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Abstract

The Bulgarian members of Chenopodiaceae are mainly ruderal and weed species; another part are
halophytes. Over the last two decades, phylogenetic molecular studies have led to a number of taxo-
nomic changes in the above mentioned family. Changes have also occurred in one of the largest genera
— Chenopodium. The aim of the present study is to review the research on Bulgarian members of the
Chenopodiaceae family. The data available in the literature on the taxonomic composition, chorology,
morphological features and karyological variability of the species from their Bulgarian populations has
been studied. A review of the phytochemical studies of Chenopodiaceae plants from their Bulgarian popu-
lations has been made. The systematized data is presented in chronological order, which allows for tracing
the current level of study on the family in Bulgaria and opportunities for new research.
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Introduction

The family Chenopodiaceae is relatively large and worldwide it numbers about 1600
species belonging to more than 100 genera, spread more widely in the moderate and
subtropical regions (Kiihn et al. 1993; Kadereit et al. 2003).

The greater part of the Bulgarian members of the family belongs to the group
of the highly movable ruderal plants and weeds with habitats in the central and
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southern part of the continent but having successfully spread in Bulgaria’s thermal
zone and in the western parts of its territory (Stefanov 1943). Their wide distri-
bution is related to the ability of most species to grow under extreme conditions
such as high air and soil temperature (Ilyin 1936). Some of the species are North
American, North African or Australian and have spread over the territory of the
country due to human activity. The last part is the number of species belonging to
the Mediterranean and Boreal floral element, as well as those distributed on most of
the continents. Another part of the Bulgarian members of the family are halophytes
inhabiting the periodically flooded, muddy and sandy terrains on the periphery of
the hyperhaline and, less frequently, the brackish Black Sea lakes. They form the
communities of the annual halophytes in the Black Sea salt lakes (Tzonev and Gus-
sev 2015). The globalization we have witnessed over the last two decades has led
to the penetration of many foreign species, and molecular research has led to new
taxonomic changes and decisions in the family.

The objective of the present study is to review the chorological, morphological,
karyological, and phytochemical studies regarding the Bulgarian members of the fam-
ily Chenopodiaceae.

Data about the taxonomic composition and distribution of the bul-
garian members of the family Chenopodiaceae

Available literature from the last decades of the 19™ century

The first data about the distribution of the Bulgarian members of the family Chenopodi-
aceae was published in the 19" century by: Bornmiiller (1888), Georgiev (1889), Yava-
shev (1890), Toshev (1895), and Urumov (1897). The information there occurring has
been summarized by Velenovsky (1891, 1898) in the two editions of his Flora bulgarica.

The 1* edn. of Flora bulgarica (Velenovsky 1891) listed 28 Chenopodiaceae species
belonging to 9 genera. Concerning Chenopodium, the following 12 species were reported:
C. bonus-henricus L., C. rubrum L., C. glaucum L., C. polyspermum L. C. hybridum L.,
C. murale L., C. urbicum L., C. album L., C. ficifolium Sm., C. opulifolium Schrad.,
C. vulvaria L., C. botrys L. For Atriplex 4 representatives were reported, i.e. A. rosea
L., A. laciniata L., A. patula L., and A. hastata L. The genus Kochia is represented by
4 species in Velenovsky’s work: K. scoparia Schrad., K. prostrata Schrad., K. arenaria
Roth., and K. sedoides Schrad. Two species of Camphorosma (C. monspeliaca L. and
C. ovata WK.) and two of Suaeda (S. maritima Dumort. and S. altissima Pall.) were
recognized. Finally, just one species was given for four genera: Beza trygina B. K, Blitum
virgatum L., Salicornia herbacea L, Salsola kali L.

In the 2™ edn. of Flora bulgarica Supplementum (Velenovsky 1898) new infor-
mation concerning the distribution has been included regarding: 6 species from ge-
nus Chenopodium — C. bonus-henricus, C. hybridum, C. urbicum, C. botrys, C. vulva-
ria, C. album; 3 species belonging to genus Atriplex — A. rosea, A. patula, A. tatarica;
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2 species from genus Beta — B. trygina, B. maritima and 1 species from each of genus
Blitum (B. virgatum), Kochia (K. scoparia), Suaeda (S. heterophylla), Salsola (S. kali).

Therefore, a total of 32 Chenopodiaceae species were reported for Bulgaria in the
19* century, including data about the distribution in the country.

Available literature from the 20" century

In the first two decades of the 20™ century the main source of information about the
Bulgarian Chenopodiaceae species was works by Urumov (1901, 1904, 1905, 1906,
1908a, 1908b, 1908¢, 1909, 1913, 1917, 1923), Kovachev (1903), Davidov (1904,
1905), Neichev (1905), Petkov (1907), Stranski (1921), and Yordanov (1923-1924).

The gathered chorological information was summarized in the 1* edn. of Flora of
Bulgaria (Stoyanov and Stefanov 1924), where family Chenopodiaceae is presented
by 44 species and 13 genera. Cyclolobae C. A. Mey. comprises members of the
following genera: Atriplex (7), Bassia (2), Beta (2), Camphorosma (3), Chenopodium
(12), Corispermum (3), Kochia (3), Polycnemum (3 species), Salicornia (1), Spinacia (1).
Spirolobae comprises 3 genera — Petrosimonia (1), Salsola (3), Suaeda (3).

In the period prior to the publication of the 2™ edn. of Flora of Bulgaria (Stoyanov
and Stefanov 1933), data about the Chenopodiaceae plants was published mainly by
Urumov (1926, 1928, 1929a, 1929b, 1930).

The 2 edn. of the Flora of Bulgaria (Stoyanov and Stefanov 1933) reports 39
Chenopodiaceae species (13 genera): Atriplex (7), Bassia (2), Beta (2), Camphorosma
(2), Chenopodium (12), Corispermum (3), Kochia (3), Petrosimonia (1), Polycnemum
(3 species), Salicornia (1), Salsola (2), Spinacia (1), Suaeda (2).

From the members of the family included in the 1% edn. of Flora of Bulgaria 5 of
the species were removed: Camphorosma ruthenicum M.B., Corispermum canescens Kit.,
Corispermum orientale Lam., Salsola toseffi Urumov, and Suaeda heterophylla Bunge.

Later chorological data about the species in the family was published by Rechinger
(1933), Urumov (1935), and Baev (1947) which were included in the 3" edn. of the
Flora of Bulgaria (Stoyanov and Stefanov 1948). Forty one species of Chenopodiaceae
are mentioned, belonging to 13 genera: Ariplex (7), Bassia (2), Beta (2), Camphorosma
(2), Chenopodium (13), Corispermum (2), Kochia (3), Petrosimonia (1), Polycnemum
(3), Salicornia (1), Salsola (2), Spinacia (1), Suaeda (2). In the same edition 2 new
species of Bulgarian flora are included in family Chenopodiaceae — Chenopodium
opulifolium Schrad. and Corispermum hyssopifolium L. C. opulifolium was mentioned
as a ruderal plant widely spread in the country, while the second one was discovered
in an area on the sands of the Danubian islands from the Belene group (isle of Milka
and isle of Persina).

In subsequent years new data about the distribution and the ecology of Cheno-
podiaceae was found in works by Stoyanov et al. (1954), Kiryakov et al. (1951), and
Kolev (1956, 1959).

The next edition (4™) of Flora of Bulgaria (Stoyanov et al. 1966) the author re-
ported one new genus and species for Bulgaria, i.e. Ceratocarpus arenarius.
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The most exhaustive information about the family Chenopodiaceae in our country
was given by Yordanov etal. (1966) in Flora of the People’s Republic of Bulgaria. A total of
48 Chenopodiaceae species were reported, belonging to 15 genera: Atriplex (7), Bassia (2),
Beta (2), Camphorosma (2), Ceratocarpus (1), Chenopodium (15), Corispermum (2),
Halimione (2), Kochia (3), Petrosimonia (1), Polycnemum (3), Salicornia (2), Salsola (2),
Spinacia (1), Suaeda (3). Members of the family are 4 cultivated species as well as A#riplex
hortensis, Spinacia oleracea, Beta vulgaris, Kochia scoparia. Chenopodium ambrosioides was
published as new species for the country and it was reported for the first time for the
sands near Varna and the experimental field in Ovcha kupel.

Following the publication of Flora of the People’s Republic of Bulgaria floristic
reports have been presented supplementing the data about the family Chenopodiaceae
in Bulgarian flora (Delipavlov and Dimitrov 1973; Panov 1975, 1987; Delipavlov and
Cheshmedzhiev 1984; Cheshmedzhiev 1988; Meshinev et al. 1994).

Summarized studies about the family during that period are presented in the Field
Guide to the vascular plants in Bulgaria (Andreev 1992), where Chenopodiaceae
is represented by 48 species (14), as follows: Atriplex (8), Bassia (2), Beta (2),
Camphorosma (2), Ceratocarpus (1), Chenopodium (16), Corispermum (2), Halimione (2),
Kochia (2), Petrosimonia (1), Polycnemum (3), Salicornia (2), Salsola (2), Suaeda (3).

It is noted that Bassia sedoides distribution in Bulgaria has not been confirmed by
Andreev (1992). The publication does not mention any cultivated species. Concern-
ing the genus Chenopodium, a new record from the Northern Black Sea coast has been
reported, i.e. Chenopodium chenopodioides (L.) Aellen. (= C. botryoides Sm.; see e.g.,
Iamonico 2014). Among the representatives of genus Asriplex two new species have
been added to the national flora, i.e. A. micrantha (= A. heterosperma) and A. halimus.
The first species is indicated as in doubt, whereas A. halimus has been reported for the
Northern Black Sea coast. Philipova-Marinova et al. (1997) indicated C. botryoides as
new for the country from the territory of Shabla Lake.

The summarized data from the studies about the Bulgarian members of the fam-
ily Chenopodiaceae in the 20™ century showed that the species diversity of the family
comprised 48 species belonging to 14 genera.

Available literature from the new millennium

Chorological studies of the members of Chenopodiaceae from the end of the 20*
century and the beginning of the 21* century have been published by Delipavlov and
Cheshmedzhiev (2011). Fifty species have been listed for the family (15), as follows:
Atriplex (8), Bassia (1), Beta (2), Camphorosma (2), Ceratocarpus (1), Chenopodium (17),
Corispermum (2), Halimione (2), Kochia (3), Petrosimonia (1), Polycnemum (3),
Salicornia (2), Salsola (2), Spinacia (1), Suaeda (3). The composition of the genus
Chenopodium comprises the 16 species indicated by Andreev (1992) and 1 of the species
published by Panov (1987) — C. acuminatum — confirmed for the Northern Black Sea
coast. Bassia sedoides has been excluded from the genus Bassia. Four cultivated species
were reported - Atriplex hortensis, Spinacia oleracea, Beta vulgaris, Kochia scoparia.
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Conspectus of the Bulgarian vascular flora by Assyov and Petrova (2006) registered
50 species of Chenopodiaceae belonging to 13 genera: Atriplex (9), Bassia (1), Beta (2),
Camphorosma (2), Chenopodium (18 species), Corispermum (2), Halimione (2),
Kochia (3), Petrosimonia (1), Polycnemum (3), Salicornia (2), Salsola (2), Suaeda (3).
The composition of genus Chenopodium included 1 new species for the country,
C. schraderianum Schult.

Five Chenopodiaceae species are protected by the Biological Diversity Act (2007):
Bassia  hirsuta, Halimione pedunculata, H. portulacoides, Petrosimonia brachiata,
and Swuaeda heterophylla. The Red Data Book of the Republic of Bulgaria (Peev et
al.2015) includes 4 species, i.e. B. hirsuta, Corispermum marschalii, P brachiata, and
S. heterophylla. B. hirsuta and C. marschalii have been referred to the [IUCN category
EN (endangered), whereas P brachiata and S. heterophylla are assessed as CE (critically
endangered). B. hirsuta, P brachiata and S. heterophylla are part of the communities of
annual halophytes in the salty lakes along the Black Sea coast. The annual halophyte
communities are among the protected natural habitats pursuant to Directive 92/43/
EEC (1992). The habitat is included in Annex 1 of Biological Diversity Act (2007)
and in the Red Data Book of the Republic of Bulgaria by Tzonev and Gussev (2015)
in the category “endangered” habitat. The data about B. hirsuta, P brachiata, and
S. heterophylla populations are found in some works concerning the Black Sea coast
vegetation and in the protected area management plans of Burgas wetlands (Michev et
al. 2003; Grozeva et al. 2004; Grozeva 2004, 2005; Tzonev et al. 2008; Stoyanov 2009;
Todorova et al. 2014).

In the last decade the genus Chenopodium has been subject to a number of
studies resulting in changes in the species composition of both the genus and the
family Chenopodiaceae. Grozeva (2007a) reported a new species for the country
Chenopodium pumilio. Based on a taxonomic revision Grozeva (2009) suggested
Chenopodium acuminatum to be deleted from the members of the Bulgarian flora as
incorrectly identified. This change was later recorded by Assyov et al. (2012).

Six new species and one subspecies from the genus Chenopodium (C. strictum Roth,
C. striatiforme Murr, C. album subsp. pedunculare (Bertol.) Arcang., C. pratericola
Rydb., C. probstii Aellen, and C. missouriense Aellen) have been reported for the
Bulgarian flora by Grozeva (2009, 2010a, 2010b, 2012a, 2012b).

The changes that had occurred in the taxonomic composition of Chenopodiaceae
have been recorded in the 4* edn. of Conspectus of Bulgarian vascular flora (Assyov
et al. 2012), where 56 species (14 genera) are listed as follows: Azriplex (9), Bassia (1),
Beta (2), Camphorosma (2), Ceratocarpus (1), Chenopodium (23), Corispermum (2),
Kochia (3), Petrosimonia (1), Polycnemum (3 species), Salicornia (2), Salsola (3),
Spinacia (1), Suaeda (3).

The Euro+Med Plant Base (Uotila 2011) reported 53 species and 19 genera for
Bulgaria: Atriplex (8), Bassia (4), Beta (2), Blitum (2), Camphorosma (2), Ceratocarpus (1),
Chenopodiastrum (2), Chenopodium (6), Corispermum (2), Dysphania (4), Halimione (2),
Lipandra (1), Oxybasis (4), Petrosimonia (1), Polycnemum (3 species), Salicornia (2),
Salsola (2), Spinacia (1), Suaeda (3). The differences in the composition of genus
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Chenopodium between Conspectus of Bulgarian vascular flora (Assyov et al. 2012) and
The Euro+Med Plant Base (Uotila 2011) are because Euro+Med Plant Base (Uotila
2011) gives the composition of Chenopodium s. str., including the genera Blitum,
Chenopodiastrum, Dysphania, Lipandra, Oxybasis, while Conspectus of Bulgarian
vascular flora (Assyov et al. 2012) presents Chenopodium s. lat.

From data by Grozeva (2018b) the family Chenopodiaceae is represented in Bulgar-
ian flora by 51 species and 2 subspecies [ Chenopodium strictum subsp. striatiforme (Murr)
Uotila and C. album subsp. pedunculare (Bertol.) Arcang.] and the author does not in-
clude the cultivated species Beta vulgaris and Spinacia oleracea in the species composition.

The summarized data about the taxonomic composition of family Chenopodi-
aceae is presented in Table 1.

Morphological studies on members of Chenopodiaceae in Bulgar-ia

Detailed studies on the morphology of Chenopodiaceae in Bulgaria were conducted,
mainly on Chenopodium s. lat. In particular, the following species were investigated:
Chenopodium album and Dysphania botrys from 18 populations (Grozeva and Cvetano-
va 2008), Blitum bonus-henricus from 10 populations with ecological notes (Grozeva
and Cvetanova 2011) and distribution in the country (Grozeva 2011), C. pratericola
(Grozeva 2012a), the genus Dysphania (Grozeva and Cvetanova 2013), C. probstii and
C. missouriense (Grozeva 2014), Blitum virgatum (Grozeva and Cvetanova 2016). Fur-
ther taxa studies were Bassia hirsuta (Grozeva and Todorova 2014) and Petrosimonia
brachiata (Grozeva et al. 2019a).

Karyological studies on Chenopodiaceae in Bulgaria

The first karyological data about Chenopodiaceae in Bulgaria was published by Mark-
ova (1968) on Dysphania multifida (population from the Danubian plain) resulting in
a tetraploid chromosome number 27 = 36. These data was later confirmed by Grozeva
and Stoeva (2006) on populations of the species from Sredna Gora Mountain, the East-
ern Rhodopes and the Thracian lowland and by Grozeva and Cvetanova (2013) on pop-
ulations from the Central Stara planina, the Danubian plain and the Thracian lowland.

Kozuharov and Kuzmanov (1969) specified for Suaeda altissima diploid chromo-
some number 27 = 18 for populations from the Southern Black Sea coast and these
data were confirmed by Grozeva (2010a, 2015a, 2015b).

Cheshmedzhiev (1976) published for Beza trigyna populations from Eastern Stara
planina hexaploid chromosome number 27 = 54.

Popova and Ceschmedjiev (1978) reported for Kochia scoparia population from
the experimental field of Agricultural University of Plovdiv diploid chromosome num-
ber 27 = 18. These data were confirmed by Grozeva (2015a, 2015b) for a population
of the species from the Thracian lowland.
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Table I. List of members belonging to the family Chenopodiaceae, according to literature dates.

Genus Species References for nomen-
clature
1. Beta Beta trigyna Waldst. & Kit., Beta vulgaris L. subsp. maritima (L.) Arcang. Tamonico (2019)
2. Bassia Bassia hirsuta (L.) Asch., Bassia laniflora (S.G.Gmel) A. J. Scott. (= Salsola Uotila (2011)

laniflora S.G.Gmel), Bassia prostrata (L.) Beck (= Kochia prostrata (L.) Schrad.),
Bassia scoparia (L.) A. ]. Scott (= Kochia scoparia (L.) Schrad.)

3. Camphorosma

17, 17,

P

a

Camphorosma annua Pall., Camphorosma p L. subsp.

Uotila (2011)

4. Atriplex Atriplex prostrata DC. (= A. hastata L.), A. micrantha Lebed. (= A. heterosperma | Kadereit et al. (2010),
Bunge) subsp. micrantha, A. hortensis L., A. sagittata Borkh. (= A. nitens Sch- Uotila (2011)
kuhr), A. oblongifolia Walds. & Kit., A. patula 1., A. rosea L., A. tatarica L.
5. Blitum Blitum bonus-henricus (L.) Rchb. (= Chenopodium bonus-henricus), Blitum Fuentes-Bazan et al.

virgatum L. (= Chenopodium foliosum (Moench) Asch.)

(2012)

6. Ceratocarpus

Ceratocarpus arenarius L.

Uotila (2011)

7. Ch di

P um

Chenopodiastrum murale (L.) S.Fuentes, Uotila & Borsch (= Chenopodium
murale), Chenopodiastrum hybridum (L.) S. Fuentes, Uotila & Borsch. (= Che-
nopodium hybridum L.)

Fuentes-Bazan et al.
(2012)

8. Chenopodium

Chenopodium vulvaria L., Chenopodium ficifolium Sm.,
Chenopodium pratericola Rydb., Chenopodium betaceum Andrz. (= C. strictum
Roth s.lat.), Chenopodium opulifolium Schrad. ex W.D.].Koch & Ziz, Chenopo-
dium iense Acllen, Chenopodium probstii Acllen, Chenopodium album
L., Chenopodium album subsp. pedunculare (Bertol.) Arcang. (= C. pedunculare)

Fuentes-Bazan et al.
(2012) Mosyakin (2018,
for C. Betaceum) lamo-
nico & Mosyakin (2018,
for C. album subsp.
pedunculare)

9. Corispermum

Corispermum nitidum Kit. Ex Schult.

10. Dysphania

Dysphania ambrosioides (L.) Mosyakin et Clements L. (= Chenopodium ambro-
sioides L.), Dysphania botrys (L.) Mosyakin et Clements (= C. botrys L.), Dyspha-
nia multifida (L.) Mosyakin et Clements (= C. multifidum L.), Dysphania pumi-
lio (R. Br.) Mosyakin et Clements (= C. pumilio R. Br.), Dysphania schraderiana

(Schult.) Mosyakin et Clements (= C. schraderianum Schult.)

Fuentes-Bazan et al.

(2012)

11. Halimione

Halimione pedunculata (L.) Acllen (basionym?), Halimione portulacoides (L.)
Acllen (basionym?)

Kadereit et al. (2010)

12. Lipandra

Lipandra polysperma (L.) S. Fuentes, Uotila & Borsch (=Chenopodium polysper-
mum L.)

13. Oxybasis

Oxybasis chenopodioides (L. ) S. Fuentes, Uotila & Borsch
(= Chenopodium chenopodioides 1.), Oxybasis glauca (L.) S.Fuentes , Uotila &
Borsch (= C. glaucum L.), Oxybasis rubra ( L.) S.Fuentes, Uotila & Borsch (= C.
rubrum L.), Oxybasis urbica
(L.) S.Fuentes , Uotila & Borsch (= C, urbicum L.)

Fuentes-Bazan et al.
(2012)

14. Salicornia

Salicornia europaea L. subsp. europaea, Salicornia perennans Willd. subsp.
perennans

Kadereit et al. (2012)

15. Petrosimonia

Petrosimonia brachiata Bunge

Uotila (2011)

16. Salsola Salsola tragus L. (= S. ruthenica Iljin), Salsola soda L. Akhani et al. (2007)
17. Suaeda Suaeda altissima (L.) Pall., Suaeda maritima (L.) Dumort., Uotila (2011)
Suaeda heterophylla Bunge
18. Poly Poly arvense L., Polycnemum heuffelii Lang., Polycnemum majus Masson & Kadereit
A.Braun (2013)

19. Spinacia

Spinacia oleracea L.

Van Loon and Van Setten (1982) reported for Blitum bonus-henricus population
from Rila mountain tetraploid chromosome number 27 = 36. These data were con-
firmed by Grozeva and Stoeva (20006) for populations from the Western Rhodopes, Pirin
and Central Stara planina and by Grozeva and Cvetanova (2011) for populations from
the Central Rhodopes, Western Stara planina, Rila, Slavyanka, and Vitosha mountains.

Van Loon and Van Setten (1982) reported for Blitum virgatum populations from
Shipka, Central Stara planina diploid chromosome number 27 = 18. These data were
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confirmed by Grozeva and Stoeva (2006) for other populations of the species from
Central Stara planina, Western Rhodopes and Tundzha hilly country by Grozeva and
Cvetanova (2016) as well as for populations from Rila, Western and Central Rho-
dopes, Belasitsa, Tundzha hilly country.

Grozeva and Stoeva (2006) published for the first time chromosome numbers for
4 species from the family Chenopodiaceae, as follows: diploid chromosome number
2n = 18 for Bassia hirsuta and Corispermum nitidum for populations from the Southern
Black Sea coast and for Dysphania botrys from the Danubian plain, North-Eastern
Bulgaria and Central Stara planina; tetraploid chromosome number 27 = 32 for
Dysphania ambrosioides populations from the Danubian plain and the Thracian lowland.

Grozeva (2007b) reported for the first time diploid chromosome number 27 = 18
from the Bulgarian populations of 8 species: Oxybasis chenopodioides from the
Northern Black Sea coast; Chenopodiastrum hybridum from the Southern Black Sea
coast; Danubian plain and the Eastern Rhodopes; O. glauca from the Northern Black
Sea coast and the Danubian plain; C. murale from Central and Eastern Stara planina;
O. rubra from North-Eastern Bulgaria; Lipandra polysperma from Eastern Sredna gora,
Strandzha and Thracian lowland; C. ficifolium from the Northern Black Sea coast,
North-Eastern Bulgaria and Thracian lowland; Asriplex tatarica from the Southern
Black Sea coast (Grozeva 2007b). For the newly established species Dysphania pumilio
diploid chromosome number 27 = 18 was published (Grozeva 2007b) and for the 2
new for the country North American species Chenopodium missouriense and C. probstii
— hexaploid chromosome number 27 = 54 (Grozeva 2010a). The chromosome number
for 3 species was reported for the first time: A.bastata 2n = 18 from the Danubian
plain and the Thracian lowland, A. patula 2n = 36 from the Eastern Rhodopes and
Eastern Sredna Gora, Suaeda maritima 2n = 36 from the Southern Black Sea coast
(Grozeva 2010a).

Grozeva (2010b) published for the first time data about the chromosome number
of 7 species from the genera: Arriplex (A. nitens, A. rosea, A. hortensis, A. oblongifolia),
Chenopodium (C. opulifolium, C. urbicum, C. vulvaria) and Oxybaisis (O. urbica).
Diploid chromosome number 27 = 18 was established for populations of: A. nitens
from the Eastern Rhodopes; A. rosea from the Southern Black Sea coast and the
Thracian lowland; A. hortensis from the Danubian plain and the Thracian lowland;
O. urbica from North-East Bulgaria; C. vulvaria from the Eastern Rhodopes. Tetraploid
chromosome number 27 = 36 was registered for populations of A. oblongifolia from
the Thracian lowland and hexaploid chromosome number 27 = 54 for C. opulifolium
populations from North-Eastern Bulgaria and the Thracian lowland.

For the newly established for the Bulgarian flora species Chenopodium pratericola
diploid chromosome number 27 = 18 was reported (Grozeva 2012a).

Grozeva (2012b) reported for the first time data about the chromosome num-
ber of Chenopodium album subsp. album, C. album subsp. pedunculare, C. betaceum
(sub. C. striatiforme and C. strictum), and Suaeda heterophylla. For C. album popula-
tions from the Northern Black Sea coast, Eastern Rhodopes and the Thracian lowland
and for C. album subsp. pedunculare from the Northern Black Sea coast hexaploid
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chromosome number 27 = 54 was reported. For C. betauceum populations from the
Southern Black Sea coast, Danubian plain and the Eastern Rhodopes tetraploid chro-
mosome number 27 = 36 was established. For S. heterophylla population from the
Southern Black Sea coast diploid chromosome number 27 = 18 was reported.

Grozeva and Cvetanova (2013) registered for the first time diploid chromosome
number 27 = 18 for Dysphania schraderiana population from the Eastern Sredna gora
mountain. Data about the karyotype of 27 populations of the species from genus Dysphania
(D. ambrosioides, D. botrys, D. multifida, D. pumilio and D. schraderiana) was published.
Polyploidy and disploidy are cited as basic evolutionary mechanisms in the genus.

Grozeva (2013) reported karyological data about 14 Chenopodiaceae species from
their Bulgarian populations. For the first time the chromosome number of the species
Bassia laniflora, Salsola tragus and Salicornia europaea subsp. europaea was reported
for their populations from the Southern Black Sea coast. For S. #ragus tetraploid
chromosome number 27 = 36 was registered and for B. laniflora and S. europaea diploid
chromosome number 27 = 18. The chromosome numbers known from literature data
about 11 species (Awriplex oblongifolia, A. tatarica, Bassia hirsuta, Chenopodium album
subsp. album, C. betaceum (sub. C. Strictum), Corispermum nitidum, Dysphania pumilio,
Lipandra polysperma, Oxybasis chenopodioides, O. rubra, O. urbica) were confirmed
(Grozeva 2013).

Grozeva (2015a) reported for the first time data about the chromosome number
from the Bulgarian populations of 4 species (Atriplex heterosperma, Bassia prostrata,
Salicornia perennans, and Salsola soda). For A. heterosperma population from the South-
ern Black Sea coast chromosome number 27 = 36 was registered. For B. prostrata popu-
lation from the Thracian lowland and for the S. perennans and S. soda populations from
the Southern Black Sea coast diploid chromosome number 27 = 18 was reported. The
chromosome numbers known from literature data from the Bulgarian populations of
two species (Suaeda heterophylla and S. maritima) were confirmed.

Grozeva (2015b) reported for the first time diploid chromosome number 27 = 16
for a Petrosimonia brachiata population from the Southern Black Sea coast and
confirmed the chromosome number known from Bulgarian populations of Blizum
virgatum, Chenopodium album subsp. pedunculare, C. probstii, C. pratericola, Salicornia
europaea subsp. europaca, Suaeda altissima, S. maritima. Data about the karyotype of
the species from genus Bassia (B. hirsuta, B. laniflora, B. prostrata, and B. scoparia) was
published (Grozeva and Gospodinova 2016).

The karyological variability was traced and the karyotype of Blitum virgatum
(Grozeva and Cvetanova 2016), of the species from genus Salsola (Grozeva et al. 2018)
and genus A#riplex (Grozeva 2018a) was established.

Grozeva and Atanassova (2019) studied the karyotype of Chenopodiastrum murale
and Ch. hybridum from their Bulgarian populations. Grozeva et al. (2019b) established
diploid chromosome number 27 = 16 and described the karyotype of Perrosimonia
brachiata from populations of the species from the Southern Black Sea coast. Diploid
chromosome number 27 = 18 and data about the karyotype of Oxybasis chenopodioides,
O. glauca and O. urbica were reported (Grozeva et al. 2019b).
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For the members of family Chenopodiaceae from their Bulgarian populations dip-
loid (272 = 16, 18), tetraploid (272 = 32, 36) and hexaploid (27 = 54) chromosome num-
bers and two types of chromosomes — metacentric and submetacentric — were found
(Grozeva 2018b). Basic chromosome numbers x = 9 and x = 8 were registered with
the diploid ones being the dominant, followed by tetraploid and hexaploid species
(Grozeva 2018b). According to data by Petrova and Vladimirov (2020), 80.4% of the
Chenopodiaceae species have been studied karyologically. The data about the chromo-
some number of the studied species has been systematized in Chromosome atlas of the
Bulgarian vascular plants (Petrova and Vladimirov 2020).

The karyological review showed that until 2021 data about the chromosome
number and the karyotype of Beta vulgaris subsp. maritima, Camphorosma annua,
C. monspeliaca, Ceratocarpus arenarius, Halimione pedunculata, H. portucaloides,
Polycnemum arvense, P heuffelii, P majus, and Spinacia oleracea from their Bulgarian
populations was lacking.

Phytochemical studies of Chenopodiaceae in Bulgaria

According to the Medicinal Plants Act (2000), 11 species of Chenopodiaceae are
considered as medicinal plants: Atriplex rosea, Blitum bonus-henricus, B. virgatum,
Camphorosma monspeliaca, Chenopodium album subsp. album, C. vulvaria, Dysphania
botrys, Lipandra polysperma, Oxybasis rubra, Salicornia europaea, Salsola tragus.

Data on the phytochemical composition of medicinal plants of the family Che-
nopodiaceae so far are known from the Bulgarian populations of two species, i.e.
B. bonus-henricus and B. virgatum.

The phytochemical investigations of genus Chenopodium revealed many com-
pounds with a vast variety of structural patterns. The chenopods contained minerals,
primary metabolites- carbohydrates, amino acids, nonpolar constituents, proteins, aro-
matic cytokinins, hormones and secondary metabolites — flavonoids, saponins, terpe-
nes, sterols, alkaloids and vitamins (Nedialkov and Kokanova-Nedialkova 2020).

The aerial parts of Blitum. bonus-henricus are a rich source of bioactive compounds.
Among them thirty-six compounds were distinguished including twenty-two saponins of
eightsapogenins (phytolaccagenin, bayogenin, medicagenicacid, 28-hydroxygypsogenin,
2B-hydroxyoleanoic acid, 2-hydroxy-30-nor-gypsogenin, 2-hydroxyakebonic acid and
akebonic acid), twelve flavonoid glycosides of 6-methoxykaempferol, isorhamnetin,
patuletin, spinacetin and two ecdysteroids (20-hydroxyecdysone and polypodine B).
It was reported that glycosides of spinacetin and patulenin were the predominant
compounds in the aerial parts of C. bonus-henricus (Kokanova-Nedialkova et al. 2020;
Kokanova-Nedialkova and Nedialkov 2021). The occurrence of sapogenins 2-hydroxy-
30-nor-gypsogenin, 2-hydroxyakebonic acid, and akebonic acids was also detected. The
flavonoid and saponin-rich fractions showed in vitro hepatoprotective and antioxidant
activity comparable to those of flavonoid complex silymarin (60 pg/mL) in a model of
metabolic bioactivation, induced by CCl4. (Kokanova-Nedialkova et al. 2020). Nine
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flavonol glycosides of patuletin, 6-methoxykaempferol and spinacetin were reported to
reduce lipid damage, showed antioxidant activity, neuroprotective, anti-o-glucosidase,
and lipase activities and possessed no toxic on the HepG2 cell line (Kokanova-Nedialkova
and Nedialkov 2021). B. bonus-henricus possessed emollient, laxative, anthelmintic,
antianemic and vermifuge properties. It is used also as expectorant and for the treatment
of inflammated wounds (Kokanova-Nedialkova et al. 2016; Kokanova-Nedialkova et al.
2009). The MeOH extract (60 pg/ml) of the aerial parts of C. bonus-henricus showed
hepatoprotective and antioxidant activities comparable to those of flavonoid complex
silymarin in an in vitro model of metabolic bioactivation, induced by tetrachloromethane.
Along with the decreased MDA quantity and increased level of GSH, seven days
pre-treatment of rats with the MeOH extract (100 mg/kg/daily) also prevented the
tetrachloromethane-caused oxidative damage by increasing antioxidant enzyme activities
(CAT, SOD, GPx, GR and GST) (Kokanova-Nedialkova et al. 2016). Extracts from roots
of C. bonus-henricus L. radix showed radical scavenging activity evaluated by DPPH assay
as IC50 was above 200 pg/ml (Nikolova et al. 2011).Moreover, ecdysteroids (especially
20-hydroxyecdysone, derivatives of makisterone A and polypodine B), triterpene saponins
(3-O-B-D-glucopyranosyl-phytolaccagenin-28-a-L-arabinopyranosyl ~ ester, 3-O-B-
glucuronopyranosyl-bayogenin-28-O--glucopyranosyl ester, 3-O-B-glucopyranosyl-
bayogenin-28-a-L-arabinopyranosyl ~ester, 3-O-B-glucuronopyranosyl-medicagenic
acid-28-B-xylopyranosyl(1—4)-«-rhamnopyranosyl(1—2)-a-arabinopyranosyl = ester),
6-methoxyflavonol glycosides(6-methoxykaempferol 3-O-[3-apiofuranosyl(1—2)]-3-
glucopyranosyl(1—06)-B-glucopyranoside), flavonoid glycosides (spinacetin 3-O-[3-
apiofuranosyl(1—2)]-8-glucopyranosyl(1—6)-8-glucopyranoside  and  spinacetin
3-O-gentiobioside) were found in the roots of B. bonus-henricus (Kokanova-Nedialkova
et al. 2009; Kokanova-Nedialkova et al. 2013; Kokanova-Nedialkova et al. 2015).
Spinacetin 3-O-gentiobioside possessed stronger DPPH and ABTS radical scavenging
activity (IC,; 0.44% 0.008 mM and 0.089 * 0.002 mM) (Kokanova-Nedialkova et
al. 2015). Fifteen saponins of six sapogenins were identified in roots of this plant, as
saponins bonushenricoside A, 3-O-8-D-glucuronopyranosylbayogenin-28-O-3-D-
glucopyranosyl ester, 3-O-B-Dglucuronopyranosyl-medicagenic  acid-28-O-3-D-
xylopyranosyl (1 — 4)-a-L-thamnopyranosyl(1 — 2)- o-Larabinopyranosyl ester,
3-O-B-D-glucuronopyranosyl23-hydroxygypsogenin-28-O-B-D-glucopyranosyl
ester (4), 3-O-a-L-rabinopyranosyl-bayogenin-28-O-3-Dglucopyranosyl ester and
bonushenricoside B deminstrateds possessed antioxidant and hepatoprotective effect
(Kokanova-Nedialkova et al. 2019). Due to their root bioactive compounds infusions
from them were used for the treatment of bronchitis, laryngitis, rheumatism, gout,
constipation, dermatitis, eczema (Kokanova-Nedialkova et al. 2013). Moreover,
the hepatoprotective activity of MeOH extracts from the roots of C. bonus-henricus
as reported (Kokanova-Nedialkova et al. 2013). The glycosides of phytolaccagenin,
bayogenin, medicagenic acid, 28-hydroxygypsogenin, 28-hydroxyoleanoic acid and
oleanoic acid are a promising and safe class of hepatoprotective agents (Kokanova-
Nedialkova et al. 2019). In plant material of B. bonus-henricus also sterols and vitamins
were detected, especially vitamin C (Kokanova-Nedialkova et al. 2009).
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Preliminary phytochemical screening of the aerial parts of Blitum virgatum shows the
presence of carbohydrates, flavonoids, phytosterols, saponins and alkaloids/amins. Mois-
ture content (6.05%) and total ash (12.19%) of aerial parts were also determined (Ko-
kanova-Nedialkova et al. 2014a). The main secondary metabolites found in B.virgatum
were terpenes (Kokanova-Nedialkova et al. 2009). This group of monocyclic hydrocar-
bon monoterpenoids includes limonene, o-terpinene and its y-isomer, a-terpinolen,
B-phellandrene and three related derivatives that were found in this plant. It contains also
aromatic monoterpenoid p-cymene, carvacrol, tymol, a-pinene and B-pinene, camphor
and camphene, monocyclic sesquiterpenoids as 8-caryophyllene (Kokanova-Nedialkova et
al. 2009) and the oleanane triterpene 30-normedicagenic acid (Kokanova-Nedialkova et al.
2014b). The aerial parts of this plant also contain phenolic compounds. New flavonol gly-
cosides were detected as 6-methoxy kaempferol-3-O-3-gentiobioside, gomphrenol-3-O-
B-gentiobioside and gomphrenol-3-O-[6-O-(8-Dglucopyranosyl)-3-D-glucopyranoside],
as well as the already known compounds patuletin-3-O-B-gentiobioside and spinacetin-
3-O-B-gentiobioside. The decoction prepared from C. foliosum was evaluated as a poten-
tial source of flavonoids with a radical-scavenging activity. The highest radical-scavenging
activity evaluated by DPPH and ABTS methods were patuletin-3-O-B-gentiobioside and
6-methoxykaempferol-3-O-Bgentiobioside, which were comparable with those of classic
antioxidant ascorbic acid (Kokanova-Nedialkova et al. 2014a). The new acylated flavonol
triglycoside namely gomphrenol-3-O-(5”-O-E-feruloyl)-3-D-apiofuranosyl-(1—2)[3-D-
glucopyranosyl-(1—6)]-8-D-glucopyranoside was also identified in the aerial parts of the
plant collected from Beglika, Western Rhodopes, Bulgaria. This compound demonstrated
low activity radical scavenging activity evaluated by DPPH and ABTS radicals and lack of
antioxidant activity evaluated FRAP assay and inhibition of lipid peroxidation (LP) in the
linoleic acid system by the ferric thiocyanate method. However, in combination with CCl4,
gomphrenol-3-O-(5"-O-E-feruloyl)-8-D-apiofuranosyl-(1—2) [3-D-glucopyranosyl-
(1—-06)]-B-D-glucopyranoside reduced the damage caused by the hepatotoxic agent and
preserved cell viability and GSH level, decreased LDH leakage and reduced lipid damage
at the highest concentration (100 pug/mL) (Kokanova-Nedialkova et al. 2014b).

References

Act MP (2000) Darzhaven vestnik, 29/07.04, 2000. [in Bulgarian]

Akhani H, Edwards G, Roalson EH (2007) Diversification of the Old World Salsoleae s.l.
(Chenopodiaceae): Molecular phylogenetic analysis of nuclear and chloroplast data sets
and a revised classification. International Journal of Plant Sciences, 168(6): 931-956.
hteps://doi.org/10.1086/518263

Andreev N (1992) Chenopodiaceae. In: Kozhuharov S (Ed.) Field Guide to the vascular plants
in Bulgaria. Naouka & Izkoustvo, Sofia, 326-335. [in Bulgarian]

Assyov B, Petrova A, Dimitrov D, Vassilev R (2012) Conspectus of the Bulgarian vascular flora.
Distribution maps and floristic elements. Sofia. Bulgarian Biodiversity Foundation.

Assyov B, Petrova A [Eds] (2006) Conspectus of the Bulgarian vascular flora. Distribution maps
and floristic elements. Bulgarian Biodiversity Foundation, Sofia.


https://doi.org/10.1086/518263

Studies on the Bulgarian representatives of the family Chenopodiaceae: a review 29

Baev S (1947) Botanical Outings. Bulgarian Academy Press. [in Bulgarian]

Biological diversity act (2007) SG issue 77/2002; SG Issue No. 2001/200 94/2007. htep://
chm.moew.government.bg/

Bornmiiller JEN (1888) Beitrige zur Kenntnis der Flora des bulgarischen Kiistenlandes. Bota-
nisches Centralblatt 36: 152—153.

Cheshmedzhiev IV (1976) Reports. In: Love A (Ed.) IOPB chromosome number reports LIV.
Taxon 25(5/6): 642—643 (631-649). htps://doi.org/10.1002/}.1996-8175.1976.tb03496.x

Cheshmedzhiev 1 (1988) New materials and chorological data for the flora of Bulgaria.
Fitologiya 35: 58—63. [in Bulgarian]

Davidov B (1904) Contribution of the investigation to the Shumen district. Sborn. Nar.
Umotv. Nauka Knizhn. 20: 1-54 (in Bulgarian).

Davidov B (1905) Contribution to the investigation of the flora of Varna district. Sborn. Nar.
Umotv. Nauka Knizhn. 21: 1-73. [in Bulgarian]

Davidov B (1905) Contribution to the study of the flora of Varna county. Compendium of
Folk Minds, Science and Paper 21: 1-73.

Delipavlov DD, Cheshmedzhiev IV (1984) New data and critical notes on the Bulgarian flora. Fi-
tologiia26:60-68.https://agris.fao.org/agris-search/search.do?recordID=US201302011527

Delipavlov D, Cheshmedzhiev I (2011) Key to the Plants in Bulgaria. Agrarian University
Academy Press, Plovdiv. [in Bulgarian]

Delipavlov D, Dimitrov S (1973) Beitrag zum Studium der Flora Bulgariens. Feddes Reperto-
rium 83(7-8): 489-493. https://doi.org/10.1002/fedr.19730830704

Directive 92/43/EEC (1992) Directive 92/43/EEC. http://www.biodiversity.bg/

Fuentes-Bazan S, Uotila B, Borsch T (2012) A novel phylogeny-based generic classification for
Chenopodium sensu lato, and a tribal rearrangement of Chenopodioideae (Chenopodi-
aceae). Willdenowia 42: 5-24. https://doi.org/10.3372/wi.42.42101

Georgiev S (1889) Materials for the flora of south Bulgaria (Trakia). Sborn Nar Umotv Naouka
Knizhn 1: 22-24. [in Bulgarian]

Grozeva N (2004) Family Chenopodiaceae plants with conservation value. Journal of Balkan
Ecology 7(2): 125-134.

Grozeva N (2005) The Flora of Atanasovsko Lake Natural Reserve. In: Gruev P, Nikolova M,
Donev A (Eds) Proceedings of the Balkan scientific conference of biology, Plovdiv, Bul-
garia, 19-21 May 2005: 381-396. [CD-format]

Grozeva N (2007a) Chenopodium pumilio (Chenopodiaceae): A new species to the Bulgarian
flora. Phytologia Balcanica 13(3): 331-334.

Grozeva N (2007b) Reports (1623-1630) In: Kamari G, Felber F, Garbari F (Eds) Mediter-
ranean chromosome number reports —17, Flora Mediterranea 17: 299-307.

Grozeva N (2009) Variation and evolutionary trends of genus Chenopodium L. (Goosefoots) in
Bulgaria. Ph.D. thesis, Institute of Botany, BAS, Bulgaria.

Grozeva N (2010a) Reports (1709-1714) In: Kamari G, Blanché C, Siljak-Yakovlev S (Eds)
Mediterranean chromosome number reports —20. Flora Mediterranea 20: 260-265.

Grozeva N (2010b) Reports (1715-1721) In: Kamari G, Blanché C, Siljak-Yakovlev S (Eds)
Mediterranean chromosome number reports —20. Flora Mediterranea 20: 266-272.

Grozeva N (2011) Chenopodium bonus-henricus L. (Perennial Goosegoot) in Bulgaria: II. Mor-
phology, chorology and ecology. Trakia Journal of Sciences 9(3): 8-12.


http://chm.moew.government.bg/
http://chm.moew.government.bg/
https://doi.org/10.1002/j.1996-8175.1976.tb03496.x
https://agris.fao.org/agris-search/search.do?recordID=US201302011527
https://doi.org/10.1002/fedr.19730830704
http://www.biodiversity.bg/
https://doi.org/10.3372/wi.42.42101

30 Vanya Stoyanova Boneva & Nadezhda Traycheva Petkova / BioRisk 18: 17-34 (2022)

Grozeva N (2012a) Chenopodium pratericola (Chenopodiaceae): A new alien species for the
Bulgarian flora. Phytologia Balcanica 18(2): 121-126.

Grozeva N (2012b) Reports (1763-1758). In: Kamari G, Blanché C, Siljak-Yakovlev S (Eds)
Mediterranean chromosome number reports —22. Flora Mediterranea 22: 226-231.
https://doi.org/10.7320/FIMedit22.211

Grozeva N (2013) IAOP/IOPB Chromosome data 16. In: Marhold K (Ed.) IAOP/IOPB col-
umn. Taxon 62(3): 1356, E2-E4. https://doi.org/10.12705/626.41

Grozeva N (2014) A comparative morphological characteristics of Chenopodium album L.,
C. missouriense Aellen and C. probstii Aellen. Turkish Journal of Agricultural and Natural
Sciences 2: 1949-1954.

Grozeva N (20152) Reports (1852-1858). In: Kamari G, Blanche C, Siljak-Yakovlev S (Eds)
Mediterranean chromosome number reports — 25. Flora Mediterranea 25: 150-156.
https://doi.org/10.7320/FIMedit25.143

Grozeva N (2015b) Reports. In: Marhold K (Ed.) IAPT/IOPB chromosome data 19. Taxon
64(5): 1071, E1-E21. https://doi.org/10.12705/645.34

Grozeva NH (2018a) Karyological study of genus Azriplex L. in Bulgaria. Bulgarian Journal of
Agricultural Science 24(1): 52-58.

Grozeva NH (2018b) Karyological and morphological studies of Chenopodiaceae family in
Bulgaria. DSc thesis. Trakia University (Bulgaria).

Grozeva N, Atanassova S (2019) Karyology of the Chenopodiastrum s. Fuentes et al. (Amaran-
thaceae) from Bulgaria. Bulgarian Journal of Agricultural Science 25(Suppl 3): 131-135.

Grozeva N, Cvetanova Y (2008) Variability among the populations of two Chenopodium genus
species. Proceedings 7 Scientific Conference of Ekology and Health, Academic Publishing
House of Agrarian University. Plovdiv (Vol. 135140). Bulgaria.

Grozeva N, Cvetanova Y (2011) Chenopodium bonus-henricus L. (Perennial Goosefoot) in Bul-
garia: I. Population variability. Trakia Journal of Sciences 9(3): 1-7.

Grozeva N, Cvetanova Y (2013) Karyological and morphological variations within the genus
Dysphania (Chenopodiaceae) in Bulgaria. Acta Botanica Croatica 72(1): 49-69. https://
doi.org/10.2478/v10184-012-0017-5

Grozeva N, Cvetanova Y (2016) Karyological and morphological variations within Blitum virg-
atum L. Trakia Journal of Sciences 1(1): 16-23. https://doi.org/10.15547/tjs.2016.01.002

Grozeva N, Gospodinova S (2016) Karyological study of genus Bassia All. in Bulgaria. Trakia
Journal of Sciences 2(2): 158-162. https://doi.org/10.15547/tjs.2016.02.007

Grozeva N, Stoeva M (2006) Reports (1456-1462) In: Kamari G, Felber F, Garbari F (Eds)
Mediterranean chromosome number reports — 16. Flora Mediterranea 16: 400—408.

Grozeva N, Todorova M (2014) Karyological and morphological variations within Bassia hir-
suta (L.) Asch. in Bulgaria. Trakya University Journal of Natural Sciences 15(1): 17-23.
hetps://dergipark.org.tr/en/pub/trkjnat/issue/25382/267872

Grozeva N, Miteva Ch, Ivanov P, Videv V (2004) Flora of Atanasovsko Lake Natural Re-
serve presented through Web-based information system. Journal of Balkan Ecology 7(4):
362-373.

Grozeva N, Terzieva S, Gerdzhikova M, Pavlov D (2018) Chromosome and pollen morphology
of Salsola soda L. and Salsola tragus L. in Bulgaria. Bulgarian Journal of Agricultural Science
24(1): 59-67.


https://doi.org/10.7320/FlMedit22.211
https://doi.org/10.12705/626.41
https://doi.org/10.7320/FlMedit25.143
https://doi.org/10.12705/645.34
https://doi.org/10.2478/v10184%E2%80%93012-0017-5
https://doi.org/10.2478/v10184%E2%80%93012-0017-5
https://doi.org/10.15547/tjs.2016.01.002
https://doi.org/10.15547/tjs.2016.02.007
https://dergipark.org.tr/en/pub/trkjnat/issue/25382/267872

Studies on the Bulgarian representatives of the family Chenopodiaceae: a review 31

Grozeva N, Todorova M, Pavlov D (2019a) Karyological and morphological variation within
Petrosimonia brachiata Bunge in Bulgaria. Botanica Serbica 43(1): 13-21. https://doi.
org/10.2298/BOTSERB1901013G

Grozeva N, Atanassova S, Terzieva S (2019b) Karyological study of genus Oxybasis Kar. & Kir.
in Bulgaria. Bulgarian Journal of Agricultural Science 25(Suppl. 3): 124-130.

Iamonico D (2014) Taxonomical, morphological, ecological and chorological notes on Oxy-
basis chenopodioides and O. rubra (Chenopodiaceae) in Italy. Hacquetia 13(2): 297-302.
https://doi.org/10.2478/hacq-2014-0005

Tamonico D (2019) Remarks on the subfam. Betoideae (Chenopodiaceae/Amaranthaceae sensu
APGIV). Phytotaxa 400(3): 145-164. https://doi.org/10.11646/phytotaxa.400.3.3

Ilyin MM (1936) Chenopodiaceae. In: Komarova VL (Ed.) Flora USSR. USSR, 2-354.

Kadereit G, Borsch T, Weising K, Freitag H (2003) Phylogeny of Amaranthaceae and Cheno-
podiaceae and the evolution of C4 photosynthesis. International Journal of Plant Sciences
164(6): 959-986. https://doi.org/10.1086/378649

Kadereit G, Mavrodiev EV, Zacharias EH, Sukhorukov AP (2010) Molecular phylogeny of
Atripliceae (Chenopodioideae, Chenopodiaceae): Implications for systematics, biogeogra-
phy, flower and fruit evolution, and the origin of C4 photosynthesis. American Journal of
Botany 97(10): 1664—1687. https://doi.org/10.3732/ajb.1000169

Kadereit G, Piirainen M, Lambinon J, Vanderpoorten A (2018) Cryptic taxa should have
names: Reflections in the glasswort genus Salicornia (Amaranthaceae), TAXON Interna-
tional Journal of Taxonomy, Phylogeny and Evolution, Taxon 61: 1227-1239. https://doi.
org/10.1002/tax.616005

Kiryakov K, Dimitrov S, Delipavlov D (1951) Contribution to the investigation of the medicinal
vegetation of the Central Stara Planina Mt (Boroushtitsa — peak Balvan). Godishnik na Darza-
vnia Univeristet v Plovdiv, Agronomicheski Fakultet 5: 1949-1950, 295-326. [in Bulgarian]

Kokanova-Nedialkova Z, Nedialkov PT, Nikolov SD (2009) The genus Chenopodium: Phyto-
chemistry, ethnopharmacology, and pharmacology. Pharmacognosy Reviews 3: 280-306.

Kokanova-Nedialkova Z, Simeonova R, Kondeva-Burdina M, Nikolov S, Heilmann J, Nedi-
alkov P (2013) Triterpene saponins from Chenopodium bonus-henricus roots. Planta Medica
79(13): PI57. https://doi.org/10.1055/s-0033-1352146

Kokanova-Nedialkova Z, Nedialkov PT, Nikolov SD (2014a) Pharmacognostic investigations
of the aerial parts of Chenopodium foliosum Asch. and radical-scavenging activities of five
flavonoids isolated from methanol extract of the plant. Pharmacognosy Journal 6(4): 43—
48. https://doi.org/10.5530/pj.2014.4.6

Kokanova-Nedialkova Z, Kondeva-Burdina M, Zheleva-Dimitrova D, Biicherl D, Nikolov S,
Heilmann J, Nedialkov PT (2014b) A new acylated flavonol glycoside from Chenopodium
foliosum. Records of Natural Products 8(4): 401-406.

Kokanova-Nedialkova Z, Kondeva-Burdina M, Zheleva-Dimitrova D, Tzankova V, Nikolov S,
Heilmann J, Nedialkov PT (2015) 6-Methoxyflavonol glycosides with in vitro hepatopro-
tective activity from Chenopodium bonus-henricus roots. Natural product communications
10(8): €1934578X1501000816. https://doi.org/10.1055/s-0035-1565573

Kokanova-Nedialkova Z, Nedialkov P, Kondeva-Burdina M, Simenova R, Tsankova V, Nikolov
S (2016) Good king-henry (Chenopodium bonus-henricus L.) — a source of hepatoprotective
flavonoids. Planta Medica 82(S01): P840. https://doi.org/10.1055/s-0036-1596856


https://doi.org/10.2298/BOTSERB1901013G
https://doi.org/10.2298/BOTSERB1901013G
https://doi.org/10.2478/hacq-2014-0005
https://doi.org/10.11646/phytotaxa.400.3.3
https://doi.org/10.1086/378649
https://doi.org/10.3732/ajb.1000169
https://doi.org/10.1002/tax.616005
https://doi.org/10.1002/tax.616005
https://doi.org/10.1055/s-0033-1352146
https://doi.org/10.5530/pj.2014.4.6
https://doi.org/10.1055/s-0035-1565573
https://doi.org/10.1055/s-0036-1596856

32 Vanya Stoyanova Boneva & Nadezhda Traycheva Petkova / BioRisk 18: 17-34 (2022)

Kokanova-Nedialkova Z, Nedialkov PT, Momekov G (2019) Saponins from the roots of Che-
nopodium bonus-henricus L. Natural Product Research 33(14): 2024-2031. https://doi.org
/10.1080/14786419.2018.1483928

Kokanova-Nedialkova Z, Kondeva-Burdina M, Nedialkov PT (2020) Neuroprotective, anti-o-
glucosidase and prolipase active flavonoids from Good King Henry (Chenopodium bonus-hen-
ricus L.). Natural Product Research: 1-5. hteps://doi.org/10.1080/14786419.2020.1784172

Kokanova-Nedialkova Z, Nedialkov P (2021) Validated UHPLC-HRMS method for simulta-
neous quantification of flavonoid contents in the aerial parts of Chenopodium bonus-henricus
L. (wild spinach). Pharmacia 68: €597. https://doi.org/10.3897/pharmacia.68.69781

Kolev ID (1956) Investigation of weed dissemination on the Sofia plain. Vissh Selskostopanski
Inst. “Georgi Dimitrov”. Agron. Fakul. Nauch. Trudove 3: 139-173. [in Bulgarian]

Kolev I (1959) Floristic notes. Vissh Selskostopanski Inst. “Georgi Dimitrov”. Agronomicheski
Fakultet Nauchni Trudove 6: 413-421. [in Bulgarian]

Kovachev V (1903) Addition to the Flora of the Region of Rouse. Periodichesko Spisanie na
Bulkgarskoto Knizhovno Drouzhestvo v Sofia 63: 721-723.

Kozuharov S, Kuzmanov B (1969) Chromosome numbers of flowering plants in Bulgaria. 2.
Izv. Bot. Inst. (Sofia) 19: 109-115.

Kithn U, Bittrich V, Carolin R, Freitag H, Hedge IC, Uotila B, Wilson PG (1993) Chenopo-
diaceae. In: Kubitzki K, Rohwer JG, Bittrich V (Eds) Flowering Plants Dicotyledons. The
Families and Genera of Vascular Plants vol 2. Springer, Berlin, Heidelberg. https://doi.
org/10.1007/978-3-662-02899-5_26

Markova M (1968) Karyological study of Epimedium pubigerum (DC) Morren and Decne and
Chenopodium multifidum L. Comptes Rendus de IAcademie Bulgare des Sciences 21: 51-53.

Masson R, Kadereit G (2013) Phylogeny of Polycnemoideae (Amaranthaceae): Implications
for biogeography, character evolution and taxonomy. Taxon 62(1): 100-111. https://doi.
org/10.1002/tax.621009

Meshinev T, Velchev V, Apostolova I, Vasilev V (1994) Flora and vegetation on the sand dunes in
the area of the tourist complex Sunny Beach. Institute of Botany, Sofia, 64 pp. [with map]

Michev T, et al. (2003) Management of the Maintained Reserve “Atanasovsko Lake”. BSPOBZ.
MOEW, Bulgaria.

Mosyakin SL (2018) Notes on taxonomy and nomenclature of Chenopodium acerifolium and
C. betaceum (C. strictum auct.) (Chenopodiaceae). Phytotaxa 324(2): 139-154. hteps://
doi.org/10.11646/phytotaxa.324.2.3

Nedialkov PT, Kokanova-Nedialkova Z (2020) Bioactive Compounds of Goosefoot (Genus
Chenopodium). In: Murthy HN, Paek KY (Eds) Bioactive Compounds in Underutilized
Vegetables and Legumes. Reference Series in Phytochemistry. Springer, Cham, 1-24.
https://doi.org/10.1007/978-3-030-44578-2_7-1

Neichev I (1905) About the flora of Sevlievo and Gabrovo. Trav Soc Bulg Sci Nat 4-8: 56-58.
[in Bulgarian]

Nikolova M, Evstatieva L, Nguyen TD (2011) Screening of plant extracts for antioxidant
properties. Botanica Serbica 35(1): 43-48. https://botanicaserbica.bio.bg.ac.rs/arhiva/
pdf/2011_35_1_529_full.pdf

Panov P (1975) Floristic materials and critical notes. il. Fitologiia 1: 88-96. [in Bulgarian]


https://doi.org/10.1080/14786419.2018.1483928
https://doi.org/10.1080/14786419.2018.1483928
https://doi.org/10.1080/14786419.2020.1784172
https://doi.org/10.3897/pharmacia.68.e69781
https://doi.org/10.1007/978-3-662-02899-5_26
https://doi.org/10.1007/978-3-662-02899-5_26
https://doi.org/10.1002/tax.621009
https://doi.org/10.1002/tax.621009
https://doi.org/10.11646/phytotaxa.324.2.3
https://doi.org/10.11646/phytotaxa.324.2.3
https://doi.org/10.1007/978-3-030-44578-2_7-1
https://botanicaserbica.bio.bg.ac.rs/arhiva/pdf/2011_35_1_529_full.pdf
https://botanicaserbica.bio.bg.ac.rs/arhiva/pdf/2011_35_1_529_full.pdf

Studies on the Bulgarian representatives of the family Chenopodiaceae: a review 33

Panov P (1987) Newly registered plants for the flora of Bulgaria. In: Kuzmanov B (Ed.) Works
of the Fourth National Conference on Botany (Sofia). item 1: 103-107.

Peev D, et al. [Eds] (2015) Red Book of the Republic of Bulgaria. item 1. Plants and Fungi.
BAS, Ministry of Environment and Water. Sofia, Bulgaria.

Petkov St (1907) Contribution to the flora of the southern corner of the Bulgarian Black Sea
coast. Periodic journal of the Bulgarian Literary Society (Sofia) 17(2): 17-18.

Petrova A, Vladimirov V (2020) Chromosome atlas of the Bulgarian vascular plants. Phytologia
Balcanica: International Journal of Balkan Flora and Vegetation 26(2): 217-427.

Philipova-Marinova M, Ivanov D, Dimitrov D (1997) Flora and vegetation in the region of
Shabla-Lake Lakes and adjacent territories, BSPB report. Sofia, Bulgaria.

Popova M, Ceschmedjiev I (1978) Reports. In: Love A (Ed.) IOPB chromosome number re-
ports LXI. Taxon 27: 375-392. https://doi.org/10.1002/j.1996-8175.1978.tb04261 .x
Rechinger K (1933) Ergebnisse einer botanischen Reise nach Bulgarien. Mag. Bot. Lap. 33:

e48. hteps://doi.org/10.1002/fedr.4870332702

Stefanov B (1943) Phyto-geographic elements of Bulgaria. In: Symposium of Bulgarian Acad-
emy of Science and art., Branch nature and math N°19: b. XXIX.

Stoyanov D (2009) Integrated management plan for protected area “Pomorie Lake”
(Bg0000152) under the Pomorie Protected Area Directive (Bg0000620) under the Habi-
tats Directive “Pomorie Lake” and Ramsarsko Place “Pomorie Lake”.

Stoyanov N, Stefanov B (1924) Flora of Bulgaria. Ed. 1., item 1, Science and Art. Sofia, Bulgaria.

Stoyanov N, Stefanov B (1933) Flora of Bulgaria. Ed. 2, Ed. Gutenberg. Sofia, Bulgaria.

Stoyanov N, Stefanov B (1948) Flora of Bulgaria. Ed. 3, Univ. Ed. Sofia, Bulgaria.

Stoyanov N, Kitanov B, Velchev V (1954) Plants fasteners of erosion terrains in the arda river
basin. Nature 1: 20-23.

Stoyanov N, Stefanov B, Kitanov B (1966) Flora of Bulgaria. Ed. 4, vol. 1. Nauka & Izkustvo,
Sofia. [in Bulgarian]

Stranski I (1921) Contribution  la flore des Rhodopes centrales. Dokladi na Bulgarskata Aka-
demi4 na Naukite 16: 3-147. [in Bulgarian]

Todorova M, Grozeva N, Pleskuza L, Yaneva Z, Gerdgikova M (2014) Relationship between
soil salinity and Bassia hirsuta, Salicornia europaea agg. and Petrosimonia brachyata distri-
bution on the territory of Pomorie lake and Atanasovsko lake. Agricultural Science and
Technology 6(4): 465-470.

Toshev A (1895) Materials on the flora of Bulgaria. Periodichno spisanie na balgarskoto
knizhovno druzhestvo 49-50: 329-356. [In Bulgarian]

Tzonev R, Gussev C (2015) Communities of annual halophytes in coastal salt marshes at the
Black Sea. Red data book of the Republic of Bulgaria 3: 49-50.

Tzonev R, Lysenko T, Gussev C, Zhelev P (2008) The halophytic vegetation in South-East
Bulgaria and along the Black Sea coast. Bioloski Institut Jovana Hadzija. Hacquetia 7(2):
95-121. https://doi.org/10.2478/v10028-008-0006-3

Uotila P (2011) Chenopodiaceae (pro parte majore). In: Euro+ Med Plantbase-the information
resource for Euro-Mediterranean plant diversity. Euro+ med plantbase.

Urumov I (1897) Materials on the flora of Lovech district. Sborn. Nar. Umotv. Naouka Knizhn.
14: 3-85. [in Bulgarian]


https://doi.org/10.1002/j.1996-8175.1978.tb04261.x
https://doi.org/10.1002/fedr.4870332702
https://doi.org/10.2478/v10028-008-0006-3

34 Vanya Stoyanova Boneva & Nadezhda Traycheva Petkova / BioRisk 18: 17-34 (2022)

Urumov I (1901) A contribution to the Bulgarian flora. Sborn. Nar. Umotv. Naouka Knizhn.
18: 1-124. [in Bulgarian]

Urumov I (1904) Third contribution to the Bulgarian flora. Sborn. Nar. Umotv. Naouka
Knizhn. 20: 1-103. [in Bulgarian]

Urumov I (1905) Fifth contribution to the Bulgarian flora. Sborn. Nar. Umotv. Naouka
Knizhn. 21: 1-125. [in Bulgarian]

Urumov I (1906) Sixth contribution to the Bulgarian flora. Sborn. Nar. Umotv. Naouka
Knizhn. 22: 1-126. [in Bulgarian]

Urumov I (1908a) Seventh contribution to the Bulgarian flora. Sborn. Nar. Umotv. Naouka
Knizhn. 24: 1-113. [in Bulgarian]

Urumov I (1908b) Eigth contribution to the Bulgarian flora. Period. Spis. Bulg. Knizh. Druzh.
69: 41-72. [in Bulgarian]

Urumov I (1908c) Ninth contribution to the Bulgarian flora. Sborn. Nar. Umotv. Naouka
Knizhn. 24: 1-112. [in Bulgarian]

Urumov I (1909) Tenth contribution to the Bulgarian flora. Sborn. Nar. Umotv. Naouka
Knizhn. 25: 1-159. [in Bulgarian]

Urumov I (1913) Twelfth contribution to the Bulgarian flora. Sborn. Bilg. Akad. Nauk. 3:
1-243. [in Bulgarian]

Urumov I (1917) Thirteenth contribution to the Bulgarian flora. Sborn. Bilg. Akad. Nauk. 7:
1-225. [in Bulgarian]

Urumov I (1923) Materials on the flora of the Pirin Mts. Sborn. Bilg. Akad. Nauk. 28: 1-163.
[in Bulgarian]

Urumov I (1926) Fifteenth contribution to the Bulgarian flora. Spis. Bilg. Akad. Nauk. 22:
3-128. [in Bulgarian]

Urumov I (1928) Sixteenth contribution to the Bulgarian flora. Sborn. Bilg. Acad. Nauk. 23:
1-128. [in Bulgarian]

Urumov I (1929a) The flora of Mt Ljulin. Spis. Balg. Akad. Nauk. 15: 1-117. [in Bulgarian]

Urumov I (1929b) List of the plants collected in the district of Karlovo. Sborn. Bilg. Akad.
Nauk. 25: 6-135. [in Bulgarian]

Urumov I (1930) The flora of Mt Vitosha. Sborn. Bilg. Akad. Nauk. 26: 1-143. [in Bulgarian]

Urumov I (1935) The flora of Vratsa district. Sborn. Bilg. Akad. Nauk. 29: 1-205. [in Bulgarian]

Van Loon I, Van Setten A (1982) Reports. In: Léve A (Ed.) Chromosome number reports, LIX.
Taxon 27: 56-60.

Velenovsky J (1891) Flora bulgarica. Pragae.

Velenovsky J (1898) Flora bulgarica Supplementum. Pragae.

Yavashev A (1890) Contribution to knowledge of the Bulgarian flora. Periodic journal of the
Bulgarian Literary Society 27: 290-311.

Yordanov D (1923-1924) On the phytogeography of western Stara Planina. Yr. Cds. Univ.
Fizz. Checkmate. Fak. 1: 71-102.

Yordanov D, Kozhuharov B, Markova M (1966) Chenopodiaceae. In: Yordanov D (Ed.) Flora
of the People’s Republic of Bulgaria 3: 527-576, Aedibus Academiae Scientiarum Bulga-
ricae, Serdicae (Bg).



	Studies on the Bulgarian members of the family Chenopodiaceae s. stricto: a review
	Abstract
	Introduction
	Data about the taxonomic composition and distribution of the bulgarian members of the family Chenopodiaceae
	Available literature from the last decades of the 19th century
	Available literature from the 20th century
	Available literature from the new millennium

	Morphological studies on members of Chenopodiaceae in Bulgar-ia
	Karyological studies on Chenopodiaceae in Bulgaria
	Phytochemical studies of Chenopodiaceae in Bulgaria
	References

