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ABSTRACT: Morphology, leaf anatomical features and pollen grain characteristics of the genus Hieracium
(Asteraceae: Lactuceae) have been investigated and illustrated for the first time in Pakistan. Hieracium L.
and Pilosella Hill, are recognized as separate genera. All Hieracium species are perennia rhizomatous
herbs. In this study five species, i.e. Hieracium bichlorophyllum, H. diaphanoides, H. umbellatum, H.
virosum, and H. vulgatum are described for Pakistan. The stem surface is glabrous in H. diaphanoides and
H. umbellatum, while sparse echinulate and stellate hairs are also present in H. umbellatum. Hieracium
bichlorophyllum has scabrous hairs, while stellate hairs are present in H. vulgatum. Basal leaves are sessile
in all species but subsessile in H. vulgatum. Leaves are bifacia and stomata cells are staurocytic and
amphianisocytic. The pollen type of the investigated speciesis trizonocol porate and tetrazonocol porate.
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INTRODUCTION
The large genus Hieracium L. belongs to
subfamily  Liguliflorae  (Compositae, tribe
Lactuceae) and consists of more than 1000
species (Petrovi¢ et al. 1999). The genus
comprises species al over the world with
mountainous regions in western Eurasia being
especially speciesrich  (Gottschlich  1996).
Hieracium spp. introduced from Europe have
become weeds of grassland (Hunter 1991, Rose
et al. 1998) and North America (Birdsall and
Quimby 1996, Fernald 1950, Wilson and
Cdlihan 1999). There are more than 11 000
Hieracium species names included in the Index
Kewensis (Roya Botanic Gardens Kew 1993).
A particularly rich nomenclature in Hieracium
resulted from several objective and partly
subjective reasons. (i) the taxa of the subgenus
Hieracium are mostly apomictic tri- and
tetraploids with diplosporic formation of the
seeds, only a small fraction of the populations
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are sexual diploids (cf. Schuhwerk 1996), while
in the subgenus Pilosella (Hill) Gray, besides
aposporic, apomixes and sexuality, the mode of
reproduction is known to be amphimictic
(Krahulcova et al. 2000); the American
representatives of the subgenus Chionoracium
Sch. Bip. are diploid, sexual (Beaman 1990,
Schuhwerk 1996); (ii) the genus has a world-
wide distribution; (iii) Hieracium taxaoccur in a
large variety of habitats; (iv) there are different
taxonomic approaches to the classification of
the apomictic taxa in this genus (Svehlikova et
al. 2002). Without any doubt the genus
Hieracium, even without genus Pilosella, is
among the richest and at the same time the most
intricate genera of the plant kingdom. The
infrageneric classification of Hieracium is not
yet satisfactorily defined. In its usual sense (e.g.
Sel and West 1976), it consists of two
subgenera that have often been recognized as
separate genera: Hieracium and Pilosella.
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Hieracium L. is naturalized in Pakistan,
probably introduced as contaminants of crop or
pasture seeds, athough some species have been
propagated for their ornamental appeal. To date
no comprehensive morphological,
palynological, and anatomica study has been
undertaken. Species of Hieracium are often
difficult to distinguish from each other and their
infra-generic  classification can only be
considered preliminary.

As a chemical marker in the genus Hieracium,
the widespread presence of umbelliferone in the
section  Pilosella and its absence in
representative species from nine other sections
has been used to support the recognition of
Pilosella as a separate genus (Bate-Smith et al.
1968).Two main approaches concerning the
taxonomic concept of species versus subspecies
(or lower ranks) in Hieracium evolved in
European hieraciology during the last two
centuries. The so-caled German school (based
on the classical works of Nageli and Peter, |ater
developed by Zahn), working with a wide
species concept, recognized many infraspecific
ranks such as subspecies, variety and forma
below the rank of species, but also grex or
subgrex (ranks between the species and
subspecies not explicitly mentioned in the
present International Code of Botanical
Nomenclature (ICBN, McNeill et al. 2005).
Nigeli and Peter (1885) described 21 groups
and 117 subspecies after growing many variants
in a common garden to determine constant
characters.

The origin of H. rubrum Peter (1881) is
assumed to be via a spontaneous hybridization
between H. aurantiacum L. (1753) and H.
pilosella L. (1753), or, especidly in the Alps, H.
hoppeanum Schultes and H. aurantiacum. The
morphological characters of H. rubrum more
resemble H. aurantiacum than either of the
other putative parents (Peter 1881, Nageli and
Peter 1885, Brautigam and Schuhwerk 2002).
Modern treatments are based substantially on a

simplification of the monograph of Zahn (1921-
23), which enumerates 624 subspecies. The
Zahn’s (1930-39) concept of sections is adopted
by (Mraz 2001). The morphologically
intermediate  species  (“Zwischenarten”  or
species intermediae) between the main taxon
(“Hauptart” — or species principalis) H. alpinum
L. (1753) and other main taxa in the sense of
Zahn are included in the sect. Alpina. Zahn
added in the description of H. nigrescens Willd.
(1803) a note: “verosimiliter bifidum-alpinum”
(zahn 1927).

From a systematic and biological viewpoint, the
genus Hieracium is one of the most complex
groups of the boreal flora. Thisis mainly due to
the highly reticulate micromorphological
differentiation caused by hybridization, results
of which are conserved by apomictic
reproduction (Gustaffson 1946-1947,
Merxmuller 1975, Asker and Jerling 1992). On
one hand, Scandinavian and British botanists
accepted a narrow species concept; under
species level no or few taxonomic ranks are
recognized (Mraz 2001). While working on
recently published accounts of the species of
Hieracium and H. Sect. Vulgata of the SE
Swedish provinces of Gotland and Ostergotland
the need to lectotypify as many as possible of
the relevant names became apparent (Tyler
2002a, 2002b, 2003). Some of the names of taxa
described from these provinces were
lectotypified by Tyler (2000) and Sennikov
(2003), but quite a number remains, and these
are the focus by Tyler (2004).

Nomenclatural work in Nordic Hieracium
presents some particular problems. However,
these particularities have already been described
and discussed thoroughly by Sennikov (2002)
and Tyler (2000). While working on Hieracium,
Tyler (2008), concluded that H. incurrens do
indeed occur in central Sweden, namely in the
Eastern coastal provinces closest to Finland.
However, the relevant material has mostly been
referred to H. longilingua Johansson, which is
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here considered to be a latter synonym of H.
incurrens. Material previously referred to H.
incurrens from other parts of Sweden does,
however, represent other taxa. Five accepted
species of this affinity are described and
discussed in some detail and one species, viz. H.
oestmanii T. Tyler is described as new. In
addition, the unrelated species H. arnoldii T.
Tyler is described as new based on materia
from the provinces of Hailsingland and
Medelpad. For Sennikov (2008), the only
specimen suitable for typification of Hieracium
caesium Fr. was discovered in Herbarium UPS
and was designated as lectotype. This name
appears to have been misapplied and
superfluous when originaly published at
specific rank, but is legitimate according to Art.
52.3 of the International Code of Botanica
Nomenclature. The 99 species of Hieracium
known from Turkey were classified into 14
series by Sel & West (1975). A part of
Hieracium species distributed in Turkey has
been also recorded in the flora of other countries
(Sell and West 1976).

The present paper is an introduction and first
attempt to morphological, paynologica and
anatomical studies on Hieracium from Pakistan.

MATERIALS AND METHODS
Hieracium is most common in the North West
Frontier Province and Punjab of Pakistan.
Collections were made from eight sites (Fig. 1).
Most of the material used for this study was
collected directly from wild populations, and the
voucher specimens for each of the samples
studied have been placed in the herbarium of
Pakistan Islamabad (ISL), Faculty of Biologica
Sciences, and Department of Plant Sciences,
Quaid-i-Azam University Islamabad. The
specimens were aso studied from herbarium of
Pakistan Museum of Natural History, Islamabad
(PMNH) and National herbarium, Islamabad
(RAW). The parts of the plants were measured
with hard ruler or for finer details, under a
dissecting microscope. Magnifiers of 5X, 10X,

20X were aso used for observation of various
parts. Ten specimens per species were used for
assessment of morphological characters. Mature
achenes from the peripheral florets of the
capitulum were measured at low magnification
under a stereomicroscope. The terminology of
fruit-coat surface sculpturing follows Stearn
(1973) and Font Quer (1979).

Pollen was removed from herbarium (ISL)
sheets. General preparation consisted of
acetolyzing mature pollen grains (Erdtman
1960), remova of undigested plant debris
(Chissoe and Skvarla 1974, Chissoe and Skvarla
1996), and separating the samples for SEM.
Whole pollen grains and fragments of pollen
walls obtained by cryomicrotomy (Skvarla et al.
1988) were stained and dried using the repeat
method of osmium and thiocarbohydrazide (i.e.,
OTOTO) as described by Chissoe et al. (1995).
For each gspecies ten randomly selected
specimens were observed. Pollen was then
mounted on double-stick tape and coating of
gold was done using magnetron sputter coater
model SC 7610 and Secondary electron images
(SEl) were recorded using scanning electron
microscope LEO4401 (Chissoe and Skvarla
1996).

Leave samples were taken from the
sixth/seventh nodes of the main stem at the full
flowering. Dried leaves were placed in boiling
water for few minutes to soften the leaf until
they became unfolded and were ready for
epidermal scrapping. Fresh leaves were used
directly for anatomical studies. The fresh or
dried leaves were placed in a test tube filled
with 88% lactic acid kept hot in boiling water
bath for about 50-60 minutes. Lactic acid
softens the tissue of leaf due to which peeling
off is made possible. For each plant species,
randomly five slides were prepared from abaxial
and adaxial surface. To prepare the abaxia
surface, the leaf was placed keeping its adaxial
surface upward and then it was flooded with
88% cold lactic acid. The adaxia epidermis was
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cut across the leaf using a sharp scalpel blade
and scrapped away together with the mesophyll
cells until only the abaxia epidermis of the leaf
remained on the tile. The epidermis was placed
outside uppermost and mounted in clean 88%
lactic acid. Same procedure was followed to
prepare the adaxial epidermis. For anatomical
studies, sections from fixed samples were taken
by hand using a razor and their photographs
were taken with a camera marked Nikon FDX-
35 by examining them under a microscope. The
length and width of the stomata were measured
with an ocular micrometer using surface
sections from the upper and lower parts of the
leaf epidermis (Meinder and Mansfield 1968).
The number of stomata was evaluated by
preparing slides from the clear nail polish
impression on both lower and upper epidermis
of the leaves. The terminology of leaf epidermal
anatomy follows Metcafe and Chak (1950).
Stomata were counted and measured using 10X,
20X and 40X magnifications.

RESULTS

Hieracium L. Sp. PL. 2: 799. 1753.

Herb, perennial, 26-50 cm tall, stem cylindrical,
glabrous. Basal stem leaves- sessile, spathulate,
denticulate to dentate, apex obtuse, glabrous.
Middle stem leaves sessile, similar to basal
leaves. Upper stem leaves sessile, linear-
lanceolate, denticulate, apex obtuse, scabrous
above and below. Capitula termina, few.
Involucre campanulate. Phyllaries in two rows,
oblanceolate, hispid hairs above and below,
margin entire, outer phyllaries apex acute, inner
phyllaries apex obtuse. Florets yellow. Achene
dark brown, with 6 ribs, columnar, beakless.
Pappus white, long deciduous. The characters
and differences may be best described in a
dichotomous key as below.

Key to the species of Hieracium collected in
Pakistan

1. Stem with scabrous hairs, basal leaf blade
acutetoacuminate ................ccooeiiiiiinns 2

1. Stem with stellate hairs, basal leaf blade

2. Basal leaves sessile, phyllaries in two rows
......................................... . H. bichlorophyllum
2. Basal leaves absent, phyllaries in three rows
........................................ H. umbellatum
3. Phyllaries in four rows, ten ribs on each face,

pappuspersistent ....................... H. virosum
3. Phyllaries in two rows, six ribs on each face,
pappusdeciduous ..............cooiiiiiiiiiin, 4

4. Involucre size 8-11 x 7-11 mm, basal |eaf
blade elliptic-lanceolate to ovate-lanceolate,
outer phyllaries linear lanceolate ... H. vulgatum
4. Involucre size 12-14 x 8-10 mm, basal leaf
blade spathulate, outer phyllaries oblanceolate
...................................... H. diaphanoides

Hieracium bichlorophyllum (Druce & Zahn)
Pugsley, J. Ecol. 33: 347. 1946.

Herb, perennial, 25-50 cm tal, stem erect,
cylindrical with scabrous hairs. Basal stem
leaves sessile, ovate-lanceolate to oblong, 5.5
7.3 x 1-1.7 cm, denticulate, apex acute to
shortly acuminate, leaves glabrous above and
scabrous below. Middle stem leaves sessile, 6-
10 x 1-1.8 cm, lanceolate to oblanceolate,
denticulate, glabrous above and below, apex
acute. Upper stem leaves sessile, oblanceolate,
denticulate to dentate, apex acute, glabrous
above and below. Capitula terminal, numerous,
corymbose. Involucre campanulate, 1.6-1.8 X
0.6-1 cm. Phyllaries in 2 rows, with scabrous
hairs; outer phyllaries lanceolate, 0.4-1 x 0.1-0.3
mm, denticulate, apex obtuse; inner phyllaries
0.9-1.2 x 0.1-0.3 mm, oblanceolate, entire, apex
acuminate. Florets yellow. Achene dark brown,
0.3 x 0.1 mm, with 8 ribs, Columnar, beakless.
Pappus 4 mm long, scabrous, persistent (Fig. 2).

FLOWERING AND FRUITING. May-August.

SPECIMENS EXAMINED. Azad Kashmir and
N.W.FE.P.: Gilgit, Hunza’s Garden, 05-06-1977,
Mir Ajab Khan & Afzal, 405, 57029 (ISL);
Hazara, Puludian, 27-07-1978, Mugarrab Shah
& Dilawar Khan, 2712, 100869 (ISL); Skardu,
Ghazi Nallah, 30-07-1978, Mir Ajab Khan &
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Nisar Ahmad, 2084, 98005 (ISL); Skardu, Sukh
Village, Mir Ajab Khan & Nisar Ahmad, 1010,
99184 (ISL); Skardu, Kachura Village, 04-07-
1978, Mir Ajab Khan & Nisar Ahmad, 1186,
96169 (I1SL); Skardu, Ghurbache Khupb, 21-07-
1978, Mir Ajab Khan & Nisar Ahmad, 1789,
96999 (1SL).

Hieracium diaphanoides Lindeb., Bot. Not.:
127. 1882.

Herb, perennial, 26-50 cm tall, stem cylindrical,
with numerous stellate and few simple
eglandular hairs. Basal stem leaves sessile,
oblong, 10-13.5 x 1.5-2.5 cm, denticulate to
dentate, apex obtuse, eglandular hairs on both
sides. Middle stem leaves sessile, 8-11.5 x 1.5-2
cm, similar to basal leaves. Upper stem leaves
sessile, linear-lanceolate, denticulate, apex
obtuse, scabrous above and below. Capitula
terminal, corymbose, few. Involucre
campanulate, 12-14 x 8-10 mm. Phyllaries in 2
rows, oblanceolate, with few stellate and
numerous long glandular hairs above and below,
margin entire; outer phyllaries 0.7-0.9 x 0.1-0.3
mm, apex acute; inner phyllaries 0.9 x 0.3 mm,
apex obtuse. Florets yellow. Achene dark
brown, 0.3 x 0.1 mm, with 6 ribs, columnar,
beakless. Pappus white, 0.3 mm long, deciduous

(Fig. 3).

FLOWERING AND FRUITING. June-September.
SPECIMENS EXAMINED. Azad Kashmir and
N.W.F.P.: Dir, Saksair, 08-08-1977, Mugarrab
Shah & Dilawar Khan, 2702, 62819 (I1SL).

Hieracium wumbellatum L., Sp. Pl. 2: 804.
1753.

Herbs, perennial, 30-100 cm tall, stem basaly
pale purple, solitary to few fascicled, glabrous
or with very sparsely and minutely echinulate
and white minutely stellate hairs, rarely with
long simple hairs. Basal stem leaves absent at
anthesis. Middle stem leaves sessile, lanceolate,
3-10 x 04-2 cm, adaxially with sparse
arachnoid hairs and abaxially hispidulous on
veins, base narrowly cuneate, margin with

sparse and sharp teeth, apex acute to shortly
acuminate. Upper stem leaves similar to middle
stem leaves, gradually smaller towards stem
apex. Capitula few to numerous, termina,
corymbose to corymbose-paniculate. Involucre
campanulate 1.5-1.8 x 0.4-0.6 cm. Phyllariesin
3 rows, abaxially glabrous, sometimes base with
minute stellate hairs, rarely abaxially with
capitate dtipitate glandular hairs on midvein,
apex acute; outer phyllaries lanceolate, 3.5-4.5 x
0.8-1.2 mm; middle phyllaries lanceolate-linear,
4 x 1 mm; inner phyllaries long linear-elliptic
18 x 1 mm. Florets yellow. Achene dark, 3 x 1
mm, columnar, glabrous, with 10 ribs, apex
truncate and beakless. Pappus 6 mm, pae
yellow, scabrous, persistent (Fig. 4).

FLOWERING AND FRUITING. July-September.
SPECIMENS EXAMINED. Azad Kashmir and
N.W.F.P.: Hazara, Laazar, 02-09-1975, Iqgbd
Dar, Anjum Amin, Nisar Ahmad & Muhammad
Arif, 244, 14821 (ISL); Hazara, Lalazar, 02-09-
1975, Igbal Dar, Anjum Amin, Nisar Ahmed &
Muhammad Arif, 244, 14823 (ISL); Hazara,
Chak Buri Nar, 12-08-1976, Shaukat & Nisar,
868, 36266 (I1SL);Hazara, Batakundi, Shaukat &
Nisar, 05-08-1976, 752, 36177 (ISL); Skardu,
Totti Nalah, 29-07-1978, Mir Ajab Khan &
Nisar Ahmad, 2066, 96118 (ISL); Skardu,
Kachura Lake, 03-07-1978, Mir Ajab Khan &
Nisar Ahmad, 1144, 96195 (ISL); Skardu,
Ghazi Nallah, 30-07-1978, Mir Ajab Khan &
Nisar, 2084, 98004 (ISL); Skardu, Kachura
Ndlah, 21-07-1977, Mir Ajab Khan &
Muhammad Afzal, 1604, 65261 (ISL).
Balochistan: Ghanche, Kabung Khaplu, 30-07-
1977, Mir Ajab Khan & M. Afzal, 1922, 65289
(ISL).

Hieracium virosum Pallas, Reise Russ. Reich.
1: 501. 1771.

Herb, perennial, 50-150 cm tall, with thick
rhizomes. Stem erect, basally purple, solitary to
few fascicled, stout, basally hirsute and apically
glabrous. Basal stem leaves absent at anthesis.
Middle stem leaves sessile, ovate, ovate-
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lanceolate, narrowly elliptic-lanceolate, 5-8 x
1.5-4 cm, only veins hirsute, base cordate and
amplexicaul, margin dentate, and apex acute to
shortly acuminate. Upper stem leaves similar to
middle stem leaves but smaller. Capitula
numerous, terminal, corymbose to long
paniculate. Involucre campanulate, 1.1-1.4 x
0.2-0.3 cm. Phyllaries in 4 rows, abaxialy
glabrous, apex obtuse to acute; outer phyllaries
lanceolate, linear or broadly linear, 3-5 x 1-1.2
mm, middle phyllaries lanceolate 4.5 x 1.5 mm;
inner phyllaries lanceolate, 11 x 1 mm. Florets
yellow. Achenes dark purple, Columnar, 3 x 1
mm, with 10 ribs, apex truncate and beakless.
Pappus yellow, 6 mm, scabrous, persistent (Fig.
5).

FLOWERING AND FRUITING. June-October.
SPECIMENS EXAMINED. Azad Kashmir and
N.W.F.P.: Naran, 09-09-1975, S. R. Saif, 85,
23228 (ISL); Gilgit Agency, Natar, 05-08-
1976, Shahzad Igbal, Ashraf, Akram &
Magsood, 226, 36186 (ISL); Skardu, Ghanche
Nalah, 29-07-1977, Mir Ajab Khan & M.
Muhammad Afzal, 1901, 62746 (ISL).

Hieracium vulgatum Fr., Fl. Hall. Sect. 7 - 10:
128. 1819 [Nov. 1819].

Herb, perennial, 60-100 cm tall, with stellate
and simple eglandular hairs. Stem proximally
pilose-hirsute. Basal stem leaves 4-18 x 1.5-5
cm, elliptic-lanceolate to ovate-lanceolate,
subsessile leaves with simple eglandular hairs
which are usually sparse above, sometimes with
stellate hairs beneath, obtuse to acute,
denticulate to dentate. Middle stem leaves
sessile, 5-10 x 1.5-4 cm, similar to basal |eaves.
Upper stem leaves ovate-lanceolate, sessile,
denticulate to dentate, lower surface is densely
covered with hairs as compared to upper
surface. Capitula numerous, corymbose,
peduncles with dense stellate hairs, few to
numerous simple eglandular hairs and often a
few glandular hairs. Involucre campanulate, 8-
11 x 7-10 mm. Phyllaries in 2 rows, obtuse to
acute, with few to numerous stellate hairs,

numerous simple eglandular hairs and few to
numerous glandular hairs; outer phyllaries
linear-lanceolate, 8-10 x 2-4 mm, inner
phyllaries lanceolate, 12 x 3 mm. Forets
yellow. Achene 3 x 1.2 mm, blackish, columnar,
10-ribbed, smooth, beakless. Pappus, white, 5
mm long, deciduous (Fig. 6).

FLOWERING AND FRUITING. May-September.
SPECIMENS EXAMINED. Azad Kashmir and
N.W.F.P.: Muzaffarabad, 05-06-1978, Shahzad
Igbal & Nisar, 1502, 88034 (ISL); Chikar,
Bagh, 01-07-1952, Jan Muhammad, 1383,
16343 (ISL); Muzaffarabad, Pandu, 05-06-1978,
Shahzad Igbal & Nisar, 1452, 88040 (ISL);
Muzaffarabad, Reshna, 17-06-1978, Shahzad
Igbal, ljaz & Abbasi, 1400, 93571 (ISL);
Muzaffarabad, Sudangali, 25-05-1978, Shahzad
Igbal, Nisar & Ghulam Farooqg, 781, 87506
(ISL); Chitral, Golin Koh, 08-07-1977,
Mugarrab Shah & Dilawar Khan, 1950, 61162
(ISL); Skardu, Kachura Lake, 03-07-1978, Mir
Ajab Khan & Nisar Ahmad, 1145, 96194 (ISL);
Hazara, Siran, 19-08-1976, Shaukat & Nisar
Ahmad, 987, 36367 (ISL); Swat, Shangla, 11-
06-1976, Mugarrab Shah & Dilawar Khan,
1393, 35833 (ISL); Swat, Y akhtangi, Mugarrab
Shah & Dilawar Khan, 1198, 35310 (ISL);
Hazara, Siran, 20-08-1976, Shaukat & Nisar,
981, 36369 (ISL). Punjab: Rawalpindi, 19-05-
1975, Igbal Dar, Muhammad Arif, Sarfraz
Khan, 25, 14579 (ISL).; Campbellpur, Burhan,
29-05-1975, Anjum Amin, Manzoor Hussain &
Nisar Ahmad, 198, 14593 (ISL); Rawalpindi,
Bansra gali, 19-05-1975, Igbal Dar, Muhammad
Arif & Sarfraz Khan, 25, 14579 (I1SL).

PALYNOLOGY. Based on the sculpturing,
Hieracium pollen investigated in the present
study was echinate and scabrate. The pollen
class was trizonocolporate in H
bichlorophyllum and H. diaphanoides, while it
was tetrazonocolporate for the remaining taxa
(Table 2). Dimension of the polar axis ranged
from 16.5 um (H. bichlorophyllum) to 35 um
(H. diaphanoides) and equatorial axis varied
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between 15 um (H. vulgatum) and 36 um (H.
diaphanoides). The ratio of polar to equatorial
axis (P/E) varies between different taxa as 0.8
(H. bichlorophyllum and H. vulgatum) and 1.0
in the remaining species. The exine thickness
ranged from 1.6 um (H. umbellatum) to 8 pm
(H. diaphanoides). Spines are present in H.
diaphanoides (Fig. 8) and H. virosum (Fig. 9)
and absent in the other taxa (Fig. 7). Pollen
spines show an impressive variation, which is of
significance at the specific and generic level and
has also been helpful to understand the process
of spine evolution within the tribe Lactuceae.
Spine length ranged from 4.7 um (H. virosum)
to 6.9 um (H. diaphanoides). The number of
spine rows between colpi varies from 5to 12 in
H. virosum.

LEAF EPIDERMAL ANATOMY. Most of the
species had staurocytic stomata, except in
Hieracium umbellatum (Table 3). All the
species had stomata on both surfaces, except H.
virosum which do not possess stomata on the
lower epidermis. The percentage of each typein
abaxial and adaxia surface is 100%. Numbers
of stomata and epidermal cells vary 4-12 /mm?
and 32-45 / mm?, respectively.

The size of epidermal cell ranges from 23 um
(H. vulgatum) to 78 um (H. diaphanoides). The
size of stomatal complex varies from 68 um (.
vulgatum) to 204 um (H. umbellatum). The
percentage of open stomata varies from 51.72%
(H. diaphanoides) to 85.7% (H. diaphanoides
and H. virosum) and that of close stomata
ranges from 14.28% (H. diaphanoides and H.
virosum) to 48.27% (H. diaphanoides). The
crystals were found to be absent in abaxia
surfaces of H. bichlorophyllum and H. virosum,
whilst present in the other species studied. The
length of trichome varies from 48 um (H.
umbellatum) to 1442 um (H. virosum) and the
base of trichome ranges from 21 um to 441 pm
(H. umbellatum). Trichomes were absent in H.
bichlorophyllum, H. diaphanoides and in

abaxia surfaces of H. virosum and H. vulgatum
(Table 4).

The length of guard cells varies from 23 um (H.
vulgatum) to 36 um (H. diaphanoides), while
the width of guard cells varies from 9 um (H.
vulgatum) t0 21 um in H. diaphanoides. The
length of stomatal pores ranges from 16 um (H.
bichlorophyllum) to 24 um (H. diaphanoides),
while the width of stomatal pores varies from 2
um to 6 um. The microhairs were found to be
absent on both the abaxial and adaxial surfaces
of leaf epidermis (Table5).

DISCUSSION

Literature on the taxonomy of the genus
Hieracium and even on the tribe Lactuceae
within Asteraceae from Pakistan has not been
published yet. Therefore the studies were based
on material available in the herbaria of Pakistan.
Observations on the species were recorded in
their habitats.

The main morphological characters which are
useful in distinguishing and describing the
species are habit, height of plant, stem surface,
basal leaves, middle and upper stem leaves,
capitula, inflorescence, phyllaries, achene size,
shape, number of ribs and surface between ribs,
achene beak, and pappus. Plant morphology in
all its aspects is important and the first step to
plant identification. The stem surface possesses
numerous stellate and few simple eglandular
hairs in H. diaphanoides and H. umbellatum,
while sparse echinulate and stellate hairs are
aso present in H. umbellatum. Hieracium
bichlorophyllum contains scabrous hairs, while
stellate hairs are present in H. vulgatum.
Hieracium virosum is apicaly glabrous and
basally hirsute.

Basa leaves are sessile in all species but
subsessile in H. vulgatum. 1t was aso found that
the basal leaf blade is ovate-lanceol ate to oblong
in  H. bichlorophyllum, oblong in H.
diaphanoides, dliptic-lanceolate to ovate-
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lanceolate in H. vulgatum, and absent in H.
umbellatum and H. virosum. The middle and

upper stem leaves are lanceolate in H.
umbellatum,  ovate-lanceolate to  dlliptic
lanceolate in H. virosum, lanceolate to
oblanceolate in H. bichlorophyllum, and
oblanceolate in H. bichlorophyllum. In H.

diaphanoides middle leaves are oblong and
upper leaves linear-lanceolate. In H. vulgatum,
the middle stem leaves are dliptic-lanceolate to
ovate-lanceolate and upper stem leaves are
ovate-lanceolate. Furthermore, it has been found
that phyllaries are arranged in two rows in all
species except H. umbellatum, in which three
rows are present, and H. virosum with four
rows. The middle phyllaries were lanceolate in
H. virosum, lanceolate-linear in H. umbellatum,
and absent in the rest of the species, while outer
and inner phyllaries aso vary in shape in
different species (Table 1).

Achenes were columnar and the number of ribs
in the achene is an important taxonomic
character which varies in different species. Ten
ribs in H umbellatum, H. virosum and H.
vulgatum, eight ribs in H. bichlorophyllum, and
six ribsin H. diaphanoides. None of the species
studied has a fruit beak. The pappus was
deciduous in H. diaphanoides and H. vulgatum,
while persistent in the remaining species (Fig.
2-6). According to Tyler (2007), Hieracium
incurrens Saelan ex Norrl., originally described
from Finland, has been reported from Sweden
several times and independently by different
authors. Still, however, its presence in Sweden
has remained dubious and it has become
obvious that the different reports are referable to
different taxa and the name has thus been, at
least partialy, misapplied. In 1920, Johansson
and Samuelsson described the new variety H.
incurrens Var. oletatum based on material from
the province of Vistmanland (Johansson and
Samuelsson 1920). This taxon was raised to the
rank of species by Tyler (2005a) and the name
was lectotypified by Tyler (2006). However,
when doing so, Tyler (2005a, 2005b) compared

the new species with a description of H.
incurrens based mainly on materia from the
Swedish  provinces  Sodermanland  and
Vistmanland, rather than on authentic Finnish
material of that species. A new species was
described from Pakistan: Hieracium sherwalii
Abedin & Zamarrud (2008). The new taxon is
characterized by having many branched stems
from the base with numerous leaves and

capitula

Systematic and evolutionary themes based on
Asteraceae  pollen were discussed by
Wodehouse (1928, 1935). From an historical
perspective, it is noteworthy that Steetz (1864)
is credited as the first to employ pollen as a
taxonomic character in the Asteraceae (Bentham
and Hooker 1873, Robinson 1992a, 1992b).
Wodehouse recognized four pollen
morphological forms in the family: simple
echinate, sub-echinolophate, echinolophate, and
psilolophate together with many intermediates.
Wodehouse (1928) found one morphological
form to be present in the genus Hieracium tribe
Lactuceae. Blackmore’s (1986) study of lophate
pollen recognized at least 23 different pollen
types in the Asteraceae, and lophate pattering
was most variable. The ultraviolet microscopy
of Stix (1960) provided the foundation for
interpreting structural types throughout the
family. Robinson significantly extended the
pollen  morphological/taxonomic  database
(Robinson 1986, 1987a, 1987b, 1987c, 1988a,
1988b, 1988c, 1988d, 1990, 1992a, 1992b,
1999a, 1999b). The importance of pollen
morphology in Asteraceae systematics is
underscored by his comments (Robinson p. 349
1992a) “....pollen is one of a series of
characters such as stylar bases and anther
appendages, observable with the compound
microscope, that prove useful in delimiting
natural groups. The point has been reached
where | believe every taxonomic treatment in
the Lactuceae should include mention of pollen

type”.
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As the pollen morphology results indicate, um (H. vulgatum) to 21 pum in (H.

pollen grains in Hieracium are lophate. The
spines are more or less similar in all cases,
except for differences in their size and
distribution. Wodehouse (1935) reported that
pollen grains of Compositae were unique and
true to form and he outlined the principles of
morphological evolution of spine form of the
family, in which he suggested the reduction
series from long to minute spines. There seems
to be a potentia indicating the evolutionary
processes of pollen spines in the Lactuceae. The
peculiar spine character perhaps represents a
climax in the apertural evolution. The
occurrence of spines and its absence indicate a
trend of evolution of spine reduction in the tribe
Lactuceae. The reduction and the absence of
spines are evolved characters in Lactuceae.
Genera with spinate pollen, as Hieracium,
exhibit a primitive feature as compared to the
genera with spineless pollen, which are
considered advanced within the tribe. The data
may be used in establishing relationships at
generic and specific levels of the tribe
L actuceae.

Sgo & Menezes (1994) observed that the
Asteraceae species Vernonia psilophylla and V.
sessilifolia had stomata on both surfaces, whilst
V. linearis has stomata only on the abaxia
epidermis. Metcafe & Chak (1950) reported
that due to the diversity of habits, Asteraceae
species show various anatomical structures and
some present ecological speciaization. Most of
the species had staurocytic stomata, except in H.
umbellatum (Fig. 14-15). All the species had
stomata on both surfaces, except H. virosum
which does not possess stomata on the lower
epidermis. Castro et al. (1997) aso presented a
description of some types of trichomes
occurring in some genera of Asteraceae and
used them to elaborate an identification key.

The length of guard cells varies from 23 um (H.
vulgatum) to 36 um (H. diaphanoides) (Fig. 12-
13), while the width of guard cells varies from 9

diaphanoides). The length of stomata pores
ranges from 16 um (H. bichlorophyllum) to 24
um (H. diaphanoides) while the width of
stomatal pore varies from 2 um to 6 um. The
microhairs were found to be absent on both the
abaxia and adaxial surfaces of leaf epidermis
(Table 5).

Our results so far indicate that plant
morphology, pollen morphology, and leaf
epidermal  anatomy studies conducted in
Pakistan  provide important data for
identification, as well as a contribution towards
a better knowledge of the family Asteraceae.
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Figure 1. Location of Hieracium sampling sites from Pakistan.
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Figures 7-9. Scanning Electron Micrographs (SEM) of pollen grains of Hieracium species of Pakistan. 7. H.
bichlorophyllum , equatorial view; 8. H. diaphanoides, polar view; 9. H. virosum, subpolar view.
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Figures 10-11. Hieracium bichlorophyllum 10. Adaxia side at 40X; 11. Abaxial side at 40X.
Figures 12-13. Hieracium diaphanoides 12. Adaxial side at 40X; 13. Abaxia side at 40X.
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Figures 14-15. Hieracium umbellatum 14. Adaxial side at 40X; 15. Adaxia side at 40X.
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Table 1. Differences between related species of Hieracium.
Character Hieracium H. H. H. virosum H. vulgatum
bichlorophyllum diaphanoides umbellatum
Habit Perennia Perennial Perennial Perennia Perennial
Height of plant 25-50 cm 26-50 cm 30-100 cm 50-150 cm 60-100 cm
Stem Surface Scabrous hairs With numerous  Glabrous or Apicaly Stellate hairs
stellateand few  sparsely glabrous &
simple echinulate & basally hirsute
eglandular stellate hairs
hairs
Basal leaves Sessile Sessile Absent Absent Subsessile
Basal leaf Ovate-lanceolate ~ Oblong Absent at Absent at Elliptic-
blade to oblong anthesis anthesis lanceolate to
ovate-
lanceolate
Middle stem Lanceolate to Oblong Lanceolate Ovate- Elliptic-
leaves oblanceolate lanceolateto  lanceolate to
eliptic ovate-
lanceolate lanceolate
Upper stem Oblanceolate Linear- Lanceolate Ovate- Ovate-
leaves lanceolate lanceolate to lanceolate
eliptic
lanceolate
Phyllaries 2rows 2rows 3rows 4 rows 2 rows
Outer Lanceolate Oblanceolate Lanceolate Lanceolateto  Linear
phyllaries broadly linear  lanceolate
Middle Absent Absent Lanceolate- Lanceolate Absent
phyllaries linear
Inner Oblanceolate Oblanceolate Linear-elliptic  Lanceolate Lanceolate
phyllaries
Inflorescence Corymbose Corymbose Corymbose Corymboseto  Corymbose
Paniculate
Achene Columnar Columnar Columnar Columnar Columnar
Size of Achene 0.3x0.1mm 0.3x0.1mm 3x1mm 3x1mm 3x12mm
(LXW)
No. of ribson  8ribs 6 ribs 10ribs 10ribs 10ribs
each face
Achene beak Beakless Beakless Beakless Beakless Beakless
Pappus Persistent Deciduous Persistent Persistent Deciduous
Size of Pappus 4 mmlong 0.3 mm long 6 mm long 6 mm long 5 mm long
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Table 5. Dimension and state of stomatal complex of Hieracium Species.

Name Length of Guard  Width of guard Length of Width of Size of Microhairs
Cel (um) Cell (um) Stomatal Pore Stomatal Pore (nwm)
(m) (km)
U.E. L.E. U.E. L.E. U.E. L.E. U.E. L.E. U.E. L.E.

H. 31 28 14 11 16 19 2 4 Absent Absent
bichlorophyllum

H. diaphanoides 36 36 14 21 21 24 6 2 Absent Absent
H. umbellatum 31 34 12 11 22 21 3 2 Absent Absent
H. virosum 24 Absent 11 Absent 21 Absent 2 Absent Absent Absent
H. vulgatum 23 26 12 9 19 18 2 3 Absent Absent

U.E. = Upper EpidermisL.E. = Lower Epidermis
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