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1. General information 
 
1.1 Crop/traits 

 
Carnation (Dianthus caryophyllus) with modified flower colour, variety 
Florigene®Moonaqua™. 
 
1.2 Decision authorisation number pursuant to Directive 2001/18/EC and number and 
date of consent pursuant to Directive 2001/18/EC 

 
Florigene®Moonaqua™ 
Decision authorisation number; C/NL/06/01   
Number of consent; C/NL/06/01.abb1 
Date of consent; July 14, 2009 
Renewal decision authorisation number; C/NL/06/01_001  
Number of renewal consent; C/NL/06/01_001.ab.2 
Date of renewal consent; Nov 22, 2018 
Consent holder; Suntory Flowers Limited, 4-17-5 Shiba, Minato-ku, Tokyo 108-0014   Japan 
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1.3 Decision authorisation number and date of authorisation pursuant to Regulation 
(EC) No. 1829/2003 

 
Not applicable. 
 
1.4 Unique identifier 

 
FLO-4Ø689-6 
 
1.5 Report period from 

 
July 1, 2022 to June 30, 2023 

 
1.6 Other monitoring reports have been submitted in respect of cultivation. 

 
YES   □    NO    ■ 
 
2. Executive summary 

 
Approximately 44 tonnes (2.5 million flowers) of Florigene® Moonaqua™ were imported 
into the EU from July 1, 2022 to June 30, 2023, through a single importer in the Netherlands. 
Flowers were imported from Colombia (19%) and Ecuador (81%).  
Results of general monitoring for the occurrence of genetically modified carnation in the EU 
were; 

 The importer reported that they were not aware of any illegal growing and that 
neither they nor consumers have reported any adverse effects of handling the 
flowers.  

 No reports of carnation in nature were provided via the Florigene website.  
 Information on survey work was provided by two botanical experts, covering sites 

in four European countries. There was no evidence of the establishment of any 
carnation populations in the wild, or of hybridization between carnation and wild 
Dianthus species.  

 A review of literature related to Dianthus was carried out. None of the literature 
identified escape populations of cultivated carnation or hybrids with other 
Dianthus species in wild populations.  

 Botanical and floral databases were searched for records of carnation and 
Dianthus caryophyllus made since the last monitoring report. Seventy nine percent 
of the websites examined returned no new information. Eighteen databases 
provided records of Dianthus caryophyllus (or synonyms) in Europe made since 
July 2022. There was no evidence of escape of cultivated carnation. 

 23 responses were received from 40 emails sent to major Europe-based herbaria. 
In the six responses where there were records of Dianthus caryophyllus, the 
collections pre-dated the first imports of transgenic carnation into Europe. 

The overall results are consistent with previous monitoring reports, indicating cultivated 
carnation is not present in nature in Europe.  
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3. Uses of GMOs other than cultivation 
 

3.1 Commodity imports into the community 
 
3.1.1 Commodity crop (GM and non-GM) imports into the community by country of 
origin 
 
GM product 
GM product was imported from Colombia and Ecuador. Table 1 provides information on the 
imports of all transgenic carnation varieties imported into the EU in this reporting period. 
Information on the specific variety covered by this report is highlighted in red font. 

 
Table 1. Tonnes of GM carnation imported into the EU from July 2022 to June 2023 

GM carnation variety Quantity (tonnes) 
Imported from Ecuador Imported from Colombia

Florigene®Moonaqua™ 35 9 
Florigene®Moonlite™ 28 4 
Florigene®Moontea™ 0 9 

Florigene®Moonberry™ 0 3 
Florigene®Moonvelvet™ 0 3 
Florigene®Moonvista™ 10 7 

All GM carnation varieties 73 35 
 
GM and non-GM product 
Table 2 shows the combined total of GM and non-GM carnation flower imports1 in this 
reporting period. 

 
Table 2. Import of carnation (total of GM plus non-GMO) into the EU, July 2022 to June 

2023 
Country of origin Quantity (tonnes)* 

NL imports EU27 total imports 
Ecuador 322 362 

Colombia 10,998 13,860 
Other countries 20,876 25,932 

Total2 32,196 40,154 
* From EUROSTAT (code 06031200; fresh cut carnations, DS-016890 trade since 1988 by CN8). 
 
 
 
 
 
 
 
 
 
 
 
 

 
1 http://epp.eurostat.ec.europa.eu/newxtweb/setupdimselection.do 
2 Reporter; EU27_2020_EXTRA 



Monitoring report 2022 - 2023    CNL060101          FLO-40689-6            Florigene®Moonaqua™ 

Page 4 of 37 

Percentage of import which is GM 
Table 3 shows the percentage of carnation flower import into the EU which is GM.  

 
Table 3. Percentage of carnation flower import into the EU which were GM flowers. 

Data is calculated from tables 1 and 2. 
GM carnation variety Percentage of carnation imports 

From  
Ecuador# 

From 
Colombia## 

From all extra-
EU countries⃰ 

Florigene®Moonaqua™ 9.82% 0.06% 0.11% 
Florigene®Moonlite™ 7.59% 0.03% 0.08%
Florigene®Moontea™ 0.00% 0.07% 0.02%

Florigene®Moonberry™ 0.00% 0.02% 0.01%
Florigene®Moonvelvet™ 0.00% 0.02% 0.01%
Florigene®Moonvista™ 2.67% 0.05% 0.04%

All varieties 17.41% 0.20% 0.23%
# GM imports into the E27 from Ecuador as a percentage of total GM plus non-GM product imported 
from Ecuador 
## GM imports into the EU27 from Colombia as a percentage of total GM plus non-GM product 
imported from Colombia 
⃰ GM imports into the EU27 from all extra-EU countries (including Ecuador and Colombia) as a 
percentage of total GM plus non-GM product. 
 
3.1.2 Commodity crop (GM and non-GM) imports into the community by country of 
destination 
All imports of the GM product were into the Netherlands. Table 4 shows the percentage of 
carnation flower imports into the Netherlands which were GM. 
 

Table 4. Percentage of carnation flower import into the Netherlands which were GM 
flowers. Data calculated from tables 1 and 2. 

GM carnation variety Percentage of carnation imports 
From  

Ecuador# 
From 

Colombia## 
From all extra-
EU countries⃰ 

Florigene®Moonaqua™ 11.04% 0.08% 0.03% 
Florigene®Moonlite™ 8.53% 0.04% 0.01%
Florigene®Moontea™ 0.00% 0.08% 0.03%

Florigene®Moonberry™ 0.00% 0.02% 0.01%
Florigene®Moonvelvet™ 0.00% 0.03% 0.01%
Florigene®Moonvista™ 3.00% 0.06% 0.02%

All varieties 19.57% 0.25% 0.09%
# GM imports into NL from Ecuador as a percentage of total GM plus non-GM product imported 
from Ecuador 
## GM imports into NL from Colombia as a percentage of total GM plus non-GM product imported 
from Colombia 
⃰ GM imports into NL from all extra-EU countries (including Ecuador and Colombia) as a percentage 
of total GM plus non-GM product. 
 
3.1.3 Analysis of data provided in 3.1.1 and 3.1.2 
Approximately 44 tonnes of the GM event Florigene®Moonaqua™ were imported in the 
monitoring period (July 2022 to June 2023). Imports were predominantly (81%) from 
Ecuador (table 1). The transgenic carnation event represents approximately 0.06% of total 
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imports of carnation into the EU from Colombia and 9.8% of total imports of carnation into 
the EU from Ecuador (table 3). As the Netherlands dominates the import of extra-EU27 
imports of carnation, similar percentages were recorded for import into the Netherlands 
alone; the transgenic carnation event represents approximately 0.08% of total imports of 
carnation into the Netherlands from Colombia and 11% of total imports of carnation into the 
Netherlands from Ecuador (table 4). 
 
3.2 General surveillance 
 
3.2.1 Description of general surveillance 
The general surveillance plan consisted of; 

1. Importer questionnaire. 
2. Survey reports. Florigene contacted a breeder and engaged the services of botanists to 

alert us to any wild carnation populations or unusual Dianthus hybrids. This year we 
have received information from two experts and the breeder. 

3. Literature review (attachment 4) and database review (attachment 5). 
4. Herbarium contact (attachment 6). 

The same general monitoring plan was applied to all the transgenic carnation varieties which 
are imported into the EU. Accordingly, the information provided in attachments 1 to 6 is the 
same in the monitoring reports for each transgenic carnation event imported into the EU. 

 
3.2.2 Details of industry, environmental, food and/or feed related surveillance networks 
used during general surveillance. 
Attachment 1. Breeders and experts contacted in 2023. 
Attachment 5. Databases reviewed in 2023. 
Attachment 6, Herbaria contacted in 2003. 
 
3.2.3 Details of information and/or training provided to importers, handlers, processors 
etc. 
No training was provided.  

 
3.2.4 Results of general surveillance 
Importer questionnaire 
See attachment 2. The importer reported that they were not aware of any illegal growing and 
that neither they nor their consumers have reported any adverse effects of handling the 
flowers. 
Website feedback 
One query was made to the Florigene website during the year.  
Survey reports  
Florigene received survey reports from two expert botanists. The results, summarised in 
attachment 3, reported no evidence of escape populations of transgenic carnation and no 
evidence of putative hybrids. Wild Dianthus caryophyllus populations were not found.  
Literature review 
Attachment 4 shows the output from the literature review. A summation is provided in 
section 3.2.6. 
Database review 
Attachment 5 lists the details of the 85 websites examined. 12 websites have been added 
since the last monitoring report. No websites or associated databases identified any cultivated 
cut-flower carnation, or hybrids between carnation and wild Dianthus populations. 
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Seventy nine percent of the websites examined returned no new information. These were 
primarily on-line flora and herbaria collections, which are only updated when new taxa are 
added, or new herbaria specimens digitised and added to on-line databases. As wild type D. 
caryophyllus is rare and carnation is not found in nature, it is to be expected that the majority 
of websites will typically not yield new information.  
Eighteen databases (listed in table 1 of attachment 5 and referenced by number here 
according to that table) provided records of Dianthus caryophyllus (or synonyms) made since 
July 2022. Where photographs were available, or collectors were able to be contacted, it was 
established the records were predominantly of wild type D. caryophyllus or other five petal 
“pinks” (refer table 1, attachment 5). Non-transgenic carnation flowers were identified in; 

 One of 415 records in i-naturalist [2]. 
 One specimen from a herbarium housed in Croatia [7] 

The websites with the most relevant information were the large global/pan-Europe databases 
[1,11] and the “citizen scientist” supported websites [2,6,9,18]. As mentioned in previous 
monitoring reports such websites are valuable monitoring tools as they have a large number 
of records and good details of observations, often including photographs. Data is also 
uploaded by observers rather than an administrator and is therefore generally more up-to-date. 
Herbarium contact 
Though the mail out part of the monitoring plan was discontinued in 2022, we undertook to 
contact European herbaria that had not yet been contacted using the Index Herbariorum 
database.3 This was done in July 2023. Attachment 6 summarises the output from the 
herbarium contacts. 
The majority of responses indicated that they had no Dianthus caryophyllus collections or 
that they were unable to assist. In the six responses where there were records of Dianthus 
caryophyllus, the dates of collection were from 2000 or earlier – pre dating the first imports 
of transgenic carnation into Europe.  
 
3.2.5 Additional information 
No adverse or unanticipated effects associated with production or sale of flowers of the 
transgenic event have been observed or reported. Additional information relevant to the 
transgenic event is summarised below. 
Production sites 
In Oct 2022  the transgenic carnation production areas in Colombia and Ecuador were 
surveyed for the possible presence of escaped populations of cultivated transgenic carnation. 
A further survey was carried out in Colombia in May 2023. No carnation plants were found 
outside of cultivation in any of the three surveys. 
Phenotypic stability 
A certain percentage of plants of Florigene®Moonaqua™  produce darker coloured flowers 
than the expected violet phenotype as a result of enhanced delphinidin accumulation. These 
“purple off type” flowers are not exported to the EU from either Colombia or Ecuador. 
During this reporting period the amount of off type production was measured in Colombia in  
October 2022 and April 2023 and in Ecuador in October 2022. At both production sites we 
have observed a decline in the number of purple off-type flowers with time. We attribute this 
to more intense selection in mother plants to eliminate the purple flower phenotype. No pink 
flower off-types were recorded in these three assessments, which is also likely to be a 
consequence of more intense selection to remove off-type plants. 
 
 

 
3 http://sweetgum.nybg.org/science/ih/ 
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3.2.6 Review of peer-reviewed publications – Attachment 4 
Attachment 4 provides details of the methodology of the literature review. Citations are noted 
numerically in this section and may be cross referenced to the same numbered citation in the 
reference list in attachment 4. The outcomes from the literature review are summarised below. 
 
Evidence for escape of carnation from cultivation 
None of the literature identified cultivated carnation, escape populations of cultivated 
carnation or hybrids with other Dianthus species in wild populations. No naturalised 
populations of cultivated carnation were identified in any of the papers. 
 
Records of Dianthus species 
Of the 246 papers read, 156 were vegetation surveys, habitat definitions including plant lists, 
local floras or geographical flora reviews including species lists or plant checklists. No 
Dianthus species were identified in 65 of those papers. In the other 91 papers [1 – 91] one or 
more Dianthus species were described. A total of 174 records of 64 different Dianthus 
species were noted. Dianthus carthusianorum, D. deltoides, and D.superbus were the three 
most widely reported species (table 5). The most commonly cited species found in the 
literature this year were the same as those found in the literature review carried out last year. 
 
Table 5. The number of citations noted in references 1 – 91 (attachment 4) in which 
specific Dianthus species were noted. 

Dianthus species Number of citations 
Dianthus carthusianorum L. 19

Dianthus deltoides L. 16
Dianthus superbus L. 15
Dianthus armeria L. 10
Dianthus barbatus L. 9

Dianthus giganteus d'Urv. 6
Dianthus petraeus Waldst. & Kit. 5

Dianthus sylvestris Wulfen 4
Dianthus serotinus Waldst. & Kit. 4

 
Dianthus caryophyllus was recorded in a study of La Pèque and La Cabre Sénas, France [41]. 
Dianthus caryophyllus was also mentioned in a study of alien plant species in Romania [54]. 
D. caryophyllus is listed as a casual alien plant in the Czech Republic [61]. 
There were three records of Dianthus species whose synonym names are subspecies of D. 
caryophyllus. These were; 

 D. longicaulis in Monti Sibillini National Park, Italy [2]. 
 D. longicaulis in Catanzaro, Italy [14]. 
 D. siculus in Sicily, Italy [39]. 

Many Dianthus species were included in a vegetation database allocating environmental 
adaptation factors (Ellenberg type indicators) to vascular plants in Europe [116]. 
Unfortunately, D. caryophyllus was not included in the assessment. 
A database review of neophytes in Europe included D. caryophyllus as the only 
representative of the genus [46]. Defined as a hemicryptophyte of European origin, the 
species was present in 14 of 24,220 vegetation plots, reflecting the relative scarcity of the 
species in nature. 
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Background information on Dianthus caryophyllus biology in Europe 

 D. caryophyllus is included in a recently published flora of San Marino [1] though 
inclusion is based on a record from the 1800s. 

 D. caryophyllus was included in a database of seed dispersal distances [106]. Data 
indicates a short dispersal distance (99% completed dispersal within 5 meters). 

 
Dianthus taxonomy 
As indicated in last year’s literature review, the taxonomy of the Dianthus genus is complex 
and is under assessment by several research groups. Results gathered in recent reviews of 
genetic and morphological variation in the D. pungens sub-species group [15] and the D. 
sylvestris sub-species group [107, 115] suggest that the sub-species groupings may reflect 
geographical variation within a single species. 
 
Genetic modification of flower colour 
Reports on methodologies for carnation transformation [92] and for flower colour 
modification have been published in the past year. Efforts at genetic modification were; 

 Agroinfiltration using flavonoid 3’5’ hydroxylase (F35H, the “blue gene” in the 
transgenic carnation events) in lily [98]. No modified varieties were reported. 

 A transformation protocol for the transfer of the Platycodon F35H gene to gypsophilia 
[102]. 

 Expression of the Aquilegia buergeriana F35H gene in petunia, resulting in 
delphinidin accumulation in flower parts [104]. 

 Over-expression of the endogenous F35H gene in Chinese aconite resulting in a two-
fold increase in flavonoids [109]. 

 A paper was published which showed examples of blue flowers in five cut flowers 
achieved through genetic modification [110 ]. 

 Expression of a petunia F35H gene (the same source as some of the transgenic 
carnation events) in rose resulted in colour change in leaves and petals due to 
delphinidin accumulation [118]. 
 

Health and safety related reports 
Over the years of monitoring the literature on carnation there have consistently been reports 
on the use of the species as a medicinal or herbal plant [99] and on the health benefits of 
extracts from this species [121]. Recent papers have demonstrated anti-fungal potential [103]. 
In a review on allergenicity of ornamental plants, carnation and the ornamental Dianthus 
barbatus were placed in a low allergenicity group [108]. Carnation flowers continue to be 
defined as safe to use as edible flowers [114]. 
It has been well established now that flavonoids in general and delphinidin-based 
anthocyanins specifically have health benefits when consumed. Papers emphasising these 
themes continue to be published [93, 97, 117, 120, 122]. Of particular relevance to this report 
are studies on the genetically modified purple tomato [101]. These tomatoes contain higher 
levels of delphinidin than transgenic carnation petals and have now been approved for human 
consumption in the USA4. 
 
Carnation molecular biology 
Carnation genome data is included in a new database [96]. 

 
4 https://www.foodingredientsfirst.com/news/us-regulators-give-gm-purple-tomato-approval-after-14-years.html 
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Characterisation of the carnation chloroplast genome has been carried out [105]. The 
genotype analysed has 124 genes, 84 of which are protein coding. 
 
Reports directly relevant to the transgenic carnation events 
The transgenic products were mentioned in the context of review of European transgenic 
plant regulation [113]. An independent protocol for PCR-based identification of the variety 
Florigene®Moonlite™ was published in China [119]. 
 
Other information 
Other relevant papers were; 

 Experiments in which Dianthus chinensis seed germination was tested in comparison 
to a competing plant, Muhlenbergia capillaris [94]. Though carnation does not 
disperse by seed, the data showed that Dianthus chinensis was out competed in pot 
trials. 

 Germination experiments with seed of D.serotinus [95]. These results showed 
germinability was a function of location source. 

 Re-seeding experiments with Dianthus deltoides [100]. Though this species has the 
potential to spread by rhizomes, survivability in competition with other plant species 
was relatively poor. 

 An experiment demonstrating that seed of D. morisianus can be stored for more than 
10 years at 5 degree C with no loss in viability [111]. 

 Though a USA and not European study, an analysis of honey did demonstrate that 
Dianthus pollen can be spread through bees [112]. 

 
3.3 Case-specific monitoring 

 
3.3.1 Description and results of case-specific monitoring (if applicable) 
Not applicable. 
 
Processing (if applicable) 

 
3.3.2 Monitoring and reporting of adverse effects resulting from accidental spillage (if 
applicable) 
Not applicable. 
 
3.4 Concluding remarks 

 
There was no evidence of the establishment of the transgenic carnation event, or of any 
transgenic carnation event in the wild, or of introgression with wild Dianthus species. There 
has been no evidence of unexpected adverse effects on human health or the environment. 
 
 
 
 

EU member 
state 

Point of 
entry/point of 

cultivation 

Point of 
processing 

Distance from 
point of 

entry/site of 
cultivation 

Transport 
used 

Not applicable
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4. Summary of results and conclusions 
 
Results 
1. The importer reported that they were not aware of any illegal growing and that neither their 
staff nor consumers have reported any adverse effects of handling the flowers. 
2. Reports from surveys carried out by two experts failed to identify Florigene® Moonaqua™ 
in the wild and no evidence of hybridisation to this variety.  
3. A herbarium mail out was carried out. None of the responses received identified any plants 
which could have been Florigene® Moonaqua™. 
4. A review of recent peer-reviewed literature failed to identify any variety of cultivated 
carnation outside of cultivation in Europe.  
5. Eighteen databases (listed in table 1 of attachment 6) provided records of Dianthus 
caryophyllus (or synonyms) in Europe that were made since the last monitoring report. 
Where photographs were available, or collectors were able to be contacted it was established 
the records were of wild type D. caryophyllus or non-transgenic carnation in cultivation. 
Conclusions 
There was no evidence of the establishment of carnation of any variety in the wild, or of 
introgression.  
 
5. Adaptation of the monitoring plan and associated methodology for future years 
 
No changes to the monitoring plan are proposed at this point; 

 The literature and database review will be continued. Publicly available flora 
databases and research vegetation databases remain the most relevant source of 
observation information and efforts will continue to be made to ensure all relevant 
European databases have been identified, expanding the current list of databases.  

 We will continue to carry out the literature and database reviews with sufficient time 
to contact authors and collectors if necessary. 

 We will continue to work with experts in the Balkans and continue to try and find 
botanical experts based in Italy and France.  

 
                      
 
 
       Dated……….. October 6, 2023 
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Attachment 1. Breeders and experts contacted. 
 
Breeders  
Selecta Klemm GmbH and Co.  Hanfäcker 10 

70378 Stuttgart, Germany
Botanists 
Ss. Cyril and Methodius 
University in Skopje 
 

Department of Botany and Dendrology  
Faculty of Forestry in Skopje 
MK-1000 Skopje 
Republic of North Macedonia

Slovak University of Agriculture 
in Nitra 

Department of Botany  
Tr. A. Hlinku 2, 949 76 Nitra 
Slovakia
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Attachment 2. Importer questionnaire response 
      
January 2023 
 

 
 
July 2023 
 

 



Monitoring report 2022 - 2023    CNL060101          FLO-40689-6            Florigene®Moonaqua™ 

Page 13 of 37 

Attachment 3. Summary of survey data provided by experts. 
 
Florigene received reports from two experts, covering work in Germany, Slovakia, 
Croatia, and North Macedonia. Neither of the experts found any indication of hybrids 
with transgenic carnations, populations of carnation or populations of wild Dianthus 
caryophyllus.  
 
Slovakia 
One expert provided data for Slovakia and Croatia. Dates and locations of sampling 
are listed in table 1, with Dianthus species identified. Six Dianthus species were 
recorded, but not Dianthus caryophyllus. 
 
Table 1 Details of field work in Slovakia and Croatia 
Month Location Species 
August 
2022 

Slovakia, Štiavnické vrchy Mts., Ladzany village, 
pastures westwards from the village, 48°15'55.3"N 

18°54'06.8"E

Dianthus armeria and 
Dianthus 

carthusianorum 
August 
2022 

Slovakia, Štiavnické vrchy Mts., Lišov village, 
meadows in “Nad Vepercom” site, 48°14'53.0"N 

18°50'37.5"E

Dianthus 
carthusianorum 

 
August 
2022 

Slovakia, Podunajská nížina lowland, Pohranice 
village, Kolíňnský vrch hill, dry meadows, 

48°20'56.2"N 18°11'37.8"E

Dianthus 
carthusianorum 

August 
2022 

Slovakia, Pohronský Inovec Mts., Kňažice village, 
meadows east from the village, 48°23'19.3"N 

18°26'08.8"E

Dianthus armeria 

May 
2023 

Slovakia, Štiavnické vrchy Mts., Vyhne 
settlement, meadows southwest from the village, 

48°29'57.4"N 18°48'01.8"E

Dianthus 
carthusianorum 

June 
2023 

Slovakia, Východoslovenská nížina lowland, 
Zemplínske Kopčany village, Kopčianske slanisko 

Nature Reserve, salt meadow, 48°35'30.0"N 
21°53'21.5"E

Dianthus armeria 

June 
2023 

Slovakia, Východoslovenská nížina lowland, 
Svätuše village, dry grasslands on western slopes 

of stone pit, 48°25'36.3"N 21°55'37.3"E

Dianthus 
carthusianorum 

July 
2023 

Slovakia, Podunajská nížina Lowland, Mužla 
village, clearings in forest near the Čenkov 

farmstead, sandy dunes, 47°46'53.6"N 
18°31'05.4"E

Dianthus serotinus 

July 
2023 

Slovakia, Tribeč Mts., Radobica village, dry 
grasslands, 48°35'00.9"N 18°30'01.0"E

Dianthus 
carthusianorum 

July 
2023 

Slovakia, Tribeč Mts., Klátová Nová Ves village, 
Kostrín hill, dry grasslands, 48°33'15.7"N 

18°17'54.7"E

Dianthus 
carthusianorum 

 
July 
2023 

Croatia, Vir Island, Vir village, coastal meadows 
near the Virski most bridge, 44°16'52.5"N 

15°07'26.3"E

Dianthus ciliatus 

July 
2023 

Croatia, Vir Island, Vir village, meadows near the 
Virski most bridge, 44°16'57.9"N 15°07'34.7"E

Dianthus integer 
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Month Location Species 
August 
2023 

Slovakia, Pohronský Inovec Mts., Veľká Lehota 
village, grasslands near the Ski Center Drozdovo, 

48°25'36.3"N 18°32'52.3"E

Dianthus deltoides 

August 
2023 

Slovakia, Malé Karpaty Mts., Vinosady village, 
dry meadows at “Holubyho pustáky” site, 

48°19'06.0"N 17°16'53.4"E

Dianthus 
carthusianorum 

August 
2023 

Slovakia, Kremnické vrchy Mts., Budča, dry 
grasslands in the Boky Nature Preserve, 

48°33'49.8"N 19°01'27.4"E

Dianthus 
carthusianorum 

 
Republic of North Macedonia and Germany 
One expert provided data for North Macedonia and Germany. Dates and locations of 
surveys are listed in table 2.  

 
Table 2. Details of field work in Republic of North Macedonia and Germany 
Month Location Species 

Oct 
2022 

Mavrovo National Park, NM No Dianthus species identified 

Mar 
2023 

J Belchishko Blato (Belchishta 
Wetland), Ohrid region, NM

No Dianthus species identified 

Apr 
2023 

Moklishte, Tikvesh region, NM No Dianthus species identified 

Jun 
2023 

Bogomila, Jakupica Mountain range, 
NM 

No Dianthus species identified 

Jun 
2023 

Skopje, Jakupica Mountain range, NM Dianthus kapinaensis and 
Dianthus deltoides subsp. 

degenii  
Jun 

2023 
Dresden, Saxony, Germany D. armeria 
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Attachment 4. Literature review methodology 
 
Search terms 
 
Search terms used were carnation, carnation biology, Dianthus, Dianthus biology, 
Dianthus fertilization, Dianthus gene, Dianthus genome, Dianthus medicinal, Europe 
flora, Europe plant survey, Europe plant checklist, Europe botany survey, Dianthus 
caryophyllus, vegetation survey, Europe vegetation, urban plant. 
Search terms were each used exactly as listed in normal font, with use of suitable 
filters to remove papers published before the beginning of 2022 and where filters 
allowed, confinement to European geography only. The primary focus of the literature 
review was seeking information on carnation and Dianthus populations outside of 
cultivation. 
 
Source databases and journals 
 
Literature searches with all search terms were carried out using these databases. 

 Proquest -biological sciences 
 Science Direct (Elsevier) 
 Google Scholar 

All papers published since January 2022 in these five journals were reviewed for 
relevance to the search terms; 

 Preslia 
 Journal of vegetation science 
 Vegetation classification and survey 
 PhytoKeys 
 Hladnikia 

Literature searches using only the search term “Dianthus” were carried out using these 
databases. 

 Oxford Academic 
 PMC PubMed Central 
 Scopus 
 SpringerLink 
 Wiley Online Library 
 Proquest – ecological abstracts 

53 key citations from literature reviews from previous monitoring reports (5 papers 
were included from the 2022 literature review) were searched in Google Scholar for 
citing literature published since January 2022. 
 
Literature review short list 
 
The outcome from the initial screen of the literature identified hundreds of abstracts. 
Papers not considered for further review covered the chemistry of flavonoids and 
anthocyanins, essential oil preparation and analysis, non-European studies, 
horticultural studies relating to carnation production and breeding, physiological and 
biochemical studies relating to post-harvest care in carnation, herbicide resistance and 
plant pathology studies related to carnation. Abstracts concerning the coral species 
Dianthus or clove oil use were also not considered. 
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Papers added to the short list were those where there was possible relevance to 
carnation or Dianthus caryophyllus distribution, identification of other Dianthus 
species, possible biosafety implications, Dianthus taxonomy and/or genetic 
modification. These papers are cited in the reference list below.  
246 papers were short listed and read, including any supplementary information files 
provided with the papers.  
 
Reference list 
 
Papers in which Dianthus species were recorded 

1. Alessandrini, A., Bagli, L., Bruschi, T., Gubellini, L., Hofmann, N., 
Montanari, S., ... & Semprini, F. (2022). Flora vascolare della Repubblica di 
San Marino (lista aggiornata e annotata).  Quad. Studi Nat. Romagna, 54, 5 - 
116.  

2. Ballelli, S., Tardella, F. M., Pennesi, R., Panichella, T., Bricca, A., Vitanzi, A., 
& Catorci, A. (2022). Contribution to the knowledge of the non-calcareous 
grasslands of the Monti Sibillini National Park (central Italy): coenological 
structure, syntaxonomy, ecology, and floristic aspects. Hacquetia, 21, 41-72. 
doi:10.2478/hacq-2021-0023 

3. Bartolucci, F., Domina, G., Adorni, M., Bacchetta, G., Bajona, E., Banfi, E., ... 
& Lastrucci, L. (2023). Notulae to the Italian native vascular flora: 15. Italian 
Botanist, 15, 91 - 109.  

4. Becker, T., Stahlmann, C., Bayindir, S., Dierschke, H., & Bergmeier, E. 
(2022). Syntaxonomy and diversity of acidic grasslands in the eastern Rhenish 
Massif (Western Germany). Tuexenia, 42, 129 - 163. 
doi:10.14471/2022.42.004 

5. Bendali, F., & Godron, M. (2023). A new method for linking plant groups and 
environmental variables in northern Greece’s mountain pastures. International 
Journal of Innovation and Scientific Research, 65, 105 - 115.  

6. Berisha, N., & Geci, D. (2023). The analysis of the influence of grazing 
intensity on the diversity and abundance of plants and spiders (Arachnida: 
Araneae). European Journal of Environmental Sciences, 13, 31-38. 
doi:10.14712/23361964.2023.4 

7. Boltižiar, M. (2023). The relation of alpine vegetation cover and geomorphic 
processes in the Belianske Tatra Mts. (Slovakia). GeoScape, 17, 74-88. 
doi:10.2478/geosc-2023-0006 

8. Bona, A., Brzeziński, D., & Jadwiszczak, K. A. (2022). Genetic diversity and 
fine-scale spatial genetic structure of the endangered shrub birch (Betula 
humilis Schrk.) Populations in Protected and Unprotected Areas. Diversity, 14, 
doi:10.3390/d14080684 

9. Bonari, G., Fratte, M. D., Lonati, M., Caccianiga, M., Lasen, C., Armiraglio, 
S., . . . Selvaggi, A. (2023). Habitats directive in northern Italy: a series of 
proposals for habitat definition improvement. Plant Sociology, 60, 67-89. 
doi:10.3897/pls2023601/06 

10. Botta-Dukát, Z., Bartha, D., Dancza, I., Lukács, B. A., & Pinke, G. (2023). 
Adaptation of life form categorisation of Ellenberg and Mueller-Dombois to 
the Hungarian flora. Acta Botanica Hungarica, 65, 1-34. 
doi:10.1556/034.65.2023.1-2.1 



Monitoring report 2022 - 2023    CNL060101          FLO-40689-6            Florigene®Moonaqua™ 

Page 17 of 37 

11. Bourdouxhe, A., Wibail, L., Claessens, H., & Dufrêne, M. (2023). Modeling 
potential natural vegetation: A new light on an old concept to guide nature 
conservation in fragmented and degraded landscapes. Ecological Modelling, 
481. doi:10.1016/j.ecolmodel.2023.110382 

12. Bučar, M., & Jelaska, S. D. . (2022). Flora of Hrastovička gora (Petrinja city 
area). . Natura Croatica: Periodicum Musei Historiae, 31, 79 - 96. 
doi:10.20302/NC.2022.31.7 

13. Büttner, M., Weibel, U., Jutzi, M., Bergamini, A., & Holderegger, R. (2022). 
A 150-year-old herbarium and floristic data testify regional species decline. 
Biological Conservation, 272. doi:10.1016/j.biocon.2022.109609 

14. Caruso. (2022). The vascular flora of Uria basin (Catanzaro, S-Italy) and its 
conservation relevance. Flora Mediterranea, 32. doi:10.7320/FlMedit32.099 

15. Castro, I., Rocha, J., Martins, M., Carnide, V., Martín, J. P., Veiga, P., . . . 
Crespí, A. L. (2021). The redundancy effect under morphogenetic and 
environmental fluctuations. The case of the Dianthus pungens group. Plant 
Biosystems - An International Journal Dealing with all Aspects of Plant 
Biology, 156, 292-306. doi:10.1080/11263504.2020.1857864 

16. Charalampidou. (2022). The vascular flora of damp meadows and mires in W 
Rhodopi (NE Greece). Flora Mediterranea, 32. doi:10.7320/FlMedit32.079 

17. Chmiel, J. (2023). Cultural landscape as both a threat and an opportunity to 
preserve a high conservation value of vascular flora: a case study. Diversity, 
15. doi:10.3390/d15020211 

18. Chusova, O. O., Shyriaieva, D. V., Budzhak, V. V., Chorney, I. I., Dziuba, T. 
P., Iemelianova, S. M., . . . Kuzemko, K. A. A. (2022). Protected species in 
grassland habitats of Ukraine. Ukrainian Botanical Journal, 79, 290-307. 
doi:10.15407/ukrbotj79.05.290 

19. Coldea, G., Gafta, D., Negrean, G., Stoica, A. I., & Hurdu, B. I. (2022). 
Southern Carpathian ultramafic grasslands within the central-southeast 
European context: syntaxonomic classification and overall eco-coenotic 
patterns. Bot Stud, 63, 29. doi:10.1186/s40529-022-00355-8  

20. Coldea, G., Gafta, D., & Negrean, G. (2023). Eco-coenotic and diversity 
patterns in Artemisia alba open scrubs from Romania within the context of 
similar communities from Neighbouring Regions. Diversity, 15. 
doi:10.3390/d15040475 

21. Coldea, G. Cristea, V. (2022). The vascular plant communities of the Retezat 
National Park (Southern Carpathians). Springer, https://doi.org/10.1007/978-
3-031-05618-5, 259 p. 

22. Colozza, F., Fenoglio, E., Barberis, D., & Lonati, M. (2022). A new 
association with Patzkea paniculata on serpentine substrates at low elevations 
in the western Alps (Italy). Plant Sociology, 59, 17-26. 
doi:10.3897/pls2022592/02 

23. Csiky, J., Balogh, L., Dancza, I., Gyulai, F., Jakab, G., Király, G., . . . Wirth, 
T. (2023). Checklist of alien vascular plants of Hungary and their invasion 
biological characteristics. Acta Botanica Hungarica, 65(, 53-72. 
doi:10.1556/034.65.2023.1-2.3 

24. D’Antraccoli, M., Carta, A., Astuti, G., Franzoni, J., Giacò, A., Tiburtini, M., . 
. . Peruzzi, L. (2023). A comprehensive approach to improving endemic plant 
species research, conservation, and popularization. Journal of Zoological and 
Botanical Gardens, 4, 490-506. doi:10.3390/jzbg4020036 



Monitoring report 2022 - 2023    CNL060101          FLO-40689-6            Florigene®Moonaqua™ 

Page 18 of 37 

25. Dagino, D. (2023). Climate changes and the future of endemic flora of south-
western Alps: impact assessment and conservation strategies. Università Degli 
Studi Di Genova Scuola Di Scienze Matematiche, Fisiche E Naturali 
Dipartimento Di Scienze Della Terra, Dell’ambiente E Della Vita (Distav), 
Università Degli Studi Di Genova, Dottorato di Ricerca in Scienze e 
Tecnologie  

26. Dario, F. R., & De Vincenzo, M. C. V. . (2022). The unsurpassable natural 
beauty of the Plitviče Lakes National Park, in Croatia. . The Institute of 
Biopaleogeography named under Charles R. Darwin,, 16, 1 - 68.  

27. de Pasquale, G., & Spinelli, E. (2021). The alpine rural landscape as a cultural 
reserve: the case study of Teglio in Valtellina. Biodivers Conserv 31, 2397–
2420 (2022). https://doi.org/10.1007/s10531-021-02298-1 

28. Depisch E. & Fiedler K. (2023). Summer drought shapes grassland butterfly-
flower networks more than management type in an Austrian conservation area. 
.Entomologica Austriaca, 30, 9 - 33.  

29. Didukh, Y. P., Pashkevych, N., Kolomiychuk, V. P., & Vyshnevskiy, D. 
(2023). Vegetation changes within the Chornobyl exclusion zone, Ukraine. 
Environmental & Socio-economic Studies, 11, 13-32. doi:10.2478/environ-
2023-0002 

30. Dimitrov, D. (2023). plant and habitat diversity of the Rilsko Korito valley. 
Trakia Journal of Sciences, No 1, pp 1-11, 2023, 1, 1-11. 
doi:10.15547/tjs.2023.01.001 

31. Dollinar, B., Vreš, B. (2023). Overview of flora in Slovenian part of Babno 
polje (Notranjska, Slovenia). Hladnikia, 51, 38 - 67.  

32. Dominique, Z., Sabine, S., Herbert, Z., Christa, H.-R., & Sophie, K. (2023). 
Changes in the wild bee community (Hymenoptera: Apoidea) over 100 years 
in relation to land use: a case study in a protected steppe habitat in Eastern 
Austria. J Insect Conserv 27, 625–641. https://doi.org/10.1007/s10841-023-
00486-8 

33. Fischer, F. M., Chytrý, K., Chytrá, H., Chytrý, M., & Těšitel, J. (2023). 
Seasonal beta‐diversity of dry grassland vegetation: Divergent peaks of 
above‐ground biomass and species richness. Journal of Vegetation Science, 
34. doi:10.1111/jvs.13182 

34. Fontefrancesco, M. F., Zocchi, D. M., Cevasco, R., Dossche, R., Abidullah, S., 
& Pieroni, A. (2022). Crumbotti and rose petals in a ghost mountain valley: 
foraging, landscape, and their transformations in the upper Borbera Valley, 
NW Italy. J Ethnobiol Ethnomed, 18, 42. doi:10.1186/s13002-022-00535-7 

35. Fóti, S., Bartha, S., Balogh, J., Pintér, K., Koncz, P., Biró, M., . . . Nagy, Z. 
(2023). Fluctuations and trends in spatio‐temporal patterns of plant species and 
diversity in a sandy pasture. Journal of Vegetation Science, 34. 
doi:10.1111/jvs.13190 

36. Foucault, B., Gilbert, B.,Vizcaïno, D. (2022). Complements to the knowledge 
of the vegetation of the low eastern Corbières (Aude). Carnets botaniques, 
117, 1 - 6. doi:10.34971/WW7T-V126 

37. Fratarcangeli, C., Fanelli, G., Testolin, R., Buffi, F., & Travaglini, A. (2022). 
Floristic changes of vascular flora in the city of Rome through grid-cell census 
over 23 years. Urban Ecosystems, 25, 1851-1864. doi:10.1007/s11252-022-
01293-w 

38. Gargano, D., Bernardo, L., Rovito, S., Passalacqua, N. G., & Abeli, T. (2022). 
Do marginal plant populations enhance the fitness of larger core units under 



Monitoring report 2022 - 2023    CNL060101          FLO-40689-6            Florigene®Moonaqua™ 

Page 19 of 37 

ongoing climate change? Empirical insights from a rare carnation. AoB Plants, 
14, plac022. doi:10.1093/aobpla/plac022 

39. Gianguzzi, L., Guarino, R., Bazan, G., Di Pietro, R., Acosta, A. T. R., Bajona, 
E., ... & Stinca, A. (2023).  Itineraries of the working group for vegetation 
science of the italian botanical society–1 (2022): Excursion to the Egadi 
Islands, Mount San Giuliano and Mount Cofano (Trapani, western Sicily, 
Italy). Italian Botanist, 16, 1-57. 

40. Giatzouzaki, D., Delhaye, G., & Meerts, P. J. (2022). Trait divergence 
between endemic plants of Aegean islands and their widespread congeners. 
Plant Ecology, 223, 507-523. doi:10.1007/s11258-022-01224-x 

41. Hamard, D., Hamard, M., Pires, M., Michaud, H., & Pavon, D. (2022). Les 
collines de la Pécoule et de la Cabre (Sénas, Bouches–du–Rhône, France), des 
sites naturels d’intérêt floristique majeur et à préserver. Bull. Soc. linn. 
Provence, 73, 121  - 128.  

42. Hurdu, B.-I., Coste, A., Halmagyi, A., Szatmari, P.-M., Farkas, A., Pușcaș, M., 
. . . Butiuc-Keul, A. (2022). Ex situ conservation of plant diversity in 
Romania: A synthesis of threatened and endemic taxa. Journal for Nature 
Conservation, 68. doi:10.1016/j.jnc.2022.126211 

43. Iamonico, D. (2022). Biodiversity in Urban Areas: The extraordinary case of 
Appia Antica regional park (Rome, Italy). Plants (Basel), 11, 
doi:10.3390/plants11162122 

44. Ilic, T., Kuzmanovic, N., Vukojicic, S., & Lakusic, D. (2023). The alpine 
scrubs and dwarf heaths of the Balkan Peninsula - an exceptional center of 
floristic richness and endemism. Botanica Serbica, 47, 145-161. 
doi:10.2298/botserb2301145i 

45. Izverscaia, T., Ghendov, V., & Ciocarlan, N. (2022). Extinct species of the 
Caryophyllaceae Juss. family in the spontaneous flora of Republic of 
Moldova. Journal of Botany, 14, 21-33. doi:10.52240/1857-
2367.2022.1(24).05 

46. Kalusová, V., Chytrý, M., Večeřa, M., Svenning, J.-C., Biurrun, I., Kintrová, 
K., . . . Axmanová, I. (2023). Neophyte invasions in European heathlands and 
scrub. Biological Invasions, 25, 1739-1765. doi:10.1007/s10530-023-03005-7 

47. Klinkovská, K., Kučerová, A., Pustková, Š., Rohel, J., Slachová, K., Sobotka, 
V., . . . Chytrý, M. (2023). Subalpine vegetation changes in the Eastern 
Sudetes (1973–2021): Effects of abandonment, conservation management and 
avalanches. Applied Vegetation Science, 26. doi:10.1111/avsc.12711 

48. Koupilová, K., Štenc, J., Janovský, Z., & Snell-Rood, E. (2022). Pollinators 
adjust their behavior to presence of pollinator-transmitted pathogen in plant 
population. Behavioral Ecology, 33, 319-328. doi:10.1093/beheco/arab153 

49. Krasniqi, E., & Berisha, N. (2023). Contribution to the knowledge of 
serpentine flora in western Kosovo, with comparisons of the western, central 
and northern serpentine massifs. Natura Croatica, 32, 305-332. 
doi:10.20302/nc.2023.32.20 

50. Krause, P., Meier, L., Leistner, P., Eitle, A., Bender, E., Fischer, L. K., & 
Müller, H. (2023). Entwicklung und erprobung eines urbanen 
grünfassadensystems für mensch, flora und fauna. Bauphysik, 45, 44-54. 
doi:10.1002/bapi.202200039 

51. Lovas-Kiss, Á., & Süveges, K. (2022). Adatok a Dél-Nyírség és 
peremterületei flórájához. Kitaibelia, 27. doi:10.17542/kit.27.013 



Monitoring report 2022 - 2023    CNL060101          FLO-40689-6            Florigene®Moonaqua™ 

Page 20 of 37 

52. Marković, M. (2022). Flora of the Vidlič Mt (Southeastern Serbia). 
Etnobotanika, 2, 45-128. doi:10.46793/EtnBot22.045M 

53. Médail, F. (2021). Plant biogeography and vegetation patterns of the 
Mediterranean Islands. The Botanical Review, 88, 63-129. 
doi:10.1007/s12229-021-09245-3 

54. Neblea, M. A., & Marian, M. C. (2022). Study concerning alien flora from 
DÂmboviȚa County (Romania). Current Trends in Natural Sciences, 11, 178-
194. doi:10.47068/ctns.2022.v11i22.021 

55. Nilsson, S. (2022). Twenty‐two years of vegetation succession on the 
constructed Danish island Peberholm. Nordic Journal of Botany, e03721, 
doi:10.1111/njb.03721 

56. Palaj, A., Kollár, J., & Michalová, M. (2023). Changes in the Nardus 
grasslands in the (Sub)Alpine zone of Western Carpathians over the last 
decades. Biologia. doi:10.1007/s11756-023-01458-8 

57. Peruzzi, L. (2023). The vascular flora of Empoli (Tuscany, central Italy). 
Italian Botanist, 15, 21-33. doi:10.3897/italianbotanist.15.101748 

58. Petitpierre, B., Boserup, J., Möhl, A., Rometsch, S., & Aubry, S. (2023). 
Importance of agriculture for crop wild relatives conservation in Switzerland. 
Global Ecology and Conservation, 46. doi:10.1016/j.gecco.2023.e02588 

59. Pinskoy, V. N., Idrisov, I. A., Kashirskaya, N. N., Yeltsov, M. V., & Borisov, 
A. V. (2023). Soils of agricultural terraces on clay shales in the mid-mountain 
zone of the Eastern Caucasus. Eurasian Soil Science, 56, 695-704. 
doi:10.1134/s1064229323600227 

60. Pismarkina, E. V., & Silaeva, T. B. (2023). Alien vascular plants of the 
Republic of Mordovia: modern composition and its changes over the past two 
decades (2000–2020). Russian Journal of Biological Invasions, 14, 16-28. 
doi:10.1134/s2075111723010071 

61. Pyšek, P., Sádlo, J., Chrtek, J., Chytrý, M., Kaplan, Z., Pergl, J., . . . 
Danihelka, J. (2022). Catalogue of alien plants of the Czech Republic (3rd 
edition). Preslia, 94, 447-577. doi:10.23855/preslia.2022.447 

62. Rahmonov, O., Dragan, W., Cabala, J., & Krzysztofik, R. (2023). Long-term 
vegetation changes and socioeconomic effects of river engineering in 
industrialized areas (Southern Poland). Int J Environ Res Public Health, 20, 
doi:10.3390/ijerph20032255 

63. Rauschkolb, R., Durka, W., Godefroid, S., Dixon, L., Bossdorf, O., Ensslin, 
A., & Scheepens, J. F. (2023). Recent evolution of flowering time across 
multiple European plant species correlates with changes in aridity. Oecologia. 
doi:10.1007/s00442-023-05414-w 

64. Reeves, R. D., Aloupi, M., Daftsis, E. I., Stratis, J. A., Mastoras, P., & 
Dimitrakopoulos, P. G. (2022). Biogeochemical aspects of the serpentines of 
Rhodes (Greece) and Cyprus. Plant and Soil, 472, 491-508. 
doi:10.1007/s11104-021-05265-5 

65. Riezing, N. (2023). Taxa of vascular plants endemic to the pannonicum 
floristic region. Acta Botanica Hungarica, 65, 133-207. 
doi:10.1556/034.65.2023.1-2.8 

66. Salamova, A., Belous, V., Alikhadzhiev, M., & Erzhapova, R. (2023). Upland 
xerophyte communities of valley landscapes of the upper reaches of the 
chanty-argun river (mountainous Chechnya, Eastern Caucasus). BIO Web of 
Conferences, 63. doi:10.1051/bioconf/20236308005 



Monitoring report 2022 - 2023    CNL060101          FLO-40689-6            Florigene®Moonaqua™ 

Page 21 of 37 

67. Salamova, A., Iriskhanova, Z. I., Hanaeva, H. R., & Bakasheva, S. M. (2023). 
Systematic composition and analysis of the biomorph of medicinal plants in 
the flora of the Chechen Republic. BIO Web of Conferences, 63. 
doi:10.1051/bioconf/20236306005 

68. Salamova, A., Iriskhanova, Z. I., Khasueva, B. A., & Daudova, M. G. G. 
(2023). Geographical analysis and the problem of protection of endemic and 
relict plants of the Chechen Republic. BIO Web of Conferences, 63. 
doi:10.1051/bioconf/20236307004 

69. Schindler, M. (2022). Auswirkungen der beregnung auf die trockenvegetation 
in der gemeinde bettmeralp (VS). Zürcher Hochschule Für Angewandte 
Wissenschaften, Departement Life Sciences Und Facility Management, Institut 
Für Umwelt Und Natürliche Ressourcen, Bachelorstudiengang 
Umweltingenieurwesen.  

70. Schmidt, R. (2023). The abundance, origin and phylogeny of plants: effects on 
natural enemies and implications for plant coexistence in grasslands. 
Naturwissenschaftlichen Fakultät I – Biowissenschaften –der Martin-Luther-
Universität Halle-Wittenberg,, Dissertation zur Erlangung des Doktorgrades 
der Naturwissenschaften (Dr. rer. nat.).  

71. Schöpke, B., Wesche, K., & Wulf, M. (2023). Dry grasslands adjacent to 
organic fields have higher plant diversity − even far into their interior. 
Agriculture, Ecosystems & Environment, 357. doi:10.1016/j.agee.2023.108672 

72. Stančić, Z., & Fiket, Ž. (2023). Pollination patterns of flora and vegetation in 
northern Croatia with reference to Apis mellifera. Acta Botanica Croatica, 82, 
34-43. doi:10.37427/botcro-2022-030 

73. Štech, M.,Holá, E., Diewald, W (2022). Novelties in the flora of the Bohemian 
forest II. Silva Gabreta, 28, 49 - 63.  

74. Stešević, D., Anđić, B., Caković, D., Ćušterevska, R., Markišić, H., Matevski, 
V., . . . Šilc, U. (2023). The synecology of endemic relict species Ramonda 
serbica (Gesneriaceae). Plant Biosystems,157, 727-745. 
doi:10.1080/11263504.2023.2200785 

75. Strugariu, A. R., & Boc, V. I. . (2022). Evolution of the marine dunes of 
Agigea in the context of biodiversity conservation. Scientific Papers. Series B. 
Horticulture, 66, 338 - 346.  

76. Swacha, G., Meserszmit, M., Pavlů, L., Pavlů, V. V., Kajzrová, K., Kassahun, 
T., . . . Kącki, Z. (2023). Drivers of species-specific contributions to the total 
live aboveground plant biomass in Central European semi-natural hay 
grasslands. Ecological Indicators, 146. doi:10.1016/j.ecolind.2022.109740 

77. Szatmari, P.M., & Hurdu, B.I. (2023). Low altitude glacial relicts in the 
Romanian flora. Contribuţii Botanice, 57, 19-51. 
doi:10.24193/Contrib.Bot.57.2 

78. Tedoradze, G. (2022). The importance of plant community structure and soil 
seed banks for productivity and sustainable use of pastures and hay meadows 
on the slopes in Khevi, a high mountain region in the central greater Caucasu. 
A dissertation submitted to the School of Natural Sciences and Medicine of the 
Ilia State University.  

79. Terpin. F., Dakskobler, I. (2023). Spiraea decumbens Koch subsp. tomentosa 
(Poech) Dostál Novo nahajališče v Stolovem pogorju, novost za floro 
slovenskega dela Julijskih Alp Hladnika, 51, 68 - 99.  



Monitoring report 2022 - 2023    CNL060101          FLO-40689-6            Florigene®Moonaqua™ 

Page 22 of 37 

80. Terzi, M. (2023). A new Asphodelus ramosus-dominated association from the 
Murge Plateau (SE Italy). Hacquetia, 22, 179-195. doi:10.2478/hacq-2022-
0020 

81. Trémeau, J., Olascoaga, B., Backman, L., Karvinen, E., Vekuri, H., & 
Kulmala, L. . (2023). Lawns and meadows in urban green space–A 
comparison from greenhouse gas, drought resilience and biodiversity 
perspectives. , 2023, 1-25. Biogeosciences Discussions, 107, 1 - 25. 
doi:10.5194/bg-2023-107 

82. Uhlířová, J., & Šibík, J. (2022). Variability and syntaxonomy of relict 
calcareous pine and larch woodlands in the Western Carpathians (Slovakia). 
Biologia, 77, 2037-2062. doi:10.1007/s11756-022-01048-0 

83. Valko, O., Kelemen, A., Kiss, O., & Deak, B. (2022). Patch and matrix 
characteristics determine the outcome of ecosystem engineering by mole rats 
in dry grasslands. PeerJ, 10, e14582. doi:10.7717/peerj.14582 

84. Venn, S., Teerikangas, J., & Paukkunen, J. (2023). Bees and pollination in 
grassland habitats in Helsinki (Finland) are diverse but dominated by 
polylectic species. Basic and Applied Ecology, 69, 1-12. 
doi:10.1016/j.baae.2023.03.003 

85. Veress, M., & Leél-Őssy, S. (Eds.). (2022). Cave and Karst Systems of 
Hungary. Springer Nature.  

86. Vladimirov, V. (2022). New floristic records in the Balkans: 49. Phytologia 
Balcanica, 28. doi:10.7546/PhB.28.3.2022.12 

87. Wala, M., Kolodziejek, J., & Wilk, T. (2022). Acidity and availability of 
aluminum, iron and manganese as factors affecting germination in European 
acidic dry and alkaline xerothermic grasslands. PeerJ, 10, e13255. 
doi:10.7717/peerj.13255 

88. Willner, W., Kadlec, G., Staudinger, M., Sauberer, N., Vantarová, K. H., 
Škodová, I., . .. & Schratt-Ehrendorfer, L. (2022). Syntaxonomic revision of 
the Pannonian grasslands of Austria – Part III: Danube and March-Thaya 
floodplain (including the Slovak side of the river March/Morava). Tuexenia 
42, 95 - 128. doi:10.14471/2022.42.007 

89. Wolanin, M., Klichowska, E., Jedrzejczyk, I., Rewers, M., & Nobis, M. 
(2023). Taxonomy and distribution of Taraxacum sect. Erythrosperma 
(Asteraceae) in Poland. PhytoKeys, 224, 1-88. 
doi:10.3897/phytokeys.224.99463 

90. Xystrakis, F., Chasapis, M., Eleftheriadou, E., Samaras, D., & 
Theodoropoulos, K. (2022). The optimization of typical species inventory of 
habitat types of a NATURA 2000 site using a phytosociological approach. 
Plant Sociology, 59, 1-16. doi:10.3897/pls2022592/01 

91. Zerbe, S. (2022). Restoration of Ecosystems – Bridging Nature and Humans A 
Transdisciplinary Approach.Springer,  https://doi.org/10.1007/978-3-662-
65658-7, 723p. 

Other papers 

92. Aalami, O., Azadi, P., Hadizadeh, H., Wilde, H. D., Karimian, Z., Nemati, H., 
& Samiei, L. (2023). Melatonin strongly enhances the Agrobacterium- 
mediated transformation of carnation in nitrogen-depleted media. BMC Plant 
Biol, 23, 316. doi:10.1186/s12870-023-04325-5 



Monitoring report 2022 - 2023    CNL060101          FLO-40689-6            Florigene®Moonaqua™ 

Page 23 of 37 

93. Aguilera, J. M., & Toledo, T. (2022). Wild berries and related wild small fruits 
as traditional healthy foods. Crit Rev Food Sci Nutr, 1-15. 
doi:10.1080/10408398.2022.2156475 

94. Byun, C. (2023). Competition between pink muhly grass and native plant 
species: Is it really a harmful invasive species? Ecosphere, 14, 
doi:10.1002/ecs2.4561 

95. Cevallos, D., Szitár, K., Halassy, M., Kövendi-Jakó, A., & Török, K. (2022). 
Larger seed mass predicts higher germination and emergence rates in sandy 
grassland species with non-dormant seeds. Acta Botanica Hungarica, 64, 237-
258. doi:10.1556/034.64.2022.3-4.2 

96. Cheng, H., Zhang, H., Song, J., Jiang, J., Chen, S., Chen, F., & Wang, L. 
(2023). GERDH: an interactive multi-omics database for cross-species data 
mining in horticultural crops. Plant J. doi:10.1111/tpj.16350 

97. Diaconeasa, Z., Stirbu, I., Xiao, J., Leopold, N., Ayvaz, Z., Danciu, C., . . . 
Socaciu, C. (2020). Anthocyanins, vibrant color pigments, and their role in 
skin cancer prevention. Biomedicines, 8. doi:10.3390/biomedicines8090336 

98. Fallahpour, M., Ghanbari, A., Koobaz, P., Chamani, E., Azadi, P., & Mii, M. 
(2022). Selection of suitable lily cultivars by using needle agroinfiltration for 
blue flower production. The Journal of Horticultural Science and 
Biotechnology, 98, 207-222. doi:10.1080/14620316.2022.2107953 

99. González-Rivadeneira, T. I., & Reséndiz, R. V. (2022). Home gardens in latin 
america: wild foods in the mesoamerican ekuaro of p'urépechas, Mexico and 
the Andean chakra of Kichwas, Ecuador. Brazilian Journal of Ethnobiology 
and Ethnoecology, 7, 119 - 141. doi:10.18542/ethnoscientia.v7i4/11207 

100. Janicka, M., Pawluśkiewicz, B., & Gnatowski, T. (2023). Preliminary 
results of the introduction of dicotyledonous meadow species. Sustainability, 
15, doi:10.3390/su15043231 

101. Jian, W., Ou, X., Sun, L., Chen, Y., Liu, S., Lu, W., . . . Li, Z. (2023). 
Characterization of anthocyanin accumulation, nutritional properties, and 
postharvest attributes of transgenic purple tomato. Food Chem, 408, 135181. 
doi:10.1016/j.foodchem.2022.135181 

102. Jin, C., Sun, D., Ma, L., Mo, X., Yang, C., & Li, F. (2023). Ectopic 
expression of PgF3′5′H in commercial Gypsophila paniculata cultivar through 
optimized agrobacterium-mediated transformation. Horticulturae, 9. 
doi:10.3390/horticulturae9030321 

103. Karim, Z.M, Hussein, H. J., & Al-Rubaye, A. F. . (2023). Evaluation 
of anticandidiasis efficacy of secondary metabolites extracted from Dianthus 
caryophyllus L. flower buds. Caspian Journal of Environmental Sciences, 21, 
143-149. doi:10.22124/CJES.2023.6205 

104. Lee, Y. A., Cheon, K. S., Shin, J. Y., Kim, J. H., Song, B., Kim, S. J., . 
. . Lee, S. Y. (2023). Flower color modification through expression of 
Aquilegia buergeriana F3′5′H in Petunia hybrida. Horticulture, Environment, 
and Biotechnology, 64, 683-694. doi:10.1007/s13580-022-00505-8 

105. Lin, S., Liu, J., He, X., Wang, J., Wang, Z., Zhang, X., . . . Fu, X. 
(2022). Comprehensive comparative analysis and development of molecular 
markers for dianthus species based on complete chloroplast genome 
sequences. Int J Mol Sci, 23. doi:10.3390/ijms232012567 

106. Lososová, Z., Axmanová, I., Chytrý, M., Midolo, G., Abdulhak, S., 
Karger, D. N., . . . Thuiller, W. (2023). Seed dispersal distance classes and 



Monitoring report 2022 - 2023    CNL060101          FLO-40689-6            Florigene®Moonaqua™ 

Page 24 of 37 

dispersal modes for the European flora. Global Ecology and Biogeography. 
doi:10.1111/geb.13712 

107. Luqman, H., Wegmann, D., Fior, S., & Widmer, A. (2023). Climate-
induced range shifts drive adaptive response via spatio-temporal sieving of 
alleles. Nat Commun, 14, 1080. doi:10.1038/s41467-023-36631-9 

108. Magyar, D. (2023). Potential Allergenicity of plants used in 
allergological communication: an untapped tool for prevention. Plants, 12, 
doi:10.3390/plants12061334 

109. Nguyen, T. N. L., Hoang, T. T. H., Nguyen, H. Q., Tu, Q. T., Tran, T. 
H., Lo, T. M. T., . . . Chu, H. M. (2021). Agrobacterium tumefaciens–mediated 
genetic transformation and overexpression of the flavonoid 3′5′-hydroxylase 
gene increases the flavonoid content of the transgenic Aconitum carmichaelii 
Debx. plant. In Vitro Cellular & Developmental Biology - Plant, 58, 93-102. 
doi:10.1007/s11627-021-10190-4 

110. Pina, F., Basílio, N., Parola, A. J., Melo, M. J., Oliveira, J., & de 
Freitas, V. (2023). The Triumph of the blue in nature and in Anthropocene. 
Dyes and Pigments, 210. doi:10.1016/j.dyepig.2022.110925 

111. Porcedduetal. (2022). Effect of storage conditions on seed germination 
of eight Tyrrhenian endemic vascular plant species of conservation interest. 
Flora Mediterranea, 32. doi:10.7320/FlMedit32.421 

112. Stoner, K. A., Nurse, A., Koethe, R. W., Hatala, M. S., & Lehmann, D. 
M. (2022). Where does honey bee (Apis mellifera L.) pollen come from? a 
study of pollen collected from colonies at ornamental plant nurseries. Insects, 
13. doi:10.3390/insects13080744 

113. Sundaram, L. S., Ajioka, J. W., & Molloy, J. C. (2023). Synthetic 
biology regulation in Europe: containment, release and beyond. Synth Biol 
(Oxf), 8, ysad009. doi:10.1093/synbio/ysad009 

114. Teixeira, M., Tao, W., Fernandes, A., Faria, A., Ferreira, I. M., He, J., 
... & Oliveira, H. (2023). Anthocyanin-rich edible flowers, current 
understanding of a potential new trend in dietary patterns. . Trends in Food 
Science & Technology., 138, 708 - 725.  

115. Terlević, A., Temunović, M., Bogdanović, S., Grgurev, M., Ljubičić, 
I., & Rešetnik, I. (2023). Morphological and environmental variability of 
Dianthus sylvestris (Caryophyllaceae) in the Balkan Peninsula. Botanical 
Journal of the Linnean Society, 201, 377-389.  

116. Tichý, L., Axmanová, I., Dengler, J., Guarino, R., Jansen, F., Midolo, 
G., . . . Chytrý, M. (2023). Ellenberg‐type indicator values for European 
vascular plant species. Journal of Vegetation Science, 34. 
doi:10.1111/jvs.13168 

117. Torović, L., Sazdanić, D., Krstonošić, M. A., Mikulić, M., Beara, I., & 
Cvejić, J. (2023). Compositional characteristics, health benefit and risk of 
commercial bilberry and black chokeberry juices. Food Bioscience, 51. 
doi:10.1016/j.fbio.2022.102301 

118. Xu, J., Shin, J. Y., Park, P. M., An, H. R., Kim, Y.-J., Kim, S. J., & 
Lee, S. Y. (2023). Flower color modification through co-overexpression of the 
VtF3′5′H and RhNHX genes in Rosa hybrida. Plant Cell, Tissue and Organ 
Culture, 153, 403-416. doi:10.1007/s11240-023-02480-z 

119. Yang, R., Yin, L., Qian, C., Zuo, C., Yu, H., Li, X. (2022). 
Development of plasmid standard material for detection of genetically 
modified carnation line Moonlite. Acta Agric. Zhejiangensis, 34, 1692 -  1702.  



Monitoring report 2022 - 2023    CNL060101          FLO-40689-6            Florigene®Moonaqua™ 

Page 25 of 37 

120. Zhang, Y. (2022). Study on the dietary intake of anthocyanins in 
chinese people and effect of anthocyanins on cardiovascular disease. 
Highlights in Science, Engineering and Technology, 19, 58 - 65.  

121. Zhou, X., Wang, M., Li, H., Ye, S., & Tang, W. (2023). Widely 
targeted metabolomics reveals the antioxidant and anticancer activities of 
different colors of Dianthus caryophyllus. Front Nutr, 10, 1166375. 
doi:10.3389/fnut.2023.1166375 

122. Zhou, Y., Gu, K., & Zhou, F. (2023). Dietary flavonoid intake and 
cancer mortality: a population-based cohort study. Nutrients, 15,  
doi:10.3390/nu15040976. 



Monitoring report 2022 - 2023    CNL060101          FLO-40689-6            Florigene®Moonaqua™ 

Page 26 of 37 

 
Attachment 5. Database information 2023 
 
Databases previously identified were re-examined for any new entries listing Dianthus 
caryophyllus since the last monitoring report. Newly identified databases were reviewed for 
content and any records of Dianthus caryophyllus. 
Results of the database survey are summarized in tables 1 and 2 of this attachment. Each 
table has the following information: 
 
Site no. Internal number allocated to each website for cross 

reference.
URL Address of the website
Site name Title of the website, database, flora or checklist according to 

the website
Site geographical coverage Area and/or country covered by website
Site description Brief description of the information provided at the website
Access date Date the website was reviewed for this report 
Search outcome Table 1 - Websites in which observations of carnation or 

Dianthus caryophyllus are described. For existing websites, 
the observations described have been made since the 2022 
monitoring report was compiled. Websites reviewed for the 
first time are noted.
Table 2 - Websites in which no observations of carnation or 
Dianthus caryophyllus are described. For websites we have 
previously reviewed and no observations of carnation or 
Dianthus caryophyllus have been made since the last 
monitoring report, we have noted the search outcome as No 
new information. For websites we have reviewed for the first 
time, this fact is noted, and a brief description is provided of 
the coverage of the Dianthus genus provided at the website.
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Table 1. Websites in which observations of carnation or Dianthus caryophyllus were described. 
Site 
no. 

URL Site name Site geographical 
coverage 

Site description Access date Search outcome 

1 www.gbif.org Global biodiversity 
information Network

Worldwide Searchable collation of 
multiple datasets.

7 August 
2023

Four Europe observations of Dianthus 
caryophyllus since last report5

2 https://www.inaturalist.org/o
bservations 

i-naturalist Worldwide Searchable dataset with 
access to record photos 
and IDs. 

7 August 
2023 

415 records for Dianthus 
caryophyllus, including synonyms. 
since July 2022. Only four records 
listed as clove pink. All wild type 
apart from 1 cultivated, non-
transgenic, carnation.

3 https://search.senckenberg.de
/aquila-public-search 

Database collection 
of Senckenberg 
Society for Nature 
Research 

Worldwide Collated database of 
herbarium and natural 
history collection 
searchable by species and 
date,

8 August 
2023 

Newly identified website. Eight D. 
caryophyllus records one of which 
from post 2008 (2020).  

4 http://herbarium.emg.umu.se/ Sweden’s virtual 
herbarium 

Europe, primarily 
Nordic countries. 

Consolidated database of 
Swedish herbarium 
searchable by species and 
date with some images,.

8 August 
2023 

Newly identified website. Most recent 
D.caryophyllus record from 2011.  

5 https://europlusmed.org Euro Med plant 
database 

Europe and the 
Mediterranean region 

Plant description and 
distribution map with links 
to datasets 

7 August 
2023 

Newly identified website.  Dianthus 
caryophyllus is included in 
description.

6 http://waarnemingen.be Belgian branch of the 
observation.org portal 

Belgium Searchable dataset with 
access to record photos 
and IDs. 

7 August 
2023 

Three records since last report. All 
wild type. 

7 https://hirc.botanic.hr/fcd/ Flora Croatica 
database 

Croatia Searchable dataset of 
herbaria, bibliographies 
and images. 

7 August 
2023 

Two new herbaria records entered 
that display double flowered 
carnation. One record from 2018 is of 
a red flower.

8 https://inpn.mnhn.fr/accueil/a
-propos-inpn 

National inventory 
of natural heritage 
(INPN)

France and French 
territories 

Dataset compilation 
providing atlas searchable 
by species. 

8 August 
2023 

Two new records of D.caryophyllus, 
validated Dec 2022. 

 
5 Extracted from  i-naturalist, waarmeningen.be and artportlen.se. 
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Site 
no. 

URL Site name Site geographical 
coverage 

Site description Access date Search outcome 

9 http://www.tela-botanica.org 
with links to 
http://siflore.fcbn.fr 

Tela botanica France and Corsica Searchable datasets and 
bibliography with access to 
record photos and IDs.

7 August 
2023 

Two observations of D.caryophyllus 
made in Évosges and Saint-Maurice-
de-Cazevieille.

10 https://nature.silene.eu Silene nature Provence-Alpes-Côte 
d'Azur, France 

Searchable datasets and 
bibliography with access 
photos and distribution. 
There are no means to 
access the record IDs.

7 August 
2023 

2022-2023 records are of Dianthus 
sub-species synonymous to D. 
caryophyllus, Photos are of five petal 
wild type. 

11 https://www.flora-
germanica.de 

Flora of Germany Germany Searchable flora with 
photographs and 
distribution. 

8 August 
2023 

17 Dianthus species are now 
described including D. caryophyllus. 
Described as an occasionally wild 
ornamental plant.

12 http://parlatore.msn.unifi.it/ty
pes/search.php 

Natural History 
Museum/ Univ. Of 
Florence 
  

Italy Searchable on-line 
herbarium 

8 August 
2023 

Newly identified website. 15 
Dianthus species are available to 
view, including D. longicaulis. 

13 https://www.actaplantarum.or
g/flora/flora 

Flora of Italy Italy Searchable collation of 
datasets of herbaria 
specimens, photographs, 
maps and botanical 
information. Collector ID 
accessible. Citizen science 
options. 

7 August 
2023 

D. caryophyllus is represented by 
multiple synonyms and all flowers 
shown in the gallery are five petal 
wild type. 

14 http://dass.sav.sk/en/select-
species/ 

Database of non-
native species 

Slovakia Database searchable to 
species level, with plant 
descriptions 

8 August 
2023 

Newly identified website. 
D.caryophyllus is listed as a neophyte 
present at 1 – 4 localities

15 https://dataflos.sav.sk/ Flora of Slovakia 
(DataFlos) 

Slovakia, Slovenia, 
Czech Republic. 

Observation database 
searchable to species level 

8 August 
2023 

Newly identified website Several 
thousand Dianthus records, but no 
D.caryophyllus.

16 http://www.floracatalana.net. Flora of Catalonia Spain Searchable dataset with 
photographs 

7 August 
2023 

Newly identified website. 
Photographs include D.caryophyllus 
and two sub-species. All wild type. 

17 https://www.bimon.se/sida4/s
ida4_2_2_en.php 

Herbarium of 
Biological Museum, 
Oskarshamm, Seden

Sweden Herbarium database 
searchable by species and 
date

8 August 
2023 

Newly identified website. !2 
D.caryophyllus records. All are from 
Sweden and the most recent in 1994. 
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Site 
no. 

URL Site name Site geographical 
coverage 

Site description Access date Search outcome 

18 https://www.artportalen.se Species observation 
system

Sweden Searchable dataset with 
access to record IDs.

7 August 
2023

Single observation from July 2023.  

 
 
 
Table 2. Websites in which no observations of carnation or Dianthus caryophyllus were described. 
Site 
no. 

URL Site name Site geographical 
coverage 

Site description Access date Search outcome 

19 https://herbiers.uca.fr/version
-francaise/collections-
dherbiers/acces-base-de-
donnees

UniVegE, Herbarium 
of University 
Clermont Auvergne 

Worldwide Searchable on-line 
herbarium 

8 August 
2023 

Newly identified website. More than 
1,000 Dianthus specimens but no 
D.caryophyllus 

20 http://plants.jstor.org JSTOR global plants Worldwide Herbarium specimens 
sortable by date and 
species. 

8 August 
2023 

No new information. 

21 https://www.synbiosys.alterra
.nl/evc 

European vegetation 
survey 

Europe Searchable link of 
diagnostic species in 
EuroVeg database.

8 August 
2023 

No new information. 

22 http://www.nobanis.org European network on 
invasive alien species 

Europe Searchable database of 
invasive species 
definitions by country..

8 August 
2023 

No new information. 

23 https://www-
mittelmeerflora.de 

Mediterranean and 
Alpine flora

Europe Checklist with superb 
photographs. 

7 August 
2023

No new information. 

24 https://easin.jrc.ec.europa.eu European alien 
species information 
network

Europe Checklist with descriptions 
and maps. Linked to GBIF 
and i-naturalist.

8 August 
2023 

No new information. 

25 http://herbariumcollection.uli
ege.be/

Herbarium of 
University of Liege

Europe Searchable database of 
herbarium specimens

8 August 
2023

Newly identified website. No 
D.caryophyllus.

26 http://herbarium.univie.ac.at/
database/search.php 

Herbarium WU Austria Database of herbarium 
specimens. 

8 August 
2023

No new information. 

27 http://flora.nhm-
wien.ac.at/Seiten-
Allgemein/Pflanzengattungen
.html 

Botanik im Bild Austria A collection of 
photographs of the wild 
plants of Austria. 

8 August 
2023 

No new information. 
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Site 
no. 

URL Site name Site geographical 
coverage 

Site description Access date Search outcome 

28 http://www.plantcol.be/searc
h-plants.php 

Belgian living plants 
collection 

Belgium Searchable dataset of 
living plant collections in 
nine botanical institutions 
in Belgium. 

8 August 
2023 

No new information. 

29 https://alienplantsbelgium.my
species.info/

Manual of the alien 
plants of Belgium

Belgium Searchable dataset with 
maps and record IDs.

8 August 
2023

No new information. 

30 http://www.prirodoslovni.co
m/inventarna/en/search.php# 

Natural history 
museum Rijeka

Croatia Searchable dataset of 
herbarium images.

8 August 
2023

No new information. 

31 http://www.flora-of-
cyprus.eu

Flora of Cyprus Cyprus Checklist with 
photographs. 

8 August 
2023

No new information. 

32 http://www.biolib.cz/en/main BioLib biological 
library

Czech Republic Checklist and linked 
datasets with photographs.

8 August 
2023

No new information. 

33 http://www.florius.cz Catalogue Florius Czech Republic Checklist and linked 
Europe-wide collection 
with collector ID.

8 August 
2023 

No new information. 

34 https://pladias.cz/en/ Database of the 
Czech flora and 
vegetation 

Czech Republic Searchable database of 
plant species with 
distribution. record IDs 
and some photographs. 
Links to Flora of Czech 
Republic. 

8 August 
2023 

No new information. 

35 https://ottluuk.github.io/atlas/ Estonian atlas of 
vascular plants 

Estonia Searchable database of 
plant species and their 
distribution with record 
IDs and some photographs.

8 August 
2023 

No new information. 

36 https://elurikkus.ee Estonia biodiversity 
database

Estonia Searchable database with 
photographs. 

8 August 
2023

No new information. 

37 https://kasviatlas.fi/ Database of the 
Finnish museum of 
natural history

Finland Searchable database of 
plant species and their 
distribution. 

8 August 
2023 

No new information. 

38 http://www.sivim.info/sivi/ On-line database of 
Iberian and 
Micronesian 
vegetation

France, Portugal and 
Spain 

Searchable database of 
plant species and their 
distribution with record 
IDs and some photographs.

8 August 
2023 

No new information. 
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Site 
no. 

URL Site name Site geographical 
coverage 

Site description Access date Search outcome 

39 http://cbnmc.fr/cartoweb3/Ch
loris 
/atlas_auv/menu_auv.php 

Atlas of flora 
d’Auvergne 

Allier, Puy-de-
Dôme, Cantal and Ha
ute-Loire, France 

On line atlas with 
distribution maps. 
Searchable for species 
only.

8 August 
2023 

No new information. 

40 http://azunpeche.free.fr/flore.
htm 

Flora of the Pyrenees Val d’ Azun, France Checklist with 
photographs. 

8 August 
2023

No new information. 

41 http://www.florealpes.com FloreAlpes Hautes-Alpes, 
Corsica, Pyrenees, 
Provence, France

Searchable flora with 
photos and distribution 
maps.

8 August 
2023 

No new information. 

42 http://www.cbn-alpin-
icono.fr/Phototheque/categori
es 

National Alpine 
botanical 
conservatory  

Alps and foothills, 
France 

Searchable datasets of 
herbaria sheets and 
photographic images, with 
collector ID. 

7 August 
2023 

No new information. 

43 http://www.naturedugard.org Observatoire du 
patrimoine naturel du 
Gard

Languedoc-
Roussillon, France 

Searchable dataset with 
access to record photo 
gallery and record IDs.

7 August 
2023 

No new information. 

44 https://www.cbnbrest.fr/obser
vatoire-plantes/cartes-de-
repartition/ecalluna 

Conservatoire 
botanique national de 
Brest (CBN). 

Nouvelle-Aquitaine 
Basse-Normandie, 
Bretagne and Pays, 
France

Searchable distribution 
dataset with access to 
record locations. 

8 August 
2023 

No new information. 

45 http://biodiversity-
georgia.net/ 

Georgian biodiversity 
database 

Georgia Searchable database with 
observations linked to 
GBIF6.

8 August 
2023 

No new information. 

46 http://daten.bayernflora.de Botanical information 
node Bavaria

Bavaria, Germany Checklist with distribution 
maps.

8 August 
2023

No new information. 

47 http://www.floraweb.de Floraweb – German 
wild plants

Germany Floral descriptions and 
distribution maps.

8 August 
2023

No new information. 

48 https://nabu-naturgucker.de Naturgucker citizen 
science project 
(“Enjoy nature”)

Germany Searchable dataset with 
access to photo gallery and 
record IDs. 

8 August 
2023 

No new information. 

49 http://filotis.itia.ntua.gr/home FILOTIS - database 
for the natural 
environment of 
Greece

Greece Searchable dataset with 
access to distribution maps 
and record IDs. 

8 August 
2023 

No new information. 

 
6 Site no. 1. Refer row 1. 
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no. 

URL Site name Site geographical 
coverage 

Site description Access date Search outcome 

50 https://www.greekflora.gr/. GreekFlora Greece Flora searchable by species 
name. Photographic 
illustration. 

8 August 
2023 

No new information. 

51 http://portal.cybertaxonomy.o
rg/flora-greece/intro 

Flora of Greece Greece Checklist with images of 
some species. 

8 August 
2023

No new information. 

52 https://maps.biodiversityirela
nd.ie 

National biodiversity 
data centre of Ireland 

Republic of Ireland Searchable collation of 
datasets with maps and 
botanical information. 
Collector ID accessible.

8 August 
2023 

No new information. 

53 http://www.wildflowersofirel
and.net/

Wild flowers of 
Ireland

Republic of Ireland Photographic flora. 8 August 
2023

No new information. 

54 http://dryades.units.it/trieste Flora of city of 
Trieste

Trieste, Italy Species list with links to 
further information.

8 August 
2023

No new information. 

55 http://dryades.units.it/casenti
nesi/ 

Flora of National 
Parks Casentinesi 
forests, Monte 
Falterona and 
Campagna

Casentinesi forests, 
Monte Falterona and 
Campagna, Italy 

Species list with links to 
further information. 

8 August 
2023 

No new information. 

56 http://dryades.units.it/prealpi
giulie

Flora of Julian pre-
Alps natural park

Julian Pre-Alps 
Natural Park, Italy

Species list with links to 
further information.

8 August 
2023

No new information. 

57 http://dryades.units.it/dolomit
ifriulane 

Flora of Friulian 
Dolomites natural 
park

Friulian Dolomites 
Natural Park, Italy 

Species list with links to 
further information. 

8 August 
2023 

No new information. 

58 http://dryades.units.it/udine Flora of city of Udine Udine, Italy Species list with links to 
further information.

8 August 
2023

No new information. 

59 http://dryades.units.it/euganei Flora of Euganean 
Hills

Euganean Hills, Italy Species list with links to 
further information.

8 August 
2023

No new information. 

60 http://dryades.units.it/valerio Flora of Monte 
Valerio

Monte Valerio, 
Trieste, Italy

Species list with links to 
further information.

8 August 
2023

No new information. 

61 http://www.anarchive.it Flora of Italy Italy Searchable botanical data 
archive, with maps and 
sample dates. 

8 August 
2023 

No new information. 

62 http://dryades.units.it/Roma Flora of city of Rome Udine, Italy Species list with links to 
further information.

8 August 
2023

No new information. 
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63 http://urdis.unicam.it/crfa/ 
 

Centro Ricerche 
Floristiche 
dellÂ’Appennino 
(CRFA)

Central Apennines, 
Italy 

List of plant species with 
distribution details. 

8 August 
2023 

No new information. 

64 http://www.floramarittime.it Floral catalogue of 
maritime Alps

Italy and France Searchable photographs 
catalogue. 

8 August 
2023

No new information. 

65 https://cambriasalvatore.wixsi
te.com/flora-della-sicilia 

Flora of Sicily Sicily, Italy On line plant species list. 8 August 
2023

No new information. 

66 http://www.maltawildplants.c
om/wildplants

Malta wild plants Malta Plant list with linked 
distribution information.

8 August 
2023

No new information. 

67 http://waarneming.nl Dutch citizen 
science-based nature 
observations 

The Netherlands Searchable dataset with 
access to photo gallery and 
record IDs. 

8 August 
2023 

D.caryophyllus is not listed but there 
were 24 new observations of 
“unknown pinks” in the past year. All 
are single form flowers, not carnation. 

68 http://www.verspreidingsatlas
.nl/planten 

FLORON – wild 
flora of the 
Netherlands

The Netherlands Searchable dataset with 
access to distribution and 
photo gallery. 

8 August 
2023 

No new information. 

69 www.artsdatabanken.no Norwegian 
biodiversity 
information centre

Norway Searchable datasets with 
access to record photos 
and IDs. 

8 August 
2023 

No new information. 

70 http://www.iop.krakow.pl/ias/
en 

Alien species in 
Poland

Poland Searchable dataset with 
species description.

8 August 
2023

No new information. 

71 http://www.florasilvestre.es/
mediterranea 

Mediterranean and 
Micronesian wild 
flora

Portugal, Spain, 
France, Balearic 
Islands

Checklist with 
photographs. 

8 August 
2023 

No new information. 

72 http://www.flora-on.pt/ Flora of Portugal Portugal Checklist with 
photographs. 

8 August 
2023

No new information. 

73 http://azoresbioportal.uac.pt/a
zores-species 

Azorean biodiversity 
portal 

Azores, Portugal Species list with links to 
records and distribution 
maps.

8 August 
2023 

No new information. 

74 http://dryades.units.it/triglav_
ita 

Flora of Triglav 
National Park

Triglav National 
Park, Slovenia

Species list with links to 
further information.

8 August 
2023

No new information. 

75 http://www.floraiberica.es Flora Iberica Spain Species list with links to 
further information.

8 August 
2023

No new information. 
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76 http://biodiver.bio.ub.es/bioca
t/ 

Biodiversity databank 
of Catalonia 

Catalonia, Spain Searchable dataset with 
species description, maps 
and underlying citations.

7 August 
2023 

No new information. 

77 http://www.anthos.es, Anthos Spanish plants 
information system

Spain Species list with links to 
further information.

8 August 
2023

No new information. 

78 http://flora-
aragon.blogspot.fr/ 

Flora of Aragon Spain Check list with 
photographs. 

8 August 
2023

No new information. 

79 http://www.almerinatura.com
/joyas/

Flora of Almeria Spain Check list with 
photographs. 

8 August 
2023

No new information. 

80 https://www.floravascular.co
m 

Flora of Western 
Andalucía 

Spain Check list with 
photographs and maps 
(some species).

8 August 
2023 

No new information. 

81 RJB colecciones www. 
csic.es 

Herbarium of royal 
botanic garden 
Madrid

Spain Species list and images 
searchable by date. 

8 August 
2023 

No new information. 

82 www.infoflora.ch National database of 
the flora of 
Switzerland

Switzerland Searchable atlas with 
access to record dates. 

8 August 
2023 

No new information. 

83 https://www.wsl.ch/land/prod
ucts/webflora/floramodul1-
en.html

Swiss web flora Switzerland Checklist with distribution 
maps. 

8 August 
2023 

No new information. 

84 www.biodiversitymonitoring.
ch;  

Biodiversity 
Monitoring Program 
of Switzerland 

Switzerland Checklist 7 August 
2023 

Newly identified website.  Ten 
Dianthus species identified in extract 
from database7 but not Dianthus 
caryophyllus.

85 https://database.bsbi.org/ Botanical society of 
British Isles – flora of 
British Isles

United Kingdom Checklist with distribution 
maps  searchable by 
species. 

7 August 
2023 

No new information. 

 

 
7 Abrahamczyk, S., Kessler, M., Roth, T., & Heer, N. (2022). Temporal changes in the Swiss flora: implications for flower-visiting insects. BMC Ecology and Evolution, 22, 
109. https://doi.org/10.1186/s12862-022-02061-2 
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Attachment 6. Herbarium contact 
 
Methodology 
The source herbarium database, maintained at the New York botanical garden8 was searched 
for all herbaria in the countries of the EU. Details of 668 herbaria were extracted and 
compiled into a single list, from which further selection was made. As we had established 
from previous monitoring mail outs that email was the most effective means of 
communication only herbaria with email contact details were considered further. There were 
399 such herbaria. From this list we eliminated institutions that we had already contacted in 
previous years, leaving 210 institutions. We eliminated non-active herbaria and herbaria 
which did not specialise in vascular plants from that list, leaving 159 institutions on the short 
list. 
Finally, we chose to contact only those institutions with collections of more than 70,000 
accessions. Those 40 institutions, which are listed in table 1, had a total of 19.0 million 
records, representing 91.2% of the total number of records held in the 159 institutions we had 
short listed. 
The 40 institutions were contacted by email on July 30. No emails were returned due to a 
wrong address. 
 
Outcome 
Responses were received from 23 institutions, a 57.5% response rate. The majority of 
responses indicated that there were no Dianthus caryophyllus collections or they were unable 
to assist. In the six responses where there were records of Dianthus caryophyllus, the dates of 
collection were from 2000 or earlier – pre dating the first imports of transgenic carnation into 
Europe.  
 
 

 
8 http://sweetgum.nybg.org/science/ih/ 
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Table 1. List of herbariums contacted. 
Organisation Herbarium 

code 
City Country 

Universalmuseum Joanneum GJO Graz Austria 

Université de Liège LG Liège Belgium 
Institute of Botany, Academy of Sciences PRA Pruhonice Czech Republic 

Jihoceské muzeum v Ceských Budejovicích CB Ceské Budejovice Czech Republic 
Východoceské muzeum Pardubice MP Pardubice Czech Republic 
Oblastni muzeum v Litomericich LIT Litomerice Czech Republic 
Kuopio Natural History Museum KUO Kuopio Finland 

UNIVEGE Université Clermont Auvergne CLF Clermont-Ferrand France 
Office de l\'Environnement de la Corse CORS Corte France 

Societe des Lettres, Sciences et Arts de l’Aveyron SLA Rodez Cedez France 
Museum d'Histoire Naturelle de Chambéry CHBY Chambery France 

Leibniz Institute of Plant Genetics and Crop Plant Research (IPK) GAT Gatersleben Germany 
Museum für Naturkunde MSTR Münster Germany 

Senckenberg Gesellschaft für Naturforschung: Senckenberg Museum für Naturkunde 
Görlitz

GLM Görlitz Germany 

Pfalzmuseum für Naturkunde POLL Bad Dürkheim Germany 
Regensburgische Botanische Gesellschaft REG Regensburg Germany 

Museum Wiesbaden WIES Wiesbaden Germany 
INRES - Institute for Crop Science and Resource Conservation NHV Bonn Germany 

University of Patras UPA Patras Greece 
Aristotle University of Thessaloniki, TAU Thessaloniki Greece 
Savaria County Municipal Museum SAMU Szombathely Hungary 

Natural History Museum FI Firenze Italy 
Università degli Studi di Padova PAD Padua Italy 

Jagiellonian University KRA Kraków Poland 
Maria Curie-Sklodowska University LBL Lublin Poland 
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Organisation Herbarium 
code 

City Country 

Uniwersytet Łódzki LOD Lódz Poland 
Nicolaus Copernicus University TRN Torun Poland 
University of Silesia in Katowice KTU Chorzów Poland 

Gdansk University UGDA Gdansk Poland 
Gradina Botanica D. Brandza BUC Bucuresti Romania 

Institute of Biology, Romanian Academy BUCA Bucuresti Romania 
"Alexandru Ioan Cuza" University I Iasi Romania 

Natural History Museum SIB Sibiu Romania 
Slovak National Museum BRA Bratislava Slovakia 

Slovak Academy of Sciences SAV Bratislava Slovakia 
Research Centre of "La Orden-Valdesequera" HSS Mérida Spain 

Lund University LD Lund Sweden 
Umeå University UME Umeå Sweden 

Biological Museum, Oskarshamn OHN Oskarshamn Sweden 
Universität Basel BASBG Bottmingen Switzerland 

 
 

 
 


