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Summary

Gypsophila with approximately 150 species represents the fourth largest genus of Caryophyllaceae and the
second genus of tribe Caryophylleae. Iran is the second main center of Gypsophila diversity with 38 species in the
world. Considering Gypsophila as one of the most polymorphic genus of the family and almost half of its taxa
distributed in Iran as endemic, thus makes it as a significant genus from taxonomic and nomenclatural points of view.
Moreover, following the IUCN Red List criteria, about half of these endemic taxa are categorized as Critically
Endangered (CR D.); hence, the protection of these taxa and their limited habitats is necessary. Pollen grains of 40 taxa
(Table 1) were studied by electron microscopy for the first timein Iran (Figs 2-5). However, these attributions do not
support sections which are made based on morphological characters and rather can be used to separate some close taxa.
The pollen grains of Gypsophila are monade, apolar, pantoporate with 12 pores, rounded polyhedral, tectate with
granulate microechinate-microperforate ornamentation. Pores are annulate, operculate. Pollen grains size (20.7-32 um),
operculum diameter (1.6-6 um), distance between pores (2.3-7 pum) and operculum thickness are variable among taxa
(Table 2). Gypsophila pilosa var. pilosa, and G. platyphylla have the largest while G. antoninae has the smallest pollen
grains. The smallest pores and, therefore, the minimum diameter of the operculums can be seen in G. acantholimoides.
The largest and thickest operculum is owned by G. virgata. A phenogram of Iranian Gypsophila taxa derived from
palynological analysis using UPGMA method is aso given herewith (Fig. 1).
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Table 1. List of Gypsophila specimens used for palynological studies

Taxon

Voucher specimen

G. acantholimoides Bornm.

G. alvandica Falat.,
F.Ghahrem. & Assadi

G. alvandica Falat.,
F.Ghahrem. & Assadi

G. alvandica Falat.,
F.Ghahrem. & Assadi

G. alvandica Falat.,
F.Ghahrem. & Assadi

G. antoninae Schischk.

G. aretioides Boiss.

G. bazorganica Rech. f.
G. bellidifolia Boiss.

G. bicolor (Freyn. & Sint.)
Grossh.

G. caricifolia Boiss.

G. elegans M. Bieb.
G. elegans M. Bieb.

G. farsensis Falat., Assadi &
F.Ghahrem.

G. graminifolia Barkoudah

G. heteropoda Freyn & Sint.

G. iranica Barkoudah

G. linearifolia (Fisch. & C.A.

Mey.) Boiss.
G. lurorum Rech.f.

G. melampoda Bien. ex
Boiss.
G. modesta Bornm.

G. mozaffarianii Negaresh

G. mucronifolia Rech.f.

Esfehan province: Natanz, Karkas mountain, 3000-3300 m, 26 June 1975, Foroughi
& Assadi 18082 (TARI)

Esfehan province: Chadegan, Havanirooz protected area, 2000 m, 11 July 1981,
Nowroozi & Etemadi 1200 (TARI)

Esfehan province: Chadegan near Havanirooz protected area, 2100 m, 3 June 1981,
Nowroozi & Etemadi 623 (TARI)

Hamedan province: Alvand mountain, 2700 m, 8 July 1981, Assadi & Mozaffarian
36813 (TARI)

Esfehan province: Fereydoun Shahr, Meydanak, 2500-2600 m, 7 June 1982,
Nowroozi & Nekoui 1790 (TARI)

Khorassan Razavi province: north of Quchan, between Dorbadam valey &
Imamabad, 1600 m, 11 June 1992, Joharchi 22318 (FUMH)

Semnan province: 12 km from Firouzkouh to Semnan, 2100 m, 25 July 1982, Assadi
& Mozaffarian 40313 (TARI)

Ardebil province: Khalkhal, Palangah mountain, 2500 m, Bidarlord s.n. (T)

Hormozgan province: Bashagard, 62 km from Senderk to Angahran, close to Jakdan,
700 m, 4 May 1982, Mozaffarian, Banihashemi, Shahinzadeh 39334 (TARI)

Ardebil province: between Namin and Ardebil, 1400 m, 7 July 1995, Assadi 73791
(TARI)

Kurdestan province: Saghez, between Sonnate and Divandarre, Ghaleh mountain,
mountain pass, between Bashmagh and Jafarabad, 2300 m, 14 July 1991,
Mozaffarian 70065 (TARI)

Cultivated, Falatoury 15912 (T)

Gilan province: between Barrehsar and Deylaman, before Deylaman, 31 May 2004,
Assadi 86416 (TARI)

Fars province: Fasa, 1450 m, 16 April 1988, staff of rangeland office (TARI)

West Azerbaijan province: Urumia, Gardan-e Ghushchi, 1750-2000 m, 16 July 1991,
Mozaffarian 7008 (TARI)

West Azerbaijan province: Maku, 1900 m, 9 June 1975, Amini 1225 (TARI)

East Azerbaijan province: 20 km west of Kaeybar to Ghaleh Babak, 1450 m,
29 August 1987, Mozaffarian 64301 (TARI)

Khorassan Razavi province: 60 km N of Torbat-e Heydarieh, Robat sefid, 1750-1900
m, 15 June 1981, Assadi & Mozaffarian 35859 (TARI)

Kurdestan province: Sanandg to Hamedan, Salavatabad, 2100-2200 m, 5 June 2013,
Falatoury 15908 (TARI)

Esfehan province: 20 km from Ardestan to Kashan, 1300 m, 30 June 1975, Foroughi
& Assadi 18125 (TARI)

Gilan province: along Ghezelowzan river, between Ab-Barow and Gilvan, 350 m, 6
May 1987, Assadi & Shah-Mohammadi 60255 (TARI)

Markazi province: Arak, Kumijan, Vafz mountain, 2100-2500 m, 5 September 1984,
Mozaffarian 63728 (TARI)

Semnan province: south of Semnan, 950 m, 28 May 1978, Dini & Bazargan 32931
(TARI)
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Table 1 (contd)

(aols) Y Jgus

G. mucronifolia Rech.f.

G. nabelekii Schischk.

G. nabelekii Schischk.

G. obconica Barkoudah

G. obconica Barkoudah

G. pallida Stapf

G. pallida Stapf

G. pallida Stapf

G. perfoliata L.

G. persica Barkoudah

G. persica Barkoudah
G. persica Barkoudah

G. pilosa Huds.var. pilosa

®

. pilosa var. glabra Falat.,
F.Ghahrem. & Assadi

G. platyphylla Baiss.

G. platyphylla Boiss.

G. polyclada
var. glandulosa Barkoudah

G. polyclada var. leioclada
Faat., Assadi &
F.Ghahrem.

G. polyclada var. leioclada
Falat., Assadi &
F.Ghahrem.

G. polyclada Fenzl
var. polyclada

G. polyclada Fenzl
var. polyclada

G. pseudomelampoda Rech.f.

G. pseudopallida Falat.,
Assadi & F.Ghahrem.

G. pulvinaris Rech.f.

G. pulvinaris Rech.f.

Semnan province: ca 10 km north of Sorkheh, 1400-1500 m, 15 May 1978,
Wendelbo & Assadi 29419 (TARI)

Kurdestan province: southwest of Sanandsj, Korymaryam mountain, 2500 m,
5 July 2004, Maroofi & Moradi 6681 (TARI)

Kurdestan province: Saghez to Baneh, Piromaran village, Nacarouz mountain, 2420
m, 3 July 2001, Maroofi & Naseri 1276 (TARI)

Khuzestan province: Hamidiyeh, Karkhe dam, Alvanieh village, 20 m, 12 April 1985,
Mozaffarian 53444 (TARI)

Khuzestan province: Behbahan, 15 km Ramshir road, 280 m, 28 April 1973, Riazi
9406 (TARI)

Fars province: 20 km from Estahbanat to Niriz, south of Bakhtegan lake, 1750 m, 8
June 1983, Mozaffarian 47097 (TARI)

Fars province: 15-20 km from Shiraz to Esfehan, 1600-1900 m, Assadi & Ranjbar
82984 (TARI)

Tehran province: Gharghabad, 53 km from Saveh to Hamedan, 1750 m, 25 July 1974,
Assadi & Shirdelpur 13178 (TARI)

West Azerbaijan province: 27 km from Khoy to Ghotour, 1550 m, 16 August 1991,
Assadi 70843 (TARI)

Zanjan province: 15 km from Zanjan to Bijar, 1900 m, 30 May 1974, Wendelbo,
Assadi & Shirdelpur 11861 (TARI)

Zanjan province: 17 km north of Taham, 1900 m, Foroughi 1586 (TARI)

Gilan province: between Qazvin.and Rudbar, Kuhin, 1600 m, 27 May 1978, Wenelbo
& Assadi 27676 (TARI)

Qom province: Tehran-Qom old road, 1017 m, 21 March 2013, Falatoury 15903 (T)

Zanjan province: 50 km from Zanjan to Tabriz, 1300 m, 13 June 1976, Assadi &
Maassoumi 20601 (TARI)

Kurdestan province: northeast of Shahu mountain, between Kamiaran and Marivan,
before Dagagavillage, 3 July 2005, Assadi & Mehregan 89308 (TARI)

West Azerbaijan province: Sardasht, 1500 m, 9 July 1974, Zehzad & Siami 3029 (TARI)

West Azerbaijan province: Urmia towards Ghasemlu, 12 km to Tomatar towards
Ghasemlu, 1400 m, 26 July 1990, Izadpanah & Taheri 68204 (TARI)

Chaharmahal va Bakhtiari province: Brojen, 2200 m, 29 June 1986, Mozaffarian
57182 (TARI)

Chaharmahal va Bakhtiari province: Middle of Sabzkuh, Lahderaz area, 2675 m, 17
July 2009, Mozaffarian 97259 (TARI)

Esfehan province: north side of Dena mountain, near Noghol, 2500 m, 14 July 1983,
Assadi & Abouhamzeh 46071 (TARI)

Qazvin province: 23 km north of Qazvin, 1680 m, 1 July 1972, Foroughian & Hariri
2550 (TARI)

Tehran province: near Mardabad (south of Kargj), 1250 m, 18 August 1975,
Wendelbo & Assadi 18127 (TARI)

West Azerbaijan province: Targuevar region, 3 km Movana towards Sero, 1400-1450
m, 26 July 1990, |zadpanah & Taheri 68270 (TARI)

Khorassan Razavi: Chenaran, between Boghmech & Hezarmasjed, 2700 m, 22 July
2003, Zangui 35033 (TARI)

Khorassan Razavi province: ca 60 km north of Mashhad, Hezarmasjed mountain,
West of Karimabad, 1950-2150 m, 24 July 2010, Assadi & Hamdi 95972 (TARI)
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Table 1 (contd)

(alo Y Jou=

G. ruscifolia Boiss.

G. saponarioides Bornm. &
Gauba

G. transcaucasica
Barkoudah

G. transcaucasica
Barkoudah

G. transcaucasica
Barkoudah
G. virgata Boiss.

G. wilhelminea Rech.f.

G. xanthochlora Rech.f.

West Azerbaijan province: ca 10 km south of Sero toward Silvana, 1900 m,
6 July 1991, Mozaffarian 69887 (TARI)

Mazandaran province: south of Ramsar, Siemam, 3620 m, 13 August 1976,
Runemark & Massoumi 21828 (TARI)

Azerbaijan province: 15 km east of Jolfa to Euaghli, 1050 m, 27 June 1978, Assadi &
Mozaffarian 30047 (TARI)

Azerbaijan province: before Zonuz, from Marand to Jolfa, 1600 m, 16 June 1988,
Assadi & Shahsavari 65556 (TARI)

Azerbaijan province: near Bazargan, ca 1500 m, 15 August 1991, Assadi 70819
(TARI)

Hamedan province: Malayer, Aznau, Sard kuh 2040-2300 m, 14 July 1988,
Mozaffarian 65055

West Azerbaijan province: Maku, Tikme, 2650 m, 16 May 1989, Maku Jahad staff
67946 (TARI)

Tehran province: 3 km west of Firuzkuh, 1900 m, 9 July 1978, Babakhanlou, Amiin
& Bazargan 2469 (TARI)

G. yazdiana Falat.,
F.Ghahrem. & Assadi

Y azd province: Shir kuh, 2800 m, 7 July 1972, Foroughi 3898 (TARI)
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Table 2. Maximum, minimum and average size of pollen grains, operculum diameter and distance between pores in

studied Gypsophila taxain Iran

Distance between

Pollen size (aver age) Operculum por eswithout ThiCk. and .
Taxon diameter prominent Figure
(um) annulus (aver age)
(average) (um) (um) oper culum

G. acantholimoides 29.3-30.4 (29.9) 1.6-1.8(1.7) 32-5(4.1 - 2)S-T
G. alvandica 25-27 (26) 2-2.25(2.1) 25-4(3.3) - 5) M-N
G. antoninae 20.7-21.7 (21.2) 34-5(4.1) 35-4.3(3.9) + 2) G-H
G. aretioides 27.6-30(28.8) 2.3-4.3(3.3) 4.7-55 (5.2) - 2) A-B
G. bazorganica 26.8-28.2 (27.4) 2.7-4(3.3) 3.2-4.4(3.8) + 3) C-D
G. bellidifolia 26.5-28.2 (27.4) 2.4-3.6 (3) 3.6-5.6 (4.6) - 5) S-T
G. bicolor 26.4-27.2(26.9) 4-4.4(4.2) 4-45 (4.3 - 3) Q-R
G. carcifolia 26.8-27.3(27.1) 3.2-3.7(3.5) 3.6-3.8(3.7) + 2) O-P
G. elegans 24.5-25.8 (24.9) 29-32(3.1 2.7-4.3(3.2) - 4) Q-R

var. elegans
G. farsensis 29-29.5(29.3) 5-55(5.3) 5-5.7 (5.4) + 5) Q-R
G. graminifolia 27.2-28(27.6) 3.7-4.3(4.1) 3.4-4.1(3.7) + 2) Q-R
G. heteropoda 25.9-26.7 (26.3) 2.6-2.8(2.6) 28-35(3.2) - 4) O-P
G. iranica 25.8-26.1 (26) 2.5-3(2.6) 2.7-3.8(3.2) + ) S-T
G. linearifolia 22.7-23(22.9) 25-3(2.7) 34-5(4.1) - 4 1-J
G. lurorum 28.7-30.9 (29.7) 2.2-38(31) 2.8-49(4) - 3) K-L
G. melampoda 24.6-30(26.7) 27-39(3.2) 3.8-6.7 (5.4) - 4) K-L
G. modesta 27.2-27.9 (27.6) 3.8-4(3.9) 4-4.7 (4.3 - 4) E-F
G. mozaffarianii 22.1-23.9 (22.8) 2.3-25(2.4) 3-6.2 (4.5 - 2) E-F
G. mucronifolia 25-25.7 (25.3) 3.2-4.2(3.6) 3.2-4.7 (3.9) + 4) G-H
G. nabelekii 26.5-30 (28.3) 3.7-5(4.5) 4.1-5.2 (4.6) + 3) A-B
G. obconica 26.4-27.2 (26.8) 2-3(2.5) 5.2-6 (5.6) - 5) A-B
G. pallida 27-30(28.5) 3-4(3.5) 5.5-8 (6.8) - 3)S-T
G. perfoliata 24.4-29 (25.9) 4-5(4.3 35-5(4) - 3) G-H
G. persica 25-25.5(25.3) 2.8-3.7(3.3) 3-3.8(3.3 - 5) 1-J
G. pilosa 25-26.1 (25.6) 2.1-3(2.6) 3.5-4(3.7) - 2)M-N

var. glabra
G. pilosa 30.6-32 (31.3) 3.6-4.6 (4) 35-3.8(3.9) - 2) K-L

var. pilosa
G. platyphylla 30.5-31.5(30.8) 3.5-4(3.7) 3.3-6 (4.5 + 5) O-P
G. polyclada 24.2-25.8 (25) 2.1-35(3) 3.2-4(3.6) - 5) C-D

var. glandulosa
G. polyclada 28.9-32.6 (30.8) 3.7-4.9 (4.3) 4.3-45 (4.1) - 5) E-F

var. leioclada
G. polyclada 26-26.7 (26.4) 21-2.7 (2.4 4-58(4.9) - 5) G-H

var. polyclada
G. pseudomelampoda 23.2-24.5 (23.9) 2.7-3.1(2.9) 2.9-4.3(3.5) - 4) M-N
G. pseudopallida 29-31 (30) 3.5-3.8(3.7) 5.5-6.5 (6) - 4) A-B
G. pulvinaris 30-30.7 (30.3) 3.4-4.2 (3.8) 5.2-7(6.2) - 2)C-D
G. ruscifolia 28.5-30.2 (29.4) 35-38(3.7) 3-4.4(3.8) - 4) C-D
G. saponarioides 28.8-29.7 (29.3) 3-3.6(3.3) 3.2-4.6 (4) + 2)1-J
G. transcaucasica 23.5-25.5(24.5) 2-2.5(2.3) 3.5-(4.3) - 3) O-P
G. virgata 23.5-23.7 (23.6) 5.5-6 (5.8) 2.3-34(29) + 3) M-N
G. wilhelminae 30-31.5(30.8) 3-33(3.2) 5-8.5(7.4) - 3) E-F
G. xanthochlora 26.9-28.9 (28.1) 3.7-5.9 (4.6) 3.7-4.9 (4.49) + 5) K-L
G. yazdiana 24-25 (24.5) 2-3(2.5) 3.2-3.9 (3.6) - 3) 1-J
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—
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F
_
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G. polyclada var. polyclada Lo
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G. caricifolia En

G. graminifolia En
G. bellidifolia De

G. mucrenifolin Dr
G. sap ioides Cr

. bicolor Pa
s . elegans var. elegans EI

G. modesta Dr
G. persica Lo

. polyclada var. glandulosa Lo
G. pseudomelampoda Dr

G. aretioides Pu

G. melampoda  Dr

G. pallida Su

G dopallida Su

G. pulvinaris Pu

G. wilhelmi Ca

G. lurorum Hi

H

¥ 4

G. pilosa var. pilosa Ps

G. polyclada var. leioclada Lo
G. ruscifolia Su
G. obconica De
G. platyphylla  Hi
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G. virgata Su
G. xanthochlora Lo

= G. farsensis i
b G. nabelekii Ca

&ly sskaisl wdle) UPGMA s, & o)lpl 5o Gypsophila ez slaall cwlidos 5 gl 56T 51 Jolo ol S528 ) S
En=Ensifoliae.EI=Elegantes .Dr=Drypidipetalae De=Desertocolae .Cr=Crassae Ca=Caespitosae o jizu,; ¢ b iz
{Ps=Pseudosaponaria [Pr=Pauciramosae ;Pa=Panicul atae . o=Longipetalae Ho=Hoplites Hi=Hispidae He=Heterochroa

(Tr=Trichotomae 5 Su=Suffruticosae Pu=Pulvinaris

Fig. 1. Phenogram of Iranian Gypsophila taxa derived from palynological analysis using UPGMA method
(Abbreviations for sections and subsections: Ca=Caespitosae, Cr=Crassae, De=Desertocolae, Dr=Drypidipetalae,
El=Elegantes, En=Ensifoliae, He=Heterochroa, Hi=Hispidae, Ho=Hoplites, Lo=Longipetalae, Pa=Paniculatae,
Pr=Pauciramosae, Ps=Pseudosaponaria, Pu=Pulvinaris, Su=Suffruticosae and Tr=Trichotomae).
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Gypsophila az 0 ¢ daie mhw @by 51 Soop Glad 5 00,5 als 5l o) Sg,S QoS Soe poas =¥ S
&G. saponarioides J-I G. antoninae H-G G. mozaffarianii F-E G. pulvinaris D-C G. aretioides B-A
&G. graminifolia .R-Q G. carcifolia P-O G. pilosa var. glabra N-M G. pilosa var. pilosa L-K

.G. acantholimoides .T-S
Fig. 2. SEM micrographs of Gypsophila pollen grains and close view if ornamentation, pore and operculum:
A-B. G. aretioides, C-D. G. pulvinaris, E-F. G. mozaffarianii, G-H. G. antoninae, 1-J. G. saponarioides,

K-L. G. pilosa var. pilosa, M-N. G. pilosa var. glabra, O-P. G. caricifolia, Q-R. G. graminifolia,
S-T. G. acantholimoides.
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R e als A
Gypsophila az 0 ¢ date s Sl 51 Soop lad g 00,8 wls 5l o) G980 QeSs Soo pgas -V S5
G. yazdiana J-1 G. perfoliata H-G G. wilhelminae F-E G. bazorganica .D-C G. nabelekii B-A

.G. pallida .T-S G. bicolor R-Q (G. transcaucasica .P-O (G. virgata .N-M G. lurorum .L -K

Fig. 3. SEM micrographs of Gypsophila pollen grains and close view if ornamentation, pore and operculum:
A-B. G. nabelekii, C-D. G. bazorganica, E-F. G. wilhelminae, G-H. G. perfoliata, I-J. G. yazdiana, K-L. G. lurorum,
M-N. G. virgata, O-P. G. transcaucasica, Q-R. G. bicolor, S-T. G. pallida.

rg
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Gypsophila azx )3 5 die v Slgpio 5l Seop gled 5 003 Al 5l o)l0 S9ySl oSy See pgad T SO
G. linearifolia J-I «G. mucronifolia H-G G. modesta F-E G. ruscifolia D-C G. pseudopallida .B-A
G. elegans var. elegans .R-Q G. heteropoda .P-O G. pseudomelampoda N-M G. melampoda LK

G.iranica .T-S

Fig. 4. SEM micrographs of Gypsophila pollen grains and close view if ornamentation, pore and operculum:
A-B. G. pseudopallida, C-D. G. ruscifolia, E-F. G. modesta, G-H. G. mucronifolia, 1-J. G. linearifolia,
K.L. G. melampoda, M-N. G. pseudomelampoda, O-P. G. heteropoda, Q-R. G. elegans var. elegans, S-T. G. iranica.
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Gypsophila azy ;o g dae irlaw Slig 5l Soop sled g 00,8 wls 5l o) Sg, Sl Cefug Koo poas -0 JS&
G. polyclada var. H-G .G. polyclada var. leioclada F-E (G. polyclada var. glandulosa .D-C .G. obconica B-A
G. farsensis R-Q (G. platyphylla P-O G. alvandica N-M .G. xanthochlora L-K .G. persica J-l (polyclada

G. bellidifolia .T-S

Fig. 5. SEM micrographs of Gypsophila pollen grains and close view if ornamentation, pore and operculum:
A-B. G. obconica, C-D. G. polyclada var. glandulosa, E-F. G. polyclada var. leioclada, G-H. G. polyclada var.

polyclada, 1-J. G. persica, K-L. G. xanthochlora, M-N. G. alvandica, O-P. G. platyphylla, Q-R. G. farsensis,
S-T. G. bellidifalia.
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