. Suekpaniment
with the inactivation of fungal colonies in the earlier time development interval of
about 15 min (See Refs [6, 7, 8]).
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b c

Under the action of 1 lamp

b c

Under the action of 2 lamps

b <

Under the action of 3 lamps

b c

Under the action of 4 lamps

b c

Under the action of 4 lamps

b ¢

Under the action of 6 lamps

Figure 2. Dynamic regime of decontamination®*.
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*Figure 2. Dynamic regime of decontaminati®he consecutive action of@nps on the

yeast solution during 10 and 20 minutes time duration: Figures (a) represent the preparation of
yeast fungal solution before going through the decontamination system for 6 experiments, which
contain from one to 6 active UVC lamps; Figures dekcribe the yeast fungus after it has gone
through decontamination system about 10 min for 6 experiments in which the lamps were switched
off from one to 6 lamps consecutively. Figures (c) correspond to 20 min inactivation time in the
same consecutive alpgation of external intensity of UVC sources. This gives us the possibility to
find the dependence of the decontamination rate as the function of the intensity of applied UVC
radiation in the lamp units. The mediation in the number and dimensions ofesotdrserved in the

20 experiments, in which of it was observed about- 88D fungal colonies per figure.

As the development of fungal colonies have some quick developments and some
parameters slightly fluctuate in time, we decided to put the inactivation experiments after
24 hours before going through the decontamination equipment. In this experiment, we
takeinto consideration the acceleration of fungal colonies and the intensity dependence
of the inactivation rate of yeast fungi by consecutive adding from one to six UVC lamps
inside the yeast decontamination core represented in Fig.2.

The first experimentaiechanism is connected to improving the contact
surface between UV@adiationand contaminated fluid. Asve know, thedirect
radiation on the open surface of Awansparent fluid canotgive us the expected
result in this area due to the small penetratiistance of applied UVC radiation. If
we introduce into translucent infected fluid elements of connected quarts
metamaterials consisting of optical fibers/spherical elements, we can observe that
the total contact surface consists of the surface of danteat multiplied by their
number. This effect gives us increased decontamination volume, which may be
estimated by multiplying the total contact surface of metamaterial elements
multiplied by the penetration deep of UVC radiation into the fluid.

EEEEEEEEE
FEEBERAEE
o B 88

Figure 3. Decontamination speed obtained withhaftd equipment according to

the applied intensity of UVC radiation in units of number of lamps:
a) 10 Min dynamic and static regimes; b) 20 Min dynamic and static regimes; c) The
dependence of the inactii@n rate according to the intensity applied typically in accordance with
the proposed theoretical model.

The construction and nesmiform arrangement of optical elements of quasi
periodic structures create rotation canals for pathogens or infectedladroso
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the fluid. So, during the rotation, as a function of flow velocity, the infected quasi
particles or pathogens suffer deposition on the evanescent zone of each element c
metamaterial penetrated by UVC radiation, due to the fact that their derlaityar

than the fluid one. The last acceleration mechanism depends on the fluid velocity
stimulated by the pump engine. This pump mechanism generates the rotation of
pathogens/droplets around elements of the metamaterial inducing an inertial force
to them so that these particles are deposed on the surface of each element of the
metamaterial, where the intensity of UVC radiation is significantly larger than
between the elements. On the basis of these two effects in our laboratory was
elaborate two equipmefor the decontamination of infected liquids and gases (see
Figs. 3 and ). Experiments have conclusively demonstrated that both quartz sphere:
and optical fiber metamaterials can effectively annihilate Coliform (including
Escherichia coli), or Enterococsubacteria, as well as yeast and Kombucha
cultures.

Physical Model of Nonlinear Photeansformation and Dimerization of
Biomolecules
The Raman model demonstrates that the dimerization rate of thymine bases
(T =T) increases exponentially with the intensif UVC radiation, suggesting the
involvement of a quantum mechanism in dimer formation. This process has been
experimentally confirmed through resonant fluorescence techniques, which
highlight the disruption of hydrogen bonds and associated struatmaitions.

a) (B)

Figure 4. The transition from double well potential
(A) to single well potential (B) when the UVC field strength increases to a critical Malue

For the description of the intensity dependence of the modification of the
DNA structure under the action of UVC radiation, we propose the -Born
Oppenheimer (BO) frequently used in chemistry and microbiology. In this
approach, the nuclei subsystem is chiar@ed by the vectors, R1, R2...Rn, and is
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considered a slow subsystem compared to the electronic one, r = {r1,r2...rn}. This
allows us to represent the molecular wave function by the product of the wave
functi ondg 6 § RIGRe (subsyBtéms offee ct r o n ,and|thge ( r
subsystem afofthe tespécive mole¢ules: .R'he modification of DNA
and RNA structures takes place under the action of UVC radiation, as schematically
represented in Fig.2 A by modification of covalent bondd,iarfigures 2 A,B by
changes in interaction potential. Considering that the nuclei positions are fixed for
electronic subsystem the Schrodinger equation can be represented in the form
He (r, RsX|=Qe Er ( Rs )a| Qwibusly, Rise) electronic energy
eigenvalue Ee depends on the chosen positions R of the nuclei. Varying these
positions R in small steps and repeatedly solving the electronic Schrodinger
equation, one obtains Ee(Rs) as a function of Rs. We start with DNA dimer
modification of the near rleotide bonds under the action of electromagnetic field.
The interaction energy of molecular electrical mpliles may be approximated

with the work of the electrical field during the displacements of electron at distance
roj , HI = 1 e rabgnetjc part ofthe field,evberei Un=gjdar( o

E(er)) [19].

For the construction of the possible molecular states till and after the action
of UVC radiation we propose to represent the covalent bounds of the two steps of
nucleobases in DNA [20, 17 the formation of covalent bonds, electron orbitals
overlap in order to form molecular orbitals, which give us the simplest prototype of
molecules with covalent bonds observed in the H2 molecule in the archetypal Lewis
pair | @EH2[;2(, 1IR) + 2 [S|ab3 FE (NG § (Glj(wBeye we
involve the overlap integral Sab d e
the orbital e X p-ounleamseparation R,. & is considdresl that mt €

covalent bound take place two electronsid k.
h’
) —
H i
N M2 (R — Q)% + MQZ(R — Dy — ©y)?

2
+ AL’(R) + 5(](Rn).

2(Ia)? 4 2(15)?
B MQ?

So, one may conclude that as a function of intensity of the applied field, the
potentials can overlap each other. This effect we name the formation of one photon
molecula under the action of external coherent field. We point out that in Fig. 4 the
first potential corresponds to the normal state of thymine and the second one
corresponds to the dimer state and as function of intensity these two states car
collapse in one. In the absence of the UVC these states are separated (DO > |Q]]
According to tlis situation, the thymine nuclei rings are in one of the Fock states,
[nbu or |rid. The first eigenvector corresponds to the solution of the oscillator
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equation, ( T [T h2&G/ (I hWu (4u, addtBeEesond )n| |
corresponds tpossible pyrimidine dimerization of DNA/RNA after the action of

t he el ectromagnetic fiedd, OivdigRaeD/
Now, there could appear a question like: For which intensity of the applied field
these two states may become mixed? lbagko the Hamiltonian (1), we observe
that in the harmonic approxi mation tw
= R 1T DO 1T UO. This corresponds to t|
overlap of two minima in the doublgell potential, repesented in Fig. 4. In this

case the field may act on the carbon rings positions of two adjacent thymine
nucleotides (or uracil in RNA strand) in aptiase, so that the oscillation positions

of both protonated bonds between two pyrimidines in the nomuatlamer states
coincide. In this special case, we also simplify the nuclei Hamiltonian (1), reducing
it to the harmonic form E H(n) = T11lha
The stationary solution of this entangled state of the two bonds is foundHeom
Schrodinger @gulahi¥a, uE+ ¥Aftekhe decoupliig/ 2 )
of the external UVC field, this common state is decoupled at distance, DO, and
becomes proportional to the sum of the two statéd) el |rod+c2|rtu, where ¢c2

1+c2 2 =1. This process corresponds to the dimerization of DNA/RNA nucleotides.
The main problem corresponds to the estimation of the critical intensity of UVC

field, lc = DO/ (ku 1 kd), from which
when the bothexpresi ons, OHY(0)/ OQ and OY(0)/ OU
decreasing of the intensity of the a
from QO(l) when considered in the def

to the perturbation theory, this case the coordinates of these oscillators may be
replaced by the expressions:

RTQO(lc)+e&@Q0(l)andRTDO+UO(Ic) +e&U0 (
2(lcTi1)U/ (MY2 wu), @a2U00(1) = 2(lcil)bl(
shows the attenuation of the tunnelintgef with the decreasing of the intensity of

the applied UVC field.
DISCUSSION AND CONCLUSIONS

We conclude that by increasing the intensity of the applied radiation in a
fixed time interval, the number of yeast colonies decreases nonlinearly up ta a give
intensity and after, a slow linear decreasing prevails. This result confirms the
theoretical prediction. Particularly, by taking into consideration the conclusions of
the perturbation theory, the intensity dependence of the overlapping of the wave
functions in the doublevell potential can be applied to this experiment. We may
consider the efficiency of the tunneling effect between normal and dimerized DNA
states proportional to the shifts def
u) and 2010 I7) I1=) b/ (MY2 d), so the eff.
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obtained from Eq. 1. Therefore, one finds a phenomenological correlation between
the experimental observations of yeast inactivation dependent on the intensity of
irradiation and the theetical framework explaining the process of dimerization of
yeast s DNA by the UVC irradiation. T
becomes proportional to the compression of the dewble potential and the
tunneling of the electrons between tatationary states increases as a function of
the intensity of the irradiation.
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Abstract Mitochondrial diseases (MDs) are clinically heterogeneous disorders caused by
mutations in either mitochondrial DNA (mtDNA) or nuclear genes that impair oxidative
phosphorylation. This study aimeid comprehensively characterize the clinical, biochemical,
imaging, and molecular features of 37 patiextsibiting mitochondrial involvemenselected from
a larger group of 240 individuals with suspected MD based on a Nijmegen Mitochondrial Disease
Scoe O03. All patients underwent a standardi zeoc
targeted biochemical and instrumental investigations, gARI screening for common mtDNA
mutations, and mtDNA sequencing, with additional nuclear gene analgdirmed in selected
cases. Multisystemic involvement was prevalent, with neuromuscular and central nervous system
manifestations being the most frequent. Elevated lactate levels and abnormal neuroimaging findings
further supported the clinical diagnadidolecular analyses revealed both common and rare mtDNA
variants, while nuclear gene defects were identified in a subset of patients, underscoring the genetic
complexity of MDs.The integrated approach enabled accurate diagnosis and highlighted the value
of combining clinical and molecular data in MD evaluation.

Keywords:mitochondrial DNA, gPCRHRM, targeted sequencing, mtDNA mutations,
mitochondrial disease.

INTRODUCTION

Mitochondrial diseases (MDs) are among the most frequent inherited
metabolic disorders, with an estimated prevalence of approximately 1 in 5000
individuals. They stem from genetic alterations that impair oxidative
phosphorylation (OXPHOS), disrupting céflu energy homeostasis [1]. The
clinical spectrum is remarkably broad, involving neurological, muscular, cardiac,
endocrine, gastrointestinal, and ophthalmological manifestations, which adds
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considerable complexity to early diagnosis [2]. Given their @dihheterogeneity,

the integration of molecular diagnostics has become essential in confirming MD
and guiding treatment. Mutations in both mitochondrial DNA (mtDNA) and nuclear
DNA (nDNA) can lead to MDs, necessitating a dtiafed genetic approach [3].

In this study, we describe the clinical, biochemical, instrumental, and
molecular characteristics of 37 patients with genetically confirmed mitochondrial
disease, selected from a broader group of 240 individuals with suspected MD basec
on Nijmegen Mitochondal Disease Score. Our goal was to characterize this subset
in detail, exploring potential associations between clinical presentation, NMDS
scores, biochemical abnormalities, and the type of underlying genetic variant.

MATERIALS AND METHODS

This study vas conducted between March 2021 and October 2024 at the
Institute of Mother and Child, the national reference center for genetic and
metabolic disorders in the Republic of Moldova. Patients were included based on a
modified Nijmegen Mitochondrial Disease®@e [4], ranging from 0 to 8 points,
with only individuals scoring O3 wunde

Each selected patient followed a standardized diagnostic protocol, including
clinical assessment, targeted biochemical testing, and instrumental investiga
The clinical assessment involved the documentation of neurodevelopmental status,
neuromuscular symptoms, growth patterns, and esgaxific dysfunctions.
Family history and perinatal data were also recorded when available. Biochemical
testing incluled serum lactate, creatine kinase (CK), lactate dehydrogenase (LDH),
electrolytes, ammonia levels, plasma amino acids, acylcarnitine profiles, urinary
organic acids, and other parameters tailored to the clinical phenotype. Instrumental
investigations comsed electroencephalography (EEG), electromyography
(EMG), electrocardiography (ECG), and neuroimaging, which included cranial CT
and, when indicated, brain MRI, performed in accordance with clinical necessity.

Molecular testing followed a stepwise apprioaAll 240 patients underwent
gPCRHRM screening for eight common pathogenic mtDNA point mutations.
Based on NMDS >6 and/or positive HRM results, 90 patients were further analyzed
by Sanger sequencing of mtDNA. Additional nuclear gene testing was petforme
in individuals with suggestive clinical features or inconclusive mtDNA results.
Variant interpretation followed the American College of Medical Genetics and
Genomics (ACMG) guidelines and incorporated in silico tools and public databases
(MITOMAP, ClinVar, gnomAD, Mitimpact 3D, Ensembl Variant Effect
Predictor).

Statistical analyses were performed using IBM SPSS Statistics v27.
Categorical variables were expressed as frequencies and percentages, an
continuous variables as medians and interquartile ragssciations were tested
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using Chisquare, and group comparisons with Manhitney U test. A pvalue
<0.05 was considered statistically significant.

RESULTS AND DISCUSSIONS

Among the 37 individuals exhibiting mitochondrial involvement, the mean
age at clinical evaluation was 48.8 £ 10.55 months. At the time of data analysis, 5
patients (13.5%) were deceased, reflecting the severity and progressive nature o
the disease speuain. Perinatal data were available for 33 individuals (89.2%),
among whom 6 (16.2%) presented with intrauterine growth restriction, while
pregnancy or birtirelated complications were documented in 9 cases (24.3%).
These findings highlight the potential Baronset and systemic burden of
mitochondrial dysfunction from the prenatal period. Building upon these early
findings, the clinical spectrum observed in this group was remarkably
heterogeneous, encompassing multisystemic involvement with variable age at
symptom onset and degrees of severity.

Muscular and neuromotor features were among the most prevalent findings.
Hypotonia was the most frequent finding (81.1%), followed by exercise intolerance
(64.9%), and episodes of rhabdomyolysis (8.1%). Regressiossof previously
acquired motor skills occurred in 27.0% of individuals, typically in the context of
global clinical deterioration.

Neurological involvement spanned a broad spectrum of central and
peripheral features. Ataxia was present in 24.3% of cass#gding both cerebellar
ataxia (10.8%) and broader truncal incoordination. Pyramidal signs were observed
in 24.3% and extrapyramidal features in 16.2%, while clinical indicators of
brainstem dysfunctiah such as dysphagia, dysarthria, or abnormal ocular
motilityd were noted in 43.2% of patients. Seizures were reported in 70.3%,
encompassing generalized, focal, and myoclonic types. Slikekeepisodes
occurred in 5.4%, and cortical blindness was noted in 8.1% of cases. Intellectual
disability or significat developmental delay was a prominent feature in 62.2%,
often accompanied by behavioral or neuropsychiatric disturbances. Peripheral
neuropathy, most frequently with a sensorimotor distribution, was present in 24.3%.

The multisystemic nature of mitochomr dysfunction was further
underscored by the frequent association of exénarological manifestations.
Endocrine and growth abnormalities were among the most prevalent, affecting
59.5% of patients. Gastrointestinal symptoms, such as recurrent vorfaedag
difficulties, and chronic constipation, were reported in 29.7%. Hepatic
involvement, including hepatomegaly and mild transaminase elevation, was
observed in 27.0% of cases. Cardiac involvement was observed in 35.1% of
patients, including conductioabnormalities (18.9%), dilated cardiomyopathy
(5.4%), and, less frequently, hypertrophic cardiomyopathy (2.7%). Ophthalmic
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involvement included optic nerve atrophy (40.5%), strabismus (24.3%), nystagmus
(29.7%), and ophthalmoplegia (16.2%), while sensanial hearing loss was
present in 8.1% of individuals. Hematologic involvement was documented in
32.4% of patients, most frequently manifesting as coagulation abnormalities
(27.0%), followed by thrombocytopenia (16.2%), neutropenia (10.8%), and
macrocyticanemia (10.8%). Renal impairment was rare, identified in only 2.7% of
patients.

Biochemical testing revealed increased serum lactate levels in 91.9% of
patients, with levels exceeding 4 mmol/L in 21.6% of cases. Hyperlactatemia weas
significantly associate wi t h devel opment al i mpai r
highlighting the relevance of metabolic disturbance in early neurodevelopmental
impairment. Elevated LDH and ammonia levels were observed in 43.2% and 8.1%
of patients, respectively, while increasaeatine kinase was detected in 21.6%.
Electrolyte disturbances were less frequent and primarily consisted of mild
hypocalcemia (21.6%), hyponatremia (18.9%), or hypokalemia (10.8%), without
consistent correlation to clinical or imaging findings. Elevatedmpa alanine was
observed in 32.4% of patients, while altered acylcarnitine profiles and urinary
organic acid abnormalities were identified in 13.5% and 10.8%, respeciively
findings consistent with metabolic signatures of mitochondrial dysfunction.

Instrumental investigations demonstrated abnormal
electroencephalographic activity in 56.8% of individuals, with predominant
patterns including hypsarrhythmia (16.2%), polymorphic slow waves (10.8%),
frequent epileptiform discharges (5.4%), and atypical coxeglepotentially
indicative of epileptic phenomena (21.6%). Electromyographic studies revealed a
myopathic pattern in 21.6% of the assessed patients. Neuroimaging abnormalities
were documented in 75.7% of cases, most frequently encompassing cerebral
atrophy(40.5%), white matter signal alterations (18.9%), basal ganglia involvement
(16.2%), and strokéke lesions (5.4%). Additionally, bilateral symmetric basal
ganglia lesions compatible with Leigh syndrome were observed in 8.1%. Notably,
individuals with almormal neuroimaging exhibited significantly higher rates of
psychomotor del ay (6] = 7.38, p = 0.
6.82 vs. 6.0; p = 0.012, Manwhitney U test), supporting an association between
structural cerebral involvement andevall disease severity.

Molecular investigations revealed variants in mitochondrial or nuclear
genes consistent with the observed phenotypes. Eight patients carried one of the
common pathogenic point mutations identified via gqRERM screening:
m.3243A>G (n=3), m.8993T>G (n=2), m.11778G>A (n=1), and m.3460G>A
(n=2). In the remaining cases, Sanger sequencing of the mitochondrial genome
focused primarily on proteinoding gene® uncovered additional variants, most of
which were homoplasmic. Genes most commatffected were those encoding
Complex | subunitsMT-ND family) in 25.0% of cases, followed by mitochondrial
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RNA genes (21.9%), Complex V subunitdT-ATP6/§ in 15.6%, and Complex
[l (MT-CYB and Complex IV MT-CO2), each accounting for 3.1%. Mutations
spanning multiple respiratory chain complexes were observed in 31.3% of cases,
indicating diffuse mitochondrial dysfunction, though not significantly associated
with clinical severity (6] = 3. 44, p
Out of he total, 19 individuals (59.4%) had pathogenic or likely pathogenic
variants, while 13 (40.6%) presented VUS with a high likelihood of phenotypic
relevance. These VUS were predominantly identified in Comptelated genes
(34.1%), followed by Complex \(29.2%) and Complex IV (17.0%). Patients
carrying pathogenic or likely pathogenic variants had significantly higher NMDS
scores compared to those with only VL
clinical burden in genetically confirmed cases. Thdstributions are further
illustrated in Figure 1, which depicts geleeel frequency, and in Figure 2, which
details the classification categories of variants detected exclusively within mtDNA.
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Figurel. Genelevel distribution of identified variantcross mtDNA and nDNA

A subgroup of five individuals was diagnosed with nuclear gene mutations
affecting mitochondrial dynamics and replicatidtOLG (n=2), DGUOK (n=1),
TWNK(n=1), andETHE1(n=1), each associated with distinct syndromic forms of
mitochandrial dysfunction. Notably, one patient harboring the m.3243A>G variant
also carried a pathogenic variantQfAl, a gene implicated in optic atrophy and
mitochondrial membrane remodeling.
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Taken together, these findings highlight the heterogeneity and complexity
of mitochondrial disorders. The high prevalence of neuromuscular and
multisystemic involvement aligns with existititerature [5,6] and reinforces the
need for an integrated diagnostic approach combining clinical, biochemical,
imaging, and molecular data [7]. The significant associations observed between
clinical severity and genetic findings (particularly Nijmegenrscand variant
classification), as well as with neuroimaging and EEG abnormalities, support the
utility of these tools in guiding diagnostic suspicion and stratifying patients for
genetic testing [8]. Furthermore, the distribution of mutations acrosgaespi
chain complexes most notably Complex T emphasizes its central role in
mitochondrial pathology [9]. Despite the presence of VUS in a substantial
proportion of patients, their phenotypic relevance andegyegation with core
clinical features suggest their potential pathogenic contribution, warranting future
functional validation.

CONCLUSIONS

This study underscores the clinical and molecular heterogeneity of
mitochondrial diseases, revealing consistent patterns of@asht, multisystemic
involvement, with a predominance of neuromuscular and neurodevelopmental
features. The Nijmegen score proved valuable not only as a selection tool but also
as a proxy for disease severity, correlating significantly with key clinical and
imaging parameters. Blated serum lactate and neuroimaging abnormalities were
associated with more severe phenotypes, supporting their relevance as accessibl
diagnostic markers. Molecular analysis identified diverse mtDNA and nDNA
variants, notably in Complex | subunits andRN®A genes, with pathogenic variants
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associating with higher clinical scores. The integration of clinical, biochemical,
imaging, and genetic data enabled a refined stratification of patients and highlighted
the diagnostic yield of a tiered genetic approathese findings support the
implementation of early and comprehensive evaluation strategies to improve
diagnostic accuracy and inform management in suspected MDs.
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Abstract.The study is devoted to the study of hemocoagulation factors in white rats under
the action of pyrogenal . I't was found that g
recalcification time, active relative thromboplastin time, prothromdnd thrombin time, as well as
fibrinogen content. The observed changes indicate an increase in the protective properties of the
organism that promote the acceleration of hemocoagulation processes. It is assumed that the
administration of this dose of mgenal increases the specific and nonspecific resistance of the
organism.

Keywords$ hemostasisfibrinogen, pyrogenal, trombin, hemocoagulation processes
INTRODUCTION

In the human body, the morpffionctional integrity of blood vessels is
maintained under normal conditions due to the action of complex enzymatic
systems.

The production of a vascular lesion, no matter how small, triggers a well
determined sequence of reactions that ensure:

1 formation of an obstacle that opposes blood loss;

1 resumption of normal circulatory flow after the integrity of the damaged
vessel has been restored;

9 stimulation of tissue repair mechanisms.

The term hemostasis defines precisely this sequence of biological events, in
which plasma proteins, cellular componerasd humoral components participate
in a conjugated manner. Two enzymatic systems with antagonistic action
essentially contribute to hemostasis: the coagulation system and the fibrinolytic
system. They are normally in a dynamic equilibrium, which is wig term
hemostasis is increasingly replaced by the term coagulolytic equilibrium.

Hemostasis is a complex physiological phenomenon, an autocatalytic
phenomenon that opposes hemorrhage, ensuring a normal coagulability state
through the integrity of vasculavalls. Blood coagulation is a process in which
blood changes its fluidity due to the transformation of a soluble plasma protein,
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fibrinogen, into a thredimensional, insoluble network. This transformation occurs
locally, under the action of specific sty and aims to stop or limit blood loss at
the level of vascular lesions, as a result of their sealing.

Blood coagulation involves the interaction of several components: vascular
endothelium, platelets, and plasma glycoproteins. It is tightly contrtileadigh
positive and negative feedback mechanisms and counterbalanced by the fibrinolytic
system.

The endothelium plays a crucial role in maintaining the fluid state of blood
and limiting clot formation only at the local level. After producing a vascetaoh,
endothelial cells express procoagulant factors such as tissue factor (TF),
plasminogen activator inhibitor (PAl), von Willebrand factor (vWF), and protease
activated receptors (PAR), while to inhibit clot formation, they express tissue factor
pathwa inhibitor (TFPI), heparan sulfate, thrombomodulin, endothelial protein C
receptor, tissue plasminogen activateP#), ecto ADRase, prostacyclin, nitric
oxide, and ADAMTS, a metalloprotease that limits the procoagulant activity of
VWF (1,2,3).

Plateles have multiple roles during hemostasis: adhesion, degranulation,
aggregation, fusion, and procoagulant (2). When the endothelium is damaged, the
subendothelial matrix, rich in vWF and collagen, is exposed, which favors platelet
adhesion through glycoprate receptors (GP) Ib/IX/V and la/lla and initiates
activation (3). During adhesion, platelet receptors GP lIb/llla are activated, which
can bind to fibrinogen and vWF, resulting in platelet aggregation. Activated
platelets release the contents of alpha dewdse granules into the extracellular
space. The degranulation process is dependent on prostaglandin synthesis
Following degranulation, platelets release procoagulant material into the
extracellular space such as: VWF, factor V, ietamboglobulin, pltelet factor 4,
fibrinogen, adenosine diphosphate (ADP), serotonin, calcium, etc. The released
substances, especially ADP, facilitate a positive feedback loop that enhances ADP
and thromboxane A2 release, resulting in secondary aggregation (2). Plateéets h
a procoagulant role also by providing the phospholipid membrane surface (platelet
factor 3PF3) for the development of coagulation protein reactions.

In the classic model of coagulation, plasma glycoproteins act in a cascade,
on two pathways, intrinsiand extrinsic, which meet at the level of factor X
activation (common pathway), resulting in the formation of thrombin which cleaves
fibrinogen into fibrin monomers that are polymerized and stabilize the platelet clot.
This cascade model is useful for enstanding laboratory tests but does not reflect
the coagulation process in vivo, which is more complex. The current model of
coagulation is based on only one common pathway, in which the interaction
between TF and factor VIl (FVII) has an essential roke anfolds in 3 overlapping
phases: initiation, amplification, and propagation (4).

Blood coagulation is a very important mechanism for defending the body
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against hemorrhages, involving numerous substances found or formed in plasma
and platelets. But sometes it is influenced by certain factors that trigger major
cellular disorders. The interaction between coagulation factors and some stressful
states, such as the toxic effect of certain compounds, is extremely complex and still
incompletely known. Dependly on their origin, toxins can be exogenous or
endogenous. Exogenous toxins are: 1.-biotogical - exogenous chemical
substances that cannot be tolerated at any concentration and chemical substance
that become toxic when exceeding the maximum allowed @obiological toxins
produced by living organisms.

Exotoxins cause: ribosylation of intracellular proteins, damage to cell
membranes through enzymatic effect, interference with certain neurotransmitters,
and endotoxins (lipopolysaccharides) causaydreeration of mediators (cytokines,
arachidonic acid derivatives, etc.) that act directly on the cell. All of these are
pyrogenic substances.

In general, exogenous pyrogens act mainly by inducing the formation of
endogenous pyrogens through stimulatiorho$t cells- usually monocytes and
macrophages. However, the distinction between exogenous and endogenous
pyrogens is sometimes unclear. For example, lipopolysaccharides can act directly
on brain endothelial cells to generate fever, while many exogenodisgs lead to
the release of endogenous pyrogens, thus producing fever. Such endogenou:
substances include antigantibody complexes with complement, complement
cleavage products, steroid hormone metabolites, bile acids, and some cytokines. [1]

Exogenous pyrogens are represented by: pathogenic microorganisms and
their toxins: Grarmegative bacterial endotoxins (LPS), Grpositive bacterial
exotoxins (lipoteichoic acid, peptidoglycans), viruses, fungi, toxic substances
antigen (Ag)- antibody Ab) complexes that fix Complement, etc. Endogenous
pyrogens: are cytokines (L, TNF alpha, 1L6) produced by numerous cells
(monocytes, macrophages, tumor cells) and released into circulation, which trigger
fever through prostaglandin release. The bigiaigeffects of endogenous pyrogens

have centr al action: ¢y threshold of t
triggering the febrile reaction and peripheral actionproinflammatory effect,
increasing the body's defense capaciyy | e u kmoliligatioa at the

hematopoietic marrow level leukocytosis- induce synthesis of chemotactic
factors for monocytes and neutrophilsctivation of phagocytosisy hepat i
synthesis of acute phase proteins -§l) fibrinogen, Creactive protein,
antiprdeases, haptoglobin, complementsyst¢m ser um Fe and Zn
necessary for bacterial multiplicatior)activation of B and T lymphocytes
acceleration of muscle catabolism + negative nitrogen balneeeight loss in
prolonged febrile statessynergistic toxic effect¥ toxic shock when released in

very large quantities. [8,9,10]
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The thermoregulatory system is able to maintain the central temperature
relatively constant, accepting a variation of approximately 0.2° C. When it rises
above thepermissible limit, the body's defense mechanisms are also deregulated.
[10, 11, 12]

MATERIALS AND METHODS

The purpose of this work was to study the action of the biogenic preparation
(complex of lipopolysaccharides extracted from cell membranes ofgegative
bacteria) pyrogenal in doses of 50ug/kg for 3 days on coagulation factors in
laboratory white rats. Before being subjected to the action throughout the
experiment, the rats were weighed, body temperature was measured, as well a:
blood glucose concgration.

After 1, 2, 3 days of experiment, blood samples were collected from
laboratory white rats for the determination of 5 coagulation factors: activated
recalcification time, activated partial thromboplastin time, prothrombin time,
thrombin time, fibmogen quantity.

To study the action of the preparation on coagulation factors, a set of
reagents was used, intended for the investigation of the "plasma chain" of the blood
coagulation system, by the method of modeling the blood coagulation process "in
vitro", which allows obtaining data regarding the stages of blood coagulation.

RESULTS AND DISCUSSIONS

Analyzing the obtained data, in the control group of rats we observe that they
coordinate with the results obtained by other scienf@@ssmulescu I., 1985;
Niguleanu V.N., 1990; Paladi E., Budeanu L., 2004).

In control rats, the activated recalcification time was 12.53 + 0.65 s.,
activated partial thromboplastin timd 1.48 + 0.42 s., prothrombin timel3.36 +
0.32s., thrombin time11.78 + 0.18 s., and fibrinogen quantity.71 +0.08 g/l.

In rats subjected to the action for 1 day, it was found that all the indices
investigated by us practically did not change compared to those of the control rats.
The activated recalcification time as 13.98 = 0.33 s., activated partial
thromboplastin time 12.18 + 0.12 s., prothrombin timel4.15 £ 0.29s., thrombin
time- 11.68 + 0.8 s., and fibrinogen quantity.75 +£0.09 g/l.

Increasing the duration of administration to 2 days, we found thelhémges
are still noressential in the coagulation indices investigated by us compared to the
data obtained from control rats and the previous group.

From the obtained results, we found that the activated recalcification time in
rats subjected to the biegic preparation for 2 days remained almost unchanged
compared to the previous group (13.98 = 0.33 s compared to 14.4 = 0.46 s), but
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comparing the results with those from control animals, we detect a small
insignificant increase.

Essential changes were alnted in the determination of activated partial
thromboplastin time compared to the same index in rats of group 3 (14.98 + 0.16 s,
compared to 12.18 + 0.12 s).

Analyzing the data obtained in this group for activated partial thromboplastin
time in control ats, we observed that this index has changed, constituting an
essential difference. In determining prothrombin time in rats of this group, we found
almost constant data compared to those of the previous group (13.74 + 0.26 s,
compared to 13.36 + 0.32 s).

In investigating thrombin time in rats of this group, a small increase in this
index was observed compared to that of control animals, which constitutes (12.03 +
0.17 s compared to 11.68 + 0.8 s).

The fibrinogen quantity in rats subjected to biogenic pejmar
administration for 2 days increased compared to that of control rats (1.88+0.03 g/l
compared to 1.75+0.09 g/l).

Increasing the duration of action on experimental rats to 3 days, we found
that changes in the investigated indices continue to app@@r#Q.13 g/l compared
to 1.75%0.09 g/l), but which are not so significant.

CONCLUSIONS

From the above, we observe a fggnificant increase in the 5 investigated
indices (activated recalcification time, activated partial thromboplastin time,
prothrombn and thrombin time, fibrinogen quantity), which indicates that the rats
are subjected to a stressful state, increasing the body's defense capacity whel
required.

Under the influence of the preparation, essential changes occur in the
sympathetic nervous stem, which lead to the acceleration of blood coagulability.

It is likely that the lipopolysaccharide complex increases the immune response in
doses of 50ug/kg as well as the specific and suetific resistance of the body.
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EVALUATION OF GENETIC DIVERSITY: A STUDY ON
MORPHOLOGICAL AND PHYSIOLOGICAL TRAITS OF
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Abstract Wheat is the most widely consumed staple food in the world and provides more
nourishment for humans than any other food source. This study evaluated the genetic pacdmeters
selected morphological and physiological traits using 77 durum wheat genotypes (8 local and 69
introduced). The research was conducted from 2022 to 2024 in the Field Laboratory of Grains and
Legumes at Azerbaijan State Agrarian University. The wheatowlivated in Ganja using a
completely randomized design under winter wheat growing conditions. Phenological stages were
recorded according to the Kuperman method, from emergence to full maturity. Morphological traits
such as plant height (PH, cm) exclodiawns, spike length (SL, cm), number of spikelets per spike
(SNS), number of grains per spike (GNS), grain weight per spike (GWS), thousand kernel weight
(TKW, g), and grain yield (GY, kg/m2) were measured. The longest SL was recorded as 12.10 cm in
gendype GDR647, and the shortest was 5.0 cm in genotype Ganja. Tweatgenotypes showed
superior SL performance compared to the check varieties. In the first year,-&G&ajd 18 SNS,
while in the second year it reached 25. The lowest SNS was 13 inge@iRr560. Ganjal had
the highest GNS with 4.30, and GIBB2 had the lowest with 1.2. TKW ranged widely, from 55.30
g (GDP-669) to 31.30 g (GDH57). The lowest spike density was found in €9 (17.80), while
the highest was 35.0 in Ganrfaand Ganja7. The study provided a comparative overview of
phenological development in local and introduced genotypes, revealing a significant local
adaptation effect in introduced genotypes. Among locals, Gargad Ganja8 exhibited high
phenological performance&luster analysis based on estimates grouped genotypes into four main
clusters according to traits such as PH, SL, SNS, GNS, GWS, TKW, and spike density. Notably, local
genotypes Ganj& and Ganja8 demonstrated strong phenological development and adapyabili
indicating their potential for breeding programs.

Keywords:durum wheat, genotype, grain quality, productivity, yield components
INTRODUCTION

Wheat {riticum spp) is one of the most vital cereal crops worldwide,
contributing significantly to global food security and human caloric intake. Among
the wheat species, durum whéBtiticum durumDesf.) plays a prominent role due
to its unique grain hardness, high pnoteontent, and superior enuge quality,
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especially in pasta and semolina production [4]. As climate change, water scarcity,
and emerging diseases increasingly threaten food systems, the improvement of
durum wheat through genetic breeding has become @ateoal of modern
agriculture [6]. The success of any breeding program largely depends on the
availability and use of diverse genetic material. Genetic diversity among durum
wheat genotypes offers opportunities to select lines with superior traitasyigid
potential, drought tolerance, disease resistance, and adaptability to specific
agroecological zones [7]. Particularly in dryland regions like Azerbaijan,
identifying genotypes that can thrive under fluctuating climatic conditions is vital
for stahlizing grain production [5]. Comparing local landraces with introduced
germplasm allows breeders to detect useful alleles for adaptive traits and provides
insight into genotype x environment (GxE) interactions [3]. Local varieties often
exhibit longterm adaptation to regional stress factors, while introduced lines may
bring new traits or higher yield potential, albeit requiring careful evaluation in the
target environments [1]. The evaluation of morphological and physiological traits
such as plant heighspike length, grain weight, number of grains per spike, and
thousand kernel weight (TKW) remains a critical step in selectingpegiorming

and resilient genotypes [6]. The integration of phenotypic evaluation with statistical
methods such as clusteradysis enhances the identification of promising materials
for durum wheat improvement [ZThis study evaluates the genetic diversity and
agronomic traits of durum wheat genotypes under drought conditions in the
Northern Great Plains (USA), which is essanfior the development of drought
tolerant cultivars [8].

MATERIALS AND METHODS

The experiment was conducted during the 2022/20033/2024 growing
season at the Field Laboratory of Grains and Legumes, Azerbaijan State Agrarian
University, locatedin@nj a (468 m above sea | evel
longitude). The region has a temperate climate suitable for winter wheat cultivation.
A total of 77 durum wheat genotypes were used, consisting of 8 local and 69
introduced lines. The experiment folleda completely randomized design (CRD).
Each genotype was sown in one row (2 meters in length) with a row spacing of 25
cm. Standard agronomic practices were applied throughout the growing period.
Phenological observations were conducted based on therdapenethodology,
monitoring key development stages from emergence to full maturity. The following
traits were recorded: Plant height (PH, cm): Measured (excluding awns) from 10
randomly selected plants per plot before harvest. Spike length (SL, cm):rekasu
just before harvest. Number of spikelets per spike (SNS). Number of grains per
spike (GNS). Grain weight per spike (GWS)Thousand kernel weight (TKW, g):
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harvested grains from eaclop

RESULTS AND DISCUSSIONS

Sowing occurred in early November. Phenological observations showed

dynamic development across all genotypes.

Table 1.Average values of agronomic and physiological traits of 77 durum

wheat genotypes (2022024growing seasons,Ganja, Azerbaijan).

- Genbank Origin PH SL SNS | SPS | GWS | TGW | SD
number (cm) | (em) | (no) | (no) | (9) | (9) | (no)

1 | GDP-023 EGY 93.00 | 6.00 | 16.50 | 43.00| 3.00 | 36.00| 27.40
2 | GDP-044 ARG 105.5 | 7.00 | 18.00 | 40.00| 1.80 | 44.00| 26.40
3 | GDP-049 ARG 102.0 | 7.30 | 21.50| 51.00| 1.70 | 41.10] 29.70
4 GDP-57 ARG 75.00 | 8.00 | 17.50| 39.00| 2.00 | 41.30| 26.90
5 | GDP-078 ESP 82.00 | 6.50 | 18.00| 53.00| 2.40 | 46.00| 28.30
6 | GDP-115 | CIMMYT 79.50 | 9.00 | 21.00| 54.00| 2.00 | 46.20| 23.50
7 | GDP-177 | KCARD| 63.50 | 7.70 | 20.50 | 46.00 | 2.20 | 42.00 | 26.40
8 | GDP-182 | KCARD| 96.00 | 8.80 | 20.50 | 53.00| 2.00 | 36.40 | 25.50
9 | GDP-183 | ICARDA 116.0 | 8.60 | 18.00 | 42.00| 1.70 | 40.80 | 26.20
10 | GDP-196 | ICARDA 93.00 | 6.50 | 16.50 | 37.00| 1.80 | 39.30| 27.10
11 | GDP-204 AUS 62.50 | 7.50 | 22.00 | 43.00| 2.40 | 38.40| 23.90
12 | GDP-207 AUS 79.00 | 8.80 | 19.00 | 52.00 | 1.40 | 34.30| 24.00
13 | GDP-215 AUT 83.50 | 7.90 | 18.00 | 39.00| 1.60 | 42.00| 27.00
14 | GDP-215 AUT 84.00 | 8.50 | 20.50 | 46.00 | 1.40 | 39.40| 20.60
15 | GDP-216 AUT 119.5 | 7.00 | 18.50 | 43.00 | 1.40 | 39.70| 28.70
16 | GDP-232 ITA 109.5 | 7.50 | 21.50| 33.00| 1.60 | 39.50| 26.20
17 | GDP-235 ITA 105.0 | 8.80 | 18.00 | 37.50| 2.40 | 46.00| 23.00
18 | GDP-238 MAR 90.0 7.70 | 19.50| 47.50| 1.80 | 42.60| 32.50
19 | GDP-261 | ICARDA 88.5 8.50 | 18.00 | 47.50| 1.80 | 45.60| 21.10
20| GDP271 | KCARD| 91.5 8.00 | 20.00 | 42.50 | 1.80 | 43.60| 24.30
21 | GDP-310 ESP 85.50 | 9.00 | 21.00 | 20.00 | 1.50 | 42.70| 22.20
22 | GDP-330 ESP 133.0 | 11.00| 16.00 | 35.50| 1.80 | 33.50| 19.00
23 | GDP-332 ESP 88.50 | 7.70 | 16.50 | 51.50 | 2.00 | 38.80| 20.70
24 | GDP-341 FRA 91.00 | 8.50 | 22.50 | 48.50 | 1.90 | 42.30| 19.40
25 | GDP-353 KTA 192.0 | 8.70 | 21.50| 36.00 | 1.50 | 43.50| 25.50
26 | GDP-375 ITA 69.50 | 10.00 | 19.50 | 42.50 | 2.00 | 45.70| 21.50
27 | GDP-376 ITA 102.0 | 9.50 | 17.50| 38.00| 2.10 | 47.60| 20.50
28 | GDP-388 USA 68.50 | 8.00 | 20.50 | 41.00| 1.70 | 41.40| 22.10
29 | GDP-395 ESP 87.00 | 8.30 | 18.00 | 42.50| 1.30 | 53.70| 22.80
30 | GDP-397 KND 69.00 | 7.30 | 18.50 | 54.00| 1.60 | 34.60| 22.60
31 | GDP403 ALG 67.00 | 9.00 | 19.50 | 55.00| 2.00 | 38.60| 23.20
32 | GDP417 | ICARDA 7250 | 790 | 19.50| 41.50| 1.40 | 37.70| 24.30
33| GDP419 | KCARD| 75.00 | 850 | 21.00| 50.00| 1.60 | 41.50] 20.50
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34 | GDP-420 | ICARDA 75.00 | 6.90 | 20.00 | 58.50 | 2.10 | 40.00| 28.10
35| GDP-422 | ICARDA 88.50 | 6.20 | 18.00| 44.50| 1.70 | 32.80| 32.10
36 | GDP-457 | FRANCE | 94.00 | 7.30 | 21.00 | 46.50| 1.80 | 31.30| 27.60
37 | GDP466 | FRANCE | 71.50 | 8.50 | 17.00 | 62.00| 1.60 | 37.30 | 25.60
38 | GDP-469 | FRANCE | 71.00 | 6.00 | 19.00 | 47.50| 2.40 | 38.10 | 24.30
39 | GDP501 | FRANCE | 82.50 | 8.90 | 20.00 | 59.50| 1.90 | 37.70| 29.80
40 | GDP-503 | FRANCE | 92.50 | 8.50 | 20.50| 66.50 | 2.20 | 38.30| 19.40
41 | GDP-505 | FRANCE | 63.50 | 9.50 | 23.50| 61.00| 2.80 | 35.50| 24.30
42 | GDP-512 | FRANCE | 102.0 | 8.00 | 22.50| 49.50 | 2.60 | 35.00| 25.30
43 | GDP-534 | FRANCE | 68.00 | 8.00 | 20.50| 37.00| 2.30 | 36.60| 25.00
44 | GDP-535 | FRANCE | 98.50 | 9.30 | 20.00| 41.00| 1.70 | 38.70| 23.30
45 | GDP-537 | FRANCE | 59.50 | 7.70 | 18.00| 51.50 | 1.50 | 42.20| 24.90
46 | GDP-551 ETH 65.00 | 6.90 | 21.00| 56.50 | 2.00 | 36.10| 21.40
47 | GDP-560 TUR 72.00 | 6.80 | 13.00| 45.00| 1.50 | 43.10| 29.10
48 | GDP566 | KSRAKF 78.00 | 6.80 | 20.50| 38.50 | 1.60 | 46.80| 25.90
49 | GDP574 KAZ 1135 | 7.50 | 18.00 | 48.50| 1.60 | 44.60 | 28.90
50 | GDP-590 OMN 111.0 | 7.20 | 23.00 | 51.50| 1.60 | 36.50 | 31.90
51 | GDP-597 ESP 106.5 | 6.30 | 22.50 | 45.50| 1.30 | 41.50| 17.80
52 | GDP-609 SYR 103.5 | 8.50 | 16.00 | 46.50| 1.60 | 47.60 | 30.70
53 | GDP-611 IRN 99.50 | 790 | 18.00| 46.00| 1.80 | 44.30| 20.40
54 | GDP-647 TUN 100.0 | 12.10| 17.50 | 38.50| 1.90 | 35.60 | 26.30
55 | GDP-664 IRQ 85.50 | 10.00| 22.00| 37.20| 2.30 | 38.90| 23.80
56 | GDP-669 PRT 109.5 | 7.70 | 18.00 | 53.50| 1.50 | 55.30| 18.40
57 | GDP-671 TUN 94.00 | 8.70 | 18.50 | 43.00| 1.30 | 34.90| 25.20
58 | GDP-682 ETH 90.00 | 9.00 | 18.50 | 47.00| 1.20 | 42.60| 20.00
59 | GDP-684 CYP 102.0 | 9.50 | 18.00 | 47.00| 2.10 | 45.90| 22.60
60 | GDP-694 TUN 60.00 | 9.80 | 17.50| 38.00| 1.70 | 44.10| 19.30
61 | GDP-700 IRQ 92.50 | 8.70 | 21.50| 48.50 | 1.60 | 45.70| 22.70
62 | GDP-701 IRN 60.50 | 7.70 | 19.00| 41.00| 3.30 | 55.30] 22.10
63 | GDP-705 GRC 69.50 | 10.50| 20.50 | 45.50 | 2.00 | 50.20| 21.80
64 | GDP-737 UuzB 7750 | 11.80| 17.00| 41.00| 1.60 | 42.10| 20.90
65 | GDP-738 UuzB 68.00 | 7.90 | 18.50 | 49.50| 1.50 | 35.50| 24.10
66 | GDP-741 UuzB 86.50 | 8.00 | 21.50| 49.00| 1.60 | 39.70| 30.10
67 | GDP-748 ITA 80.00 | 9.70 | 19.00| 48.50 | 1.90 | 47.00| 23.70
68 | GDP-761 TUN 84.50 | 8.00 | 22.50 | 40.00| 2.00 | 51.00| 28.30
69 | GDP-762 IRN 88.00 | 6.70 | 22.50| 47.50| 1.70 | 51.90| 32.80
70 | Ganjal GANJA 134.0 | 9.20 | 22.50 | 52.00| 4.30 | 47.60 | 23.90
71| Ganja2 GANJA 107.0 | 8.80 | 22.50 | 45.00| 2.30 | 51.50 | 25.50
72 | Ganja3 GANJA 95.50 | 9.40 | 21.50| 48.00| 2.30 | 43.90| 19.60
73 | Ganja4d GANJA 77.00 | 10.40| 20.50 | 45.50 | 2.00 | 38.30| 19.60
74 | Ganjab GANJA 91.00 | 8.00 | 18.50 | 45.50| 1.60 | 79.20| 25.50
75 | Ganja6 GANJA 118.0 | 5.00 | 21.50 | 42.00| 3.20 | 47.70| 35.00
76 | Ganja7 GANJA 95.00 | 5.90 | 20.00 | 51.50 | 1.80 | 40.00| 32.50
77 | Ganja8 GANJA 107.0 | 6.10 | 21.00| 40.00| 1.90 | 35.70] 35.00
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As observed in Table 1, the genotypes demonstrated wide variability across
all examined traits, underlining significant genetic diversity within the panel. The
tallest plant height was recorded in genot@@i2P-353 (192.00 cm), an introduced
Italian line, while the shortest was in GBB7 (59.50 cm), indicating a near
threefold difference in stature. Among local genotypes, Ghr{f84.00 cm) and
Ganja6 (118.00 cm) showed strong vertical growth. Spike le(®ith ranged from
5.00 cm (Ganj&) to 12.10 cm (GD#47), with 22 genotypes exceeding the check
varieties in this trait. Notably, GD®&47 (Tunisia) exhibited exceptional
performance, making it a promising candidate for increasing spike size in breeding
programs. The number of spikelets per spike (SNS) varied considerably-&anja
demonstrated a significant increase in SNS from 18 in the first season to 25 in the
second, suggesting excellent environmental responsiveness5&DPTurkey)
recorded the lowesSNS with 13, indicating potential limitations in reproductive
structure development. Grain humber per spike (GNS) was highest in-Ganja
(4.30) and lowest in GDB82 (1,20), highlighting strong reproductive efficiency
in some local genotypes. Gaffjaalsohad the highest grain weight per spike
(GWS), reinforcing its potential as a higtelding local cultivar. The thousand
kernel weight (TKW) varied from 31.30 g (GB®7) to 55.30 g (GD#®B69),
indicating significant differences in grain filling capacityp&669 (Portugal) and
Ganja2 showed superior kernel weights, which are important traits for grain quality
and processing. Lastly, spike density (SD) ranged from 17.80 {&Jto 35.0
(Ganja6 and Ganj&), with the local varieties displaying notably héy densities,
indicative of their strong adaptability and yield potential in local agaogical
conditions.

Principal Component Analysis

To better understand the interrelationships among the studied morphological
and physiological traits, Brincipal Component Analysis (PCA) was performed.
The analysis identified key components explaining most of the variation in the
dataset across 77 durum wheat genotypes. The results are shown in Table2.

The PCA revealed that PC1 was dominated by planhh@®id), accounting
for the largest proportion of total variance (78.46%). This suggests that height is a
major distinguishing trait among the genotypes. PC2 was influenced by the number
of spikelets per spike (SPS), indicating variation in reproductivetsires. PC3
was mainly defined by thousand kernel weight (TGW), a critical indicator of grain
size and quality. PC4 received high loadings from both spike density (SD) and
number of grains per spike (SNS), suggesting an association between spike
compactess and reproductive output. PC5 isolated spike length (SL) and PC7
isolated grain weight per spike (GWS) as relatively independent traits. The first
three components collectively explained 96.06% of the total variance, underscoring
their importance in theharacterization of durum wheat genotypes.
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Table 2. Principal Component Analysis (PCA

PC1 PC2 PC3 PC 4 PC5 PC6 PC7
PH 0.9952
SL 0.97765
SNS 0.9981
SPS 0.83262 | 0.54366
GWS 0.99597
TGW 0.83757
SD 0.97741
Eigenvalue | 432.61 53.81 43.23 16.09 4.00 1.21 0.44
% variance | 78.46 9.76 7.84 2.92 0.73 0.22 0.08

These results can guide breeders in selectingsjpaitific genotypes for
further improvement and hybridization efforts.

Figurel.Cluster analysis based on estimates grouped the genotypes into four
major clusters:
Cluster I: Subdivided into a and b, included both local and introduced genotypes, indicating shared traits.
Cluster II: Contained only GDR53 (Italy),distinguished primarily by its exceptional plant height. Clusters
Il and IV: Further divided into two subgroups each, consisting of 14 and 7 genotypes, respectively. These
clusters were differentiated by traits such as spike density and grain number.
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CONCLUSIONS

This study revealed significant genetic variation among 77 durum wheat
genotypes, including 8 local and 69 introduced lines, highlighting a rich genetic
resource for durum wheat I mp-alimatice me n
conditions. Among thdocal genotypes, Ganfa and Ganj8 stood out with
superior traits such as spike density reaching up to 35.0, grain number per spike ug
to 4.3, and plant height up to 134 cm, indicating their strong local adaptation and
phenological stability. These gegpes represent valuable candidates for use as
parental lines in breeding programs focused on enhancing yield and stress
resilience. Introduced genotypes also showed remarkable traits6@&DEH unisia)
exhibited the longest spike length of 12.10 cm, sigaiftly exceeding the local
varieties, while GDF669 (Portugal) achieved the highest thouskehel weight
of 55.30 g, a key indicator of grain quality and size. The wide range of trait
variability observed such as plant height ranging from 59.5 cm to t82and
thousanekernel weight varying from 31.3 g to 55.8 ginderscores the extensive
genetic diversity present in the panel. Cluster analysis effectively grouped
genotypes into four main clusters, allowing for the identification of distinct
phenotypic pofiles and facilitating targeted breeding strategies. This grouping
enables breeders to efficiently select genotypes with complementary traits to
maximize genetic gains. The combination of locally adapted genotypes with
superior yield components and promgs introduced lines with desirable traits
offers a robust framework for durum wheat improvement in Azerbaijan. Harnessing
this genetic diversity will be critical to developing new varieties capable of thriving
under local environmental challenges whileatimey demands for productivity and
grain quality.
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Abstract. A decisive role in generating broad heritable variability in breeding material
belongs to germplasm sourc@he primary method for developing new ideotypes of pea, soybean,
and bean is intraspecific hybridization followed by repeatetdividual selection.The results
obtained represent a genetic advancement in the breeding of these crops, leading to the developmen
of new varieties with high adaptability to natural stress factors, broad ecological plasticity, and
minimal fluctuations iryield levels.

Keywords:breeding, germplasm, hybridization, variety, pea, soybean, bean
INTRODUCTION

The favorable dynamics of the development of the Republic's agricultural
sector are closely linked to scientific advancements in crop bregafintigularly
the creation and implementation of higarformance varieties and hybrids.

The broad application of innovative results in agricultural practice
represents an essential component of the national strategy for ensuring food
security. The effectieness of breeding progress largely depends on the
diversification of genetic sources used in hybridization programs. In the
development of new legume crop varieties, a decisive role is played by germplasm
sources, including forms from global collectionscdl varieties, and native
populations.

This paper presents the practical aspect of utilizing genetic resources for the
development of new varieties of pea, soybean, and bean.

MATERIALS AND METHODS

The germplasm collection maintained in the laboratory represents a valuable
genetic resource for legume crop improvement. It currently comprises 120
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accessions of pe®&isum sativury 361 accessions of soybedslycine may, and

140 accessions of beaRHhaseolus vulgaris This diverse collection provides a
broad genetic base that is essential for breeding programs aimed at developing nev
varieties with enhanced traits such as stress tolerance, yield stability, and disease
resistance.

The varieties studiedere evaluated in terms of several monrpinoductive
traits, yield capacity and quality, disease resistance, and earliness.

Following the assessment of the agronomic performance of the studied
germplasm, donors of positive traits and characteristics wergified to address
the objectives pursued in the breeding programs.

As a result of hybridization woéthe fundamental method in the
improvement of selpollinated cropd new ideotypes were developed and tested
throughout all stages of the breeding proc8sperior homozygous genotypes that
became officially registered varieties have been widely adopted in production
practice.Throughout the experiments, cultivation technology was strictly followed
for all crops included in the study.

RESULTS AND DISCUSSION

Considering the climate changes observed in the territory of Moldova,
research programs have been directed towards developingrestlying varieties
with resistance to hydrothermal stresses.

To reassess the role of pea in crop rotatioesearch efforts focused on
creating new higlyielding technological varietiesFrom a technological
perspective, the varietid®enata Pitulice, Smaragt Flagman Topaz 2 Trujenic
Zernogradschii 6Orlovcianin have been identified as possessing higistasce
to pod shattering and lodging.

Their use as parental forms has resulted in the development of new varieties
such asMoldavschii Usatii MZ-7, andValexa Valuable parents with highield
potential include varieties likeAtica, Dic From, Belcovaia Grozdi Dora,
Zelenozernii 1Vor o Gi | o,vand labilednt, horiginating from diverse
geographical backgrounds.

Inclusion of these genotypes in hybridization work led to the creation of
varieties such abladia Gr a W,iamdMazirina, which exhibit high productive
potential (45005000 kg/ha) and increased resistance to pod shattering and lodging.
This is attributed to the presence of
Possession of genotypes with such valuable traits allowstdiarvesting of the
crop while minimizing yield losses.

The agronomic value of the new pea varieties will enable the expansion of
pea cultivation areas, supporting the revitalization of scientifically justified crop
rotations in the agricultural sectdirtbe republic.
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Climate changes associated with global warming have had drastic
consequences on the yield levels of soybean and bean crops. The occurrence ¢
extreme temperatures combined with acute moisture deficits results irv@%0
reduction in seedrpduction in these crops.

To urgently address these emerging issues, a new research program was
initiated ai med at providing the coun
and more stable yieldszor this purpose, soybean varieties exhibitingesstr
tolerance and greater ecological plasticity were identified from the germplasm
collection.Varieties with notably early maturity and positive traits incldde u (5c a
Livius, Simona lug 3, VNIIS1, andFischebe with vegetation periods of Y85
days.Their use in initial breeding material creation contributed to the development
of new early ideotypes with reduced sensitivity to climatic stresses. Early maturing
varieties such aBeia, Amedig andD u mi tbelongit@this group.

The higher adaptability dhe new varieties is due to architectural modeling
of soybean plants, achieved through hybridization with Chinese fdrtfia ( Nr.

4), Ukrainian varietiesA n u (DAnastasiy, and Romanian varietieDéciang
lleana).

Phenotypic modeling is expressed by

1 Reduction of leaf surface area;
T Reduction in the number of branches;
1 Decrease in leaf insertion angle, etc.

Under current climatic conditions, new varieties suchMe | dovi W
Flamura, Augustina and Viorela have gained wider agricultural adoption,
demonstrating greater yield stability between 3000 and 3500 kg/ha.

A key advantage of soybean varieties is the protein and lipid content of the
seeds. Newly registered varieties likeamura, Augustina Deia, Ameda, and
Albiflora have shown protein content above 40% and fat content above 23%,
resulting from the deliberate use of parental lines with high protein and fat content
in breeding programs.

The higher productivity, quality, and adaptability of the new sagbe
varieties wil/ madnhhai ar opeobraahd fisD

Bean cultivation remains one of the most widely used sources of human
food. In arid conditions, bean plants show pronounced negative responses during
generative phases, leading to seweductions in seed yield.

To mitigate the negative impact of climatic factors, forms with lower
sensitivity were identified from the
include Haricovscaia 9 Dobrudjanscaia 7 Motoriscaia Belaia Kentwood and
Aurora, which served as the basis for new varieties sucMasr ,i Piteelg
Ga r o, andMirabela, with production potentials of 2508500 kg/ha.

In response to domestic and international market demands for larger seed
size and varied seed coloration, gempets from diverse geographical origins such
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asMagng Basarabca 1 Muhranulg Bistrenschij Borloti, and local populations
like labloanaandProvadiahave been used as sources to create new varieties.

The new genotypes obtained from these parental linescarrently
undergoing breeding evaluatiodn important objective in bean breeding has been
the improvement of seed quality. Protein donor varieties subleasa Sanilag
Gratiot, Aluna, Universal andNebraskahave contributed to the enhancement of
protein content in new varietidsda r ,iGa o, andMirabela, which contain 24
29% protein.

One of the most significant traits for mechanized harvesting suitability is the
height of the first pod insertion poinT.o this end, varieties lik€® or umbi W
Timpurig Oca Magna andTui have been included in hybridization programs.

The broad adoption of higberforming legume varieties (pea, soybean,
bean) will help minimize protein deficits in human nutrition and anfieed.

CONCLUSIONS

1. The results achieved in the breeding of legume crops (pea, soybean, and bean) it
recent years are attributed to the efficient use of available genetic resources.

2. The new pea varietidéadiaandG r a W extabit \&ery good performance in the field

in terms of seed yield as well as satisfactory resistance to phytopathogenic agents.

3. The new soybean varietiddo | d pAlbiflokagaandViorela belong to the group of
technological varieties due to their specglant architecture, which partially mitigates

the negative effects of unfavorable environmental factors.

4. The new bean varietid2etrelg Clarina, andMirabela, which possess a range of
positive traits and high taste qualities, occupy a prominent poatimmg the most
appreciated products.

5. The reintegration of pea into the national crop rotation, the cultivation of productive
soybean varieties with satisfactory ecological plasticity, and the widespread use of new
bean varieties in both domestic and intert i o n a | mar kets will
agricultural sector, addressing some strategic challenges of the National Research an
Innovation Program.
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Abstract This research evaluated vegetative growth, yield and fruit quality of different
cherry varieties using different crowforming systems and planting densities. The experimental
orchards were established in the central (2015) and northern (2018) area® depublic of
Moldova, using Black Star, Regina, Summit and Sweet Sharetta varieties, grafted on Gisela 6
rootstock. For each varietyrootstock combination and training system, varying densities were
established, ranging from 1250 trees/ha (for teiamcup, Kym Green Bush) to 2500 trees/ha (for
thin-stem, improved thistem, structured vertical axis). Black Star, grown under the-dtém
system, obtained the highest yields between 9.39 and 10.92 t/ha at the-A@eyefirs, significantly
exceeding té values obtained for the crowns cup (83L&7 t/ha) and Kym Green Bush (7-822
t/ha). For varieties Regina, Summit and Sweet Sharetta planted at 4x1 m spacing, the improved thin
spindle crown shape had a modest impact on productivity, but providedtanpbenefits on fruit
size uniformity along the entire length of the axis.

Keywords:C. avium, rootstock, planting distances, crown forms, yield

INTRODUCTION

The crown forms of fruit trees are diverse and depend on the species, variety,
pruning and maintenance method, available space, purpose of harvesting and croy
management. [In cherry (C. avium), the following forms of crowns are used: round
stepped steppectowns with large volume, well distributed and open branches to
allow light penetration and air circulation, pyramidal stepped stepped crowns with
shorter and well arranged lateral branches for good light exposure, vase shapec
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crowns- Spanish Tufa, Imprad vase, Late vase with well spaced lateral branches,
fusiform type crowns Super Fuss Axis, Thin Spindle, Super Slender Ax (SSA),
Tall Spindle Axe (TSA), Tall Fusiform Axis, i.e. elongated and narrow with well
balanced branching, with main and secondamgnches arranged in a balanced
manner for uniform light exposure, favoring photosynthesis and fruit development
[3,4,5].

In all of the fusiform training systems listed, the key feature is that pruning
is mainly carried out on-B year old branches, whichan innovative management
approach. However, cherry varieties vary in their adaptability to the plantation
structure appropriate to training systems in intensively manageddbiugity
orchards. The objective of this research was to compare trainireggrsystitable
for high-density orchards in combination with different varieties, grafted on Gisela
6 rootstock, to assess the control on vegetative growth and productivity.

MATERIALS AND METHODS

Research on the realization of modern cherry plantatiomsanitigh level
of productivity is ongoing (years 202824) in the central fruigrowing area, at
Ustia SRL "Staragrogroup”, Dubasari rayon, and in the northern area, at Sturzeni,
Riscani rayon, Republic of Moldova. This research is carried out in two
expaiments, using the varieties Black Star, Regina, Summit and Sweet Sharetta,
grafted on Gisela 6 rootstock.

Experiment 1 was established in the fall of 2015 and includes the cherry
variety Black Star, with trees planted at a spacing of 4x2 m. In this exgrarilow
volume crown forms were studied, namely Thin Spindle, Cup and Kym Green
Bush. Experiment 2 was initiated in the fall of 2018, with trees planted at a distance
of 4x1 m, being managed according to the crown formsTWin Spindle, V2Ax
vertical and V3-Improved Thin Spindle [6]. In both experiments the rows of trees
are located in the norbouth direction.

Physiological studies of the trees were carried out annually at the end of the
growing season. On 32 trees, tree height, crown width and deowgth were
measured, the yield at fruit maturity was determined for each tree, expressed in kg
fruit per tree and reported per hectare. During fruit harvest, fruit distribution
(kg/pom) was assessed by tree height-460 cm, 166240 cm and 24@00 cm
from the ground on 8 identical trees of each variety. The fruits were divided into 3
fractions according to their diameter {28 mm; 2630 mm; greater than 30 mm).

The results of the study were tested at a significant level of 0.05 using Tukey's test.
Soil maintenance, irrigation, fertilization and protection of the trees from diseases
and pests were carried out as appropriate [7,8].
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RESULTS AND DISCUSSION

Vegetative growth of Black Star cherry variety was studied in dynamics (Table
1). So, the Black Staariety, during the growing and fruiting period, recorded the height
of the trees of 37800 cm, which corresponds to the optimal parameters for cherry
orchards with trees grafted on low vigor rootstock, planted at the row spacing of 4 m
[9,10]. The crowm width of cherry trees shows that with the advancement of the trees in
age the crown width increased, reaching optimal sizes intlyeérs after planting being
210240 cm. In the following years the crown width depended on the distance between
the rowsand the height of the trees and remained at about 250 cm, regardless of the crowt
shape. As the crown length (2880 cm) is a basic index in tree formation, it is clear that
at the age of-@ years after planting the crowns of Black Star trees haveljtiieeows
of trees and formed continuous rows.

Table 1. Phytometric indicators of Black Star cherry trees according to crown shape
(planting distance 4x2 m, tree agd §ears)

Tree height, cm Crown width, cm Crown length, cm
Crown shape Year Year Year Year
2020 Year 2021 2020 2021 2020 Year 2021
Thin spindle 400 400 220 240 215 245
Cup 375 400 210 241 200 250
Kym Green Bush 380 400 236 241 229 250

Based on morphological indicators of the crown, the level of ground cover with
crownprojection, lateral area and crown volume were calculated (Table 2). The trees of
Black Star variety at the age of 7 years use more than 60% of the area reserved for th
tree, form a lateral crown area of 2165025 thousand m2/ha, being higher in the cas
of the crown form Kym Green Bush. The volume of the crown, as a summary indicator
of the parameters of the orchard plantation, was 139838 m3/ha. The trees formed
after the cup and Kym Green Bush crown system formed the highest values with 14.6
24. 7% compared to the thin spindle crown form. In conclusion we mention that the
structure of the vegetative assembly of the Black Star cherry plantation, grafted on Gisela
6, planted at a distance of 4x2 m provides a continuous crown volume in the direction of
the row, which at the age of 7 years receives more than 60% of solar energy.

Table 2. Structure of the vegetative set in Black Star cherry trees according to
crown shape (planting distance 4x2 m, age of trees 7 years)

Lateral crown area] Crown volumem?

Crown shape Ground cover, % thousandizha tree ha
Thin spindle 60,0 21650 12,3 15483
Cup 60,2 21700 14,2 17744
Kym Green Bush 60,2 22025 154 19318
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The technology of cherry cultivation, including the crown management system
andorchard management determines the solar energy conversion, earliness, consister
yield and quality of fruit competitive in the market [3,4,7,11,12]. The fruit yield of Black
Star cherry trees grafted on Gisela 6 rootstock, planted at 4x2 m spacingbdiffess
and crown shape (Table 3). The presented data show that the yield in 2021 was{ow (2.99
4.40 kg/pom) due to climatic conditions during flowering, and in the following years the
yield was 6.127.97 kg/pom or 7.980.92 t/ha, being significantly Higr in trees formed
after thin spindle crown. Thus, in the Black Star variety it can be observed that the thin
spindle crown during the fruiting period of the trees has the highest distinctly significant
values (9.3900.92 t/ha) compared to the cup (847 t/ha) and Kym Green Bush
(7.658.22 t/ha) crowns.

Table 3. Fruit yield of Black Star cherry trees by crown shape (planting distance

4x2 m, age of trees 70 years)
Kgl/tree t/ha

Crown shape Year | Year | Year | Year | Year | Year | Year | Year
2021 | 2022 | 2023 | 2024 | 2021 | 2022 | 2023 | 2024

Thin spindle 4,40 | 751 | 7,97 8,72 | 550 | 9,39 9,96 | 10,92
Cup 299 | 7,04 | 6,49 7,74 | 3,73 | 881 8,11 9,67
Kym Green Bush 3,12 | 6,37 | 6,12 6,58 | 390 | 7,96 7,65 8,22
DL 5% 0,39 | 0,28 | 1,17 1,34 | 0,39 | 0,28 1,17 1,34

The fruit yield (Table 4) irhigh density plantations was 4-8&6 kg/inch for
Regina and 6.48.97 kg/inch for Sweet Sharetta and Summit with insignificant increase
in the crown shape thin spindle compared to vertical axis and improved thin spindle. If
we refer to the yield per here, compared to the data presented by other authors [13,14],
it can be mentioned that the yield of the varieties taken in the study are averages of thos
considered normal.

Table 4. Fruit yield of cherry trees by variety and crown shape(fPhnting
distance 4x1 m, year 2024)

Crown Regina variety Sweet Sharetta variety Summit variety

shape Kgltree t/ha Kgltree t/ha Kgltree t/ha
Vi 4,76 11,91 6,9 17,25 6,8 17
V2 4,56 11,41 6,63 16,58 6,43 16,08
V3 4,63 11,58 6,97 17,40 6,43 16,08
DL 5% 1,39 1,85 1,39 1,85 1,39 1,85

During the harvest, the distribution of fruits by tree height was evaluated on the
sectors of ground distancel80 cm, 16240 cm and 24400 cm (Table 5). In the case
of thin spindle crown shape at ground distandéé® cm the diameter of fruits of 25
mm constituted 32.8%, 28 mm- 48.8% and larger than 30 mm were only 18.4%. In
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the central part of the crown (2280 cm) the number of fruits with the diameter of 26

30 cm (50.03%) and larger than 30 mm (26.43%) increased. In the upper third of the
crown the number of fruits with the diameter of more than 30 mm increased significantly
and reached 38.03%. The proportion of fruits in the vertical axis system practically
changed identically to the thin crown, with 45.52% of fruits with a diameter-8026
mm.

Table 5. Distribution of fruits on Regina cherry trees by crown shape, mm
(Planting distance 4x1 m, year 2024)

Distance from Fruit diameter
Crown shape 2226 mm | 2630 mm | Greater than 30 mn|
ground, cm - .
Fruit weight, %
0-160 32,8 48,8 184
Thin spindle 160240 23,53 50,03 26,43
240400 21,36 40,6 38,03
Average 25,90 46,48 27,62
0-160 33,34 45,82 20,84
Ax vertical 160240 24,54 49,13 26,33
240400 19,45 41,62 38,93
Average 25,78 45,52 28,7
0-160 22,53 39,06 38,4
Improved thin 160-240 15,03 46,8 38,16
spindle 240400 24,43 39,96 35,6
Average 20,66 41,94 37,39

The distribution of fruit on the improved thstemmed Fus crown is
essentially different compared to the tstemmed and vertical axis crowns, with a
percentage of fruit larger than 30 mm in size per tree height. Thus, at the distance
from the ground €60 cm the proportion of fruit larger than 30 mm was 38.4%, at
160-240 cm- 38.16% and 35.6% in the upper part of the crown.

CONCLUSIONS

The thin spindle crown form used on Black Star cherry, grafted on Gisela 6
rootstock and planted at 4x2 m spacing, proved to be the most effective for ensuring
higher yield and continuous crown volume in the direction of the row, which, at 7
years of age;aptures more than 60% of the available solar energy.

For the varieties Regina, Summit and Sweet Sharetta, grafted on Gisela 6
and planted at a density of 2500 trees/ha, the improved thin spindle crown shape
had a modest impact on productivity. Howeveprovided important benefits in
fruit size uniformity along the entire length of the axis, facilitating more efficient
harvesting and marketing.

The thinspindle and ax vertical crown forms were less effective in
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distributing the fruit evenly on the spiledthan the improved form. In conclusion,
the improved thirspindle crown shape is recommended for cherry crops grafted on
Gisela 6 rootstock, as it provides an optimal balance between productivity and
guality and is a suitable choice for high quality &imgh yielding crops.
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Abstract.In the process of breeding the spe@eadvia sclared.., a fundamental objective
was to diversify the initial breeding material and select lines with valuable quantitative characters
and increased content of essential oils. As a result of research conducted with a large number of
inbred lines, it was founthat there are lines with full flowering in the first year of vegetation, as
well as lines with an increased content of essential oils. Finally, lines with an essential oil content
exceeding 2%dry matter)were identifiedM-69 45382 Sei 2,191%;M-69 £8-82 S61 2,227%;
M-69 81582 Se1 2,140%. Lines with essential oil content exceeding AB%2-11 Si 1,642 %;
AP 1111 Si 1,642 %;AP 2811 Si 1,221 %;AP 3011 Si 1,912 %;AP 6611 Si 1,643 %;AP
67-11 Si 1,573 %;NC 6-11 Si 1,356 %;NC 4-11 Si 1,358 %;NC 19-11 Si 1,499 %;NC 38
-11 Si 1,646 %;NC 98-11 Si 1,810 % etc. Thus, the selected lines were subjected to inbreeding
during the flowering phase, in order to reproduce promising lines, which will later be incioded
breeding programs. The aim of the investigations was to create, evaluate and select initial breeding
material with highperformance genetic potential.

Keywords:Salvia sclared.., inbred lines, inflorescence, vegetation period, essential oil.
INTRODUCTION

In the Republic of Moldova, the genBalvial. is represented by 12 species
[5; 6; 7;11; 14]. In cultivationSalvia sclared.., S. officinalisL., as well as the
decorative specieS. splenden¥er. Gawl. are used. As a medicinal pla8t,
sclareal. has been known and used in phytotherapy since antiquity [1; 3; 4; 5; 6;
7; 8; 10]. The use of aromatic and medicinal plants in perfumery, cosmetics,
pharmacology and the food industry is continugualgveloping both in our country
and in the European Uniofhe areas cultivated with these species have expanded
in recent years. Their importance becomes even more evident in the context of
climate change, which requires the creation of varieties rasigiadrought and
high temperatures, which ensure constant and quality productivity. The research
results demonstrate that in dry years $hesclarea.. genotypes included in the
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study ensured high productivity [1; 2; 9]. The use of medicinal plantsdaaspeutic
purposes is based on the active principles, the compounds that are synthesized an
accumulated. It is known to have antiseptic, antispasmodic, sedative, carminative,
diuretic, etc. actions, as well as being used as a flavoring agent and presénva

food products [3; 4; 5; 6; 7;11]. Scientific studies focusedSorsclareal. are
focused on diversifying the initial breeding material adapted to climate change.
Breeding work is necessary to contribute to the cultivation and expansion of
cultivated areas witl$. sclared.. genotypes. The process of creating new varieties,
with increased plasticity, that meet the requirements of producers depends on the
existence of a vast initial breeding material that includes inbred lines with valuable
agronomicdndices. In this context, the creation, evaluation of inbred lines and the
identification of genotypes with valuable breeding indices, which would ensure
increased productivity of the raw material, as well as of the essential oil, represent
a primary taskThe aim of this study is to create and select inbred lines with high
performance breeding qualities, which will later be included in the hybridization
process.

MATERI ALS AND METHODS

The biological material used in the present study keasesented by 63
inbred lines &1 Si6 of different origins: 28 derived from the Ambra Plus variety;
177 Natali Clary; 131 M169; 21 Cr. p.; 1 S.- Turkmen/N; 1Si1122; 1 Vi 24,
second year of vegetatiohhe field experiment with inbred lines 8f starealL.
began on November 16, 20Zhe varieties they came from served as controls for
the inbred lines obtaineBuring the vegetation period, phenological, biometric and
visual assessments were carried out. The morphological characters that determine
the productivity and amount of essential oil were studied: plant height,
inflorescence length, number of branches of | and Il degree, as well as the number
of whorls on the central spike of the inflorescence. Diversification of the initial
breeding materialn S. sclareal. in recent years continued by the inbreeding
method. The plants selected as parents of future lines were forcibjyoigitted
by closing the inflorescence in an insulator, at the beginning of the flowering phase,
forcing pollination wth its own pollen. Previously, the inflorescences were
subjected to a special toilet [1; 2; 7;10]. The essential oil content was determined in
the full flowering phase, by hydro distillation of fresh inflorescences in the
Ginsberg apparatus [12; 15; 16;17he plant material was sampled in the morning,
between 8:00 and 10:00, during the mass flowering period, when the seeds in the
vertices of the central spike of the panicle were brown in céloe.crushed plant
material (100 g of inflorescences) is @ddn a flatbottomed flask, volume 1000
ml, then 200 ml of water is added, the distillation process lasts one hour. At the
same time, the moisture content of the raw material is determined for each sample,
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using the oven drying method at a temperatut06fC, for 8 hours. To determine

the moisture content, samples of plant material are taken from each sample in
aluminum bottles, which are preliminarily weighd&then, the bottles with plant
material are weighed until dry. After the samples are dried,aheweighed. The

data are included in the laboratory records, which are later needed to recalculate the
essential oil content from the fresh substance to the dry substance, thus avoiding
possible errors related to differences in moisture content. Theties®d samples

were dehydrated with anhydrousJS&x and stored in a freezer for further analysis
The statistical interpretation of the obtained experimental data was carried out
according to the methods in force and using the STATISTICA program. [8;12;13;
15;16].

RESULTS AND DISCUSSIONS

Multiannual reseaxh conducted on the speci€s. sclareal. has
demonstrated that obtaining inbred lines with new, valuable characters through the
inbreeding method is effective [1; 7; 10]. Scientific research on the creation and
diversification of initial breeding matetjats evaluation being carried out within
the IGFPP of USM. The investigations focused on the study of inbred lig&ss[S
of S. sclared.. from different origins. Climate change requires the creation of initial
breeding material, genotypes resistantdtought and high temperatures. The
creation of inbred lines with high essential oil content, which flower in the first
year, is an important goal in salvia breeding. The results of the evaluation of the
inbred lines demonstrated that they possess cedhiable quantitative characters,
such as: plant height, inflorescence length, number of branches of degree | and II,
number of whorls on the central spike of the inflorescence, increased essential oil
content. Evaluating the inbred lines in 2024, the sdcgear of vegetation,
genotypes were selected that stood out for total flowering in the first year of
vegetation: AP 211 §; AP 2911 §; AP 3011 S; AP 3011 S; AP 3211 S; AP
3511 S; AP 4111 §; AP 4911 S; AP 5311 §; AP 6211 S; AP 6311 S; AP
64-11 S§; AP 6611 $; AP 6711 S, AP 7311 §; AP 7711 §; AP 8111 S; AP
82-11 §; AP 9711 §; AP 10611 §; AP 10811 §; AP 11311 §; AP 11511 §;

NC 1:11 $;NC 411 $;NC 611 $; NC 3811 §; NC 4511 §; NC 5611 S

NC 6011 S$; NC 7511 §; NC 77-11 S$; NC 78-11 &; NC 96-11 S&; M-69 489

Si6; Cr. p. 11 36, Cr. p. 99 %6, V-24-86 844 34, M-69 286 34, M-69 25782 Ss.
Inbred lines are distinguished by the periods of flowering and technical ripening. In
the second yeasf vegetation, these lines showed satisfactory development: plant
height from 95.7 cm in line AP 111 Sto 126.4 cm in line NC41 S (Tab. 1).

It is important that the proportion of inflorescence length constitutes over 50% of
plant height, which promises high productivity. Examining the lines by character
inflorescence length, which varies from 46.8 cm to 68.7 cm, it was founthésat
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lines have long, large inflorescences with a large number of braridmesength

of the inflorescences varied from 50.6 cm in the line (AR 1%) to 68.7 cm (line

NC 6-11%). Thus, the length of the inflorescence constitutes over 50% of the plan
height. Compact inflorescences, (:184) degree | branches and (1922)
degree Il branches. These quantitative characters directly influence the synthesis
and accumulation of essential oil in the raw material.

Table 1. Quantitative characters in inbred lineSalivia sclared.., 2nd year of
vegetation, year 2024

Inbred line _Pl_ant Inflorescence _ Number of ramifications Es_sential
code waistline, cm length, cm first degree secondlegree oil, %,

X +sX X + Sx X +sX X +sX dry matter,
AP 211 S 87,1+8,9 46,8+8,0 11,8+1,7 21,2447 1,642
AP 1111 S 95,7+6,3 50,645,4 14,2+1,7 25,4+6,4 1,208
AP 2811 S 126,048,5 61,8+4,9 16,0+3,2 30,8+11,0 1,221
AP 2911 S 121,2+10,5 61,2+8,1 15,0+1,9 29,0+7,0 0,940
AP 3011 S 102,9+4,6 59,0+3,0 14,0+1,6 27,0+9,6 1,912
AP 3211 S 119,1+7,2 60,6+5,7 14,4420 27,0+8,6 1,719
AP 3311 S 110,2+7,3 54,7+7,1 13,2+1,3 26,4+6,5 1,586
AP 3411 S 108,1+6,4 56,4+5,1 15,8+3,0 34,4120 0,889
AP 3511 S 100,047,5 52,745 13,6+1,5 28,416,6 1,395
AP 41-11S 114,948,9 59,7+5,1 14,6+2,3 28,6+9,6 1,476
AP 4911 S 118,743,2 62,3+9,5 15,2+2,3 31,0+8,3 0,966
AP5411 S 122,249,3 61,4+6,1 15,8423 34,0+8,0 0,875
AP 5911 S 125,1+8,0 63,716,4 15,0+2,1 28,2+7,7 0,742
AP 6211 S 98,3+9,7 52,6+8,6 12,8+2,1 23,3+10,4 1,192
AP 6311 S 112,349,7 57,215,4 14,0+1,8 25,249,0 1,358
AP 6411 S 119,945,5 61,9+4,4 15,4+2,6 30,2+7,8 1,279
AP 6611 S 120,045,5 65,7+3,7 14,8+2,1 30,2+8,2 1,643
AP67-11S 119,749,4 62,1+4,9 16,2+2,3 28,6+8,6 1,573
AP 6811 S 99,1+4,7 49,750 12,6+0,9 22,245,0 1,008
AP 7311 S 114,546,5 59,6+5,8 14,2+1.4 26,8+4,8 1,276
AP 7711l S 108,346,3 55,0+5,7 13,4+1,3 22,4+6,0 0,782
AP8111S 108,7+10,8 55,0+5,3 13,4+1,8 27,4+10,0 1,165
AP 8211 S 112,146,0 53,3+11,8 14,442 4 28,0+9,6 0,801
AP9711 S 113,5+10,7 58,0+6,4 14,2+1,1 26,0+6,9 2,250
AP 10611 S 102,646,3 55,9+5,5 14,2+1,7 25,4+7,0 1,485
AP 10811 S 114,145,4 60,2+3,4 15,0+2,1 26,4179 1,049
AP 11311 S 124,445,9 67,6+3,8 17,6+1,8 43,4+11,6 0,692
AP 11511 $ 120,4+11,7 57,945,2 13,8+1,7 24,6+6,9 1,232
NC1-11S 108,648,5 54,4454 13,2+1,6 26,2+10,4 0,949
NC611l S 144,2+11,4 68,7+6,9 17,6+1,8 33,2+10,6 1,356
NC4-11S$ 126,4+4,9 61,6+4,7 19,4+2,8 49,2+14,0 1,358
NC11-11 & 104,546,1 56,3+5,8 15,6+3,8 28,619,1 1,753
NC 1311 S$ 107,046,4 54,5+6,0 14,0+1,8 33,845,2 1,131
NC19-11 S 107,948,3 55,2+4,5 13,8+1,9 30,0+9,2 1,228
NC 38-11$ 131,947,2 65,3+4,1 16,0+2,4 35,6+7,4 1,646
NC 45-11$ 127,049,0 60,8+5,3 15,0+2,1 34,8+10,7 1,264
NC 5611 S 110,747,0 54,8+4,5 14,2+1,9 28,245,2 0,943
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NC 6011 S 132,9+11,1 66,3+8,3 16,2+2,3 33,4494 0,904
NC 6111l S 112,246,7 59,8+7,9 14,6%2,3 32,0£13,3 1,703
NC 7511 S 122,7+7,8 60,4+4,1 15,4+13 37,2121 0,726
NC 7711 S 103,5+4,4 55,8+2,5 13,8+1,7 28,0+7,3 0,713
NC 7811 S 102,1+4,1 54,3+4,1 13,8+1,9 25,4+6,0 1,202
NC 9611 S 102,4+7,0 55,145,2 14,6%2,6 28,8+8,1 1,107
NC9811l S 120,849,1 64,7+6,8 14,6%1,8 30,0+9,6 1,810
NC 10011S 119,145,9 58,0+6,6 13,6+1,5 25,245,0 1,663
M-69 489 36 111,7+4,7 57,0+4,8 12,6+1,3 19,2440 0,934
M-69 418 S 97,2+2,1 50,9+1,6 12,3+1,3 27,246,1 1,687
M-69 655 S4 119,445,9 61,4+3,9 15,4423 33,0+7,7 1,407
S$112260 & 132,849,7 65,9+6,0 15,8423 28,0+7,3 1,208
Cr.p.11% 117,048,1 61,2+6,0 15,8+3,3 35,2+14,0 0,845
Cr.p.99 & 119,3+7,9 61,6+3,6 15,8+2,7 37,6+£9,4 1,554
V-24-86 844 S 111,1+3,2 60,6+4,1 13,8+1,7 27,6%4,6 1,110
M-69 489 &4 109,5+8,3 61,4+8,1 14,6%2,1 29,8+7,2 1,331
M-69 286 S4 111,6+4,9 57,845,2 17,8+1,9 40,0+12,8 1,616
M-69 147 Q4 129,7+9,0 63,0+6,3 16,6+2,3 37,8+12,0 0,962
M-69 453825, 116,3+8,9 58,1+5,4 13,6+1,2 27,6%5,7 2,192
M-69257-82 S 96,445,6 53,345,3 12,8+1,3 22,0£5,0 1,203
M-69 48582 S¢ 100,6+6,6 55,145,7 13,819 24,2+5,6 1,531
M-69 40382 S¢ 87,4+7,5 47,4+3,9 13,2+1,0 21,8+3,9 1,709
M-69 75682 Se 112,8+4,0 61,1+6,1 14,0+2,3 20,4+4,5 1,692
M-69 42882 S 98,8+5,4 51,8+2,7 25,845,8 25,8+5,8 2,227
M-69 81582 S 117,044,3 62,4+6,9 13,6%1,5 29,0+9,2 2,140

In inbred lines: AP 291 S; AP 3411 S; AP 4911 &, AP 5411 S, AP
64-11 §; AP 6611 §; AP 11311 §; NC 611 $; NC 411 §; NC 11-11 S§; NC
1311 $;NC 3811 §; NC 4511 $;NC 6011 S; NC 61-:11 §; NC 7511 &; NC
98-11 S, compact inflorescences were observed, with a large number of branches
(30.849.2) of the second degree (Tab.1).

The high and very high oil content$ sclared.. is ensured by quantitative
characters, which directly influence productivity. Also, inbred ling$ Sis, Not
subject to inbreeding depression, with very high essential oil content in the
proportion of 2.192i 2.250%, were highlighted. The lines synthesized a
accumulated essential oil in inflorescences that exceeded the quota ofdiy5%
matter) AP 3011 $- 1,912 % AP 3211 $- 1,719 %AP 6611 S - 1,643 %AP
97-11 $-2,250%;NC 11-11 $- 1,753 %;,NC 38-11 $- 1,646 %; NC 98-11 S
-1,810 %;NC 100-11 S - 1,663 % etc. (Tab.1).

CONCLUSI ONS

63 inbred lines &I Si6 of different origins were created and studied:-28
derived from the Ambra Plus variety; 1. Natali Clary; 13 s. Mi 69; 2 Cr. p.;
1i S. s. Turkmen/N;11Si 1122; 1 Vi 24. The evaluated inbred lines have different
flowering and ripening periods: early, ragdrly and late.

The inbred lines & Sis from the second year of vegetation developed
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plants with a height of (8714126.2 cm), very long inflorescences (46.@&3.7 cm),
compact, firstdegree branches (1118.4) and secondegree branches (19.2
49.2).

Early, medium and late lines with high content (1.005694%) of essential

oil were selected for use in hybridizations as parental forms.
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Abstract: This study explores the application of biofortification principles in developing a
maize genetic collection with specific germplasm aimed at improving nutritional traits. The main
objective was to evaluate and classify 174 maize genotypes based on tiegic getential for
enhanced nutrient content using traditional and modern breeding tools. The research was conducted
at the Laboratory of Applied Genetics and Biotechnology, Technical University of Moldova. A
comprehensive methodological framework was leyaa, including classical selection, induced
mutagenesis, polyploidization, haploidization, and molecular diagnostics. The results revealed a
significant proportion of genotypes carrying key endosperm mutations so2hsad, wx1, andfi2,
with 31% of he collection exhibiting double recessive combinations. Additionally, 9 lines and 15
hybrids were successfully converted into tetraploids. The study confirms the potential of these
genotypes as valuable breeding material for biofortification. The genetiection developed
represents a strategic resource for enhancing the nutritional quality of maize and contributes to
advancing sustainable agriculture and food security.

Keywords: biofortification, endosperm mutations, genetic diversity, maize, polyploid

INTRODUCTION

In the last decade, a new research direction has emerged in modern
agricultural biologyd biofortification. Biofortification is considered a set of
scientific methods and technologies aimed at improving the nutritional qualities of
cultivated plants using breeding methods and a range of biotechnolbdles
Today, biofortification is recognized as part of the sustainable development strategy
(contributing to the UN Sustainable Development GodGs)[3]. The leading
research strategyn biofortification is characterized by an interdisciplinary
approach, combining modern breedmgnetic and physiologicéiochemical
methods used to intentionally modify and/or enhance the nutritional qualities of key
agricultural crops at various level$,5]. In this context, there is a strong link,
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primarily, between biofortification and genetics, which can be clearly substantiated
by the following points:

1. The foundation of biofortification lies in identifying and utilizing plant
genotypes that natally contain higher levels of desirable nutrients and critical
micronutrients. This requires extensive research into genetic diversity within and
between related speci¢$,6]. Advanced genetic methodologies, in combination
with principles of metabolic ganeering and bioinformatics, play a crucial role in
identifying such "wild" or traditional genotyp§s].

2. Traditional breeding methods are fully applicable to solving many
biofortification problems. For example, by crossing and selecting plants with
desirable traits (e.g., in maide high iron or provitamin A content), breeders can
develop new varieties witimproved nutritional valugl,7]. This process is based
on the genetic laws of inheritance. However, it can be lengthy and may not always
guarantee the desired result, as selection for one trait can affect other genes
(pleiotropy and genetic correlatigns

3. At the modern level, solutions to biofortification challenges involve
targeted genome modification (introducing genes from other organisms responsible
for synthesizing or accumulating specific nutrients into plant genomes) or genome
editing (introdueng precise DNA changes through insertion, deletion, or relocation
of fragments using specifically engineered endonucle§2ks)

4. The acceleration of the breeding process aimed at achieving the main
goals of biofortification can also be successfully liempented through marker
assisted selection (MAS). Thanks to advances in gene and QTL mapping, molecular
markers can be used for the rapid and efficient selection of plants with desired
biofortification-related genef].

In recent years, maize biofortifitan research has been actively
developed at the Laboratory of Applied Genetics and Biotechnology, Technical
University of Moldovad the successor of the former Department of Plant Breeding
and Genetics led by Academician Andrei Palii. Building on naticerad
international achievements in maize biochemical breeding, this work forms a
foundation for advancing biofortification in Moldoj&i 11]. While biofortification
requires a comprehensive approach integrating agronomic and breeding
considerations, thigdy focuses specifically on applying its principles to develop
a maize germplasm collection with targeted genetic traits.

MATERIALS AND METHODS
The subject of this study was an active maize germplasm collection
comprising 174 genotypes, developed atlthboratory of Applied Genetics and

Biotechnology, Faculty of Agricultural, Forestry, and Environmental Sciences,
Technical University of Moldova. The selection of optimal biofortification methods
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followed asystematic approactaking into account the nae of the targeted traits,
technological feasibility, as well as temporal and economic constraints.

Priority has been given to plant breeding methods closely aligned with
biofortification objectives, including traditional Mendelian selection, spontaneous
and induced mutagenesis, polyploidization, haploid techniques, heterosis breeding,
molecular diagnostics based on storage protein profiles, and biochemical
characterization of the maize genotypes.

RESULTS AND DISCUSSIONS

Maize genotypes in thepecific germplasm collection were classified
according to the following criteria:

A. Donororiginator centers

B. Taxonomic characteristics (subspecies)

C. Endosperm structure genes

D. Ploidy level.

A. The maize genotype collection was developed usingriakstérom the
following breeding centers: Republic of Moldova (National Seed Research and
Production Center; successor of the State Agrarian University of Moldova
Faculty of Agricultural, Forestry, and Environmental Sciences, Technical
University of Modova); Ukraine (Yuriev Institute of Plant Production, Kharkiv);
Russia (Krasnodar Agricultural Research Institute named after P. P. Lukyanenko,
now part of the National Grain Center); Croatia (EU Seeds Gdlldinternational
online seed storfl2]). Seletion and systematization principles of the materials
from these originators are presented in sections B, C, and D.

B. In addition to the maize types traditionally used in Moldovan breeding
and adapted to local agroclimatic conditi@nancluding flint, den, sweet, starch,
waxy, popping, and pod coi® the collection also includes several subtropical
forms. These forms, visually characterized by Figure 1, carry genetic traits
associated with enhanced carbohydrate metabolism, photoperiod sensitivity typical
of subtropical maize, lodging resistance, and anthocyanin pigmentation. The latter
is particularly relevant for classical genetic studies using morphological markers.

C. A clear indicator of the targeted development of foundational breeding
material with pecific maize germplasinserving as a basis for experimental
biofortification efforts in Moldova is that118 out of the 174 genotyp@s the
collection are mutant lines with known endosperm structure genes. Figure 2
illustrates a pie chart summarizing the distribution of these mutations.

The chart is divided into two major categorieginogenic mutants (69%hd
double recessive mutani®81%) Among the monogenic forms, the genotypic
distribution is as followso2 d 48%,suld 22%,wx1d 18.5%.,f12 8 9%, su29d
2.5%.

135



Sessionlll. Plant genetics and breeding

— _a— -
.\ JL,- ]
—a

e

Black Corn Seeds Aztek Bloody Butcher Sweetcorn World’s Largest Giant Seeds Cuzco

Green Sweetcorn Peruvian Giant Red Sacsa Pod Corn Seeds
Oaxacan Green Kuski Corn (Zea mays. Var.tunicata)

Figure 1. Visual phenotype of subtropical maize forms included in the
working genetic collection with specific germplagom a 10mm grid).

Figure 2. Pie chart illustrating the percentage of maize mutants by
endosperm structure genes in the working genetic collection.

Within the double recessive category, the combinations are distributed as:
wx1lyld 68%,02wx1d 11%,02s128 8%,02sh20 5%.

Additionally, 8% of the genotypg®ssess the1-nj anthocyanin pigmentation
marker, used for the identification of in vivo induced haploids in maize. This supports
the dual focus on nutritional enhancement and doubled haploid technology in the
breeding program

D. The development of the maize germplasihection also provided the
opportunity to expand into polyploid breeding. As a result, nine gena@ypes
comprising both normal lines and mutant foédmsere successfully converted into
tetraploids. As illustrated in Figure 3A, 56% of these tetraploid liney tae 02
gene, 11% carryl2, while the remaining 33% represent tetraploid analogs of
standard diploid linesn addition to these, eighteen Moldovan maize hybrids from
the FAO 100400 maturity groups were also converted into tetraploid forms. These
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hybrids served as source material for the development of fifteen new tetraploid
populations. According to Figure 3B, 87% of these populations cariy2tgene,
7% carryfl2, and 6% combine th@ilo2double recessive mutations.

7%

mo2 ufl2 msulo2

mo2 ufl2 mnorm B

A

Figure 3. Sectocharts showing:
AT percentages of normal and mutant lines converted to tetraploidseBaploid
populations developed from hybrid combinations

E. The maize germplasm collection has been approached innovatively
through several integrated research dioes. Over 170 genotypes derived from
various hybrids have undergone dihaploid induction to accelerate trait fixation and
genetic uniformity. Comparative analyses have been conducted between classical
heterotic group® such as BSSS, lodent, Lacaune, andhdasted and new
heterotic patterns emerging from specific germplasm tailored to biofortification
goals. The overarching focus remains on enhancing biochemical trait expression,
supported by advanced diagnostic methddsbiochemical, physiological, and
molecular 8 employed within the Laboratory of Applied Genetics and
Biotechnology at the Technical University of Moldova.

CONCLUSIONS

It has been confirmed that the active maize germplasm collection is
strategically oriented toward the effectaeplication of biofortification principles,
contributing to sustainable agriculture and food security. A detailed analysis reveals
that most genotypésdeveloped through spontaneous mutagenesis,
polyploidization, and haploidizati@hcontain specific germplas and constitute a
valuable genetic resource. This collection supports both the development of
theoretical frameworks for advanced biofortification diagnostics and the practical
implementation of complex breeding strategies, offering a solid foundation for
addressing current challenges in maize biofortification.

137



Sessionlll. Plant genetics and breeding

Acknowledgment This research was supported by the Ministry of Education and

Research from the Republic of Moldova, institutional subprogram 02@REEN.

10.

11.

12.

REFERENCES

BOUIS, H.E.; SALTZMAN, A. Improving Nutrition through Biofortification: A Review of
Evidence from HarvestPlus, 2003 through 20®%ob. Food Sec2017 12, pp. 4958.
https://doi.org/10.1016/J.GFS.2017.01.009.

BOUIS, H.; FOLEY, J.; LIVIDINI, K.; JUMRAN]I J.; REINKE, R.; VAN DER STRAETEN, D.;
ZAGADO, R.; BOY, E.; BROWN, L.R.; MUDYAHOTO, B.; ALIOMA, R.; HUSSAIN, M.;
PFEIFFER, W.H. Biofortification: Future Challenges for a Newly Emerging Technology to
Improve Nutrition Security SustainablyCurr. Dev. Nutr. 2024 8 (12), pp. 104478.
https://doi.org/10.1016/J.CDNUT.2024.104478.

NESTEL, P.; BOUIS, H.E.; MEENAKSHI, J. V.; PFEIFFER, W. Biofortification of Staple Food
Crops,J. Nutr.2006 136(4), pp. 10641067 https://doi.org/10.1093/IN/136.4.1064.

WHITE, P.J.; BROADLEY, M.R. Biofortifying Crops with Essential Mineral Elememtends
Plant Sci2005 10(12), pp. 586593. https://doi.org/10.1016/J.TPLANTS.2005.10.001.
PFEIFFER, W.H.MCCLAFFERTY, B. HarvestPlus: Breeding Crops for Better Nutritrop
Sci.2007 47 (SUPPL. DEC.), pp.-88. https://doi.org/10.2135/CROPSCI2007.09.0020IPBS.
CAKMAK, I. Enrichment of Cereal Grains with Zinc: Agronomic or Genetic Biofortificatiladt
Soil2008 302(1i 2), pp. 117. https://doi.org/10.1007/S111087-9466 3/FIGURES/O.
PRASANNA, B.M.; PALACIOSROJAS, N.; HOSSAIN, F.; MUTHUSAMY, V.; MENKIR, A,;
DHLIWAYO, T.; NDHLELA, T.; SAN VICENTE, F.; NAIR, S.K.; VIVEK, B.S.; ZHANG, X.;
OLSEN, M.;FAN, X. Molecular Breeding for Nutritionally Enriched Maize: Status and Prospects.
Front. Genet202Q 10, pp. 509029https//doi.org/10.338F GENE2019.01392(ML /NLM.

Vol R, q@.dj.sduimSdy omfjSisr vdakzyh j ddgs d3Gaypof
sdhddzgje, 1989.

PALII, A.; BATIRU, G.; ROTARI, A.; ROTARI, E.; COMAROV, G. The Influence of Ploidy
Level on Some Biochemical Characteristics of Maize Grains with OgagueosperniSci. Pap.
Ser. A. Agron2015 58, pp. 273276.

PALII, A.; BATIRU, G. Amino-Acid Content in Grain Protein of Tetraploid Opaque2 Ma&iped
Environ. Saf2014 XIlI (1), pp. 17.

PALII, A;; BATIRU, G.; ROTARI, A;; ROTARI, E.; COMAROVA, G. Evaluation of the
Biochemical Effect of the OpagiZMutation in the Tetraploid Maize Genonfgill. Acad. Sci.
Mold. Life Sci. [in Rom2012 No. 1 (316), pp. 118.26.

SEEDS GALLERY Seeds G#ryi Online Store for Rare Seetitps:/Mww.seedgallery.eu/en/.

138



Sessionlll. Plant genetics and breeding

DOI: https://doi.org/10.53040/cgal2.19 UDC: 634.23:631.55¢

INFLUENCE OF PLANTING DISTANCE AND CROWN
SHAPE ON THE GROWTH, PRODUCTIVITY AND QUALITY
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Abstract Thestudy on the influence of planting distance and crown shape on cherry fruits
in the pedoclimatic conditions of the central and northern areas of the Republic of Moldova in the
period 20182024 aimed at assessing the impact of these factors on the groadlgctvity and
quality of the fruits. In the research, trees of the Early Star and Samba varieties were grafted onto
the Gisela 6 rootstock and managed under t he
forms, planted at a density of 1250 trees/ha. Kbalia and Sweet Stefany varieties were grafted
onto the same rootstock, but managed according to the Thin Spindle, Structured Vertical Axis and
Improved Thin Spindle crown systems, planted at a distance of 4x1 m, with a density of 2500
trees/ha. For alvariants, parameters such as total yield, diameter and mass of cherries, as well as
soluble dry matter content and titratable acidity of the fruits were determined. The Early Star variety
achieved the highest yield in 2022 when the trees were managedliagcto the Thin Spindle
crown shape, with an average of 8.8 kg/tree. The Kordia variety recorded the highest yield (9.64
kg/tree) when the trees were managed according to the Structured Thin Spindle crown shape.
Although the Sweet Stefany variety hasveeloyield overall, the highest production was obtained
in the variant with management according to the Structured Vertical Axis system, with a yield of
7.11 kgltree.

Keywords:cherry variety, crown shape, harvest, fruit quality

INTRODUCTION

According to data presented by FAO, in 2020 cherry was cultivated in 64
countries of the world. The estimated area for the last 10 years468Q@08ousand ha,
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with a small increase in the last two years. And the evolution of world cherry
production, inhe last 30 years, increased by 1.8 times. The average global harvest, in
the last 10 years, was 52 t/ha [1, 2, 3].

The climatic conditions of the Republic of Moldova are favorable for cherry
cultivation, which occupies 3.6% of the area of orchardsiévto technologies for
cherry production offer new opportunities on the international market and, as a result,
there has been a greater interest in cherry cultivation.

Currently, in the Republic, the wild cherry (Cerasus avium, L.) and Mahaleb
(Cerasus malheb, L.) rootstocks are still used in cherry cultivation. Rootstocks of low
(Gisela 5), mediunfow (Gisela 6, Krymsk 6) and medium vigor (Maxima 14, Krymsk
5, Piku 1, Piku 4) are not fully used and there are still few studies on this subject in our
country Taking this situation into account, the Early Star, Samba, Kordia, Sweet
Stefanny varieties grafted onto Gisela 6, at different planting distances and crown
shapes, were studied [4].

In modern orchards, cherry tree pruning is applied every year, in torder
maintain the balance between growth and fruiting, as well as to produce high yields of
quality fruits [5, 6, 7]. In order to make cherry cultivation more efficient, it is necessary
to reduce the volume and height of the trees when pruning trees aestihgrfruits.

This goal can be achieved by using rootstocks of low and medium vigor, but also by
applying pruning appropriate to the variedptstock association [ 8, 9, 10].

Cherry cultivation in modern orchards requires simplicity in the process of
crown formation, pruning and maintenance, relatively free forms with reduced volume
with a central axis and ctghaped, early and stable quality harvests. [11, 12, 113, 14].
Smalkvolume, narrow fusiform crowns with a thickness of no more than 3 m,
associate with small planting distances ensure the efficient use of solar energy in the
formation of large harvests of qualitative fruits, labor productivity in manual work on
pruning and harvesting fruits and a high degree of mechanization of technological work
[15, 7,16]. Formation and pruning are important procedures for cherry trees, as they
ensure the formation of an airy and balanced crown in space, early harvests,
maintaining the final parameters of trees according to the reserved space [17, 18].

The issueaddressed are aimed at promoting sustainable cropping systems that
ensure early entry of cherry trees into economic fruiting, produce quality and healthy
fruits, demanded and competitive on the market by identifying planting distances, the
system of treedrmation and pruning, as well as maintaining a balance between growth
and fruiting. Currently, all sustainable, integrated cropping systems are being
successfully introduced, based on geographical conditions, the degree of natural soll
fertility, the relatve vigor of the varietyrootstock association, planting density, simple
crown shapes, early, higiuality and efficient harvests.
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MATERIAL AND METHOD S

The experiments were organized in 4 repetitions of 8 representative trees in
each. Thenteraction of planting distance and crown shape was monitored, as basic
factors that determine the entry of trees into fruit, the harvest and the quality of the
fruits. Agrotechnical measures in orchards are carried out in accordance with the
recommendatins i n force. In the orchards o
district and in the northern area, i n
and to monitor soil moisture, Watermark transducers are used, installed at 20, 40
and 60 cm deptmieach plot. Water is distributed through mains with drippers fixed
40 cm from the ground in the direction of the row.

In the experiments, in the first two years after planting the trees, the soil was
maintained as a cultivated field, in the following yse#ine distance between the
rows remained grassed naturally or artificially. The strips between the rbs, 2
m wide, with weeds that grow naturally and artificially, are mowed as necessary
and remain as mulch. Herbicides dr32mechanical plows are apgdi along the
row of trees, with a rotary tiller with a feeler.

Experiment 1 was established in the central orchard area in the fall of 2015
with the cherry varieties Early Star, and Samba, grafted on the Gisela 6 rootstock,
with trees planted at a distano€é 4x2 m, 1250 trees/ha. The rows of trees are
located in the nortsouth direction. The following crown shapes with reduced
volume were studied: CAThin spindle; C2 Cup; C3- Kym Green Bush.

Experiment 2 is carried out in the northern fruit growimgaawith the
varieties Kordia and Sweet Stefanny, grafted on Gisela 6, planted in 2018 at a
distance of 4 x 1 m, 2500 trees/ha. Crown shapes are usethMispindle; V2-
Structured vertical axis; V3lmproved thin spindle.

RESULTS AND DISCUSSION

Chery trees grafted onto Gisela 6 rootstock at the age/of@ars reached
the optimum height, width and crown length for such orchards with trees planted at
a distance of 4x2 m (tab. 1). Iny@arold trees, higher values of tree height were
recorded forhie Early Star variety (400 cm) where the trees were trained according
to the Cup crown shape. Inyéarold trees, this index recorded higher values for
trees trained according to the Thin Fus and Cup crown shapes in the Samba variety
(400 cm). Crown widtldiffers depending on the variety, the age of the trees and
the crown shape. Therefore, iry6arold trees this index varies from 230 cm in the
Samba variety with the Cup crown shape and Kym Green Bush to 250 cm in the
Early Star variety with the Thin Fiierm crown shape. In the following year, an
increase in crown width is observed in both varieties, but the Early Star variety
records higher values compared to the Samba variety and this index varies from 2423
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cm in trees formed according to the Cup crashiape to 255 cm in trees formed
according to the Kim Greem Bush crown shape.

Table 1. Phytometric indicators of cherry trees depending on the tree management

system
(Gisela 6 rootstock, planting distance 4x2 m, tree a@ey8ars, SRL "StarAgroGroop")
Tree height, cm Tree height, cm Tree height, cm
Crown shape Theyear | Theyear | Theyear | Theyear | Theyear | The year
2020 2021 2020 2021 2020 2021
Variety Early Star
Slim Waist 369 385 250 244 211 240
Cup 400 375 236 243 220 251
Kym Green | 39, 397 262 255 232 240
Bush
Variety Soiul Samba
Slim Waist 397 400 236 253 200 250
Cup 385 400 230 246 234 245
Kym Green | g 397 230 251 230 250
Bush

The crown length also varies from one variety to another and depending on
the crown shape. I6-yearold trees managed according to the Thin Fus crown
shape, a crown length of 200 cm is recorded for the Samba variety to 211 cm for
the Early Star variety. A greater crown length is observed in varieties formed
according to the Cup crown shape 221 cm. Trees with the Kym Green Bush
crown shape have a greater crown length compared to trees managed according t
the other crown shapes 2382 cm.

Research on the length and width of the crown of cherry trees in intensive
cultivation systems demonstratibsit the crown parameters depend on the variety
and crown shape.

The growth of branches is determined by the variety and age of the trees.
Thus, in the orchard of SRL "StarAgroGroop", in the 6th year after planting, the
average length of annual branciiied. 2) in the studied trees was 3582 cm. In
7-yearold trees, the average length of annual branches varies from one variety to
another and depending on the crown shape studied. The Early Star variety is
characterized by a greater length of annuahbhes compared to the Samba variety.

Therefore, the average length of annual branches in the Samba variety is
from 32.5 ¢cm in trees managed accordi
in trees managed according to the Thin Shaft and Kym Green Bush shapes.

The average length of annual branches in the Early Star variety varies from 45.2
49.5 cm.

Analyzing the total length of annual branches, it is observed that the Early

Star variety registers higher values compared to the Samba variety.
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Table 2. Average and total length of annual branches of cherry trees depending on

variety and crown shape, cm
(Gisela 6 rootstock, planting distance 4x2 m, tree agey6ars, SRL "StarAgroGroop")

Crown shape Average length, cm Total length, m
P 2018 | 2019 2020 | 2021
Variety Early Star
Slim Waist 53,6 48,9 50,2 48,2
Cup 49,6 45,2 45,2 42,2
Kym Green Bush 54,2 49,5 47,4 454
DL 5% 8,9 16,4 4,12 7,24
Variety Samba

Slim Waist 42,7 34,8 37,5 35,5
Cup 35,8 32,5 42,3 32,3
Kym Green Bush 40,5 34,8 35,1 33,1
DL 5% 8,9 16,4 4,12 7,24

In 6-yearold trees, in the Early Star variety, the total length of annual
branches varies depending on the crown shape and varies from 45.2 m in trees
trained according to the Cup crown shape to 50.2 m in treieed according to
the Thin Spine crown shape. Iry@arold trees, this index decreased slightly, in all
studied crown shapes and the largest total length of annual branches is recorded ir
trees trained according to the Thin Spihe48.2 m. The Samba ety is
characterized by shorter growth compared to the Early Star varietyydarold
trees, the total length of annual branches varies from 32.3 m in the variant where
the trees were trained according to the Cup crown shape, to 35.5 m in treek traine
according to the Thin Spine crown shaBegarding the harvest of the Early Star
variety (Fig. 1) depending on the crown formation system, the highest average yield
was obtained in 2022 in the case of the thin spindle crownif@® kg/tree. In the
ca of the Cup and Kym Green Bush crown forms in all the years of study, there
are no large differences between the harvests.

Fruit yield of the Early Star variety depending on
crown shape, kg/tree

10
7566 626 14 7537 61
5 I I 2913.253.07 3.213.052.79
. ] | HN
Year 2021 Year 2022 Year 2023 Year 2024

mCdzd a dab/odkLNISKym Green Bush

Figurel. Fruit yield of the Early Star cherry variety depending on the crown
shapgGisela 6 rootstock, planting distance 4x2 m, tree ad® fears, SRL "StarAgroGroop")
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In 2022, the Early Star variety recorded maximum yields in all crown shapes
studied, but treemanaged according to the Thin Spine crown shape are highlighted
by a higher yield of 8.8 kg/tree compared to the Cup crown shape (7.53 kg/tree) and
Kym Green Bush (7.61 kg/tree). Inyearold trees, the yield varies depending on
the variety and crown sipe (tab. 3).

The Kordia variety recorded a higher yield in the variant where the trees
were managed according to the Thin Spine Structured crown shape (9.64 kg/tree)
followed by the variant where the trees were managed according to the Thin Spine
crown $ape (9.32 kg/tree), and a lower yield in variant 3, the trees being managed
according to the Improved Thin Spine shape (9.25 kg/tree).

The Sweet Stefanny variety is characterized by a lower yield compared to
the Kordia variety, but we can mention thdtigher yield is recorded in the variant
where the trees were trained according to the Structured Vertical Axis (7.11
kg/tree). We note that the biological particularities of the variety, the crown shape
and the planting distance greatly influence the frarvest.

Table3. Fruit yield of cherry trees depending on variety and crown shape
(Gisela 6 rootstock, planting distance 4x1 m, year 2024)

Crown shape Variety Kordia Variety Sweet Stefanny
Kgltree t/ha Kgltree t/ha

Submachine gun 9,32 23,30 6,55 16,37

Same vertical structuret 9,64 24,10 7,11 17,77

Upgraded suispindle. 9,25 23,12 6,66 16,65
DL 5% 1,39 1,85 1,39 1,85

All registered sunflowers in the study were harvested in a variant where
apples had a fusiform crown shape, wittni@imum planting distance (4x1 m) of
crown shape. Hi Kym Green Bush (4x2 n

Fruit yield shows that, similar to the majority of soybeans, the surplus unit
remains an essential factor in assessing the technological efficiencies of cultivating
its shareholdevalue. adaptability to modern cultivation technology, in varied
natural conditions.

Fruit quality is genetic in nature, give this pubertal influence of action factor
of technological means, is interested in obtaining higher fruit with ridiculous
commercal value representing a greater representative pomology and soiului
(tab.4). The variability of the maximum diameter of the masses around this sea
depends on its shape, crown shape, period of harvest and the climatic conditions of
the annuli. The threshoktudied registered a diameter at the fruit of 28.41 mm the
Kordia threshold to 30.82 mm the Sweet Stefanny threshold. Luate sun in studio
produces high quality fruit.
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Table 4 Influence of soil on cherry fruit quality
(Gisela 6, plant distance 4x1 sybmerged spindle crown, apple green 7 years, year 2024)

Screw Soluble The firmness Acidity of
. . The target| extracted . cherries, g malic
Vsriety diameter, of cherries, .
mass, g | substance, acid/100 g fresh
mm : kg/cn? :

Brix% fruit

Kordia 28,41 10,21 18,65 3,04 0,67

Sweet Stefanny] 30,82 12,11 19,05 3,26 0,65

DL 5% 1,25 0,45 1,13 0,12 0,12

Thus, the firmness of the fruits was 3.8£26 kg/cmz2, the soluble dry matter
was 18.6519.05 °Brix, and the titratable acidity in the fruits was 6065/ g malic
acid/100 g fresh fruit. We note that these results for the Kordia and Sweet Stefanny
varieties, grafted on the Gisela 6 rootstock, are constant values and differ little from
climatic conditions.

CONCLUSIONS

The study confirms that the crown shape and planting distance significantly
influence the production and quality of cherry fruits, being essential for optimizing
cultivation technologies in the specific conditions of the studied area.

The crown width diférs depending on the variety, the age of the trees and
the crown shape. Thus, iry@arold trees this index varies from 230 cm in the
Samba variety with the Cup crown shape and Kym Green Bush to 250 cm in the
Early Star variety with the Thin Spindle crowhape.

The crown length also varies from one variety to another and depending on
the crown shape. Ingearold trees managed according to the Thin Spindle crown
shape, a crown length of 200 cm is recorded in the Samba variety to 211 cm in the
Early Stawvariety. A greater crown length is observed in varieties formed according
to the Cup crown shape 2234 cm.

In 2022, the Early Star variety recorded maximum yields in all crown shapes
studied, but trees managed according to the Thin Spindle crown shape a
highlighted by a higher yield of 8.8 kg/tree compared to the Cup crown shape (7.53
kg/tree) and Kym Green Bush (7.61 kg/tree).

The Kordia variety recorded a higher yield in the variant where the trees
were managed according to the Thin Spindle strudtarewn shape (9.64 kg/tree)
followed by the variant where the trees were managed according to the Thin Spindle
crown shape (9.32 kg/tree), and a lower yield in variant 3, the trees being managed
according to the Improved Thin Spindle shape (9.25 kg/tree).

The Sweet Stefanny variety is manifested by a lower yield compared to the
Kordia variety, but we can mention that a higher yield is recorded in the variant
where the trees were managed according to the Vertical Structured Axis (7.11

145



Sessionlll. Plant genetics and breeding

kg/tree). The variabiity in the size, diameter and mass of cherries is large and
depends on the variety, crown shape, fruit harvest period and climatic conditions of
the year. The studied varieties recorded a fruit diameter from 28.41 mm in the
Kordia variety to 30.82 mm in éhSweet Stefanny variety.
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Abstract. The main results of a breeding program for early maize, realized in R. Moldova,
are presented in this article. More useful germplasm for inbred lines development at present are
alternative heterotic groups Euroflint, lodent, BSB¥ and Lancaster. The alysis of hybrid
performance in advanced testing established a better adaptation of genotypes from lodent x BSSS
B37 heterotic pattern in Moldova and lodent x Euroflint, B83% x Euroflint in Belarus.
Commercial seed production include 10 hybrids FAO-280 registered in Belarus and 4 single
cross hybrids FAO 30820 registered in Moldova.

Keywords:breeding, early maize, germplasm groups, heterotic patterns, hybrids, inbred
lines.

INTRODUCERE

Amel i or ar ea um
cretridi Il nstitu [ ui de Cercettbri nt
dubl u Mol davskii 330MRf, cu maturitat
n Mol dova Hi ul terior a fost ‘Lrrriod el
Bal tice T'Hi Kazahst an. Cn 1982 se fol
porumbului pentru zonele nordice, avand ca parteneri colaboratori ai Institutului de
Cercet tri AtiinHi fice “n Agriculturt
Poumbeni 176MRf, Moldavskii 257CRf, Moldavskii 215MRf, Bemo 181CRf,
Bemo 182CRf , Bemo 172CRf THi N2 @ Ril
Mol davskii 330MRf au constituit baza
43,3 mii tone Tn perioada 19889 9 310,5Hmii tone Tn anii 1992013 [1]. n
ul t i mii 15 ani cant rat arteedau sd eg, ®améttone na’He:
anual, Cu o cott mai semni ficativt

bul ui 974 dnpnomentul a
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t u
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anumi te schimbtri es en Hiiladteda cieareg énilono p |
consangvinizate, tipurilor de “ncruci
sintetizare a combina™ il or hibride.

principalelor rezultate alneultinraime ldée or L
activitate.

MATERI AL Al METODE

Cn procesul de dezvoltare a |ini.i
pedigreul ui, selec™Hi a fenotipict “nt
consangvinizare Hi testarceactcdphaci tsh
topcross. Materialul in™H al sub for mt
Hi “ncruci HEr i regresive (backcross)
Euroflint, lodent, BSS8 3 7 'Hi Lancast eumi teevi peernf'Hi
ameliorative. Cn colec™Hia opera’Hiona
omogeni zate cu valori superioare al e
sunt apreciate dupperseHar alatpdr elpe aad rt @
realizatt “n hibrizi experimentali. A
evaluate 39 8 | i ni i Hi circa 80 forme mater
Toleran™Ha | a temperaturi subopti mal e
apreciatt prin sembnat-elpoca e®mpat amp
15zile-epoca ti mpurie. La sintetizarea h
de tip simplui A x B, simplu modificai (AX Ayx B  Hi -(AxBXC.ni a
Evd uarea hibrizilor “n culturi compar
repeti "Hi i), concurs (6 repeti ™H i) Hi
performante pentru promovare | a testt

REZULTATE nl DI SCUHI I

Lapri ma etapt del 909mMel inoarteerre a(l w98 1 n
l'iniilor consangvinizate includea hilt
necunoscut cu o0 c o t-4linid3,5 %,hibrizizim@e25,6h i b |
%, soiuri indurata5, 2 %, popul a’Hi i sint3,téd c® d
popul a’Hi i cu 50 % "n g2n9m%a Dunpi &an
calitate de mat erauwmlutiinlii’H atl “prrcerpuwcnidhe
hibri zi SiHhpl i r &gy Sngeizateeica Be@moplasma grupelor
heterotice alternative Euroflint, lodent, BSBS3 7 Hi Lancaster [ .
grupe de germoplasmk cu bob dentat me
l'iniilor el i sbr semmair diivmpucui . La
material ul ui I ni "Hi al prezintt recombi
forme parentale “n hibrizi comerci al
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operaHi onalt a imiczatse 7drilginnal e€,0ndiam
grupei heterotice lodent cu subgrupele MKP61, MKP601, MKP63, MKP65, 22,5
% - Euroflint, 15,5 % BSSSB37,9,9% L an c a st e+Denrtmixt [3], I8 %

grupa de maturitate extratimpurie sunt incadrate 13 linii4 5 | i ni i ap
ti mpurii Hi 13 linii sunt incluse “n
l'iniilor no.i “n col ec™H e se i ni "Hi az
restauratori. fertil ittt ™ i Iehoblizdon cul u i
performan™e "~ n test&bLri avansat e.

Eval uarea |l iniilor din colec™ a o
joase “"n faza de germinare a semin’'H

ger mi na'Hi ei de c¢cOmp 'Hia dea56 fruaze embrionatee i
(tabelul 1). In medie pe anii202202 4 ger mi naHi a boabel o

l'iniile cu bob sticlos, sembnate " n
grupa de ger B3B! ddsmici BSSRS 51 LWHncaster. | i
Temperaturile mai “"nalte ale solul ui
de 15 zil e, au favori zat -sgealommanimade a ¢
79,1 % |l a grupa Lancaster Hi minime d
Tabelull. Tole an™Ha | a temperaturi joase ale
Germina™Hi a se Masa unei plantule, g
Grupele de epoca epoca . epoca epoca .
ger mop extratimpurie| timpurie media extratimpurie | timpurie Media
rurofli 54,7 76,1 65,4 2,43 3,16 2,80
lodent 50,7 72,2 61,5 2,65 2,93 2,79
Lancaster 51,1 79,1 65,1 2,45 2,88 2,67
BSSSB37 48,6 76,6 62,6 2,06 2,80 2,43

Ri t mul de cr e Ht er e-6faunzp ¢énmdbnonale,|exptintar

prin masa unei plantule in stgter o as ptt t, a fost mai i
pri ma epoc+2,d6e5 sge ntinalta3 ,|liéid | ’en Ewrmdt
de sembnat. Datele experimentale pe

medie pe ambele epoci de 73,454 % & mi n"He vi abil e, con:¢
Hi 8 |l inii cu tol eriarm2’Ht4 n¥e dai eg ecrumi vnaal 'k

di fer en"Ha=38%mi t £ DL

Aprecierile liniilorinanii20212 023 (tabel ul 2) au f
lasi ntetizarea combina™i il or hi bride,
organel or reproductive |l a formele pat
materne sau paterne.
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Tabelul 2. Principalii indicii agronomici al liniilor consangviniedimpurii

Grupele de | Nr. de Zile de | Produc™i a Umiditatea
germop| lini p©nL.Ie _t/ho_ bgabelor,%_
mt t | maturitate| Media| v ar i g media|] Var i ¢
Euroflint 514 | 57,6 99,5 2,37 | 1,193,18 | 13,6 | 14,222,1
lodent 17-24 | 62,4 111,0 3,34 | 2,11-4,49 | 14,8 | 12,018,0
BSSSB37 6-8 61,7 110,2 2,68 | 2,073,68 | 14,7 |12,1-17,4
Lancaster 2-6 64,4 113,5 2,40 | 1,803,12 | 15,9 |14,217,6
Liniile grupelor de germopasmit Eut
zi |l e 'Hi 64, 4 zil el wflordt, au naahifestat ofagaptabilitate e i
ecol ogickt mai redust, reali zOnd pr od:t
respectivepot fi mai eficient folosite in calitate de forme paterne, iar liniile grupelor
|l odent -BEBi7,BSXUS pot en™Hi al "nalt de pro
formel e materne. Cercettrile au cons
citoplasmat e de tip M | a majoritatea | ini.
l odent . Analiza | iniilor din col ec i e
ale hibrizilor cultiva™ "~ n secolul t
rezi s taerm "Ha dla frOoOnger ea t ulsty ogreen,, (
productivitate, umi ditate sctzuttik " n
Ht i ul e™i | or . Ger mopl asma grupei | oderl
P343 Hi a donatorului semitimpuriu D2
capacitt generalt de combinare Hi pierder
originale MKP6O0 Hi MKP61 din primul
“nfloritul organel or reproductive a
progenitorul P101. Includeea "~ n mat er i al i ni "Hi al a
AS587/ 02, DK205/ 710 ca donatori de g
unui Hir de | inii ti mpurii CcCu capaci

Grupa de ger mB8pdeamandtt eBrSSz<Seazt cu cap

combinare “naltt, "nsuHire moHtenitt
l'inia semitardivi Oh43. Liniile MKP700
folosite intens “~n mat elroiralt oilneir’dinaHa,
cenuHi e a frunzelor, sensibilitatea
Lancaster, " n arealele cu secete at mo
ecol ogict mai redust. Gr upa Ealmibf | i n
extrase din soiurile Lacaune, Lizargarate, Ottava Flint, Morano, Gelber Landmais.
Liniile originale sunt men™Hi nttoar e
datoritkt cal itk ™idi boabel or, tdeforme an’l
materne. Un neajuns esen'H al al ger m
generalt de combinare relativ inferi
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capacitate specifickt de combinare.

in procesul de sintetizare a hibrizilor experimes | i |l a et ap
predomint “ncruci Htbrile de tip simpl
ocupt o pondere nesemnificativt. Cer
uti i zerii hibrizilor simpl i nmboed i Hi
uni formitate a plantel or apropiatt hi
mani festt " n producerea de semin'He, d
de produc™H e mai “"nalt comparatiile cu
climaterice stresante [4]. Clasificarea liniilor consangvinizate in grupe de
ger mopl as mt Hi identificarea perechil
“"ncruci HLkri, desemnate “~n | i tiehetardticr a
patterns " nl esneHte procesul de sintetiz
hibrizi din testtri avansa®R62f8pireconan
Mol dovei (tabel ul 3) constatt ct din
de | & rmptOsntkr il a bt Bsrt 18 HB5 Y22 el pONnt
fizi olewvwgiidcetn 'Hieazt varianta |l odent x E
Hi 6,12 t/ha “n combi na'Hi i Spe-B837tu c e .
produarigide e" pe 300 hibri zi de 5,88 t/
i ndividual e poate fi consideratt ca
calcul Hi eficien™a producerii de sem
in anii 2021-2024( | ocal i tatea Jodi no, regiunea
culturt comparativt de concurs sunt r

Tabel ul 3. PerformanHel e amelioratiywv
Zile dep®nr Umiditatea Produc’
Modelul heterotic m[:)rtjz? la _ bo.abelorl, % . b (_) g ll:\)/IZX|
mt t £| maturitate | media | mi n i | media mt
lodentxEurofiint 250 55,1 102,8 16,9 15,5 526 | 6,12
Euroflintxlodent 42 55,3 102,1 16,5 15,8 5,18 5,98
BSSSB37x[ur| 76 55,9 103,6 16,9 15,6 5,04 | 5,61
lodentxBSSSB37 300 58,1 106,9 16,4 14,7 5,88 | 6,66
BSSSB37xlodent 90 56,8 104,8 16,2 15,3 563 | 6,17
Cu performan™He | a produc™Hi a de sut
heterotic BSS$37 x Euroflint, care a inregistrat 15,02 t/ha Th medie pe 19 hibrizi
Hi 16,0 t/ha “n combi na'Hi i specifice
“nfl oriitei pHiodwmi'Ki t £ Hi i boabel or “nt
"ncruci Hbr i | od-BB7Y x Euroflint, HBUSEG T

"nregistrat di feren™He semnificative
c o mbi na Hi iEursflntexdaddnt. lo eadrdil eelor 3 modele heterotice cu
bob semisticlosea u s emnal at reacH i specifice
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testare. Rezultatele testdbril R22@ r i1 z
sintetiza'™ici’pmr ocrecradcei Hirruiperleor de gert
‘Hi BBS3S7S, au confirmat adaptabilitatea

s

n zonele cu regim ter mic -B37xhddenectiun Me
eHanti on de 1nkniil20232024 ainregistratavdlou eetii apropiate

de varianta lodentx BSS%3 7 dupt precocitate, pr oc
boabe.

Tabel ul 4 Caracteristica hibr
Perioada Produc |_ Pr oduc™H Umnidi
r b sit subst an’h boab e -tatea
Modelul heterotic | Nr.de | - . t/ hO ' boabe
L inflorit,
hibrizi . . . . . -lor,
zile media| ma x i | media| ma x i %
lodentxEuroflint 46 68,6 14,04 | 15,62 7,63 8,63 36,4
BSSSB3 7xr ur| 19 69,7 15,02 | 16,00 7,76 8,68 36,4
Euroflintxlodent 11 69,2 14,17 | 15,06 7,66 8,18 36,2
lodentxBSSSB37 30 71,2 14,55 | 15,77 7,90 8,66 38,1
BSSSB37xlodent 11 69,8 15,11 | 15,85 9,11 9,44 31,2
Cn prezent producer ea Hi comerci a
export es$iemeel gatker "n baza | icen’F
omologa™Hi " n R. Belarus. Hibrizii Por

cu indice de maturitate FAO 1800 reprezintt model u
Euroflint, iar Porumbeni 220, Porumii 221, Porumbeni 230, Porumbeni 231,

Bemo 235, Far mec Hi Porumbédi a?4Bosu
formul ele de "~ ncr uci HB37i Dinhcadtueacestora 2 e

hibrizi sunt de tip triliniar, 4s i mp | i mo d ii fpi csa "Wip | Hi. 4Cnd
hibrizilor FAO 180-240 sunt folosite 13 linii consangvinizate ca forme parentale,
inclusiv 7 anal ogi androsteril:i cms N
Hi bri zi simpl i Porumbeni 3 @b matuater u m
semitimpurie FAO3003 1 0 au fost “nregistra™ " n
exportt “n RomO©ni a 'Hi Ucraina. Pentru
omologat hibridul simplu Alimentar 325 cu bob sticlos. Multiplicarea foomel

parentale ale hibrizilor nominal i za'Hi
seminHel or. Men™H ontm ct secetele atn
semnal at vul nerabilitatea produceri.
conside ent e eforturile amelioratorilor s
formel or materne prin modificarea ac:
anumit grad de heterozis reproductiv
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CONCLUZzII

1. In procesul de crearelai ni i | or consangvini za
ncruci Hbrilor “ntre liniHi "hirbdi ziel c
care asigurt omogenizarea mali rapidt
genitorilor perfor manHi

2. Baza gnelar eriginateto camstitlie germoplasma grupelor
heterotice alternative Euroflint, lodent, BSBS3 7 Hi Lancast er
ncruci Hbrile “nrudite din grupa het

superiori, fiind folosite Tn calitate de formmaterne cu impact economic in
producerea de semin'He hi bri de.

3. Combina™ il e hibride “n model el
B37 1 Euroflint asigurt produc™Hi i de
cu regim termic redus, iar hibriziboHi nu™i "~ n model ulB3thet e
prezintt interes pentru regiunile cu

4 . Lucrtrile de amel i-aufinalizagcu areape@a u Ir

10 hibrizi cu indice de maturitate FAO 2204 0 o mo | o g a "Hi4 hibrisi R.
semitimpuri FAO308 20 "~ nr egi st r a’Hi pentru cul
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BREEDI NG T™EESTDC APPLEATREE (
DOMESTBORKH. ) AS A FAMILY CREAT
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VI adi m2ra HOEDL EOX®ORCID: 0000-000258448938
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Resources, Slovak University of Agri
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HI i nku 2, Nitr a, Sl ovaki a

A b s t. The ai of the work is to make the domestic apple tree breeding process more
efficient with the acquisition of new original varieties in thieraction between human and nature
also in the form of creative activity of the whole family. In this process, it is possible to use many
wild seedlings (WGS) grown from the seeds of domestic apple tree fruits along roadsides, in fields,
old gardens andrchards. In the experiment, 39 WGS were selected from different locations in
Slovakia, with average fruit weights ranging from 57.45 g to 197.59 g. The fruits were determined
to be of different shapes, most often hetwaped, and varying in colour frolight to dark. The
colour of the flesh was white, light yellow and slightly red. Many of the seedlings excelled in original
aroma and flavour. Process is very simple. In late August, look for suitable seedlings with attractive
fruit, take a sample of theufit and mark the seedling's location. Then take budded cuttings from the
seedlings in January for grafting onto prepared rootstocks. In the third year, the first harvests can
be evaluated on the WGS. Through this process, each member of the family tteir getn
original variety in the garden, not only for enjoyment but also for eating the original fruit.

Keywoanmdpel ographic evaluationMafu$r dbme st
Bor kh., rootstocks wild seedlings, selection

I NTRODUCTI ON

Apples are stildl one of the most
cul tures, with an annual p3ed kcga.pi By
aver age cdoanisluympftriuant wor |l dwi de I s expe:
g per person [ 1]. When properly grow

heal t hy food wi t h significant sourc
components [1, 2].

Domestic applprobgreedi npri marily f
adaptability to the growing environme
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The reskeabcéedinng collective at t
Dr e sRlielnl ni t zsthamsdiang ofngcus on breedin
Bet ween 1972 and0O0l® 98e etechse yf rucsne da pop2l e
varieties. From thisheuemerobftbbeedkp
and registered in 2006 3 rceuslitsitvaanrts ,v &
Rekarda) . The production of th@O0t e ed
means OBt sé@aédds wer e newldteidv atro. oCntl ayi
approxiom@a@ edgedl i ngs was resistant to

become a variety. This proportion do
devel op a[rMeW cul tivar

At present, r esearrcch famrcd shrnege dnan o |
the nutritional and therapeutic val u

content of fl avonoids and ot her nutr.i

of Primary I ndustries anddRébieotal v b
Western Australia (UWA) who are cond:
rich iapmalleshi er apples for consumer s.
of the breeding process and thehimark
apple to the consumer. Apples are bre
initial eating quality, appearance, :
Maxi mising the nutrient content of th
staff are investigating how to breed
positivd 1laltjtri butes

MATERI AL SMANWDOD S

The aim of the present wor k Fksertno
breeding process of the domestic appl
acquisition of "new varieties" in the
of creaty vef ache vwhole family. The es
for suitable wild seedlings grown in
seedlings with the best fruit are prc
gardens and .orchards for wuse

Specific objectives

(a) Exploration and search for wil
as genetic resources for breeding new

(b) Determination of the economic
mor phol ogi cal traits.

Bi ol ogi cal materi al

Wild seedlings in number 39 obtain
grown from seeds of domestic apple tr
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and orchards, pastures and othertipém
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of even exotic shrub shapes.
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I n addition to fruit weight, many
whi ch i S the most i nfluenti al facto
Consumers judge fruit by sight; [&péci
Reski nneidesvaanetgener 11171l moneat desj r &
found with a variety of fruit shape
presentation of the shape and col our

Figure 3 Compdreicger OMGSt gg oup i n fru
(Photo A. Oravec, 2011)

The presented results, even in shc
very interesting genotypes of domest:]
and, atoepreheinsive evaluation, to se

CONCLUSI ONS

Al t hough many breeders and researc

native apple trees from seed and cons
has its smdrsi tesv.i dlemiced by the dozens
typi fied by Golden Delicius and ot her
breeders, this is a great creative ac
from the wiilld dpmlme diomeesd with intere
to propagate them on prepared rootsto
can have their own original wvariety "
is also swiatl aejplenf eci smce" . Many so
provide breeders with very interestir
regions, which stand out for some mor
parts of the plantsg @ndctaoalbley pos e
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resources. This system allows for a m
biodiversity in fruit production, tht
few dozen modern appl e owvarhiaegtdises i n h

t ha
Agr
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Abstract. The evaluation ofjuantitative character indices lant height and diameter,
number of flowering stems per plant, inflorescence and floral spike length, number of whorls on the
floral spike, raw material yield, and essential oil contérdllowed for the characterization dn
assessment of each lavender varigdyne. The varieties under study synthesized and accumulated
an essential oil content at standard humidity (60%) exceeding 2% (Svétlai®9%; Alba 7
2.188%), and on dry matter basis exceeding 5% (Svellaba98%; Alba 771 5.472%). Raw
material yield varied from 3.6 t/ha to 7.7 t/ha depending on the variety, with the most productive
being Svetlana (7.7 t/ha), Alba 7 (7.3 t/ha), and Favoare (6.7 t/ha). The essential oil yield in the
evaluated varietieslones rangd from 11.6 kg/t to 22.0 kg/t. The highest yields were recorded in
the varieties: Svetlana (22.0), Alba 7 (21.8), and Favoare (17.1) kg of essential oil per ton of fresh
inflorescences.

Keywords:breeding, productivity, varieties, yield, essential. oil

INTRODUCTION

The cultivation of the speciesavandula angustifoliaMill. in the Republic
of Moldova has increased in recent years, currently covering over 2.000 hectares.
In order to accelerate the expansion of cultivated areas, breeding resedrearhas
carried out to develop varieties adapted to local pedoclimatic conditions, such as
critical low winter temperatures, drought, summer heat, and so on, as well as
different vegetation periods, high productivity, and elevated essential oil content [1;
5;6; 7; 8].

The production and quality of essential oil are strongly influenced by
pedoclimatic conditions, soil, and the cultivated varieties. For therapeutic purposes,
the volatile oil is used in aromatherapy as a relaxant, antispasmodic, carminative,
andgesic, sedative, hypotensive, antimicrobial, antitussive, antioxidant, and
antibacterial agent [5; 6; 7; 8; 9; 11].
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One of the main tasks of the research group was to create lavender varieties
clones with resistance potential and adaptive plasticity tdavorable
environmental factors, as well as the ability to accumulate valuable chemical
compounds. Over the course of several years, the breeding team from the Aromatic
and Medicinal Plants Laboratory of the IGFPP, USM, developed six lavender
variety-clones with varying vegetation periods (early, medium, and late), distinctive
guantitative traits of productivity, high essential oil content in raw material, and
superior quality. These have been registered, patented, and four of them have beel
implemented irthe agriculture and economy of the Republic of Moldova [1; 2; 3;

4; 5; 6; 10]. The objective of the present research is to evdluate
angustifoliaclones according to high productivity indices in their sixth year of
vegetation.

MATERIALS AND METHOD S

This study included six local lavender varieties and three promising hybrids.
The research was conducted in the Comparative Contest Crops nursery, in the sixtr
year of vegetation. The planting scheme used was 1.4 x 0.6 meters. In early spring,
the winter harthess and frost resistance of the studied varieties were assessed by
evaluating the number of frozen shoots per plant, scored on a scale from 1 to 5 [13].

The evaluation of the varietglones included in the research was carried out
in accordance with cuent methodologies, based on a series of quantitative traits
that directly influence productivity: plant height and diameter, inflorescence length,
floral stem and floral spike length, number of whorls per inflorescence, vegetation
period, and essential aibntent. The methods used for setting up the experiments,
evaluating the material, and statistical data interpretation followed validated
lavender breeding protocols [13].

Essential oil was extracted from fresh inflorescences at full bloom using
Ginsbergtype distillation apparatus [12]. The essential oil content was determined
and recalculated on a dry mass basis.

RESULTS AND DISCUSSION

In the sixth year of vegetation, the lavender varieties from different maturity
groups were evaluated in the CCC (Comparative Contest Crops): early (Favoare
and Moldoveanca 4), medium (Cr.285; Cr.13$6-35; VM-18V; Vis Magic 10;
Aroma Unica), and lateSvetlana and Alba 7). The species' resistance to abiotic
factors (frost, wintering) was assessed. It was found that the varieties Svetlana,
Favoare, Moldoveanca 4, and Aroma Unica exhibited high resistance, scoring 5
points, while Vis Magic 10, Alba 7, Ar3S$6-35, Cr.13$6-7, and VM18V were
rated above average, with 4 points. The quantitative traits influencing productivity
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-plant height and diameter, and number of flowering stems per plant were evaluated
at the full flowering stage of the lavender plants

Under severe drought conditions that persisted throughout the vegetation
period, the varieties in their sixth year of growth developed plants with heights
ranging from 68.5 cm to 94.8 cm. Plant diameters ranged from 95.6 cm to 132.1
cm. These data areh@wn in Figure 1. These two traits indicate plant vigor.
Noteworthy performances for these traits were observed in the following varieties:
Svetlana with a height exceeding 130.0 cm and a diameter of 94.8 cm;-6+713S
(122.1 cm and 80.2 cm); Cr.18535(121.9 cm and 85.9 cm). The hybrid genotype
VM-18 had the shortest height of 95.6 cm and the smallest diameter of 68.5 cm
(Figure 1).
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Figure 1.Height and diameter df. angustifoliaMill. varieties in CCC (sixth year
of vegetation), 2024

The number of flowering stems per plant is a key trait determining the
production of fresh raw material. This index varied from 940 to 3023 units per plant.
The highest number of flowering stems was recorded in the early variety Favoare
(2503 units), followedy the medium hybrid Cr.136-7 (2842 units.) and the late
variety Svetlana (3023 units).

In the lavender clones evaluated in the Comparative Contest Crops, traits
related to the inflorescence were also studiechamely, the length of the
inflorescence anfloral spike, and the number of whorls on the floral spike (Figure
2).

Based on the evaluation, the varieties with the longest inflorescences
greater than 30.0 cm were: Favoare (32.4 cm), Cr.1:8&V (32.4 cm), and
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Svetlana (38.7 cm). Six varietiehawved inflorescence lengths above 20.0 cm:
Moldoveanca 4 26.7 cm; Alba 7 28.2 cm; VM18Vi 28.5 cm; Aroma Unica

29.4 cm; Cr.13%-3571 29.4 cm; and Vis Magic 1029.8 cm. For the floral spike
length, lavender varieties in the sixth year of vegatasbowed values ranging
from 7.5 cm to 10.9 cm. The highest values were recorded for the clones: Aroma
Unica (8.8 cm), Favoare (9.1 cm), and Svetlana (10.9 cm). The number of whorls
on the floral spike in the tested varieties is a key index that deterthemessential

oil content in the raw material (inflorescences). The more whorls a variety forms
and the more flowers per inflorescendle higher the essential oil content, as most
oil glands are located on the flower calyx [8]. In the sixth yearegktation, the
number of whorls per spike ranged from 5.5 to 7.5 units.

The varieties that formed more than 6 whorls were: Alba 7 (6.2 units),
Aroma Unica and Vis Magic 10 (6.3 units.), and Favoare (6.8 units.). The highest
number of whorls (7.5 units.)as recorded in the latmaturing variety Svetlana,
while the lowest (5.7 units.) was found in the eamlgturing Moldoveanca 4
(Figure 2).
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The length of the inflorescence,cm Length of the flower spike,cm

Figure 2.Characteristics df. angustifoliaMill. varieties in CCC based on
guantitativeinflorescence traits, 2024.

In all lavender clones evaluated in the sixth year of vegetation, productivity
indices were determined: raw material yield, essential oil content, essential oil
production, and yield per variety (Table 1). The raw materiadlymhged from 3.6
t/ha to 7.7 t/ha, depending on the variety. The highest inflorescence yields were
recorded for the following varieties: Favoare (6.7 t/ha), Alba 7 (7.3 t/ha), and
Svetlana (7.7 t/ha).

The research results show that the dry year of 202} fanorable for
lavender cultivation, encouraging the accumulation and synthesis of essential oil in
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the raw material. Some evaluated lavender varieties accumulated an essential oil
content at standard humidity (60%) of more than 2% (Alb&.288% and Satlana
T 2.199%), recalculated to dry matter exceeding 5% (Alb&®.A72%, Svetlana
5.498%). The lowest essential oil content was found in the hybrid C6-73%ith
only 2.897% (dry matter).
Essential oil production in the evaluated clones varied #86rbd kg/ha to
169.3 kg/ha. The highest production levels were recorded for the following
varieties: Favoare (114.5 kg/ha), Alba 7 (159.7 kg/ha), and Svetlana (169.3 kg/ha).
Based on the obtained data, it can be stated that the lavender clones includec
in the Comparative Contest Crops also achieved a high essential oil yield, ranging
from 11.6 kg/t to 22.0 kg/t. The highest yields were recorded for the varieties:
Svetlana (22.0), Alba 7 (21.8), and Favoare (17.1) kg of essential oil per ton of fresh
inflorescences (Table 1).

Table 1.Productivity of lavender varietglones in CCC (2024)

Essential oil contengp . .| Essenti
- . Essential oil i
Varieties- Raw material stand . al ol

. . production, X

clones production, t/ha humid, dry matter ka/ha yield,
(60%) 9 kgt
Svetlana 7.7 2.199 5.498 169.3 22.0
Cr.1356-7 6.5 1.159 2.897 75.3 11.6
Cr.1356-3 5.5 1.210 3.026 66.5 12.1
VM-18V 3.6 1.263 3.196 45.5 12.6
Favoare 6.7 1.709 4.380 1145 17.1
VisMagic10 4.9 1.424 3.632 69.7 14.3
Alba 7 7.3 2.188 5.472 159.7 21.8
Moldoveanca4 6.5 1.434 3.596 93.2 14.4
AromaUnica 5.4 1.277 3.192 68.9 12.7

The evaluation of the varieties in the sixth year of vegetation (2024) in the
Comparative Contest Crops demonstrated that the most productive variety was the
latematuring Svetlana, which stood out for its high raw material yield, high
essential oil content and production, and high oil yield.

CONCLUSIONS

The research conducted in the Comparative Contest Crops (CCC) on
lavender varietyiclones revealedell-developed plants that produce a large number
of flowering stems, as well as inflorescences with long floral spikes and a high
number of whorls per spike.

The essential oil content, a key breeding index in lavender, varied by variety
from 2.897% in CA3S6-7 to 5.498% (dry matter) in Svetlana.
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The evaluation of the varieties in the sixth year of vegetation (2024)
demonstrated that the most productive was thentetiring variety Svetlana,
which showed high raw material yield, high essential oil cangsd high essential
oil production.

The lavender varietglones included in the comparative trials also
displayed high essential oil yields, ranging from 11.6 kg/t to 22.0 kg/t. The highest
yields were recorded for the varieties Svetlana (22.0), All#4 B), and Favoare
(17.1) kglt.

TheL. angustifoliavariety-clones developed and patented are well adapted
to the pedoclimatic conditions of the Republic of Moldova, maintaining their
distinctiveness, productivity, and high values of quantitative trait3uding an
elevated essential oil content in highality raw materi@ meeting the
requirements of agricultural producers and companies specialized.

_Acknowledgments. Research was carried out within the reseamtbprogram
011102Ancreasingandconservation genetic diversity, agricultural crop breeding in the context of
climate change, financed by the Ministry of Education and Research of the R. Moldova.
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rootl ets” was weaker. The | owest val
relationship between the traits beoot
noted that the inbred Iines had highe
traits. The traits "rootlet | ength" a
the correlation coefficient widtih ftelhen
in the correlation coefficient values
traits "seedling l engt h” and "root |
significant wvalues of the regression
i nbred. The dispersion analysis of tfF
rootlets under salt stress conditionse
factor (Table 2). The highest values
such traits as "rootlet | ength" (hybr
Table 2. ANOVA results of traits
Traits varia MS F dp? R?
Lines ¢seedling | 8.1 3. 0.59 0. 77
Lines I"emgth'et 36. 4 5. 0.72* 0.85*
Lines "number of 3.8 2.8 0.83 0.74
Hybrids ¢seedling 0.27 6.17 0.73* 0.82%
Hybrids "rootlet 0.83 10.4 0.82* 0.91*
Hybrids "number ¢ 5.5 15 0.87* 0.93*
*p<0.95p<0.001
Al most equal valwues of the effect
out for the traits "rootlet |l ength" (
size of the "genotype" factor waisndd)e
The coefficients of determination of
had very high values, and in inbred |
significantly | ower. The hybreds &bso
trait "seedling length”". The Il ines he
trait "rootlet | ength", and the value
two traits were approximately at the
Hi gh awelrmege of the trait "rootl et
noted in the | ines P343, L1866, Mo 17,
very | ow average values of this trait
values ofendeh™rooaletuhder salt stre
and were significantly inferior to s
Mo 17. It should be noted that only th
by the | oweShumbhéuesef ofobohkets” trait
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Table 3. Aver age awmal uweesv ed fo pereernity tgraa
stress.
Lines Hybrids
nurt
Gen ¢ di ( numb Geno seed rootlbe
Typelseetlroot of type | eng |l engt of
eng eng root cm cm I O0d
et
P343 4.65 9.45 4.0 1 0.8: 0.73 1
A285 0.27 0.43 1.0 2 0.1°7 0.97 1
XL12 0.2 0.5 1.0 3 0.6 0.340
B73 0.85 0.9 2.0 4 0.3 0.4 1
P346 1.0 0.95 1.0 5 0.9! 1.15 2
Col?2 3.83 0.53 3.0 6 0.3 0.3 1
L186 2.75 6.0 3.0 7 0.47 1.43 1
Mo 17 2.77 5.61 2.0 8 0.7 1.57 2
LSPo: 2.79 4.35 2.0/ 9 0.9 1.6 5
Me an 2.04 3.05 2.1 LSPos 0.3( 0.541.
1-( 4%MK390) x(ARBHE6X092) x (459xM1& ) x (( P343xP346)
(4%5MK390) x( A2GPa PEROWABSPHMKEO0) x( PL65XxB73)),
5(A285 X WBRKBO0) x( PAFAXBIGRIPMRAXYLO) x ( PL65xB73) )
(XL12XNMBPKEO0) x( PLE6AXBYBNG), x@B(459- xP502) x P:
(L276xP26BIKR90) x(P165xB73))

The best values of this trait wer
these indicators exceeded the average
hybrids, except for the combinatixon |
P165 simple hybrid, which was <charact
the experiment. Under salt stress co
l ength" trait did not exceed 1.0 cm |
Thehksyg values of this trait were fou
L1866, Mol7 I|ines.

The assessment of genotype resist:
|l evel of the male gametophyte shtoiwed
with the "genotype" factor dbFad t3Me *gr
=0 . 3 * * * | respectively) on the variab
effect size of the "dg=eOn o2t6y*p*e'dt. e alonteo B
coefficient in this experimedtab* mode
average values of the "pollen grain
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hybrid combinations where simple hybr

maetr nal genotypes (Table 4). The remai
an insignificant difference.
Table 4. Mean values of umkderpahll eni gr
PGD . PGD
genoty mi ¢ . u genotype vari ooy
1 147 . 4 l—(Mol?xW23)C°”t 157. ¢
2 156.¢ ((459xMK390) x| NaC 137.:
3 142. 7 2_(L276Xp165C0nt 168. 1
4 154.: ((459XxMK390) x| NaC 144. "
5 144. ¢ 3_(A285Xw23)cont 137. ¢
6 142.: ((459xMK390) x| NaC 147,
LSDos 7.63 cont 167.°"
4( A285x N6)
Mean v 154 . 7 ((459 xP502) NaCc 141,
(contr
Mean v J
(NacCl 141.0 5( XL12x N6) cont 151.
((459xMK390) x
LSDos 4. 4 NaC 137.
Mean va -
the exp 147 . ¢ 6_(A285fo7)cont 145.
((459xMK390) x
LSDos 4. 41 NaC 138. ]
The average values of the control
di fferent, and the effect of salinit:
trai $mallfhest values of the pollen gr a
demonstrated by hybrids with the mat
A285xRf7. The hybrid combination with
out to be sigeiriniscart Ityh eb enatl eer giamett o
stress conditions. The small est di ffe
was noted in the hybrid with the mate
CONCLUSI ONS
At the early sdege$sopmemgtr owf hcand
"seedling |l ength", "rootl et l engt h",
conditions realized significant posi:i

values of <correlatiomnamdgbregr €osnbo m e
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A significant effect size of the "
growth and devel opment traits under s

The best | inesofbyt haev esrtaugde ewda ltureasi t
gr owtdhewaldopment under stress condit.i
Among the hybrid combinations, t he ¢
L275xP165 provedstotlhetmore salt

At the haploid |l evel of the nmaslsed ¢
factor was the greatest; hybrid combi
L276xP165 stood out foff the mhpghlsn g
trait.
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Abstract Maize (Zea mays L.) is a major crop with global importance for food, feed, and
industry. Improving yield through hybrid breeding remains a key objective, and heterosis plays a
central role in achieving superior performance. This study evaluateeparightheterosis (MPH)
and bes{parent heterosis (BPH) for grain yield in 19 maize hybrids derived from genetically diverse
inbred lines. Field experiments were conducted in 2024 near Cucuruzeni, Orhei district, Republic
of Moldova, under chernozem soil conditioand moderate drought stress. A partial diallel mating
design was used, and trials were arranged in a randomized incomplete block design with two
replications. Yield was measured at harvest, and heterosis was calculated using standard formulas.
Results evealed significant variability, with MPH ranging from 33.7% to 76.3% and BPH from
13.3% to 71.6%. The hybrid 2110 x 2126 showed the highest yield and BPH, while 2132 x 2127
had the highest MPH. The findings confirm the role of-additive gene effects drhighlight
promising parental combinations for future hybrid development.

Keywords: besparent heterosis, grain yield, inbred lines, maize, nuidrent heterosis.

INTRODUCTION

Maize ¢ea maysL.) holds a position of major importance in global
agriculture, serving as a staple food crop, a key component in animal feed, and a
valuable raw material for numerous industrj@é$. As one of the most widely
cultivated cereals worldwide, maize plays undamental role in agricultural
systems, rural livelihoods, and agricultural economies in both developed and
developing countries. Its versatility and adaptability across diverse agroecological
zones make it a cornerstone of agricultural production, witibal implications for
food security and sustainable developri2ig].

Maize breeding programs have made significant progress in recent decades,
evolving from traditional selection methods to advanced molecular and genomic
techniqued4,5]. The integrabn of markerassisted selection, genomic selection,
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and gene editing technologies has substantially increased the precision and
efficiency of breeding processd§,7]. These innovations have enabled the
development of maize varieties with enhanced pradtictimproved tolerance to
stress, greater nutrient use efficiency, and increased resistance to diseases and pes
[8,9].

Currently, yield improvement in maize is primarily achieved by exploiting
the phenomenon of heterosis, which arises from crosseged®etgenetically
distinct inbred lines, typically from divergent heterotic gro{#ls Heterosis, or
hybrid vigor, refers to the superior performance of hybrids compared to their
parental lines. This superiority can manifest in traits such as vigor, eliseas
resistance, and yield. The expression of heterosis:ihybrids is commonly
assessed relative to the npdrent value (migharent heterosis, MPH) or the best
parent (besparent heterosis, BPH3,4]. These evaluations are lakbatensive and
are conduted continuously at all stages of breeding material assessment.

The genetic basis of heterosis is complex, involving additive, dominance,
and epistatic gene interactions. While the dominance hypothesis attributes heterosis
to the masking of deleterious essive alleles, the overdominance and epistasis
models suggest that specific allele combinations at individual or interacting loci
contribute to superior hybrid performangE0]. Identifying parental lines that
exhibit strong combining ability is thus ddal for maximizing heterotic gains in
breeding pipelinegL1].

In this context, evaluating MPH and BPH provides valuable insights into
the potential of new inbred lines to contribute to superior hybrid performance. Such
assessments support the selectibelite parental combinations for further testing
and commercialization. The objective of this study was to evaluat@aneht and
bestparent heterosis for grain yield in a set of maize hybrids derived from diverse
inbred lines, with the aim of identifyg promising crosses for inclusion in future
hybrid development programs.

MATERIALS AND METHODS

The experiments were conducted in 2024 on an experimental field near the
village of Cucuruzeni, Orhei District, at the farm SRL Pleurotis. The area is
charactrized by a hilly landscape typical of the central region of the Republic of
Moldova, with soil conditions favorable for agricultural experimentation. The
predominant soil type is chernozem. The research was carried out under climatic
conditions marked bpboveaverage temperatures and a water deficit during the
critical growth stages of the maize crop.

The biological material consisted of 28 maize inbred lines, which were
crossed in a partial diallel mating scheme. Sowing was carried out in two
replicatiors, using an incomplete randomized block design. In this article, we
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present results only for 19 hybrid combinations that exhibited a heterosis effect
exceeding 30%, a threshold commonly used by breeders for assigning lines to
heterotic groupgl2].

In theexperimental field, standard agronomic practices for maize cultivation
were applied to ensure optimal plant development under controlled conditions. The
evaluation of reproductive heterosis was based on yield analysis at harvest.

MPH and BPH were calcuked using standard formulas:

MPH (%) = x 100,
BPH %) = x 100
where

F1 = hybrid yield,MP = mid-parent mean, an8lP = bestparent yield.
All collected data were processed and statistically analyzed using the R
environmen{13]

RESULTS AND DISCUSSIONS

The grain yield analysis of the 19 maize hybrids revealed a wide range of
performance across combinations, reflecting bothdibersity of the parental lines
and the varying degrees of hybrid vigor. Hybrid yields ranged from 3407.7 kg/ha
to 6134.4 kg/ha, with substantial differences in4pagalent and begiarent heterosis
values (

Tabel 1). This variation highlights the influence genetic distance and
complementarity between specific parental lines.

The cross between inbred lines 2110 x 2126 recorded the highest hybrid
yield (6134.4 kg/ha) and one of the most significant heterotic responses, with a mid
parent heterosis (MPH) af1.8% and begparent heterosis (BPH) of 71.6%. This
nearequal expression of MPH and BPH suggests not only high hybrid performance
but also strong dominance and potential overdominance effects between these twc
lines.

Similarly, the combination 2132x212%hibited the highest MPH (76.3%),
though the begparent heterosis was more moderate at 38.6%. The strong MPH in
this case indicates that the hybrid significantly exceeded the average of its parents,
despite one of them (2127) having a relatively lowd/@tential. Such hybrids can
be considered promising for exploiting heterosis through complementary gene
action, even when one parent is agronomically weaker.

Several other hybrids displayed consistently high heterotic effects:

2133 x 2126 showed an MPH &b5.0% and a BPH of 55.7%.

2108 x 2112 produced 6055.2 kg/ha with a BPH of 62.2%.

2108 x 2133 achieved a respectable 5344.3 kg/ha and BPH of 46.1%.

These combinations suggest that certain inbred Bngsarticularly 2108,
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2110, and 2138 possess good geral combining ability (GCA) and may serve
as recurrent parents in future hybrid development.

Conversely, hybrids such as 2135 x 2134 and 2127 x 2128 performed below
expectations, with both relatively low yield and heterosis (BPH of 36.5% and
14.0%, respdively). These cases may reflect poor genetic complementation or
limited dominance interactions, reinforcing the necessity ofspreening inbred
lines not only for per se performance, but also for combining ability.

Table 1. Grain yield ancheterosis values for 19 maize hybrids derived from
selected inbred lines

Female Male Hybrid Female Male | Mid-Parent MPH | BPH
line ID line ID Yield, Mean, Mean, Mean, (%) (%)
kg/ha kg/ha kg/ha kg/ha
2126 2111 4309.0 3567.4 | 2880.0 3223.7 33.7 | 20.8
2133 2112 4646.7 3165.1 | 3732.6 3448.8 347 | 245
2127 2128 3718.4 2249.6 | 3261.1 2755.3 35.0 | 14.0
2110 2112 4956.4 3574.3 | 3732.6 3653.5 35.7 | 32.8
2128 2136 4427.1 3261.1 | 3259.5 3260.3 35.8 | 35.8
2112 2130 4229.7 3732.6 | 2490.6 3111.6 35.9 | 13.3
2107 2126 4600.3 3174.9 | 3567.4 3371.2 36.5 | 29.0
2135 2134 3407.7 2337.0 | 2496.5 2416.8 41.0 | 36.5
2112 2128 4944.1 3732.6 | 3261.1 3496.9 41.4 | 32.5
2107 2111 4284.2 3174.9 | 2880.0 3027.5 415 | 34.9
2135 2112 4393.2 2337.0 | 3732.6 3034.8 448 | 17.7
2130 2134 3611.7 2490.6 | 2496.5 2493.6 44.8 | 44.7
2110 2132 5524.1 3574.3 | 3929.1 3751.7 47.2 | 40.6
2131 2128 4229.8 2335.3 | 3261.1 2798.2 51.2 | 29.7
2108 2133 5344.3 3657.7 | 3165.1 3411.4 56.7 | 46.1
2108 2112 6055.2 3657.7 | 3732.6 3695.2 63.9 | 62.2
2133 2126 5555.3 3165.1 | 3567.4 3366.2 65.0 | 55.7
2110 2126 6134.4 3574.3 | 3567.4 3570.9 71.8 | 71.6
2132 2127 5447.2 3929.1 | 2249.6 3089.3 76.3 | 38.6

Interestingly, crosses involving line 2112 revealed varying outcomes. While
it contributed tohigh-yielding hybrids (e.g., 2110 x 2112, 4956.4 kg/ha), its
performance also varied depending on the female partner, suggesting a complex
interaction between parental backgrounds and direction of the cross.

The substantial variation observed in hybridigiand heterotic response
among the 19 maize crosses confirms the complex genetic interactions that
underpin hybrid performance. The results are consistent with previous findings that
heterosis, particularly for yield, is strongly influenced by the gerttiergence
and combining ability of parental ling$,8].

The topperforming hybrids, such as 2110 x 2126 and 2132 x 2127, which
exhibited over 70% migarent heterosis, align with the theory that greater genetic
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diversity between parents can enhancerbateexpressiorfl4]. These crosses
likely benefited from complementary gene action and dominance effects across
multiple loci, as proposed in the dominance and overdominance hypoth@ses

Overall, the results confirm that high heterosis is not unifpudistributed
across combinations, but rather is contingent on the specific pairing of lines. The
most promising hybrids identified in this study should be considered for advanced
multilocation trials to validate yield stability and adaptability. Thesdifigs also
reinforce the role of heterosis as a strategic tool in hybrid maize breeding, especially
when guided by careful parental selection and combining ability testing.

CONCLUSIONS

This study assessed grain yield performance and hetesgsisssion in 19
maize hybrids derived from genetically diverse inbred lines. The results
demonstrated considerable variability in both 1pa&tent and begiarent heterosis,
with several hybrid combinations exhibiting strong heterotic responses and superio
yield performance.

The hybrid2110 x 2126wvas the top performer in terms of yield (6134.4
kg/ha) and begparent heterosis (71.6%), indicating its potential for commercial
cultivation. Similarly, hybrids such &132 x 21272133 x 2126and2108 x 2112
showed high migharent heterosis exceeding 60%, making them promising
candidates for advanced yield trials.
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Abstract To determine the storage potential (SP) of samples from the eggplant collection
in the gene bank's active collections, two tests were usedctiederated seed aging test ( AA ) and
the electrical conductivity test (EC). After conducting the AA test to the seeds, which was conducted
at an elevated air temperature #5°C) and elevated humidity (9®0%), the
morphophysiological and biochemicahqameters of the seeds and seedlings were determined.
Based on the set of parameters studied, the eggplant samples were divided into two groups: Group
1 - with high seed viability (genotypes Sucleischii, Varatic, Rada, Almaz, Acvamarin, Laura), Group
2 - with average seed viability (Magda, Belaia Lilia, Flower Goddess, Black Beauty genotypes).
Determining the storage potential of seeds enables us to predict the storage life of eggplant
collection samples in a plant gene bank during ex situ conservatiorwetlsas to make
recommendations on seed reproduction times.

Keywords: gene bank, eggplant, germination, germination, root length, root biomass,
peroxidase accelerated aging, active collections, longevity, ex situ conservation, storage potential

INTRODUCTION

One of the main tasks of plant genetic banks irethsituconservation of
germplasm is to preserve the viability of seed material. This is because complex
aging processes occur in seeds, leading to a gradual loss of viability and genetic
uniformity [1, 2, 3]. The deterioration of the physiological quality of seeds
contributes to impaired plant growth and development, as well as reduced resistance
to abiotic and biotic stresses. Therefore, it is necessary to assess the SP of collectio
samples beforthey are placed in lonterm storage. This comprehensive indicator
is widely used in various gene banks around the world, as it enables conclusions to
be drawn about the longevity of samples uredesituconservation conditions, as
well as enabling them to be graded according to storage potential [1, 4, 5, 6]. To
determine seed viability, an accelerated seed aging test is performed under
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conditions of elevated temperature and humidity for a short pefidoine [7].
Following the test, seed viability can be characterized by various
morphophysiological and biochemical parameters, enabling differences between
collection samples to be assessed [8, 9]. This test enables the identification of
samples that areot suitable for longderm storage in a plant gene bank, the
provision of recommendations on reproduction times for seeds, and the indication
of the need to restore the viability of valuable collection samples.

The aim of this study was to determine thability of eggplant collection
samples prior to their placement in letgym storage in a plant gene bank.

MATERIAL SAND METHODS

The objects of the study were collection samples of eggplant from active
collections of the plant genetic bank. Ten samplesevestedSucleischii Varatic,
Rada Almaz Acvamarin Laura, Magda Belaia Lilia, Flower GoddessandBlack
Beauty To determine the germination capacity of eggplant seeds, we used the
accelerated seed aging test according to the Hampton, Tekronydnjigtlaod the
seed electrical conductivity (EC) test [4], which are included in the International
Seed Testing Association [10]. According to international standards, the seed aging
test for eggplant seeds should be conducted at an air temperature ofai42°C,
humidity of 90100%, and an aging period of 72 hours. However, when testing
these samples, it was found that the above temperature does not allow the seeds t
age. Therefore, we proposed new temperature conditioré7(45), which helped
to achieve th desired effect. Following the test, the morphophysiological
parameters of seeds and seedlings were determined: germination energy (GE) an
germination (G) of seeds, root length (RL), wet (WB) and dry (DB) biomass of
roots [10], electrical conductivityf@olutions [4], and peroxidase enzyme activity
[11]. Normal seeds were used as controls. The data were processed using the
Statistica 7software package.

REZULTS AND DISCUSSIONS

After conducting the AA test on eggplant seeds, a decrease in GE and G of
seeds was observed. The decrease in these parameters in different genotypes

compared to the control was 180.5% and 1133.0%, respectively,
which indicates their genetic specificity. Based on changes in EP, the genotypes
were

divided into two groups: dup 1:Almaz Acvamarin Belaia Lilia, Black
Beauty Magda Flower Goddes$EP decrease of 383.0%); Group 2Sucleischii
Varatic, Radg Laura(EP decrease of 1932.5%). Based on seed germination, the
genotypes were also divided into two groups: @rduSucleischii Varatic, Rada
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Almaz Acvamarin Laura (decrease in the parameter by 1180%) (Fig. 1).

Group 2:Magda Belaia Lilia, Flower GoddessBlack Beautydecrease by 20.0

33.0 %) (Fig. 2). After the treatment of eggplant seedslecrease in other
morphophysiological parameters was also observed.

Magda Belaia lilia Flower Golden  Black Beauty

+ Control O Expetience

Figure 1. Germination of eggplant seeds following th
action of the accelerated seed aging testl $tgfoup)

The diameter of the seeds after treatment decreased by an average of 1.5
5.0 mm compared to the control, depending on the genotype (Fig. 3). The strongest
inhibition of seedling root growth was observed in the genotyjaeatic, Almaz
Belaia Lilia, Black Beauty Flower Goddessand the weakest in the genotypes
AcvamarinandLaura.
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Figure2. Germination of eggplant seeds following the action of the accelerated
seed aging test, % (2nd group)

Determination of the wet and dry biomass of seedlings after seed treatment revealec

184



Sessionlll. Plant genetics and breeding

a similar pattern. The raw biomass of the roots decreased compared to the contro
by an average of 1761.0 mg depending on the genotype, with the maximum
decrease in thiparameter observed in the genotypesatic, Almaz and Black
Beauty A sharp drop in morphophysiological parameters in certain genotypes after
seed ST testing indicates their lower resistance to high temperature and humidity.
Almost all eggplant colleatn samples showed a significant positive correlation
between seed germination and germination energy (r=+0.59), root length (r=+0.62),
wet (=+0.64) and dry (r=+0.53) biomass.
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Figure3. Variability of root length of eggplant seedlings after
accelerated seed aging, mm

The electrolyte yieldfrom seeds was also determined by the electrical
conductivity of solutions with normal and aged seeds at two swelling exposures: 24
and 48 hours. A48 hours of exposure, the difference between genotypes became
more pronounced. After accelerated seed aging test the electrical conductivity of
the solutions increased on average by-1151 times compared to the control,
depending on the genotype (Tahlg. The greatest increase in electrical
conductivity was observed in the genotypémratic, Belaia Lilia, and Black
Beauty and the smallest in the genotypes Sucleiséiimaz andLaura. A slight
increase in electrolyte yield indicates a small inseeim protoplasm permeability
after accelerated seed aging.

This fact is favorable for the successulsituconservation of sampleghe
content of the peroxidase enzyme in the roots of seedlings increased after
accelerated seed aging compared to tidrabby 1.32.5 times, depending on the
genotype, which is characteristic of the effect of thermal stress on seeds (Table 2).
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Table 1. Electrical conductivity of eggplant seed solutions following the

accelerated seed aging test, mS/m

Order No. Genotype Control Experience
1 Sucleischii 1,50+ 0,15 1,72+0,13
2 Varatic 0,85+0,11 1,29+0,17
3 Rada 0,69 +0,12 0,90 + 0,09
4 Almaz 3,35+0,11 3,55+0,14
5 Acvamarin 2,85+0,12 3,45 +0,11*
6 Laura 3,52 £ 0,07 3,85+0,10
7 Magda 3,30 £0,14 3,75+0,15
8 Belaia Lilia 0,75 + 0,09 1,10+ 0,07*
9 Flower Golden 3,65+ 0,15 4,10 + 0,12*
10 Black Beauty 2,75+0,11 3,65+0,13*

*the difference is significant

The greatest increase in enzyme activity in the radicleeedlings after
accelerated seed aging was observed in the gen@ypésschii Aimaz andMagda
(2.2; 2.2 and 2.5 times, respectively), and the smallest increase was observed in th
genotypesAcvamarin Belaia Lilia, Flower Goddess(1.3; 1.5 and 1.5 ties,
respectively).

Table 2. Peroxidase activity in the roots of eggplant sprouts following the

accelerated seed aging test, conventional units

Order No. Genotype Control Experience
1 Sucleischii 0,19+ 0,02 0,42 £ 0,03*
2 Varatic 0,27 £ 0,02 0,44 +0,02*
3 Rada 0,19+0,01 0,37 £ 0,02*
4 Almaz 0,20 £ 0,02 0,44 + 0,03*
5 Acvamarin 0,27 £ 0,02 0,34 +0,03
6 Laura 0,30 + 0,03 0,60 + 0,04*
7 Magda 0,20 £ 0,03 0,49 + 0,03*
8 Belaia Lilia 0,28 + 0,03 0,42 + 0,04*
9 Flower Golden 0,31 +£0,03 0,45 +£0,04*
10 Black Beauty 0,29+ 0,03 0,55 + 0,04*

*the difference is significant

Based on the combination of morphophysiological and biochemical parameters
of eggplant seeds and seedlings, the following genotypes had the highest storage
potental: SucleischiiVaratic, Radga Almaz Acvamarin andLaura.

4 ONCLUSI ONS

1. Another air temperature was proposed and tested for the accelerated
aging of eggplant seeds:-4%°C.
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2. Using the accelerated seed aging test on eggplant seetiteamaining
their morphophysiological and biochemical parameters made it possible to assess
the storage potential of samples from active gene bank collections and grade them
accordingly.

3. All of the samples from the eggplant collection studied are $eiitab
ex situconservation in a plant gene bank.
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Abstract. The importance of the speci€ialvia sclareal., its multiple uses, have
stimulated genetic and breeding work to create new hybrids with high essential oil content, resistant
to drought, frost and wintering. The biological material used is;3®/brids, simple, triple, double,
stepped, complex, itme first, and second year of vegetation. The evaluated hybrids are distinguished
by high height, long, compact inflorescences, due to the large number of branchéR{4if the
first (12.67 17.8) and second (22i435.6) order of the inflorescence. teemination of the essential
oil content has shown that 72.7% of the evaluated hybrids have accumulated an essential oil content
greater than 1,000%. In the first year of vegetation, the oil content recorded values ranging from
0.9247 1.992%, and in theesond year, 0.745 1.761%. 8 k hybrids with very high essential oil
content of 1.4001.761% were selected. The simple hybrid [ARPL15S x AP 11211 S]F, was
highlighted for this character, with 1.587% in the first year and 1.761% essential oil lzteslda
dry matter, in the second year of vegetation.

Keywords essential oil, hybrid, the quantitative characteiSalvia sclared..

INTRODUCTION

Cultivation of the specieSalvia sclared.., (Sage) for the production of
essential oil is of indisputable importance. Sage oil is highly appreciated in the
perfumery industry [2], being highly appreciated for its excellent aroma and quality
as a fixative of aromas [5]. Like other essential,ailary sage oil can be used in
medicinal practice as an antiseptic [5; 8]. The oil of this species has been studied in
particular for its antioxidant, antibacterial, analgesic,-anfitammatory action and
qualities [8; 9]. The beneficial action of sagemthe treatment of diabetes mellitus
[10] is attested. Good results have been recorded in Moldova in the treatment of
osteoarthritis and arterial hypertension [11]. Sage oil is also used in the manufacture
of beer instead of hops, as well as in thelpobion of soft drinks. In the production
of liqueurs, scherlai oil is part of the "vanilla cream”, and in winemaking it is used
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to make vermouth and musdgpe wines [14].

The importance of th8. sclared.. species, the multiple uses of the essential
oil, has stimulated a series of genetic and breeding research, which aim to create
new, more productive genotypes, resistant to drought, frost and wintering, adapted
to the pedoclimatic conditions of the Republic of Moldova. Breeding work on the
S. sclareal. species has resulted in the creation and evaluation of over 550
genotypes.

MATERI ALS AND METHODS

The biological material used in the research is 33ybrids, including 13
simple, 41 triple, 27 double, 5" step and 9 complex, in the first andesond year
of vegetation (2022024). Sowing was carried out in the second decade of
November, 2022. Cultivation technologysual for sherlai [6, 14].

During the vegetation period, phenological estimates were made and the
phases of plant development weatetermined. In the first year, the vegetation
period begins with the emergence of seedlings, in the second year, from full
regeneration, followed by the formation of a leaf rosette, the appearance of
internodes, budding, the beginning of flowering, méssdring, technical ripening
of seeds. The evaluation of the hybrids was carried out by studying the
morphological characters: plant height, inflorescence length, number of first and
second degree branches of the inflorescence [6, 15].

The essential oilantent was determined by hydrodistillation in Ginsberg
apparatus and recalculated to dry matter to avoid errors caused by the difference ir
humidity (development phase) of the analyzed samples from each genotype [12].

The statistical interpretation of tlbtained experimental data was carried
out according to the methods in force [13].

RESULTS AND DISCUSSIONS

Genetic and breeding work & sclared.. has resulted in the creation of
hybrids of various types with valuable quantitative traits and high essential oil
content. The appreciation of the species, by evaluating the initial breeding material
used to create hybrids and performance varieti@ss &b obtain new genotypes
with high essential oil content, supported by valuable quantitative traits [3]. The
second generation {Fhybrid genotypes evaluated and described in this work are
distinguished by quantitative traits that directly influencelpotivity: plant height,
inflorescence length, number of inflorescence branches and essential oil content.
Simple, triple, double, stepped and complex hybridS.cfclared.., bloom in the
first and second year of vegetation, respectively, are distirgplisi high height
(103.21 136.2 cm), very long inflorescences (65.90.0 cm), compact, due to the
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large number of branches (40i052.0) of the first order (12.6 17.8), and,
respectively, of the second order (22.85.6). As a result of the evaluatiof
guantitative characters inoFhybrids, it was demonstrated that they possess
excessive variability. The height of the plants ranged from 103.2 cm to 136.2 cm,
depending on the genotype. Plants taller than 124 cm formed the triple hybrid [AP
26-11 S x (M-69 48782 S x Rubin 115 b 77)R]F2 (124.2 cm) and the stepped
hybrid [(0-32 $ x 0-41 $)F11x (0-42 X Rubin)k x S-786)k)F2 (124.5 cm) (Figure

1, n. 16, 24). In the genotype {FP 489 S> x [(5-1122 60 Lo x (M-69 10 S X L-
15)F)]Fs]F2 this indexconstituted 128.9 cm, two other step hybrids§@0S x O-

20 S)F11 x (0-42 X Rubin)k x S-786)F]F2 and [(S1122 528 $x H-453)R x S

1122 390 YF11 x AP 1111 SJF> were practically at the same level and the plant
height was 130.4 (Figure 1, n. 20, 23). The highest index for the "plant height"
trait was attested to the simple hybrid [AP 1S x AP 11211 S)F>1 136.2 cm
(Figure 1, n. 10).

Another quantitative character, which influences productivity,
"inflorescence length", varied from 52® 69.9cm in different hybrids (Figure 1).
With vigorous inflorescences, two simple hybrids [NCIE0S x AP 11511 S)F>
(65.9 cm), [AP 11811 S x AP 11211 S]F2 (68.9 cm), a trilinear hybrid [AP 26
11 S x (M-69 48782 S x Rubin 115 b 77)R]F2 (66.6cm), as well as four stepwise
hybrid combination$ [AP 70-11 S x (0-42 x Rubin)k x S-786)B]F2 (65.0 cm),
[M-69489 S, x [(S-1122 60 Sox (M-69 10 S x L-15)F)]Fs]F2 (65.2 cm), [(057
S5 x 0-20 S)F11 X (0-42 x Rubin)k x S-786)F]F2 (68.3 cm) and [(2122 528 $
X H-453)R x S1122 390 HF11 x AP 1111 S]F>, (69.9 cm) (Figure 1, n. 9, 10,
16, 26, 20, 25, 21).
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Figure 1. Quantitative characteristics of the plant in te/Brids
of S sclared..

Vigorous inflorescences with a large number of branches are important
characters for sage. Both the first and second degree branching of the inflorescence
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influence the production of raw material and the essential oil content, because the
oil glands inS. sclarea L. are exogenous, located on the epidermis of the
inflorescence branches and the conger eel sepals of the flowers [3]. Thus, the
number of firstdegree branches of the inflorescence in the evaluated hybrids varied
from 12.6 in the complex hybrid [M9 655 $x (M-69 42982 S x 0-40 S)F7]Fe]

X [(S-3 X HSg)F2 x 0-32 $)Fg x NC 1111 SJF;]F2, to 17.8 branches in the simple
hybrid [NC 6011 S x AP 11511 SJF. (Figure 2, n. 32, 9). The inflorescences of

the evaluated hybrids formed a number of seabegree branches, which ranged
from 22.4 to 35.6, indices recorded by the simple hybrids [AP133 x AP 2611
SJF2and [NC 7711 S§x V-24-86 844 32]F2 (Figure 2, n. 12, 4). The simple hybrid

[NC 6011 S x AP 11511 S]F2 and the complex hybrid [M9 655 $ x (M-69

42982 S x 040 S)FJFs x [NC 34 -11S x (S1122 528 & x S.s.Tien
Shan/sugfs]F2]F2 stood out with a very high number in the character "number of
branches" of degree | and Il of the inflorescence, which in sum constituted 49.0 and
49.2 branches respectively (Figure 2, n. 9, 31). Exceptional in this character were
the stepped hybrid comimtion [(032 S x 0-41 S$)F11 X (0-42 X Rubin)k X S
786)R)F2 and the simple hybrid [NC ?Z1 S x V-24-86 844 $;|F», with (16.4

34.6) 51 and (16:85.6) 52.2 branches, respectively (Figure 2, n. 24, 4).
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Figure 2. Number of first and second degresnbhes of the inflorescence
in the R hybrids ofSalvia Sclarea

One of the priority objectives @. sclaredl. is the creation of varieties,
hybrids of different types, with high content of essential oil of superior quality [6].
The characteristics of the inflorescence, as well as the large number of branches of
the first and second order, always ensure theraatation of a high content of
essential oil. The determination of the essential oil content, recalculated to the dry
matter, demonstrated that some hybrids synthesized and accumulated a more
modest essential oil content, of 0.74%.997%, but the vast nuaity of them
accumulated an essential oil content higher than 1,000%. Thus, in the first year of
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vegetation, the essential oil content in the evaluated hybrids recorded values
ranging between 0.92% 1.992% (dry matter), and in the second year, 0i745
1.761% (dry matter) in different hybrids. As a result of the evaluation loybrids

of S. sclared.., it was demonstrated that 8 genotypes with very high essential oil
content were identified in the second year of vegetation. Thus, the simple hybrid
[NC 77-11 S x AP 8911 S]F, the trilinear hybrid (667 S x 0-20 S)F11 x AP
11511 S)F2 and the complex hybrid [(M9 655 S x (51122 528 $x (Rubin x
S786) R x (0-33 S x L-15)F)]Fs x [M-69 655 $ x (K-36 x041)R x O
19)Bs|Fs|F2, accumulated 1,409,440 and 1,443% essential oil recalculated to dry
matter, respectively (Figure 3. n. 5, 17, 29). The simple hybrid [APL11S x M-

69 489 4]F> as well as the triple hybrid combination were at a level and the
essential oil content constituted 1.483%y(thatter) (Figure 3. n. 3, 14). We note
that very high oil content was attested to 2 simple hybrids [NC168, x AP 115

11 S]F2 and [AP 2611 S x AP 11511 S]F2 and this important index constituted
1.548 and 1.665% (dry matter) respectively (Figure.®, 2). Exceptional in this
character was the hybrid [AP 118 S x AP 11211 S]F2, with a content of
1,587% in the first year and 1,761% essential oil recalculated to dry matter, in the
second year of vegetation (Figure 3. n. 10).
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Figure 3. Essential oil content i hybrids ofSalvia Sclarean the 29 year
of vegetation

As a result of the research, it was found that 72.7% of thibyBrids
accumulated essential oil greater than 1.0% (dry matter), and in 24.2% of the
genotypes evaluated, the essential oil content was very high and amounted to 1.4
1.7% (dry matter).

CONCLUSI ONS

33 simple, triple, double, stepped and complgkyrids of S. sclared..
were evaluated. The evaluated hybrids possess valuable quantitative characters
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high height (103.2 136.2 cm), very long inflorescences (6%9 cm), compact,
due to the large number of branches i(4&2) of the first order (12.6 17.8), and,
respectively, of the second order (22.35.6).

For the character "inflorescence length", the step hybrid§7(& x 0-20
Ss)F11 X (0-42 x Rubin)k x S-786)F]F2 (68.3 cm) and [(8122 528 $x H-453)R
X S$1122 390 PF11 x AP 1111 S]F», (69.9 cm) were highlighted. The highest
number of | and Il degree branches of the inflorescence was demonstrated by the
step hybrid combination [(82 S x 0-41 S) F11 x (042 x Rubin) kX S-786)R]F2
(51) and the simple hybrid [NC 7I71L S x V-24-86 844 $)F2 (52.2).

It was found that 72.7% of the evaluated hybrids accumulated essential oil
greater than 1.0% (dry matter). As a result of the evaluation, 8 hybrids with very
high essential oil content were selected: 1,409761% (drymatter). The simple
hybrid [AP 11511 S x AP 11211 S]F2 was highlighted, with 1,587% in the first
year of vegetation and 1,761% essential oil recalculated to dry matter, in the second
year of vegetation.

Acknowledgments:The research was conducted witlthe framework of Subprogram
011102 Enhancement and conservation of genetic diversity, and breeding agricultural crop gene
pools in the context of climate chatigiunded by the Ministry of Education and Research of the
Republic of Moldova.
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Abstract The purpose of the research was to establish the cluster organizdtissaatim
oxysporumisolates, collected in different localities of the Republic of Moldova, the variability and
heritability of wheat plant growth and development traits in interaction with the pathogen. Methods
for isolating and identifying fungi, preparing culture filtraténfecting plants, morphometric, and
statistical data processing were appliBickatment of common wheat grains with culture filtrates of
9 F. oxysporumnisolates, demonstrated their different virulence, which allowed their successful
classification intoclusters with different pathogenic potentiBhactorial analysis of the weight of
plant genotypeF. oxysporumisolate and their interaction in the source of variation of growth
characters demonstrated that the genotype recorded: 48 ... 63%, the &xtatelf7 ... 23%, the
genotype x isolatmteractioni 11 ... 23%. Relatively high valuegere recorded for the heritability
coefficient in the broad sense (0.53 ... 0.69) and genetic advantage (13.39 ... 24.74%) for growth and
development traits in thiateraction of common wheat with. oxysporumisolates, which reveals
the high opportunities for creating resistant wheat genotypes in limited terms.

Keywords: Fusarium oxysporum, grown traits, virulence, wheat.
INTRODUCTION

Plantfungalinteractions can have beneficial or detrimental effects on host
plants and can give rise to various changes at both the plant and fungal levels. The
reduction or prevention of fungal diseases of plants depends on resistant crop
varieties or fungicide treatent. Plarfungal interactions need to be known to
understand the mechanisms of fungal plant diseases, their prevention, and to
improve plant productivity [1].

Incorporating genetic resistance into crop plants is considered the most
effective and sustaiée solution to combat root rot. However, resistance is often
guantitative in nature, i.e. variable and dependent on environmental conditions. The
genetic method of combating the disease by creating resistant genotypes is
considered a safe and ecologicélrmless way to reduce the consequences of root
rot. However, it should be noted that it is quite difficult to solve this problem due
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to the specificity of theplant x pathogennteraction, a specificity that is most
directly reflected in the variabilitgnd heritability of growth traits.

The heritability pattern of a trait is important for plant breeding because it
provides information on the extent to which a particular trait can be transmitted
from parent to offspring [2], and heritability estimatiooydes information on the
level of genetic control of the trait [3]. High breadnse heritability, associated
with high genetic progress, reveals the significant contribution of additive genetic
variance in trait expression and the fact that selectioedbas these traits plays a
vital role in improving quantitative traits [4].

The genotypic coefficient of variation is the best index for assessing genetic
variance, and high heritability coefficients for different traits indicate a high
contribution of thegenotypic component [5]. To quantify variability and compare
traits, the genotypic coefficient of variation (GCV), phenotypic coefficient of
variation (PCV), heritability and genetic advantage are assessed according to [6].

In connection with the complexi of the factor systems on which the
manifestations of root rot in wheat depend, the purpose of the research was to
establish the cluster organization Faf oxysporunisolates, collected in different
localities of the Republic of Moldova, the variabilégd heritability of plant growth
and development traits in interaction with the pathogen.

MATERIAL SAND METHODS

As research material, 3 genotypes of common winter wheat serted
S/BTI/S, L Sel./Accent, Moldova 16 and 9 isolateE.abxysporunfrom 3 diferent
localitiesi Br F.0.1, Br F.0.2, Br F.0.3 (Braviceni commune), V F.0.1, V F.0.3, V
F.o. 5 (ChiHinktu city), LF okysporunisglates F .
were selected according to the principle of the difference in geographicafrarea
which they were sampled and the ability to grow at high temperature (B67i@p
conditions. Thus, the isolates from Braviceni commune Brl, Br2, Br3 were
moderately resistant (MR), sus¥leBt i bl
V5 i modeately resistant (MR), resistant (R), susceptible (S); Leova iow?,

L3, L5171 resistant (R), moderately resistant (MR), resistant (R), respectively.

Culture filtrates (CF) were prepared on the basis of Cszapek liquid nutrient
medium. After inoculation #h fungal mycelium, Cszapek medium was maintained
for 21 days at 24°C [7].

Wheat grains were kept for 18 hours in CF after which they were rinsed 2
times with distilled water and placed on filter paper moistened with distilled water
in Petri dishes, 30 gins in eachAfter 6 days of cultivation at 189°C, the
seedlings were subjected to morphometric measurements (germination, %; radicle
length, mm; stem length, mm; seedling length, cm). The vigor index was calculated
based on the formula: germination (%3eedling length (cm).
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To analyze the genetic variability of wheat seedling growth traits, the
met hods proposed by %[i@glenweypi wwnddr i @
phenotypi & (era variancecoe VE) € MSE;2li broad heritability
coefficient; PCV 1 phenotypic coefficient of variation; GCMW genotypic
coefficient of variation; Xi general mean of the trait; GAgenetic advantage; K
i selection differential = 2.06 at 5% selecti p r e & & geneeat stanidard
deviation of the trait.

The experiment was carried out in 3 repetitions. The data were statistically
processed according to variance analysis, clusterian (dendrdgegygl®merative
iterative method, k-means i centroid method), factorial analysis in the
STATISTICA 7 software package.

RESULTS AND DISCUSSIONS

Biometric analysis data demonstrated that the characters of the genotypes
under study reacted differently to the treatment of grains with culture filtrates (CF)
of F. oxysporumsolates, their sensitivity depending on both the genotype of the
plant and the isolate (Fig. 1).
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Figurel. Influence of thé-. oxysporunculture filtrates on growth characteristics
of common winter wheat plants
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-17.6%, -7.0%; vigor index +13.5%, -29.3%, -16.7%, respectively, fothe
genotypes L S/BT/S, L Sel./Accent, Moldova 16. It is worth mentioning that the
genotype L S/BT/S differed from the other two in that the vabfegrowth and
development characters in the 9 variants with FC were practically at the level of the
contrd variant (HO), and in the case of germination, FC that stimulate the
character were also recorded. This denotes the resistance of the genotype to thi
action of allF. oxysporumsolates.

Cluster analysis using the dendrogram construction method
demonstrated that the classification of isolates based on the effect on
germination (%), radicle length (mm), stem length (mm), seedling length (cm),
and vigor index is different for the 3 genotypes, which denotes that the
similarity of isolates according to virulence capacity depends on the genotype
of the wheat plant (Fig. 2).

Ward's method Ward's method Ward's method
Euclidean disances Euclidean disances Euclidean distances

1 1 1
7:I 2 T
4 3 2
6 5 9
8 9 6
9 4 3
2‘ 6 4
5 7 5
10 10 10
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Linkage Distance Linkage Distance Linkage Distance
L S/ BT/ S L Sel/ Acc Mol dova 1

Figure2. Dendrogram of distribution &f. oxysporumsolates based on their
action on the growth and development organs of common wheat plants
Horizontally: 17 H20, 21 Brl, 37 Br2, 41 Br3, 57 V1, 6i V3, 71 V5, 8i L2, 97 L3, 10
TL5

Through the centroid classification analysism{eans method) of the
isolates, it was found that the intercluster variance was greater than the intracluster
variance for the 3 wheat genotypes and, at the same time, for all the analyzed
characters, which reveals a successful classification of the isolated base
virulence capacity (Tab.-3).

It is worth noting that in the case of the resistant genotype L S/BT/S, the
ratio of intercluster variance to intracluster variance is much lower than in the case
of L Sel./Accent and M16. This indicates that althoughdifferentiation of isolates
into virulence clusters was successful for L S/BT/S, the differences between
clusters are less pronounced than in the case of the other 2 genotypes.
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Table 1. Intraand intercluster variance analysis in the reaction of wipeadtype
L S/BT/S withF. oxysporunisolates

) Intercluster Intracluster Ratio

Variant variance(1) df variance(2) df F P 1/2
Germination, % 2261 | 2 189.24 7 | 4.18 | 0.06 | 1.20
rTnTﬁ length of the radiclel ., | , 224.03 7 | 355 | 0,09 | 1.01
rTnhrf] length othe stem 62.2 2 46.30 7 | 470 | 0.05 | 1.34
The seedling length  m 5.3 2 4.45 7 | 421 | 0.06 | 1.19
Vigor index 105442.3 | 2 1009221 | 7 | 36.57| 0.00 | 10.45

Table 2. Intraand intercluster variance analysis in the reaction of wheat genotype
L Sel./Accenwith F. oxysporumsolates

Variant Intercluster df Intracluster df F Ratio
variance(1) variance(2) P 1/2

Germination, % 306.8 2 103.01 7 10.42 | 0.01 | 2.98
;hrﬁ length of the radicle, | o757 | 2| 10564 | 7 | 9.04 | 001 | 258
Lh:"] length of thetem 451 | 2| 4311 7 | 366 | 0.08| 1.05
The seedling length  mn 54 2 2.68 7 7.04 0.02 | 2.02

Vigor index 1624373 | 2 7142.64 7 79.60 | 0.00 | 22.74

Table 3. Intraand intercluster variance analysis in the reaction of wheat genotype
M16 with F. oxysporumsolates

Variant Intercluster df Intracluster df = Ratio
variance(1) variance(2) P 1/2

Germination, % 369.9 2 84.84 7 | 15.26 | 0.00 4.36
ran;ﬁ length of the radicle, g5 & 2 7510 | 7| 390 |007| 111
Ithi length of the stem 16.1 2 8.88 7| 633 [003| 181
The seedling length  m| 1.7 2 0.80 7 7.26 | 0.02 2.13

Vigor index 61916.1 2 5979.12 7 36.24 | 0.00 10.36

Through descriptive statistical analysis (Takb)4the clusters of isolates
that produced the most significant inhibitionsgodwth traits were found, but the
presence of isolates L2 (R), L5 (R) (or. Leova) in the cluster with the strongest
negative effect for all 3 genotypes is observed.
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Table 4. Descriptive statistics of clusterdrobxysporumsolates in interaction

with the wheat line L S/BT/S

Variant | Mean, | i | Member o f

Cluster 1, n = 3
Germinati on 95, 2 3.1
Thelength of the radicle
mm 83,7 5. 26 2iBr 1 ( MR
The length of the stem 42 5 3iBr2 (S)
mm ' 51v1 ( MR)
Seedling 1l e 12,6 0.81
Vigor index| 1199, 38.15

Cluster 2, n =5
Germinati on 92. 3 6
Thelength of the radicle 4iBr 3 ( R)
mm 72.7 . 48 6iV3 (R).
The length of the stem 36, 7 5 8iL2 ( MR)
mm ' ' 9iL3 ( R),
The seedlin 10. 9 0. 88 10L5 (S)
Vigor index| 1007. 42.06

Cluster 3, n =2
Germinati on 81. 9 4. 31
;hr?] length of the radicle 77 8 1

1 ({MO),

;hrilengthofthestem 39 2 5 19 7iV5 (S) .
The seedlin 11.7 0.11
Vigor index 928. ] 10. 30

Factorial analysis of the weight of plant genotypeoxysporumsolate,
genotype X isolate interactions in the source of variation of the characters under
study returned the genotype that recorded: 48, 63, 51, 60%, respectively, of
germination, radicle length, seedling length, vigor index. The weight of the isolate
factor constituted: 20, 17, 23, 17%, and of genotype X isolate interacz@nll,

14, 15%, respectively, of germination, radicle length, seedling length, vigor index
(Fig. 3).

By calculating the genetic parameters of genotypife)(and phenotypic
(8% ) variance, it was found that the broad sense heritability coefficiéntghied
within the limits of 0.53 ... 0.69, which denotes a relatively high capacity for
hereditary transmission of growth characters in the interaction of wheat plants with
F. oxysprumisolates.
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Table 5. Descriptive statistics of clusterdrobxysporumsolates in interaction
with the wheat lind. Sel./Accent

Vari ant | Mean,| & | Member
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Table 6. Descriptive statistics of clusterd~obxysporumsolates in interaction
with the wheat linéVi16

Vari an | Mean,]| i | Member of f
Cluster 1, n = 2
Germinati on, 93.0 1.96
The length of the radicje 73 o 0 05 17 ( bO) |
mm ],
The length of thestem m| 40. 3 1.08 VS (S)
Theeedling |l g 11.3 0.10
Vi gor index 1056 31. 37
Cluster 2, n = 5
Germinati on 88. 4 4. 48
P 2iBr 1 MR
The length of the radicje 66 1 3 90 3iBr 2 (( S)
mm .
The length of thestem my| 37, 0 1.39 4|"Br3 ( R)
: 61TV3 (R),
The seedling 10. 3 0.41 9iL3 (R)
Vi gor index 912 31. 35
Cluster 3, n =3
Germinati on 77.0 0.63
—— 51v1 MR
The length of the radicle 70 5 > 68 8i L 2 (( R))
AL 10L5 (R)
The length ofthestem mi| 37 . 6 0.15
The s deedlgitrhg 10. 8 0.25
Vigor index 829. 23. 06
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Germination

The length of the radicle

ml =2 m3 u4 u]l
The length of the seedling

m2 =3 =4
Vigor index

ml =2 m3 =4

m]l m2 =3 =4

Figure3. Share of plant genotype factors (1), isolate (2), genotype x isolate
interactions (3), random factors (4) in the source of variation in growth and
development traits of common wheat

Table 7. Variability and heritability of common wheat growth charsain
interaction withF. oxysporumsolates

Par ame Ger mi na The len The |en Vigor i
the ra t he sec¢
0% 85.03 153. 3 1.73 43572
0% n 140. 3 226. 6 3.24 63548
h? 0.61 0.68 0.53 0.69
GCV, 10. 55 17. 13 11. 83 21.55
PCV, 13.55 20. 82 16. 23 26. 03
GAM, 13. 44 18. 77 13. 39 24. 74

The genotypic coefficient of variation (GCV, %) and genetic advantage
(GAM, %) recorded mediurhigh values: 10.55 ... 21.55%, 13.39 ... 24.74%,
respectively. The association of relatively highluesof the It and GAM (%)
parameters reveals real opportunities for obtaining common wheat genotypes
resistant to the fungus oxysporum

CONCLUSIONS

Treatment of common wheat grains with culture filtrates of 9 F. oxysporum
isolates, collected idi f f er ent areas of the Rep
commune, Chi Hi ntu city, Leova <city)
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resistance to high temperature (35°C), demonstrated their different virulence, which
allowed their successful classification antlusters with different pathogenic
potential.
Factorial analysis of the weight of plant genotypeyxysporunisolate and
their interaction in the source of variation of growth characters demonstrated that
the genotype recorded: 48, 63, 51, 60% in the source of variation of germination,
radicle length, seedling length, vigor index, respectively. The weight aédlete
factor constituted: 20, 17, 23, 17%, andgehotype x isolatateractioni 23, 11,
14, 15%, respectively, of germination, radicle length, seedling length, vigor index.
Relatively high values were recorded for the heritability coefficient in the
broad sense (0.53 ... 0.69) and genetic advantage (13.39 ... 24.74%) for growth anc
development traits in the interaction of common wheat witbxysporumsolates,
which reveals the high opportunities for creating resistant wheat genotypes in
limited tems.

Ac knowl e dTthewaark was developed withit NATI ONAL SCHOLAR
PROGRAMME OF THE WORLD FEDERATI @N2GB .SCI ENTI
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Abstract. Investigation material comprised twenty(F5) and eight ten (F3) breeding
germplasm of chickpea derived from 2 crosseslexandritedl Ichel and | Botnaxll Ichel
respectively, as checkas v. Botna. The objective of the study was evaluation and selection
germplasm by yield and analysis 5 yield attributing characters: number seeds and seeds yield per
plant, hundred seeds weight, plant height and full maturity. Method of breeding igrgediBy
productivity were selected 10(F4) and 12(F5) progenies, of them B121, B144, B126, B130, B137,
B143, B147 and A170, A181, A190 were evaluated as high yielded {11@4.2g/m), which
superior the check v. Botna (106.5¢/m\nalysis of traits reealed that no. of seeds and seeds yield
per plant are principal in yield enhancing. Larger seeds germplasm coupled with taller plant for
most progenies increases yield per plant. Most high yielded germplasm is-mialdigty. Strong
relationship exhibitd trait seeds yield per plant with plant height (r=0.855), hundred seeds weight
(r=0.881) and with no. seeds per plant (r=0.891) in F4 and F6 generation, respectively.

Keywords: chickpea germplasm, F4, Ffeneration, yield attributing traits, yield
INTRODUCTION

Despite recent growth in chickpea production, challenges like climate
change, emerging diseases and market issues remain significant. To overcome thes
issues through crop improvement, genetic variability and diversity studies are the
fundametal requirement [1]india is the leading country of chickpea gross
production.Shreyasee Setét al (2020) reported about yield varieties in India:
Uday 1058 kg/ha, JG 008 kg/ha, Anuradha904 kg/ha, Vaibhav787 kg/ha)

[2]. Romanian researchersaizaru Radu Luciaret al. (2022) in their work
reported: the culture presents a productive potential for Romania, between 1000 anc
1500 kg/ha, under the conditions of use, in production, of local populations and
varieties [3]. About yield attributing trait Moulya G. et al. (2024) related:
correlation studies revealed that, seed yield was in positive association with number
of pods per plant, plant height and hundred seed weight [1]. In Ethiopia Doda
Gemeda A. and Nepir Gurmu G. (2024 is research conatled that seed yield in
chickpea can be improved by selecting the plant that have greater number of pods
per plant and number of seeds per plant [4]. In aspect yield per area Sweta Soni
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al. (2024) communicate: that plot yield in grams had significat jaositive
correlation with hundred seed weight, harvest index and seed yield per plant [5]. In
R. Moldova released for cultivation 4 varieties: Botna, Ichel, Cogalnic and Ovidel
[6]. Alexandrite is Ukrainian variety. In this work presented results duatian
breeding germplasm F4 and F6 for yield and main yield attributing characters.

MATERIALS AND METHODS

Method of breeding the germplasm is "pedigree"[7]. Eight ten (F3) and
twenty (F5) breeding germplasm of chickpea derived from 2 crosses Botre xIch
and Alexandritex Ichel, respectively were evaluated on yield and 5 yield attributing
characters: seeds and seeds yield per plant, hundred seeds weight, plant height ar
full maturity of plants. The field experiment was carried out in 2024. Malardl
out random in 2eplications, rows 3.0 m length, inter row distance 50 cm and plant
to plant-10cm. As check was used cv. Botna. The sowing wésABril. Seven
plant from each entry were randomly collected for data seeds & seeds vyield per
plant. Plant hight were measured before plant maturing. Selection criterion based
on productivity at the check level and higher. Observation of maturity: first date
50%, second one 100% plants were full maturity. Seeds data (type, color and HSW)
described according thé descriptors for chickpea.

RESULTS AND DISCUSSIONS

By productivity in the F4 generation were selected 10 progenies, namely:
B121, B123, B126, B130, B137, B143, B144, B147, B150 and B152. Type of seeds
these genotypes amesionly genotype B152 as wels check v. Botna. Genotypes
B121, B126 and B137 had segregation idsi and gulabi, others- kabuli
(genotypes B143 and B144 had a little amayuitibi/desiand intermediate b
gulabi type). By seed color genotypes B126 and B 152 as well as v. Botna are
brown. Genotypes B121, B137, B143 and B144 had segregation into brown and
green, B123, B130, B147 and B1bbeige (Tablel).

In F6 generation by yield were selected 12 germplasm7 AA570, A171,
Al173, A181, A184, A186, A192, A201and A202 by type seeds are kabuli, A204
gulabi and A191 intermediate gulakkabuli. Color of seeds: A157 and A190
light-brown, A201 and A202 beige, A192 Brown-green, A204 orangeyellow
others ardorown (Table2).
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Table 1. Type and seeds6 color of g¢
Name of Type of Color of Name Type of Color of
progenies seeds seeds progenies seeds seeds
v. Botna Desi Brown B143 Kabuli* Brown/green
B121 Desi/Gulabi | Brown/green B144 Kabuli** Brown/green
B123 Kabuli Beige B147 Kabuli Beige
B126 Desi/Gulabi Brown B150 Kabuli Beige
B130 Kabuli Beige B152 Desi Brown
B137 Desi/Gulabi | Brown/green - -

*g/d and **d-g / little amount of seeds

Five yield attributing characters were measured /observed in selected
germplasm: seeds and seeds yield per plant, hundred seed weight, plant height, timi
of full maturity. As resulting characterseed yield/rh The range four of them in
descending order for F4/F6 constituted following values: plant height (11.5/13.3),
hundred seed weight (6.1/2.8), seeds per plant (4.64/4.36) and seed yield per plan
(2.0/1.7).

Tabl e 2. Ty p egermpladm, &@eaecdatiod (Alexandite xIchel

Name of Type of Color of Name Type of Color of

progenies seeds seeds progenies seeds seeds
Al57 Kabuli Light-brown Al186 Kabuli Brown
Al70 Kabuli Brown A190 G-k Light-brown
Al71 Kabuli Brown Al192 Kabuli Brown-green
Al73 Kabuli Brown A201 Kabuli Beige
Al81 Kabuli Brown A202 Kabuli Beige
Al84 Kabuli Brown A204 Gulabi Orangeyellow

Thus, PH had maximum range for both generation, in regard HSW in F4
generation was greater than in F6 one, rangeefls and seed yield per plant are
commensurate between generation. Difference between mean values at F4 and F
also in descending order are: plant height (6.43cm, 50.44/ 56.87), HSW (2.59¢,
26.43/ 29.02), mean seeds per plant at F4 (30.71) a little gtleateat F6(28.24)
and seeds yield per plant (8.12/8.2) without significant difference. Range of yield
per nt in F4 generation was 104.3§ 122.5g, in F5 one 105.4g
124.2g(commensurate) but mean values in4.54qg a little greater than +6
110.86g. Table3,4).

Full maturity of v. Botna was observed 18 July, at F4 generation closely by
this character were by genotypes B126, B150 and B1B219 July. Genotypes
B123, B130, B137, B143 and B144 full maturity observed e2a9uly, little later
genotyped3121 and B147 (2@1 July). Thus, full maturity was atZldays later
(except B121, B147) than v. Bot(Bable3).
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Table 3. Yield and yield attributing characters,geferation (v. Botna x v. Ichel)

Progenies | Seeds/Pl | SY/PI 100SW | Plant Height | Maturity | SY/n¥
v. Botna 27.86+1.13| 7.56 | 27.1+0.22| 45.7+£0.37 18/07 105.7
B121 31.76+1.14| 8.67 27.3x0.45 51.3+0.51 | 20-21.07 | 1225
B123 30.5+1.22| 7.15 23.4+0.35 49.840.46 | 19-20.07 | 104.3
B126 31.1+1.15 9.05 29.1+0.43 55.4+0.49 | 1819.07 | 1194
B130 32.0+1.25 9.15 28.6+0.36 57.2+0.53 | 19-20.07 | 120.8
B137 30.5+1.17 9.0 29.5+0.42 52.5+0.48 | 19-20.07 | 120.1
B143 31.6 £0.98 7.7 24.5+0.47 48.1+0.52 | 19-20.07 | 117.5
B144 32.5+1.27 8.22 25.3+0.45 50.7+0.51 | 19-20.07 | 121.3
B147 30.71+1.18| 7.96 25.9+0.29 48.3+0.47 | 20-21.07 | 116.1
B150 29.88+1.16| 7.44 24.9+0.27 47.8#0.46 | 1819.07 | 106.4
B152 29.44+1.12| 7.42 25.2+0.26 48.1+0.48 | 1819.07 | 105.9
Min 27.86 7.15 23.4 45.7 18-19.07 | 104.3
Max/range | 32.5/4.64 | 9.15/2| 29.5/6.1 57.2/11.5 | 20-21.07 | 122.5
Mean 30.71 8.12 26.43 50.44 - 114.54
CV,% 4.3 9.0 7.57 6.88 - 6.4

Maturity at F6 generation: germplasm as A190, A202 and A204 full
maturity observed 19 July, 6 germplasm, namely: A170, A171, A181, A186, A192
and A201 had the latest maturatior22 July, intermediate were A157, A173 and
Al18471 20-21 July. Range of matity at F6 generation was 5 days {29.07) 2
days greater compared to F4 one, 3 day=2(L97). So, ripening germplasm of F6

generation had somewhat later than F4 one (Table 4).

Table 4. Yield and yield attributing traits f§@&neration (v. AlexandritevxIchel)

Progenies | Seeds/PI SY/PI 100-SW Height Plant| Maturity | SY/n?
v. Botna 27.9+1.15 7.62 27.3+0.22| 46.9+0.37 18.07 107.3
A157 27.6+1.18 7.81 28.3+0.29 | 56.7+0.47 | 19-20.07 | 106.5
A170 30.93+1.22| 9.28 30.0#0.32 | 59.6+0.49 | 22-23.07 | 124.2
Al171 27.74+1.21 8.1 29.2+0.31 | 59.1+0.48 | 22-23.07 | 108.4
A173 26.87+0.98| 7.95 29.6+£0.28 | 57.3+0.42 | 20-21.07 | 107.1
A181 30.53+1.24| 9.19 30.1+0.32 | 60.2+0.50 | 22-23.07 | 121.8
Al184 27.86+1.19| 8.22 29.5+0.27 | 55.9+0.45 | 19-20.07 | 109.2
A186 27.5+#1.13 8.17 29.7+0.29 | 57.6+0.48 | 22-23.07 | 108.6
A190 29.76+1.23| 8.78 29.5+0.30 | 56.7+0.44 19.07 120.3
A192 27.54+1.17| 7.85 28.5+0.33 | 58.4+0.47 | 22-23.07 | 106.7
A201 26.57+1.09| 7.89 29.7+#0.29 | 59.5+0.52 | 22-23.07 | 105.4
A202 28.26+1.14 7.8 27.6+£0.26 | 55.3+0.46 19.07 107.5
A204 28.06+1.09| 7.94 28.3+0.25 | 56.2+0.47 19.07 108.2
Min 26.57 7.62 27.3 46.9 18.07 105.4
Max/range | 30.93/4.36| 9.28/1.7| 30.1/2.8 60.2/13.3 | 22-23.07 | 124.2
Mean 28.24 8.2 29.02 56.87 - 110.86
CV, % 4.71 6.58 3.17 5.92 - 5.9
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Coefficient of correlation: Plant height exhibited significant positive
relationship with HSW in both generation F4(r=0.656), F6(r=0.746). PH with no.
seeds per plant showed significant value only in F4(r=0.614), with seeds yield per
plant were observed reing association in F4(r=0.855) and moderate one in
F6(r=0.506). Hundred seeds weight with seeds per plant had negligible value in
F4(r=0.069) and weak one in F6(r=0.314), with seeds yield per plant highly
significant in F4(r=0.881) and significant in F&(r.711).

Table5 Phenotypic correlation at F4 and F6 progenies
Characters F4 F6 Characters F4 F6
Plant heighi HSW 0.656* | 0.746* | HSWi no. S/PI| 0.069 0.314
Plant height no. S/PI| 0.614* | 0.202 | HSW- SY/PI | 0.881** | 0.711*
Plant height SY/PI | 0.855** | 0.506* | no. S/PI- SY/PI| 0.533* | 0.891*
**.gjignificant at | evel POO. 05 a

v.Botna

B123
B152
B121 —
Bl144 I

B143 —
B147 A

B126
N

B137 |
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Figurel. Dendrogram of germplasm (F4 generation) based on 5 traits

v.Botna
Al157
Al173
Al192
Al71
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A201
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A190
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Figure 2. Dendrogram of germplasm (F6 generation) based on 5 traits
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Betweenvariables seeds per plant and seeds yield per plant were determined
moderate association in F4(0.533) and highly significant in F6(r=0.891), (Tableb5).
Both dendrogram have been done by complete linkage method (Figure 1,2).
In F4 generation germplasm wer@{itioned into 4 clusters: CLilv. Botna, B123,
B150, B152; CL2i B121, B144; CL3i B143, B147; CL4i B126, B130 and
B137(Figurel). In F6 generation were formed 3 clusters: QL@157, A173,
A192, A171, A186, A201; CL(Il) A184, A202, A204; CL(Ill)}- A170, A181 and
A190. Variety Botna did not enter any of the clusters but by yiéléambined
with CL(I) and CL(ll), Figure 1,2.

Table 6. Mean performance of agronomic traits partitioning into clusters

Seeds| SY/PlI | 100 | Height | SY/ .
CLs Germplasm Pl o) SW Plant | M%) Maturity
2 | B121.B144 3213 | 844 | 263 | 5.0 | 121.9 | 192177
4 | B126, B130, B137 312 | 9.06 | 29.06 | 5503 | 1201 | 19207
3 | B143, B147 31.15 | 7.83 | 252 | 482 | 116.8 | 1921/7
1 Egg‘za* B123,B150, | 5942 | 739 | 2512 | 47.85 | 1056 | 18207

Il | AL70, A181, A190 3040 | 9.08 | 29.86 | 58.83 | 122.1 | 19, 2223/7

Il | Al84, A202, A204 28.06 | 7.98 | 28.46 | 558 | 108.3 | 1920/7
A157, AL73, A192, 1921, 22

|| A191 Alse 201 2739 | 791 | 289 | 565 |107.14| T3

Mean performance of agronomic traits by clusfmesented in Table 6 in
descending order of yieldAinin F4 generation germplasm pertaining to CL2 and
CL4 were the most productive with mean yield 121.9g and 1201g#spectively.
Distinction germplasm of GL4 from CL2 are: the plants are a littlerfali¢h larger
seeds, and little difference into traits seeds and seeds yield per plant. Germplasn
at CL3 intermediate by yield (116.8g/by seeds and SY/PI, HSW and PH little
inferior compared to germplasm of CL2. In cluster 1, entering germplasm B123,
B150, B152 and v. Botna with mean productivity105.6gtmem differ from CL3
a little reduce seeds and SY per plant. Maturity: germplasm of CL1 aehttier
than others one. In F6 generation 3 germplasm A170, A181 and A190 pertaining to
CI(lll) with mean yield 122.1g/fsuperior by yield other germplasm and v. Botna
(108.3, 107.14g/R). Main advantage germplasm of CI(lll) compared to CL(Il) and
CL(l) are higher values of seeds and SY per plant. In F6 generation germplasm of
CL(Il) as well as A190, A1B and A173 by ripening were a little earlier than
remaining. In generally late maturing is undesirable traits, of them only 2 out of 6
progenies had increased yield.

Number of fruitbearing plants(FBP) traits that should also be taken into
consideration. Aalysis of FBP the F4 generation in clusters showed following
mean values perinl4.2, 14.52, 15.0 and 13.3 in clusters 1,2,3 and 4, respectively;
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in F6 ong without significant difference (13.4713.54). Thus, all germplasm of
F6 and belonging to CLE#) had some reduced values.

CONCLUSIONS

As a result of evaluation breeding germplasm on yield/agronomic traits,
were selected 22 progenies of them that superior the check was 7(B121, B144,
B126, B130, B137, B143, B147) and 3(A170, A181, Al§&mplasm in F4 and
F6 generation, respectively. Analysis yield traits revealed that number of seeds and
seeds yield per plant is the most significant. Plant height is significant coupled with
hundred seeds weight, for most part of progenies increasiag trets enhanced
yield per plant and per plot. Most (8 out of 10) of high yielded germplasm were
middle matured, thus later maturing is undesirable trait.
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Abstract: The artificial induction of mutations represents an effective method for
generating newaurces of germplasm, which are essential in plant breeding. In the present study,
induced mutagenesis was applied to flax by exposurertyX As biological material, three flax
(Linum usitatissimum L.) genotypes were selected: Kaufmann and Blaringhseseddlax), and
Belinka (fiber flax). Seeds were irradiated withrags at three doses: 500, 700, and 900 Gy, using
the RS2400Q installation. The treatment led to a significant reduction in plant viability, especially
for the Blaringhem and Belinka getypes, which were completely eliminated within the firs824
days. In the case of the Kaufmann genotype, the survival rate at the 500 Gy dose was only 0.7%,
also indicating high sensitivity to irradiation. However, plant mortality during various
developnental stages was also influenced by environmental stress factors (hydrological drought,
high temperatures).

Analysis of the M generation descendant
compared to the control: increased number of branches, floveerd fruits, but a pronounced
reduction in seed mass and quality. The M d

and reproductive growth.

Keywords: flax, linseed, Linum usitatissimum Lphysical mutagenesjsX rays.

INTRODUCTION

Flax or linseed L(inum usitatissimunt.., 2n = 2x = 30) - technical, oilseed,
medicinal, melliferous, nutritional arminamentaplant. It is an annual, dicotyledonous,
selfpollinated plant species, with a relatively small genome size, éstirae~3768155
Mb, depending on the genotypes [1, 2].

Currently, approximately 61,000 germplasm accessions of linseed including
1,127 wild accessions are conserved in genebanks (1,7®) and/or institutes
worldwide [3, 4].However, estimates show ttzatly 10,00015,000 of them are unique
[5, 6]. Including 12 mutant flax varieties developed through induced mutagenesis, all of
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which have been officially approved and registered in the MVD of FAO/IAEA.

According to the FAO/IAEA Mutant Varieties DatabaddVD), the total
number of officially recorded mutant varieties currently stands at 3,460, derived from
over 200 to 240 plant species [7, 8, 9, 10, 11, 12, 13]. This figure reflects a significant
increase since the 1990s, with the number of registerediesrising from 1,936 in
1990 to 2,724 in 2000, 3,222 in 2010, and 3,397 by 2020 [7].

The MVD database indicates that the species with the highest number of mutant
varieties include rice (over 876 entries), barley (309), chrysanthemum (288), wheat
(276),soybean (184) and maize (89) etc. In the case of flax, 12 mutant varieties have
been registered, corresponding to two different spelciesm usitatissimunt.. (6 7
textile flax, 5 oilseed flax) andlinum grandiflorunDestf. (1i red flax, decorative). The
countries with the most mutant crops: China (825), Japan (501), India (346), Russian
Federation (216), Netherlands (176) etc. [13, 14].

The earliest flax mutant variety recorded in the Mutant Variety Database (MVD)
isfiR e d wo o, dn oisé&ed flax cultivar officially registered in Canada in 1965. This
variety was developed througffray-induced mutagenesis, a method involving physical
mutagens. The most recent mutant oilseed flax vafént, V ,2vBsaegistered in
2019 in India and was obtained via ethyl methanesulfonate #d&ed mutagenesis,

a chemical mutagenesis technique. In the case of textile flax, the most recently recordec
mutant varieties aii@B a | t y andiiMeéb iplioth registered in the Russian Fetiena

in 1991. These were developed using chemical mutagens, specifically nitrosoethylurea
(NEU) and dimethyl sulfate (DMS). Additionally, the ornamental flax variety

AZ o r e phelohging to the specidsnum grandiflorumDesf., was developed in
Ukraine though EMSinduced chemical mutagenesis and was officially registered in
2003 [7].

Physical mutagens, mostly ionizing radiation, can increase the natural mutation
rate by 1,000 to 1 millicfold, and have been widely used to induce heritable genetic
changes More than 70% of induced and released mutant crop varieties have been
developed using physical mutagens. Since the 1960s, gamma rays have become the mc
commonly used mutagenic agent in plant mutation breeding [15].

MATERIALS AND METHODS

The scientiic research was conducted at the Institute of Genetics,
Physiology, and Plant Protection of Moldova State University, as well as at the
Slovak University of Agriculture in Nitra, Institute of Plant and Environmental
Sciences.

For the research, three flagrgptypes from thex situcollection of the Gene
Bank were usedKaufmannandBlaringhem(oil flax), andBelinka(fiber flax).

The flax seeds was subjectedXaay irradiation treatment using the RS
2400Q installation, equipped with an ionizinX-ray emitter (Rad Source
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Technologies). The irradiation was performed in a single session, using 1000 seeds
for each experimentahariant. Three radiation doses wer@lagd: 500 Gy (with an
exposure time of 44 minutes), 700 Gy (62 minutes) and 900 Gy (80 minutes).
During the treatment, the seeds were placed in cylindrical carbon fiber canister. The
control samples consisted of untreated flax seeds, used for comparisaiev
irradiated variants.

The assessment of biological, morphological, and agrotechnical parameters
was conducted in accordance with the criteria established iDaberiptors List
for Flax (Linum usitatissimum L.Nitra, 2016 [16]. The evaluations veecarried
out following the technical standards and methodological guidelines officially
approved for plant breeding activities [17, 18].

RESULTS AND DISCUSSIONS

For obtaining induced mutations in plants, physical mutagens are used
(gamma raysX-rays and ultravioletYV) radiation). These methods allow the
induction of heritable changes in the plant genome, which can then be selected
based on desired traits (diseaesistance, productivity, fruit size etc.).

The effects of ionizing radiation on plants vary significantly. The ultimate
impact of the mutagenic agent, includigays, on plants is contingent upon the
administered dose, the nature of the mutagenbdi@nical species involved and
the susceptibility of the genotype under investigation.

During the growing season, a significant elimination of the irradiated
material was recorded. Under the influence of radiation and limiting environmental
factors, theBlaringhem(after 24 days) anBelinka(after 33 days) varieties proved
to be the least resistant, with the irradiated plants being completely eliminated.
Also, the percentage of remaining plants was very low fokKéh#gmannvariety as
well, reaching only @% (500 Gy) (Table 1).

The analysis of the data presented in Table 2 highlights significant
di fferences between the descendants
Kaufmannl control ). I n the case of M desc
not be determined, as these plants developed basal branches, unlike the contrc
plants, in which branching predominantly occurred in the upper part of the stem. A
specific characteristic of the irradiated forms is the higher number of branches,
flowers, aml fruits produced. However, these plants show a considerable reduction
in the number of viable seeds, seed m
although a double number of main branches was recorded (14.14) and flowering
was abundant (~98.1%flvers/plant), only 45.0 of these developed into fruits, with
a total seed mass of only 0.93 g. In comparison, the control plants showed an
average of 7.14 branches, 32.0 flowers, and 26.9 capsules (fruits), associated witt
a correspondingly higher seed mas
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Table 1. Determination of the degree of elimination of plants under the influence
of X-rays

- Genotype Genotype
"S[E ] ] - =1 C ] -
) w-g 5 o « 2y 5 o ©
o © m - o m —
Q- ' m X m
d. 500 65.0[77.9 54.61d27| 4.% | 3.8 0
700 51.0]55.1]1 52.5 0.9%3 | 0 .%l 0
900 72.7,50.( 24. 4 0 .94 0 0
Mart 100% 100 100% 50% 50% 50%
d. 500 60.0(57.9 43.41 d29| 2.9 | 1.9 0
700 31.7{27.1 39.2 0.9%1 | 0.%l 0
900/ 30.3/20.(¢ 11.1 0 .%1 0 0
Mart 100% 100 100 % 50% 50% 50%
d. 500/ 48.6/44.31 24.11 d31| 1.9 | 0.9 0
7 00 28.8/25.94 27.1 0 .%1 0* 0
900| 25.7/24.4 66.0 0 0 0
Mart 100% 100 100 % 50% 50% 50%
d. 500|] 41.4/,40.9% 17.51 d33| 1.%3 0* 0
700 21.6/19.7 13.3 0 0 0
900 19. 2]66. ( 0. 5% 0 0 0
Mart 100% 100 100 % 50% 50% 50%
d. 500/ 34.3]29. 7 3.09% d37| 1.%l 0 0
700/ 15.0]12.( 2. 0% 0 0 0
900] 10.0[15. ( ) 0 0 0
Mar t 90 % 90 % 90 % 50% 50% 50%
d. 500/ 21.7[21. 1 ) d38 10 0 0
700 6. 7% 1.6 0. 3% 0 0 0
900 3.59 0.5 0 0 0 0
Mart 75%% 75 %Y 75% 50% 50% 50%
d. 500 9.0 7.0 0 d40| 0.9 0 0
700 0.79 0. 3 ) 0 0 0
900 0.69% 0.1 0 0 0 0
Mar t 75 % 75 % 75% 50% 50% 50%
d. 500 5.49% 5.0 0 di124 0.7 0 0
7000 0.4% 0.1 0 0 0 0
9 0'0 0.5%9 0* 0 0 0 0
Mar t 50%| 50% 50% 49 % 49% 49 %

The ratio between the number of flowers and the number of fruits formed is 53.14
in the M variant, compar ed t oeprodudive 5.
efficiency in the irradiated plants, despite their seemingly greater morphological
potential.
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Table 2. Comparative analysis of linear and quantitative parameters of the
Kaufmanncontrol with the descendants from generatia (500 Gy)

Kauf mann
Parameters pe Control M, (500 C
Pl ant height, c¢cm 45N1, 20 41N1, 6
Techni dealngsgthemcm 26 N1, 36 0
No. of branches, 7, 14N0, 14, 14N1
No. of capsul es, 26, 9N3, 45, 0N10
No. of fl owers, 32, 0N3, 98, 14N1
No. of seeds per 7, 14N0, 5, 71N0,
Mass of seeds pe 1, 28N0, 0, 93NO,

CONCLUSIONS

The M gener at i o Krayprhdatiort teatmers, Llexhjpitecc t e
heightened sensitivity under simultaneous exposure to abiotic stress factors such a
hydrological drought and high temperatures, which prevailed during the vegetation
period. The cumulative interaction of these factors led to a significant increase in the
physiological vulnerability of the plants, as they were unable to develop effective
tolerance mechanisms to ionizing radiation in the context of combined environmental
stress.

The study aimed to evaluate the response of several gend§meémann
Blaringhem Belinkg to the combined action of physical mutagenic fact¥say
irradiation) and environmental conditions. The results highlighted thaahinann
genotypeexhibited the highest resistance under the applied experimental conditions,
demonstrating superior tolerance to the induced stress. Regarding the effectiveness of th
irradiation doses, the 500 Gy treatment proved to be the most effective in stimulating
mutagenic processes. These findings suggest thiilfenanngenotype and the 500
Gy dose may represent an optimal combination for generating genetic variability in
breeding programs.
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Abstract Under changing climatic conditions, sunflower (Helianthus annuus L.)
cultivation is increasingly challenged by abiotic stresses such as drought. This study evaluates the
response of three sunflower genotypes to osmotic stress induced by polyethylene glycol (PEG) at
concentrations of 10%, 20%, and 30% during germination egutly seedling development under
controlled conditions. The germination rate was evaluated daily overdag(eriod. Seeds were
exposed to PEG to assess germination rate, seedling growth, and stress tolerance indices. Genotype
H3 demonstrated moderatelégcance, maintaining satisfactory germination at 10% PEG but
showing a marked decline at higher concentrations. H1 was highly sensitive, with poor germination
and severely restricted growth of 20% and 30% PEG. In contrast, H2 displayed strong resilience,
maintaining consistent germination, root development even under severe stress. These highlight the
genotypic variability in sunflowers drought tolerance and suggest that H2 is a promising candidate
for cultivation in watedlimited environments. H1 may beitable under moderate stress, while H1
may require additional agronomic interventions. Overall, the selection of see#ient sunflower
genotypes emerges as a key strategy for enhancing productivity in dprogbtregions.

Keywords sunflower, droudnt stress, PEG, germination, seedling
INTRODUCTION
Sunflower Helianthus annuus.) is a crop of high economic value due to

its oil-rich seeds and its contributions to both global food and biofuel production.
However, sunflower cultivation is often constrained by abiotic stresses, with
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drought being the most critical. Water defiatrficularly affects key developmental
stages such as germination and early vegetative growal [dtimately reducing
yield potential. These vulnerabilities underscore the importance of targeted
breeding strategies to improve drought tolerance.

Enhancingosmotic stress resilience is a central goal of sunflower breeding
programs, especially in actual conditions of climate changes. The identification and
selection of genotypes with improved adaptive responses to drought are crucial for
ensuring stable yiefdunder watelimited conditions. Additionally, other abiotic
factors, such as soil salinity and extreme temperatures, further compromise plant
performance, reinforcing the demand for robust, naifesstolerant cultivars [3
5].

Osmotic stress, espedialthat induced by drought, represents a major
environmental challenge that significantly affects plant growth and development.
The capacity of plants to tolerate such stress varies considerably across species an
genotypes, highlighting the need for the@derstanding of the genetic and
physiological mechanisms of resistance. This knowledge is essential for the
development of crops with enhanced resilience to the adverse effects of climate
change [5].

While field evaluations remain a valuable approachdentifying drought
and heatolerant genotypes, they are often constrained by seasonal dependency,
high labor demands, and extended timelines. Alternatively,-stafye laboratory
assessments under controlled conditions provide a more practical arefftoieat
method for evaluating the stress response of genotypes. Polyethylene glycol (PEG),
a hydrophilic polymer, is widely used to simulate drought conditions in laboratory
settings. This method enables consistent and reproducible evaluation of plant
responses to water stress, particularly during early growth stages, and provides
critical insight into tolerance mechanisms. Systematic evaluations under PEG
induced osmotic stress are therefore essential for identifying genotypes with
superior drought relgence [68].

The main objectives of this study are to evaluate the germination, growth,
and physiological responses of three sunflower genotypes subjected to osmotic
stress induced by different concentrations of FEG0.

MATERIALS AND METHODS

The expeimental design involved three local sunflower genotypes (H1, H2,
and H3), each characterized by a distinct response to drought stress under field
conditions, with H2 identified as the most tolerant to hydric stress, followed by H1,
and H3 being the mosgssitive. The plants were subjected to controlled laboratory
conditions (25+3°C) during the germination and early seedling stages. Before the
experiment, the seeds of each sunflower genotype were sst@adeed by
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immersing them in 70% ethanol for 2mtes, followed by treatment with a 10%
sodium hypochlorite solution for 10 minutes, and finally rinsed thoroughly with
distilled water. Each genotype was subjected to osmotic stress using three
concentrations of polyethylene glycol (PEBB00): 10%, 20%,rad 30%, alongside
a control group with distilled water. Twenty seeds per genotype were placed in Petri
dishes lined with Whatman No. 1 filter paper and moistened with the respective
PEG solutions or water. All treatments were performed in duplicate. Xdtdays,
germination percentage, plant height, root length, fresh weight, and dry biomass
were recorded. The germination rate (GR) was calculated based on the formula by
George (1967)GR=(Germinated seeds/Total seeds) x 190
The stress tolerance imdis for plant height (PHSI), root length (RLSI), and
dry matter (DMSI) were calculated as follows:
1 PHSI=(Height of stressed plant / Height of control plant) x 100
1 RLSI=(Root length of stressed plant / Root length of control plant) x 100
1 DMSI=(Dry matter of stressed plant / Dry matter of control plant) x 100
Statistical analyses were conducted using the methods outlined by
Dospekhov (1985) to assess significant differences among treatments [10].

RESULTS AND DISCUSSIONS

Drought stress affectsHelianthus annuusby disrupting essential
physiological processes, particularly seed germination, a critical phase for
successful crop establishment. In this context, the primary objective of the study
was to evaluate the germination response and droughtrioéecd three sunflower
genotypes under osmotic stress conditions induced by polyethylene glycol (PEG).

Numerous studies have investigated the germination rate (GR) of sunflower
under water deficit conditions, highlighting genotygmecific responses torstic
stress. The germination behavior of sunflower genotypes underirREGed
osmotic stress observed in the present study aligns with previous findings by
Praveen et al. (2021), Razzaqg et al. (2017), Toscano et al. (202T3][14nd
others, who repoet] a gradual reduction in germination rate (GR) with increasing
osmotic stress, accompanied by significant variability in drought tolerance and
germination dynamics among different genotypes. Similar trends were also noted
by Akhter et al. (2025) [14], whemphasized that higher PEG concentrations
reduce seed moisture uptake, ultimately resulting in decreased seed germination
percentages.

According to present study under control conditions, all genotypes exhibited
high and stable GR, ranging from 93,3 t0/6. At a 10% PEG6000 concentration,
the hybrids maintained successful germination, with GRs remaining stable around
90%. This suggests that a low concentration of PEG6000 imposes only a mild
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osmotic stress that does not significantly affect the germmatiacess in the tested
genotypes (Figure 1).

At moderate stress levels (20% PEG6000), GR declined to approximately
80% across genotypes. Under severe osmotic stress (30% PEG6000), pronounce
genotypedependent differences were observed. Thus, GR dedréasg0% in
genotype H2, while H3 declined further to 46.7%. In contrast, genotype H1 failed
to germinate entirely. These findings underscore the varying degrees of drought
tolerance among genotypes, with H2 demonstrating the highest resilience under
sevee osmotic stress during the germination stage. Similar results were reported by
Meng et al. (2023) [15], who observed n#atal germination failure at high PEG
concentrations, including complete inhibition of germinationCimamaecytisus
palmensisat 30%PEG.
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B GSI OGR

Figure 1. Effect of different PEG concentrations on final germination rate (GR)
and germination stress tolerance index (G$Home sunflower hybrids

Compared to the control, the mean germination rate of the hybrids was
notably delayedinder 30% PE@nduced stress. Under control conditions and at
low stress levels, nearly all seeds had germinated by the second day of incubation
In contrast, at the highest stress level, the first signs of germination were observed
only on the seventh dayA delay in germination was also evident at the moderate
stress level (20% PEG6000); by the second day, the germination rates were 40%
for H1, 37% for H2, and 20% for H3, respectiveljese results are in agreement
with previous observations reported famflower by El Midaoui et al. (2001) and
for Brassica napu&. by Willenborg et al. (2004) [16, 17].

The germination stress tolerance index (GSI) values for the tested sunflower
hybrids varied notably across osmotic stress levels. Under mild stressiarms)di
the germination stress index (GSI) remained very high across all genotypes,
averaging around 98%. At 20% PEG, GSI values decreased moderately, ranging
from 53.9% for H2 to 73.9% for H1, indicating that H1 maintains relatively strong
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germination pedrmance even under moderate osmotic stress. In contrast, under
severe stress (30% PEG6000), H1 exhibited a GSI of 0%, while the other hybrids
showed a dramatic decline, with GSI values of 6.52% and 7.41%, respectively,
highlighting a high degree of sensity to elevated osmotic stress.

Osmotic stress is known to affect sunflower shoot height, thereby
influencing genotype performance during early developmental stagesstrend
has been observed by several authors. For exadipiead et al(2009)reported
that plant height significantly decreased under osmotic stress conditions [8].

The physiological indices such as the Plant Height Stress Index (PHSI),
Root Length Stress Index (RLSI), and Dry Matter Stress Index (DMSI) were used
to evaluate theesponse of sunflower hybrids to PHtluced water stress. A
significant reduction in shoot length was observed in all tested genotypes. Shoot
growth declined across all genotypes as PEG6000 concentration increased, anc
hypocotyl elongation was completehhibited at 30% PEG in most of the analyzed
hybrids, consistent with the findings of Toosi et al. (2014) [18].

At 10% PEG6000, hybrid H2 demonstrated the highest shoot height
tolerance, with a Plant Height Stress Index (PHSI) of 96.6%, whereas H1 and H3
exhibited substantially lower values of 43.1% and 36.0%, respectively. At 20%
PEG, shoot growth was further suppressed: H2 declined to 14.8%, and H3 to 10.9%,
while no shoot elongation was recorded for H1. Under severe stress conditions
(30% PEG6000), only Bl maintained measurable shoot growth (PHSI of 6.0%),
suggesting greater relative tolerance compared to the other genotypes (Figure 2).
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Figure 2. Effect of different PEG concentrations on
plant height stress tolerance index (PHSI), root length strésgatace index (RLSI) and dry
matter stress tolerance index (DMSI) of some sunflower hybrids

Root growth responded differentlynder 10% PEG, RLSI ranged from
43.4% in H2 to 56.7% in H3, with H1 showing 53.9%. At 20% PEG, H3 retained
relatively stable root growth (58.9%), while H2 declined to 31.4%, and H1 data was
not reported. Under severe stress (30% PEG), H2 recovered sligh$o), while
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data was unavailable for the others, indicating a relatively better root development
capacity in H2 under high osmotic pressure.

DMSI values followed a decreasing trend with increased stress. At 10%
PEG, dry matter accumulation was highedtiB (72.4%), followed by H1 (62.3%)
and H2 (53.8%). Under 20% PEG, H2 demonstrated a superior response with a
DMSI of 79.7%, while H3 dropped to 37.6%. At 30% PEG, H2 still maintained a
moderate DMSI (43.3%), suggesting greater biomass retention capaciey
drought stress. The results are similar with those reported by Ahmad et al. (2009)
and Saensee K. et al. (2012) [8, 19].

Overall, H2 demonstrated the highest level of tolerance to-iRE@&ed
osmotic stress based on shoot height, root length, andhditer accumulation
indices. These results indicate that H2 could be a promising candidate for
cultivation under moderate to severe drought conditions during the early phases of
development.

CONCLUSIONS

The results demonstrate clear genotypariation in drought tolerance
among the three sunflower genotypes tested underiRi@®ed osmotic stress.
Genotype H2 emerged as the most drodglgrant, maintaining high germination
rates, vigorous seedling growth, enhanced root development, andefglatable
biomass accumulation across all stress levels. H3 exhibited moderate tolerance,
with noticeable reductions under severe drought conditions, while H1 proved highly
sensitive, showing poor germination and growth performance even under moderate
stress.

These laboratorpased findings align closely with field observations, where
H2 also demonstrated the highest drought resilience, confirming its adaptability to
waterlimited conditions. Similarly, H3 showed an intermediate response in both
environnents, while H1 consistently performed poorly under drought stress. This
correlation between controlled laboratory screening and field performance
highlights the reliability of PE@ased assays for eadyage genotype evaluation.

It supports the use of H#for cultivation in regions characterized by water
deficiency, as well as its inclusion in breeding programs aimed at enhancing
drought tolerance in sunflower.

Acknowledgement: This work was supported by the Subprogram "011101 Genetic and
biotechnologicabpproaches to agroecosystem management under climate change" funded by the
Ministry of Education and Research of the Republic of Moldova.

222



Sessionlll. Plant genetics and breeding

REFERENCES

1. Puttha, R.; Venkatachalam, K.; Hanpakdeesakul, S.; Wongsa, J.; Parametthanuwat, T.; Srean,
P.; Pakeecha K.; Charoenphun, N. Exploring the Potential of Sunflowers: Agronomy,
Applications, and Opportunities within BiGircularGreen Economy. InHorticulturae 2023,

9, 1079. https://doi.org/10.3390/horticulturae9101079

2. Debaeke, P., Bedoussac, L., Bonnet, C.,-Bfestries, E., Seassau, C., Gavaland, A., Raffaillac,
D., Tribouillois, H., Véricel, G., & Justes, E. (2017). Sunflower crop: Environméregidly
and agroecological. IOCL, 24(3), D302. https://doi.org/10.80/0cl/2017020

3. Kaya, M.D., et al. Seed treatments to overcome salt and drought stress during germination in
sunflower H. annuud..). In: Europ. J. of Agr.2006, 24(4), 2911295.

4. Ashraf, M., Harris, P.J.C. Potential use of select plant species for aatielioof sakaffected
soils. In:Agriculture, Ecosystems & Environme2004, 102(23), 8594.

5. Rauf, S. Breeding sunfloweHglianthus annuug.) for drought tolerance. IrlCommunications
in Biometry and Crop Scienc2008, 3(1), 2914.

6. Michel, B.E., Kaufmann, M.R. The osmotic potential of polyethylene glycol 6000Plant
Physiology 1973, 51(5), 914916.

7. Farooq, M., et al. Plant drought stress: effects, mechanisms and managemeroriomy for
Sustainable Developmgr2009, 29, 18212.

8. Ahmad,M., et al. SunflowerHelianthus annuuk) response to drought stress at germination and seedling
growth stagedn: Pak. J. Bot.2009, 41(2): 64654.

9. George, R.A.TVegetable Seed Productidrondon: Leonard Hill Books. 1967.

10.Dospekhov, B.A.Metodika polevogo opytdMethodology of field experiment]. Moscow:
Agropromizdat. 1985.

11.Praveen, H. G., Nagarathna, T. K., & Nanja Reddy, Y. A. (2021). Drought tolerance in popular
sunflower hybrids at seéng stageln: Indian Journal of Agricultural Science81(5), 689694.

12.Razzaq, H., M.H.N. Tahir, H.A. Sadagat and B. Sadia. 2017. Screening of sunflower
(HelianthusannusL.) accessions under drought stress conditions, an experimentalassay.

Sci Plant Nutr 17(3): 662667.

13.Toscano S., et. &ffects of drought stress on seed germination of ornamental sunfldwers.
Acta Physiologiae Plantarun2017, 39(8):112.

14.Akhter, M. M., Hasan, M. A., Bahadur, M. M., Islam, M. R., Igbal, M. A., Soufan,AAlrib, K., Akhter,

T., Soysal, S., Elsabagh, A., Heniesh, M., & Islam, M. S. (2025). Wheat genotypes respond differently
under polyethylene glycol (PE@)duced drought stress during germination and early seedling growth
stagesPakistan Journal of Botan 57(1).

15.Meng, Z., & Gao, Y. (2020). Effects of polyethylene glycol (PE®)ulated drought stress on
Chamecytisus palmensis seed germination. IGC Proceedings P023), (33).

16.El Midaoui, M., et al. Effect of osmotic pressure on germinatiosuofilower seedsHelianthus annuus
L.). In: Helia, 2001, 24(35):129.34

17.Willenborb CJ, Gulden RH, Jhonson EN, Shirtliffe SJ (2004) Germination characteristics of pobaher
canola Brassica napug.) seeds subjected to moisture stress at different textypes. Agron J 96(3):786
791.

18.Toosi, A. F., Bakar, B. B., & Azizi, M. (2014). Effect of drought stress by using PEG 6000 on germination
and early seedling growth Bfassica junce&ar. Ensabi Scientific Papers. Series A. Agronqrby, 360
363. ISSN 285-5785.

19.Saensee, J., et al. (2017). Selection of drotglbtant sunflower hybrids under waténiting
conditions.In: Breeding Science7(2), 158167.

223



Sessionlll. Plant genetics and breeding

DOI: https://doi.org/10.53040/cgal2.31 UDC: 633.872.3:631.52

ADAPTATION OF BEECH PLANTS FROM DIFFERENT
PROVENANCES TO NATURAL GROWTH CONDITIONS

Dina ELISOVETCAIA 1, ORCID: 0000-00030521-6428
dina.elisovetcaia@sti.usm.md
Raisa IVANOVA?L, ORCID: 0000-000225542039
Ecaterina POPOVSCHI, ORCID: 0000-000266204597
Elena FEDORENCQ®?
Jan BRINDZA 3, ORCID: 0000-0001-83888233

linstitute of Genetics, Physiology and Plant Protection, Moldova State University,
Chisinau, Republic of Moldova
0PI ai ul Fagul ui 06 Nature Reserve
3Slovak University of Agriculture in Nitra

Abstract. This study assessed the adaptive potenti®lagfus sylvaticd.. seedlings from
various provenances under natural growth conditions in the Republic of Moldova. Between 2022
and 2024, seedlings of different ages and origins (Slovakia, RomanidoWoland Ukraine) were
transplanted and monitored. Key indicators included adaptation rate, survival rate and annual
growth. Seedlings from Slovak provenances (Nitd a n d -Rpshdwedwthe highest initial
transplant resistance, with survivalratess 96 . 15% and 97. 00%, respec
21 (Republic of Moldova) followed closely, demonstrating the highest survival rate (87.00%) one
year after transplantation. Growth assessments showed that although Romanian seedlings
(Humosu20) wereinitially taller, those from Slovakia and Republic of Moldova surpassed them in
growth after one year. Adaptation was influenced by genetic and epigenetic factors, seedling
morphology, precipitation levels, and climatic similarity between the originasitethe planting
location. These results highlight the importance of selecting suitable provenances sites for beech
seed collection and conditions for successful conservation and restoration of beech forests.

Keywords:Fagus sylvaticapeech seedlings, agtation, survival

INTRODUCTION

Fagus sylvaticalL., commonly known as European beech, is the most
important native forest tree species in Central Europe, with a lifespan of up to 300
years and late reproductive maturity [1]. In Republic of Moldova, beech forests
cover about 400 hectares, representimg éasternmost range of the species in
Europe. These forests play a vital ecological role, supporting biodiversity, soil and
water protection, and climate regulation [2, 3]. Due to illegal logging, land use
changes, and climate extremes, beech forestepulitic of Moldova have been
significantly reduced [4]. Restoration is essential for preserving rare species,
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enhancing ecological resilience, and ensuring H@mg sustainability [5, 6].
Successful regeneration depends on local adaptation, especiadly inogkasing

heat and drought stress [3, 6]. High genetic heterogeneity in seedlings is crucial for
future resilience.Therefore, the aim of thistudy was to assess the adaptive
potential of European beedhggus sylvaticd..) plants from different proveances

to natural growth conditions in the Republic of Moldova

MATERIAL SAND METODS

Study objects: beech plants obtained under greenhouse conditions from seed:
of different provenances and collected in different years, namely:-Mitrand
Ro ¢ R22v(8bvakia); Humost20 (Romania); Plaiul Faguk®0, Codrii20,
Hirjauca20, Hirjauca2 1 , G2lamndePEiul Fagulk23 (Republic of Moldova);
Chernivtsi20 and Ivand-rankivsk20 (Ukraine). Beech seedlings from various
provenances and ages were plantedeumatural growth conditions over three
consecutive years. On March 24, 2022, 135 theaeold seedlings from Slovakia
(Nitra-19) and 115 tw«yearold seedlings from Romania (Hume2Q) were planted.
In 2023 and 2024, additional seedlings from RepuibiMoldova, Ukraine, Romania,
Slovakia, and Austria were introduced to enrich the genetic diversity of the collection.

The monitoring of the adaptive capacities of beech plants was carried out 2
3 times per year. The following indicators wetadied: the adaptation rate of the
plants, the survival rate over one growing season, and the annual growth of the
transplanted beech plants.

RESULTS ANS DISCUSSIONS

The monitoring revealed that beech plants obtained from seeds of both
Slovak populationsi Nitra-19 and Roznavd2 demonstrated the highest initial
resistance to transplantation, with survival rates of 96.15% and 97.00%,
respectively, three months after being transferred (Fig. 1). The sbamabst
threemonth survival rate waseeor ded f or p | -alnRepublit ofo m
Moldova, at 90.00%. The lowest survival rate was observed in plants of Romanian
provenance, Humos20 (Fig. 1). One year after transplantation, plants from
Ci o r2é [Republic of Moldova) became the leadersurvival, with a survival
rate of 87.0%. Plants from NitE9 (Slovakia) had a survival rate of 68.79%, while
those from Humos20 (Romania) had only 43.01%. After two years of
observation, the Slovak population N#t8 led in terms of surviving plasitwhile
the remaining populations continue to be monitored (Fig. 1). The overall condition
of all plants in 2024 is more than satisfactory, due to a high level of precipitation
during spring and the first two decades of June 2024.

The height of seedlingat the time of transplantation varied significantly,
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ranging on average from 17.41 cm to 26.40 cm across populations (Fig. 2). The Nitra
19 seedlings from Slovakia were the shortest (19.73 cm), although they were in their
third year of growth when transpiied, compared to seedlings from other
provenances, which were in their second year. Hur@0qlants from Romania were

the tallest at the time of transplantation, measuring an average of 26.4 cm. Three
months after transplantation, the growth of seedlingso m G2l (Repaliid of
Moldova) and Roznava2 (Slovakia) was nearly equal to that of Niti&(Slovakia).
Humosu20 seedlings remained 424 cm taller than other populations on average.
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Figure 1. Survival dynamics &f. sylvaticaseedlings fom different provenances
(Republic of Moldova, Romania and Slovakia) under natural growth conditions
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Figure 2. Height oFagus sylvaticdbeech plants from different provenances
(Republic of Molava, Romania, and Slovakia) under natural growth conditions
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However, one year after transplantation, seedlings from Slovakia-{U9itra

and Roznav& 2) and Mo |-2lpoutpaced the gedh mtel bf Romanian
seedlings (Humos@0) by an average of 5.8.3 cm.

226



Sessionlll. Plant genetics and breeding

CONCLUSIONS

The monitoring revealed that the Slovak population Miffiatransplanted in
its third year of growth, demonstrated a higher adaptation rate compared to the
Romanian population HumoguO , whi | e-21tMvldoval and Roenbh22i
(Slovakia) populations, transplanted in their second year, showed similarly high
survival rates, confirming that adaptation in natural conditions depends on a complex
interplay d genetic, epigenetic, morphological, climatic, and topographic factors.
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Abstract Identification of optimal growing conditions and promising genotypes for specific
environmental parameters using modern 4ivasive methods is an urgent task. In this work,
spectral indices of leaf blades of 17 accessions of garden cress (Lepidiunmsafiftom the VIR
collection were studied for the first time under strictly controlled conditions of an agrobiopolygon
under different photoperiods (12, 14, 16 h), as well as the productivity of these accessions. As a
result of the work, photoperiods a2 &nd 16 h were determined as the most favorable for growing
garden cress accessions under light culture conditions. Accessions of garden-dre3g] kcal,
Azerbaijan) and K165 (Gartenkresse, Belgium), were selected as the most productive and promising
for cultivation under light culture conditions. Based on the data obtained, it was established that
optical indicators can be an effective nimvasive criterion for identifying the most optimal duration
of photoperiod for realizing the production potemtof garden cress samples, and also serve as
predictors for determining the most productive genotypes of interest for subsequent breeding work.

Keywords: garden cress, Lepidium sativum L., nmvasive methods, light culture,
spectral indices

INTRODUCTION

Garden cresd_€pidium sativuni.) is an early maturing, responsive crop
with valuable biochemical composition, which makes it a promising crop for
cultivation under light culture conditions [5, 6]. Light culture implements an
approach baseoh satisfying all the basic needs of the plant and eliminating stress
factors affecting their growth and development, and also allows for the selection of
optimal environmental conditions for specific crops or genotypes. One of the
important objects of settion and regulation are the parameters of the light
environment, in particular, the photoperiod [3]. Identifying optimal growing
conditions and promising genotypes for specific environmental parameters using
modern norinvasive methods is an urgent task.

The purpose of the study is to study the effect of photoperiod on the
productivity and optical parameters of leaf blades of garden cress samples grown
under light culture conditions.
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MATERIALS AND METHODS

The objects of the study were d@cessions of garden creksgidium sativum
L.) of different origin, obtained from the collection of Vavilov-Blissian Institute of
Plant Genetic Resources (VIR):1k(Garten kress, Germany);2k (Fine curled,
Canada), 1 (Broad leaf, Canada);42 (Narrowleaved 3, Russia)-48 (no name,
Azerbaijan), k63 (no name, Georgia),-66 (no name, Afghanistan);#8 (Local,
Russia), K79 (Local, Russia),-B5 (Cresson aienois, FrancepXk (no name, Iran)-87
(Local, Armenia), KL12 (Local, Azerbaijank-118 (no name, Pakistan),127 (Local,
Azerbaijan), k165 (Gartenkresse, Belgium);-185 (Almindelig, Denmark). The
vegetation experiments were conducted under strictly controlled conditions of the
agrobiological testing ground of the Agrophysical Regetustitute (AFl). The plants
were grown using flow hydroponics under three light conditions: 12, 14 and 16 hour
photoperiod. The light source was gischarge mirrored sodium lamps DN4@D
(manufactured by OOO Reflax, Russia), and the substrate wdsaped soil Agrobalt
S (OO0 Pindstrup, Russia). A modified Knop solution was used for flow hydroponics.
The experiment was repeated three times, the sample size was 16 plants. The
morphological description of the cress plants was carried out in thegidhtasanical
maturity on the 2&9th day after sowing, in accordance with the methods of the Federal
State Budgetary Institution State Commission for Variety TestiRy G/02485/1;
RTG/01/3 (OOS test methods). Reflectance spectra of leaves were recdaded be
harvesting using a miniature fibeptic spectrometric system from Ocean Optics (USA).
The following indices obtained as a result of contact spectroscopy were evaluated:
chlorophyll index ChiRI, carotenoid to chlorophyll ratio index SIPI, photochématex
PRI [4, 5]. The PRI i ndex in t-PRIs) W02,
41=0.1; 42=10) , hereinafter referred
photochemical quenching. Statistical data processing was performed using the
STATISTICA v.10.0 program (StatSoft Inc., USA).

RESULTS AND DISCUSSION

Plant mass is one of the features characterizing productivity for green crops.
Under photoperiods of 12 and 16 hours, the production potential of garden cress sample
was realized most fully signficantly higher mass values were noted than under a
photoperiod of 14 hours (by 1.01 g and 1.34 g, dsSD01). Most of the optical
parameters we used also changed significantly in plgragin under different
photoperiods (Table 1).

The chlorophyll indexvalue increased significantly with increasing
photoperiod, indicating the accumulation of green pigments under longer
illumination. Similar dynamics of an increase in the content of green pigments was
previously obtained for other representatives oBitassicaceaéamily under light
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culture conditions [6]. Under the least favorable photoperiod of 14 hours for the
accumulation of green mass, the SIPI index, representing the ratio of carotenoids to
chlorophyll, increased. The growth of this ratio wagsed by a significant increase

in the amount of carotenoids, which is part of the adaptation to unfavorable
conditions. No reliable differences in the RRIindex were noted, which is
associated with high variability within the set of studied genotyipesthis
indicator.

Table 1. Productivity of garden cregs gativum samples and some optical
parameters, depending on the photoperiod

Indicator Photoperiod, h LSDos

12 14 16
Mass of 1 plant, g 3,55+0,44 2,54+0,18 3,88+0,28 1,01
ChIRI 0,37+0,01 0,40+0,01 0,41+0,01 0,05
SIPI 1,00+0,00 1,01+0,00 1,00+0,00 0,01
PRImod 0,34+0,16 0,32+0,14 0,33+0,15 0,46

Note: n=16, mean + SEM. LS east Significant Difference.

As a result of the study, the most promising genotypes for growing in
photoculture were also notedsamples KL12 (Local, Azerbaijan) and-k65
(Gartenkresse, Belgium). They demonstrated high mass values relative to the
average for the studied samples under favorable photoperiods of 12 and 16 hours
(Table 2).

Table 2 Average weight of 1 plant of isolated samples of waterctessijvun),
compared with the average for the studied varieties, under different photoperiods

Samples Photoperiod, h
12 14 16
k-112 6,04+0,35 3,19+0,13 5,64+0,58
k-165 5,91+0,32 3,00£0,16 5,45+0,33
Average across samplej 3,60+0,46 2,54+0,18 3,88+0,28
LSDos 1,17 0,66 1,29

Note: mean + SEM. LSBLeast Significant Difference.

Both samples were resistant to early stem formation under light culture
conditions under alstudied photoperiods the beginning of stem formation was
not recorded by the end of the growing seasor2@6@ays).

The nonphotochemical quenching index Rl had an inverse dynamic
with the mass of 1 plant trait in the selected samples. Thus, theswathe PRlod
index in the genotypes selected by mas4.12 and k165 were below the average
for the samples (the difference was from 0.45 to 0.79, withob&Dm 0.09 to
0.12).
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CONCLUSION

In this work, the productivity and optical indices of farden cress
(Lepidium sativuni.) accessions from the VIR collection grown under strictly
controlled conditions were investigated for the first time. Photoperiods of 12 and
16 h were identified as the most favorable for growing garden cress accessions
under light culture conditions. Garden cress accessiehik2k(Local, Azerbaijan)
and k165 (Gartenkresse, Belgium) were identified as having the highest
productivity and resistance to early stemming under light culture conditions under
all studied photoperais. Based on the data obtained, it was established that some
optical indices can be an effective Aowasive criterion for identifying the most
optimal photoperiod duration for realizing the production potential of garden cress
accessions, as well as pietdrs for determining the most productive accessions
with traits of interest for further breeding work.
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Abstract During 202324 year we havstudied 920 lines of wheat in selection field and
the best of them were sowed in control and competition field. The best of them Bijuteria Zimbrenilor
as productivity and quality have been transferred to the State Commission for Crops Variety Testing.
This sort of wheat has a productivity potential of-840 t/ha and is zoned in all 3 agricultural
parts of the Republic Moldova since 2025. It had gotten the volume of bread &#tltporose
crumb and smooth upper crust on the bread, better than M 5.

Keywords: high productivity, resistance to abiotic and biotic factors, protein, gluten,
baking qualities.

INTRODUCTION

Common wheatTriticum aestivunis the main breathaking cereal crop
cultivated in our country and in many other regions of the glajyer6ximately 100
countries). Metaphorically speaking, it is the backbone of life because it is found
daily on the table of every person in our country as a bakery, pastry or confectionery
product. According to statistical data from our country, whedtdsseécond cereal
crop after corn in terms of sown area and harvested production volume. According
to several authors, the contribution of breeding to increasing production capacity
per hectare is from one percent to@Ib. The continuous increase in thenber
of common wheat varieties created (diversification of the assortment) is one of the
most effective measures that can contribute to the growth and stabilization of yields
of this crop (Starodub, V. 2015). In the Applied Genetics Laboratory of IGFPP,
several new varieties of common winter wheat have been created from the
beginning to the present: Basarabianca, Moldova 77, 79, 16, 5, 11, 66, Moldova
614, etc. Of which the last 4 varieties have been approved in our country.

That is why the problem of criag new varieties of common winter wheat
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that are more productive, of better quality, and more resistant to abiotic and biotic
factors of the environment than the existing ones approved at the present time is
always relevant.

MATERIALS AND METHODS

To create new lines of common wheat, we used intraspecific hybridization.
We used as initial material the varieties of common winter wheat created in our
laboratory, both domestic and from other countries (varieties, lines, forms).

In the selection field dung the year 2022024, we studied 920 lines of
common wheat from which we selected the best forms, which were sown in the
control and competition fields. The length of the plots in the selection field was 1.5
m. and the distance between the rows was 4Asm. control variety, the Kuialnic
variety from Odessa, Ukraine was sown. The control field was 5 m2, the
competition fieldi 10m2, and the demonstration and multiplication field was 100
m2. The selection field was sown manually and the control, congpetiti
demonstration and multiplication field of the variety seed was sown mechanized.
Sowing was done from the end of September to October 20. Phenological
observations were made during the ontogenesis period. The harvesting of the lines
in the selection figl was done manually with subsequent sorting of the sheaves
harvested at the batose. The yield from the control, competition, demonstration and
multiplication fields was collected using the Sampo combine. The yield was
recorded for all genotypes and vaest harvested. The protein percentage was
determined according to Childall's method. The gluten content by washing the
dough. We also determined the volume of bread from 100 g of flour.

REZULTS AND DISCUSIONS

As the initial material for the creation ofew varieties, the best
geographically distant varieties in terms of productivity, quality, and resistance to
abiotic and biotic factors were usedlogodarca Odesskaia, Polevic, Pisanca,
Epoha Odesskaia Kuialnic Zol ot acap | os
Ltutar, Mel eag, Mol dova 5, 11, 79, 6
generation, due to individual selection, a whole set of lines belonging to the semi
intensive ecotype were identified and studied at different stages of the breeding
proaess. Our varieties Moldova 5, 11, 66, 614, approved in our Republic, meet the
requirements of senintensive varieties. We selected elite spikelets with a number
of spikelets in the spikelet not less than 20 and with fertile spikelets one hundred
per spikéet. Elite spikes were selected from plants with a height of 80 to 105 cm,
resistant to falling, diseases, drought, with vidiéd grains and a weight of 1000
grains from 36 g to 46 g. During the 202324 growing season, 920 lines and forms
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selected frm different hybrid populations were studied in the selection field. In
2024, the best lines were lines selected from hybrid combinations, SI frori M55

Sl from M552, Sl pop 57/17, Sl pop Arctic and others. Compared to the control
variety Kuialnic (200 @.6 sq m), 17 lines had a yield from 200 to 350 g 0.6 sq m.
The highest yield in the selection field was in the line selected from the spontaneous
hybrid combination SI M58 = 350 g 0.6 sq m, which constitutes an increase of
150 g compared to the contredriety. According to the control field data from
2024, out of 40 genotypes sown in a single repetition, 10 lines had a yield at the
level of the control variety Kuialnic (4.2 t/ha) or higher. The best 2(two genotypes
in this field were the lines KK 23/24nd KK 39/24 which had a yield equal to 4.96
t/ha, higher by 0.76 t/ha than the control variety Kuialnic. The lines named above
were resistant to rust, powdery mildew, drought and had a height of 100 and 97 cm
respectively. In the field with comparativenspetition crops, 6 lines were sown in

3 repetitions, of which the most fruitful was the line KK11/28.7t/ha, and in the
control variety Kuialnie 4.0 t/ha, which is 0.7 t/ha more than in the control variety.
This line is tolerant to rust, powdery mildedrought, falling and has a height of

90 cm. The best lines in the control and comparative competition fields in autumn
2024 were sown in the following links of the breeding process (competition and
multiplication).

Table 1. Productivity of the belshes and varieties of common winter wheat from
the multiplication field and demonstration

) Resistance, points Average
Name Plant height lodging drought t/ha +control
Kuialnic, martor 0,80 9 9 3,6 -
Pisanca 0,82 9 9 3,7 +0,1
Sl pop 47/20 0,73 9 9 3,9 +0,3
Sl pop 42/20 0,71 9 9 3,6 -
Moldova 614 1,07 8 9 3,8 +0,2
Bijuteria Zimbrenilor 0,70 9 9 3,9 +0,3

In 202324, 12 varieties, lines and forms of wheat selected from the
comparative competition field were sown in this field. According to the data in
Table 1, only 3 (three) varieties and one line surpassed the Kuialnic control variety.
Our varieties apprad in the RM, Moldova 5,11 and 66 are more resistant to
lodging than the Kuialnic variety and had a yield at the level of the control variety.
The Moldova 614 variety, which was approved in the northern area of the Republic
of Moldova in 2024, is weaker todging than the control variety in years with a
lot of moisture. This variety had a high resistance to wintering, drought, grain
shaking, brown rust, powdery mildew, septoria, fusarium. The Kuialnic and M 614
varieties doubled and tripled their yield years favorable for humidity. This
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variety, Moldova 614, was submitted to the State Commission in the fall of 2019.
It had a yield of 9.2 t/ha at the Pelenia CSTS state sector in 2023. The highest yield
during multiplication was the Bijuteria Zimbreniloanety of 3.9 t/ha, which is 0.3

t/ha more than the control variety (table 1). According to the State Commission
data, it is resistant to lodging, shaking, drought, wintering, brown rust, powdery
mildew, fusarium and grain bug.

Table 2. Regeneration cafigcand green mass and grain yield of different
varieties of cereal crops in 2024, IGFPP

Grain Ratio
Green mass Full ield between Level of
Name of the Plant yield at maturity Yield , adaptability
X . ) oo after first | first harvest
cereal variety| height, m earing, grain yield, and drought
kg/m2 g/m2 harvest, | and second resistance
g/m2 harvest, %
Zimbreni 70 | 24 50 784 162 20,7 high
(secar
Kuialnic 0,80 34 836 92 11,0 good
Bijuteria
Zimbren 0,70 3,6 873 97 111 good
Moldova 5 0,72 35 791 81 10,3 average
Mold. 614 1,10 5,6 859 94 10,9 good

In order to detect common wheat varieties with a high degree of adaptability,
and with a vigorous root system, resistant to drought, the studied varieties were
harvested for multiplication on plots of 1 m2 inrépetitions in the earing phase
when 5060% of ears appeared and were cut at a heightéot from the soil
surface. As a control, the same varieties harvested at full grain maturity (1st
mowing)- 1 m2 were taken. Also, the plots that gave ears aketshmowing were
harvested. As can be seen from Table 2, the Bijuteria Zimbrenilor variety (3.6
kg/m2) had a higher green mass yield than the control variety Kuialnic (3.4 kg/m2).
The Bijuteria Zimbrenilor variety has an adaptability level approximabe\same
as the control variety Kuialnic. This variety has a yield ratio between the first and
second harvest of 11.1% and the control of 11% (tab 2)

235



Sessionlll. Plant genetics and breeding

Table 3. Biological and economic properties of the common wheat variety
Bijuteria Zimbrenilor (3yearaverage)

+ - relative
. Unit of N Bijuteria to the
Indices Kuialnic " .
measurement Zimbrenilor| control
variety
ProducSia de b t/ha 5,0 5,2 0,2
Masa hectolitr 1 litru 76,0 76,0 -
Masa la 1000 boabe Grame 41,0 38,0 -3,0
Sticlozitatea % 68,0 69,0 1,0
ConSinutul gl u % 26,8 27,0 0,2
ConSinutul pro % 13,8 141 0,3
Calitatea de p puncte 5 5 -

On average over 3 years of study, the Bijuteria Zimbrenilor variety in the
competition field had an average yield of §fa compared to the Kuialnic variety
- 5.0 t/ha. It has a better protein, gluten and glassiness content than the control
variety Kuialnic (tab. 3). The volume of bread in the Bijuteria Zimbrenilor variety
is 646 cm3 from one hundred grams of flour, whichigher than in Moldova 11
and Moldova 5 but lower than in Moldova 614 and Kuialnic. It has a Romanian
bread crust with good porosity and superior taste qualities than the other 2 varieties
M 5 and Kuialnic (tab. 4).

Table 4. Analysis of the baking qitads of common winter wheat varieties

B Variety name Bread volume, cm3
1 Kuialnic 663
2 Moldova 11 530
3 Bijuteria Zimbrenilor 646
4 Moldova 614 665
5 Moldova 5 544
6 Secart, Tetram 220

The Bijuteria Zimbrenilor (M55) variety was tested atSt@te Commission
for 2 (two) years2023,2024 and had positive results on average per republic of
6.73 t/ha, and the control 6.62t/ha which is 1.7% more and was approved for the
republic, all 3 agricultural zones. It is a variety of seménsive and unirsal
ecotype. (tab 5)
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Table 5. Results of testing the common winter wheat variety Bijuteria Zimbrenilor
in Zones (RM) in 20224 (t/ha)

Northern area Central area Souther|  Average per

n area country
Soiul . . . Pe2| % f &
2023 | 2024 | Media | 54531 5094 | Media | Media | o) g0
pe 2 ani pe 2ani | pe 2 ani| .
Ha r| martor
Media 703|757 | 73 |875|758| 817 | 439 | 6,62 | 1000
mr.pe an
Bijuteria 6,7 | 81 74 | 868 813| 841 | 437 | 6,73 | 101,7
Zimbrenilor

KUIALNIC MOLDOVA 55

MOLDOY AS
S

Fig.1 Bread volume.

According to CSTS data, the Bijuter&mbrenilor (BZ) variety had an
average of 2 years in the North of 7.4 t/ha, and the coritr8lt/ha. On average for
2 years, in the northern zone, the Bijuteria Zimbrenilor (BZ) variety exceeded the
control variety by 1.4%. Central zone, contr8l1%/ha, BZ-8.41t/ha. South Zone,
the control4.39t/ha, and BZ.37t/ha almost equal. Year of Registration in the
CSTS catalog2025 This variety is part of the Lutescens variety. The Bijuteria
Zimbrenilor variety was obtained by the method of individuaécen from the
selected hybrid population of the Moldova 5 variety that blooms openly, more than
50%. White spike, cylindrical, without awns at the tip of the spike, short awns of 1
2 cm., length (9410.5cm) and density (284 spikelets per 10 cm) avemgRed
grain, the mass of 1000 grains varies from48@r, in a spikelet-3 grains. The
length of the vegetation period is 2204 days and it is part of the group of plants
with medium precocity. The height of the plants is88@m, the number of siblisg
per plant is 23. It is resistant to drought, wintering and diseases (powdery mildew,
brown rust, fusarium, septoria, etc.). The productivity potential 9 8#ha. It has
good biochemical and baking qualities. It has vigorous roots and is well ddapte
changing climate conditions. Therefore, since 2025, the Bijuteria Zimbrenilor
variety has been approved in the republic, in all 3 agricultural zones.
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CONCLUSIONS

In the selection field in 20224, we studied 920 lines of common wheat. As
a result of phenological observations and biometric measurements, several lines
resistant to wintering, drought, diseases and others and with higher productivity
than the control variety (200g/0.6mp) were selected. They were sown in the control
field and tha the best ones in the competition field. As a result of the tests, one of
the best varieties Bijuteria Zimbrenilor (in terms of productivity, resistance to
various abiotic and biotic factors) was submitted to the State Commission in the fall
of 2022, havig a productivity potential of 8:@.0 t/ha. It is approved in all 3
agricultural zones of the Republic of Moldova since 2025. The varieties Bijuteria
Zimbrenilor (BZ), Moldova 5, and Kuialnic had a bread volume of 646, 544, and
663 cm3. The bread of thBZ) variety had a smooth crust and uniform porosity of
the core.
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Abstract.Take into accountiat the corn vigour has the strong correlated fiefldergence
and vyield the purpose of this work was to evaluate the combined influence edptioral
temperatures and a natural bioregulator on the vigour of corn root and seedlings€Bus of
Porumbeni 455 corn hybrid preeated with natural bioregulato(JS) extracted from Juniperus
sabina were subjected to treatment at 50°C (heat test) and at 10°C (cold test). The vigour of root
and seedling was assessed after seed germination. Temperature above the optimum significantly
affected both the vigour of rband the vigour of seedling, but temperature below the optimum only
reduced the root vigour of the tested corn hybrid. The JS bioregulator contributed to an increase in
root system vigour. Corn seeds fireated with JS had root vigour greater than untezshones by
13.08 and 18.46%, respectively in the cold and heat testeV@leation of factor impact showed
that the temperature influenced both the root and seedling vigour more than the treatment with the
bioregulator, and their combined effect sigrdiirtly modified only the root vigour.

Keywords: bioregulator, cold test, corn, heat test, germination, vigour

INTRODUCTION

The corn vigour determined in laboratory condition strong correlated with
both the laboratory overall germination (0:939) of ©rn seed and their field
emergence (0.82) [1, 2]. Thus, the vigour of corn seeds predicts a higher rate and
uniformity of emergence in the field, as well as crop yield. It is well known, that
seedling emergence can be affected by many abiotic factorsasualgh or low
temperatures, water deficit, etc. [3]. However, phetreatment with plant growth
regulators can induce a rapid adaptive response to stress conditions [4, 5], including
the nonoptimal temperature. Therefore, the aim of this work was &tuate the
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combined influence of neaptimal temperatures and a natural bioregulator on the
vigour of corn root and seedling.

MATERIAL SAND METODS

Corn seedof hybrid Porumbeni 455 (P455) that belongs to the FAO 450
corn group and has dent grain were tested. Weight of-g246 is 336340 g.
Laboratory testingSeeds were preoaked for 24 hours in water or in solution with
concentration 0.0001% of naturalobegulator (JS) obtained from aerial part of
plantJuniperus sabind. [6]. Then seeds were subjected to heat treatment at 50°C
for 30 minutes (heat test) or to cold test. Germination of intact (control) and heated
seeds was carried out in accordance withinternational rules [7]. To conduct the
cold test, seeds were germinated for seven days at temperature of 10°C, and then
days at 25°C [8]. Theverall seed germination, root/seedling length, root/seedling
vigour was assessed [Yhtatistical analysisvas performed by Statgraphics Plus
5.0 software.

RESULTS ANS DISCUSSIONS

Treatment of control seeds with the bioregulator JS did not contribute to an
increase in roots vigour. The average values of root vigour of intact aineal&d
seeds differed ingnificantly (Fig. 1). However, the root vigour of corn seeds
subjected to both heat and cold tests
the control seeds. The positive effect of JS treatment on the increase of root vigour
was evaluated after heatd cold test with the difference values of 76.55 (ted)
and 100.92 (hedest) (Fig. 1). Thus, the corn seeds-peated with JS had roots
vigour greater than the untreated ones by 13.08 and 18.46%, respectively in the colc
and heat test.

In growth conditions with noroptimal temperatures, the use of pre
treatment of corn seeds with JS natural bioregulator leads to an increase in the
vigour of the root system, which is very important for the early phase of corn growth
and its adaptation to stressfidnditions. Treatment of control seeds with JS also
resulted in an increase in seedlings vigour by 20.78% (Fig. 2). It should to be noted,
that the cold test i tself had a posi
germinated seeds without JS treant. However, no significant impact of JS
treatment was found on the seedlings vigour of the P455 corn seeds subjected tc
both the heat and cold tests (Fig. 2).
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Figure.1. Root vigour of corn germinated from seeds exposed diffezatinents:
controli untreated; JS treated with bioregulator; Colid exposed to cold test; Cold_JS
exposed to cold test and treated with bioregulator; Headposed to heating; Heat_J®&xposed

to heating and treated with bioregulator

Previously 0], different physiological responsessuper sweet, serflint
and popcorn seeds to heat and cold test were shown, specifying their different
ability to adapt to stress conditions.

Control_S | D:l—
Cold_JS_S
Heat S »D:l—<
Heat JS_S D:—«

0 200 400 600 800
Seedling vigour
Figure.2. Seedlings vigour of corn germinated from seggdesed different
treatments:

controli untreated; JS treated with bioregulator; Cold exposed to cold test; Cold_JS
exposed to cold test and treated with bioregulator; Headposed to heating; Heat_J®xposed

to heating and treated with bioreguids.

The evaluation of factor impact such as temperature and JS treatment of corn
seed on root and seedling vigour of hybrid P455 was carried out by ANOVA
analysis (Table). The temperature significanfy® O . ir@lt&nced both root and
seedling vigour me than the treatment with bioregulator. The interaction between
temperature and bioregulator factors contributed to changes signifigar@y(. 0 5 )
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only in root vigour Table ). The contribution of temperature from total impact
was 9.19% and 7.44%, respectively in root and seedling vigour changes.

Tablel. Factor impact on root and seedling vigour

Factor Sum of Df Mean F- P-value
squares square | ratio
Root vigour

Temperature (T)| 3.339E6 | 2 1.669E6 | 23.58 | 0.0000*
Bioregulator (JS)| 180517.0| 1 | 180517.0| 2.87 | 0.0906
Interactions 1JS | 719026.0 | 2 | 359513.0/ 5.72 | 0.0035*

Total 3.6332E7| 518
Seedling vigour
Temperature (T)| 618890.0| 2 | 309445.0| 20.80 | 0.0000*
Bioregulator (JS)| 56450.3 1 56450.3 | 3.79 | 0.0520
Interactions 1JS | 371065 | 2 1855.32 | 0.12 | 0.8828

Total 8.3190E6 | 513

Note:*-denotes the statistically signif

CONCLUSIONS

Under the influence of neaptimaltemperatures, the contribution of the JS
natural bioregulator to increasing the vigour of the root system and seedling of the
P455corn hybrid is significantiseduced.

Acknowledgments This study was supported by the Ministry of Education and
Researchf t he Republic of Moldova within the Subk
approaches to agro ecosystem management under cinhhe@n ge condi-2027o0ns o0 f o

REFERENCES

1. IVANOVA, R.; LUTCAN, E.; BOROVSKAIA, A.; VANICOVICI, N. Correlation analysis
of corn biemorphological traits in the initial growth phase under different temperature
conditions. IN:AGROSYM-2024. Proceedings of XV International Scientific Agriculture
Symposium, [editor in chief Dusan Kovacevic]. East Sarajevo: Ifyacfi Agriculture,
Bosnia  and Herzegovina, 2024, p.22549. ISBN 97899976816-8-3.
https://agrosym.ues.rs.ba/archive.

2. SCALVI SOMMER, A.; MEDEIROS COELHO, C.M.; PADILHA, M.S. et al. Vigor of
hybrid corn seeds is determinant for the establishment of sgedii the field. In: Revista
de Ciéncias Agroveterinarias, 2024, vol. 23, no. 1, pp:6%2ISSN 2238.171.
https://doi.org/10.5965/223811712312024062.

3. KHAEIM, H.; KENDE, Z.; JOLANKAI, M. et al. Impact of temperature and water on seed
germination and seédg growth of maize (Zea mays L.). In: Agronomy, 2022, vol. 12, 397.
ISSN: 20734395 https://doi.org/10.3390/agronomy12020397.

4. NEILL E.M., BYRD M.C.R., BILLMAN T. et al. Plant growth regulators interact with
elevated temperature to alter heat stressafiigmvia the unfolded protein response in maize.

242



10.

Sessionlll. Plant genetics and breeding

In: Science Reports, 2019, v8l. 10392. https://doi.org/10.1038/s4159B83-468399.

CAPO, L.; SOPEGNO, A.; REYNERI, A. et al. Agronomic strategies to enhance the early
vigor and yield of maize part Ithe role of seed applied biostimulant, hybrid, and starter
fertilization on crop performance. In: Frontiers in Plant Science, 2023, vol. 14, 1240313.
https://doi.org/10.3389/fpls.2023.1240313.

ELISOVETCAIA, D.; IVANOVA, R.; BRINDZA, J. Influence of Junipars sabina, alginite

and bioregulators on the germination kinetics of beech seeds of Roznava origin. In:
AGROSYM-2024. Proceedings of XV International Scientific Agriculture Symposium,
[editor in chief Dusan Kovacevic]. East Sarajevo: Faculty of Agriculti®esnia and
Herzegovina, 2024, p. 145156. ISBN 97899976816-8-3.
https://agrosym.ues.rs.ba/archive

ISTA. 2017 International rules for seed testing. Chapter 5: The germination test. 2017.
https://doi.org/10.15258/istarules.2017.05.

GOGGI, A.S.; CURRY D.; DANIELS J. Cold test and saturated cold test reliability for
testing carryover corn seed treated with sapplied insecticides. In: Seed technology, 2009,
vol. 31, no. 1, pp.-20. ISSN: 1096)724. https://stjournal.org/volurl-no-1-2009/.

KHAN, S.; ULLAH, A.; ULLAH, S. et al. Quantifying temperature and osmotic stress impact
on seed germination rate and seedling growth of Eruca sativa Mill. via hydrothermal time
model. In: Life, 2022, vol. 12, 400SSN: 20751729.https://doi.org/10.3390/life12@310.
LUTCAN, E.; BOROVSKAIA, A.; IVANOVA, R. Germination of corn seeds under
conditions of low and high temperature stress. In: Natural sciences in dialog of generations.
The National conference with international participation, ed .713&5eptember 2024
Abstract book, Chisinau: Editura USM, 2024, p. 213. ISBN -998562-7566.
https://ibn.idsi.md/sites/default/files/imag_file/213_18.pdf.

243



Sessionlll. Plant genetics and breeding

DOI: https://doi.org/10.53040/cgal2.35 UDC: 633.11:631.527

STUDY OF VARIABILITY IN PRODUCTIVITY ELEMENTS
OF WINTER TRITICALE COLLECTION

Svetlana LEATAMBORG, OR C | @00000340911522
svetlana.leatamborg@sti.usm.md
Silvia ROTARI, OR C | @09000751229373
silvia.rotari@sti.usm.md
Andrei GORE, OR C | @03000273567289
andrei.gore@sti.usm.md

Institute of Genetics, Physiology and Plant Protection, Moldova State
University, Chisinau, Republic of Moldova

Abstract Arid conditions, which are increasingly common in the world, have a negative
impact on thedevelopment of agricultural crops and pose a great threat to the implementation of
potential plant productivity. In this regard, the purpose of this study is to evaluate collection variety
samples for economically valuable traits and to select promisingtgpes for use in the breeding
process. This article presents the results of a study of 36 triticale variety samples of different
geographical origins for the main economically valuable traits (plant height, main spike length,
number of spikelets per spiknumber of grains, grain weight and 10@¢in weight). Analysis of
the productivity elements of the studied samples revealed high variability in the number of grains
and grain weight per spike, which makes it possible to select valuable genotypesiRysarnples
have been identified based on individual productivity traits and their complex for targeted use in
selection of parental pairs included in hybridization.

Keywords: collectiontriticale, variability, vegetation period, yield structure.
INTRO DUCTION

Triticale (x Triticosecale Wittmadgkis a hybrid of wheafl{riticum aestivun
and rye (Secale cereale), combining the positive properties of both cereals. Triticale
as a new cereal plant has become increasinglykmellvn in the world due to its
adaptability and valuable agronomic properties, and is grown in more than 30
countries According to FAO, the geography of triticale distribution is quite wide
and is cultivated on an areambre than 4 million hectares worldwide, giving an
increase to world grain production of more than 15 million tons per year. Poland,
France, GermanyBelarus, Russia and Ukraine play the most important role as the
largest European breeding centers and producers of triticale grain [1].

The growing interest in the triticale crop is caused by its high productivity,
winter hardiness, grain and green magsality, low susceptibility to a number of
diseases, the possibility of cultivation on poor setlsese valuable properties and
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gualities acquired by this crop from wheat and rye are important for its use in
agricultural production. Triticale is used a$ood and forage crop. The crop is of
undoubted interest for the bakery, confectionery, starch, brewing, alcohol and other
industries [2].

The consequences of climate change in the world (frequent droughts) cause
great damage to agriculture, as a resilvioich the harvest shortfall is many tons
of grain of cereal crops and negatively affects the quality of the grain. In this regard,
it is important to expand the gene pool, create new primary and secondary triticale
with the involvement of new highly pradtive forms and varieties. In the Republic
of Moldova, triticale can be grown in all regions, so the area of distribution should
increase every year. [3].

In breeding for resistance to stress factors of the external environment, an
important task is to fid sources for a particular stress. One of the methods is the
evaluation of collection samples and promising varieties in specific soil and
climatic conditions capable of realizing their genetic potential [4].

The main goal of triticale breeding at theg@et stage is the creation of new
high-yielding varieties with increased adaptability, resistance to biotic and abiotic
stresses, with high feed, technological and baking qualities [5].

The purpose of this study is to evaluate collection samples for eamallym
valuable traits and identify promising genotypes with a complex of valuable traits
for their use in the breeding process.

MATERIALS AND METHODS

The experimental part was carried out on the experimental field of the
Institute of GeneticsPhysiology and Plant Protection of the Moldova State
University. The experiment was preceded by black fallow. The object of the
research was 36 collection samples of triticale of different genetic and geographical
origin (Romania, Bulgaria, Ukraine, RussiBelarus, Poland, Germany). The
winter triticale variety Ingen 93 of the Institute of Genetics, Physiology and Plant
Protection was used as a standard. The collection material was assessed b
morphobiological indicators (plant height, spikelet length, neinof spikelets per
spike, number of grains, grain weight and 1-@08in weight). The productivity
elements were studied by the method of structural analysis of a sample consisting
of 20 plants. The laying of experiments, phenological observations &hcefierds
were carried out in accordance with the methods of state variety testing of
agricultural crops by the Center for Testing Plant Varieties of the Republic of
Moldova. The experimental data were processed mathematically using the
Microsoft Office Excel software package.
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RESULTS AND DISCUSSIONS

Numerous selection and genetic studies have proven the need to create ar
identified gene pool of cultivated plants, as well as the importance of choosing the source
material, which is the basis for obtaiginew forms and varieties of agricultural crops.
Based on the results of the studies, the main economically valuable traits of breeding
interest were determined. A triticale collection consisting of 36 variety samples was
studied for the following biologa properties and economic traits: length of the
vegetation period, winter hardiness, drought resistance, resistance to diseases, lodgin
and productivity.

In terms of the length of the growing season for our conditions, medium early
and medium genotypd855260 days) are of interest. These groups include samples
from Romania, Bulgaria and Poland, Germany (Amol, Haiduc, Stil, L.Ir.Bulgaria,
Presto, LT 76872, Agendus, etc.). Late groups include forms from Ukraine and Russia
(Salanda, Cernobrivet, Buchet164415, AD 1128, etc.). In terms of the length of the
growing season, the collection of winter triticale was divided into 3 groups: medium early
(length of the growing season up to 255 days), mediumZ@8@lays) and late (261
267 days) (Table 1).

Tabe 1. Distribution of triticale collection by maturity groups

Maturity Length of | Number
vegetation of % Name of samples
groups >
period, days| samples
Medium 255 and 10 278 Amol, Haiduc, Stil, Mezin, Negoiu, Oda,
early Less ' L.Ir.Bulgaria, Presto, LW 6 8 72, (]
, 256- Marchian, Salanda, Cernaobrivet, Eltei,
Medium 260 18 500 Canar, Atlet, Tul
Late 261i 267 8 22,2 | Buchet, AD1128, L.1644%, Duet,B7 , d
St. 259 Ingen 93

The obtained data show that out of 36 genotypes ofctitlection, 10
samples belong to the mehrly group, which is 27.8%. This group of triticale
ripened 24 days earlier than the standard variety Ingen 93. It mainly included forms
and varieties created in Bulgaria, Romania and Poland. Theseagbn group
includes 18 samples, which is 50%. They ripen at the same time as the standarc
variety or 23 days later than the previous group and included samples from
Ukraine, Romania, Germany, etc. The {afpening group included 8 samples or
22.2%. They ripened &ast 38 days later than the standard and these are mainly
samples from Ukraine and Russia. Samples and varieties of triticale of the early and
mid-season groups were widely used in hybridization.
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In genetic and selection studies of triticale, great ignee is attached to
the variability of traits, determined not only by the genotype, but also by
environmental conditions. The degree of variability of traits reveals the norm of the
genotype's reaction in different environmental conditions [6]. Tablee%epts
experimental data on the productivity traits of collection samples of winter triticale
(plant height, length of the main spike, number of spikelets per spike, number of
grains per spike, weight of grains per spike, weight of 1000 grains).

Lodging d plants significantly reduces the yield and complicates mechanical
harvesting, therefore the plant height trait is of great importance. Analysis of the plant
height of the studied variety samples shows that the values varied widaty 96
(Agendus) td.39 cm (95W72-1), the variation coefficient fluctuated from 1.5 to 3.8%,
with an average value of 2.3%. The following samples were the shortd€iQ@sn):
Agendus, Tadeus, Oda. The main components of the yield structure are the length of the
spike thenumber of grains in the spike, the productivity of one spike and the weight of
1000 grains. Our studies have shown that the values for the main spike length trait in the
variety samples ranged from 9.6 to 15.3 cm. The variability of this trait varie®fdom
to 13.4%, and the average value was 6.94%

Important components of the yield are productivity elements, such as the number
of spikelets and grains in the spike and their weight. The number of spikelets in the main
spike ranged from 24.8 pcs (Negoiu) to 37.6 pcs (Salanda). The variation in thes feat
is from 3.1 to 11.8% with an average value of 7.0%. The number of grains from the main
spike ranged from 41.3 (Roudkrider) to 86.9 pcs (Tulus), the variation coefficient was
6.8 - 27.3%, and the average value was 15.0%. Spike productivity varied foogn 2
(Roudkrider) to 3.8 g (Duet), the variation coefficient was 281% (average 18.1%).

The weight of 1000 grains is the most important indicator of the yield structure and the
usefulness of seeds, its value depends on the weather conditions luiregiad of
earing and wax ripeness. The weight of 1000 grains was within the range of 33.1 g
(Agendus) to 52.8 g (L.1644). The coefficient of variation for this feature varied from

4.6 to 15.6%, with an average value of 10.0%. In terms of producthvtypest forms

were from Germany (Duet), Ukraine (Salanda) and Russia (L.45H493W732-1,

L.12).

The variability of the main breedingluable traits of triticale collection variety
samples was within 1-%9.5%. Among the productivity elements, thestrstable traits
were: spike length 3:83.4% (Vcp=6.9%) and number of spikelets -Bl18%
(Vep=7.0%). The lowest variability was observed for plant heigk B% (Vcp=2.3%).

High variability was observed for the number of grains per spike2®63®%6
(Vcp=15.0%) and grain weight per spike -8®5% (Vcp=18.1%). Variability of
economically valuable traits is important for breeding work, as it allows identifying and
using the most valuable genotypes to create new varieties of triticale.
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Table 2. Productity elements of collection samples of winter triticale

. Number of Number of Weight of .
He;ght of Lef‘gth .?(f spikelets in grains in grains from 1V(;/§c|)ght Qf
Sample plants Man spke | main spike | main spike | main spike grains
Molvoe | Mtvee | Molvee | Mlvee [ m, | Ve | m, | Vi
qm| fqm| pcs ' pcs ' ' ' ' '
Obrii Mironov. | 115 | 15 | 149 | 7,7 | 336 | 116 | 540| 201 | 30 | 221 | 473 | 87
Marchian 122 | 38 | 134 | 56 | 314 | 74 | 646 | 164 | 29 | 201 | 444 | 146
Salanda 120 | 23 | 149 | 44 | 376 31 | 758 | 109 | 3,7 | 179 | 484 | 10,8
Buchet 122 | 24 | 140 89 | 325| 55 | 721 | 178 | 30 | 199 | 415 | 46
Cernobriv. 120 | 20 | 122 | 44 | 298| 65 | 510 | 151 | 22 | 149 | 439 | 89
Eltei 109 | 29 | 141 83 | 321 | 7,7 | 591 | 173 | 26 | 220 | 444 | 146
Amol 111 | 23 | 121 38 | 293| 65 | 682 | 68 | 25 | 80 | 373 | 51
Haiduc 102 | 21 | 115| 7,7 | 308 101 | 642 | 96 | 30 | 142 | 462 | 10,3
Stil 108 | 32 | 120| 75 | 29,7 110 | 841 | 11,7 | 35 | 19,7 | 419 | 113
Mezin 106 | 15| 98 | 88 | 248 | 118 | 549 | 144 | 24 | 185 | 428 | 112
Negwiu | 105| 20 | 101 | 59 | 248 | 68 | 654 | 233 | 28 | 236 | 435 | 147
Oda 97 31 107| 74 |1 286| 91 | 590 163 | 24 | 197] 401 | 111
Canar 118 | 2,7 | 153 | 66 | 330 77 | 789 | 10,7 | 30 | 133 | 379| 95
L. Ir. Bulg 130 | 25 | 121 | 89 | 27,7| 51 | 574 | 273 | 23 | 295 | 400 | 87
161/88233 121 | 20 | 122 | 44 | 31,7| 33 | 672| 91 | 28 | 149 | 410]| 96
LT 76872 123 | 21 | 136 | 54 | 32,7| 56 | 715]| 125| 25 | 158 | 34,7 | 82
188TR 5021 125 | 26 | 133 69 | 314| 94 | 680 171 | 23 | 26,1 | 341 | 104
Castor 123 | 23 | 113 73 | 308| 70 | 555|159 | 19 | 175| 344 | 114
Atlet 124 | 23 | 140 86 | 328 | 93 | 644 | 134 | 28 | 181 | 429 | 114
Tril 113 | 20 | 117 97 | 297| 71 | 578| 76 | 26 | 109 | 453 | 69
Titan 119 | 30 | 153 | 66 | 319| 75 | 769 | 114 | 31 | 95 | 406 | 6,0
Rozovscoe 125 23 | 139 63 | 305| 52 | 703 | 16,7 | 2,7 | 19,2 | 379 | 82
Roudkrider 1371 21 | 96 | 47 | 265| 72 | 413 | 185| 20 | 126 | 437 | 124
Linia 12 125 | 35 | 123 | 134 | 31,2 | 96 | 643 | 13,7 | 31 | 186 | 485 | 146
Linia164415 | 133 | 32 | 126 | 87 | 296 | 58 | 479 | 226 | 25 | 254 | 528 | 8,6
95W732- 139 | 14 | 120 74 | 309| 62 | 709 | 169 | 35 | 186 | 49,7 | 49
AD 1467 135 | 22 | 139 79 | 311| 51 | 772 | 153 | 35 | 189 | 449 119
Presto 138 | 23 | 102 | 41 | 31,2| 45 | 618 | 125 | 28 | 22,7 | 451 | 10,3
AD 1128 139 1 21 | 104 | 63 | 31,3| 81 | 619 | 139 | 24 | 192 | 392 | 88
Agendus 96 31107 24 | 274| 35 | 615|161 | 20 | 17,7 | 331 | 66
Tulus 102 | 1,7 | 146 47 | 348| 69 | 89| 95| 34 | 145 391 | 10,8
TOdeus 97 2,7 | 137 43 | 334| 32 | 621 133| 23 | 161 | 379 | 146
Duet 123 | 1,7 | 140| 75 | 353 | 57 | 763 | 10,7 | 38 | 139 | 499 | 156
B-7 122 | 15 | 125| 91 | 342 | 60 | 79,7 | 239 | 35 | 225 | 439 | 137
Linia 2405 106 | 15 | 147 85 | 31,7| 76 | 668 | 133 | 26 | 143 | 385 | 46
Ing. 93 (st) 99 17 | 121] 100| 302 | 82 | 525]| 185| 24 | 161 | 393 | 7,6
Cv (%) 2,3 6.9 7,0 15,0 18,1 10,0

CONCLUSIONS

A comprehensive assessment of collection samples of triticale of different
geographical origins was carried out based on the main structural elements of
productivity. As a result of studying the main economically valuable traits, forms with a
whole complexof economically valuable traits were identified, which will be used in

248



Sessionlll. Plant genetics and breeding

further selection as genetic sources for creating new varieties with specified traits. In
terms of productivity, the best samples were from Germany (Duet), Ukraine (Salanda)
and RussigL.164415, 95W732-1, L.12). Highly productive forms were identified
from Romania (Haiduc, Oda), Poland (Presto), Ukraine (Obrii Mironovskii, Buchet) and
Russia (95W72-1, AD1467). Analysis of the variation coefficients showed that the
greatest variabil in triticale variety samples is inherent in the number of grains and the
weight of grains per spike. Low variability is characteristic of plant height.

Samples and varieties of earigening and midipening triticale with high
productivity potential were included in hybridization and the resulting hybrid forms are
at various stages of the selection process.

Ac knowl e dRgenseenatrscch was carried out within
and conservation of genetic diversitygrovement of gene pools of agricultural crops in the context
of climate changeo.
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Abstract the purpose of the research was to establish the reaction of 7 parents, 4 pairs of
F> hybrids of common winter wheat, obtained based on 4 pairsairocal I hybrids, and the
transgressive potential of growth and development organs to the treatment of grafssaribm
oxysporurnrculturefiltrate. Thepathogen was isolated from wheat plants with root rot symptoms and
identified by macreand microscopic methods. The culture filtrate (CF) was prepared on the basis
of Cszapek liquid medium. After treating the grains for 18 hours with CF, the seedlings we
cultivated for 6 days, after which morphometric analyses of growth characters were performed. Plant
distribution histograms were analyzed according to variant and character. The degree (Tg), the
frequency (Tf) of transgressions were calculated and rtipoiitant role of the plargathogen
interaction mode, the parental factor in the spectrum of phenotypic classes and transgressive
manifestations in segregating populations were found.

Keywords: Fusarium oxysporum, traits, transgressions, wheat.
INTRODUCT ION

Interactions between plants and fungi can have beneficial or detrimental
effects on host plants and can give rise to various changes at both the plant and th
fungus levels. Plant fungal pathogens are economically important due to the threat
they posdo the production and yield of agricultural crops.

The reduction or prevention of fungal diseases of plants depends on resistant
crop varieties or fungicide treatment. PHumgi interactions need to be known to
understand the mechanisms of fungal pldiseases, their prevention, and to
improve plant productivity [1, 2].

The fungud-usarium oxysporur8nyd. et Hans. has a wide distribution both
geographically and in terms of expansion on different host plants, which
demonstrates the possession of a strong fermentative apparatus that gives it the
possibility to utilize as many biochemical substrategsasible. It is a fungus with
vascular activity, being better known for its ability to produce seed/grain rot at the
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germination stage, root system, stem base and plant wilting [3].

Plant populations, like all living organisms, are the level of organizatio
through which the species exists and realizes its biological potential under specific
conditions. In this regard, there is little research on the influence of fungi on the
population level of plants.

Due to the phenomenon of crossiogger in meiotic propase I, which
involves the exchange of fragments between homologous chromosomes,
recombinant genetic material is obtained. It is this phenomenon that underlies the
generation of a wide spectrum of genotypes with recombinant characters pn the F
population,which offers broad opportunities for theoretical research and practical
applications in biology and agriculture.

The success of genetic improvement is based on the knowledge and correct
use of available germplasm, in order to identify thdeties to be used as parents
in such a way that when crossed they generate afigpring with a high heterotic
effect, allowing the emergence of transgressive variants that can be selected in
segregating generations. According to the author [4], grassive segregation
consists of the production of,Foffspring or subsequent generations with
phenotypes that exceed the range of the parental populations from which they are
derived.

According to the author [5], transgressive phenotypes are the result of
positive or negative complementation of additive alleles, epistatic interactions of
unique parental attributes, unmasking of recessive alleles from a heterozygous
parent, or various combinations of these mechanisms.

The author [6] proposed that transgresoccurs by crossing parents with
similar values for the variable under study, but with different genes controlling the
trait, which allows some JHndividuals to contain new gene combinations with a
greater or lesser number of genes that present afenaeable effect than that of
the parents.

The aim of the present research was to elucidate the influence of the
phytopathogen F. oxysporum on the spectrum of phenotypic classes in F
populations of common wheat, descendants of recipra¢slldfids, andhe degree
and frequency of transgressions of some growth and development characters.

MATERIAL SAND METHODS

The study material consisted of 7 common winter wheat parémttdova 11
(M11), Moldova 16 (M16), Moldova 66 (M66), Cuialnic, Amor, Miranda, Qeah
and 4 pairs of Fhybridsi descendants of reciprocal lybrids. The culture filtrate of
theF. oxysporunisolate from wheat plant with signs of stem base rot was obtained on
the basis of Cszapek liquid nutrient medium (figure 1).
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Figure 1. Isolation of the fungi from the stem base of
wheat (A); colony (B) and microconidia (C, 300x) obfysporum

Wheat grains were treated for 18 hours with oxysporum CF.
Morphometric analysis of the length of the embryonic radicle and the stem was
performed on day 6 of seedling growth. The experiment was performed in
replicates, 30 grains each for gharents and 120for the F hybrids.

The degree of transgressiofiTg) was calculated based on the formula: Tg
= [ (Ch A 1000 0%here:Tg Gegree of transgression of the trait in
percentage; £ maximum value of the trait in the §eneration Wbrid (average
of the 3 best plants);@ maximum value of the trait of the best parent (average of
the 3 best plants).

The transgression frequendyls) was determined according to the formula:
Ti= ((H A hlveheréd)i transgmdssion frequency ieqgentage; H number
of F hybrid plants that exceed the best parent (average of 3 best plants) by the
analyzed character;N total number of Fhybrid plants analyzed [7].

When describing histograms, the following 3 basic characteristics were
taken into accountnodality’ the number of "peaks" of the distributiam{modal
T with a single peakbi-, multimodal i two or more "peaks")skewness the
tendency of increasing atecreasing valueskewed to the right a tendency of
increasing the investigated characteristic and is called a positive distribution,
skewed to the left a tendency of decreasing the investigated characteristic
negative distribution, the lack okewness signifies a symmetric distribution;
flattening 1 if the distribution is very flattened it means that the scores/values vary
a lot, and if it is sharp the scores/valuesry little [8]. The data were statistically
processed in the STATISTICA Diware package.

RESULTS AND DISCUSSIONS

Radicle length It was found thaf. oxysporunCF produced both inhibition
and stimulation of radicle growth in the 66 x Amor population. In the control
variant it recorded 113.9 mm, and in the F. ox. CF vari&it3 mm, which means
a decrease of 19.9%. At the same time, in thArRor x M66 population in the
control variant, the radicle length was 56.4 mm, and wimgeinfluence of CFk 70
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mm, thus showing growth stimulation by 24.1% (figure 2).
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In the case of theo;fMiranda Cuialnic and FCuialnic x Miranda hybrids, a
decrease in radicle length under the influende. aixysporunCF was recorded by
11.6% and 40.6%, respectively. The data indicate that the reaction of wheat to F.
oxysporum is specific, and the pattern of plpathogen intexction has the parental
factor as a determinant in the creation of new genotypes.

Disregarding the average valugfshe populations for the characters under
study, which often camouflage different particularities and subcomponents within
the system, & find that the pathogen influenced the profile of the distribution
histograms of the phenotypic classes differently.

For example, under the pressure of the furlgusxysporumin the . M66
X Amor hybrid, a tendency for the population to decompose iistgbpopulations
with their own characteristics was observe@amplitude, maximum of value
distribution, number of phenotypic classes, flattening. In th&rkor x Moldova
66 population in the variant with. oxysporumno phenomena of decomposition
of theinitial population were observed, on the other hand, the maximum of value
distribution with adjacent classes was narrower, which means lower variability.

Regarding the combinations, Miranda x Cuialnic and FCuialnic x
Miranda, it was observed that irethkariant withF. oxysporunCF the rate of plants
with high valuef radicle length decreased compared to the control. For example,
regarding the phenotypic classes 14D and 166.80 mm, in the combinatioreF
Miranda x Cuialnic the summary rate of mis constituted 41 and 25%,
respectively, of the control arfé. oxysporunCF and in the reciprocal combination
F2 Cuialnic x Miranda 26 and 3%, respectively, of the control &dxysporum
CF variants.

Stem length A decrease in the character weandi by 11.1% in the F
M66 x Amor combination and a stimulation by 8.6%n the K Amor x M66
combination under the influence of the pathogen. Unlike the radicle, in fradt
X M66 combination, at the same time, in the variant with fungus, thérspeof
phenotypic classes was expanded (figure 3).

The character average of the combinationsMiranda x Cuialnic, F
Cuialnic x Miranda in the variant with FC recorded +1.2% ad.9%,
respectively, in relation to the control. TheNfiranda x Cuialnigpopulation was
uneven in the control variant, but under the influence of the fungus, it slightly
became uniform. In theoFCuialnic x Miranda population, under the action of FC,
the seedlings suffered a distribution tilted to the left, in the directitowofalues.
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The calculation of the degree (Tg) and frequency of transgressions (Tf) for
the characters under study demonstrated the prevalence of negative transgressior
in the case of the radicle apdsitive one$ in the stem (table).

Taking as a basis the postulate that transgressive phenotypes are determinet
mainly by the complementary action of allelic genes, we can admit that this
mechanism can provide several positive "extreme" phenotype®flasthsensitive
character (the stem) to the action of the phytopathogen, and at the same time
several negative "extreme" phenotypes for the sensitive chardloeeembryonic
radicle, as demonstrated in previous research [9].

Starting from the practitanterest in genotypes that manifest positive
transgressions in the interaction with pathogens, in particular of sensitive characters
but important for the vitality of the plant, we consider that the combinatiens F
Amor x Moldova 16, Cuialnic x Miranda, Centurion x Moldova 11 are promising,
whose rate of positive segregants for radicle length on a background of biotic
pressure varied within the limits of 3.77 ... 5.66%, the degree of positive
transgression varyingithin the limits of 4.44 ... 11.09%.

Tablel. Degree (Tg) and frequency of transgressions (Tf) of some growth
characters in the interaction of common wheat Witbxysporum

F, combination Variant The length of radicle The length of stem
Tg Tf Tg Tf
Martor -1,96 0,91 10,49 4,67
Amor x Moldova 66 FCF. ox 27.99 0,01 24 1.08
Martor -43,14 0,01 17,05 12,73
Moldova 66 x Amor FCF. ox -4.83 1,05 0,90 1,05
Martor 23,70 1.80 12,73 4,72
Amor x Moldova 16 FCF. ox 9.86 4,04 0.29 1,01
Martor -3.70 1.80 15,76 541
Moldova 16 x Amor FCF. ox 513 0,02 5.80 2.83
Miranda x Cuialnic Martor -23,17 0,01 -16,3 0,02
FCF. ox 235 0.96 9.03 9.62
Cuialnic x Miranda Martor 1,78 3.67 10,14 7.34
FCF. ox 11,09 566 10,65 0.01
[ Martor 7.29 4,42 8.26 24,78
Moldova 11 x Centurion == ~==> 6,45 0,01 2618 10,54
. Martor 24.70 0,02 15,34 0,98
Centurion x Moldova 11 —=~E=> 4.44 3.77 25.09 2712

CONCLUSIONS

1.1t was found that treating common wheat grains withokysporum
culture filtrate led to inhibition or stimulation of embryonic radicle and stem
growth.
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2.Under the influence of the fungus, changes occurred in the profile of plant
distribution spectra inFsegregating populatioiighe appearance of-r trimodal
histograms, the orientation of the slope, flattening (expanded, contracted).

3.The k. combinations Amor x Moldova 16, Cuialnic x Miranda, Centurion
X Moldova 11 are considered promising, whose degree and rate of positive
segregants for radicle length on a background of biotic pressure varied within the
limits of 3.77 ... 5.66%, 4.44 ... IIB%, respectively.
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Abstract The paper presents the results of studying the adaptive potentialtom&to
hybrids obtained from crossing genotypes with different combinations of mutant marker genes. The
assessment of resistance to high and low temperatures is evaluated at the stage of mature male
gametophyte under in vitro conditions and fruiting undervivo conditions Genotygspecific
differences in the character of manifestation of traits betweaemybrids, both depending on the
features of the initial forms and the type of temperature stress factor, were established. A stable
character of manifd@ation of the studied traits of male gametophyte is observed in hybrids from
combinations with genotypes of cultural type and mutant forir®/234 x Mo835, L33/241 x
Mo0835, L111 x Mo 341, Fakel x Mo 341, MaKrista x Mo 341. Strong variability was charatiter
of Fyintermutant hybrids (L33/16 x Mo 835, L11069 x L28, L45/16 x Mo 341) under both stress
backgrounds (45°C and +6°C) including fruiting in three different years of research-@23).

Keywords: k tomato hybrids, fruit setting, male gametopleytraits, temperature stress
factors, resistance

INTRODUCTION

Creation of heterotic hybrids of tomata 5 one of the most priority
directions of breeding programs. Heterotic power of plants, their higher
productivity, early maturity, resistance to diseases in comparison with the original
forms and released varieties, shows high efficiency of hybrid ctidtivaboth in
the conditions of open and protected soil. It has been established [1] that the greates
effect of heterosis on yield and resistance to stress abiotic factors have hybrids
obtained from crossing forms that differ sharply in biological andphn@ogical
traits. The crossing of such forms provides for their genetic diversity, which
determines higher heterozygosity of hybrids, being the basis of heterosis. Therefore,
mutant forms obtained by different methods are of particular interest in dglaiire
[2, 3]. They are carriers of a wide range of genes, the involvement of which in the
breeding process can meet the requirements for modern varieties and hybrids
regarding their resistance to diseases, increased content of biologically valuable
componats in fruits, marketable appearante shape, size, coloring, high
transportability, etc., as well as their ability to be used in the breeding process.
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Genes controlling plant growth and suppressing the growth of lateral shoots are also
preferred. In addibn, modern breeding technologies should be aimed at the
creation and introduction into production aftémato hybrids that have not only a
wide range of economically valuable traits, but also have high adaptive capabilities
for cultivation under conditios with limited control of environmental parameters.
The temperature factor is of special importance in this respect. Exceeding the
boundary of optimum temperature leads to a sharp decrease in fruit formation due
to the resulting inconsistency with the ggrpic norm of the response of cultivated
hybrids.This necessitates the selection afhiybrids with the ability to set fruit
stably in a wider range of environmental temperature regimes. The solution to such
a complex problem is the involvement of a widariety of tomatoSolanum
lycopersicumL. gene pool, including mutant forms in the breeding process, with
the simultaneous use of a combination of traditional selection methods with modern
techniques for working with the sporophytic and gametophytictjd$es of plants:
pollen selection and provocative backgrounds of different degrees of severity.

The aim of the research is to study and select tomato forms with higher
gametophyte resistance ratesitro and fruit sefin vivo, obtained using different
mutant genes in comparison with existinghybrids.

MATERIALS AND METHODS

The initial material for the research was Ldimato hybrid combinations
obtained using mutant forms of Mo 83mf, Mo 341 (Wd"), Mo 443 (s), semi
mutant lines L 1115p" nor, u, hp1, j-2), L11069 6p', u, nor, Tm2a, Is, br, }2),

L33/16 6p, ps2), L45/16 6p, p3 and lines homozygous fan andnor genes L

28, L186, L8/234, 33|341, L201 and hitgth tomato varieties of own selection
Stefani, Fakel, MaKrista'he work wascarried out in several stages: identification

of donors and genetic sources of the most important traits; crosses; study and
evaluation of the general and specific combinative ability of parental forms;
evaluation of the adaptive potential of Rybrids. Plants were grown in
greenhouses of the Institute of Genetics, Physiology and Plant Protection, in three
different climatic years (2022023), on plots of 10 f1 3540 accounting plants

from each hybrid combination [SMorphological description of plants of
hybrids and the degree of phenotypic expression of traits, including mutant marker
traits in F, were carried out using wethown methods [6]. At the same time,
indices of such traits as: type of plant growth, inflorescenag tyymber of flowers

on plants and number of fruit set from them in three different years were taken into
account. In laboratory conditions, ybrids were tested for tolerance to high and
low temperatures according to male gametophyte traits usingiatyf created
stress backgrounds [4#or this purpose, freshly collected pollen from fully opened
flowers of each hybrid was divided into 3 parts. One part was immediately sown on
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artificial nutrient medium consisting of 15% sucrose and 0.006% boicaac
germinated undein vitro conditions for 3 hours at 25°C. Viabilityp,( %) was
determined and pollen tube length |{m) was measured in ocular micrometer
divisions, this served as control (C). The second part of pollen was used to evaluate
heat restance by treating it at 45°C for 8 h, followed by germination and
determination of viability §, %) and pollen tube length, (um). Cold tolerance of

F1 hybrids was determined by sowing the third part of pollen on nutrient medium
and germinating it in thehermostat at +6°C for 24 hours. For eaghnybrid and

in each research variant, at least 500 pollen grains were analyzed. Preparations witt
pollen were studied under a Zeiss light microscope. Resistance was judged on the
basis of the ratio of parametensthe experiment (E) to the control (C). Statistical
analysis allowed us to evaluate the variability (V, %) and genetic stability of the
studied traits in Ftomato hybrids depending on the characteristics of the initial
forms and growing conditions.

RESULTS AND DISCUSSION

When assessing the resistance of tomato genotypes to environmental
stresses, it is necessary to take into account that the level of favorable temperature
intervals for the development of reproductive organs is narrower than fortwegeta
organs. In this regard, the male gametophyte is of special interest. It is the most
sensitive to the influence and change of environmental conditions, unlike the female
gametophyte, which is covered with thick layers of somatic tissues. Therefore,
pollen quality can serve as a criterion of genotypes' reaction to changes in
environmental conditions, which is reflected in the reproductive ability of plants [7]
and the formation of higlyuality seeds [8]Taking this into account, we evaluated
the resistace of new [ftomato hybrids to highand lowtemperature stress factors,
considering into account the nature of manifestation according to male gametophyte
traits 7 pollen viability, pollen tube length, resistance according to pollen
germination under thiefluence of stress temperatures and the ability of germinated
grains to form pollen tubes long enough for fertilization (three pollen grain
diameters).

The results obtained showed a complex character of the manifestation of the
studied traits in Fhybrids and strongly pronounced differences between hybrids,
both with respect to the reaction of their pollen to high (45°C) and low (+6°C)
temperatures, and depending on the initial forms used in crosses (Tables 1 and 2)
The degree of variability (V, %) ofdth pollen traits in individual hybrids was very
high and, on the contrary, very low with respect to two different stress fdetors.
example, pollen from hybrids from the combinations L8/234 x Mo0835, L33/241 x
Mo835, L111 x Mo 341, Fakel x Mo 341, MakKmasx Mo 341 and the standard
sample k Ingstar responded less to hitgmperature exposure. Consistently high
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indicators in three different years of research (20@23) are confirmed by low
variation coef fi-geremitrsa ti 26N4& (ltabledi)\anda b i
the fApol | en 1it6w-b.6% (TableSintilay high resultstfor these F
hybrids were obtained when their pollen was germinated and at low temperature
(Table 1). The average coef ftolesance mt 0
poll en germinationo was consistently
ranging from 3.2 to 9.6% (Table 1). The same low variability was observed for
Apol | en t uid.2% (Table 3).tThisdindicates tde high adaptive potential
of these I tomato hybrids to both high and low temperatufesigh degree of
variability (V, %) of the trait #nApoll
was observed in hybrid combination$33/16 x Mo 835, L11069 x L28, L45/16

x Mo 341 and Mo 43 x Fakel (Table 1).

Table 1. The influence of high and low temperatures on pollen viability
germination (p, %), of differentiFomato hybrids

Pollen germination at temperature
Hylb:rids 25(;}]33;)ur 45°C- 8 hours | 6 A24 hours
! Average for three yearg(2021:2023),%
X v,% X V,% X v,%
L8/234 x Mo 835 88.9 18.9 76.3 7.9 80.1 | 114
L33/16 x Mo 835 19.4 20.7 7.9 36.3 276 | 33.2
Stefani x Mo 835 42.3 7.8 20.4 10.6 64.7 9.6
L33/241 x Stefani 58.2 5.7 55.5 9.4 714 7.3
L186 x M0o835 70.0 13.1 68.3 14.7 69.1 9.2
L11069 x L28 24.5 41.4 11.1 56.6 47.3 28.7
L45/16 x Mo 341 10.7 31.3 4.1 42.8 5.6 37.5
L111 x Mo 341 63.9 6.4 51.2 8.7 60.4 4.8
L 201 x Mo341 66.4 8.7 53.6 10.1 155 | 244
Mo 443 x Fakel 33.1 28.2 12.7 24.6 13.3 | 30.1
Fakel x M0341 31.2 11.2 45.2 8.4 18.1 10.6
MaKrista x Mo 341 83.9 3.4 72.0 5.7 88.9 3.2
Standard F; Ingstar 77.4 10.3 64.1 7.2 71.7 4.8

Similar response of pollen of theseHybrids to temperature stressors was
observed for the trait Atube | engtho
traits (average for three years) is very high for pollen from 36.3% to 56.6% (45°C)
and from 28.7 to 33.2% (+6°C), while for palleube length from 21.7 to 51.6P6
45°C and from 20.3 to 24.4%+ 6°C (Tables 1 and 2lt.can be assumed that the
high degree of variability of both pollen traits is determined by the peculiarities of
parental lines 33/16, 11069, 45/16 and Mo 443, whrehcarriers ofs, br, ps p2
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genes. The dominant character of inheritance of these geneshyprids is a
consequence of high morpllogical heterogeneity of pollen grains in their
populations. Morphological abnormalities in the structure of flewend their
individual elements, as well as the presence in the populations of thieglerids

of a large number of small, puny pollen grains with disturbed integrity, and reflected
in the character of the manifestation of traits both in freshly colleptéién
(control) and under the influence of temperature stress factors.

In addition to those noted,.Fybrids with ambiguous reaction of their
pollen to temperature stressors were also identifie&téfani x Mo835 pollen was
susceptible to high tempeure, but it germinated perfectly at low temperature,
forming very long tubes at the same time. Conversely, pollen from hybrids L201 x
Mo341 and Fakel x Mo341 showed high tolerance to high temperature (45°C/8
hours) and very poor germination at low tengpere (6°C/24 hours) (Tabl.1 and
2).

Table 2. Effect of temperature on pollen tube lengtant) of different R tomato
hybrids

Length of pollen tubes at temperature
25°C- 3 hour o -
Hybrids (control) 45°C- 8 hours 6 Ab24 hours
F1 average forthree years(20212023) in ocular
micrometer divisions (, um)

X v,% X v,% X v,%

L8/234 x Mo 835 90.1 8.5 69.6 6.8 75.0 8.2
L33/16x Mo 835 42.0 26.4 31.2 21.7 39.6 20.3
Stefani x Mo 835 58.6 10.2 30.0 9.6 56.8 10.1

L33/241 x Stefani 71.2 6.3 64.7 8.7 77.4 4.3
L186 x Mo 835 60.3 8.1 61.5 7.4 57.4 11.2
L11069 x L28 33.4 32.7 24.2 44.9 41.3 23.7
L45/16 x Mo 341 36.2 40.3 24.8 51.6 10.0 24.4

L111 x Mo 341 67.7 7.7 47.4 9.2 52.2 5.6
L 201 x Mo341 88.7 9.3 67.3 10.7 20.0 31.2
Mo 443 x Fakel 44,1 18.4 40.2 21.2 43.6 22.3
Fakel x M0341 40.6 14.8 48.3 6.7 25.1 19.6

MaKrista x Mo 341 64.4 4.7 61.7 8.6 71.2 7.4
Standard F; Ingstar 96.2 3.9 74.1 9.7 82.4 10.2

This approach to research allowed us to identify the response of pollen of
each khybrid to the action of high and low temperatures on the manifestation of
two traits of male gametophyte (pollen germination and pollen tube length), which
suggests its use as an express method for evaluation and selection of genotype
resistant to tempature stresses.
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The study and analysis of fruit set in IFfybrids from different crossing
combinations also showed significant differences between them. At the same time,
a pronounced relationship between pollen traits and fruit formation level in hybrids
from different crossing combinations should and be noted. For example, in hybrids
(Mo443 x Fakel, L33/16 x Mo 835, L45/16 x Mo 341 and Fakel x M0o341) with
high variability of pollen traits (Tables 1 and 2) in three different years of study
(2021:2023), tle number of fruit set from the number of flowers on the plant was
below 50% and respectively amounted to 40.0%, 40.4%, 42.6% and 48.5%.
Whereas the percentage of fruit set was higher than the standard sanpistéf
- 84.2%) in 4 k hybrids from combiations: L111 x Mo341, 85.4%; L8/234 x
Mo835, 86.3%; L33/241 x M0835, 89.5%; and L186 x M0835, 89.9%. These F
tomato hybrids also showed high tolerance to high and low temperature stressors
according to male gametophyte traits (Tables 1 and 2). The ability of pollen grains
germinated under the influence of stress temperatures to form long pollen tubes
confirms tleir high reproductive potential. Such a pollen tube in vivo provides
fertilization, contributing to high fruit set and the formation of a large number of
full-fledged highquality seeds. Lower than the standard, but quite high fruit set
(from 68.9% to 81.%) was also observed in other studiedibrid combinations
- Stefani x M0835, L11069 x L28, L201 x M0341, MaKrista x M0o341.

These two groups of hybrids are characterized by a wide range and original
combination of economically valuable traits, includirggistance to one or both
high and low temperatures simultaneously. Consequently, with minimal
improvement, they can be recommended for cultivation in production conditions in
the Republic of Moldova

CONCLUSIONS

Genotypespecific differences between temato hybrids have been shown,
both with respect to the response of their pollen to high and low temperature stress
factors and the manifestation of these traits depending on the characteristics of their
original parental forms and the conditions of plaattivation in three different
climatic years (2022023). These results may become the basis for a deeper study
and identification of the influence of various combinations of mutant genes in
heterozygous offspring on the character of manifestation tf thkey importance
for practical tomato breeding and, especially, in the creation of heterozygous
hybrids with high indices of economically valuable traits and increased adaptability
to temperature stresses.

Ac knowl e dTheneeretrsh: was carried out within tSeabprogram 011102

filncreasing and conservation genetic diversity, agricultural crop breeding in the context of
cl i mat e ficahcadoyghe Ministry of Education and Research.
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DURING THE GERMINATION STAGE IN SOYBEAN
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Abstract: To evaluate the tolerance of soybean genotypes to osmotic stress, a controlled
germination experiment was performed on six soybean lines: three obtained by-gayvintuced
mutagenesis (C15§00, B2M200, Z21M,200) and three by hybridization (L.4, LI886). Seeds
were treated with three concentrations of PEG 6000 (0%, 10%, 15%) to simulate a water stress
gradient. The analyzed paramet&rgermination rate and root lengthwere recorded 5 and 7 days
after sowing. A significant reduction of both pardemrs was found with increasing PEG
concentration, highlighting a different sensitivity between genotypes. Lines ;20GNMand
B2Ms200 showed better tolerance, while L.8 and Z2:P00 were the most affected. The results
highlight genetic variability and suppt the utility of PEG testing in the early stages of breeding
programs for the selection of drougtaierant genotypes.

Keywords:drought tolerance, germinationPEG, soybean

INTRODUCTION

Under current climate change conditions, drought and wttss represent
one of the greatest threats to global food security, severely affecting agricultural
production, especially in arid and seamid regions. Osmotic stress, caused by soil
water deficit, profoundly disrupts plant physiological processesucned
germination rate, root system development and, ultimately, crop productivity.
These effects are accentuated by increasing average temperatures and unpredictab
rainfall, factors that also contribute to soil salinization and reduced water
availability for plants [6].

To better understand and evaluate plant responses to water stress,
agricultural research often uses polyethylene glycol (PEG), a compound that
mimics water deficit conditions by creating a negative osmotic potential [3]. The
use of PEGn germination experiments allows for the simulation of a controlled
environment of osmotic stress and facilitates the comparison of drought tolerance
between different genotypes. These studies provide relevant data on drought
tolerance in the early stages development, contributing to the selection of
varieties with high agronomic potential under stress conditions [4].

265



Sessionlll. Plant genetics and breeding

In this context, soybeaiis{(ycine ma, a legume of strategic importance for
both human and animal nutrition, is becoming a species jifrnimerest. Due to
its high protein content and its ability to fix atmospheric nitrogen, soybean plays a
key role in sustainable agricultural systems [1]. However, this crop is particularly
sensitive to water stress, especially in the early stages ofirggion and
emergence, which can compromise the stability of production under adverse
climatic conditions [2].

The identification of soybean genotypes with increased tolerance to osmotic
stress holds significant practical relevance in the context of maatgiculture,
which is increasingly marked by the frequency and intensity of drought episodes.
Germination tests based on polyethylene glycol (PEG) enable rapid and efficient
selection of promising genetic material, contributing to the shortening of the
breeding cycle and the development of cultivars adapted to water stress conditions.
Moreover, the strong correlation between germination parameters (such as
germination rate, radicle emergence, and root elongation) and root system
development provides rebke criteria for the indirect selection of tolerant
genotypeg$5].

Genotypes that demonstrate resilience during the germination phase
generally show superior field establishment, greater biomass accumulation, and
better yield performance under limited wasailability [4]. The implementation
of these findings in breeding programs can accelerate the development-of high
performing varieties, contributing both to enhanced food security and to the long
term sustainability of agricultural production in incrieg$y unpredictable climatic
conditions.

In this context, the present study aims to evaluate the response of six
soybean genotypes to osmotic stress induced by polyethylene glycol (PEG 6000)
under controlled laboratory conditions. The goal is to idegyetically valuable
and tolerant material that can be further used in breeding programs focused on
adapting soybean cultivation to increasingly unpredictable climatic conditions

MATERIAL SAND METHODS

To evaluate osmotic stress tolerance,germination experiment was
performed under controlled conditions, using six soybean genotypes from the
AApplied Geneticso | aboratory of the
Protection (IGFPP), USM. Three of these (C%308D, B2Ms200, Z21M»200)
were obtained by experimental gamnag mutagenesis, and the other three (L.4,
L.8, L.86) by conventional hybridization. For each genotype, 10 seeds per
experimental variant were used, in three repetitions, covering the following
treatments:

0% PRG (ontrol)i distilled water, no stress

266



Sessionlll. Plant genetics and breeding

10% PEG moderate stress
15% PEG severe stress

The concentrations of polyethylene glycol (PEG 6000) were established
according to the values proposed by Michel and Kaufmann [3], and the solutions
were prepared in diilled water. Germination was performed in sterile Petri dishes,
lined with filter paper, onto which 5 ml of each treatment solution was distributed.
The seeds were previously disinfected with a 1% sodium hypochlorite solution for
5 minutes, followed byhree successive rinses with sterile distilled water. The Petri
dishes were placed in a climate chamber, under controlled conditions of
temperature (25 + 1°C) and relative humidity (70%). Germination assessments were
performed 5 and 7 days after the inibatof the experiment. A seed was considered
germinated if the radicle exceeded 2 mm in length. The experimental data were
statistically analyzed using STATISTICA 7 software, and the graphs and
presentation tables were processed in Microsoft Excel.

RESULTS AND DISCUSSION

The results obtained from germination tests performed at 5 and 7 days
highlight a significant influence of osmotic stress on the germination capacity of
the soybean genotypes analyzed. The data presented in Table 1 show that at th
contrd level (0% PEG), most genotypes showed a high germination rate, over 80%,
with the exception of genotypes L.8 and L.86, which recorded 70% and 60%,
respectively. This indicates a generally good viability of the seeds, but also genetic
differences in termsf initial vigor.

With the application of osmotic stress, all genotypes underwent significant
reductions in germination. Lines C1%200 and B2M200 were noted for maintaining a
relatively high germination percentage at 10% PEG98%), but suffered a dstc
decrease at 15% PEG, indicating moderate tolerance to moderate stress and increas
sensitivity to severe stress. Line Z2{tRO0 showed reduced tolerance, with only 5%
germination at 5 days under 15% PEG conditions, but increased to 15% at 7 days,
suggesting a delay in the germination process, possibly due to a protective strategy unde
unfavorable conditions. This delayed response may be associated with metabolic
adjustments or activation of specific stresated pathways, allowing certain seeds to
overcome the initial inhibitory effects of PEG. The observation highlights the importance
of evaluating germination dynamics over multiple time points, rather than relying solely
on early measurements, which may underestimate the potential of some getwtype
adapt or recover under stress conditions. Among the hybrid lines, L.4 performed best
under moderate stress (B80%), but performed very poorly at 15% PEG.
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Table 1. Effect of PEG on

ermination percentage at 5 and 7 days

Numbe | Germinat| Germinati | Germinat| Germinatio
Genotype Treatment r of ion in oninb ion in nin 5 days,
seeds | 5 days days, % 7 days %
C15M,200 Control 30 27 90% 30 100%
C15M,200 10% PEG 30 24 80% 27 90%
C15M7200 15% PEG 30 3 10% 4 15%
B2Msg 200 Control 30 30 100% 30 100%
B2Msg 200 10% PEG 30 24 80% 24 80%
B2Ms 200 15% PEG 30 9 30% 9 30%
Z21M;2200 Control 30 25 85% 30 100%
Z21M12 200 10% PEG 30 19 65% 22 75%
Z21Mi2 200 15% PEG 30 1 5% 4 15%
L.4 Control 30 30 100% 30 100%
L.4 10% PEG 30 21 70% 24 80%
L.4 15% PEG 30 1 5% 1 5%
L.8 Control 30 21 70% 24 80%
L.8 10% PEG 30 15 50% 15 50%
L.8 15% PEG 30 0 0% 1 5%
L.86 Control 30 18 60% 21 70%
L.86 10% PEG 30 13 45% 16 55%
L.86 15% PEG 30 4 15% 6 20%

Figure 1 highlights the clear negative effectf#Ginduced water stress on
germination percentage at 7 days. A progressive decrease in germination capacity i
observed with increasing PEG concentration from 0% (control) to 15%, confirming the
general sensitivity of soybean seeds to osmotic stress.

Germination (%)
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Effect of PEG Concentration on Germination Percentage at 7 Days

Control

10% PEG
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Figure 1. Germination percentage at 7 days as a function of PEG concentration for
Six soybean genotypes
Analyzing the variation of root length in the soybean genotypes studied, we
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can mention that osmotic stress had a significant negative impact on the
devdopment of the root system. As the PEG concentration increased, the root
length decreased considerably in all genotypes (fig.2).

The C15M200 and B2M200 genotypes were distinguished by the largest
root lengths under control conditions, frequently exceg8iiO cm, but also by a
better capacity to maintain root growth at 10% PEG. This behavior indicates a
superior tolerance to moderate stress and a possible adaptation strategy by mor
efficient exploration of the substrate in search of water

In contrastthe L.8 and Z21Mb200 genotypes showed a drastic reduction in
root length, with very low average values at 10% and 15% PEG concentrations,
suggesting a severe inhibition of root growth under osmotic stress

Also, genotypes L.4 and L.86 showed intermedias#ience, maintaining
some root growth at 10% PEG, but with a sharp decrease at 15%.

Root Length Distribution by Genotype and Treatment
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Figure 2. Effect of PE@nduced osmotic stress (0%, 10%, 15%) on root length in
different soybean genotypes, evaluated 7 days after germination

Correlating these data with the germination percentage (figure 1), it is
observed that root length is a good indicator of tolerance to water stress in the early
development phase, and genotypes that maintained better root growth under stres
generally alswecorded higher germination rates.

CONCLUSIONS

The results obtained in this study highlight the significant impact of osmotic
stress, induced by the use of polyethylene glycol (PEG 6000), on germination and root
development of six soybean genotypes. Both the germination percentage and root lengtl
decrased progressively with increasing PEG concentration, confirming the sensitivity
of soybean to water deficit in the early stages of development.
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At the same time, the differences between genotypes demonstrated the existenc:
of significant genetic varialiy in the response to water stress, an essential aspect for
breeding programs. The genotypes C3D0 and B2M200 stood out for their superior
performances in both germination and root system development, especially under
moderate stress (10% PEG), sugiggsa high adaptive capacity and valuable potential
for selection.

On the other hand, genotypes L.8, L.86 and Z2200 showed increased
sensitivity, with drastic decreases in germination and root growth, especially under severe
stress conditions (15% PE@dicating reduced tolerance to water deficit.

Testing for osmotic stress tolerance during the germination phase, using PEG as
a simulant, proved to be an effective method for differentiating soybean genotypes and
identifying promising genetic sourcelhe tolerant genotypes identified in this study
represent valuable material for use in breeding programs aimed at improving drought
resistance. Their inclusion can support the development of more stable and resilient
soybean varieties, better adaptedhdhallenges posed by climate change.

Ac knowl e dThenstimdy svas conducted within the framework of the project
Aildentification and valorization of wvaluabl e
local genetic base cfocioce ¢ 0 n 0 mi ¢ (code: 2F7010%510Y.04), funded by the National
Agency for Research and Development.
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Abstract: Thestudy investigates the response of 15 tomato genotypes (cultivated and wild
forms) to Xray irradiation, aiming to determine effective mutagenic doses that result in a 50%
reduction in key quantitative parameters: germination rate, radicle length, hypdmght, and
seedling height. Seeds were exposed to 10 irradiation doses (ranging from 100 to 530 Gy), and the
effects were assessed in comparison to aimadiated control. Linear, nonlinear, and polynomial
regression models were applied, along witls@oesponse curve analysis, to estimate the effective
inhibitory doses (1D /1D ) for the efficie
generations. The results reveal considerable variability among genotypes, including stimulatory
(hormetc) effects at lower doses. These findings are essential for optimizing mutagenesis protocols
in tomato breeding programs.

Keywords:mutagenesis, tomato, regression, variability;rxys
INTRODUCTION

The induction of mutations using physical agentshsas ionizing radiation
(gamma rays, ays), is a welestablished approach for increasing genetic
variability beneficial to plant breeding programs. This method enables the
development of novel genotypes exhibiting superior agronomic traits, including
stress tolerance, disease resistance, and improved nutritional or technological
gualities[1]. However, the success of induced mutagenesis is strongly influenced
by a combination of biological, technical, and experimental factors that affect the
pl ant s response to radiation treat:H
preparation of seed materigbeed moisture content at the time of irradiation
directly affects energy transfer efficiency and consequently influences the
frequency and type of induced mutations. Seeds with higher water content are more
sensitive to radiation due to the generatiofrexé radicals through water radiolysis,
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which can interact with DNA and other cellular structures. Therefore, strict control
of seed moisture (typically reduced to142%), according to standardized protocols
is essential to ensure the repeatability asmmarability of experimental results.

Other critical variables include the radiation dose and the type of radiation
source, both of which influence the intensity and specificity of the mutagenic
effects. In addition, the physiological stage of the biolalgimaterial (seeds,
seedlings, callus, etc.) and the genetic background of the treated genotypes
contribute significantly to variations in radiosensitivity and the plant's capacity to
repair radiatioAnduced damage 2; 3]. Genotypes vary in their responsa
mutagenic stress, necessitating individualized calibration of radiation doses for
each variant under study. This is typically achieved through the determination of
parameters such as the median inhibitory dosg)IBstablishing an effective dose
is a critical step to ensure an optimal mutation rate while avoiding lethal damage to
plant tissues.

In tomato, the literature reports a wide range of effective doses depending
on genotype and the type of radiation or facility ugéd 5; . Moreover,
assessent methods such as germination rate, hypocotyl/plant length reduction, and
seedling vigor are commonly used to identify promising genotypes for further
breeding cycles.

In this context, the primary objective of the present study is to evaluate the
different i al radiosensitivity of 15 t oma
values based on relevant morphological parameters. By applying mathematical
modeling approaches, including both linear and nonlinear regression, we aim to
accurately estimate optimeddiation doses and to characterize the desponse
relationships. This contributes to the rational planning of mutagenesis experiments.
Therefore, the rigorous integration of these factors into the experimental design is
essential for generating reliab reproducible, and practically applicable results in
modern plant improvement programs.

MATERIALS AND METHODS

An essential prerequisite for-bay treatment is the determination of initial
seed moisture content, which in our case was assessed usiggatmaetric
method, according to [7]. Representative seed samples (three replicates of 500 mc
each) were analyzed for three genotypes. The optimal moisture content was
standardized to 123% [8] through controlled humidification. Seeds were
hermetically saled prior to irradiation to maintain consistent moisture levels.

The evaluation of genotype radiosensitivity and the identification of
effective doses were carried out following IAEA protocols [9] and methodologies
described by Bado et al. [6]. The diation response was tested in vivo across 15
tomato genotypes (including varieties, intaad interspecific recombinant forms,
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and spontaneous variants). A total of 10a¢ doses ranging from 100 to 530 Gy
were applied, with six selected doses (100, 280, 250, 300, and 350 Gy) retained
for further experiments based on their preliminary depressive effects. Following
irradiation, seeds were placed either in Petri dishes (for germination rate
assessment) or directly into soil substrate for seedling lg@went. Xxray
treatments were performed using a calibrated Rad Sour@l&Bunit.

The doséresponse relationship was analyzed using the mean values of
measured traits, as well as by the es
50% reduction inhe parameter relative to the control). Quantitative indices used to
assess the effects of irradiation included germination rate over time, radicle length,
hypocotyl length, and total plant height. Measurements were carried out
dynamically, starting 72 hos after seed soaking. Germination was assass&d
using three replicates of 30 seeds per genotype per dose. Seedling measuremen
were performed 21 days after germination on 10 plants per replicate (3 replicates).
Germination was conducted in darkees at appr oxi mately 2
grown under controlled laboratory conditions in soil substrate.

Data were analyzed using Excel and Statgraphics Plus software. Linear,
nonlinear, and polynomial regression models were applied, alongdogh
response curve analysis to estimate effective irradiation doses.

RESULTS AND DISCUSSION

According to the literature data, the optimal doses of ionizing radiation (X
r ay s -rays) tbr tamatoes typically range between 200 and 400 Gy. However,
thesevalues must be adjusted based on the specific genotype tested. To determine
the optimal impact of Xays, we initially assessed a wide range of doses GEID
Gy) on key indicators in five genotypes using a limited sample of seedlings and
young plants. Bsed on preliminary lethality observations, we selected six doses
between 100 and 350 Gy, where mortality at the seedling stage did not exceed 30%

In subsequent experiments, the 15 genotypes included in the study exhibited
differential responses dependiog both the radiation dose and the evaluated trait.

In this study, we applied targeted indicators and statistical methods to evaluate their
relevance in determining the radiation impact on tomdtgesticularly in
assessing the effects of various dosegumantitative traits through the calculation

of I D val ues.

One of the first measurable indicators was the seed germination rate over
time. Starting from 120 hours peistbibition, we observed a gradual decrease in
germination speed with increasing radati dose, compared to the control.
Suppression reached up to 90% at doses of 3D Gy. However, beginning at
178 216 hours, the differences in germination rate between irradiated and control
groups diminished significantly, with the initial suppressivieafdisappearing
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entirely. This suggests that irradiation primarily causes a delay in germination
rather than a reduction in final germination rate.

Additional indicators, such as radicle length, hypocotyl length, and total
seedling length, alsshowed significant reductions with increasing irradiation dose,
varying by genotype (Table 1, 2). A13D% decrease in radicle length compared
to the control (1B30) was observed across a wide range of dose$ 2BB0Gy), while
a similar decrease in totatedling length (ID Ilso) ranged between 15850 Gy,
depending strongly on the genotype. Notably, at the dose 350 Gy, although the final
germination rate was not significantly reduced, radicle length decreasetd8#45
and seedling length by #700% compaad to the control. These findings align with
international literature, which emphasizes genotypeendent variation and
radiation typ€4, 6].

Further analysis focused primarily pfant heightas a function of radiation
dose across genotypes, althougjteo indicators could also serve as references for
assessing radiation impact. According to our observations, plant height is a more
informative and reliable trait for establishing standard impact indices sucBgs ID
As radiation dose increased, so ché proportion of individuals that remained at
the cotyledon stage (BBCH 10), whereas control and some irradiated individuals
progressed to BBCH 112. Thus, we used two comparative evaluation models: (1)
"Plant" mode] height was recorded only for individis that had developed at least
one true leaf (BBCH 11 or higher); otherwise, height was recorded as zero,
(2)'Cotyledon” model height was measured for all individuals, regardless of
whether they had only cotyledons or true leaves.

Results indicate that data from individuals with true leaves (BBQH3)1
are more relevant. Higher radiation doses often inhibit further development in
seedlings that form only cotyledons, resulting in relatively tall hypocotyls but no
progression to latestages. This is confirmed by diagrams showing that including
cotyledononly individuals in thelDso or ID3p estimation artificially inflates the
doses required to suppress seedling height by 50% or 30%, sometimes beyond 35!
Gy athreshold that does n@&fflect biological reality, as severe damage to radicle
or seedling development occurs at these levels (Figure 1A, Table 3). Moreover,
when calculating mean plant height based solely on individuals that had progressed
to at least BBCH 11 (i.e., with trdeaves), we can more confidently assume a
higher likelihood of survivali though this is not guaranteed. From the dose
response diagrams for mean plant height (Figure 1B), we observe tiixittieses
fall within the 250 300 Gy range for over 50% of tigenotypes studied.

In the present study, we aimed to apply a variety of statistical techniques
and methods to highlight the relevance of each factgenotype, radiation dose,
evaluation index, assessment matrix, and both statistical and empirical &gsroac
T in determining the impact of radiation on plants. Specifically, our objective was
to identify effective mutagenic doses that induce minimal adverse effects on plant
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vitality, as well as to determine thi@so (inhibitory dose for 50% effect).

By emplog/ing dedicated statistical methods, we were able to assess the
radiation impact either at the level of individual genotypes, genotype groups, or
specific irradiation doses. When analyzing the mean radiation impact expressed as
ID across 15 genotypes, aatalecrease in ID values was observed with increasing
doses (Table 1). For instance, a dose of 100 Gy led to a 3.8% reduction in average
plant height Ds0) compared to the control, while a 300 Gy dose resulted in a 47.1%
reduction. Furthermore, analysising Multiple Range Tests (a component of
dispersion analysis) confirmed that different radiation doses produced significantly
distinct effects on the suppression index (ID) compared to the control. Statistically
significant differences were recorded faich of the doses ranging from 250 to 350
Gy (Table 1). A similar trend is also observed in the average plant height (expressed
in cm) across 15 genotypes exposed to six radiation dose levels ranging from 0 to
350 Gy.

Table 1. Multiple range tests for ptameight and percent values relative to
the control (ID), according to radiation dose (1890 Gy), summarized across 15
genotypes. Method: 95.0% LSD

X ray Genotypes Homogen X ray . Homogen
LS Mean| eous Total evaluation LS Mean| eous
dose, Gy number G dose, Gy
roups Groups
ID T trait value, % of control Plant height, cm, LS Sigm&0.09

350 15 42.9 C 350 311 3.64 F
300 15 56.7 CB 300 311 4.72 E
250 15 72.0 B 250 311 5.23 D
200 15 90.0 A 200 311 6.05 C
100 15 96.2 A 150 311 6.50 B
150 15 100.1 A 100 311 6.58 AB

LS Sigma 5.9 0 311 6.75 A

It is also worth noting that repeated experiments reveafenresis effect
in some genotypes, typically at doses between 100 and 150 Gy, with certain
exceptions. This phenomenon is illustrated in Figure 1.
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Figure 1.Variation in the traiPlant heightas predicted by Model 1 (B
15 genotypes) and Model 2 {A12 genotypes), in response to increasin@)X
radiation dose, expressed as a percentage of the control value.

The divergence in response becomes apparent starting at 200 Gy, with the
height ofplants irradiated at 350 Gy showing a reduction of approximately 46%
compared to the control (Table However, the response of plants to ionizing
radiation varied significantly depending on the genotype.
The applicationof Multiple Range Testgevealed he classification of seven
statistically homogeneous groups with respect to the overall effect of radiation
doses (D350 Gy) on plant height. The differences between group means were
consistent and statistically significant (Table 2).

Table 2. Multiple Rage Tests for plant height affected byRay exposure LS
Sigma- 0,13)

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

Count 168 | 168 | 168 | 168 | 168 | 168 | 168 | 168 | 168 | 168 | 168 | 168

(L:ri'\"ea”’ 264| 287|311 392|442| 448| 484| 4,96|513| 534|593 6,65

Groups H GH | G F E E D D CD C B A
Note: Genotypes code:-TTrapeza, 2 Rufina, 3- V e n e-"Anona} 5- Solanum cheesmaniae
(S.Ch), 6- Elvira, 7-S. pimpinellifolium(S.P), 8 1-215f, 9- 1-218f, 10- 38p, 11- S-39, 12| F3
Mary Gratefully x Venet

The relationship between variables is effectively illustrated through
regression analysis, which allows us to investigate how a dependent variable (e.g.,
growth suppresen) changes in response to one or more independent variables
(e.g., radiation dose). Moreover, regression models can support the prediction of
trends and the estimation of effect magnitude.

Using linear, nonlinear, or polynomial regression equations gewdena
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Excel or other data analysis software, it is possible to estimate the dose required to
achieve a 50% or 30% suppression of a trait's véllug, (D 30), either for individual
genotypes or across multiple genotypes within a given experiment. gtutig 12
genotypes were subjected to six irradiation doses ranging from 100 to 350 Gy, basec
on 90 observations (mean values of trait suppression). The results revealed a stront
negative correlation between radiation dose and the evaluated inde®, §R=
(Table 3).

Table 3. Summary of 1§ index for plant height based on different regression
types and trait evaluation modéddqde 1/9

Type of regression
Linear simple Polynomial Nonlinear
Traits Y=a+b*X Y=a+b*X-c*X? Y=d / (1+(X/e) *b)

Model 1 | Model 2 | Model 1 Mozdel Model 1
Plante ID50 328Gy | 422Gy | 321Gy | 388 Gy 316 Gy
height, R%=37 R?=36 R>=39 R?>=38 R>=40

R=-0,6 R=-0,6
height, R?=47 R2=48

R=-0,7

Individual genotypesvaluation
Genotype Equation R2 IDS0,
yp q Gy

Trapeza y =-0.2041x + 124.49 R2=0.87 364
Venet y =-0.2238x + 121.19 R2=10.72 318
S.P y =-0.2476x + 117.94 R2=0.93 274

Returning to earlier discussions on how plant height should be measured,
we compared results using two models: Model 1, which included only plants that
reached at least BBCH stage 11, and Model 2, which included also seedlings
measured at the hypocotyl stage. TheoNalues derived from these two models
both under linear and pmomial regressiori differed significantly. However,
when comparing the modes' predictive accuracy to actual observed responses
Model 1 yielded more consistent results, with estimated Blues of 321 Gy
(linear regression) and 328 Gy (polynomial esgion), compared to Model 2 with
IDsovalues of 422 and 388 Gy, respectively. In parallel, a third nonlinear regression
mode, commonly applied in mutagenesis and pharmacological studies, was also
used. The Iy value derived from this method was likewi8&6 Gy, closely
aligning with the other estimates. This suggests that applying any of these doses
would likely result in a 50% reduction in trait value compared to the control. An
alternative and recommended approach would be also to estimate ID vakaashfor
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genotype individually, based on irradiation dose. These ID values showed wide
variation across genotypes, but these were not always consistent with the biological
manifestations, as reflected also in the distribution graphs presented in Figure 1.

A key metric for assessing the quality of model fit in regression analysis is
the coefficient of determination (R?). The closer R? is to 1, the better the model
explains the variance in the dependent variable. In our analyses, R2 values rangec
between 0.36 ah 0.40, indicating that, depending on the model used,
approximately 40% of the total variability in the observed data is explained (Table
3). Although the level of correlation observed in our case is moderate, it can be
considered acceptable under commggerimental conditions or in the presence of
high biological variability. However, when evaluating individual genotypes, the
coefficient of determination (R2) shows relatively high values, suggesting a greater
accuracy of the resulting equation in captgrihe variability of the trait.

CONCLUSIONS

The study highlights the importance of comprehensive assessment in
determining radiosensitivity, taking into account both individual genotype
responses and aggregated data across the entire genotype seipliiagian of
regression models linear, polynomial, and nonlinear and the analysis of idose
response curves facilitates the identification of optimal doses for mutation induction
without compromising seedling viability. These findings are essential #r th
effective design of mutagenesis strategies.
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and biotechnological approaches to the to the agroecosystems management under climate change’
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MATERI AL AND METHODS

We analyzed yield triabhs westukts
cultivars released from the National
Fundul ea, and from the Agricultural
Lovi®Omadea, nimnic and Caracal, along

Yield trials with balanced lattice design, on 5 or 19pfots with twenty
five entries and three replications, were conducted countrywide to test winter wheat
yielding ability and adaptation to various regions of Romania.

We analyzed vyield results from gl trials conducted with crop
management recommended for each environment, including the recommended
Nitrogen fertilization, which varied from 82 to 143 kg. N/ha, at sites grouped on
regions:

Southern regionincluding: Agricultural Research & Developmesiation
(ARDS)ValuluiTraianrL at . 4401606 NARDLFundglea Lat8493D'N,o6 E ;
Long 26°51'EARDS Tel eor mawWl a(klcea }¢0 ne Nt i LORGE; 2
ARDS M ricLatl4e4kAt2i5 Nj_N, L cAnRgD. S B?rAaﬁQlE_t_jEl 6 NjN, L
27 ASARES PiiLtasdk t4i4 U816 N, Long. 24-ARDBEadeal Cr
iLat. 44U116N. Long.-424020MNNE ;2 3 A40RIES Qi mi

Westerninebudnng: -ARDS 45ABI7i6MN, Lo
ARDGr adle@a47A02 6 N -2 ARDS Livada Lat. 4
23A0806E;

Centralimelgudinng: TIAKRDS ZF60U88&a6 N, L
RDSCB M™M@mi@gkat . 46A3206N, Long. 24A3306E

Easterni melgidinng: ARBS. S46.0N2,I oa
ARDS Per4e@A18NjHt.Lat. 27A37NE.

The testing sites covered a large diversity of soils, from chernozems to
luvisoils with pH from 5.02 to 7.6, and humus content from 1.71 to 3.6%. Weather
conditions during the period 2022D24 at all sis reflected present climate changes
and were diverse, as illustrated by rainfall, which varied from 211.2 to 613.8
mm/year.

We analyzed ranks of the cultivars tested all testing years inaayadable
with K rows (genotypes) and N columns (environmemts)king the K phenotypic
values within each column (environment) separately (best value = rank of 1 and
worse value = rank of K). We calculated the average rank and the variance of all
ranks for each genotype. The average rank is a convenient measukivair
competitiveness, while the variance of ranks is a nonparametric measure of
stability, a genotype being considered stable over environments if its ranks are
similar over environments, i.e., maximum stability = equal ranks over
environments{3].

Graphical representations of average ranks and rank variances for each
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group of yield trials facilitated identification of genotypes that combine above
average performance and stability, placed in the dagitt quarter of the graph.

RESULTS

In thirty-two trials from theSouthern region cultivars FDL Columna,
Ursita, FDL ConsecverdndFDL Abundhad the best average ranks, while lowest
average rank was found in the historical chBekostaya .1IRank variance varied
from 7.56 inBezostaya ,1to more than 27 in cultivak4-10. We can explain the
high rank stability ofBezostaya by the fact thattiwas inferior to the newer,
semidwarf cultivar in most trials, while the large variation observed ri@was
due to the fact that the region included ARDS Pitesti, where the line is very adapted,
but also sites where lodging affected its yields.

We orbvseed hi gher rank st abiBeiztoys,tiany ¢
but also in two of the c uFIDL vQ&or lasun mwniat
Ur s)i t(aFi gure 1).

27 ® A410
()
=
S 22 e Biharia
- Carom
o DL Abund .& =DL Miranda
8 17 Dy Cs‘frﬁ‘qsmc’_(@.ﬁmurg
3 T Tar
£ Izvor
C;G ® Ursita ® Glosa
12 FDL G®lumn#® Otilia
Vainic
Bezostayal
7 ! ®
3 5 7 9 1 13 15 17
Average Rank
Figure 1. The relationship between c

yi el dl $srconducted in the Sout!l

In twelve trials from théWestern region cultivars FDL Columna, FDL
Consecvenaind Biharia had best average ranks whBezostaya had the lowest
average rank. Highest variation in ranks was observed in cul@®i#ies andDacic,
while the lowest variation was observed agai@zostayalbut also in cultivars
Biharia and FDL Columna It is worth mentioning that cultivarBiharia, FDL
ColumnaandFDL Consecventroved to have at the same time the best average ranks
and best rank stability caused by environmental conditions in this region (Figure 2).

Rank stability of cultivaBiharia was much better in the Western region than
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in the Southern region. This showetter adaptation of this cultivar in West Romania
and suggests th&iharia might be more affected by harsher weather conditions,
more frequent in the Southern region.

25

o OfbKeic
2 5 18 PIAR. oo
8 ° FBL%@BWN&G@A
= FDL MIRANDA
“6 15 GlLOSA
° VBHINIC
S 10 FDL ®,/ZVOR
8 CONSECVENT © CAROM
S . o o EnSOLUMNA ® BEZOSTA|YAI
0 !
0 5 10 15 20
Average rank
Figure 2. The relationship between c
yideltrials conducted in the We

In the eight trials conducted in tl&entral region (Transylvania), where
yields were highest of all regions, we found the best average ranks in caliigars
16, FDL Consecvent, T427 andL u mi KQultigaasFDL Consecvent, T427 and
L u mi ,nalorfgawith FDL Abund and T10912 showed better than average
performance both for average ranks and variances (Figure 3).

60 -
50 ® FDL MIRANDA
2 ® CEZARA
& 40 ® FDL COLUMNA
kS
®URS
§ * ° T7516?IE'I%?'&%L-18
S e ® VOINIC !
g 20 € 14217
> FDL COngE%\_FEIEE}LXABLw[pﬁ,ﬁ{,OSA
10 §
o LUNRITA ® ANDRADA
BEZQSTAYAL
0! 0
0 5 Averd@e rank 15 20
Figure 3. The relationship between ¢
yi el d turciteelds icnontdhe Central r e

Cultivars Bezostaya 1, Andrada, Glosand Pitar, showed lower rank
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variances, but lower yields in this region, related to their lower yielding potential or
to their earliness, which did not allow full use of #wailable weather resources.

Data from eight trials conducted in tlsstern region showed the best
average ranking in cultivarEDL Columnaand FDL Consecventfollowed at
considerable distance Byoinic and FDL Abund The old non semidwarf cultivar
Bezstaya 1lhad the worse ranking, as in all other regions. Cultiglxs Columna,
Bezostaya AandAndradahad the smallest variance of ranks.

CultivarsFDL Columna, FDL Consecvent, FDL AbusiadUrsita combined
average ranks and variance of ranks better tihamaverage of all studied cultivars
(Figure 4).

40
35 ® {£EZARA
" 30 ® oTiLiAOPRY
% & VOINIC
S5 ® T8 s & LUMINITA
S ® SEMNAL TOF18  g0115915
Q 20
c
S e 4217
= 15 ® URSITA wPWAR
>
10 ° ® FDL ABQJI\[ELOﬁAA'NDFRDA':D'\:'RANDA
. FDL CONSECVEN[T RE7OSTIAY,
o | ® FDL COLUMNA
0 5 10 15 20
Average rank
Figure 4. The relationship between c
yield trials conducted in the
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Abstract. The paper presents the results of the evaluation of tomato lines obtained as a
result of intraspecific hybridization based on resistance to high temperatures4@0) in early
ontogenesis. Seedlings grown at 25°C served as a control varf@nanglysis of the variability of
the resistance trait was carried out based on the length of the embryonic radicle, steammhamd e
pl ant | dtiwaslforimd ghat lat a temperature oP@all lines showed increased resistance to
growth traits, and at temperature of £Z a significant inhibition of the radicle, stem, awch o | e
pl ant | eas observedy Thiough cluster analysisri&ans) the variety Prestij and lines 203,
204, 205 were identified with complex resistance of growth characters ttelnigeratures (40 and
43°C), which can be implemented in breeding programs to create varieties with complex resistance
to thermal stress.

Keywords tomato, resistance, temperature, variability.

INTRODUCTION

Temperature is one of the main environmental factors that influences the
entire range of vital processes of vegetable plants: seed germination, plant growth,
flowering, fruiting, as well as assimilation, respiration, transpiration and other
physiological pocesses that normally occur only in the presence of an optimal
temperature. Climate change represents one of the main challenges of humanity
which will thus require the implementation of new strategies for adapting newly
created varieties in a timely magmto local conditions in order to reduce the effect
of stress temperaturgsl , 2] .

Hi gh temperatures have a negati v
processes in the plant (disruption of
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component so,f anmewmieesr i n mitochondri a
[ 3, 4, 5], which |l eads to a decrease

I n many species, Il ncluding tomato
decrease in f-tempesat udeo bR grsangadir Phr e
that resistant tomato genotypes have
fruits than susceptible ones under st

The purpose of our research was
temper at urweash ocam dt hdee vgerloopment traits ¢
selection field and to identify those

MATERIAL SAND METHODS

The Prestij variety and 8 lines selected from the intraspecific combinations
Fs Mary Graefully x Florina (L 202), kDekt ept area x Fl or i n
205), F Prestij x Pontina (L 206),sZolotaia oseni x L 310 (L 207)sBSanta Maria
x Rozovii velican (L 208),/ Dekt ept area x Pontina (L
material.

The genotypes were tested2mhnd8 hem
stress: udffheamd ss3A ment of the resiste
temperatures was <carried out accordir
radicl e,ntsacetm saemeddlii ng for 7 days aff
temperatures of 40A Szrdll42AC kept6 clod
served atha cestsbance of the plants
rati o of theesvaligas edf cthlae aict ers from
variant, and the tomato sampl eslW&%¥e
Thighly r-88t%sdaindb@Mihedddm resi stant,
24 0% an0¥nlo-mets &t

The <cluster anal ysis of the degre
genotypes based on growth and devel oj
was carried out accor #d&megngs o sheceentft
the geniempcsesvamant research [11]. T h e
processed in the STATI STICA 7 softwar

RESULTS AND DI SCUSSI ON

The evaluation of the perspective
plants to high tempenmdedrurtlse demoinsn r
stress, i n most of the genotypes stu
characters. As can be seen from the d
temperatures on the grovatnkhof et péd a@ink
tomato genotypes included in the stud
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l'ines studied under opti mal ficdo6bnd3i.t.i.odr
mm, and 222AC. . 32,8 mm, respeeaseelwyn
character in relation to the control

and the resii$1ansd8®. wasi Bidl, 8Ci wasbyedd

in line L 204 ssolmbectneadi bnomMekheptFFar e
obtained show that all | ines analyzed
at °C4 0
Categ. Box & Whisker Plot: Box & Whisker Plot: Box & Whisker Plot
=o - - - e =
=== 5] %o, { P | el lmd B
E Prestij L 202 L 203 . Prestij L2023 L0 E : Prestij L 202 L 203
Hlose]lm== ][ %e | | efems ][] [ ] | Hheze]lze=] ]
i L 204 ]LZZOSZ L 20 g . e § : L2 Lzzos3 L 206
lillil lillil J 12} L204 L EI - &
RIS NN enleaics EEIEEN
L 207 1Lzzos L 209 = 123 1 2? 123 =y 1L22073 1L220€3 1L22093 E
Temperature L 207 L 208 L 200 Temperature
Temperature
A B C

Fig.l.l nfl uence of temperature on the |
seedlingm@€C) of
Horizontally: 17 Martor (25C), 27 40°C, 31 42°C.

Under the afCtitoenmpefratihieed2the gro
radicle was repressed i nr agrle stdatret 3 danga |
62, 6498,, &%,, A%, &%,, 459%,, 24%,, 16%4,, 3% in rel a
control, and their resistance was 50
47,3%, 52,9%, 35,7%, respectilveaOy9 Ifior
So, with the excepcthi osnh oowe dt hae |Lo welr4 d e
in the other genotypes a repression
occurred, whi ch denotes str’@.ng€o mplee
resistance was mani fested by the L 20

A wide amplengtdbed whrsabmlity was a
to stress temperatures. Stem inhibiti
2.0 to 27,%%, famdn dt6,42to 57, 9% (Fi
influenced by 420C wer0e8 tamel ILi 00 .L Sz
observed in CwolLca29ds (dt 4%P and L 2
mentioning that the stem was | ess aff
the radicl e, compl ex resisthamce nwadherm
the stem, complex resistance was mani
204 L 205 and L 206, I n which the re
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101, 4, 78,5, 9BP52%, &3d9at7@2AC 72, 7%
The reduction in seedling | ength <c
17, 7%Catnd022,-8%... At61 he%same ti e, t
mo s t strongly influenced the || ines |
Complex resgiretsande mper atures based ol
by the lines L 204 and L 205, showing
By the cluster analysis which rec
much higher than the intrdel,ustem war
| ength both wunder opti mal and heat s
tomato genotypes were successfully c
characters (Tab. 1, Fig. 2).
Table 1. Analysisraf tesaiinande ohtgr
genotypes with different temp
Variant Intergluster of Intrac_:luster df F 0
variance variance
25°C
Length of the radicle 430,0947 2 36,68750 | 6 | 35,16959| 0,000486
Length of the stem 43,5806 2 3595500 | 6 | 3,63626 | 0,092383
The seedling length 750,7125 2 69,22748 | 6 | 32,53242| 0,000602
40°C
Length of the radicle 120,4983 2 20,10166 | 6 | 17,98334| 0,002922
Length of the stem 54,3658 2 32,79417 6 4,97337 | 0,053265
The seedling length 202,3058 2 27,43417 6 22,12269| 0,001703
42°C
Length of the radicle 73,3409 2 28,01467 6 | 7,85384 | 0,021116
Length of the stem 60,8556 2 25,36666 | 6 | 7,19711 | 0,025464
The seedling length 267,8275 2 2458801 | 6 | 32,67782| 0,000595
A B C

Figure 2. Differentiation of genotype clusters under optimal conditions 25)C

and heat stress B (4D), C (42C)
Growth characters: 1 radicle length, 2 stem length, 3 seedling length
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By classifying the genotypes$s Wwasedo
i n the v atenmpeaatute regimetdfd AtChe t he Prestij var
L 206, and at the temperature of 42AC
formed clustersowi tgh owhé RkRihghast ev &I, u
promi sing iaricetia¢s nge niewt ant t o hlgh
Tabl e 2. Descriptive cluster
Geno Gen
Ctleur Caracter X pe X Ge'not X ype
25AC 40AC 42AC
Length of t|39, 47, L 20 27, L 2
Length of t[21, 23, 17,|L 2
1 L 2¢( L ;0 L 2
Length of tfg, 710 Y 29 44, |L20¢
mm L 20 L 2
Length of t/57,]L 2053, 22,
Length of tj27,|]L 2429, L 20| 11, L 2
2 Length of t84, L 2083, L 20 34,
mm L 2¢(
Length of t]62,]| Presg 55, Pres 31, Pr e
Length of t129,|]L 2022, 20, 3 )
3 Length of t L 2¢ L 20 L2
91, 78, L 20|{52,3L 2
mm L 2¢(

CONCLUSI ONS

found t hat ctohnep atreendp etroa tt@ree tc
ntly influences the early ont
h of seedlriadg.cl e, stem and
Cluster anaimesains umeithg dt sehokved t ha
stressful temperature exhibited a hig
characters, which reveals that thteo to
clusters based on growth characters.

The variety Presti]j and |lines 203,
characters to hidgh) twenmpe riadeurteisf i(eAd, awm
i mpl emented in breedi mgd pracggred mse sf avi tt
to thermal stress.
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Mai ze Research I nstitute Zemun Pol j e

Abstract This study aimed to analyze the grain's physical properties and chemical
composition from fifteen maize hybrids produced and cultivated at the Maize Research Institute
Zemun Polje, Serbia. The investigated genotypes were selected based on their divetise gen
backgrounds and different FAO maturity groups (I@0). The results showed notable differences
in the physical and chemical characteristics of the investigated maize genotypes, indicating they
could be beneficial for various uses in food and animebfproduction, as well as in different
processing industries. The 1000 kernel weight, a desirable attribute for wet milling as it typically
results in increased starch and protein yields, varied between 255.70 g and 411.10 g, while starch
content rangedrébm 65.45 to 70.18 % dry matter (d.m.) basis. Protein content (1R2312%)
further qualifies studied grains as valuable sources of nutrients. These findings suggest that
selecting appropriate hybrids based on their genetic traits can optimize yielduality dor specific
applications. Further research is needed to explore the potential of these hybrids in enhancing food
security and sustainability within agricultural practices.

Keywords: chemical composition, genetic variability, maize genotypes,sipaly
properties, potential application.

INTRODUCTION

Maize ¢Zea mayd..) is regarded as one of the most important cereal crops
utlized as a raw material for food, feed, energy, and industrial applications.
Approximately 1.22 billion metric tons of maize were produced globally during the
2024 2025 timeframe, according tata from USDA (2025) [1]. Despite maize being a
crucial food crop, its demand as livestock feed has markedly risen over the past twenty
years. This was mostly attributable to the swift economic growth in the densely populated
regions of Asia, the Middle B and South America, which heightened the demand for
food products from chicken and cattle among affluent consumers.
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The chemical makeup of maize grains largely determines their usable value;
howeverthe intrinsic value of maize depends on its appbicattach new use increases
its worth [2]. The extensive variety of maize grain characteristics enables modifications
in grain composition concerning the quantity and quality of specific components. This is
accomplished through the breeding process [3]z&grain comprises roughly 70%
starch on averagR]. Additionally, certain experts assert that maize serves as an
important framework for investigating genetics, evolution, and domestication. The
Organisation for Economic Gaperation and Development (OBY; in conjunction
with the Food and Agriculture Organization of the United Nations (FAO), states that
maize will persist in its expansion and diversification as a research model, industrial
resource, and crop for feed and fuel in the foreseeable fula@&YIBGAO, 2013). Serbia
is a significant global producer of maize, and the surplus of this cereal grain, not utilized
for food or animal feed, should be judiciously channelled towards the production of
sustainable and edoendly products such as biodegahte packaging, bio plastics,
biofuels, etc.

MATERIALS AND METHODS

Fifteen maize hybrids (FAO 10m0) were cultivated in a tweplicate trial
following the randomized complebdock design at the experimental field of the Maize
Research Institute, ZemdPolje, Serbia (44°52'N, 20°19'E, 81 m asl). Maize ears from
each replication were collected at full physiological maturity from two inner rows. The
experiment was conducted under +f&d conditions in 2023. Ten representative maize
ears per replicatiomere chosen for subsequent laboratory tests. The methodologies
employed to ascertain kernel physical properties, including-E@0@| weight (TKW),
test weight (TW), flotation index (FI), miling response (MR), percentage of hard
endosperm (HE) in kerneleight, percentage of soft endosperm (SE) in kernel weight,
and water absorption index (WAI), were thoroughly elucidated in a previously published
paper (Radosavljevil et al., 2000). T
guantifying the volume of war absorbed by a specific quantity of maize kernels under
rigorously controlled conditions. The milling response (MR) assessed by the Stenvert
Pomeranz test (Pomeranz et al., 1985) quantifies kernel hardness, indicating the duratio
(s) required to grin@0 g of maize kernels in a micro hammer mill operating at 3600 rpm
until the material passes through-méh sieve and accumulates to a volume of 17 ml in
a glass cylinder (12525 mm). The cornmeal samples collectedrppmbng of maize
kernels during thexperiment are combined and filtered using a 0.5 mm diameter nylon
mesh. The portion that passes through the sieve is referred to as the soft endosperm, whi
the portion that remains is termed the hard endosperm. The fractions were subsequent!
measuredand the hard and soft endosperm portions were quantified. The whole grain
maize flour was produced by a dry grind milling method (Perten Instruments, Hagersten,
Sweden) for fine sample preparation (mesh 0.5 mm). The moisture content of the kernels
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was ass s s e d

by

drying

t he

ground

sampl es
achieved. The starch concentration was assessed using the Ewers polarimetric metha
(1ISO 10520, 1997). The total protein content was ascertained using the Kjeldahl method,
calculatedas total nitrogen multiplied by 6.25 (AOAC, 1990). The oil content was

assessed using the Soxhlet standard method (AOAC, 2000). The crude fiber content wa
assessed using the Weende method modified for FibretecTM Systems, Foss, Denmar
(Agricultural foodproducts, 1993). The ash concentration was ascertained through the
gradual burning of the sample at 650°C (AOAC, 1990). The results are shown as

percentages of dry matter (d.m.). All analyses were conducted in duplicate.

RESULTS AND DISCUSSION

The resuk obtained after physical and chemical characterisation of the

selected maize genotypes' grain are shown in Tables 1 and 2.

Table 1. Physical properties of maize hybrid grain

Hybrid TKW T™wW Fl WAI MR HF SF
ZP 161 255.70 827.06 17.45 0.208 13.80 62.82 37.18
ZP 200 285.36 791.91 82.13 0.247 12.07 57.30 42.70
ZP 341 374.83 822.65 32.45 0.254 11.67 58.56 41.44
ZP 4242 350.58 791.63 75.86 0.242 12.70 35.15 44.85
ZP 5090 339.20 778.16 75.70 0.271 11.17 57.02 42.98
ZP 555 368.71 827.81 26.53 0.253 13.20 63.28 36.72
ZP 5550 369.92 819.43 31.43 0.224 12.47 58.68 41.32
ZP 5011 377.10 821.68 25.24 0.219 14.43 62.24 37.76
ZP 606 381.88 810.32 60.87 0.204 12.50 57.79 42.21
ZP 6364 410.82 830.51 25.68 0.212 12.30 61.34 38.66
ZP 6715 353.68 835.90 21.92 0.224 12.37 60.81 39.19
ZP 707 411.10 824.86 29.61 0.196 13.20 60.72 39.28
ZP 7357 409.47 828.43 15.35 0.192 13.37 62.41 37.59
ZP 7578 379.72 819.82 61.31 0.212 11.50 55.36 44.64
ZP 7900 407.64 787.11 89.74 0.231 11.07 56.17 43.83
Min 255.70 778.16 15.35 0.19 11.07 35.15 36.72
Max 411.10 835.90 89.74 0.27 14.43 63.28 44.85
Average 365.05 814.49 44.75 0.23 12.52 57.98 40.69
SD 44.80 18.21 26.25 0.02 0.96 6.81 2.80
*TKW 1000 kernel weight (g); TWtest weight (kg-/);Fl 1 flotation index; WAB water absorption
index; MR milling response (s); HE percentage of hard endosperm portion in kernel weight; Sk
percentage of soft endosperm portion in kernel weight.

The maize genotype ZP 161 exhibited a TKW of 255.70 g, indicating a
relatively high value of this parameter, which is often associated with higher grain
quality and yield potential. The TW of 827.06 kg/m3 suggests good density and
indicates that the grains likely to have favorable storage and handling
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characteristics. The Flotation Index (FI) of 17.45 indicates a moderate level of grain
integrity, with higher values typically correlating to better quality. The WAI of
0.208 suggests a reasonable capaoityhter uptake, which can influence cooking
and processing characteristics. The MR of 13.80 s indicates a relatively quick
milling process, which is advantageous for efficiency in grain processing. The HF
of 62.82% and SF of 37.18% reveal a predominaft¢&a@ over soft endosperm,
which is favourable for wholegrain flour production.

Table 2. Chemical composition of maize hybrid grain

Hybrid Starch (%) Protein (%) Qil (%) Crude fiber (%)  Ash (%)
ZP 161 66.92 11.30 4.15 246 1.55
ZP 200 65.45 11.45 4.12 241 153
ZP 341 66.96 10.38 4.54 2.70 1.55
ZP 4242 67.87 10.31 3.67 2.10 1.49
ZP 5090 66.53 11.87 4.33 2.63 1.55
ZP 555 67.72 11.45 4.36 2.77 147
ZP 5550 67.89 10.91 4.67 249 1.36
ZP 5011 67.43 12.12 3.82 2.46 154
ZP 606 69.17 10.54 2.70 2.24 1.34
ZP 6364 68.80 11.12 311 2.03 1.49
ZP 6715 67.10 11.46 4.29 2.61 141
ZP 707 67.80 11.62 4.15 2.37 151
ZP 7357 70.18 11.18 4.01 2.35 1.50
ZP 7578 66.80 10.63 4.30 2.30 1.43
ZP 7900 67.79 11.00 4.25 2.05 1.46

Min 65.45 10.31 2.70 2.03 1.34

Max 70.18 12.12 4.67 2.77 155
Average 67.63 11.16 4.03 240 148

SD 1.15 0.53 0.53 0.23 0.07

Starch (%) had the highest mean value (67.65%) among all genotypes, with
a moderate standard deviation (0.60), indicating some variability across hybrids.
The starch content ranged from 65.45% to 70.18%. Protein (%) averages 11.16%
with a standard deviatinof 0.58, suggesting relatively consistent protein levels
among the hybrids (range: 10.31% to 12.12%). Oil (%) had a mean of 3.99% and a
standard deviation of 0.58, with values ranging from 2.70% to 4.67%. Crude fiber
(%) shows a mean of 2.40% and a Idanslard deviation (0.24), indicating little
variation (range: 2.03% to 2.77%)Ash (%) has the lowest mean (1.48%) and the
lowest variability (std dev 0.07), with values between 1.34% and 1.55%. Overall,
starch was the predominant component, while aghcade fiber were present in
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smaller and more consistent amounts. The relatively low standard deviations for
most components suggest that the chemical composition is fairly stable across the
maize hybrids in this investigation. The results are in accosdauith previously

published studies conducted in Maize Research Institute, Zemun Polje [2, 3, 9, 10].

CONCLUSIONS

The grain of the investigated maize genotypes showed significant
differences regarding physical and chemical properties, offering a dsprsgum
of applications in the production of food, animal feed and various industries.

Acknowledgement: This study was supported by the Ministry of Science, Technological
Development, and Innovation of the Republic of Serbia (GrartHe03-136/202503/200040).
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Ab st Megetdble crops of Brassica rapa L. compose an integral part of the world
economy, providing fresh vitamin products for humanity. They are actively cultivated in East Asian
countries for various purposes: food, madjccosmetic and decorative. In Russia, most of them
belong to the local notraditional crops, but the interest of the population to these crops is
increasing due to their valuable biochemical composition, high yield and simplicity of cultivation.

The am of the study: to identify the source material in terms of economically valuable traits
in the VIR Brassica rapa L. crops wondde collection for use in the breeding process.

The material of the study included 23 accessions of the species belongliffgrent
botanical and ecologicadjleographical groups: Chinese cabbagéaccessiongak-choi- 2, tacai
- 1, mizuna 1, leaf turnip- 1 and root turnip- 11. The field study was carried out on the basis of
NPB «Pushkin and Pavlovsk laboratories of ¥([8t. Petersburg, NortkiVest region of the Russian
Federation) in 2024 with the use of VIR Methodic guidelines for the study and maintenance of the
world cabbage collection (1988), Methodic of the State cultivar testing of agricultural crops,
assessment ¢the degree of Alternaria sspaccording to the Methodic of Ph.B. Gannibal (2011),
biochemical analysisaccording to the Methodics of the VIR Department of Biochemistry (Ermakov
et al., 1987).

As a result of the study, valuable accessions with a leongb economic, phytopathologic
and biochemical traits were identified, representing promising source material for breeding
programs aimed at expanding the range of vegetable crops.

Keywords: Alternariaspp., Brassica rapa L., breeding value, geneticadlsity, sources of
resistance for breeding

INTRODUCTION

Brassica rapal.is a representative of the widely distributed and
multifarious Brassicaceae Burnett family. For thousands of years, this species has
accompanied the development of agriculture, shaped the culinary traditions of
entire nations, and continued to evolve gkide humanity's needs. The leafy,
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rooted, and oilseed crops Bfassica rapaare actively used in various spheres
including food processing, cosmetic industries, and medicine due to their valuable
biochemical composition. The content of vitamin C in thaves reaches 4D

mg/ 100g of f-camtenie- 21 ngglh0g,, chlobophylls 50-200
mg/100g, a large amount of organic acids and essential amino acids (valine,
isoleucine, tryptophan), phenolic compounds, fiber-a@ldred forms contain
anthocyains, that exhibit antioxidant and amtflammatory effects, stimulate the
immune system, and prevent the development of cardiovascular diseases. The root
contain 2135 mg/100 g of vitamin C, 0,68,12 mg/100 g of vitamin B6, 0.9,1 g

of protein, 0,10,2 g of fats, and 230 mg of glucosinolates. The combination of
low fat content with high water and protein levels results in low caloric value,
making these plants particularly valuable for dietary nutrition. Furthermore, they
serve as an excellent soearof essential mineral elements including potassium,
calcium, sulfur, phosphorus, zinc, iron, and manganese [1,2,3,4].

The population of Southeast Asian countries has been actively cultivating
and using vegetable plants of this species in cooking sinenatimes. In Russja
B. rapa vegetables are cultivated on a more limited scale and primarily used as salac
greens.The most common is Chinese cabbage, which is grown in open and
protected ground. The rest of the crops are grown in the field of privgetante
growing. In the modern conditions interest in these crops continues to grow
annually due to their early maturity, ease of cultivation, and high nutritional value
[5]. There is a need to expand the range of cultivated vegetable crops and create
cultivars and hybrids with a complex of valuable characteristics.

Black spot is one of the limiting factors in Russia and around the world that
inhibits the growth and development of plants of the species and leads to the loss
of marketable qualities of freshtamin products. The diseasehighly harmful.

Under favorable conditions yield losses reack8B@6. The pathogenslternaria
brassicae (Berk.) Sacc. andA. brassicicola (Schwein) Wiltshire produce
mycotoxins that contaminate agricultural produdfenitoring of the pathogen
becomes an important process, as part of the observed range expansion an
increased aggressivenelsthe conditions of the Nortiestern region oRussia,

black spot is a serious problem and requires the search for sources of resistanc
among natural varietal populations [6,7,8,9,10].

The specieBrassica rapal. serves as a valuable genetic resource for
breeding programs for early maturity, produitii, disease resistance, and a high
content of biologically active compounds.

The VIR Brassicaceae Burnett collection is unique, contains 10,997
accessions originating from 98 countries and including representatives of 11 genera
and 32 species. ThiBrassca rapalL. vegetable crop collection contains 1,700
accessions of leafy and rooted vegetable crops.
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MATERIALS AND METHODS

The study was conducted in 2024 at the experimental site of NPB «Pushkin
and Pavlovsk laboratories of VIR» (St. Petersburg, N@fést region of Russian
Federation). The research material included 23 accessions of VBrasssca rapa
L. subspecies: 7 accessions of Chinese cabbage, 2 @hpgkl of tacai, 1 of
mizuna, 1 of leaf turnip, and 11 of root turrfijpeld sowing was pesfmed in early
July using a ridge planting system with 70x30 cm spacing, in three replications with
15 plants per replicatioifhe experiment and description of plants were carried out
according to the VIR Methodic guidelines for the study and maintenainte
world wide brassicas collection (1988) [11], Methodic of the State cultivar testing
of agricultural crops [12] and the «Methodology of field experience in vegetable
growing» (2011) [13]. The degree of developmenAlbérnaria ssp.was assessed
accading to the method of Gannibal Ph.B. (2011) [&4fording to a 4oint
system and to 3 tiers of the leaf rosette of plaBitschemical analysis was
conducted at the VIR Biochemistry Department laboratogccording to the
Methodics of Ermakov et al. 987). The preparation protocol included analysis of
fresh material derived from three individual plants representing each accession.
Statistical data processing was performed using STATISTICA 12 software
(StatSoft, USA).

RESULTS AND DISCUSSIONS

During the study of various cultivars and hybrids representing different
crops ofBrassica rapd.., Table 1 was formed, containing the main agrobiological
characteristics. Vegetation Period is one of the key features in the breeding of
vegetable crops, it determmé¢he yield potential and adaptation to stress factors.
The accessions were classified into the following maturity greegoFmaturing
(33-40 days), miematuring (4560 days), latenaturing (7675 days). Accessions
of pakchoi demonstrategarticularly early maturity, making them suitable for
cultivation in risk farming zones with limited growing seasohke earliest
maturing accession was pakoik-647 from Tajikistan (3385 days), representing
valuable genetic material for breeding wearly forms.Tacai, mizuna and leaf
turnip showed intermediate growing periods-@8 days).Chinese cabbage and
root turnip exhibited the longegegetation period50-75 days$.

The variability of morphological features (CV: 12;88,37%) reflects the
collection's widephenotypic diversity. According to the parameters of the leaf
rosette, the leaders are root turnip (diameter-38,8 cm; height 25;40,3 cm)
and Chinese cabbage (diameter 35}1% cm; height 26;39,24 cm). Tacai turned
out to be thanost compact (diameter 25,1 cm; height 19,1 cm). Chinese cabbage
had the highest average leaf size (length-3Z,85 cm; width 17,24,7 cm). The
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leaves of the accession of mizuna Shirojuki Sensuji Kyo Mizw#34k Japan) are
strongly dissected, formiregdense spherical rosette. The accession can be used for
decorative purposes. Chinese cabbage demonstrated the highest average produ
organ mass at 1,33 kg. The biggest head weight was shown by the Japanest
accessions: Raioh 90 F1 (w1k58)- 1,584 kgUdzi M80 (k399)- 1,551 kg, Udzi

M70 (k-398)- 1387,3 kg. Pakhoi followed with an average mass of 0,85 Kige
Russian accession Lastochkab@&3)demonstrated leaf rosette mass with 1,004 kg.

Table 1. Phenological, morphological, and phytopathological features of the
studiedBrassica rapd.. accessions

< G G 5 -
S c < o 5§ e © g Degree of
Z 2 ° (O] - E=} < © I~ :
= 3 = = <) 5 s Alternaria
s} S g % B Q = = c;;, Infection,
£ 8 c 8| T | 2| 8| 2| 5 | avgscore
O © S @ £ & ke @] o
e £ s 12| |2 5| &8 g
> = g |e || 8|88 > | g
S x J 0 3| a ®
ssp.pekinensiglLour.) Hanelt
T} 3
. . 9 | 403+ | 3571 | 32,8+ | 17,47 | 0,971 | 462+ 211
% | Knbnskay.Russa | g | 1o | 108 | 185 | 108 | 001 | 113 22 102
Q 378 | 2,95
. S | 3575| 3924| 37,85 187+ | 1,298 | 6,17+ '
1556 | Kapella, Russia ® | 4071|059 | 08 | 09 | +004| 0.76 f’;é tg'l
. 37,45 | 31,8t | 309% | 24,7+ 31 | 1,9
Spring sun 60 F1, B ’ ’ ’ ' 1,545 | 7,35+ ’ ;
405 Japan & 098] 137 | 31 | 20 | 2ol TUE[177 | 202
103 | 2
1557 | Miniraioh 50 F, 18 | 3710, | 26,7+ | 241+ | 17,2+ | 1,382 | 657+ g’gs 3671
Japan 2 65 | 19 | 096 | 087 | 2005| 20 : =
143 | 3
1387 20
. w | 41,7 | 3648 | 344+ | 21,2+ | 6,641 —= 1,28
308 Udf; M0, S o079 | 09| 18 | 13 | ¥ sa |28 103
P © 026 | 5
1551 2,27
. w | 4017 | 35£1, | 339+ | 21,8+ | 7,38t = 1,31
399 Udzi M8O, € | w123| 14 | 17 | 127 | B9 ggo |- 152 | 153
Japan o 7
02 1
1558 Raioh 90 F1, N | 41,13 3522, | 331+ | 20,11 | 1,584 | 7,53+ 02'21 8691
Japan e 11| 2 20 | 209 | :004| 044 —cr— g
sspchinensigL.) Hanelt
47 Unnamed, 8 | 308t | 314+ | 17,2+ | 12,8+ | 0,694 | 3,320 3"1‘2 224
¢-647, Tajikistan ) 14 | 176 | 099 | 076 | 2005| 8 23— 201
o 327 | 1,95
. 3581 | 32,1+ | 23+ | 144+ | 1,004 | 4,78+ ;
623 Lastochka, Russia ;é 10,76 10 22 14 1003 | 068 égj tg,l
sspfyh i nwanrosulass(Tsen et Lee) Hanelt
695 XiaoBaJeTaCai, | v , © 0435| 2,07+ | 1,77
China © o +001| 147 [ 093
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1121 Repa listovaya. na 8 4241, | 32,9+ | 33,1+ | 17+1, | 0,746 | 3,55+ igg zoof
silos, Finland 3 23 | 25 | 095 | 5 |:012| 184 2 7
830 | Petrovskava 1. Russid 3 41,1+ | 25+1, | 23,2+ | 10,3+ | 0,678 | 3,22+ ig; 1,66
yat ) @ 0,75 18 1,23 0,79 | #0,01 | 1,72 0’95 +0,2
o 293 | 181
. ~ 414+ | 26,2+ | 26,3+ | 16,8+ | 0,615 | 2,92+ ’
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o 3,0 2,22
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Salusia 4x, Germany/| O'E 9 04 0,68 | 048 | 0,07 | 0,73 0,77 | #0,1
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Russia © 1,04 | 055 | 058 | 183 | +0,05| 2,01 0178 ‘3’
0 433+ | 3940, | 35+2, | 185+ | 0,899 | 4,2+1 2,0 1,18
14051 Ovadaehnfeldi, | & | 093 | 84 | 3 | 079 | 2002| 0 | 125 | +02
Denmark =
0,3 1
1,94 | 1,29
. 0 46,4+ | 389+ | 32,6+ | 181+ | 0,584 | 2,77+ : ’
1403 | Purpurnaya _anorya '5 1.0 20 182 | 154 | +015| 029 133 | #0,1
Russia = 6
0,62
Min 251 | 191 84 7,35 | 0,307 | 1,46 0,68
Max 464 | 403 | 37,85 | 24,7 | 1584 | 753 2,95
Std. Dev 507 | 575 | 7,78 | 439 | 0,38 | 185 0,62
Std. Err 1,05 12 162 | 091 | 0,08 | 0,386 0,12
CV,% 12,86 | 17,61 | 27,37 | 27,23 | 43,53 | 43,59 36,18
Source: own research
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Chinesecabbage (6,61 kg/fpand pakchoi (4,04 kg/m) are the leaders in
yield. The following accessions stood out: Chinese cabb#&peoh 90 F1 (7,53
kg/m?), Udzi M80 (7,38 kg/rf), Spring sun 60 F1 (7,35 kgfn Udzi M70 (6,6
kg/mP), pakchoi- Lastochka (4,78 kg/A), root turnip- BRA 284296 (4,65 kg/m)
and Ova daehnfeldt (4,2 kgfn

Nine accessions were identified as relatively resistarfltiernaria ssp.
(infection severity up to 1,35 points), twelve .
as moderately resistant (1;267 points), S8
and two as susceptible (2;41points).The j&
lowest degree of infection was noted of ro
turnip accessions Salusia 4x (kKL423,
Germany)- 0,68 points, Hinonakf1422,
USA) - 0,87 points, Ova daehnfeldt -(k
1405, Denmarkj 1,18 points; Tacai Xiao
Ba Je Ta Cai #695, China) 0,93 points; = .
Chinese cabbageRaioh 90 F1 (vr.KL558,
Japan)- 0,97 points, Udzi M70, ({898,
Japan)- 1,28 points. Figure 1 showa
difference in symptom severity. Outer
leaves were commonly affected in
accessions with varying degrees
infection. The middle leaves are affecte
less often.The internal structures formin ¢
the head of the cabbage are affected b*" Figure 4. Chinese cabbage Rauoh(
minimum. . - F1 (vr. 1558, Japan)

The coefficents of variation _ _

(36,1843,58%) confirm sufficient genetic Sourcefield trial data, 16.09.2024
diversity in the studied set for effectiv
breeding work, particularly for yield and resistancéli@rnaria ssp.

Consequently, the Japanese breeding of Chinese cabbage is distinguishec
by a comimation of key features: balanced rosette structure, high yield, and
moderate resistance to Alternaria infection. Accessions of -cpak exhibit
moderate yield and early maturity, but intermediate resistance to Alternaria.
Accessions of root turnip andct can be used as sources of resistance. According
to the complex of economically valuable characteristics, samples of Chinese
cabbage can be distinguished: Raioh 90 F1 (vr. 1558, Japan), Udzi N8B, (k
Japan), Udzi M80 @899, Japan) and root turnip:v® daehnfeldt (K405,
Denmark).

Table 2 shows the main components of the biochemical analysis of the
accessions.
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Table 2. Biochemical characteristics of the studBealssica rapda.. accessions
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< QE o < E = E qQ E <} a EF = £
g c G 5] O I o] <
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= &
ssppekinensigLour.) Hanelt
Khibinskaya 18,56 2,00 5,88 1,35 5,84 0,366 0,17 -
Kapella 24,32 1,90 1,29 0,05 2,07 0,143 0,26 -
Spring sun 60 F1 24,00 2,92 39,67 18,05 4,61 2,461 0,19 -
Mini raioh 50 F1 27,20 3,03 7,86 2,00 0,53 0,518 0,25 -
Udzi M70 18,40 2,38 1,18 0,23 1,31 0,085 0,16 -
Udzi M80 16,00 2,82 15,17 5,08 12,55 0,852 0,18 -
Raioh 90 F1 24,00 3,23 9,31 2,44 797 0,533 0,19 -
sspchinensigL.) Hanelt
Un n a mé4d (leaves) 85,44 2,33 80,55 25,39 14,27 4,751 1,38 -
Un n a mé4d (petidles) | 19,52 4,58 11,32 2,83 1,50 0,608 0,15 -
Lastochka (leaves) 94,40 341 73,94 18,64 16,58 4,264 1,08 -
Lastochkdpetioles) 25,60 4,03 17,77 545 4,22 0,997 0,18 -
sspfh i nwanrasulass(Tsen et Lee) Hanelt
Xiao Ba Je Ta Cai | 7200 | 245 | 13417 | 4770 | 3888 | 8557 1,15 -
ssp.nipposinica(Bailey) Hanelt
Shirojuki Sensuji Kyo 4640 | 194 | 2006 | 472 | 1131 | 1145 | o060 -
Mizuna
ssprapal. f. komatsundVlakino
Toraziroh F1 | 6240 [ 454 | 12246 | 4679 | 2999 | 7678 ] o086 [ -
ssprapal.
Palitra (leaves) 106,65 2,21 40,73 14,86 17,22 2,615 0,96 143,01
Palitra_(root) 35,55 7,22 0,87 0,25 1,02 0,104 0,38 369,56
Hinona (leaves) 110,21 2,35 50,85 22,17 20,30 3,249 0,82 1046,40
Hinona(root) 32,00 5,98 0,40 0,13 0,52 0,046 0,35 1906,77
Golden Ball (root) 40,53 5,87 0,19 0,18 0,82 0,108 0,20 -
'(fggg istovayanasios | 4337 | 53 1,15 0,33 080 | 0102 017 -
Petrovskaya 1(root) 49,77 6,16 0,54 0,25 1,09 0,132 0,27 -
Solovetskaya (leaves) 88,88 3,58 49,96 14,88 19,36 3,085 0,89 -
Solovetskayéroot) 35,55 5,30 1,06 0,27 1,12 0,131 0,27 -
BRA 284296 (root) 44,08 513 0,40 0,15 0,34 0,050 0,19 362,61
Salusia 4x (leaves) 127,98 4,93 58,70 28,57 22,28 3,811 0,92 266,00
Salusia 4xroot) 32,00 7,32 4,19 1,02 2,25 0,278 0,28 247,49
Peterburgskaya noch' (rod 35,55 4,34 0,14 0,13 0,24 0,040 0,22 -
Ova daehnfeldt (root) 49,77 5,97 0,45 0,20 0,52 0,084 0,22 -
Pupumaya Primorya | 3768 | 01 | 011 0,07 021 | 0030 | 023 | 41882

(root)

Source: own research

The leaves of root turnip (108,43 mg/100 g) and tacai (72,0 mg/100 g) are
characterized by the highest content of ascorbic acid. They also have a minimal
degree of Alternaria infection. The maximum vitamin C content was found in the
leaves of the Salusia4k-1423, Germany 127,98 mg/100 g). The largest amount
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of sugars was found in root forniis6,04%. The maximum content was noted in
Palitra (k1398, Russia} 7,22%. The accumulation of monosaccharides in the
leaves of root crops is significantly lower3,27%, as well as Chinese cabbage

3%, which positively affects the degree of Alternaria infection (3 resistant
accessions of Chinese cabbage and 5 of root turnip). Tacai (181,87mg/100 g) and
leaf turnip (169,25mg/100 g) had the highest chlorophyll cunféghese accessions

are also leaders in the content of carotenoids (38,88 mg /100 g and 29,99 mg/10C
g ) acardtené (8,55 mg/100 g and 7,67 mg/100 g). They can be used in breeding
process for an increased content of biologically active componentsfoand
resistance to stress. The-2%5 %-cafptene share of total carotenoids across
Brassica rapdl. accessions confirms the high bioavailability of provitamin A.

The highest content of phenolic compounds was found irchak (1,23
mg*GAE/qg), tacai (1,15 nt§sAE/Q), root turnip (0,89 mg*GAE/qg) and leaf turnip
(0,86 mg*GAE/qg).The presence of anthocyanins was noted in 5 accessions. The
highest content was noted in the root turnip Hinord4R2, USA) it accumulates
a large amount of anthocyanins both intbet crop (1906,77 mg/100g) and in the
leaves (1046,40 mg/100g), which exceeds the content in other root crops-by 355
426% and leaves by 2982%. In combination with a low degree of Alternaria
infection, it is a valuable breeding material.

The biochemicatomposition in comparison with the degree of Alternaria
infection revealed correlations (according to Pearson): A strong negative
correlation is observed between resistance to the disease and the content o
anthocyanins (r =0,72) and phenolic compoun(@s=-0.61), moderate between
the content of ascorbic acid (~6,45), carotenoids (r $,39), betacarotene (r =
0,41) and the content of chlorophyll a (-&32), low- between the content of
chlorophyll b (r =-0,28). A low positive correlation igbserved between stability
and the content of monosaccharides (r = 0,12). Thus, anthocyanins have the greates
protective function, which may be related to their antimicrobial activity. Phenolic
compounds have a strong protective function, which may ladedeto their
fungitoxic properties, which inhibit pathogen development, participate in
lignification by strengthening the physical barrier to pathogen penetration and act
as signalling molecules, activating plant defence genes. Ascorbic acid also
influences defence mechanisms, which may be related to its antioxidant function
and the synthesis of specific proteins and lignin that prevent pathogen penetration
and participate in the activation of signalling pathways associated with systemic
acquired resistare (SAR). Carotenoids and chlorophyll have a supporting role in
plant defence mechanisms and are involved in photosynthetic activity, providing
energy for defence reactions. The stronger effect of chlorophyll a may be due to its
higher amount and closesa oci ati on wi t h canotene)e noi
which protect plants against oxidative stress. Thus, selection in breeding for
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resistance should be primarily based on the content of anthocyanins and phenolic
compounds.

CONCLUSION

The study of a set of accessions of different crop8raksica rapal.
allowed to reveal a diverse manifestation of morphological and economically
valuable plant traits under conditions of the Néfflest region of the Russian
Federation. According to thevel of resistance tAlternariassp and the content of
protective bioactive compounds the most valuable for breeding are accessions of
root turnip- Hinona (k 1422, USA), Salusia 4x {k423, Germany), tacaiXiao
Ba Je Ta Cai (695, China). Sourced gield and resistance talternaria ssp.-
Chinese cabbage accessions: Raioh 90 F1-1&38, Japan), Udzi M70 {898,
Japan), early maturity and high content of biologically active componé&regl7
(Tajikistan).

The research was conducted as pathefstate assignment FGER022
0003 «World resources of vegetable and melon crops of the VIR collection:
effective ways to reveal the ecological and genetic patterns of the formation of
diversity and the use of breeding potential».
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INTRODUCTION

Through the fruit growing cultures, the walnut deserves an essdtaidion [1,
7-9]. Walnut (Juglans regia L.) are one of the oldest fruit trees species traditionally
planted within republic of Moldova. For Moldovan people nuts always were and will
remain a valuable product for food, trade, etc. 1,[4,7, 8]. Long tietersaltiplication
of local selected biotypes actually represents taisable possibility for longerm
biodiversity conservation within the species Juglans regia L. [5]. Actually Moldovan
registered for industrial culture walnut assortment include \@cadties with high level
of resistance to winter and spring temperature stresses and low sensibility to blight, others
diseases. Usually trees productivity increases rapidly and rea2letoBnes of kernel
per hectare in-8 years after plantation. Feemporary testation in orchards there are
included 15 foreign varieties [5]. Main trials of its promotion are: sustainable
productivity and nuts qualities. But special attention it should be done to resistance to late
spring frost, usually being in tiperiod of flowering of walnut pistillate flowers.

MATERIALS AND METHODS

It was studied the characteristics of pistillate flower flowering processes,
receptivity to pollination with determination terms of more effective pollination of
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mainly protandrous introduced varieties (Chandler, Fernor, Fernette, Franquette, Lara
etc.) anl the condition of central and partially north pomological zone of the Republic of
Moldova. Researchers are based on methodologically approved experimental
agrobiological and embryological studies {3]6f walnut intraspecific hybridization of
some locdy created varieties with introduced varieties, also the degree of compatibility
and the resistance of pistillate flowers to low temperatures within walnut flowering
period. Pollination compatibility of introduced protandrous varieties with Moldovan
oneswere studied.

RESULTS AND DISCUSSIONS

In comparative collaborative scientific researchers there where established
good ecological plasticity and adaptability of the main Moldavian varieties also in
the neighbor countries Ukraine, Romania, Hungary, Sextu. with manifestation
of good kernel quality (tab. 1). As a result of different agrobiological researches of
walnut production [3, -B] there were established basic cultural considerations.
Between its important biological features o Moldavian

Table 1 General characteristics of nut and kernel of main walnut varieties
registered for production in rep. of Moldova (source: multiannual biochemical
data obtained by dr. Radusinskaia 1.)

Medil Ker Chemical ncm)mpdxsalrmlegi -
. wei g el Tot |, . Carot Ti an
Var i o f nconsugal‘slp PsrotCzoa/orb (A)] (8B I(%v
0 ! ! 0 q
gr.| nt % mg / mg / mg /
Kal ar 14,151,] 5,3|66,| 18, 5,3 0,13 0,20, 3
I‘f:"'” 10,49, 6,4/66,| 16,4 6,4/ 0,21 0,1¢0, 1
I'fios“ 14,50, 5,1/66,[19,( 5,1 0,49 0,1¢0, 2
Korje 210,149, 7,7|/66,| 18, 7,7, 0,30 0,17]0,1
Skino| 13,150, 8,5|/67,| 17,4 8,7 0,25 0,4¢0, 1

varieties. High exigency given the light, which is well seen due to its rare
crown. It means the light should get in its crown so high, as well as from the lateral
parts. It should be noticed also that in luminosity conditions, the fit of the most
dangeros disease which provokes the harvest loss is fainter. Even if the walnut
trees in the rep. of Moldova during the winter supports normally the temperatures
of minus 2625 degrees, the tardy spring frosts represent a permanent danger [3,7].
That is why, whié choosing the varieties for the orchards setting up, it is necessary
to choose the varieties with a tardy disburgeoning and development of pistillate
flowers. This will assure a more tardive flourishing, first of all for protandrous
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genotypes (tab. 2,3;igf 1-3) and the damages of pistilatte juvenile flowers
avoidance from the respective late spring frosts.

TablAvex.age wal nut fl owering data in
rep. of Mol dova. Local var
Mal e fl owe Femdll ewer s
Vari et |Begi End Peri|Begi End Peri
ng (dayl ng (day
Cazacu 11.¢ 15.0 5 05. 0 15. ( 11
Cal araksk 07.(¢ 13.0 7 16. 0 21. ( 6
Costiujen 05.(¢ 11.0 7 15.0qQ 23. ( 9
Schinoski| 12.( 18.0 7 05.0 12. ( 8
Chikinevs 16.( 24.0 9 15.0qQ 22. ( 8
Cog®©l niceg 13.( 18.0 6 10.QqQ 15. ( 6
Pesciansk 14.( 20.0 7 07. 0 13. ( 7
Table 3. Average introduced walnnut
Pomol ogi cal zone of the rep.
Mal e fl owe Femal e fl o
Vari et |Begi End Peri|Begi End Per i
ng (dayl ng (day
Mi | ot ai 11.¢ 15.0 5 05.0 15. ( 11
Al oszenti|] 07.( 13.0 7 16. 0 20. ( 5
Chandl er 10.(¢ 14.0 5 17.0qQ 22. ( 6
Fernor 05.( 11.0 7 15.(0qQ 23. ( 9
Fernette 12.(¢ 18.0 7 05.0 12. ( 8
Franquett 13.( 20.0 8 16. 0 25. ( 10
Lar a 10. (¢ 18.0 9 11. 0 17. ( 7

Difference between terms of flowering of female and male flowers (days)
of varieties with coincidence of effective receptivity of female flowers to
pollination period (tab. 2, 3) represent possibility of interpollination of local with
introduced varietiesAs a result of studies of morfohystochemical pecularities of
pistillate flower receptivity to pollination depending on flowering stage were
established terms of more effective pollination of dichogamous local and
introduced varieties within condition of eRublic of Moldova. Based on
cytoembryological studies of walnut intraspecific hybridization studied introduced
and local varieties the optimal degree and the peculirities of compatibility of all
dichogamous types was also established [3].
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! ’ 7 A . 74: "A‘ s, 1 B
Figure 1. Different stage of flowering of introduced varietiesFfanquette var.

B-Fernor var.

R R & B

Figure2. Homogamous Flowerin@hisinevskii-A, Pistillate full flowering of
Chandler varB.

ral bearing.
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Figure5. Development of frwts (nuts) -Bhandler. BFernette Lateral bearing.

Preliminary result of cultivation (within the frame oftemporal testation)
within central pomological zone of Republic of Moldova of varieties Franquette,
Chandler, Fernor, Fernettetc. shows good results of adaptability regarding
initiation and development of vegetative and flower buds, resistance to extremal
temperatures, compatibility to some local varieties, as well as optimal development
of fruits (tab. 2, 3, fig. I5), optimd harvests in the areas with annual medium daily
temperature of-® degrees. Our observations shows that even if the walnut trees in
the rep. of Moldova during the winter supports normally the temperatures of minus
20-25 degrees, the tardy spring frostpresent a permanent danger. That is why,
while choosing the varieties for the orchards setting up, it is necessary to choose the
varieties with a tardy disburgeoning and tardy flowering of pistillate flowers. So,
introduced protandrous and late homogamweaseties like Chandler, Fernette,
Fernor, Franquette, as well as Moldovan ones: Costiujenskii, Cazacu, Chisiniovskii,
could will assure a more tardive flourishing of pistillate flower and avoid damage
from the respective late spring frosts.

CONCLUSIONS

Protandrous varieties Chandler, Fergean, Fernor, Franquette, as well as
Moldovan dichogamous ones: Costiujenskii, Cazacu, Pescianskii, ChisiniovskKii
with a high potential of the ecological adaptability and plasticity with special
refference to the resetce at the biotic factors (diseases and pests) and abiotics (
the pedo climatic conditions, technological approaches). This assortment there are
important for the implementation within conventional production, as well as for
development of new resilieagricultural practices (organic production, etc.).

Acknowl edichmesntrseisear ch was 290Ad®dr tAeCh etay etah
clonelor pomicole, viticole Hi | egumicole, per
t elogdli | or de producere a vinurilor din soiur
gener a’'Hi e -200 2p7é uanrdieid 20y2 ANACED, Rep. Mol dova
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Abstract: The objective of this study was to characterize the transcriptional variation of a selected
set of genes ifertile sunflower (Helianthus annuus) anthers by quantifying their expression levels using
Ratime PCR across four stages of microsporogenesis. The results reveal that over 90% of the analyzec
genes exhibit dynamic or oscillatory expression patterngctify stagespecific regulatory responses. A
moderate increase in gene expression variability during the tetrad and microspore stages, compared to the
earlier phases of microsporogenesis, such as pachytene and meiotic division, was observed. The prevalenc
of dynamic expression highlights complex transcriptional regulation required for maintaining physiological
homeostasis during microsporogenesis. These results contribute to the functional validation of candidate
genes and offer insights into the genetitd physiological mechanisms underlying male fertility in
sunflower.

Keywords: candidate genes, gene expression dynamics, microsporogenesis, qPCR,
sunflower.

INTRODUCTION

Microsporogenesis represents a critical phase in the formation of the male
gametophyte, requiring extensive transcriptomic reprogramming to coordinate cellular
differentiation and structural transitions. Althoughregulation of gene expression is a
common feature of stress and developmental responses [1], it remains highly gene
specific and dependent on the physiological context.

Over the past years, numerous transcriptomic studies have been conducted ir
various crop species, including sunflowefelianthus annuys focusing on tissue
specific gene expression under diverse enpttal conditions. These efforts have
primarily explored plant responses to
strategies aimed at i mproving fertilit
growing interest in sunflower gemics, investigations of differential gene expression
specifically focused on male reproductive development remain relatively limited
compared to those conducted in other major crop species.

The objective of this study was to characterize the transagbti@riation of a
selected set of genes across different stages of microsporogenesis in fertile sunflowe
anthers, in order to reveal stegpecific patterns in gene expression dynamics.
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The analysis of candidate gene expression represents is an estggirathe
experimental validation and functional annotation of genes, particularly in the case of
species whose genome is partially functionally characterized, as is the case of Helianthu:
annuus. Also, expression data can significantly contributefitonge existing gene
annotations and deepening our understanding of their biological roles.

MATERIALS AND METHODS

Plant materials. Anthers of sunflower plants from the inbred line SW501
(Magroselect ASP, Soroca, Republic of Moldova) were used as thgit@limaterial.
For accurate selection of anthers corresponding to specific stages of microsporogenesis
florets and anthers were subjected to cytological and histological analysis, as describec
in the previous study [8].

RNA isolation and RT-qgPCR analyss. Total RNA was isolated from anthers
at four microsporogenesis stages: pachytene (P), meiotic divisions (D), tetrads (T), and
young microspores (M), using TRIzol reagent (Invitrogen, Thermo Fisher Scientific),
according to the maA syhtteesist was perfadnsed ysingo t ¢
RevertAid Reverse Transcriptase (Thermo Fisher Scientific) with arbitrary hexamer
primers and oligo(dT)18 primers. Gene expression analysis was carried out with the
Maxima SYBR Green/ROX gPCR Master Mix (Thermo Fisherrifie).

Relative gene expression levels were calculated using th@%method, with
actin (GenBank: AF282624.1) as the reference gene. Expression differences (fold
change, FC) between microsporogenesis stages were considered biologically relevant ¢
FC O 1.5 and sta0iB8t085al hycesiginngi cankt
correcton.

Gene expression analysis covered 108 genes, mostly candidates with putative
functions, groupethto five functional categories based on Gene Ontology terms.

RESULTS AND DISCUSSIONS

The variation in gene expression levels in the anthers of fertflewsan plants
under normal physiological conditions reflects the internal dynamics of male
reproductive development. Thus, heatmap analysis of relative expression values acros
different phases of microsporogenesis (pachytene, meiotic divisions, tetads, a
microspores) revealed genes with similar expression patterns, indicating the existence o
coregulated gene groups, which suggests their involvement in common biological
processes. Additionally, the chromatic contrast distribution on the expression map
reveals a certain degree of heterogeneity both among genes and between the phases
microsporogenesis. It is also observed that gene expression levels are higher for a large
number of genes in the microspore phase compared to the other three anag®d pha

For a detailed characterization of transcript content variation in anthers
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depending on the phases of microsporogenesis, boxplot representations of relative
expression data and agglomerative hierarchical clustering analysis were (Sgdre
1).

Figure 1. Variation in gene expression across microsporogenesis stages in sunflower
anthers of the SW501 homozygous fertile line (boxplots, UP&islged hierarchical
clustering and regression trend lines of relative expression values)

The relatively close medians observed in the boxplots suggest moderately variable
gene expression between phases. At the same time, the extreme values (minimum ar
maximum) indicate a more pronounced dispersion of transcript levels, particularly in the
tetrad phase, compared to the pachytene and division phases. The tetrad formation phas
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