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1.INTRODUCTION

The history and the borders are changing, butpleeiss not quite take into account the it: thisithés
about the ecologically and floristically cohereristdrical Hungary’s hawthorns. Hawthorns are cantsta
companions of the Carpathian Basin's degraded msstuurkey-sessile oak forests, oak-hornbeam
associations and beech forests.

The hawthorns are adapted quite diversely to tlie warieties of circumstances, which often abound i
anthropogenic effects, and this divers adaptati@mifests in their high richness in form. | wrote my
diploma thesis in the Department of Botany in thetfity of Horticultural sciences of Corvinus Unisity
of Budapest and also in the Botanical Garden obl&a#r, where it has a tradition in research of wild
relatives of cultivated species, so to fit in te thavoured image of my then department, and tefgati
foreign demands, | started my pilgrimage in my d¢ouand also in the Carpathian Basin, to colleetcsgs,
based on the system of ProRMBNEC TIBOR, from genu<rataegus

Back then | introduced four years of work (2005-20h my diploma thesis. The topic seemed
inexhaustible, more questions were formulated insodurther research was carried out (2009-201ah,
at the Institute of Botany and Nature Protectiotaiversity of West Hungary, led by ProfessoENBS
BARTHA, along with new perspectives and guidelines.

There’s three difficult part in the interpretatiohhawthorns:
1. The extraordinary diversity of Common HawthoriMgnogynd aggr.)
2. The difficulties of long sepal hawthorngSyrvisepald aggr.) in nomenclatural and taxonomic
matters.
3. The assessment of the difficulty of hybrids.

The following aims | were set out in my work:
1.) Torevision the formal, sometimes chaotic intergtiehs, and to do the clarification of the taxadohs
on:
a.) by their original diagnosis,
b.) by their type materials, and
c.) by their nomenclatural point of view.
2.) To create their new classification system basethein real relationships.
3.) To give to the clarified taxa exact spread areadas:
a.) museum materials and
b.) literature materials.
4.) Exploration of so far undescribed taxa in the siddields:
a.) The revisions of cratologists former, unpublisheaterials, and their validation, and
b.) discover new taxa by field research.
5.) To give a detailed description about infra-andaspecific species of the taxa.
6.) To prove the right for existence of independenatayx biometrical (morphometrical) methods.
7.) The clarification of Hungarian hawthorn and its ptaslogical complex by genetic methods.
a.) Is there any intraspecific difference based on cpB®¥quences between hawthorns with black
fruits ;
b.) Is there relationship betwed&h nigraand C. chlorosarca because the two species belongs to
one section, despite the great geographical distanc
c.) IsC. pentagynandC. nigraseparates; and
d.) Can be verified the parental speci€nigraandC. monoginaof C. xdegen?
8.) To make a single, and valid identification key &tirtaxa from the region.
9.) To make a collection about the hawthorns, whichewdescribed and collected from the Historical
Hungary's territory.

2.MATERIAL AND METHODS
2.1. Used special technical terms

Because some certain terms not used nowadaysheinglkaces taken by not quite good phrases, and
for the clearance of taxonomic interpretation, firtel some technical termssontaralma altermés (pseudo
fruit), csontarcsokor valodi terméssel (bouquet sbbnes with real fruit),monogynoid, laevigatoid,
hawthorns withrovidcsészés” (short-sepal) and ,hosszlcsészésiigsepal), steady and primer hybrids
In case of nomenclatural (and taxonomic) probleims,only way what leads to solution is the comeris
of the descriptions and the type materials, andsethevaluation based on the ,Melbourne Code”
(International Code of. Nomenclature for algaegiuand plant) (McNeill et al. 2011).

In my systematization | tried to synthetize, blept the apomictic microspecies conception, however
| summarized several taxa in hierarchical systetriedl less synonymising: | rejected the views afious
taxonomists ("sensu" - perceptions) and synonymidg those taxa that have the type of original and
copies of the diagnosis | was able to watch. Inntlagter of hybrids took the pattern fréorbugs, because
their genetic ,material” is the same, only the raténheritance is different. | took those hybrigsth the
priority principle in my eyes, in hierarchic sequenwhich ascended from the same parents. However |
distinguished the primer and the constant hybrideok those taxa for primer hybrids where the mark
complexes varietal on a single individual (eg. vehéne sepals simultaneously erected-standing apart-
reflexed). Because | think in microspecies, | rigdcthe merging of parental species. In every logbti
wanted to choose a clear isolating mark.

Similarly to BARANEC (1986) work | keep the aggregates; those hybwtisch are formed between
the same species aggregate, discussed in the sanpedj species, while hybrids between differemiugs
treated in hybrid groups.

3.2 Field collections

During my field research | collected hawthorns fraid (164 from the Carpathian basin, 12 European
and pre-Asian) locations in total, this means tkecenumber in days of field work. During my fielbrks
| collected 63 fascicles, and quasi 6300 herbagheets, and from these a significant portion isthem

(Fig. 1.).
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Fig. 1. : Locations of my Field research

2.3. Herbarium revisions

In taxonomic questions the decision lies on themgamison of the taxa’'s diagnose and its type mdteria
taking into account the ,Melbourne Code” ¢MeILL, 2011:§ 7.1. and § 7.2) — and if it's necessary-
making the revision. After the revision is possibdedraw the spread area of taxa from the Carpathia
basin.

2.4. Genetical study
2.4.1 Plant samples

We collected the samples in Hungary from naturdithts C. nigra Szigetujfalu, 5K, 6AB woodpart;
C. xdegeni Szigetujfalu, the road between the 4A-5B woodg@rtmonogynaSzigetujfalu, the border of
5K — 6AB woodpart) or from the live-collection dié Institute of Botany of the Hungarian Academy of
Sciences, VacratotC( chlorosarcha the origin of the shrubs were Vladivostok (Rupsaad Beijing
(China)) andC. pentagyndrom Bukarest (Romania).

2.4.2 Genetical study

DNA amplification and sequencing

DNA was extracted from young leaves stored at Q@Sing a modified CTAB method (MSZ EN ISO
21571, 2005) originally introduced by DOYLE and DO (1987). Standard polymerase chain reactions
(PCR) were carried out in 2d final volume from ~30 ng template DNA under folimg conditions: 2
minutes denaturation at 94 °C was followed by 3€ley of 30 secs denaturation at 94 °C, 30 secseprim
annealing at 56 °C and 1 minute elongation at 72 Pk reaction was closed by 5 minutes chain
elongation at 72 °C.

For amplification of trnL-trnF (5-AAAATCGTGAGGGTTBAGTC-3' and 5'-
GATTTGAACTGGTGACACGAGG-3') and psbA-trnH (5'-GTTATGATGAACGTAATGCTC-3' and 5'-
CGCGCATGGTGGATTCACAATCC-3') chloroplast intergeniegions, primers used by ALBAROUKI
and PETERSON (2007) for hawthorns taxa were appkeflowing 1.2% agarose gel-electrophoresis,
single band PCR products were isolated using thealfiPCR Clean-Up System (Promega) according to
the manufacturers instructions. Eluted PCR prodwetse direct sequenced using traditional Sanger
sequencing on the ABI 3100 (Apllied Biosystems)fplan using both forward and reverse primers such
accessing two times coverage.

Sequence and phylogenetic analysis

Reference sequences of taxa belonging to secBanguinea@ndCrataeguspublished by ABAROUKI
and FEETERSON(2007) and b et al. (2009) were fetched from GenBank for Crajig. wilsonii SARG., C.
russanovii @\., C. sanguineaA2L. ex BEB., C. chlorosarca C. nevadensiK. I. CHR., C. orientalis
PaLL., C. monogynalacQ., C. laevigata(PoIrR.) DC. Multiple alignment of reference and raw semges
was carried out using the ClustalW2 tookgKIN et al. 2007). The raw sequences were then manually
curated based on the electrophoretorgrams andigmrment. Completely identical sequences were ine
under one sample name. Phylogenetic analysis waedaut with 1.000 bootstrap replicates and the
neighbor-joining method @rou and Nei, 1987). The final analysis was carried out joinithg two
investigated sequence regions

2.5. The morphotaxonomic examinations

The examination of herbarium sheets we've performethe Hungarian Natural History Museums
herbaria’s Carpato-Pannon collectiof. previspina C. monogynaC. xdeltoxyacanthaC. laevigata C.
rosaeformisC. curvisepalaC. lindmanii C. nigra C. xdegenj C. pentagynp The living specimens were
exanimated by us in live-collection of the Instgudf Botany of the Hungarian Academy of Sciences,
Vacratét C. chlorosarca C. pentagynpand in the Budai Arborétum (Arboretum of Bud&). (Paul's
Scarlet’,C. monogyndPlena’, C. monogyndCompacta’) and also in the Buda Hill€.(ovalig, in their
natural habitat. We've done leaf morphologic exations on the basic species and on the hybfds (
brevispina C. monogynaC. xdeltoxyacanthaC. laevigata C. rosaeformisC. curvisepalaC. lindmanij
C. nigra, C. xdegen),however we only could do flowerC( laevigata C. brevispina C. monogynaC.
'Paul's Scarlet’,C. monogynaPlena’, C. monogynaCompacta’,C. curvisepaly or fruit morphologic
examination €. monogyndCompacta’,C. laevigata C. curvisepalaC. nigra C. xdegenj C. pentagynp
on these taxa, thanks to the weather conditionthétesigning of the morphometric measurementsaand
the statistical examinations we've followed thetpools of GOSLER (1990), BRTHA and Ruisz (2002),
HARNOS andLADANYI (2005),DEPYPEREat. al. (2006), andBRENCZY and KERENYI-NAGY (2009). The
leaf morphometric examination was done only on &edon specimens: the vegetative and generative
shoots were measured separately with emphasiseogeherative shoots, because they are consistently
carries the typical marks of the species. Whereoued, we’ve measured whole shoots, but sometimes w



could only examined leaves one by one, to avoidldgradation of herbarium specimens. We've measured
the parameters of each leaves from the top of lleetsto the base in case of generative shootshen t
vegetative shoots we’ve done it from the base éadip. The measured parameters are the followiFigs (
1.): The width of the first segment, the width béthalf blade, the first lobes greatest diameésrgth of

the blade, length of petiole, number of lobes, arafl the leaf base margins, and the angle of tis¢ fi
segment’s sinus. We've done flower morphometridiving specimens, the fruits were examined on livin
and on herbarium specimens: number of flowers, ageeidiameter, length and width of the fruit were
measured. We used SPSS 20 suite to the evaluatitimearesults. SPSS is a user-friendly statistical
software, which includes classical and modernsdtedil methods as well. The advantage of this @amogis

it gives opportunity to use other methods in cdsh® absence of traditional conditions of the agapion.
During our comparative examinations we had enowdgh tb do traditional, parametric methods (oneeiact
analysis of variance) for a reliable conclusione thormality of the data from samples, and the
homogeneous deviation was met. We had used ona-factlysis of variance for the comparison of the
quantitative properties (Fig.1.). We would haveetikto know how much the morphologic marks are
features of the hawthorn taxa, significantly diéfier, and they can be seen similar with each otioer,
support their taxonomic ( species or subspecighigcase) ranks. We have used a Duncan significant
difference post hoc analyses, for the supplemeavefage value comparison tests in analysis oénae,

as the reason of this we've created homogenouggroiithe treatments based on different attributes.
verifying of the in-group matching of variants we'used Levente-test. On the figures, the sequdrbe o
alphabetic row shows the sequence of size, therdift letters are significantly different. The campons
were made by SPSS 20 program suit, with 95% lefsslgmificance. Correlation analysis can be used to
examine causal connections and its closeness, &eta@me properties. More closer the correlation and
determination coefficient to 1, it means closer rastion. The evaluation findings in 95% (strong
correlation) and 99% (laws of association) can beepted on level of significance. The correlatien i
positive, if one parameter is increase or decréidme Pearson coefficient is positive) with the ottthe
correlation is negative in the case if the growtlome parameter comes with the decrease of other (t
Pearson coefficient is negative). During our aredyse used the Person’s correlation coefficienBB$S

20 program suite. The similarity groups were penied by hierarchical cluster analysis, based on the
measured data. From the parameters we've deterimnek-middle method, ANOVA (analysis of
variance), which features determinates best thesidieation into different clusters. The conclusiomere
reached 95% significance level. In the matter efdnichic classification we went step by step, dncys
reduced the number of clusters by merging two elusigether. Here you can not only count the destaf

two points in space by Euclidean distance, the naragoffers several methods for defining distance
between two clusters as well. By the resulted degram and the distance can be determine the real
number of group, after with the K-middle methodn ¢he groups determinable. There’'s an opportunity t
see which features the most determines the clestifin to different groups (and also to see whiehrmt).
This method were used to diagnose that, hawthamhaw close or away from each other, based dhell

examined features with together.
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Fig. 1: Leaf parameters: ETAGOL- The length of finet segment, FELLEV- the width of the half bladg#,EGSZ-
the first lobes greatest diameter, LEVHSZ- lendtthe blade, NYELHSZ- length of petiole, KAREJS-mier of lobes,
VALLSZ- angle of the leaf base margins, OBOLSZ- &mgle of the first segment’s sinuz{8PAK, 2013)

3. RESULTS AND EVALUATIONS
3.1 Result of nomenclatural revision

3.1.1. Problem of ,two-pistils, hawthorns

The taxaCrataegus oxyacantheas descripted byIANE at 1753 Usually under this name, the
botanists understands, the spéciataegus laevigatéPoIrR.) DC., Often (and wrong) they use the previous
name despite, that the taxon were under severmahtaic-nomenclatural correction.

| summarised below the nomenclatural and taxonamproblems of so-called ,two-pistil”
hawthorns on Carpathian-basin level.

The uncertain taxon emendated by JACQUHNL775 C. oxyacantha.. em. JACQ., below he
understands the already in modern sébskevigata(PoIR.) DC. species and for separation describes the
C. monogynalacQ. species. Clear description given bgiRET (1778) asMespilus laevigatawhich De
CANDOLLE (1825) reclassified to the genGsataegus HRABETOVA-UHROVA (1974) thinks right the name
C. oxyacanthd.., because sin her opinion the diagnose is gogdcdhtrast RANCO (1967) thinks the
nameC. oxyacanthd.. is doubdtful Gomen ambiguumand he thinks it to the synonym Gf monogyna
JACQ. Later HRABETOVA-UHROVA (1978) also uses the nar@e laevigata(PoIR.) DC. ANOVsSKIS (1971)
accepts the speci€s oxyacanthan JACQUIN-kind sense, moreover she classificafedaevigataunder it
(C. oxyacanthd.. em. AcQ. var.laevigata(PoIR.) BECK). BYATT (1974) discussed the problem in detail,
she notes that fromiliNE’'s 4 herbarium specimens ,which are from gardem otiie what BNDY (1946)
designated as a type specimiin§43.12) equal to th€. curvisepalalLINDM., species, Whilst the specimen
Ne 643.13 an African, probably from garden, i€.amonogyna C. laevigataybrid, theNe 643.14. also &.
curvisepalaLINDM.; the Ne 643.15 specimen i€. monogynalAcQ. In her opinion the taxon is not
specifiable based on LINNE description, so sheitalincertain name”rfomen ambiguujrand thinks as a
synonym ofC. curvisepalaLINDMAN . Based on the above we can say, thatthexyacanthas uncertain
name, it concerns more taxa, it description is oeptable, INNE's specimens are from multiple locations,
species and specimens, thus the name can’t be-usedescribe in a general sense, the n@meaevigata
(Poir.) DC. to be used! Thé€rataegus palmstruchbased on the description ofNDMAN (1918 separates
from the specie€. oxyacanthgL.) JACQ. with its more vigorous growning; its larger leau8-5(-7) cm);
hairs in its branchings of veins; longish, 2 longean wider, pointed and standing apart sepalBykirT
(1975) opinion it separates with its larger fruibt It was revised in 1992 t6. oxyacanthal. var.
palmstruchii(LINDM.) HEGI, in 1969 toC. oxyacantha.. subsppalmstruchii(LINDM.) HRAB.-UHR., and in
1974 toC. laevigata(PoIr.) DC. subsppalmstruchii(LINDM.) FRANCO rank.CHRISTENSEN(1992) sees as
the synonym ofC. laevigata(PoIrR.) DC. In my opinion is separates quite good frdme bther taxa,
probably descendant fro@. lindmaniiandC. laevigataastheir constant hybrid, independent species. In
1927 WALO KocH publish a species without diagnoseoihen nudujnas Crataegus helveticathus
HRABETOVA-UHROVA prove the taxon by its holotypeC. oxyacanthal. subsp. walokochiana
HRABETOVA-UHROVA (196&). By the nomenclatural refinementsotB (1970) makes a new
combination:C. laevigata(PoIR.) DC. subspwalokochiana(HRAB.-UHR.) HoLUB. In 1971 CINOVSKIS
publishes as the unstea@y calycinaPETERM.’s variety (var.walokochiana(HRAB.-UHR.) CINOVSKIS).
Later S0 (1974) erects to species rank in nahevalokochianaHrAB.-UHR.) SOO,but his publication
without basonim date is invalidc8MIDT (1981) gave the matching name to the nomenclatukes$, put
the taxa on hybrid stat€( xwalokochianaHRAB.-UHR.) P.A. SCHMIDT, which is the primer hybrid of.
laevigata and C. palmstruchii.SCHMIDT’s view is correct because its sepals are partigxed, partly
erected. In BRANEC (1986) opinion this taxa’s synonym Grataegus oxyacanthh. var. ovoxyacantha
PENZES neverthelesBPENZES (1956)'sdiagnose did not cover sepals too, and on the ggpeimens these
are party missing, the extant ones are partlyxeflehowever on the taxa’s aquarelle they areBetause
at the previous taxaERZzES described theC. oxyacanthawith short and reflexed sepals, | think the
aquarelle is a little bit rough and defective, &a&kANEC made his decision based on this drawing.




3.1.2. Problem of ,long sepal” hawthorns

The story of "long sepal” hawthorns had begun wite description ofCrataegus macrocarpa
HEGETSCHWEILER(1840, which finally, after several nomenclatural adijnsnts were left to race rank by
major literature €. xmacrocarpa or they keep as steady hybrid spectésnfacrocarp$ and consider as a
constant hybrid (eg. KRISTENSEN 1992, KURTTO et al. 2013): ¢. rhipidophylla GanD. (incl. C.
curvisepalaLinDM. andC. lindmaniiHRAB.-UHR.) C. laevigata(PoIrR.) DC.”. This hybrid species is very
divers, its taxon in Carpathian basirGscalciphilaHRABETOVA-UHROVA (1956, and she thinks this could
be equal tcC. calycinaPETERM., later she revise his taxon (1967) @smacrocarpaHEGETSCHW subsp.
calciphila (HRAB.-UHR.) HRAB.-UHR.. The Crataegus calycinavhich were described byEPERMANN
(1849 causes a lot of problems: previously every longasbpwthorn were under this taxa. Unfortunately
its gothic letter description contains very few ptuslogical markers. ®ANCO (1968) accepts the species;
based on the vegetative and floral similaritiesnierge with other specie€( calycinaPETERM. subsp.
curvisepala(LINDM.) FRANCO). CINOVSKIS (19714, b) concludes that is the hybrld. oxyacanthd.. em.
JACQ. (today:C. laevigata(PoIrR.) DC.) and theC. calycinaLIiNDM. (todayC. lindmaniiHRAB.-UHR.), also
the nameC. calycinalINDM. is not acceptable, instead the nandindmaniiHRAB.-UHR. need to be used.
The specie€. calycinaPETERM. against BABETOVA-UHROVA he does not consider the species equal to
with C. macrocarpaHEGETSCHW. The specie€. macrocarpaHEGETSCHW he considers to the hybrid of
C. oxyacanthd.. em. AcQ. (now: C. laevigata(PoIR.) DC.) andC. xdunensisCINOVSKIS. In his opinion
C. xdunensisCIN. is the hybrid ofC. curvisepalaLiNnDM. andC. lindmanii HRAB.-UHR. , in my opinion
this is can't clearly separable from the t&xaplagiosepaldPOJARK., so | take under it. BATT (1974) tried
to clarify the taxeC. calycinaPeETERM: according to IRABETOVA-UHROVA's disclosure the BrERMANN-
herbarium was lost at the world war, she statethbyspecies ai Kew Botanic Garden thatEFERMANN
did not appointed type specimens, he did not mattediates on his collections, only flowering spem
are found there, and there is a herbarium speciséch published under the nam@.,macrosepalanear
Leipzig, from the taxa’'docus classicusln his opinion it is hopeless to separate it frime taxaC.
macrocarpaHEGETSCHwW, thus he considers as a synonym of it, the Flanmpaea (RANCO, 1968) uses
this name wrongly. HLuB (2003) treats the tax&. calycinaPETERM. as a hybrid, the mixture .
laevigata (PoIR.) DC. andC. lindmanii HRAB.-UHR. (see also: @ovskis 1971). The Atlas Florae
Europaeae (KRTTO et al. 2013) already treats as a synonynCofnacrocarpaHEGETSCHW The first
“long sepal” hawthorn could be tl@&rataegus ovalig1863 which was described byI®aIBEL, if he was
published it in his life. Unfortunately the foreigpotanist don’t knows it (eg. they equals it witle species
C. insularis which were described ByNOVsKIs (1971), based on his diagnose and figure) or tegsi
one pistil they consider it as a multiple pistilesfes: 1.) UnderC. macrocarpa HEGETSCHW
(CHRISTENSEN 1992; and later take: MRHOLD — HINDAK, 1998; KURTTO et al. 2013); 2.Jnterprets it as
C. xmediaBECHST. (BECK, 1890; taken from: SCHERSON— GRAEBNER, 1900—1905; SHNEIDER, 1906;
CINOVsKIS, 1971). AVORKA (1915) misinterpreted work Crataegus ovaliKiT. (Addit. 282. old.; herb.
fasc. LIV. Nr. 128.), without naming a region, cdujive a base to the last interpretation. | thibk
monogynalAcQ. is less lobed. At most the limbs can refer tonittaxaC. oxyacanthaif they inner surface
is a little bit hairy, but this can occur on th@igal C. monogynaKITAIBEL'S specimen is with fruit, the
half ripened fruit on it is fully fromC. monogynaThe thesis(ASCHERSONet GRABNER SYN. VI. II. 36.
pp.; SSHNEIDER C. K. Handb. Laubh. I. 178. ppghat saysC. ovalisis one hybrid form of C. monogyna
oxyacantha, which based onKITAIBEL 's description is not acceptablé, and AVORKA S. (1926):
Herbarium Kitaibelianum. p. 580: ,bjalisKiT. Addit. P. 282. no. 1190thonogyn& an species nova? Ab
oxyacantha floribus monogynis diversa, fructusecemnospermus. In monte Szmerkovicza, ad Hradek et
ad acidulas Bartphenses. (no. 183oyalis mihi (LIV. No. 128.) nonogynalacqQ.; laciniae fructus maturi
revulutae. Fructus monospermus. Folia subtus inlegenarum plus minus barbatum.”)

Crataegus rosaeformisankA (1870 is a commonly known and untended species, whisb a
published on the nam@. rosiformis(JANKA 1874).LINDMAN (1918)describes the speci€s curvisepala
which unsteadily (,delvis?” ,partly?”) states aspart of C monogyna(without author!),C. calycina
PETERM. andC. hirsutaSCHUR, and features asC, rosaeformisJANKA, utan beskrivn” (. rosaeformis
JANKA, without author”). GIRISTENSEN (1985) accepts the taxa, synonymise the spéCiasurvisepala
LinDm. with it, and treats the speci€s lindmaniiHRAB.-UHR. as a subspecies. Later he reject the species

and its combinations in favour @ rhipidophyllaGANDOGER (1872), refers to bare name (nomen nudum)
(CHRISTENSEN 1992), althoughANkA (1870) had given a short description (,Bei denkdésbadern fand
ich einen herrliche€Crataegus dessen Friichte man eher fur die eResahalten kann. Ich heisse il@r.
rosaeformis’).

The Melbourne code does not determinates a taxged” or “bad” description, as the logic of
CHRISTENSENthe majority of speciesould be without description. Moreover it referscuarsory, that he
gives epitethon rpsiformis [errore rosaeformi§’, even though neither at the 1870 and nor in 18&4
publication ANKA gives josaeformis name. The specieS. curvisepalalINDM. HoLuB (1991)states as
invalid (nomen illegitimum), and write down in amenameC. praemonticolaln the latest processing
(KURTTO et al., 2013) they only taken the opinion ¢fRESTENSEN Based on the principle of a priority, the
existing diagnose and the lectotype the valid nen@e rosaeformislaANKA , its whole valued synonyis C.
rhipidophyllaGAND., and at most its infraspecific taga curvisepaledLINDM. The taxaC. monogynaAcQ.
var. ronnigeri K. MALY was remained completely unknown, which rediscovered revised byANJIC
(2002) C. rhipidophylla GANDOGER. var. ronnigeri (K. MALY) JANJIC). For the obscurityin 1968
HRABETOVA-UHROVA describes the specigSrataegus lindmanii.Her taxa was merged, based on
similarities of floral and vegetative properties sgparate rank<C. curvisepalaLINDM. subsplindmanii
(HRAB.-UHR.) BYATT (1974),C. rosaeformislaNKA subsplindmanii (HRAB.-UHR.) K. |. CHR. (1985),C.
rhipidophyllaGAND. var. lindmanii (HRAB.-UHR.) K. I. CHR. (1992);C. rhipidophyllaGAND. ssp.lindmanii
(HRAB.-UHR.) P.SCHMIDT (1995),andsynonymised on a nant rhipidophyllaGANDOGER. var.ronnigeri
(K. MALY) JANJIC (2002).Within the meaning of Melbourne co@ 11.1 and 11.4.) the valid taxa name is
wich were described on the rank earlier, thus thekrof species ofC. lindmanii HRAB.-UHR. is
indisputable. BJARKOVA (1965) publicated the tax@. plagiosepalaPoJARK., which sepals are quite
longs, straightly erected, and mostly has onlysinee, rarely twdBARANEC (1986) thinks it to a hybrid of
C. monogyna C. lindmanii,despite that | think that th@. lindmaniix C. rosaeformisx C. monogyna
HRABETOVA-UHROVA (196&) publishes as nomen novum the taxa, which is thergyn of C. calycina
PETERM. em. LNDMAN, and the taxaC. calycina PETERM. see as the synonym @&. macrocarpa
HEGETSCHwW Although HEGETSCHWEILER(1840) does not includes neither the length ofséqeals, nor the
states of them (EIGETSCHWEILER 1840, p. 464.: ,1392C. macrocarpanob. Langfriichtiger W. — Ein
dorniger Strauch von 15-20' Hoéhe. Bltr. eirund oeée&und-trapezoidisch, nach vorne 3-5lappig; die
Lappen zugespitzt und spitzig gesagt. Bimn. weigsst eingriffelig. Fr. gross, cylindrisch, langsds dick,
am Grunde 5 hdckerig, meist einsteintg.5. 6. In Hecken und Gebischen, besonders in memtan
Gegenden. Z. B. am Ezel und gegen Einsiedeln etc.”)

As a summary it can be said that the n&@nealycinaPETERM. is uninterpretable, and need to be
rejected, the long sepal hawthorns in the ared®fQarpathian basin can be separated the spedes an
hybrids below:

C. xmacrocarpaHEGETSCHW subspmacrocarpaand subspcalciphila (HRAB.-UHR.)

HRAB.-UHR.,

= C. rosaeformislaNKA subsp.rosaeformisand subspcurvisepala(LINDM.) KERENYI-
NAGY,

] C. lindmaniiHRAB.-UHR.

= C. plagiosepal&P0JARK.

In the case of the basic species or great spehmsare easily recognizable and called ,good’ Esedbdy
contrast some of their minor species the (hybipecges with hybridogen origin and the primer hybrid
called ,bad” species, their borders are faded. dtten of "bad" species the following solutions spr@
the literature:

I. Microspecies:
1. The microspecies are considered as apomict@ieseassumed the genetically isolation.
2. Sums them in hierarchical system.
3. Consider them as synonyms.



In my opinion their consideration as synonyms dead end: separation of local, typical charactacs a
natural conservational important taxa is justifiethis perception of taxonomic (species-specific or
infra-peer) cannot tell an exact opinion.

. In case of hybrids:

1. Like at Sorbuses every hybrid taxa treated amagic microspecies.

2. Certain stronger microspecies are kept: althahghhybrid parental species are the same, but they
make difference by the mother (eqaB\NEC, 1986).

3. They distinguish the permanent and primer hyb(h. BRANEC, 1986, at roses BRENYI-NAGY,
2012).

4. The hybrids merged with the first validly debed taxa and treated as synonymsiRIGTENSEN
1992, HoLuB, 2003; KURTTO, 2013).

5. The not clearly separable species, from diffeparents merged together by merging the parental
species (eg. ERISTENSEN 1992).

Each conception listed here have a rationality fegause of apomixis) but in my opinion followingya
unilateral direction leads false outcomes. As atfool a deductible consequences that this problem
requires further research, first in the case ofaepctive studies of apomixes proof for each taxam,
the other hand, genetic analyses, but this genesis yet to evolve in botany — analysis of each
sequence does not lead to salvation. Of courseitaotized the wide variety of ideas and
interpretations (“sensu”), what different researsh@ean by under a name of a taxa, so the picture
gets more complicated. Above as | did not explam nomenclature and its problem, because it is
relatively easy to decide the issue.

4.2 Taxa which founds in Carpathian basin are thedllowings (in my new classification):
»,Monogynd aggr.
1. Crataegus monogyndAcQ.
subspmonogyna
var. monogyna
f. arborescen$ENZES
f. foucaudiiBRIQ
f. pendula(Loub.) DIPP.
f. szaferiGOSTYNSKA-JAKUSZEWSKA
var. dissecta(BORKH.) GOSTYNSKA-JAKUSZEWSKA
var. latimonogynaPENZES
var. mandyi(PENZES KERENYI-NAGY
var. plesivecensi$HRAB.-UHR.) BARANEC
var.tauscher{PENZES KERENYI-NAGY
var.trilobata (BUIA) GOSTYNSKA-JAKUSZEWSKA
var.spatulifoliaKERENYI-NAGY
subspnordicaFRANCO
subspacutiloba(J.S.KERNER) BARANEC
var. acutiloba
f. acutiloba
f. aristata-serrataK ERENY-NAGY
var.vineticolaHRAB.-UHR. ex KERENYI-NAGY

2. Crataegus brevispin& unzE
var. brevispina
var. microphylla(CsATO) KERENYI-NAGY
var. contracta(HRAB.-UHR.) KERENYI-NAGY
1x2.Crataegus xjavorka€PENZES) KERENYI-NAGY
3. Crataegus denticulatdiRAB.-UHR.

.Laevigatd aggr.
4. Crataegus laevigatéPoIr.) DC.
subsplaevigata
var. laevigata
f. laevigata
f. bicrenulataHRAB.-UHR. ex KERENYI-NAGY
var. ovoxyacanthdPENZES KERENYI-NAGY
subspvulgaris (M. J. ROEMER) BARANEC
var.vulgaris
var. carnoviensigHRAB.-UHR.) KERENYI-NAGY
var. integrifolia (WALLR.) KERENYI-NAGY
var. mathei(PENZES KERENYI-NAGY
var. microphylla(LANGE) KERENYI-NAGY
var. microxyacanthgPENZES) KERENYI-NAGY
var. sorbifolia (LANGE) KERENYI-NAGY
var. gyoerffyiPENZESex KERENYI-NAGY

»Curvisepald aggr.
5. Crataegus ovaliKIT.
var.ovalis
var. somodiiKERENYI-NAGY
6. Crataegus rosaeformi§AnKA
subsprosaeformis
subspcurvisepala(LINDM.) KERENYI-NAGY
var. curvisepala
var. aceriformis(HRAB.-UHR.) KERENYI-NAGY
var.carstica(HRAB.-UHR.) KERENYI-NAGY
var. carpatica(HRAB.-UHR.) KERENYI-NAGY
f. carpatica
f. rigidula (HRAB.-UHR.) KERENYI-NAGY

7. Crataegus lindmaniHRAB.-UHR
var. lindmanii
var.ronnigerii(K. MALY ) KERENYI-NAGY
var. extrasepaldKERENYI-NAGY, BARANEC et BARTHA
var. microsepalaKERENYI-NAGY, BARANEC etBARTHA
var.jodalii KERENYI-NAGY

5x7.Crataegus xcorniculataHRAB.-UHR. ex KERENYI-NAGY

»Nigra” aggr.

8. Crataegus nigraWALDST. et KIT.
f. nigra
f. borosii KERENYI-NAGY et BARTHA
f. csapodyadBARTHA et KERENYI-NAGY
f. javorkaeKERENYI-NAGY et BARTHA
f. karpatii KERENYI-NAGY et BARTHA
f. pappii BARTHA et KERENYI-NAGY
f. penzesiKERENYI-NAGY et BARTHA
f. prodanii BARTHA et KERENYI-NAGY
f. vajdaeBARTHA et KERENYI-NAGY



,Pentagynaaggr.
9. Crataegus pentagyn8lVALDST. et KIT.

»Orientalis’ aggr.
10.Crataegus orientalis?ALLAS
11.Crataegus azarolug.

»Curvisepald , Monogynd- hybrids
5x1.Crataegus radnoti-gyarmatiKERENYI-NAGY
6 1. Crataegus xsubsphaeric@AND.
nothosubspsubsphaerica
nothosubspjacquinii (KERNER ex FENZES) KERENYI-NAGY
nothosubspszepesfalvy(iPENZES KERENYI-NAGY
nothosubspraavadensigRAUNK.) KERENYI-NAGY
nothosubspfallacina (KLOK.) KERENYI-NAGY
nothosubspnegreaniiKERENYI-NAGY
6x2.Crataegus xmonostevenHENZESeX KERENYI-NAGY
7x1.Crataegus xkyrtostyl&INGERH .
nothosubspkyrtostyla
nothovar kyrtostyla
nothom.baksayand@ENzES ex KERENYI-NAGY
nothosubspcsapodyagPENZES KERENYI-NAGY

»Curvisepald , Laevigatd- hybrids
5x4.Crataegus xsudeticéHRAB.-UHR.) KERENYI-NAGY
6x4.Crataegus xpseudoxyacanti@n.
nothosubsppseudoxyacantha
nothosubsplongisepalaHRAB.-UHR.) KERENYI-NAGY
6x7x4.Crataegus xmacrocarpelEGETSCHW.
nothosubspmacrocarpa
nothovarmacrocarpa
nothovar.austromoravicg HRAB.-UHR.) KERENYI-NAGY
nothovar.belanensi$iRAB.-UHR.
nothovar.bohemicgHRAB.-UHR.) KERENYI-NAGY
nothovar.cebinensi$irRAB.-UHR.
nothovar.cremnicensi$HRAB.-UHR.) KERENYI-NAGY
nothovar.nemorensigHRAB.-UHR.) KERENYI-NAGY
nothosubspbaraneciiKERENYI-NAGY
nothovarbaranecii
nothovar.curvisepaloide¢HRAB.-UHR.) KERENYI-NAGY
nothosubspcalciphila (HRAB.-UHR.) HRAB.-UHR.
nothovarcalciphila
nothovarmikulcicensigHRAB.-UHR.) KERENYI-NAGY
12. ('7x4.") Crataegus palmstruchiLINDM .
var. palmstruchii
var.lepida(HRAB.-UHR.) KERENYI-NAGY
12 ('7x4")x4.Crataegus xwalokochiangHRAB.-UHR.) P. A. SSHMIDT
nothom.globosa(HRAB.-UHR.) KERENYI-NAGY
nothom.hadensigHRAB.-UHR.) KERENYI-NAGY
nothom.hercynica(HRAB.-UHR.) KERENYI-NAGY
nothom.joachymi(HRAB.-UHR.) KERENYI-NAGY

.Laevigatd ,, Monogynd- hybrids
1x4.Crataegus xmedidBECHST.
nothosubspmedia
nothosubspdeltoxyacanthgPENZES KERENYI-NAGY
nothovar deltoxyacantha
nothom.crassaHRAB.-UHR. exKERENYI-NAGY
nothom.subrotundifoliaHRAB.-UHR. ex KERENYI-NAGY
nothom.monoxyacanthdPENzZES KERENYI-NAGY
nothosubspintermixta (WENZzIG) KERENYI-NAGY
2x4.Crataegus oxystevenRPENZES ex KERENYI-NAGY

»Nigra” , Monogynd-hybrids

8x1.Crataegus xdegerfsAk
nothom.degeni
nothom.monogynoide§ZSAK) KERENYI-NAGY
nothom.zsakiiBorRosex KERENYI-NAGY
nothom.borosii (PENZES KERENYI-NAGY

~Pentagyna, Monogynd- hybrids
9x1.Crataegus rubrinervid ANGE

»~Monogynd ,, Curvisepald , Curvisepald hybrids

1x6x7.Crataegus xplagiosepalROJARK .
nothosubspplagiosepala
nothosubspdunensiqCIN.) KERENYI-NAGY

In my system there is 12 species, 7 subspeciesaBéty (varietas) and 19 form (forma), and 15
hybrid species (nothospecies), with 18 hybrid sebss (nothosubspecies), with 13 hybrid variety
(nothovarietas) and with 13 hybrid forms (nothonia)p | indicated only those taxa which are trulyrfd
and natives at the territory of the Historical Hang(broadly interpreted Carpathian Basin). In eratif
two species. azarolusandC. orientali§ the nativity is questionable, despite that | imigd them. For the
easier understanding of the hybridization | drewths suspected hybridization connection betweenomro
of species (1.figure) and species (2. figure). Shepected connections drawn based on morphological
characters, their clearance needs further stugaetically, chemo taxonomically, morphogenetice)two
cases €. pentagyna—C. laevigatand C. nigra—C. laevigatplikely developed hybrids, but these has not
been discovered yet. The Hungarian and the twd pastthorn occurs together, at Dunaujvaros | e
specimens of this kind, but their separation fr@mxdegeniis very difficult. Of course, in addition the
interpreted hybrids the basic species, outside€drpathian Basin, also be able to create hybritls ether
species and other hybrids.

3. 3 Result of genetic study

Sequence diversity

From the two investigated chloroplast intergenmiors, trnL-trnF was less variable. The 6 bp indel
identified earlier between positions 99—-104§AROUKI and FETERSON 2007) remained monotypic f@.
azarolusL. var.aronia L. New polymorphic sites were identified at pasiti62 of the alignment, where a 1
bp deletion was recognized exclusively in the @voxdegenispecimens; and at position 134, where a G/T
single nucleotid polymorphism (SNP) was identifi€dyeeing monotypic foE. pentagynaThe psbA-trnH
intergenic region proved to be more polymorphicnéw T/A SNP was identified at position 259 of the
alignment (alignment positions are based on peostipublishd by ABAROUKI and RETERSON 2007),
where A is monotypic t€. pentagynaBased on the sample set investigated tyaRouki and ETERSON
(2007), the authors proposed four indel regionsveen positions 130 and 190 of the alignment. In our
sample set, this region of the alignment provedeéohighly variable (fig. 1.), which makes objective



interpretation challenging. First domain of the éypariable (HV) is monotypic in sectio@rataegus
while it is variable irSanguineaeshowing intra-specific variability in the case@fchlorosarca This first
domain is missing fron€. nigra C. degeniandC. wilsoniicompletely. Second domain of the HV region is
a T mononucleotide repeat, which is less inforneatind in this case the opportunity of sequencinger
is high. We didn't observe any intra-specific véoia in this domain. The third domain has two main
characteristics. There is a GCGGT motif monotymic dll investigatedC. chlorosarca but not for the
referenceC. chlorosarcasamples nor any other taxa. The second motifG§TaSNP, which seems to be
highly variable (data not showr§.. russanoviiandC. dahuricasequences submitted by let al. (2009)
having an ambiguous characters at this positiareéference and the investigated Hunga@apentagyna
samples have different states at this positions Thialso the one and only of the investigated entide
postitions, where sequences fr@n nigraandC. xdegenisamples are differing. Last domain of the HV
region is built up from an A mononucleotide rep&imilar to domain two, it is less informative agdor-
prone. Because of possible ambiguities, domainama four, further the G/T SNP motif of domain three
were excluded from further analysis.

Intrapsecific variations, Phylogenetic relations

Main goal of this study was to clarify, if genetielationships of the East-AsiaD. chlorosarca the
Carpathian Basin endemisth nigraand one hybrid taxon of the latt€, xdegeniare coherent with the
high morphological similarities of these species. e neighbor joining tree of the investigatedataxd
sequences from Genbank (fig 2.) high similarity ¢snobserved betweed. nigra and its hybrid,C.
xdegeniwith 100% bootstrap support. Based on our datajigra can be approved being maternal parent
of the investigatedC. xdegenihybrids. The other pare@. monogynacan't be proved, as both hybrid
samples were of same direction of the hybridizatifime C. pentagynas on the different clad, but this
needs further investigation. It must be noted hamethat this region might be less appropriate for
phylogenetic analysis, but it might be very uséfubarcoding studies or to identify Crataegus taxa.
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% 2 3 a
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Fig 2. NJ tree of the joined chloroplast intergesequences. Prunus persica and P. laurocerasusisezte
as outgroup. Numbers indicate bootstrap suppamt 600 replicates.

3.4. Results of herbarium revisions

I have done the typification works: | revised 4nfroKITABEL'S, 1 from WERzBICKI'S, 19 from
PENZESS AND 38 fromHRABETOVA-UHROVA's type material. | validated 9 taxa which were unjsitgd
in herbarium but marked on individual rank by clagists, which are valuables in my opinion. | witty
co-authors described 8 new forms based on herbaguisions. | put 41, previously unpublished taxa o
new status and rank (from these were published/IEkzES and20 by HRABETOVA-UHROVA).

As a result of my field researches 9 taxa (1 spe(gpecies), 1 hybrid species (nothospecies), tichyb
subspecies (nothosubspecies), 6 variety (variatas)l form (forma)) were described to the sciersceeav.
| revised 4400 herbarium sheets in: Herbaria of ddmian Natural History Museum (BP) — Jeney-
collection (35 pieces), at Herbaria of Hungariartux History Museums (BP) — Core material (approx.
2000 pieces), at Edtvds Lorant University Botanigaiden (BPU) (10 pcs.), Szent Istvan University at
Godollb (GAH) (35 pcs.), Eszterhazy Karoly University oppglied sciences at Eger (EGR) (4 pcs.),
University Babg-Bolyai at Cluj-Napoca (CL) (quasi 280 pcs.), Heflia Croaticum at Zagreb (ZA) (99
pcs.), Herbarium Ivo and Marija Horvat also in Z#g(ZAHO) (54 pcs.) collections. For European aklo
I checked of the material in the herbaria of theiversity of Masaryk, Faculty of Naturalsciences,
Department of Animal and Plant Sciences at BrnoNBR(quasi 900 pcs.) and in the Herbaria of Albert-
Ludwigs University at Friedeburg (FB) (20 pcs.).

3.5. Results of morphometrical investigations
3.5.1. Leaf morphologic

By the results of the one-factor analysis of vaseaabout the width of the first segment we cantkay
the measured parameters are significantly sepasatée species, and the Duncan's significant post
analysis showed that four homogenic group can teméacan be sad based on the width of the fatse |
there is a significant difference betwe€n monogynaand C. brevispina the deviation reflects well the
kinship relations ofC. laevigata— C. deltoxyacantha C. monogynalt supports the kinship of the species
of Curvisepalaagg, only separates the. rosaeformidor a little: it makes a common group with nigra,
which can be explained by the short and shallowdatf the two species. Although tBexdegenishares a
group with the taxa oEurvisepala but the parameters shows it is rather closea@tbup ofC. monogyna

By the results of the one-factor analysis of vareaabout the width of half blade ,it can be sdidt,the
measured parameters are significantly separatébeaspecies, and the Duncan's significant post hoc
analysis showed that six homogenic group can beeniBlte division show clearly the hybrid natureCof
degenj because it is shares of a group between its @argmeciegC. monogynandC. nigra), and based
on the measured parameters its close€taigra. The groupCurvisepalabased on the half-bade-width
separates from the other grougs. brevispinaalso markedly distinct from its collector speciés. (



monogyna)although theC. xdeltoxyacanthas shares a group between its parental spe€ieménogyna
C. laevigata.

By the results of the widest diameter of the fiokte’s one-factor analysis of variance it can bd ghat
that the measured parameters are significantlyragsaat the species, and the Duncan's signifigastt
hoc analysis showed that four homogenic group @amaéade. This division shows a lot similarities he t
width of half blade division, from which mostly septes it with the speci€3. nigra’s and C. degeris
grouping together (excepE. rosaeformis)with the species ofCurvisepalaagggroup and withC.
monogynabutC. brevispinaandC. laevigataforms a separate group also. HEredegenalso close to one
of its parent, to th€. monogynabut based on the analysis it is clos€tmigra

By the results of the length of the blade’s onedaanalysis of variance it can be said, that tieasared
parameters are significantly separates at the apesnd the Duncan's significant post hoc anaysisved
that seven homogenic group can be made. At thehesfgthe blade it is conspicuous the different¢e (t
length of the blade of. brevispinais averagely less than the quarter of the bladgtieof theC. nigra)
and the gradual transition between species, whichws by the overlap between groups. The parameters
supports again the hybrid origin 6f xdeltoxyacanthgC. monogyna xC. laevigatd. The outstanding
blade length ofC. nigracan be explained by the significantly higher lolenber, and to this fits well the
data ofC. xdegeni(C. monogyna C. nigra).

By the results of the length of petiole’s one-facémalysis of variance it can be said that that the
measured parameters are significantly separatéheaspecies, and the Duncan's significant post hoc
analysis showed that five homogenic group can beemBased on the petiole length tbedegenican be
found in the group between the parental spedi&snfonogynaand C. nigra), support the taxonomic
connection.

The C. deltoxyacanthaakes on value between its parental spedsnfonogynaand C. laevigata)
supports the taxonomic view, and makes the spé€idgltoxyacanthaloser toC. laevigata,because it is
similar more to that, based on the petielegth. TheC. curvisepalaC. ovalisandC. lindmaniimarkedly
distinct from the other specie€.( rosaeformisagain left outs this group), this is also suppditsir
individualities and group inhesions.

By the results of the number of the lobes’ onedaetnalysis of variance it can be said that that th
measured parameters are significantly separatekeaspecies, and the Duncan's significant post hoc
analysis showed that six homogenic group can beenBaked on the lobe number thdaevigataand the
C. deltoxyacanthaelonging in one group supports again the clostiosl in their kinship. The species
which belongs tdMonogyna agg C. monogynandC. brevispinaare significantly separates based on lobe
number, this supports the individualities of thi®tspeciesThe species which belongs@urvisepala agg
are belongs to some other groups, not separatgs\sfram the other species. Tl degenican be found
in the group between the parental spec@snjonogynandC. nigra) again, this supports the taxonomic
relation.

By the results of the angle of the leaf base matgine-factor analysis of variance it can be daid that
the measured parameters are significantly sepasatdse species, and the Duncan's significant post
analysis showed that five homogenic group can béemBased on the comparative study of the angle of
the leaf base margins can be said thatGhlaevigataand theC. xdeltoxyacanthalose kinship relation
(they belong to the same group), and @exdeltoxyacantha hybrid origin (between the groups of
parental species) wins support, for the separatirgher taxa this analysis is not the most suitabl

By the results of the angle of the first segmesitais’s one-factor analysis of variance it candid that
that the measured parameters are significantlyraggsat the species, and the Duncan's signifigasit
hoc analysis showed that two homogenic group camdmte, with great overlap. Based on the angleef th
first lobe’s inside margin’s one-factor analysisvafiance significant differences weren’t occureed the
aggregates weren't separated clearly, so this peeainalone is not be able to use for mapping taxino
relations.

3.5.2 Result of correlation analysis by taxa
The Pearson-correlation shows that the parametéesdependence is great, and at every species a
complex harmony can be observed, that is to sagfale parameters changing together. The angilkeeof

first segment’s sinus and the angle of the leakbasrgins are not changing properly with the other
parameters, so they taxonomic relevance is lessamaing.

The classification of species based on the measungarameters

The similarity groups of hawthorn taxa were madsellzon the measured parameters of hierarchicaeclus
analysis. Two kind of dendrogram were made, affitlse we've taken account the measured parameters
from all the generative and all the vegetative $Boleaves, while at the second we've only used the
parameters measured from generative shoot leaves1 the parameters we've determine by, K-middle
method, ANOVA (analysis of variance), which featigeterminates best the classification into differe
clusters. In doing so the angle of the first segreesinus and the angle of the leaf base marging we
proved to be the most significant parameters, whiee supressed the significance of the others, and
because the resulting dendrogram did not reflectht taxonomic relationship we've performed the
grouping without these two parameters. This stat¢raepported by Person-correlation analysis, becaus
these two parameters shown less connection wittr plrameters. On the two figures is clearly véstblt
against the leaves which from the vegetative sheitsleaves of generative shoots shows more bteer
real relationships: th€. nigraand theC. xdegeniseparates from the other, just like laevigataand C.
xdeltoxyacanthawhich were together in analysis of variance tamtt® known kinship between them won
support. TheMonogynaand Curvisepalaaggregates did not separates sharply during treteclanalysis,
which cause can be the high degree of variabilftyeaves of C monogyna On the other hand, the
measured parameters are not able to take into acsaah parameters, like the integrity or serrateldaf
margins, hairs, leather-likeness, that's whybrevispinaand C. laevigataand its hybrid can be in close
clusters, because the test cant filter out thatides the similar parameters there are differencé=aves
(eg. diameter can be similar, but at the firstithes are Y-shapes and on the second they are).ovals

3.5.3 Results of Flower and fruit morphometric

In the matter of floral sizes the great deviatioo&ise can be that the individual plants are lines
regions with variant climatic conditions. The diface between the minimum less than between the
maximums, this is also can be descends from tlfierelift climate, and the different soil water mamaget.
From the measured speci@s nigra, C. monogynandC. xdegenihas the greatest flower averagely, the
biggest deviation can be found@t laevigatafloral size.C. curvisepalsstand outs its length of the fruits:
compared withC. monogynat has one and a half or twice the size of thaitdrbut with the other taxa
there is outstanding differences. In the mattefreit width C. xdegeniis averagely the widest, but its
standard deviation is the greatest too, which shivt the forms of the fruits are not uniform, @egly
closed with the developed stones inside the fdnsidering the length and widths of the fru@s
curvisepalahas the longest an@d. degenihas the widest fruits.

3.6 Identification of native hawthorns

In my dissertation | publish the markercomplexesciiprovides to get to know better the Carpathian
basin’s and Croatia’s hawthorns, and three ideatifobnkey of theirs (identificationkey of collecspecies,
species and subspecies and species, subspeciegtaits)

3.7. Presentation of hawthorn species

| discuss in detail of the nomenclature, morphaodiescription, and variability within species,
chromosome number, and spreading area of certaiiesp | help the better interpretation of the afaitity
within species with line art images.



4.NEW SCIENTIFICAL RESULTS

| presented in my doctoral dissertation the hawtbasf the Carpathian basin in detail, discussed in
historical overview the literature which includée tCarpathian basin with their European correlatioith
outlooks to Asian and North-American. | introduageherally the kinship, the spread area and thealpec
technicus terminus of genus hawthorn.

1.) I clarified the examined area’s hawthorn’s nopiature and taxonomy, | discussed detailed thileno
of “two pistil” and “long sepal” hawthorns. | hadene the typfication works: | revised 4 framAIBEL'S,
1from WIERZBICKI'S, 19 from PENZESS and38from HRABETOVA-UHROVA'’S type specimens.

2.) I discussed in details the hawthorn genus'fasaclassifications, and after | created a newstfastion
which taking account the real relations of kinshifieir complex and very complicated relations, and
which is valid for the whole Carpathian basin. Iy system there is 12 species, 8 subspecies, 38tyari
(varietas) and 18 forms, and 15 hybrid speciesh@sgecies), with 15 hybrid subspecies (nothosulesgec
with 14 hybrid varieties (nothovarietas) and with lybrid forms (hothomorpha). | indicated only thos
taxa which are truly found and natives at the tnyi of the Historical Hungary (broadly interpreted
Carpathian Basin). In matter of two speci€s ézarolusand C. orientali§ the nativity is questionable,
despite that | included them.

3.) I validated 9 taxa which were unpublished irblaeium, but marked on individual rank by cratokigj
which are valuables in my opinion. | with my codaots described 8 new forms based on herbarium
revisions. | put 41, previously unpublished taxanemw status and rank (from these were publishebyl2
PENzES and20 by HRABETOVA-UHROVA). As a result of my field researches 9 taxa (1 spe@pecies), 1
hybrid species (nothospecies), 1 hybrid subspegiethosubspecies), 6 variety (varietas) and 1 form
(forma)) were described to the science as new.

4.) | revised 4400 herbarium sheets in: Herbariddohgarian Natural History Museum (BP) — Jeney-
collection (35 pieces), at Herbaria of Hungariartuka History Museums (BP) — Core material (approx.
2000 pieces), at E6tvods Lorant University Botanigaiden (BPU) (10 pcs.), Szent Istvan University at
Godolls (GAH) (35 pcs.), Eszterhazy Karoly Universyti opplied sciences at Eger (EGR) (4 pcs.),
Universitatea BaleBolyai at Cluj-Napoca (CL) (quasi 280 pcs.), Herman Croaticum at Zagreb (ZA)
(99 pcs.), Herbarium Ivo and Marija Horvat alsoZiagreb (ZAHO) (54 pcs.) collections. For European
outlook | checked of the material in the herbafighe University of Masaryk, Faculty of Naturalsooes,
Department of Animal and Plant Sciences at BrnoNBR(quasi 900 pcs.) and in the Herbaria of Albert-
Ludwigs University at Friedeburg (FB) (20 pcs.).ribg my field research | collected hawthorns fror# 1
(164 from the Carpathian basin, 12 European and\pian) locations in total, this means the exachber

in days of field work. During my field works | celtted 63 fascicles, and quasi 6300 herbarium stereds
from these a significant portion is hawthorn Basedmy field-, herbaria- and literature researclould
clarify the spread area of certain taxa, whichpam in point map.

5.) l assembled an identification key system whinHorm for every taxa of the region: it is incldg. the
collector species,2. the species and the subspaie3. the species subspecies and hybrid species.

6.) | discuss in details the species and theiakafid intraspecific taxa in chapferesentation of species,
and for to help the recognition I've made photod drawings.

7.) | presented the ecological and coenologicalatets of hawthorn species based on their literaane,
after | amend it relied on my experiences.

8.) The morphometrical measurements | performedthey with TUPAK MARTON professional staff and
with Mrs. Dr. ZABONE Dr. ERDELYI EVA head of department: we were measured 11 parantigtelength
of the first segment, the width of the half blatiee widest diameter of the first segment, lengthhef

blade, length of petiole, number of lobes, the anglthe leaf base margins, the angle of the $egiment’s
sinus and the flowers diameter and the diameterlemgth of the fruits. Based on the leaf analydis o
variance that the origin off. xdegeni (C. nigra — C. monogynp the C. xmedia nothosubsp.
deltoxyacanthgC. monogyna- C. laevigatd almost all parameters confirme@d, brevispinasignificantly
separated fromC. monogynawhile from the species of groupurvisepalathe C. rosaeformissubsp.
rosaeformisin most cases slightly separated from the othenbees of the group, while their parameters
almost were close together. The Pearson-correlatmws that the parameters interdependence is, great
and at every species a complex harmony can bedusethat is to say all of the parameters changing
together. The angle of the first segment’s sinud thie angle of the leaf base margins are not chgngi
properly with the other parameters, so they taxdnaeievance is less outstanding. The similarityugs
were performed by hierarchical cluster analysisebdaon the measured data. Two kind of dendrograma we
made, at the first we've taken account the measpaadmeters from all the generative and all the
vegetative shoot's leaves, while at the second evely used the parameters measured from generative
shoot leaves. From the parameters we've determin&imiddle method, ANOVA (analysis of variance),
which features determinates best the classificatiimdifferent clusters. In doing so the angleta# first
segment’s sinus and the angle of the leaf baseinsawgere proved to be the most significant pararagte
which were supressed the significance of the otlzerd because the resulting dendrogram did netatetd

the taxonomic relationship we've performed the ging without these two parameters. This statement
supported by Person-correlation analysis, becéhesettwo parameters shown less connection witlr othe
parameters. Our experiments proved that againstle#rees of vegetative shoots with the leaves of
generative shoots shows more better the real oakttips: theC. nigraand theC. xdegeniseparates from
the other, just likeC. laevigataand C. xdeltoxyacanthawhich were together in analysis of variance too.
The known kinship between them thus won supporé Mbnogynaand Curvisepalaaggregates did not
separates sharply during the cluster analysis,iwtétise can be the high degree of variability afds of

C. monogyna On the other hand, the measured parameters dr@bt® to take into account such
parameters, like the integrity or serrated of tkafImargins, hairs, leather-likeness, that's wby
brevispinaand C. laevigataand its hybrid can be in close clusters, becausedst can't filter out that
besides the similar parameters there are diffeseimcleaves. We have experienced a great deviatitire
matter of floral sizes which cause can be thairtdidual plants are lives in regions with variatimatic
conditions. The difference between the minimum léms between the maximums, this is also can be
descends from the different climate, and the diffeisoil water management. From the measured specie
nigra, C. monogynandC. xdegenihas the greatest flower averagely, the biggesttieni can be found at
C. laevigatafloral size.C. curvisepalastand outs its length of the fruits: compared W@thmonogynét has
one and a half or twice the size of that fruitg, with the other taxa there is outstanding diffee In the
matter of fruit widthC. degenis averagely the widest, but its standard deviaathe greatest too, which
shows that the forms of the fruits are not unifoitrdeeply closed with the developed stones ingice
fruit. Considering the length and widths of thetB\C. rosaeformissubsp.curvisepalahas the longest and
C. degenihas the widest fruits.

9.) The genetic examinations | performed togeththt REAK TAMAS, KOSA GEzA, andBARTHA DENES

For the clarification of Hungarian hawthor@.(nigra) and its morphological complex we have examined
its hybrid C. deger)i, the morphologically very different, but in litgure often mixegmall-flowered black
hawthorn(C. pentagynpand the morphological very similar, but far EasteC. chlorosarca based on
chloroplast DNA (cpDNA). As a result of our resdanwe have found new variable sequence<in
chlorosarca and C. pentagyna the C nigra significantly separated from the genetically and
morphologically different Cpentagynahowever it separates too genetically from thephologically very
similar C. chlorosarca We have verified that. nigrais one of the parental specieEC. xdegenj the
examined sample showed an outstanding similarityclvcause can be the great dominance in population
of C. nigraat the expanse &@. monogyna



10.) | presents shortly, based on the literatdheshorticultural importance of hawthorns, theipligability
as ornamental plants, their medicinal use, anéel te our research about their nutritional valwses] their
deployment in public areas for experimental-likeagr areas. | present shortly our established gamesb

11.) One of the most important aim of taxonomyhis ¢onservation of variability of biology, thusrepent
in details the conservational state of hawthorresse®l on our work the Hungarian hawthoth (igra)
erected to highly protected state!

12.) I have compiled a bibliography of the CarpathiBasin Hawthorns.

13.) I have compiled a list of hawthorn wich wesscribed in the Historical Hungary's territory.

5.OUTLOOK

It is very important that theoretical knowledge lcblie planted to the side of practical use.

Hawthorn taxa, which thrives in the Carpathian baare roughly well known, in taxonomic point oéwi
further research is appropriate in collector sme€emonogynagmostly relied on the revision of Russian-
Ukrainian-Baltic taxa.

In this paper | work only with microspecies, buhérge the hybrids together for the manageabilitg- t
examination of these hybrids, mostly further resleds needed in their reproductive managementr(thei
production with artificial crossing) and in genstidVNith the establishment of living collections rige
banks) it became possible to start phenological pasisons in one habitat, and to start research in
reproductive management.

It is necessary to follow the ongoing comparativaleations in urban green space managements. It is
important to use hawthorn (and native shrubs) imlipuplaces, it has outstanding significance in
conservational ways too: the last refugium halbeathe survived trees.

The most important research profile in my opinierttieir nutritional values, their medicinal usaili
and their possible role in pomiculture. By theiag#ment in cultivation can be recycle areas, which
degraded by agriculture, their harvesting (flowkenjt) requires great manual labour, which can be a
solution, for regions like eastern Hungary, whenemployment is high, it could provide seasonal work
The once deployed plantations would be compatiblits conversational criterias, it could be a good
example for our national gene treasure’s propeggagements.
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