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Abstract

The seed morphology 46 specieof Prangos(Apiaceag from Iran has beeeaxaminedusing light and scanning
electronmicroscopiesMacro- and micromorphological features, including seed shape, color, size, epidermal cell shape,
anticlinal boundaries, outer periclinal cell walhdcharacteristic®f outer cell walls have been investigatBased on
epidermal cell size, cell arrangement, cell anticlinal and periclinal ythlise types of anticlinal cell wall boundaries
were recognizedlhe study showed thahe seed coat ornamentation pattern could be helpful in identification of species.
The purpose of this study was to describe and compare external seed morphological charactéatigosspecies
and to evaluate their possible use for taxonomic cenains.In addition based on the seed exomorphic criteria
extracted from LM and SEMn artificial key to the species of the genus is provided.
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Introduction P. calligonoides P. tuberculata and P. longistylis (Boiss.)

Apiaceae (Umbelliferad d Pimenov & Kljuykoy, sectionPrangosincludesP. uloptera

cosmopolitarfamily consisting of 466 genera and about 3820 PC- P pabularia subsp.pabularia Lindl., andP. latiloba
Korovin, and  section Meliocarpoides includes

is a very large an

specieqgPlunkettet al. 2018 which is mostly distributed in

temperate Eurasia and North America (Plunket. 2018). P. cheilanthifolia(Mozaffarian 2007pnly. Prangosis dso a

In Iran, he family is represented by 124 geneaad 375 monophyletic genus closely related to monophyletic genus

species (Ghahremaninejat al. 2017) The fruits in the ~ Cachrys(Lyskov et al 2017a,b)Many species o€achrys

family are typically schizocarps witivo-ribbed mericarps. were transferred t&rangosand Bilacunaria (Pimenov &

Based on the shape of the endosperm (Drude 1898)'I,'ikhomirov 1983)but according to a molecular study carried

the genugrangosLindl. has beettraditionallyplaced inthe ~ ©Ut byDownieet al (2010),Prangosshould be placed in the

subfamily Apioideae Seem.and tribe SmyrieaeSpreng ~ Cachrysclade.

Prangosis represented by 45 taxa worldwide (Lyshkeval Seed morphological characters (length, width, shape,

2017) while mostspecies are found in Asia (Pimen&v and color) contributed useful data and are frequerstiduo

Leonov 1993) The centerof diversity of the genus is the discriminate the taxa in @lerent taxonomic ranks. In general,

Irano-Turanian region (Sendait al 2011). Iran and Turkey (he studied species dtrangoshave close morphological

are important centers for the genRgangosas half of all characteristics and is sometimes difficult to differentiate them

species othe genusgrow in these area@®echinger 1987 from each other (Lyskoet al. 2017b). Daerent researchers
Daviset al. 1988§.

Kuzj mina

have performed seed morphological studies emphasizing the
(1962) condu c t@gnomicyalue of severimbelife(agtaxg (Bdpronghpk
Prangosusing carpological characters, in whiso sections ~ 1983, Duraret al 2010, 2015, Ostroumot al 2016), but
with two subsections were delimited, whereas Herrnstadt S€€d morphology dPrangosis poorly known so that only a
Heyn (1977) also had great emphasis on carpologicaf€W occurrences of its seed is available in published work
Kuzij mi na(Bgenqv&Jikhomirpv-1983,Lyskpet al2Ql7qh). fheged ¢

coat surfaceof seeds (such as epidermal cell size, cell

characters modiyed
genus into three sectiori®rangos (type: P. pabularig,

Intacta Kuzmina (type P. bucharica B. Fedtsch,) and arrangement, cell outlines, anticlinal and periclinal walls) are

MeliocarpoidesHermst. & Heyn(type: P. meliocarpoides valuable features for taxonomic studies that used in the

Boiss)]. According toFlora IranicaPrangoshas 16species ~ SPecies level (Fukuhagt al 1999, Menemen & Jury 2001,

in Iran (Rechinger 1987df which five endemic species
including P. tuberculata Boiss. & Hausskn. ex Boiss.
P. gaubadBornm.) Herrnst. & HeyrP. crossopter&lerrnst.
& Heyn, P. calligonoidesRech.f, and P. cheilanthifolia
Boiss are distributed inthe country(Mozaffarian 1996).
Prangosis a polymorphicgenusandvaries considerably in

habit p o r s Wwell asfruit morphology thatthese features

Ghimire et al 2016, Ostroumov&018). Several recent
phylogenetic studiehave helped the systematics of genus
Prangos(Downie et al 2000, ValiejgRomanet al 2006,
Ajani et al 2008, Downieet al 2010, Banasiakt al. 2013,
Lyskov et al. 2015, Lyskovet al 2017a,b, Lyskov &
erSamgullin 2017c). Recently, Lyskoast al. (2017b) divided

the genus into two subgenera vRrangosand Koelzella

havemadesome ambiguities idetermining the boundaries (M.Hiroe) Lyskov & Pimenov. Heywood (1971) suggested

within the genus (Lyskoet al. 201). Rechinger (1987)

divided the genus into three sections. Intacta, Prangos

the importance and effectiveness of scanning electron
microscopy (SEM) in solving systematfroblems. SEM

studies showed that, seed has wuseful taxonomic

and Meliocarpoides Herrnst. & Heyn Section Intacta

includesP. asperulasubsp.haussknechti{Boiss.) Herrnst. ~ characteristics for different families and genera and plays an

& Heyn, P. corymbosaBoiss, P. serpentinica(Rech.f., ~ important role in the study of plant systematic (Aketral

2013) hencehas some taxonomic significance at theegien
and species levels (Brochmann 1992, Kewual. 2000). The

Aellen & Esfand) Herrnst. & Heyn, P. crossoptera

P. gaubag P. ferulacealindl., P. acaulis (DC.) Bornm,
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present aim is, therefore, to describe morphologicalcell shape, characters of anticlinal boundariesd
characteristics and ornamentation of the seed of all Iraniapericlinal cell wall ofeach taxorseed (Table 2.
members of the genuBrangos with emphasis on their For macromorpholdgal gudies, observations were

micromorphological charactetiss, mostly focusing on the  ~gried outin a Leica WILD M3Z stereomicroscppadl12
utility of the obtained data (treated separately and combinedyaeys foreach taxon were chosen to cover the range of
for the taxonomy of the genus. variation. (Table 2). For micromorphological observations

This studyis mainly aimed to survey the diversity of of the seeds including the surface ornamentation, anticlinal

seed morphology in the native speciefadingosin Iran to . .
phology P g and periclinal cell walls, and the structure of epidermal cell,

find useful seed dracteristics for delimitation of their . . L . .
) the specimens examined wiHitachi SU3500scanning
closely related species that may not be clear by . . .
_ o ] electron microscopeFor scanning electron microscopy
morphological and molecular characteristicScanning

. . (SEM), the seeds were mounted onto a metallic stub with a
electron microscopyasalso usedo solvethe problems in

. . . . . doublesided adhesive tape. Gold coating of few
systematic of the taxta establisithe taxonomic relationship

between close specigdost ofthe examined taxa have been nanometers was applied using sputter coating machine

studied for the first timén Iran. Based on seed morphology, (Pvd.irDedktop magnetron spuitrifgto avoid charging

akey to the species of the genesalso provided. and capture high quality imageghe stubs were sputter
coated with golepaladiumfor 5 min(seed in whole mount
Material s and M ethods with X = 10, 11, 13, 16, 1&nd seed scan with X 100,
Fifteen Prangos speciesthat had beercollected 400, 450, 50D The values of the length and width seeds
from different localities from west, south and central partswere calculated by Simpson & Roe graphical test (Van der
in Iranduring 19722014years, were examined hdféigs ~ Pluym & Hideux 1997)The terminology of morphological
1i 5, Table J). Collection details of the selected specimenscharacteristics was carried out in accordance with Corner
were shown in Table Beeds of all5specieof Prangos ~ (1976), Stearn (1985)and Barthlott (1981)Five seed
occurring in Iran were studied.The work is based on Micromorphologcal charactersvere choseto separate the
studying the collections deposited SAR| (Research 15 taxa of thé’rangos.The characters and sta{gsich as:
Institute of Forests and Rangelamtirbarium Sanandaj epidermal cells size, cell arrangement, cell outlines,
TARI (Research Institute of Forests and Range|and§nticlinalandpericlinal walk; characters states with coded:
Herbarium Tehran, and UUH (University of Urmia small: 0, large: 1; random: 0, in rows: 1; isodiametric: O,
Herbarium Urmia) (Iran). Thesecollectionswere then oblong: 1; raised: 0, slightly raised:1, depressed: 2; flat: O,
closely compared with various collectionef convex: 1, concave: 2, with small acute projection: 3, with
E (https://data.rbge.org.uk/search/herbariym Small compressed: 4)ave been subjecteto numerical
K (https://www.kew.org/science/collections @analysis undeaprogram using similarity and dissimilarity
and-resources/collections/herbarium)and W  assessment percentage methidvach 1999. The taxa
(https://herbarium.univie.ac.at/database/search.php Were grouped according to the variation of selected
herbaria In some cases, images are accessible Ga&tF characters by use of the clustering analysis method
(https:/ivww.gbif.org. References to the International (Unweighted pair group ethod with arithmetic mean
Code of Nomenclature for algae, fungi and pla@sl  [(UPGMA); Fig. 5 B]. The MVSP softwareVer. 3.2
(https://Awww.ipni.org?q=Prangog werealsoprovided. @~ ( Kovach 1999) was wused to
All collections were critically studies fomportant ~ Similarity coefficients among the taxa.dendrogram was
taxonomic characterg the genus including the shape, constructed using UPGMA (unweighted paioup method

color and sizepresencer absence winged ribs, epidermal With arithmetic mean).
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Table 1.Species ofPrangosexamined in this study

Voucher

Altitude

Taxa ; Location Coordinates Date Collector
specimen (m)
P.acaulis(DC.) Bornm. 93429 E. Azarbaijan prov.: Miyaneh Bozgoush 37°39'26" N 1909 2.92007 Mozaffarian
TARI mountin region Varankesh village 47°27'0.5"E
P. asperulasubsphaussknechti{Boiss.) 3012 W. Azarbajan prov.: 20 km Sardastd Baneh 36°10'58" N 1500 9.71974 Siami & Zehzad
Herrnst. & Heyn UUH road 45°41'40"E
P. calligonoidesRech.f. 37022 Lorestan prov.: ca. 20 km SW of Dorqud 33°19'43" N 1250 1600 1171981 Assadi &
TARI Bisheh 48°5323"E Mozaffarian
P. cheilanthifoliaBoiss. 79243 Esfahan prov.: 1&m from Naein to Yazd 32°46'42" N 1400 15.5.1999 Mozaffarian
TARI 53°13'40"E
P. corymbosaoiss. 23810 E. Azarbajan prov.: Miyaneh, 30 kmorth of 37°41'04" N 1500 245.1974 Babakhanlou
TARI Miyaneh road to KhalkhaNeshagh village  47°40'39"E
P. crossoptereHerrnst. & Heyn 788 Kordestarprov.: SanandajNarran village, 38 35°07'57" N 1500 2400 15.6.1986 Fattahj Tavakoly
SARI km from Sanandaj, Sananeé&amyaran 46°59'04"E & Khaledian
P. eriantha(DC.) Lyskov & Pimenov 71622 W. Azarbajan prov.: Urumieh, Salmas to Tasu 38°16'02" N 1480 25101991 Mozaffarian
TARI after Sadghian 45°01'00"E
P. ferulaceaLindl. 29301 Kordestan prov.: 32 km from Bangin road to ~ 35°43'02" N 1640 30.5.1978 Runemark &
TARI Marivan 46°03'25"E Mozaffarian
P. gaubagBornm.) Herrnst. & Heyn 105328 Zanjan prov.: Zanjato Dandi 3 km after 36°3227" N 1860 2952014 Mahmoodi
TARI Gharaei village, rocky slope 47°55'37"E
P. latiloba Korovin 35966 Khorassan prov.: Between Mashhad orbate 35°46'26" N 1700 1900 16.6.1972 Assadi &
TARI Heydarieh, RobaGefid 59°22'37"E Mozaffarian
P. longistylis(Boiss.) Pimenov & Kljuykov 30709 E. Azarbajan prov.:Kuh-e Sahand 37°48'39" N 22002900 3.71978 Assadi &
TARI 46°17'34"E Mozaffarian
P. pabulariasubsppabulariaLindl. 87681 Kermanshah prov.: Kermanshah to Kamyarar 34°3823" N 1915 8.7.2003 Hamzehee &
TARI Varmangeh, PadeganShahid Raj& 46°56'37"E Asri
P. serpentinicdRech.f., K.Rasbach, Reichst 48436 Khorasan prov.: EsferayeN, slope ofkKuh-e 37°06'21" N 1700 2500 6.6.1984 Mozaffarian
& Bennert) Herrnst. & Heyn TARI ShahJahan from DarparchieBala village 57°43'25"E
P. tuberculataBoiss. & Hausskn. ex Boiss. 46677 Fars prov.: ShirgHosseinrabad Protectedrea  29°38'15" N 1850 3.6.1983 Mozaffarian
TARI 52°11'50"E
P. ulopteraDC. 32622 Tehran prov.W Tehran, Suleghun valley 35°48'44" N 1500 2000 31.6.1979 Assadi &
TARI 51°15'48"E Mozaffarian
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Results

In the classification ofApiaceaetaxa, seed features

are very valuable taxonomicallythat representdistinct

analyses separated the taxa into two major clusters, 1 (Group

I) and 2 (Groupll). Group | comprises the sculpture

ornamentation with cell outlines isodiametric and random.

differences in shape and size. In this study, the seed featuré&ased oranticlinal wall, hegroupl, was further divided into

of 15 Prangosspeciesvere determined by light and scanning two clusters ¢ulgroup. Cluster 1: raisedsubgroupand

microscops. The micrograph images of seedsRiangos
species are representedfigures 1i 4. The ten quantitative

characters were measured in seedsl1bfspecies.The

cluster 2: slightly raisedsubgroup (Fig. 5 B). Group Il

comprises the sculpture ornamentation with cell outlines

oblong and in rowsBased oranticlinal wall, his groupwas

morphologicalcharacter®f the seeds including shape, size, further divided into twelusters $ubgroup). Clusterl: raised

color,andlength/width ratio for each taxon were presented insubgroupandcluster2: depressedgubgroup(Fig. 5B). Two

Table 2 The shape of seeds showed variation. Seeds argroupsof ornamentation patterns were observed:

cylindrical, ovate ovate to elliptic, oblongoblong to linear

Group | (Isodiametric and random): the sculpture

elliptic or elliptic to ovaten shape. The size of seeds in the ornamentation of group | is formed by cell outlines

studied species ardifferent from 6.37 x 2.32 mm (iR.
latiloba) to 13.45 x 2.87 mm (ifP. ferulaced. The seed

isodiametric and randongwith 10 species This group

included Prangos asperula subsp. haussknechtii

length and width varies greatly among the examined specieB. corymbosaP. serpentinicaP. crossopteraP. gaubae

(Fig. 5B). The color of fruits varies frogreenin P. acaulis
andP. gaubaegrayin P. latiloba, light brownin P. pabularia

subsp pabularia P. serpentinicaandP. uloptera brown to

P. acaulis P. calligonoides P. tuberculata P. longistylis
andP. cheilanthifolia(Figs 1A-C,1D-F,1 G-I, 1 }L, 1 M-
0O, 2A-C,2D-F, 2 G-, 2 M-0O, 3 A-C; Table 3. Based on

black inP. corymbosaand dark brown in the rest of the taxa anticlinal wall, his seedgroupwas further divided intéwo

(Fig. 2 Table 2).The micromorphological features, including sulgroups (Fig. 5 B). The raiseesubgroup is easily

seed epidermal cells sizegll arrangement, cell outlines,

anticlinal and periclinal wadlhave been investigated.
Micromorphologicakharacters
- Epidermal cells
The epidermal cell

variation among the studied species (Table 2). Small
epidermal cells observed PrangoscorymbosaP. acaulis
P. calligonoides P. tuberculata P.
P. pabularia subsp pabularia (Figs 1D-F, 2A-C, 1 D-F, 1
G-I, 1 M-O, 3G-l). The largeepidermal cells observddeed
scan with X=100, 400, 450, 5000 P. asperulasubsp.

longistylis and

haussknechtiiP. serpentinicaP. crossopteraP. gaubae
P. ferulaceaP. cheilanthifolia P. uloptera P. latiloba, and
P. eriantha(Figs 1A-C,1G-l, 1 JL, 1M-O, 2JL, 3A-C,
3D-F,3 XL, 3M-0).

- Anticlinal cell wall boundaries

recognized by having anticlinal wall raised sd®dth six
species ofP. asperulasubsp.haussknechtjiP. corymbosa
P. crossoptera P. calligonoides P. tuberculat, and
P. cheilanthifolia(Figs1 A-C, 1 D-F, 1 JL, 2 D-F,2 G-I, 3

size showed considerable A-C)]. The slightly raisegubgroup is easily recognized by

having anticlinal wall slightly raised seid four species of
P. serpentinicaP. gaubagP. acaulis andP. longistylis(Figs
1 G-I, 1M-0O, 2A-C, 2 M-0)].

Group Il (oblong and in rows): the seedat surface of group
Il is formed by cell outlines oblong and in rows, included
Prangos ferulacea P.
pabularia, P. latiloba andP. eriantha(Figs 2JL, 3 D-F, 3
G-, 3 JL, 3 M-O, Table 2).Based omanticlinal wall, his

seedgroup was further divided into two sgiboups. The

uloptera P. pabularia subsp.

raisedsubgroup is easily recognized by having anticlinal wall

raised seed (iR. ferulaceaP. uloptera P. pabulariasubsp.

The cell outlines varied from isodiametric to oblong pabularia, andP. latiloba (Figs 2J-L, 3 D-F, 3 G-I, 3 J-L).

in shape. The sculpture features of the seed surface are showhe depressedubgroup is easily recognized by having

in figures1i 3. The cell arrangement varied from random to anticlinal walldepressedeed with only specieB. eriantha

in rows (Table 2).Based onseed charactergur cluster

(Fig. 3 M-O).



Table 2. Morphologicaland micromorphologicalata obtained frorrangosseeds

Length Width  Length/width Winged Epidermal Cell Cell Anticlinal  Periclinal
Taxa : : Shape Color . .
(mm) (mm) ratio (mm) rib cell size  arrangement  outline wall wall
P. acaulis 10.86(10.41 3.03(2.1% 3.58 Presence Ovateto  Green Small Random Isodiametric Slightly Convex
11.32) 3.95) elliptic raised
P. asperulasubsp 13.39(12.93 3.41(3.14 3.92 Presence  Oblong Dark Large Random Isodiametric Raised Flat
haussknechtii 13.85) 3.68) brown
P. calligonoides 7.41(6.26  2.16(1.64 3.43 Presence Ovate Dark Small Random Isodiametric Raised With small
8.56) 2.64) brown acute
projection
P. cheilanthifolia 6.65(6.39  2.53(2.17 2.62 Absence Elliptic Dark Large Random Isodiametric Raised Convex
6.95) 2.89) brown
P. corymbosa 8.45(7.89  1.53(1.13 5.52 Presence  Oblong Brown Small Random Isodiametric Raised With small
9.01) 1.93) to compressed
black
P. crossoptera 9.45(8.8 3.52(3.03 3.95 Presence Ovate Dark Large Random Isodiametric Raised Concave
10.10 4.01) brown
P. eriantha 11.02(10.06  2(1.89 4.50 Presence Elliptic to Dark Large In rows Oblong Depressed Concave
11.98 2.11) oblong brown
P. ferulacea 13.45(12.96 2.87(2.72 4.59 Presence Elliptic to Dark Large In rows Oblong Raised Flat
13.94) 3.02) ovate brown
P. gaubae 6.75(6.49  2.39(1.93 2.82 Absence Ovate Green Large Random Isodiametric Slightly With small
7.01) 2.85) raised acute
projection
P. latiloba 6.3715.8 2.32(1.88 2.74 Presence Cylindrical  Gray Large In rows Oblong Raised Flat
6.94) 2.76)
P. longistylis 13.1§12.59 3.03(2.58 4.34 Presence  Ovate to Dark Small Random Isodiametric Slightly With small
13.78) 3.48) elliptic brown raised acute
projection
P. pabulariasubsp. 10.66(9.94 2.09(1.35 5.10 Presence Oblongto  Light Small In rows Oblong Raised Concave
pabularia 11.38) 2.83 linear brown
P. serpentinica 9.29(8.69  2.94(2.68 3.15 Absence Ovate Light Large Random Isodiametric Slightly Concave
9.89) 3.20) brown raised
P. tuberculata 7.74(7.55 2.74(2.38 2.82 Presence Ovate Dark Small Random Isodiametric Raised Concave
7.93) 3.1) brown
P. uloptera 10.67(10.31 2.08(1.2% 5.12 Presence Oblong to Light Large In rows Oblong Raised With small
11.03) 2.95) linear brown acute

projection
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- Periclinal cell walls

The periclinal walls of theseed in Prangos
species wereflat [P. asperula subsp. haussknechtji
latiloba (Figs 1 AC, 2 JL, 3

concave P.

P. ferulacea P.
J-L)I,
P. tuberculata P. pabularia subsp. pabularia, and
P. eriantha(Figs 1 GI, J-L, 2 G-I, 3 G-I, M-O)], convex
cheilanthifolia (Figs 2 AC, 3

acute projection H. gaubae

serpentinica P. crossoptera

[P. acaulis and P.
A-C)],
P. calligonoides P. longistylis and P. uloptera(Figs 1
M-O, 2 DF, M-O, 3 DF)],
[P. corymbosgFig. 1 D-F)].
Morphologicalcharacters

with small

minutely compressed

The seedmorphology is very important to
separate species iApiaceae In this study, it was
that

taxonomically valuable:for example: shape size,

found the morphological characters
color, andseed coat and texture with@ach taxor(15
species)wveregiven in Table 2and the image by light
microscoperepresented ifigure 4.
- Seed shape, sizand color

The seeds oPrangosspecies arecylindrical,
ovate ovate to elliptic, oblongoblong to linearand
elliptic or elliptic to ovate.The elliptic or elliptic to
ovate seeds were found irP. cheilanthifolia and
P. ferulacea(Fig 4 N, E). Theoblong or oblong to
linear seeds werecharacterized inP. corymbosa
P. asperulasubsp.haussknechtjiP. pabulariasubsp.
pabularia and P. uloptera (Fig. 4 A, J, K, L). Seeds
of P. erianthawereelliptic to oblong(Fig. 40). The
ovate or ovate toelliptic seeds werefound in
P. gaubae P.

serpentinica P. calligonoides

P. tuberculata P. crossoptera P. acaulis and
P. longistylis(Fig. 4 B, C, D, F,G, H, ). Seeds of

P. latiloba werecylindrical (Fig. 4 M).

are

The length and the width of the seeds were
almost unequal in the investigated species and ranged
from 6.37i 13.45x 1.53/3.52 mm. The smalkt seeds
found in Prangoslatiloba (6.37 x 2.3 mm) andhie
largest observed i®. ferulacea(13.45x 2.87 mm).
Seeds ofP. ferulaceawere distinguished from other
seeds ofPrangosin being larger (above 13 mm in
length) (Table 2). In addition based on the seed
width, three distinct seed groupgere recognized viz.
narrowseed(1.50 mmmediumwidth seed(1.5i 2.5
mm), and wideseed(2 . 5 P Themarrowseed was
observedin P. corymbosathe mediumwidth seeds
in P.
P. gaubaeP. latiloba, P. pabulariasubsp.pabularia
and P.

founded calligonoides P. corymbosa
ulopterg and the wide seed noticed in
P. acaulis P.

P. cheilanthifolia P.

asperula subsp. haussknechtji
crossoptera P. ferulacea
P. longistylis P. serpentinicaandP. tuberculata

The seed color iflPrangosspecieswere green,
light brown, dark brownbrown to black,gray and
dark brown to black.Green seeds were found in
P. gaubaeand P. acaulis(Fig. 4 G, H). Gray seeds
were found inP. latiloba (Fig. 4 M). Brown to black
seeds found irP. corymbosa(Fig. 4 A). The seeds
were dark brownor light brown observed in other
species P. cheilanthifolig P. longistylis P. uloptera
P. serpentinic P. pabularia subsp. pabularia,
P. crossoptera P. ferulacea P. asperula subsp.
haussknechtjiP. calligonoides P. tuberculat, and
P.erianthg (Fig. 4B, C, D, E, FJ, I, J, K, L,N, O).
Different specimens oPrangoswere characterized
by seed color varying from green ttark brown to
black

23(2)
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AL
mm x100 500 um x450  100um
Fig. 1. ScanningElectron Micrographs ofPrangosseeds and details of seed coat surfaeeC. P. asperulasubsp.
haussknechtjiD-F. P. corymbosaG-l. P. serpentinicaJL. P. crossopteraM-O. P. gaubae
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D-F. P. calligonoidesG-I. P. tuberculataJ-L. P. ferulaceaM-O. P. longistylis.
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Fig. 3. ScanningElectron Micrographs ofPrangos seeds and details of seed coat surfakeC. P. cheilanthifolia
D-F. P. uloptera G-1. P. pabulariasubsppabularia, J-L. P. latiloba, M-O. P. eriantha



