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Herbarium	database	building	
The	 digitizing	 of	 herbarium	material	 of	 the	 taxa	 studied	 in	 case	 of	 10	 herbaria	
[DE,	B,	BRA,	SAS,	EGR,	BPU,	BP,	CL,	W,	PRC	was	achieved.	Altogether	more	than	
135	 thousand	 photographs	 were	 made,	 this	 sum	 is	 two	 times	 more	 than	
previously	 estimated.	 Primary	 data	 of	 95	 thousand	 herbarium	 sheets	 were	
recorded	 in	 MS	 Excel	 spreadsheets,	 including	 phenological	 characterisation	
exactly	 dated	 specimens	 and	 georeferencing.	 Contributing	 researchers:	 NK,	 TA,	
MVA,	BN	&	SL,	students:	LKÁ,	SK,	LV,	LT.	
	
Field	work	and	laboratory	analyses	
Altogether	992	soil	samples	were	collected	and	analysed	in	relation	to	more	than	
1400	species.	Contributing	 researchers:	MVA,	TA,	LBA,	SL	&	BN;	 students:	LKÁ,	
SK	&	EVA.	Plant	functional	trait	samples	of	453	species	were	collected	from	177	
georeferenced	 localities	 throughout	 the	 country.	 Usually	 5	 (rarely	 10)	 leaves	
were	gathered	in	a	certain	locality.	Area	(cm2),	fresh	mass	(g)	and	dry	mass	(g)	of	
leaves	 were	 measured.	 From	 these	 measured	 data	 specific	 leaf	 area	 (SLA)	



(m2/kg)	 and	 leaf	 dry	 mater	 content	 (mg/g)	 were	 calculated.	 Contributing	
researchers:	 MVA,	 TA,	 LBA	 (field	 sampling,	 measurements),	 contributing	
students:	EVA,	SK,	LKÁ.	
	
DNA‐sampling	and	analyses		
Plant	tissue	samples	of	691	species	were	collected.	Genomic	DNA	was	extracted	
from	574	 species,	 and	 nrITS	 region	were	 successfully	 amplified	 and	 sequenced	
from	samples	of	504	species.Contributing	researchers:	MVA,	SG,	TA,	LBA,	BN	&	SL	
(field	sampling);	SG,	TA	(lab	work),	students:	LKÁ,	SK,	LV	(field	sampling),	MT,	LL	
(lab	work).	
	
Publications	
During	 the	 whole	 period	 of	 the	 project	 altogether	 100	 items	 were	 published,	
including:	
52	 peer	 reviewed	 papers	 in	 international	 journals	 (cumulative	 impact	 factor:	
104,7)	
28	papers	in	Hungarian	peer	reviewed	journals	(22	in	Hungarian)	
16	popular	scientific	articles	
4	books	(in	Hungarian)	
	
Thematically	connected	to	our	herbarium	database	building,	we	published	basic	
dataset	of	Siroki	Herbarium	[H15],	Soó	Herbarium	of	University	Debrecen	[H7],	
Herbarium	of	Eötvös	University	[H25]	and	Eszterházy	University	[H1].		
We	published	a	review	paper	[H5]	in	Hungarian	(with	English	summary)	on	’the	
new	type’	utilizations	of	herbaria,	based	on	data	of	86	scientific	publications.	 In	
the	official	journal	of	the	Hungarian	Academy	of	Sciences	(’Magyar	Tudomány’)	a	
review	was	published	on	 the	 role	 of	herbaria	 in	 studying	 recent	 anthropogenic	
climate	 change	 [H3].	 Three	 popular	 scientific	 paper	 in	 Hungarian	 were	 also	
published	 [PS‐9],	 [PS‐13],	 [PS‐14].	 Long‐term	 herbarium	 dataset	 was	 used	 to	
quantify	 the	 reproduction	 rate	 of	 Hungarian	 orchids	 [IP‐5]	 between	 1853	 and	
2008.	 We	 quantified	 fruit‐set	 rate	 of	 663	 specimens	 belonging	 to	 27	 species.	
Herbarium	data	were	validated	with	 field‐observed	data	 in	case	of	 the	different	
pollination	 strategies.	 According	 to	 our	 results,	 the	 reproductive	 success	 of	 the	
vast	majority	of	orchid	species	has	not	changed	during	time	and	pollination	crisis	
is	not	apparent	in	Hungary	at	least	until	the	end	of	the	20th	century.	
A	 new	 series	 aimed	 to	 contribute	 with	 new	 data	 to	 the	 distribution	 maps	
published	in	Distribution	atlas	of	vascular	plants	of	Hungary	(Bartha	et	al.	2015)	
was	 established.	 In	 2016	 two	papers	 [31,	 35]	were	published	with	distribution	
data	 of	 612	 taxa	 from	 283	 flora	 mapping	 grids,	 and	 297	 data	 from	 247	 flora	
mapping	grids.		
Associated	with	our	plant	functional	trait	studies,	two	papers	were	published:	a	
significant	contribution	to	the	knowledge	of	thousand‐seed	weights	of	Hungarian	
flora	[H8]	[H22].	A	review	on	the	specific	variability	and	ecological	significance	of	
seed	weights	[H4]	and	a	paper	on	the	the	seed	mass	–	distribution	range	trade‐off	
hypothesis	[IP‐30]	were	also	published.	Our	collected	plant	trait	data	were	



corporated	into	the	TRY,	an	open	access	and	comprehensive,	global	database	[IP‐
51].	We	used	also	several	plant	traits	to	quantifying	the	effect	of	gut	passage	by	
waterbirds	on	the	seed	coat	and	pericarp	of	diaspores	[IP‐52]	[IP‐46].	Based	on	
our	leaf‐trait	studies	a	paper	was	recently	accepted	for	publication	[IP‐44].	We	
also	documented	the	significance	of	growth	form	driving	the	functional	difference	
of	native	and	alien	aquatic	plants	[IP‐28].	
Papers	on	the	molecular	phylogeny	and	evo	lutionary	history	of	the	endangered	
orchid	genus	Himantoglossum	was	published	[IP‐1].	We	documented	road‐side	
verges	as	important	habitats	for	Himantoglossum	orchids	[IP‐27].	Habitat	
preferences	[IP‐37],	assessment	of	the	reproductive	success	[IP‐8]	of	the	rare	
Adriatic	Lizard‐Orchid	(Himantoglossum	adriaticum)	was	published,	as	well	as	
the	review	of	its	biology	[IP‐47].		
We	used	phylogenetic	controll	(with	help	of	the	nrITS	sequences	generated	with	
support	of	this	OTKA	grant)	 in	quantifying	reproductive	success	of	autogamous,	
deceptive	 and	 nectar‐rewarding	 orchids	 [IP‐19].	 Our	 results	 indicate	 that	
deceptive	orchids	can	compensate	 for	 their	 lower	 fruit	 set	by	having	more	 (but	
not	 larger)	 seeds	 in	 a	 fruit	 than	 rewarding	 species.	 These	 findings	 highlight	
possible	ways	in	which	plants	can	increase	their	reproductive	success	 in	 face	of	
pollinator	 limitation.	 We	 emphasize	 that	 fruit	 set	 in	 itself	 is	 an	 inappropriate	
measure	of	 the	reproductive	success	of	orchids	–	 the	 total	number	of	seeds	per	
shoot	is	a	much	better	approximation.	Assesment	of	the	reproduction	success	of	
Hungarian	populations	 of	 two	deceptive	 and	 a	 nectar‐rewarding	 orchid	 species	
was	also	published	[IP‐5].	
We	 examined	 the	 variation	 of	 seed	 and	 vegetative	 characters	 in	 nine	 Elatine	
species	 [IP‐12]	 to	 reveal	 the	 extension	 of	 plasticity	 induced	 by	 the	 amphibious	
environment,	 and	 to	 test	 character	 reliability	 for	 species	 identification.	 The	
results	 clearly	 indicated	 that	 only	 seed	 traits	 are	 stable	 within	 species	 (i.e.,	
different	 forms	 of	 the	 same	 species	 keep	 similar	 morphology).	 In	 frame	 of	 an	
international	collaboration	[IP‐9]	we	published	chromosome	numbers	for	13	taxa	
of	Elatine	L.,	 including	 all	 11	 species	 occurring	 in	 Europe,	 originating	 from	 17,	
field‐collected	 populations.	 For	 seven	 of	 them	 the	 chromosome	 numbers	 are	
reported	for	the	first	time.	
We	studied	 long‐term	survival	of	herbarium‐stored	seeds	of	 the	rare	Astragalus	
contortuplicatus	 [IP‐3].	 The	 oldest	 seeds	 that	 germinated	 were	 131	 years	 old.	
Until	now	there	are	no	records	of	seeds	of	herbaceous	legumes	germinating	that	
are	more	 than	 100	 years	 old.	 This	 record	 is	 the	 9th	 oldest	 of	 all	 the	 literature	
records	of	viable	seeds	originating	from	biological	collections.	Our	results	suggest	
that	seeds	of	A.	contortuplicatus	stored	in	collections	can	be	successfully	used	in	
this	species’	reintroduction	for	conservation	purpose,	to	areas	in	which	the	plants	
were	collected.		
Several	 experimental	 studies	 have	 shown	 that	many	widespread	wetland	 plant	
species	 can	 be	 readily	 dispersed	 within	 the	 guts	 of	 ducks	 and	 their	 relatives.	
However,	it	is	unclear	whether	plants	with	a	more	restricted	distribution	are	able	
to	disperse	via	waterbirds.	Our	paper	[IP‐10]	addresses	the	dispersal	ability	and	
germination	ecology	of	the	little‐known	and	rare	Hungarian	milkvetch	Astragalus	



contortuplicatus,	which	 occurs	 on	 banks	 of	 continental	 rivers	 and	 has	 a	 limited	
and	 unpredictable	 distribution.	 To	 test	 whether	 limited	 capacity	 for	
endozoochory	 by	 waterfowl	 could	 explain	 the	 sporadic	 appearance	 of	 this	
species,	we	 force‐fed	 captive	mallards	 (Anas	platyrhynchos)	with	100	milkvetch	
seeds	each.	Intact	and	viable	seeds	were	found	in	the	droppings	of	each	mallard,	
and	altogether	24.7%	of	seeds	fed	were	recovered	intact.	Our	results	suggest	that	
avian	 vectors	 may	 be	 more	 important	 for	 the	 dispersal	 of	 rare	 higher	 plants	
(especially	those	with	a	hard	seed‐coat)	than	hitherto	considered.	
Additonally,	 a	 book	 on	 the	 life	 and	 heritage	 of	 famous	 Hungarian	 botanist,	 Pál	
Kitaibel	 (1757–1817)	 [B3],	 and	 an	 another	 book	 on	 the	 wildlife	 of	 cemeteries	
[B4],	and	16	popular	scientific	articles	[P1–P16.]	were	published.	
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