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Abstract

The genus Eritrichium Schrad. comprises about 50 species, mainly distributed in Central Asia and Pan-Himalaya, with
a few species in Europe and North America. There are about 43 species in China. The Infrageneric classification of
Eritrichiumhas long been controversial and pollen morphology of Eritrichium species is still largely unknown. Furthermore,
Boraginaceae is a eurapalynous and its complexity is rare in angiosperms especially in regard of pollen apertures. The aim
of our study is to analyze the pollen morphology of Eritrichiumand to evaluate its taxonomic significance. In the present
work pollen morphology of 32 taxa belonging to genus Eritrichium have been examined by using scanning electron
microscope (SEM).

Generally, pollen grains very small to small in size, radially symmetrical, isopolar, 6-heterocolpate, (tricolpate and
tricolporate) mostly perprolate, prolate, and rarely subprolate in shape, constricted at the equator rarely without constriction.
Exine ornamentation was very uniform among all studied taxa i.e., psilate and perforated at poles only. However, the result
showed great diversity within species in regard of the shape of pollen, type of aperture, number and position of pores etc. On
the basis of these characters 8 pollen types have been recognized viz. E. laxum-type, E. axilliflorum-type, E. deginense -
type, E. oligocanthum-type, E. minimum-type, E. thymifolium-type, E.hemisphaericum type, and E. sessilifurcatum-type. All
the studied characters provide information for correct identification of the morphologically similar taxa. The pollen data can
also be helpful for distinguishing taxa, species-level revisions.
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Introduction

Boraginaceae Juss. (-The Borage or Forget me not
family) is a large cosmopolitan family, comprises about 154
genera, 2500 species, however in China there are about 47
genera and 294 species of Boraginaceae, of which four
genera and 156 species are endemic to China. Eritrichium
Schrad. ex Gaudin (Boraginaceae: Cynoglosseae) comprises
approximately 50 species around the world, mainly
distributed in Central Asia and Pan-Himalaya, with a few
species in Europe and North America (Zhu et al., 1995).
Eritrichium species are annual or perennial herbs with
strigose or villous, leaves are alternate, scorpioidcymose
inflorescences are branched or not with several blue or white
flowers, nutlets are turbinate to ovoid and usually with
winged, dentate or glochids.

The infrageneric classification of Eritrichium has long
been controversial. At least 3 revisions (Popov 1953; Wang
et al., 1980; Ovchinnikova, 2003; 2008; 2011) have been
proposed based on morphological characters since the
establishment of the genus in 1828 (Gaudin, 1828). The
most recent and comprehensive classification based on a
morphological analysis of 75 Eritrichium species, was
proposed by Ovchinnikova (2003; 2008; 2011), in which 2
subgenus, 6 sections, 2 subsections and 11 series were
recognized within Eritrichium.

Wang et al., (1980) suggested placement Hackelia
within Eritrichium, because the morphological characters
used to distinguish the two genera were continuous among
these different species. Wang et al., (1980) recognized 41
species, 1 subspecies and 2 varieties, and they also divided
Chinese Eritrichium species into 2 subgenera and 4
sections and 11 series chiefly based on morphological
character like leaf shape, the length of pedicel and the

shape of fruits. In a recent revision of Chinese Eritrichium,
Zhu et al., (1995) recognized 39 species, 1 subspecies and
2 varieties, of which 24 species are endemic to China. The
infrageneric classification by Wang et al., (1980) was not
adopted by Zhu et al., (1995), and no new infrageneric
classification was reconstructed. Zhu et al., (1995)
considered the gynobase of Hackelia was quite distinct
from that of Eritrichium in shape and height, and separated
the genusHackelia from Eritrichium but the systematics of
Chinese Eritrichium species remains controversial.
Boraginaceae was first time studied for pollen
morphology by Geoferry (Perveen et al., 1995). Later the
family has been studied for pollen morphology by
(Erdtman, 1952), Awvestisian (1956), Nair (1965), Bou
(1968), Marticorena (1968), Gupta, (1971), and Huyunh
(1971, 1972), Nowicke & Ridgway (1973), Nowicke &
Skvarla (1974), Clarke, (1977), Ben Saad-Liman (1982,
2009), Xi, (1984), Diez (1984), Qureshi & Khan (1985),
Ahn & Lee, (1986), Qureshi & Qaiser (1987), Qureshi et
al., (1989), Ning et al., (1991, 1992; 1993, 1995), Osaloo &
Khatamsaz, (1994), Wang, (1995) El-Ghazaly (1995),
Perveen et al., (1995), Scheel et al., (1996), Retief & Van
Wyk, (1997), Khatamsaz, (2001), Liu et al., (2001a,
2001b, 2003, 2008, 2010), Hargrove & Simpson, (2003),
Limam et al., (2005), Maggi et al., (2008) Binzetet al.,
(2010), Binzet, (2011), Fukuda & Ikeda (2012), Mehrabian
et al.,, (2012) and Binzet et al., (2014), but only a limited
number of studies can be found in the literature regarding
pollen morphology of Eritrichium species i.e., Qureshi,
(1979), Ning, (1991) and Perveen et al., (1995).
Palynological data dealing with Eritrichium is still scare
and pollen morphology of most Eritrichium species and
newly published species like Eritrichium serxuense Wang
(Wang 2010) is still unknown. The present study is based
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on a comprehensive survey of 32 Chinese Eritrichium
species by scanning electron microscopy (SEM) from pan
Himalayas and China. The palynological data will be
helpful to assess the potential significance of pollen
characters in the taxonomy of Eritrichium.

Material and Methods

Sampling and scanning electron microscopy (SEM):
Pollen material was collected by organizing field trips
during different flowering seasons in various regions of
Pan Himalayan and China. List of species studied for
pollen morphology, their voucher numbers and location
are presented in (Table 1). Pollen samples were prepared
for scanning electronmicroscopy. For this purpose, stubs
were prepared by attaching the specimen to stubs with a
conductive adhesive and sputter coated with gold-
palladium. The prepared specimens were observed under
(SEM; Hitachi S-4800). Detailed qualitative characters
like pollen unit or type, symmetry, shape in polar view
and equatorial view, aperture type, postion of pores and
exine sculpturing and quantitative characters like size of
pollen (polar and equatorial diameter),P/E ratio, number
of colpi, pseudocolpi, pores, length of colpi, pseudocolpi,

MAZARI ET AL,

etc. are studied. For measurements “Image-Pro Plus 6.0”
was used. All measurements are in um and are presented
in (Table 2). The terminology is used in accordance to
(Punt et al., 2007 & Hesse et al., 2009).

Results

General description of pollen morphology of Eritrichium
species:  Generally, pollen grains usually radially
symmetrical, isopolar, 6-heterocolpate, (tricolpate, and
tricolporate) perprolate, prolate andsubprolate (Fig. 7) (in
only E. oligocanthum Lian et J.Q. Wang), mostly constricted
at the equator rarely without constriction, very small to small
in size less than 25um. The mean of the polar axis ranged
from 8.64 to 16.19 um while equatorial axis ranged from
3.04 to 8. 29 um (Fig. 4). The outline in polar view was
circular but quadrangular and triangular amb was while
equatorial outline was commonly cocoon shaped or
dumbbell shaped but also oval and oblong in equatorial view.
The mean of length of colpi ranged from 0.50 to 8.36um
(Fig. 6; Table 2). The exine sculpturing was constant i.e.,
psilate but perforated only at poles. Pores 1-6 pores; either
only one pore in the center oron one terminal pole or 2-6
pores located on each pole of aperture of the pollen grain.

Table 1. Voucher and collection localities of Eritrichium taxa studied.

|Co|lect0rs & Vouchers

|Locality

Hao & Y. Zhou 161238 (BNU)  China: Qinghai, Chindu

Taxa

Eritrichium axilliflorum Li Bing Zhang & Yi F. Duan J.C.
. borealisinense Kitag. J.C.
. canum (Benth.) Kitamura J.C.
. confertiflorum W.T. Wang J.C.
. deginense W.T. Wang J.C.
. deltodentum Y.S. Lian & J.Q. Wang J.C.
. echinocaryum (.M. Johnst.) Y.S. Lian & J. Q. Wang J.C.
. hemisphaericum W.T. Wang J.C.
. humillimum W.T. Wang J.C.
. kangdingense W.T. Wang J.C.
. latifolium Kar. et Kir. J.C.

mmmmMmmMMMMMMMMMMMMMMMMMMMMMMMMMMmM

. laxum 1.M. Johnston

. liangyongshanii Li Bing Zhang & Yi F. Duan
. longifolium Decne.

. longipes Y.S. Lian & J.Q. Wang

. medicarpum Y.S. Lian & J.Q. Wang

. minimum (Brand) H. Hara

. oligacanthum Y.S. Lian & J.Q. Wang

. petiolare W.T. Wang

. petiolare var. subturbinatum W.T. Wang

. pauciflorum (Ledeb.) DC.

. pseudolatifolium M. Pop.

. qofengense Y.S. Lian & J.Q. Wang

. serxuense W.T. Wang

. sessilifructum Y.S. Lian & J.Q. Wang

. sinomicrocarpum W.T. Wang

. subjacquemontii M. Pop.

. tangkulaense W.T. Wang

. thymifolium (DC.) Y.S. Lian & J.Q. Wang
. thymifolium subsp. latialatum Y.S. Lian & J.Q. Wang
. villosum (Ledeb.) Bge.

. wanwencaii Li Bing Zhang & Yi F. Duan

J.C.

Hao 201406001 (BNU) China: Beijing, Mentougou
Hao xz14535 China: Xizang,Gyirong
Hao& Y. Zhou 16965 (BNU) China: Xinjiang,Urumqi

Hao 15584 (BNU)
Hao& Y. Zhou 16950 (BNU)
Hao 15578 (BNU)
Hao 15183 (BNU)
Hao 15185 (BNU)
Hao 15120 (BNU)
Hao& Y. Zhou 16743 (BNU)
Hao 15195 (BNU)

L. Wei & J.C. Hao 15330 (BNU)
BNU Exped. LS2015035 (BNU)

J.C.
J.C.
J.C.
J.C.

Hao 15151 (BNU)

Hao & Y. Zhou 161173 (BNU)
Hao & Y. Zhou 16907 (BNU)
Hao & Y. Zhou 16770 (BNU)

L. Wei & J.C. Hao 15535 (BNU)
L. Wei & J.C. Hao 15290 (BNU)
BNU Exped. LS2015035 (BNU)

J.C.
J.C.
J.C.
J.C.
J.C.
J.C.

Hao & Y. Zhou 16870 (BNU)
Hao & Y. Zhou 16915 (BNU)
Hao 15158 (BNU)

Hao & Y. Zhou 16797 (BNU)
Hao xz14378 (BNU)

Hao & Y. Zhou 16923 (BNU)

Q.R. Liu QH2012092 (BNU)

J.C.

Hao & Y. Zhou 16951 (BNU)

L. Wei & J.C. Hao 15531 (BNU)

J.C.
J.C.

Hao & Y. Zhou 16672 (BNU)
Hao & Y. Zhou 16902 (BNU)

China: Yunnan, Dégén
China: Xinjiang, Hejing
China: Xizang, Markam
China: Qinghai, Geermu
China: Qinghai, Zhiduo
China: Sichuan, Kangding
China: Xinjiang, Zhaosu
China: Xizang, Anduo
China: Xizang,Gyirong
China: Xinjiang, Yecheng
China: Sichuan, Sérxu
China: Qinghai, Gangcha
China: Xizang, Zanda
China: Xinjiang, Hejing
China: Xizang, Gar
China: Xizang, Nyalam
China: Ningxia, Wuzhong
China: Xinjiang, Yecheng
China: Xizang, Tingri
China: Qinghai, Sérxu
China: Xinjiang, Taxkorgan
China: Xizang, Nagarzé
China: Xinjiang, Taxkorgan
China: Qinghai, Maoduo
China: Xinjiang, Hejing
China: Xizang, Zanda
China: Xinjiang, Zhaosu
China: Xizang, Zanda
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Key to the pollen types

1a) Pollen grains 6-heterocolpate, 3-colpate, pore absent ..

e . B4 lAXUM-typE(3 SPP)

1b) Pollen grains 6-heterocolpate 3-colporate, POTE PrESENL . ... ...uriririeit ittt ettt etete e eee e aeenns 2
2a) Medial CONSLICHION @DSENT ... ... e e e et et e et 3
2b) Medial constriction present, Amb circular or triangular ....................oeviviiiinn, 5

3a) Pores 6, Amb quadrangular................c.oviviiiiiiiiiieeeeee s
3D) POresS 10r2 coviviniiiiiiiiii et
4a) 2 pores at both poles of aperture ............ccoiviiiieeeee s
4b) 1 pore at one pole Of APETTUIE .....vvuinininieieen e
52) Polar VIEW CITCUIAT ....... .ottt e e e e
5b) Polar view triangular ...............c.ooviviiiiiiiee
6a) Pollen shape perprolate or prolate .........................
6b) Pollen shape SUDPIOIAte .........ovivinieinitiiiiieieeieee et es
7a) Pollen shape prolate ............coevvininineiiieieiieeens
7b) Pollen shape perprolate ................coveeviveeeireinnenne.

1. EritrichiumaxilliflorumLi Bing Zhang & Y| F. Duan

Pollen class: Heterocolpate, 3-colporate.

Shape: Perprolate

Measurements: Polar axis (P) 13.04 um (12.48-13.61
pum), equatorial diameter (E) = 4.80 um (3.32-6.29 um),
P. E ratio 2.79 um, colpus length (C) 7.66 um (5.66-9.66
pm), C/P ratio 00.58 um

Apertures: Aperture membrane granular, 2 pores at both
ends of apertures.

Outline: Polar view- circular, Equatorial view- cocoon
shaped rounded ends and constricted at mid region.
Ornamentation: Psilate but perforated at poles (Fig. 1A-B).

2. E. lianyongshaniiLi Bing Zhang & Y1 F. Duan
Pollen class: Heterocolpate, 3-colporate

Shape: Perprolate

Measurements: Polar axis (P) 9.40 um (8.88-9.93um),
equatorial diameter (E) 3.69 pum (3.37-4.02 um), P. E ratio
2.54 um,colpus length (C) 4.11 um (3.35-4.88 um), C/P
ratio 0.43 pm.

Apertures: Aperture membrane granular, 2 pores at both
ends of apertures.

Outline: Polar view-circular, Equatorial view-cocoon
shaped rounded ends and constricted at mid region.
Ornamentation: Exine Psilate but perforated at poles (Fig.
1C-D).

3. E. borealisinense Kitag.

Pollen class: Heterocolpate, 3-colporate

Shape: Prolate

Measurements:  Polar axis (P) 10.88(7.51-14.26),
equatorial diameter (E) 3.69(3.49-8.02), P. E ratio 1.62
um, colpus length (C) 8.36(7.77-8.96), C/P ratio 0.76 um.
Apertures: Aperture membrane granular, 2 pores at both
ends of apertures.

Outline: Polar view-circular, equatorial view- cocoon
shaped rounded ends and constricted at mid region.
Ornamentation: Psilate but perforated at poles (Fig. 1E-F).

4. E. canum (Benth.) Kitamura
Pollen class: Heterocolpate, 3-colporate

Shape: Perprolate
Measurements: Polar axis (P) 10.01 pm (9.38-10.64 pum),

e E. deginense-type (L spp)

............................................................................................ 4

ceeeeneenen E. hemisphaericum-type (1 spp)
ceeeennn. E.seSSIlifUrcatum-type (1 spp)
6

.................................................. E. thymifolium-type (1 spp)

veeeeennnn. E. 0ligacanthum-type(1 spp)

....................................................... E. minimum-type (7spp)
................................................ E. axilliflorum-type (17 spp)

equatorial diameter (E) 6.41 um (3.33-9.49 um), P. E ratio
1.56 pm, colpus length (C) 6.12 pm (5.36-6.89 um), C/P
ratio 0.61 pum.

Apertures: Aperture membrane granular, one pore at one
pole of aperture.

Outline: Polar view- circular, Equatorial view- cocoon
shaped with rounded ends and constricted at mid region.
Ornamentation: Psilate but perforated at poles (Fig. 1G-H).

5. E. confertiflorum W. T. Wang

Pollen class: Heterocolpate, 3-colporate

Shape: Perprolate

Measurements: Polar axis (P) 9.92 um (8.40-11.45um),
equatorial diameter (E) 3.11(2.75-3.48 pm), P. E ratio
2.54 um, colpus length (C) 3.98 um (6.68-7.30 um), C/P
ratio 0.40 pm.

Apertures: Aperture membrane granular, one pore at one
pole of aperture.

Outline: Polar view-circular, Equatorial view- cocoon
shaped with rounded ends and constricted at mid region.
Ornamentation: Psilate but perforated at poles (Fig. 11-J).

6. E. deginense W. T. Wang

Pollen class: Heterocolpate, 3-colporate

Shape: Perprolate

Measurements: Polar axis (P) 12.31 um (11.27-13.35
pum), equatorial diameter (E) 5.64 um (4.91-6.37 pum), P.
E ratio 2.18 pum, colpus length (C) 6.19 pm (5.57-6.18
pm), C/P ratio 0.50 um.

Apertures: Aperture membrane granular with microelements,
6 pores situated at ends of apertures.

Outline: Polar view- quadangular, angulaaperturate,
equatorial view-cocoon shaped with rounded ends and
constricted at mid region.

Ornamentation: Psilate but perforated at poles (Fig. 1 K-L).

7. E. deltodentum Y.S. Lian & J.Q. Wang

Pollen class: Heterocolpate, 3-colporate

Shape: Perprolate

Measurements: Polar axis (P) 11.06 pm (9.41-10.71 pum),
equatorial diameter (E) 3.60 um (3.22-3.98 um), P. E ratio
3.07 um, colpus length (C) 5.6 pm (4.82-6.38 um), C/P
ratio 0.50 pum.
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Apertures: Aperture membrane granular, 1 pore at one
ends of aperture.

Outline: Polar view- circular, Equatorial view-cocoon
shaped with rounded ends and constricted at mid region.
Ornamentation: Psilate but perforated at poles (Fig. 1 M-N).

8. E. echinocaryum (Johnst.) Lian et J.Q. Wang

Pollen class: Heterocolpate, 3-colporate

Shape: Perprolate

Measurements: Polar axis (P) 11.44 um (10.76-12.13
pum), equatorial diameter (E) 3.28 um (2.98-3.59 pum), P.
E ratio 2.18 pum, colpus length (C) 7.20 um (5.74-8.67
pm), C/P ratio 0.60 pm.

Apertures: Aperture membrane smooth to granular, 2
pores at both ends of apertures.

Outline: Polar view- circular, Equatorial view- cocoon
shaped with rounded ends and deeply constricted at mid
region.

Ornamentation: Psilate but perforated at poles (Fig. 10-P).

9. E. wangwencaiiLi Bing Zhang & Y1 F. Duan

Pollen class: Heterocolpate, 3-colporate

Shape: Prolate

Measurements: Polar axis (P) 10.03 pum (9.39-10.68 um),
equatorial diameter (E), 6.34 um (2.86-3.48 um), P. E
ratiol.58 um, colpus length (C) 5.87um (5.31-6.44 um),
C/P ratio 0.58 pm.

Apertures: Aperture membrane granular, one pore at one
pole of aperture.

Outline: Polar view- circular, Equatorial view- cocoon
shaped with rounded ends and deeply constricted at mid
region.

Ornamentation: Psilate but perforated at poles (Fig. 1Q-R).

10. E. hemisphaericum W.T. Wang

Pollen class: Heterocolpate, 3-colporate

Shape: Prolate

Measurements: Polar axis (P), 10.63 pm (9.36-11.91 pum),
equatorial diameter (E), 6.085 pum (5.86-3.48 um), P. E
ratio 2.79 pum, colpus length (C) 7.57 um (6.36-8.78 um),
C/P ratio 0.71 pm.

Apertures: Aperture membrane granular, 2 pores at both
ends of apertures.

Outline: Polar view- circular, Equatorial view-oblong and
without constriction at mid region.

Ornamentation: Psilate but perforated at poles (Fig. 1S-T).

11. E. humillimum W.T. Wang

Pollen class: Heterocolpate, 3-colporate.

Shape: Perprolate

Measurements: Polar axis (P), 10.07 pm (9.50-10.65 pm),
equatorial diameter (E), 3.04 pm (2.68-3.40 um), P. E
ratio 3.31 pm, colpus length (C) 6.08 um (5.47-6.70 um),
C/P ratio 0.60 pm.

Apertures: Aperture membrane tuberculated, 2 pores at
both ends of apertures.

Outline: Polar view-circular, Equatorial view-cocoon
shaped with rounded ends and deeply constricted at mid
region.
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Ornamentation: Psilate but perforated at poles (Fig. 1U-V).
12. E. kangdingense W.T. Wang

Pollen class: Heterocolpate, 3-colporate.

Shape: Prolate

Measurements: Polar axis (P), 10.35 um (9.36-11.35 um),
equatorial diameter (E), 6.08 um (5.25-6.92 um), P. E
ratiol.70 pum, colpus length (C) 5.84 um (4.98-6.70 um),
C/P ratio 0.56 pm.

Apertures: Aperture membrane granular, 2 pores at both
ends of apertures.

Outline: Polar view-circular, Equatorial view-oval with
rounded ends and without constriction at mid region.
Ornamentation:Psilate but perforated at poles (Fig. 1W-X).

13. E. latifolium Kar. et Kir.

Pollen class: Heterocolpate, 3-colporate.

Shape: Perprolate

Measurements: Polar axis (P) 10.14 pm (9.04-11.24 pym),
equatorial diameter (E) 3.46 um (2.97-3.96 um), P. E ratio
2.93 pum,colpus length (C) 6.33 pum (5.97-6.70 um), C/P
ratio 0.62 pum.

Apertures: Aperture membrane granular, 1 pore at one
pole of aperture.

Outline: Polar view- circular, Equatorial view-cocoon
shaped with rounded ends and deeply constricted at mid
region.

Ornamentation: Psilate but perforated at poles (Fig. 2A-B).

14. E. laxum .M. Johnst.

Pollen class: Heterocolpate, 3-colpate

Shape: Perprolate

Measurements: Polar axis (P) 9.9 um (9.4-10.4 pm),
equatorial diameter (E) 3.37 um (3.2-3.55 um), P. E ratio
2.93 um, colpus length (C) 5.48 um (4.5-6.46 um), C/P
ratio 0.55 pm.

Apertures: Aperture membrane granular, without any pore.
Outline: Polar view-circular, Equatorial view- cocoon
shaped with rounded ends and deeply constricted at mid
region.

Ornamentation: Psilate but perforated at poles (Fig. 2C-D).

15. E. longipes Y.S. Lian & J.Q. Wang

Pollen class: Heterocolpate, 3-colporate

Shape: Perprolate

Measurements: Polar axis (P) 11.11 pm (10.03-12.19
pm), equatorial diameter (E) 3.85 pum (2.90-4.81 um) P. E
ratio 2.88 pum, colpus length (C) 5.82 um (4.90-6.74) um,
C/P ratio 0.52 pm.

Apertures: Aperture membrane granular, 1 pore at one
pole of aperture.

Outline: Polar view- circular, Equatorial view-cocoon
shaped with rounded ends and deeply constricted at mid
region.

Ornamentation: Psilate but perforated at poles (Fig. 2E-F).
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Fig. 1. Scanning electron micrographs (S.E.M.) of pollen grains:
polar and equatorial view. A-B Eritrichium axilliflorum, C-D E.
liangyongshanii, E-F E. borealisinense, G-H E. canum, 1-J E.
confertiflorum, K-L E. deginense, M-N E. deltodentum, O-P E.
echinocaryum, Q-R E. wangwencaii, S-T E. hemisphaericum,
U-V E. humillimum ,W-X E. kangdingense.

16. E. medicarpum 1.M. Johnst.

Pollen class: Heterocolpate, 3-colporate

Shape: Perprolate

Measurements: Polar axis (P) 11.00 um (10.37-11.64 um),
equatorial diameter (E) 3.37 um (2.96-3.79 um), P. E ratio
3. 37 um, colpus length (C) 6.5 pm, (5.98-7.02 um), C/P
ratio 0.59 pm.

Aperture: Aperture membrane granular, 1 pore at one pole
of aperture.

Outline: Polar view- circular, Equatorial view- cocoon
shaped in with rounded ends and deeply constricted mid
region.

Ornamentation: Psilate but perforated at poles (Fig. 2G-H).

17. E. minimum (Brand) H. Hara

Pollen class: Heterocolpate, 3-colporate

Shape: Prolate

Measurements: Polar axis (P) 11.57 pm (10.31-12.84 pm),
equatorial diameter (E) 5.86 um (4.89-6.83 um), P. E ratio
1.97 um, colpus length (C) 5.67 um (4.17-7.18 um), C/P
ratio 0.49 pum.

Apertures: Aperture membrane granular, 2 pores at both
ends of apertures.

Outline: Polar view- circular, Equatorial view- cocoon

MAZARI ET AL,

Fig. 2. Scanning electron micrographs (S.E.M.) of pollen grains:
polar and equatorial view. A-B Eritrichium latifolium, C-D E.
laxum, E-F. E. longipes, G-H E. medicarpum, I-J E. minimum,
K-L E. oligacanthum, M-N E. pauciflorum, O-P E. petiolare, Q-
R E. petiolare var. subturbinatum, S-T E. longifolium, U-V E.
pseudolatifolium, W-X E. gofengense.

shaped view with rounded ends and slightly constricted
mid region.
Ornamentation: Psilate but perforated at poles (Fig. 21-J).

18. E. oligacanthum Lian et J.Q. Wang

Pollen class: Heterocolpate, 3-colporate

Shape: Subprolate

Measurements: Polar axis (P) 8.68 um (5.74-11.62 pm)
equatorial diameter (E) 6.82 pm (3.84-9.81 um), P. E ratio
1.27 pm, colpus length (C) 5.71 pm (5.19-6.24 pum), C/P
ratio 0.65 pum.

Apertures: Aperture membrane granular, 2 pores at both
ends of apertures.

Outline: Polar view- circular, Equatorial view- cocoon
shaped with rounded ends and constricted mid region.
Ornamentation: Psilate but perforated at poles (Fig. 2K-L).

19. E. pauciflorum (Ledeb.) D.C.

Pollen class: Heterocolpate, 3-colporate.

Shape: Perprolate

Measurements: Polar axis (P) 9.96 um (8.98-10.94um),
equatorial diameter (E) 3.71 pm (3.12-4.31 pm), P. E ratio
2.68 pm, colpus length (C) 5.58 um (4.09-7.07-6.73 um),
C/P ratio 0.56 um.



POLLEN MORPHOLOGY OF GENUS ERITRICIUM

Apertures: Aperture membrane granular,2 pores present at
both poles of apertures.

Outline: Polar view- circular, Equatorial view- cocoon
shaped with rounded ends and deeply constricted mid
region.

Ornamentation: Psilate but perforated at poles (Fig. 2M-N).

20. E. petiolare W.T. Wang

Pollen class: Heterocolpate, 3-tricolpate.

Shape: Perprolate

Measurements: Polar axis (P) 8.64 um (3.85-13.43 um),
equatorial diameter (E), 3.13 um (2.48-3.79 pm), P. E ratio
2.76 um, colpus length (C) 7. 25 pm (6.42-8.08 um), C/P
ratio 0.83 pm.

Apertures: Aperture membrane granular, without any pore.

Outline: Polar view-circular, Equatorial view- cocoon
shaped with rounded ends and deeply constricted mid
region.

Ornamentation: Psilate but perforated at poles (Fig. 20-P).

21. E. petiolare var. subturbinatum W.T. Wang

Pollen class: Heterocolpate, 3-colporate

Shape: Perprolate

Measurements: Polar axis (P) 11.14 um (10.21-12.07 pum),
equatorial diameter (E) 5.00 pm (2.83-7.17 pm), P. E
ratio2.22pum, colpus length (C) 6.13 pm (5.20-7.06 pum),
C/P ratio 0.55 pm.

Apertures: Aperture membrane granular, 1 pore present at
one pole.

Outline: Polar view-circular, Equatorial view- cocoon
shaped with rounded ends and deeply constricted mid
region.

Ornamentation: Psilate but perforated at poles (Fig. 2Q-R).

22. E. longifolium Decne.

Pollen class: Heterocolpate, 3-colporate

Shape: Perprolate

Measurements: Polar axis (P) 10.94 um (9.24-12.01 pm),
equatorial diameter (E) 4.80 um (3.42-6.19 um), P. E ratio
2.27 pm, colpus length (C) 3.50 um (4.94-6.51 um), C/P
ratio 0.31 um.

Apertures: Aperture membrane granular, 2 pores at both
ends of apertures.

Outline: Polar view-circular, Equatorial view- cocoon
shaped with rounded ends and deeply constricted mid
region.

Ornamentation: Psilate but perforated at poles (Fig. 2S-T).

23. E. pseudolatifolium M. Pop.

Pollen class: Heterocolpate, 3-colporate

Shape: Perprolate

Measurements: Polar axis (P) 9.08 um (9.00-10.23 pm),
equatorial diameter (E) 4.35 um (3.55-5.15 um), P. E ratio
2.08um, colpus length (C) 5.02 pm (4.35-5.69 pm), C/P
ratio 0.55 pum.

Apertures: Aperture membrane granular, 1 pore present at
one pole.

Outline: Polar view- circular, Equatorial view- cocoon
shaped with rounded ends and deeply constricted mid
region.
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Ornamentation: Psilate but perforated at poles (Fig. 2U-V).
24. E. qofengense Lian et J.Q. Wang

Pollen class: Heterocolpate, 3-colporate

Shape: Perprolate

Measurements: Polar axis (P) 10.30 um (9.24-11.37 um),
equatorial diameter (E) 3.96 um (3.38-4.55 um), P. E ratio
2.60 pm, colpus length (C) 5.72 pum (4.86-6.58 um), C/P
ratio 0.55 um.

Apertures: Aperture membrane granular, 2 pores present at
both ends of apertures.

Outline: Polar view-circular, Equatorial view- cocoon
shaped with rounded ends and deeply constricted mid
region.

Ornamentation: Psilate but perforated at poles (Fig. 2W-X).

25. E. serxuense W.T. Wang

Pollen class: Heterocolpate, 3-colporate

Shape: Prolate

Measurements: Polar axis (P) 10.51 um (9.87-11.16 um),
equatorial diameter (E) 3.96 um (3.38-4.55 um), P. E
ratiol.99 um, colpus length (C) 5.45 pum (3.54-7.36 um),
C/P ratio 0.51 um.

Apertures: Aperture membrane granular, 1 pore present at
one pole of the aperture.

Outline: Polar view- circular, Equatorial view- cocoon
shaped with rounded ends and deeply constricted mid
region.

Ornamentation: Psilate but perforated at poles (Fig. 3A-B).

26. E. sessilifructum Y.S. Lian & J.Q. Wang

Pollen class: Heterocolpate, 3-colporate

Shape: Prolate

Measurements: Polar axis (P) 11.22 ym (12.39-14.48 pm),
equatorial diameter (E) 5.63 pum (4.49-6.78 um), P. E
ratio1.99 pm, colpus length (C) 10.18 pm (9.45-10.92 pm),
C/P ratio 0.90 pum.

Apertures: Aperture membrane granular, 1 pore present at
one pole of the aperture.

Outline: Polar view-circular, Equatorial view- oblong with
rounded ends and slightly without constricted mid region.
Ornamentation: Psilate but perforated at poles (Fig. 3C-D).

27. E. sinomicrocarpum W.T. Wang

Pollen class: Heterocolpate, 3-colporate

Shape: Perprolate

Measurements: Polar axis (P) 11.41 ym (10.23-12.59 pm),
equatorial diameter (E) 3.55 um (2.43-4.68 um) P. E ratio
3.55 um, colpus length (C) 6.82 um (5.38-8.27 um), C/P
ratio 0.59 pum.

Apertures: Aperture membrane granular, 2 pores present at
both ends of apertures.

Outline: Polar view- circular, Equatorial view- cocoon
shaped with rounded ends and deeply constricted mid
region.

Ornamentation: Psilate but perforated at poles (Fig. 3E-F).
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28. E. subjacquemontii M. Pop.

Pollen class: Heterocolpate, 3-colporate.

Shape: Perprolate

Measurements: Polar axis (P) 14.89 um (9.03-20.76 pm),
equatorial diameter (E) 4.28 pm (2.17-6.40 pm), P. E ratio
3.47um, colpus length (C) 5.20 um (3.65-6.73 um), C/P
ratio 0.34 um.

Apertures: Aperture membrane granular,1 pore present at
one pole of aperture.

Outline: Polar view- circular, Equatorial view- cocoon
shaped with rounded ends and deeply constricted mid
region.

Ornamentation: Psilate but perforated at poles (Fig. 3G-H).

29. E. tangkulaense W. T. Wang

Pollen class: Heterocolpate, 3-colpate.

Shape: Perprolate

Measurements: Polar axis (P) 10.78 um (9.92-11.65 um),
equatorial diameter (E) 4.44 um (3.66-5.23 um) P. E
ratio2.42 um, colpus length (C) 6.88 um (5.98-7.78 um),
C/P ratio 0.63 pm.

Apertures: Aperture membrane granular,without any pore.
Outline: Polar view-circular, Equatorial view- cocoon
shaped with rounded ends and deeply constricted mid
region.

Ornamentation: Psilate but perforated at poles (Fig. 31-J).

30. E. thymifolium (DC.) Y.S. Lian & J.Q. Wang

Pollen class: Heterocolpate, 3-colporate

Shape: Prolate

Measurements: Polar axis (P) 16.19 um (10.07-22.31 um),
equatorial diameter (E) 8.29 um (4.55-12.03 um) P. E
ratiol.95um,colpus length (C) 8.32 um (7.64-9.00 um),
C/P ratio 0.15 pm.

Apertures: Aperture membrane granular, 2 pores present at
both ends of apertures.

Outline: Polar view- triangular, Equatorial view- oval with
rounded ends and very slightly constricted at mid region.
Ornamentation: Psilate but perforated at poles (Fig. 3K-L).

31. E. thymifolium subsp. Latialatum Y.S. Lian & J.Q.
Wang

Pollen class: Heterocolpate, 3-colporate

Shape: Prolate

Measurements: Polar axis (P) 12.06 um (11.32-12.8 pm),
equatorial diameter (E) 6.26 pum (4.89-7.63 um), P. E
ratiol.95um, colpus length (C) 6.6 um (5.42-7.78 um), C/P
ratio 0.54 pm.

Apertures: Aperture membrane granular, 1 pore at one end
of aperture.

Outline: Polar view- circular, Equatorial view- oval with
rounded ends and constricted at mid region.

Ornamentation: Psilate (Fig. 3M-N).

32. E. villosum (Ledeb.) Bge.

Pollen class: Heterocolpate, 3-colporate

Shape: Prolate

Measurements: Polar axis (P) 11.22 pm (10.40-12.05 pum),
equatorial diameter (E) 4.04 um (3.53-4.56 um) P. E ratio
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1.95um, colpus length (C) 5.68 pum (4.93-6.43 um), C/P
ratio 0.54 um.

Apertures: Aperture membrane granular, 1 pore at one end
of aperture.

Outline: Polar view- circular, Equatorial view- cocoon
shaped with rounded ends and deeply constricted mid
region.

Ornamentation; Psilate but perforated at poles (Fig. 30-P).

Discussion

Pollen type, size and shape: Boraginaceae is
exclusively eurypalynous and their pollen characters
(Clark 1977; Diez 1984 and Diez & Valdes 1991) can
recognize large number of species. Previous
palynotaxonomic studies on the Boraginaceae were
shown to be valuable in delimiting genera and in the
study of the evolutionary trends within the whole family
(Bigazzi & Selvi, 1998). The two basic pollen types
have been recognized within the family viz.
homoaperturate  (isocolpate) and heteroaperturate
(heterocolpate). The isocolpate pollen grains is a
fundamental character of Boraginaea and Lithospemeae
whereas heterocolpate pollen grains is of tribe
Eritrichaeae and Cynoglosseae (Diez & Valdes, 1991;
Perveen et al., 1995; Bigazzi & Selvi, 1998; Hagroove&
Simpson (2003). The heterocolpate pollen grains have
been also discussed in previous palynological studies on
Eritrchium species by Qureshi, (1979) Ning, (1991), and
Perveen et al., (1995). Our study confirmed the presence
of heterocoplate pollen gains in Eritrichium. Moreover,
Perveen et al., (1995) discussed the heterocolpate pollen
grains of Boraginaceae are usually dumb-bell shaped or
rectangular and with or without constriction at the
equator and mostly forming endocingulum. On the basis
of presence or absences constriction at equator and
andendocingulum they separated the pollen grains of
Heliotropium from Lindelofiatypes. The Heliotropioum
subulatum-type was recognized without constriction and
endocingulum while the later was constricted and
forming endocingulum. The pollen grains of the
Eritrichium species were included in type Heliotropioum
subulatum-type. Our results are in agreement with
Perveen et al., (1995) that in the pollen grains of
Eritrichium or a is not forming endocingulum but in
current study the pollen grains are found constricted as
well as unconstructed at the equator.

Ning, (1991), examined 7 species of Eritrichium and
found cocoon-shaped and tri-colporate and tri-
pseudocolpate pollen grains within Eritrchium species.
Similarly, Perveen et al., (1995) described prolate and 6-
hetrocolpate pollen grains in E. nanum. Prolate and
perprolate shape of the pollen grains also reported by
Qureshi, (1979). In the present investigation of
Eritrichium species three pollen shapes have been
recognized; the common shape of pollen grains was
prolate and perprolate (Fig. 7) similar to previous studies
by Qureshi, (1979) and Perveen et al., (1995) but
subprolate pollen shape was only observed in only E.
oligacanthum Lian et J.Q. Wang (Fig. 2K-L; Fig. 7). The
pollen grains were found very small to small pollen size
less than 25 um in accordance with the study of Qureshi,
(1979).The largest pollen grain was found in E.
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thymifolium (DC.) Y. S. Lian & J.Q. Wang with 16.19 um
long polar axis while the smallest polar axis was observed
in E. petiolare W.T. Wang 8.64 pm (Fig. 4). The
equatorial diameter ranged from 3.04 um (E. humillimum
W.T. Wang) to 8.29 pm (E. thymifolium (DC.) Y.S. Lian &
J.Q. Wang). The mean P/E ratio ranged from 1.56 um to
3.55 pum in E. canum (Benth.) Kitamura and E.
sinomicrocarpum W.T. Wang respectively (Fig. 5, Table
2). According to Walker, (1976) the large pollen grains
belong to the more primitive type, however the pollen
grains of this genus are very small to small in size less
than 10 um and occupy an advance position in the family.

Fig. 3. Scanning electron micrographs (S.E.M.) of pollen grains:
polar and equatorial view. A-B Eritrichium serxuense, C-D E.
sessilifructum, E-F E. sinomicrocarpum, G-H E. subjacquemontii,
I-J E. tangkulaense, K-L E. thymifolium, M-N E. thymifolium
subsp. latialatum, O-P E. villosum.
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Fig. 4. Mean of polar axis and equatorial diameter of taxa
investigated.
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E. thymifolium subsp. latialatum

E. tangkulaense

E. sinomicrocarpum
E. serxuense

E. pseudolatifolium

E. petiolare var. subturbinatum

E. pauciflorum

E. minimum

E. longipes

E. latifolium

E. humillimum

E. wangwencaii

E. deltodentum

E. confertiflorum

E. borealisinense

Eritrichium axilliflorum

Fig. 5. Mean of P/E ratio of taxa investigated.
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Fig. 7. Sum of pollen shapes based on P/E ratio.
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Apertures and pores: According to Willis, (1975) pollen
grains of the family Boraginaceae are characterized by
having large differences in aperture morphology. Majority
of Boraginaceae taxa has 3—4-aperturate grains. Within
Eritrichium species, the number and position of apertures
and pores as well as length of were also significantly
different. The mean of length of colpi (C) ranged from
0.50 to 8.36um in E. liangyongshanii and E.
borealisinense respectively (Fig. 6). Similarly, the C/P
ratio was also minimum E. liangyongshanii i.e., 0.31um
while maximum in E. sessilifructum i.e., 0.90um (Table
2). In some species like E. longipes single pore was
located on one terminal pole (Fig. 2E-F). However, E.
hemisphaericum had two pores located on each pole of
the pollen grain (Fig. 1S-T).Generally, pollen pore
number in Boraginaceae has increased from three to six or
more and this increase in humber of pores in plants may
be advantageous for germination by providing greater
number of germination sites (Dajos et al., 1991; Furness
& Rudall, 2004; Cohen, 2014). In the present study,
greater number of pores were found in E. deginense W. T.
Wang (Fig. 1K-L; Table 2).

On the basis of pollen shapes, apertures and pores (as
well as other pollen characters like constriction at equator
and pollen shapes etc); 8 pollen types have been recognized
within genus Eritrichium viz.,, E. laxum-type, E.
axilliflorum-type, E. deginense-type, E. oligocanthum-type,
E. minimum-type, E. thymifolium-type, E. hemisphaericum-
type, and E. sessiliufurcatum-type. Eritrichiumlaxum-type
can be characterized by having 3-colporate pollen grains
and by absence of any pore. This type included three
species i.e.,, E. laxum I.M. Johnston, E. petiolare W.T.
Wang, E. tangkulaense W.T. Wang (Fig. 2C-D; O-P; Fig.
31-J). E. axilliflorum -type can be easily recognized by 3-
colporate, porate, and prolate shape of pollen grains with
circular amb and medial constriction at the equator in
equatorial view. This type was observed in maximum
number of species and comprised of 17 species i.e., E.
axillifforum Li Bing Zhang & Yi F Duan, E.
liangyongshanii, E. confertifforum W.T. Wang, E.
deltodentum Y.S. Lian & J.Q. Wang, E. echinocaryum (I.M.
Johnst.) Y.S. Lian& J.Q. Wang (Fig. 1A-B, C-D, I-J, M-N,
O-P, U-V), E. humillimum W.T. Wang, E. latifolium Kar. et
Kir., E. longipes Y.S. Lian & J.Q. Wang, E. medicarpum
(Brand) H. Hara, E. pauciflorum (Ledeb.) DC., E. petiolare
var. subturbinatum W.T. Wang, E. longifolium Decne., E.
pseudolatifolium M. Pop., E. gqofengenseLian et J.Q. Wang
(Fig. 2 A-B, E-F, G-H, M-N, Q-R, S-T, U-V, W-X), E.
sinomicrocarpum W.T. Wang, E. subjacquemontii M. Pop.,
and E. villosum (Ledeb.) Bge. (Fig. 3 E-F, G-H, O-P). E.
minimum -type is similar to E. axilliflorum -type in having
3-colporate, porate, pollen grains with medial constriction
and circular amb but the latter type is different in pollen
shape i.e., prolate instead of perprolate. Seven species i.e.,
E. minimum (Brand) H. Hara, E. borealisinense Kitag., E.
canum (Benth.) Kitamura, E. gracile W.T. Wang, E.
kangdingense W.T. Wang (Fig.1 E-F, G-H, Q-R, W-X)), E.
minimum (Brand) H. Hara (Fig. 2J-E). E. serxuense W.T.
Wang and E. thymifolium subsp. Latialatum Y.S. Lian &
J.Q. Wang (Fig. 3A-B, M-N) have been recognized within
E. minimum-type.
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A single species, E. oligacanthum Lian et J.Q. Wang
having subprolate pollen grains (Fig. 2K-L) and E.
deginense W.T. Wang with maximum number of pores
i.e., 6 (Fig. 1K-L) were recognized as E. oligacanthum-
type (Fig. 2 K-L ) and E. deginense—type respectively.
Similarly, E. thymifolium-type also represented by single
species E. thymifolium (DC.) Y.S. Lian & J.Q. Wangand
can be distinguished from rest of the species by having
triangular amb (Fig. 3K-L).

E. sessilifurcatum-type and E. hemisphaericum-type
can be easily recognized mainly by the un-constricted
pollen grains but both types can be distinguished on the
basis of number of pores. E. hemisphaericum-type is
characterized by having two pores at each pole of aperture
(Fig. 1S-T), while E. sessilifurcatum -type by havingl
pore at one pole of aperture (Fig. 3C-D).

The differences and similarities in pollen morphology
of investigated species are obviously of high systematic
significance and can be used identify species on the basis
of pollen characters, for comparative studies with
morphological and/or molecular and other biosystematics
purposes.

Exine sculpturing: Exine sculpturing or ornamentation
has been proved very diverse in Boraginaceae. Ahn &
Lee, (1986) found psilate sculpturing and some
variations like foveolate to coarsely regulate in Ehretia,
scrabate in Amsinckia, Bracybotrys and Omphalodes,
and gemmate in Symphytum. The pollen morphology and
its surface ornamentation were found useful in
separation of Maharanga taxa from Onosma (Ning et
al.,, 1995). Although the exine sculpturing in all the
investigated species was psilate but perforated at poles
only but other pollen traits like shape, apertures and
pores have significant taxonomic differences and can be
in identification of taxa.

Conclusion

In the current study detailed pollen characters of
Eritrichium investigated for the first time from China
especially  Pan-Himalayan regions. The  present
palynological data provides new information about pollen
morphology of all Eritrichium species; especially the newly
published species E. serxuense W.T. Wang (2010).
Interesting pollen characters were examined in Eritrichium
species especially in regard of shape (prolate, perprolate
and subprolate), the number and arrangement of apertures
(3-colpate and 3-colporate), number and position of pores
(1, 2 or 6 pores found at one pole or both poles of
apertures), and presence or absence of constriction at the
equator and other palynological characters. Based on these
characters palynological key to the types is developed (and
8 pollen types have been recognized) which can serve as an
aid for correct identification of species. The present
palynological data can be wused taxonomically for
correlation of characters as well as for any further research
(molecular and cytological) on this group in future.
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