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Chromosome Numbers of Some Representatives of the 
Arabis hirsuta Complex from Czechoslovakia 
Chromoz6move pocty nekterych zastupcu komplexu Arabis hirsuta z uzemi 
Ceskoslovenska 

Romana Czapik and Irena N ovotna 

CzAPlK R.l) e t I. NovoTNA2) (1972): Chromosorne numbers of some representatives 
of tho Arabis hirsuta comolox from Czochoslovakia. - Preslia, Praha, 44 : 1 - 6. 
-- Chrommwme numbers aero g ive n of Arabis pllinisiliqua (PFrns.) REICHENB., A. sa­
gittatn ( Brnrn·oL.) D C., A. hil'suta (L.) ScoP. s. s Lr. and A. hornun.giana SCHUR from 
14 locali t ies in Bohemia, Moravia and Slovakia. In A. plani8iliqua, and A. sagittata 
16 Romat ic chrornosomos wore found, in A. hirsuta s. str. - 16 and 32, in A. hornun­
gicinri - ;~2. In addition somo oft.he ir natural diploid, triplo id and t e trap loid hybrids 
worn a lso exam ined . - 1 ) D epartment of Plant Cytology and Embryology, Institute of 
Ratany, Ja7ellon·1:an UniJJersit,y, sw. Jana 20, Krn 1dw , Poland. 2 ) Botanical I nstitute, 
Czechosloua!c Aca·lcniy of Sciences , Pruhonicc near Praha, Czechoslovakia. 

Four sp'.)cies from the Arabis hirsuta complex were the object of the present 
studies: A. planisiliq'/,ta (PERS.) HElCHENB. , A. sagittata (BERTOL. ) D C., 
A . hirsida (L.) ScoP. s . str. and A. harnungiana Scmrn. The examined plants 
belonged to the natural populations from some Bohemian, Moravian and 
Slovakian localities. The plants were collect ed chiefly during our common 
field work in 1 069 and t he karyological data concerning this material are 
published here for the firs t time. lt should be added that so me plant material 
from 'five localit ies am 'Jng 14 mentioned below was examined by us before 
and the results were included into one of t he previous p:tp2rs (CZAPIK et 
Novo'rNA 1967a, 1%9; NovoTNA et CzAPIK 1971) . However, taking into 
account some problems connect ed with the symp:ttric occurrence of taxa 
(KLASTERSKY et NovOTN . .\ 1962) and their cytological differentiation it 
seo m.ed to b e worth rep ~ating the investigations there in the second season. 
[n mixed p '.)pulations int ~rsp 2cific hybrids were found and if it was possible 
their chromosome numb ers were also determined. The discovery of natural 
1ybrids bPtween A. sagittata and A. plam:sil,iqua was most intoresting. They 

were known from our exp::riments only (NovOTNA et CzAPIK 1971) and their 
occurrence in nature is very significant. 

Methods 

The chromosome numbers wore d '.'l termined on mitosos in flower buds of p lants originating 
oxc:luc;ivdy from natural habitats . Tho bud.:; were fixed mainly in nature; in three cases only the 
fixation wa'l mad) in the exrn r imontal fi e ld in Pruhonico (Urn resp . p lants were cultivated there 
from soods collec ted in the wild and ono ind ividnrtl was transp lanted from the locality in the state 
of a rose1Je ). The p2rcontag;e of unsta ined pollen was _estab li shed on fixed material by u sing the 
acetu-carmine test. A total 500 p olle n grains were counted for each plant in the squashes prepared 
from unopenn<l anthe rs of two flowers just before anthflsi s. Seve ra l p lants were fixed from each 
pr)pulation. Tim numbor of Axamined individua ls d ependxl chiefly on the ex istence of the ma­
t e ri al suit.abl e to the cvtolog ical examination at the time of coll ec t,ion and was not connected with 
the number of individualfl within the p')pulat ion. The voucher sp ec imens are d eposit ed in the 
Botanical D epartment of the Nat ional Muse um in Praha (PR), Czechoslovakia. 
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Results and discussion 

The main results of the karyological examinations are presented in the 
Tab. 1 where the chromosome I)umbers of plants from the particular popu­
lations as .. well as the number of examined individuals are given. The data 
were obtained from somatic met uphascs. In addition meiosis was observed 
in PMCs of single "te~raploid plants of A. hirsuta s. str. from Siliclu~ planina 
(two localities) nnd Cingova hora. The examination of the II division con­
firmed the chromosome numbers of these plants known from the somatic 
cells . The chromosome pairing was found in the plant from Silicka planina 
above Gombasek. Apart from regular formation of 16 bivalents in some 
PMCs from 1 to 4 quadrivalents could be observed among chromosome pairs 
(cf. also CZAPIK 1971 ). The I division was also observed in PMCs of a specimen 
of A . sagittata from Silicka planina above Jovice and in addition the I meta­
phase was found in the macroi:pore mother cells_ of a plant of A. sagillata 
from Zadielska dolina and A . planisiliqiw from Cingova hora. The pairing 
was regular in diploid plants and 8 bivalents could easily be counted 
(Pl. II : A). 

The degree of male st erility was checked in all plants recognized as natural 
h y brids. It amounted to 100 % in the tetraploid hybrids between A. hirsitta 
s. str. and A. hornungiana as well as in the triploid hybrids between A. hir8uta, 
s. str. and A. planisiliqua or A. sagittata. As an exception 78% of unstained 
pollen grains were found in the sample of one triploid individual from 
Silicka planina above J ovice determined as a hybrid. Thus this plant was 
characterized by the highest degree of the male fertility among triploids 
examined till now by us (0 - 4 % in the previous investigated triploid hybrids, 
cf. CzAPIK 1971; NovOTNA et CzAPIK 1971). The diploid natural hybrids 
between A. planisiliqua and A. sagittata showed dead pollen ranging ·from 
45 to 81 % in the present material (Pl. II: G). It should be mentioned that 
from 14 to 97 % of unstained pollen grains was found in hybrids obtained 
after experimental crosses of these species (NovoTNA et CzAPXK 1971 ). 

Information concerning the origin of material and some further details is: 
given below. The li st of localities is ordered according to their geographic 
position from the W est to East (Tab. 1). 

Ori gin of plan ts a n d their c hromo so me numbers 

1. C. Bohenia: middle part of the Elbe v a lley, N. of the t own Sadsk a, sandy ground along 
the bank of the rive r E lbe, c. 178 m a. s. 1. Coll. aut.h orn 13. VI. l 96H. Monospecific populat,im1 
of .A. hi rsuta s . Rt r. Fivo tetrapl o id pla ntR w e re collected. The same numbe r was previously found 
in the culti vafrcl mater ial orig inating from Lhis locali ty (CzArTK et NovoTNA 1!)6~~) . 

2. Moravia: 1\Ioravi an J(arst, south ern slope of the hill Rrnrcnf jeslo , N. of tho v illage Vilemo­
vice near the town Bh,rrnkn. Coll. a u thor s 27. V. Hi69 . This monospocific populat.ion of A. hirsuta 
was also examin('<l h y I. N ovotna in 1964 and 1968. Fourteen examined plants were tetraploid. 

3. S . Moravia: hill s Pavlovsk{S vrchy near the town Mikulov , slope RW . of Mt n evin . Seed s 
coll. A. CHRTTrnvA and M. L'no'r:o:r1d, l 068. A. saqitta fn, plant.s cultivated in tho cxporimontal 
field in I)r{1hnni('c, ] mrn. Four RpPcimnns lahollcd no 221)./l -- 4 were diploid. Jt, sh ould b n men ­
tioned that. A. Chrtknv{t coll0r.i<'d hcrhar iu m spec imens from t h i:'I loeali t'y in Hl 62. Jn }1er ma-
terial we cn1dd <lPt('rmino A . . w .gdtufa . A. lrirs11ta and t h eir h ,vhrids. v 

4 . SvV. Slovakia: thn vicinity o f tJ1A v illage Visr10VfJ. East<'rr1 s lope nf tho eaf'ltlc hi ll Cachhoo 
near tho tfJwn 1'\rJ\'{) l\fr,stn nad V{tll<>m. RN·ds coll. I'. Tn~1sovrc , ] ~Hl8. A. sr1giUnf,lf, p lants cn lti­
vatnd in tlw cxporirnontal fi('l<l in Prt"ilionif'o, 1!Hl0 ; most nfthom roR1('(1 in Ow R1n.I!) of rosoLLes in 
that snrtsnn. Onn plant <'xornin0<l was diploid. 

5. W. Rlnvakia: E. of tl1n vi ll agA Ornsonin noar the town TT"0n ('. in,n sld) T <' pli c(' dist,r. Tronefn. 
Routh<' rn s lnpo r)f t11n l1ill Balm. e . :no ma. s. I. ( :oil. l. NovoT N,\ :w. l fT . I !l70. Ono p lant .A. hi-r811tr1 

s. str. tran c; plantcd to the oxp erjrnental fi<)ld proves to be totraploiu. 
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Tab. l. - - Chromosome numbers (2n) of investigated plants (in brackets numbers of examined individuals are given) 

Lo<'alitie;; 

I_ 
I 
I 
I 1. Sadska 

2. Smrcnf jeslo 

3. PadoYsk6 vrchy 

4. C'achtice 

5. Omsenie 

6. Yemar 

7. Hranovnica 

8. Cingova hora 

9. Smifany 

10. Ost r}' vrch 

11. Silicka pla ninfl. above Gombasek 

12. Silicka planina above J ovice 

13. Zacliebka planina 

14. Zadielskt1 d olina 

A. pla. 

16 (2) 

16 (8) 

16 (2) 

Species 

A. sag. I A. hir. I 

16 (4) 

16 (1) 

16 (1) 

16 (14) 

16 (8) 

16 (5) 

32 (5) 

32 (14) 

32 (1) 

32 . (5) 

32 -(7) 

32 (14) 

32 (9) 

32 (17) 

32 (14) 

32 (213) 

32 (20) 
16 (1) 

32 (1) 

A . hor. 

32 (1) 

32 (1) 

A. pla. 
and A. sag. 

16 (4) 

Interspecific hybrids between 

A. hir. 
and A. pla,, 

24 (I) 

A. hir. 
and A. sa.g. 

24 (
1

1) 

24 (3) 

-I 
and A . _h-'>-7::._I 

I 
I 

32 (2) 



6. C. Slovakia: Eas tern bol'dcr of Nfzke Tatry Mt.s., n ear the Vernar railway station. Coll . 
authon; l. VJ. 1969. Mixed p opulations of A . hirsuta s . str. and A . hornu,ngiwna. In five sp e­
cimen s of A. hirsuta s . st;r . and one A . lwrnungiana the tetraploid chromosom e number was found. 
Th e sam e chromosome number for both taxa and their natural h y brids from this locality was 
publi sh ed previous ly (CZAPTK ot. Novo'l'NA H)6!), Novo'l'NA et CzAPIK 1971). No hybrids wore 
found by the autho1·s in 1969; Tab. 1 g ives chromosome number s of natural hybrids from the 
autl10rs' collection of the year 1966. 

7. C. S lovakia: Nizke Tat ry Mt,1;;.. at the bus s top "J-Iranovnicke jozoro" n ear tho villago 
Hranuvnica. Coll. aut)hors 1. VI. Hl6!J. This year sovon tet raploid plants of A. hi rsuta s. s t r . were 
fouucl. H should be emphasized that; Cho occurrence of mi xed populat,ions of A. hirsuta s. str. and 
A. planisiliqua a s well as of the nat·ural h yb rids between 1beso 8p ec ies wa,s d et ect ed there by 
Klaster sk:)r and. Novotua in 1963. The karyo logical dat;a for A. planisiliqua (2n = Hi) and 
internpcc i fie hybrid (2n = 24) in the Tab. 1 concoru the collection of tho season 1963. The chro­
mosome n tunbor of A. planisihqua from thi s locality was publi shed prnviously (Cz.A PLK et No­
YOTNA Hrn7a ). 

8. C. Rlovakia: Stratenska hornat.ina Mts ., southern slopo of the hill Cingova hora on the 
river Ho1·1Htd . Mixncl populations o f A. hirsuta s . str . and A. p lanisill:qu.a, wer o found h nre for 
the first, t imo hy I. Klastersky and I. Novotnft in HHi 2. Fourteen plants of A. hirsuta s . s tr. 
collected by t,}w authors 4. VI. 196!) were tetraploicl , eight specime ns of A . plani,,n:t1:q1.1ci - · diplo id 
(Pl. If : T). 

9. C. Slovakia: Strntonska hornatina l\'l ts . , s lope of t,h o hill a long th n rivnr H o rrnid, c. 480 m 
a.s.l., S\:V. of t,l-10 v ill age Srnizany. Mixed populations of .11. hirsuta, R. str., A. p lanis,,:Ziqwi. and 
A. sagillafa,. Coll. authors 4. VI. 1969. Nine plants of A. hirsu ta s. s t-r. (2n = :~ 2 ) , one plant 
of .A. sa,qittaf.a (2n = 16) a nd two plants of A. JJlani1:n'liqua (2n =-"" 16) w er e examined. Tn addition 
d iploid a nd triploid hybrids wero fo und there . Twonty four chromosomes w ere countod in a h y brid 
be tvveo n A . hirsuta s . str. and one of the diploid sp ec ies ( A. planisil·iqua or A. sugittata) which 
could nut be recognized morphologically in a natnral h y br id (cf. NovoTN,~ e t CzAT'IK 1971). Four 
hy brids between A. plam:siliqua and A. sagittata h a d 16 chromosomes (Pl. I, ll. TT: G, H) like 
the ir parental spec ies . 

10. C. Slovakia: S lovenske Huclolwrio Mts., lirner.:;t ono quarry on tho top of the hill Ostry 
vrch, c. 760 m a. s .1., above the v illage Novoveska Hut,a n ear Urn town Sp i ~:-;ka N ova V 0s. Coll. 
authors 1. VI. ] 969. 17 sp ecimens of A . hirsuta s . str. wore tetraploid. The same chromosome 
numbe r was established for e ight plant.s in H)66 (CzAl'lK ot NovnTNA 1969). In both yearr-: only 
A . hinn.ita 8. str . was fonncl in this locality.His worth rnont ionin g t hat. Klastersky a nd Novotna 
n ote(l the occurren ce of mixed populations of A. hirsnta s. str . and A. sa,rr£ttata there in 1961. 

11. S. S lovakia: Slovak1au J(arst, tho plateau fiilieka planina above tho village Gombasek. 
Coll. a u th ors 20. V. 1969. Fourteen pla nt s of A . h-irsnta wore chock ed ; t,h oy were totraplo id. Ju 
1963 Klastorsk }r a nd Novotrdt collected four plantR in this locality which had. diRtinctly lower male 
and female fert ility a nd were labe lled as " A. hornung1:ana ?" . The progenies of t.hese indiv iduals 
wore c ul t ivated in Pruhonico a nd showed a wide r a nge of var iabilit,y in the ir morphological 
features as we ll as in thoir fo r t.i Jity. The whole populat.ion was charact.Arized by an early p eriod 
of vegetation. For this reason t h o plan t,s coll ected by us in 1 !)66 could n o t h o fixed and th e m aJnrial 
was collected rnpoatedly in 19f>9. AH spec imens w ero idunt.ifiod as A. hfrsuf.a, s . str. but among 
them morpholog ical typos approaching A . hornung1:nna W(~re also found. W e s uppo>;od that tho 
oxis tcnco of mi xed populat ions of A. h irsuta s . s tr. and A. hornnngfo,na is highly probable in this 
loca li ty. 

12. S . S lovakia: S lovakian Kars t., the plat;eau Ril ick:l, planinn., pasture above the village 
.Jovice , c. 550 rn a .s. 1. , Co ll. a uthoni 2. VT. Hl69. Mixed p opulations of numerous r c1n·os1mtatives 
of A. hirsuta s . st l'. and A. sagittala and single individuals of A. hornungia na were fo unll. In 
26 s pec im e ns of A. hirsuta s . sLr . the nurnbor 211 o--=: 32 wa8 dPtorminmL (P l. II: D, C, D), in 14 plant"-1 
rif A. sar;iuata - 2n = 16 and in one plant of A. hornu ng1:ano, ~ 2n =-c 32. In addition 3 hybrid s 
bc'1.wer·11 A . hirsvla R . str . and A. 8r.igittu,tri with 2 n == 24 wnre oxamin ncl k aryolog ieall y. In I !l6fi 
a s l ight d egr<' !) of karyulogical diffon•nt ia h on was f '.lund t.liore in A. hirsuta s. str. fo r which 
2n ,..., 1G a rnl :~2 was publ ished (CZAl'J K uL Novo'l'NA l!J69) . .A. sag1:uat.a occurrnd in a sm a ll number 
of fruit ing individua.18 uns uita ble fol' fixation at that soa8ou and it was not oxam ined karyo-
1ogically. That was the reason w h y tbe m a te rial was suppl nrrnmted by now coHecLiou in 19GD. 
It a lso soomed d cs irab lo t.o nnla rgo the rna t,nri al in viow of t h o fact, t hat the t hird sp ecies -­
A. lw rnnn qiana cnllocted there p rev iously by Kl6,,;t.e rsk y and Nuvo Lna could not be found b y 
U 'l iu l!IG 6. 

J :L f:i. Rlovakia: Rlovakian Karst, wesLern p art (Jf the platoau Za<liolsk{i, planin a nC"a,r the 
J ab l<Jnuvske saddloba ck. Mixed p opulations of A. hirsnta s . s (;r . and A. s11giltata. Coll . authors 
30. V. J B6U. E ight diploid plants of A. sugi ttata., .in addition to 20 Letraploid s pecimen s and one 
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diploid individual of A. hirsula s. str. coµld be examined. In 1966 only single representatives of 
both species wern collected. 

14. S. Slovakia: Slovakian Karst, Zadielska dolina valley, c. 350 m a.s.I. Southern slope of 
the valley near the village Zadiel. Mixed populations of A. hirsuta s. str. and A. sagittata. Coll. 
authors 30. V. 1969. The chromosome numbers - 2n = 32 in one plant of A . hirs1tta s. str. 
and 2n =-~ J 6 in five plants of A. sagitlafa, could bo determined. 

General remarks 

The present results are a further contribution to the karyology of the four spe­
cies from the Arabis hirsuta complex in Czechoslovakia. The first data from this 
area were published by the authors (CzAPIK et NovOTNA 1967a, b; Novo·rNA. 
1962; NovoTNA et CzAPIK 1971) and M:EsiCEK (1967). In our previous papers 
we have reported the number 2n = 16 for A. planisiliqua, 2n = 16 and 
exceptionally 2n = 24 and 32 for A. sagittata. One chromosome nurn ber 
only - 2n = 32 was given for A. hornungiana (CzAPJK et NovOTNA 1969, 
M1~siCEK 1967). On the other hand, A. hirsuta s. str. was found to be cyto­
logically differentiated; in adult plants cytotypes with 2n == 16, 28, 30 
and 32 were revealed; the aneuploid numbers were also found in young 
seedlings (NovoTNA 1962). The present karyological data are in accordance 
with our previous results as well a,s with the data from the literature ( cf. 
BuRDET 19<37 ; CzAPIK et NovoTNA 1967; TrTz 1966, 1969; MATVEJEVA et 
TrcHONOV A 1969; 2n = 16 for A . planisiliqua under the synonym A. gerardii 
BEss). However, the number 2n = 8 published by BuRDE'l' for A. hirsuta 
s. str. and discussed by Trrz (JnG9) was not found in our material. 

The interspeC'.ific hybrids studied in the course of the present studies had 
the ploidy levels known for the natural and experimental material (NovoTNA 
et CzAPIK 1971). Triploid hybrids were found within mixed populations of 
A. hirsuta s. str. ftnd A. planisiliqua or A. sagittata, tetraploid - A. hfrsuta 
s. str. and A. horn'ung'iana , diploid - A. planisiliqua and A. sagittata*. 
Especially interesting were mixed populations in Smifany where three species 
were growing in the close neighbourhood: A. hirsuta s. str., A. planisiliqua and 
A. sagittata and triploid and diploid hybrids occurred. Such populations are 
especially suitable for the studies of the introgression and the degree of mutual 
crossabillty of taxa. In addition the occurrence of natural hybrids between 
A. planisi~iqua and A. sagittata confirmed that they arose and survive also 
in nat11re, not only in experimental conditions. 

The karyological differentiation of the examined species was not much 
pronounced in the material fixed in 1969. For instance the diploid number 
2n = 16 was noted only once in a plant of A. hirsuta s. str. from Zadielska 
planina; this cytotype was found by us in 7 plants from various localities in 
1967. It is worth mentioning that in the present material two-years-old plants 
prevailed. It is highly probable that the cytological aberrants of the complex 
are badly adapted to the environmental conditions or at least less frequent 
among the biennial plants. ' 
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1970); the hybrid was collected 1n a natural habitat in Austria. 



Souhrn 

P.fcdlozene vysledky jsou dalsirn pfispevkern ke karyologii cty:L· druhu k ompJexu Arabis 
hirS1J,la z uzerni Ceskoslovenska. Earyologicka diferenciace jednotlivych druhu je ruzna. Jednot­
nyro poctem chromoz6mu so vyznaeuje pfodovsim A. planisiliqua (2n = 16), a take A. hor­
nung'iana (2n = 32) (srv . tez M:EsicEK 1967) . U A. 8agittata jsme vedle p octu 2n = 16 nalezly 
jen vyjimecne 2n = 24 a 32 (CZAPIK et Novo'1'NA 1967) . Naproti tomu A. hirsuta s. str. se vyzna­
euje vetsi diferenciaci; u dospelych rosLlin byly zjisteny nasledujici cytotypy: 2n = 16, 28, 
30, 32 (CzAPIK et NovoTNA 1969); v pfodlofone praci 2n = 16, 32. Aneuploidni pocty byly take 
nalezeny u rnladych semenackl'1 (NovoTNA UJ62). Pocet 2n = 8, publikovany pro A. hirsuta 
BuRDETEM (1967), jsme v nasem materialu ueualozly. Vznik a pfodevsfm vyskyt cytologickych 
aberantu zavisf pravdopodobne na vnejSich podminkach. Stupen ploidie u mezidruhovych 
kh:Z.encu byl stan oven jak u ld-ffoncu phrozenych, tak i umelych (NovOTNA ot CzAPIK 1971) . 
Shrneme-li vysledky dfivejsi a v pfodlofono praci, je zfojrne, fo triploidni kfifonci byli zjist(mi ve 
smisenych populacich druhu A. hirsuta a A. plani:siliqua nebo druhl'1 A. hirsuta s. st-.r. a A. sagittata, 
tetraploidnf pi'i spolecnem vyskytu druhu A. hir:suta. s. str. a A. hornu.ngicirni, diploidnf v pi'ipade 
syrnpatrie dn1hu A. planisiliqua a A .. sagittata. Na lokaliM JZ od Smifan byla nalezena smfsena 
populace tfi druhu, A. hirsuta s. s tr., A. sa,q·ittata a A. planisil·iqua a vodlo nich - podle oceka­
vani - kfifonci: triploidni kfffonec z kombinace tetraploidni A. hfrs·uta. s jednfm w dvou di­
ploidnich druhl'1 (A. plan£siliqua nebo A. sagittata) a dt'de diploidni kff:Zenci z kombinace uve" 
denych diploidnfch drnhu. Diploidni ki"ifonce jsmc znaly dosud jen z pokusn,Ych kfffonf; zjistonf 
jejich phrozoueho vyskytu je dulozitym poznat.korn. AnaJyza zminene sloz itt~ populace diva 
nov{l perspektivy nasemu studiu ki' izitelnosti a moznosti introgrese uvnitf komplexu A. hirsuta . 
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Plato L n.L uru l dipl oil l hvb ri tl lw t,w rn· n A. 7>fn11isil iq11a, alHL A . s11,_r1ittata f'rom (,ho mixed 
pop11 l ~tLio11 in Rmifally Lco ll. 4. vr. J!)(HJ , o~ :~2 ( PH,), <J:wchos lovakia]; scale in cm. - P h oto: 
K. a Rl~<:on.. 
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l'l a:n I I . : l ·~igltl IJivnl<' tli s i11 tlw d in.ki 11 osis flf° A. sayiltnfn : I ~,(': Sflt11n.lic 11wlaphasc of 
A. hir.c;lflrt s. sl '" (t lw .·n.1w· pl :d<·, :211 :U): I>: w<·ll d 1'V<'l11 p<'d p r>li <·11 grn.ills flf° a l<'I niploi<l 
A. hirs11to s. s t r'. ; I •~, I•': h y lir i< l IJl'I \\' l'( ' fl ,-1. hirs11t11 :-: . s t '" a11tl A. snyifta.tu, (t lw sa rn c· inl'f a pl1uso 
plate, 2n 24): C: poll <· 11 grai ns of a diploid hyl>t·id lw l\\'<'<' 11 11. 11lrwisilir11111. n.11d A. snr1ittntn; 
H: 8(1matic rnnl u phn.s<' of a h.vhrid ~wt \1'1'!'11 /1. 11lanisili111111 1uHI . I . . w1yil.fo,f(f, (2 11 I (i ): I : so niahc 
metapltu.·o of JI. 7Jl1111isiliqllrt (2n Ui ). I•' : pl ant s frn111 1-\ilicki'L pln.11i1111 ahllVO .Jovico: 
G - H : frorn N111i7.1111,v: I : f'rnrn ('ingova !torn. () a11d I) / :wo, t lw ot IH•rs /. :woo. l 'hoLo: 
R. CZAL'll<. 
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