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Abstract

Based on 2,500 herbarium vouchers of the subgenus Seriphidium of Artemisia, which were collected from 21 sites
across Central and NW-Balochistan, morphological studies and detailed drawings of stem leaves were performed with the
aim to be able to identify the most common Artemisia species of Balochistan by a few vegetative characters. The following
species were recognized: Artemisia quettensis (most common and endemic species in the area), A. turanica, A. oliveriana, A.
sieberi, A. stenocephala, and A. santolina. Some presumed hybrid species had intermediate morphological characters, such
as A. quettensis x A. oliveriana, A. quettensis x A. turanica, A. oliveriana x A. turanica, and A. oliveriana x A. sieberi. Key
characters of the species, illustrations, and data on the distribution were provided. The frequent polyploidization and
hybridization processes within this species complex were emphasized, and the effects on speciation and habitat preference
were discussed. The present study also suggests a possible relationship between species distribution patterns, xeromorphism
and climatic factors, varying from northeast to southwest Balochistan.
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Introduction
The uplands of Balochistan are traditional old
rangeland and natural vegetation has been degraded and
transformed into a widespread mixed grass-shrub steppe,
including various Artemisia taxa (Rafi, 1965; Khan, 1991;
Akhter & Mirza, 2006; Mirza et al., 2009). However,
taxonomy, nomenclature, as well as the distribution range
of the subgenus Seriphidium of Artemisia from Central
Asian steppes are still and partly controversially discussed
among several authors. This may be due to high levels of
within-species phenotypic plasticity in combination with
probably frequent polyploidization and hybridization
processes within this species complex (Podlech in
Rechinger, 1986, pp. 159-161). Several studies used thus
general terms like “Artemisia-species” as Rodriguez
(1994), and Ahmad and Yasmin (2011) or “Artemisia
maritima” (e.g. Troll, 1939; Chaudhri, 1957, 1960;
Stewart, 1961; Webster & Nasir, 1965; Hartmann, 1968;
Tareen & Qadir, 1987, 1990, 1991; Sultani et al., 1993;
Rhind, 2010; Badshah et al., 2016). However, the latter
term exists for a multitude of lower taxonomic levels as it
was already stated by Hooker (1882, pp. 323-324) and
Pampanini (1927), and more recently by Kaul and Bakshi
(1984) and Kumar et al., (2011). For instance, A.
stenocephala, A. quettensis, A. brevifolia, and A. sieberi,
which all belong to the flora of Balochistan, have been
reported as synonyms of A. maritima, probably because
these species were not yet recognized or described at that
time. The species Artemisia maritima sensu stricto is
limited to western and northern European coasts (Meusel
et al., 1965; Persson, 1974; Tutin et al., 1976). Another
example refers to Artemisia herba-alba, which was also
frequently indicated for Balochistan (Marwat et al., 1989,
1990; Rabie et al., 2006; Rhind, 2010; Kursat et al.,
2011). This species, in fact, is a West Irano-Turanian
element, extending until the Atlantic coast in North
Africa, but is still missing in Central Asia (Meusel et al.,

1965; Tutin et al., 1976). The species has also been
regarded as a synonym of A. sieberi (Podlech in
Rechinger, 1986; www. eFloras.org, Flora of Pakistan).
Since some issues on the reliable identification of CentralAsian Artemisia-taxa remained open to the related
literature of Pakistan and adjacent countries (compare i.e.
Dickorè & Nüsser, 2000; Eberhardt, 2004; Peer et al.,
2001, 2007), the preoccupation with this taxon has been
one of the key arguments in our present study.
Referring to the nomenclature within the high
variety of synonyms and homonyms and the changing
opinions on the Artemisia taxon, we aligned ourselves
with Podlech (in Rechinger, 1986, Flora Iranica), who
divided the genus Artemisia into the three subgenera
Artemisia, Dracunculus, and Seriphidium. This is in
accordance with the latest phylogenetic findings such
as those of Kornkven et al., (1998), Torrell et al.,
(1999), Watson et al., (2002), Sanz et al., (2008),
Oberprieler et al., (2007, 2009), and Malik et al.,
(2017). There are no arguments to consider subgenus
Seriphidium an independent genus (compare Kardereit
& Jeffrey, 2007; Funk et al., 2009, and Hayat, 2011).
Nevertheless, this interpretation is in contrast to the
classification used in the Floras of Pakistan and China
(Ali & Qaiser, 2002; Wu et al., 2011; www.
eFloras.org, Flora of Pakistan; www. eFloras.org, Flora
of China), as well as to Bremer and Humphries (1993),
based on morphological evidence.
The Old world section Seriphidium comprises about
130 taxa native to Europe and temperate Asia, with the
largest number of species in Central Asia (Shiskin &
Bobrov, 1961; Podlech, 1986; Ling, 1991a, b; Wu et al.,
2011). In Pakistan, the section is represented by 13 taxa
(Ali & Qaiser, 2002; www. eFloras.org, Flora of
Pakistan). In this study, we examined Artemisia subgenus
Seriphidium on the basis of field data and herbarium
vouchers from the southern Pakistani region Balochistan
aimed to answer the following questions: (i) which
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Artemisia species occur in the research area, (ii) how can
the most common Artemisia species be vegetatively
distinguished with the help of particular keys and detailed
drawings, and (iii) do habitat differences affect
distribution patterns of Artemisia populations?
Materials and Methods
Site description: Topographic position and a few
terrain features of the sample collection sites were
presented in Table 1. Almost all sample sites are
located in central Balochistan except of the one site in
Saindak (Chagai district, CGI), which is situated in the
north-west corner of Balochistan near the Iran border
(Fig. 1). The altitude of all sampling sites ranges from
980m to 2,420m above sea level and includes different
habitats such as piedmont plains, piedmont fans,
quaternary moraine terraces, and large river plains
(Scholz, 1974; Changezi, 1982). The area reflects a
relatively young geological evolution of still continuing
alpine orogeny. In the present time, denudation and
depositional processes dominate the scenery. The
bedrocks include igneous rocks (ophiolite, ultramafic
and mafic rocks, serpentine melange, dolerite), highly
fossiliferous limestone, sandstone, mudstone, and
quaternary shale/siltstone (Kazami, 1979; Bender &
Raza, 1995; Welcomme et al., 2001). The climate is
continental influenced, with cold and sometimes snowy
winters and hot summers. The precipitation regime is
characterized by a gradient that ranges from > 300 mm
in the mountainous northern and eastern parts to 150300 mm in the central parts, and < 100 mm in the south
and north-west plains near the Iranian border. To
provide more detailed information on the regional
rainfall distribution, we extracted the annual
precipitation for each collection site from the niche
modelling software package WorldClim-climate data
(Hijmans et al., 2005). Increasing drought periods, land
degradation by overgrazing and fuel collecting are longstanding problems of arid rangelands of Balochistan.
Desertification is thus on the increase, as is salinization
and soil erosion through wind and water (Hussain &
Chughtai, 1984; Islam et al., 2004; Ahmad et al., 2012).

Fig. 1. Map of Artemisia sampling sites in central and NWBalochistan. For population codes see Tab. 1.

Data collection
Under the direction of Dr Rubina Akhter from the
National Herbarium Islamabad about 2,500 individuals
of Artemisia taxa, mainly of the subgenus Seriphidium,
were collected between April and May 2008. They were
distributed over 21 sites, following a northeast to
southwest transect. Most sampling sites, however,
concentrated around Quetta. Individuals were often
gathered from sites close to roads or villages, on river
basins, piedmont fans, plains, and on foot slopes (Table
1). In each site, 4 to 12 Artemisia populations were
randomly selected (219 populations in total) and from
each population 3 to 15 individuals were herbarized.
Most populations were dominated by only one Artemisia
species; however, in some sites several Artemisia
species co-occurred and formed mix populations. A total
number of 862 herbarium voucher specimens were
arranged and sorted taxonomically, representing now
one of the largest collections of the subgenus
Seriphidium of Artemisia from Balochistan in Europe.
All vouchers are deposited at the herbarium of the
University of Salzburg (SZU), Austria.
Morphological studies: All herbarium specimens were
first taxonomically examined with a Zeiss
stereomicroscope at 10-40x magnification, following
the taxonomic descriptions in Podlech (in Rechinger,
1982), Shishkin and Bobrov (1961), and the Flora of
Pakistan (Ali & Qaiser, 2002; www.efloras.org, Flora
of Pakistan).
Because of the early collection season in the field,
only vegetative individuals and partly incomplete plant
components were available. Capitula were not yet
developed, and basal leaves were generally withered and
crumbled. Exceptions here were some individuals of A.
sieberi, which we additionally collected in February 2016
in S-Iran. Identified species were cross-checked with the
Seriphidia collection of Prof. Dieter Podlech from the
herbarium of the Botanische Staatssammlung München
(M), Germany. Dubious specimens were additionally
checked at the herbarium of the Natural History Museum
Vienna (W), Austria.
For detailed comparison of size and shape of leaves,
10-15 individuals per species and 5-8 leaves per
individual we used in the biometric analysis. Herbarium
leaves were first softened by immersing in Deconex
solution overnight (to reduce the water surface tension)
and then analysed by a specific Leica EZ4D
stereomicroscope (10-40x magnification) with integrated
LED illumination, Digital 3 MP Camera, and LAS EZ
software (vers. 3.1.0). The photographs of the stems were
taken with the same microscope. The following
morphological variables were assessed from the
herbarium specimens: leaf, leaflets, stipules, indumentum,
stem, and inflorescence (Table 2).

Table 1. Location and habitat characteristics of the sampling sites for Artemisia populations in central and NW-Balochistan. Site specific ecological characteristics were recorded during
sampling and/or extracted from Google maps data, based on the geographical coordinates. Coordinates in degrees and minutes.
Precipitation data from the niche modelling software package WorldClim-climate data.
Number of
Altitude Annual precipitation
Population
Location and location code
District Longitude Latitude
Habitat
populations
[m a.s.l.]
[mm]
A. quettensis
4
Hanna lake HNA
Quetta
67.05
30.15
1910
251,41
stony piedmont plain
A. quettensis
10
Kalat KLT
Kalat
66.35
29.02
2012
164,07
river basin, silty fine sediment
A. quettensis
10
Kalat SKT
Kalat
66.31
28.58
2080
167,26
rocky slope
A. quettensis
3
Kan Methar Zai KMZ1
Pishin
67.28
30.43
2200
277,01
field edges, stony piedmont fan
A. quettensis
3
Kan Methar Zai KMZ2, near KMZ1
Pishin
67.27
30.42
2180
276,63
field edges, stony piedmont fan
A. quettensis
10
Karkhasa park KZA
Quetta
66.56
30.10
1830
223,56
stony scree slope
A. quettensis
10
Maslakh Range MLK
Pishin
66.46
30.12
1660
237,65
plains, silty fine sediment
A. quettensis
5
Nala Wali Zai NWZ1
Loralai
69.11
30.27
1260
265,48
river basin, stream bed
A. quettensis
5
Nala Wali Zai NWZ2, near NWZ1
Loralai
69.11
30.27
1270
265,48
piedmont plain
A. japonica
10
Pishin, road side PSN
Pishin
66.59
30.35
1540
255,99
river basin, sandy, gravelly sediment
A. quettensis
10
Road Mula Zai RMZ
Quetta
67.22
30.37
2200
272,13
hilly piedmont
A. quettensis
10
Surkhab Karez SKB
Pishin
67.04
30.35
1540
262,38
low hills
A. quettensis
10
Samungli SLI
Quetta
66.55
30.14
1600
247,87
piedmont fan
A. quettensis
10
Sor, range-Degari, coal mines SOR
Quetta
67.12
30.09
2130
254,05
ridge slope
A. quettensis
10
Sasol SSL
Khuzdar
66.40
27.52
1400
164,24
piedmont fan, fine sediment and stones
A. quettensis
10
Kanak valley, Toot Nala TN
Mastung
66.48
30.03
1800
222,37
foot slope
A. quettensis
10
Ziarat ZRT
Ziarat
67.42
30.23
2420
285,32
scree slope, valley plain
A. quettensis
10
Kanak valley, dam site DM1
Mastung
66.49
30.06
1900
228,32
stony-silty piedmont fan
A. turanica
10
Kanak valley, dam site, DM2 near DM1
Mastung
66.49
30.06
1900
228,32
stony-silty piedmont fan
A. quettensis
7
A. turanica
4
Mangochar MC
Kalat
66.40
29.26
1890
137,63
piedmont fan
1
A. quett. x A. tur.
A. quettensis
6
A. quett. x A. oliv.
1
Spin Karez, around lake SPK1
Quetta
67.08
30.13
2000
252,32
river basin
1
A. oliv. x A. tur.
A. oliveriana
1
Spin Karez, around lake SPK2
Quetta
67.08
30.13
2000
252,32
river basin
3
A. oliv. x A. tur.
A. turanica
5
Spin Karez, around lake SPK3
Quetta
67.12
30.15
2000
252,32
river basin
3
A. quett. x A. tur.
A. quettensis
7
Kach KCH1
Ziarat
67.19
30.26
1910
265,57
river basin
A. santolina
1
Kach, KSH2, near KCH1
Ziarat
67.19
30.26
1910
265,57
river basin
2
A. stenocephala
A. sieberi
6
Saindak Chaghi CGI
Chagai
61.36
29.13
980
73,72
sandy piedmont plain
A. oliv. x A. sieberi
1
Saindak Chaghi CGI
Chagai
61.36
29.13
980
73,72
sandy piedmont plain
A. oliveriana
9
Asghar, Tomagh TMG
Ziarat
68.08
30.18
1920
265,65
ridge, slope
1
A. quettensis
Total
219
21
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6-11

long petiolate 30-50 mm

Lamina width
(mm)

Petiole length

arachnoid dense
tomentose

filiform and glandular

slender

erect-adpressed, short
ascending

Single hairs/
middle leaves

Inflorescence

Branches of
inflorescence

long petiolate; pinnate

Stipules

Indumentum/
middle leaves

broad, concaulenscent

Leaf sheath

Lobes/leaflets

orbicular-ovate, pinnate,
funnel-like

short petiolate 5-10 mm

7-15

8-16

ovate-oblong, falcate/
curved, long lasting

long petiolate 30-60
mm, sometimes shorter

6-10

12-22

markedly ribbed,
yellowish-brown;
arachnoid-tomentose

A. oliveriana

A. sieberi

A. santolina

subobtuse, all leaves
withering early

(5-10 mm), sometimes
longer

short petiolate

8-12

10-15

ovate, deep lobed

short petiolate 5-15 mm

6-15

8-16

simple

ovate, weak lobed to

sessile

6-7

12-16

yellowish-brown,
markedly ribbed light
light brown, peeling bark
peeling bark, abundantly
brown densely tomentose
less to strongly hairy
short hairy

A. stenocephala

flexuously

horizontally extended,

broadly conical

filiform and glandular

ascending, erect

broadly pyramidate

filiform, stellate and
glandular

tomentose

petiolate, pinnatisect;
curved/ falcate

long linear; emerge at the
swollen leaf sheath
tomentose

± absent

broad, swollen,
concaulescent

spreading, robustly

broadly pyramidate

not analysed

tomentose

short petiolate,
pinnatisect

± absent

± absent

horizontally spreading,
almost spiny

broadly conical

filiform, stellate and
glandular

canescent-arachnoid

robustly

horizontally extended,

broadly expanding

filiform and glandular

tomentose

sessile to short petiolate;
sessile, simple, oblong
pinnatisect

nearly absent

narrowly decurrent;
broadly decurrent; deeply almost not decurrent;
terminal lobes subobtuse
broadly decurrent;
deeply pinnatisect;
broadly decurrent;
pinnatisect; terminal lobes
funnel-like; deeply
to obtuse; sometims
weakly pinnatisect;
terminal lobes
weakly pinnatisect;
obovate; obtuse; ribbed
pinnatisect; terminal
slightly falcate and
terminal lobes broadly;
lanceolate; mucronate to
terminal lobes oblong;
along leaf veins; cross lobes linear; acute; crossmucronate; cross section
mucronate; cross-section
obtuse; falcate; cross
acute; cross section flatly
section flatly
section rounded
flatly
flatly
section flatly

orbicular-ovate, deep
lobed

6-17

Shape of lamina/
median stem leafs

A. turanica

slightly ribbed, reddishpurple/black- violetbrown, peeling bark; less brown, glossy glabrous to
hairy
slight hirsute

Lamina length
(mm)

Stem

A. quettensis

Table 2. Diagnostic key characters of the six Artemisia species.
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Fig. 2. Comparison of typical stem leaves of the six Artemisia species.

Results
Species diversity: Based on growth form and morphological
characters as proposed in the available taxonomic literature,
we identified most of all examined vouchers as A. quettensis
Podlech (70, 5%) which is considered as an endemic species
in SW-Pakistan. The holotype, which was taken for
comparison, comes from Spin Karez (district Quetta) and is
stored at the herbarium of the Botanische Staatssammlung
München (M), Germany. The other identifiable Artemisia
taxa include the species A. turanica Krash. (9%), A.
oliveriana J. Gay ex Besser (5%), A. sieberi Besser (1,5%),
and A. stenocephala Krash. ex Poljak. (ca. 1%). A few
populations of A. santolina Schrenk (ca. 0,2%) we could
detect in Kach (Ziarat district). This species is not listed in
the flora of Pakistan and probably new to Pakistan. About
4% of all populations were classified as putative hybrids,
several being still of questionable validity. The species A.
japonica Thumb. from Pishin belongs to the subgenus
Dracunculus and is therefore not relevant to the present
paper. About 8% of the whole collection could not be
determined at least due to incomplete characteristics and
characteristics which were not in accordance with the
taxonomic identification keys of the available floras. The
species A. freitagii Podlech we couldn’t find in the study
area, although reported for Balochistan. The morphological
characters are in any case such significant so that this species
could have not been overlooked. The species seems to be
rare (endemic to Pakistan) and restricted to higher regions
(1,800-2,300m). The differentiation between A. oliveriana
and A. stenocephala, however, proved to be difficult due to
similar traits. Even Podlech (in Rechinger, 1986) reported
possible confusions between the two species. The description
in the Flora Iranica in the Latin language is not such as to
clearly differentiate the two Artemisia species.
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Diagnostic key characters of the six Artemisia species
are listed in Table 2. Drawings of stem leaves, incl. leaf
successions are illustrated in Figs. 2-7. A. stenocephala,
however, could not be depicted because of rarity,
incomplete leaf succession, and early crumbling leaves.
Stipules, which we found on the ground of all stem leaves,
are particularly remarkable because they have not yet been
mentioned in the relevant floras. As is shown in Fig. 8, the
younger stems differ in structure, colour, and indumentum.
Despite the high morphological variation and
transition forms within and between all examined Artemisia
species, a useful tool for a better differentiation of the six
Artemisia species is now being offered for the first time by
the given key-characters and drawings.
Putative hybrids were mainly found in sites where
different populations co-occurred (MC, SPK, CGI). They
are most frequent in the combination of A. oliveriana and
A. turanica. Curved lobes and narrowly decurrent leaflets
are compliant with A. oliveriana. Also the filiform and
glandular single hairs tend to A. oliveriana. On the other
hand, purple coloured young stems and the inflorescences
with horizontally extended and flexuously branches point
to A. turanica. Both species are common to central
Balochistan, and have similar distribution areas. A.
oliveriana may also hybridize with A. quettensis. Long
petioles and intermediate leaf size may point to A.
quettensis. Lobes are broadly decurrent. A third mixed
form was found between A. quettensis and A. turanica,
which, however, is a widespread species in drier parts of
central Asia and central Balochistan. Such specimens have
long petiole and broadly decurrent leaflets similar to A.
quettensis. Moreover, purple young stems and a broad
inflorescence with ascending branches may hint at A.
turanica. Finally, in A. oliveriana x A. sieberi lobes are
rather flat and slightly curved. Stem is angular formed,
slightly peeling, and the panicle has horizontally lateral
branches on the other hand.
Geographical
distribution
and
xeromorphism:
Distribution maps were compiled for the species A.
quettensis, A. stenocephala, A. oliveriana, A. turanica (incl.
eremophila), A. santolina, and A. sieberi (incl. dumosa),
following the specifications in Shishkin and Bobrov (1961),
Podlech (1986, 2013), Ling (1991a, b), and Wu et al., (2011).
As shown in Fig. 9, A. santolina is widely distributed,
ranging from Balochistan (near Kach/Ziarat, perhaps a new
record) to Iran and to the deserts of Kazakhstan, Uzbekistan,
Turkmenistan, and NW- China (Xinjiang). So far, there is no
record in Afghanistan (Breckle, 2012). A. turanica is also a
wide-ranging taxon and occurs in SW-Pakistan
(Balochistan), Afghanistan, SE-Iran, as well as in dry parts of
Turkmenistan, Uzbekistan, Kazakhstan, Tadzhikistan, and
Kirgizstan. A. oliveriana is common to central Asia
(Pakistan, Afghanistan, Iran, Uzbekistan, Kazakhstan,
Turkmenistan) and has a new record in SE-Turkey (Firat,
2015). A. sieberi extends over central Asia (SW-Pakistan,
Afghanistan, Turkmenistan, Iran, Iraq) to Syria, Palestine and
Anatolia (Turkey) in the west. The subendemic A.
stenocephala is distributed over SW-Pakistan and
Afghanistan, including an occurrence in the mountains of
Koped-Dag (Turkmenistan). Finally, the endemic A.
quettensis is geographically restricted to Balochistan with a
small overlap in NE-Iran (provinces Sistan and Baluchestan,
see Podlech in Rechinger, 1986). This species is also not
indicated in Afghanistan (Breckle, 2012).
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Fig. 3. Artemisia quettensis PODLECH. Leaf sequence. a lower stem leaf, b middle stem leaf, c upper stem leaf, d stem leaf in
inflorescence area, e bract, f glandular trichome, g simple, uniseriate trichomes. Scale bars: a: 10 mm, b-e: 2mm, f-g: 50μ

Fig. 4. Artemisia oliveriana J. GAY EX BESSER: Leaf sequence. a lower stem leaf, b middle stem leaf, c upper stem leaf, d leaf in
inflorescence area, e leaflet of stem leaf, f glandular trichome, g stellate trichome, h curved singular trichome. Scale bars: a-e: 2mm; f-h: 50μ.
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Fig. 5. Artemisia santolina SCHRENK. Leaf sequence. a lower stem leaf, b middle stem leaf, c upper stem leaf, d leaf in inflorescence
area, e bract, f glandular trichome, g 3-rayed, short- stalked stellate trichome, h simple, uniseriate trichome. Scale bars a-e: 2mm, f-h: 50μ.

Fig. 6. Artemisia turanica KRASH.: Leaf sequence. a lower stem leaf, b middle stem leaf, c upper stem leaf, d stem leaf in inflorescence
area, e sheath of a basal leaf, f glandular trichome, g simple, uniseriate trichomes. Scale bars: a -d: 2mm, e: 1mm, f-g: 50μ.
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Fig. 7. Artemisia sieberi BESSER. Leaf sequence. a basal stem leaf, b middle stem leaf, c upper stem leaf, d stem leaf in inflorescence
area, e upper stem leaf in inflorescence area, f bract in inflorescence area, g T-shaped trichome, h simple one-celled hair, i stalked
multicellular, glandular hair. Scale bars: a-d: 1mm, e, f: 0,5mm, g-i: 50μ.

Fig. 8. Comparison of stems in the upper plant region. a Artemisia quettensis PODLECH, b Artemisia sieberi BESSER, c Artemisia
oliveriana J. GAY EX BESSER, d Artemisia turanica KRASH., e Artemisia santolina SCHRENK. Scale bars a: 1mm, b-e: 0,5 mm.
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Discussion

Fig. 9. Distribution map of the species A. oliveriana, A. quettensis,
A. santolina, A. sieberi (incl. A. dumosa), A. stenocephala, A.
santolina, A. sieberi, and A. turanica (incl. A. eremophila),
designed by Dr J. P. Gruber (University of Salzburg).

Linking the distribution patterns of the species onto
the precipitation values given by the niche modelling
software package WorldClim (Tab. 1), A. sieberi is
characterized by the lowest annual rainfall of calculated
73 mm and occupies the driest habitats at lower and
middle altitudes. The appearance is distinct xeromorphic
through early withered and deciduous leaves, branches,
which are almost spiny at the end of growth, as well as
the peeling bark. The calculated annual rainfall for A.
turanica ranges from 137 mm to 228 mm, that for A.
quettensis from 137 mm to 285 mm, and that for A.
oliveriana and A. stenocephala from 252 mm to 265 mm.
Whereas A. turanica grows more on dry, sandy and loess
ground between 600m and 2,100m a.s.l., A. oliveriana, A.
stenocephala, and A. quettensis prefer higher soil
moisture and normally colonize higher altitudes from
900m to 2,400m a.s.l. The stem leaves in A. turanica are
as early withered as in A. sieberi, however, in contrast to
all other examined Artemisia species, the cross-section of
leaflets is rounded. This reduction of the leaf surface can
be interpreted as an adaption to drought. The stomata are
slightly depressed, the lateral shoots are rather tenuous
and flexuously. The stem leaves in A. quettensis and A.
oliveriana are longer lasting and of considerable size;
they have relatively large leaf areas. For A. santolina, an
annual rainfall of 265 mm has been calculated. The
perhaps new species for Pakistan has relatively
mesomorphic appearance due to long and broadly
decurrent laminas which are less lobed. All examined
Artemisia species are more or less densely haired.
The populations of apparent hybrid origin are
distributed over the surroundings of Quetta and cover an
isohyet range from 137,6 mm to 265,6 mm. The annual
precipitation does not seem to have an obvious impact on
the divergence of putative hybrid populations.
Nevertheless, we cannot exclude that all encountered
Artemisia populations occupy also other, climatically
different sites (which were not sampled). The climatic
interrelationships are therefore not really conclusive and
warrant further studies.

The plant determination by morphometric methods
resulted in six different Artemisia species and four
putative hybrids. Most species are widespread and very
common to central Asia, while some species, such as A.
stenocephala and A. quettensis, are narrowly distributed,
considered subendemic or endemic to Balochistan. As
already mentioned, the taxonomic confirmation of A.
stenocephala and A. oliveriana proved to be difficult
both, on the basis of our collection, and through
intensively consultation of the herbarium specimens from
Iran and Afghanistan. We also found some specific
characteristics of A. quettensis within those specimens,
what is particularly remarkable taking into account the
small area of distribution of A. quettensis.
The xeromorphic appearances of A. sieberi and A.
turanica might be related to higher drought, however, for
more detailed assessment, a smaller investigation network
of more climate data and additional information on regional
soil conditions, water supply, and grazing intensity would
be necessary. High grazing pressure, for example, has
similar effects as has drought (compare Grace, 1998; Diaz
et al., 2007; De Micco & Aronne, 2012). As mentioned
above, Artemisia species are characterized by high
phenotypic plasticity and high tendency of polyploidization
and hybridization, both have widely been recognized to be
important processes in species evolution (Grant, 1981;
Arnold, 1997). Polyploidization was found as particularly
active in Seriphidia (Podlech in Rechinger, 1986; Torrell &
Vallès, 2001; Torrell et al., 2003; Semple & Watanabe,
2009; Malik et al., 2017), and polyploids often occupy a
broader range of habitats, partly under extreme
environmental conditions (Ehrendorfer, 1980; Rieseberg &
Willis, 2007; Pellicer et al., 2007, 2010, and references
therein). The open landscape of the study area and
changing habitat conditions, including a high number of
disturbed niches, are generally good prerequisites for
processes of polyploidization. Following Dolatary et al.
(2013), a basic chromosome number of x = 9 apply to all
Seriphidia from Iran, presenting different ploidy levels. For
the hexaploid A. quettensis, a variable chromosome number
(49+2, 3B, 51+6B, 54+3B/6x) was documented. It is also
one of the rare species with simultaneous existence of Bchromosomes and aneusomy (see also Watanabe, 2012).
According to many authors (e.g. Stebbins, 1966; Wood et
al., 2009; Chehregani et al., 2010; Pellicer et al., 2010; De
Stormea & Mason, 2014), the variation in chromosome
number in a species can be considered incipient speciation.
It can therefore be argued, the endemic A. quettensis is
probably a young evolving species, the high polyploidy rate
allowing colonize new or a wider range of habitats in time
(Stebbins, 1950; 1971; Grant, 1981; Beest et al., 2012, and
references therein). In this respect, Ahmad et al., (2007)
found prolonged seed dispersal and a persistent seed bank
of A. quettensis, which may facilitate seed germination.
Similar results were obtained by Gul et al., (2007).
However, overlapping characteristics with other Artemisia
specimens from Iran and Afghanistan may indicate a wider
distribution range of A. quettensis. Since we do not yet
know the physiological limits of tolerance of this species
and the other Artemisia species, we cannot yet assess their
dispersal potential. In contrast to the endemic A. quettensis,
the also hexaploid A. santolina (54/6x) is among the

THOMAS PEER ET AL.,

720
widespread species within Central Asia and occurs in both,
rather moist and very dry habitats. This may also be
attributed to the greater ecological tolerance in polyploids
(Soltis et al., 2010, and references therein). Depending on
the sampling site, A. sieberi, A. oliveriana, and A.
stenocephala were reported both tetraploid and diploid
(36/4x; 18/2x, see also Podlech & Bader, 1974 and Kursat
et al., 2015). Genetics, cell and stomata sizes, morphology,
chemistry, and habitat preference may thereby modified
(Valles & Torrell, 2001; Jalili et al., 2013, and references
therein). Whereas A. stenocephala and A. oliveriana also
prefer mesic habitats, A. sieberi was found only on xeric
sites. A. turanica is the only true diploid species (18, 36/2x,
18, 19/2x). The species prefers dry sites, and the stems are
remarkable less densely tomentose. Unfortunately, we do
not know the ploidy level of the specimens from
Balochistan, which may differ from that in Iran. The
determination of the ploidy level was not possible in our
samples, as the genus Artemisia seems to be one of the few
genera that are not suitable for flow analyses after
desiccation. Actually, only background signals were
obtained (J. Suda, 2009, pers. comm.).
However, whether morphological differences between
ploidy levels resulting from polyploidization directly,
phenotypic plasticity, or selection due to habitat differences
is not always clear. Species also show different appearance
in different phases of development. Artemisia plants have
their full development and blooming period in general
between September and November.
Podlech (in Rechinger, 1986) already pointed out to
the role of hybridization in the evolution of Artemisia
species, stimulated by their inherent propensity for
polyploidization (Stebbins, 1985; McArthur et al., 1988;
Freeman et al., 1991; Hegarty & Hiscock, 2005; Paun et
al., 2009). The high number of individuals per population,
overlapping ancestors, wind transport of low weight pollen
grains, same blooming period, and perennial life history
might be favouring factors for polyploidization and
hybridization in the study area. Although some samples of
our collection are intermediate between putative parental
species, the available morphological methods did not prove
to be sufficient for unambiguously identifying true hybrids,
further complicated by the absence of capitula, and
considerable intraspecific variation (Haghighi et al., 2014).
We did not recognise continuous transitional forms
between the two putative progenitors; moreover, the ploidy
levels were partly different between the parental species
(interploidy hybrids). This may be the case in A. quettensis
x A. oliveriana and A. quettensis x A. turanica. Speciation
and possible offspring of crossing of plants of different
genotypes remain therefore problematic (Koutecký, 2008).
The limited budget and restrictive personal resources
have proved to be a very serious obstacle. We hope,
nevertheless, the present study will stimulate further
efforts in floristic, cytogenetic, and molecular
phylogenetic fields in order to get a better insight into the
evolutionary diversification and speciation within the
subgenus Seriphidium. However, it must also be kept in
mind that the Asiatic Seriphidia are spread over a wide
area, extending into countries with currently difficult
political and economic situation, so that scientific
fieldwork is often difficult and not save.

Acknowledgment
First of all, we thank Dr Rubina Akhter from the
National Herbarium of Islamabad for the vast Artemisia
collection, which she sampled throughout Balochistan.
Without her engagement, the present study would not have
been possible. We are also thankful to Dr Johann Peter
Gruber (University of Salzburg) for plant determination
and critical comments to the manuscript. Furthermore, we
are thankful to Dr Jan Suda (Charles University, Prague)
for his efforts in flow cytometry and to MSc Ursula Jaros
(University of Salzburg) for her useful suggestions and
initiatives with preliminary molecular tests. We are grateful
to Univ. Prof. Dr. Dieter Podlech (Botanische
Staatssammlung München) and Mag. Heimo Rainer
(Natuhistorisches Museum Wien) for the possibility to gain
insight into their comprehensive Artemisia collection. Great
thanks also go to Monika Wagner (University of Salzburg)
for her help with the niche modelling software package
WorldClim- clima data. We gratefully acknowledge
financial support by the University of Salzburg (Stiftungsund Fördergesellschaft).
References
Ahmad, S.S. and T. Yasmin. 2011. Vegetation classification
along Hanna Lake, Balochistan using ordination
techniques. Pak. J. Bot., 43(2): 863-872.
Ahmad, S.S., M. Islam and S.N. Mirza. 2012. Rangeland
degradation and management approaches in Balochistan,
Pakistan. Pak. J. Bot., 44: 127-136.
Ahmad, S.S., S. Gul, M. Islam and M. Athar. 2007. Seed
dispersal and soil seed bank of Seriphidium quettense
(Asteraceae) in highland Balochistan. J. Bot. Res. Inst.
Texas, 1: 569-579.
Akhter, R. and S.N. Mirza. 2006. Arid steppes of Balochistan
(Pakistan). Sécheresse, 17: 203-209.
Ali, S.I. and M. Qaiser (Eds.). 2002. Flora of Pakistan. No. 207
Asteraceae (I)-Anthemideae by Abdul Ghafoor. Department
of Botany, University of Karachi and Missouri Botanical
Garden, St. Louis, Missouri, USA.
Arnold, M.L. 1997. Natural Hybridization and Evolution. New
York, USA, Oxford University Press.
Badshah, L., F. Hussain and Z. Sher. 2016. Floristic inventory,
ecological characteristics and biological spectrum of plants
of Parachinar, Kurram Agency, Pakistan. Pak. J. Bot.,
48(4): 1547-2558.
Beest, M., J.L. Le Roux, D.M. Richardson, A.K. Brysting, J.
Suda, K. Kubešová and P. Pyšek. 2012. The more the
better? The role of polyploidy in facilitating plant
invasions. Ann. Bot., 109(1): 19-45.
Bender, F.K. and H.A. Raza. 1995. Geology of Pakistan.
Beiträge zur regionalen Geologie der Erde, 25: 414 pp.
Breckle, D. 2012. Checklist of the flowering plants of
Afghanistan. www.sysbot.biologie.uni-muenchen.de.
Bremer, K. and C.J. Humphries. 1993. Generic monograph of
the Asteraceae-Anthemideae. Bull. Nat. Hist. Mus. London
(Botany), 23: 71-177.
Changezi, F.H. 1982. Soil-vegetation relationship in wastelands
around Quetta. M Sc. Thesis, Baluchistan University,
Quetta.
Chaudhri, I.I. 1957. A contribution to the flora of Chitral State.
Pak. J. For., 7: 103-144.
Chaudhri, I.I. 1960. The vegetation of Kaghan Valley. Pak. J.
For., 10: 285-294.

MORPHOLOGICAL STUDIES ON ARTEMISIA IN BALOCHISTAN (PAKISTAN)

Chehregani, A., A. Morteza, Y. Somayeh and F. Jalalia. 2010.
Polyploidy variation in some species of the genus Artemisia
L. (Asteraceae) in Iran. Caryologia: Int. J. Cytology,
Cytosystem. & Cytogen., 63: 168-175.
De Micco, V. and G. Aronne. 2012. Morpho-anatomical traits for
plant adaption to drought. In: Aroca, R. (Ed.), Plant Responses
to Drought Stress. Springer, Berlin, Heidelberg, pp. 37-61.
De Stormea, N. and A. Mason. 2014. Plant speciation through
chromosome instability and ploidy change: Cellular
mechanisms, molecular factors and evolutionary relevance.
Curr. Plant Biol., 1: 10-33.
Díaz, S., S. Lavorel, S. McIntyre, V. Falczuk, F. Casanoves,
D.G. Milchunas, C. Skarpe, G. Rusch, M. Sternberg, I.
Noy-Meir, J. Landsberg, W. Zang, H. Clark and B.D.
Campbell. 2007. Plant trait responses to grazing ‒ a global
synthesis. Global Chang. Biol., 13: 313-341.
Dickoré, B. and M. Nüsser. 2000. Flora of Nanga Parbat (NW
Himalaya, Pakistan). An annotated inventory of vascular
plants with remarks on vegetation dynamics. Englera, 19:
253 pp.
Dolatyari, A., J. Vallès, M.R. Naghavi and S.A. Shahzadeh
Fazeli. 2013. Karyological data of 47 accessions of 28
Artemisia (Asteraceae, Anthemideae) species of Iran, with
first new reports for Iranian populations and first absolute
counts in three species. Plant Syst. Evol., 299: 1503-1519.
Eberhardt, E. 2004. Plant life of the Karakorum. The vegetation of
the upper Hunza catchment (Northern Areas, Pakistan).
Diversity, syntaxonomy, distribution. Diss. Bot., 387: 223 pp.
Ehrendorfer, F. 1980. Polyploidy and distribution. In: (Ed.):
Lewis, W.H. Polyploidy: Biological relevance. New YorkLondon: Plenum Press, pp. 45-60.
Firat, M. 2015. A new record for Flora of Turkey; Artemisia
oliveriana J. Gay ex Besser (Asteraceae). Hacettepe J. Biol.
& Chem., 43: 181-184.
Freeman, D.C., W.A. Turner, E.D. McArthur and J.H. Graham.
1991. Characterization of a narrow hybrid zone between
two subspecies of big sagebrush (Artemisia tridentata:
Asteraceae). Amer. J. Bot., 78: 805-815.
Funk, V.A., A. Susanna, T.F. Stuessy and H. Robinson. 2009.
Classification of Compositae. In: (Eds.): Funk, V.A., Susanna,
A., Stuessy, T.F. and R.J. Bayer. Systematics, Evolution, and
Biogeography of Compositae. International Association for
Plant Taxonomy (IAPT), Vienna, pp. 171-192.
Grace, J. 1998. Plant water relation. In: (Ed.): Crawley, M.J.
Plant ecology, Blackwell Science, Oxford: pp. 73-131.
Grant, V. 1981. Plant Speciation. Columbia University press,
New York, London, 563 pp.
Gul, S., S. Ahmad, A.K. Achakzai and M. Islam. 2007. Impact
of microhabitat on survival of Seriphidium quettense
seedlings. Pak. J. Bot., 39(5): 1717-1724.
Haghighi, A.R., A.O. Belduz, M.M. Vahed, K. Coskuncelebi and
S. Terzioglu. 2014. The applicability of morphological
characters in taxonomy of Artemisia (Asteraceae): Agr.
Forest., 60: 103-113.
Hartmann, H. 1968. Über die Vegetation des Karakorum. Teil I:
Gesteinsfluren, subalpine Strauchbestände und Steppenge
sellschaften im Zentral-Karakorum. Vegetatio, 15: 297-387.
Hayat, M.Q. 2011. Multiple approaches for taxonomic study of
selected Artemisia L. species from Pakistan. A manuscript
presented to the Quaid-i-Azam University, Islamabad in the
partial fulfilment of the requirements for the degree of doctor
of philosophy in plant sciences. Department of Plant Sciences
Quaid-i-Azam University Islamabad, Pakistan, pp. 1-203.
Hegarty, M.J. and S.J. Hiscock. 2005. Hybrid speciation in
plants: new insights from molecular studies. New Phytol.,
165: 411-423.
Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones and A. Jarvis.
2005. Very high resolution interpolated climate surfaces for
global land areas. Int. J. Climatol., 25: 1965-1978. Available

721

at:
http://www.worldclim.org/tiles.php?Zone=18
and
http://www.worldclim.org/tiles.php?Zone=28
Hooker, J.D. 1882. The Flora of British India. Vol. 3,
Carifoliaceae to Apocynaceae, L. Reeve & Co., London.
Hussain, F. and S.R. Chughtai. 1984. The effect of overgrazing on
the development of the herbaceous vegetation in Zangilora,
Quetta Balochistan. Pak. Area Study, 9(1): 29-38.
Islam, M., S.S. Ahmad and M. Afzal. 2004. Drought in
Balochistan of Pakistan: prospects and management.
Proceedings of the International Congress on Yak,
Chengdu, Sichuan, P.R.: 419-442.
Jalili, A., M. Rabie, H. Azarnivand, J.G. Hodgson, H. Arzani, Z.
Jamza, Y. Asri, B. Hamzehee, F. Ghasemi, S.M. Hesamzadeh
Hejazi and R. Abbas-Azimi. 2013. Distribution and
ecological consequences of ploidy variation in Artemisia
sieberi in Iran. Acta Oecol., 53: 95-101.
Kardereit, J.W. and C. Jeffrey (Eds.). 2007. The families and
genera of vascular plants, 8. Flowering plants: Eudicots;
Asterales. Berlin, Heidelberg.
Kaul, M.K. and S.K. Bakshi. 1984. Studies on the genus
Artemisia L. in North-West Himalaya with particular
reference to Kashmir. Folia Geobot. Phytot., 19: 299-316.
Kazmi, A.H. 1979. Active Fault Systems in Pakistan. In: (Eds.):
Farah, A. and K.A. De Jong. Geodynamics of Pakistan:
Geological Survey of Pakistan. Quetta, Pakistan, pp. 285-294.
Khan, M.H. 1991. Phytosociological studies of Suleiman
Mountains in Balochistan. Pak. J. For., 30: 14-30.
Kornkven, A.B., L. Watson and J. Estes. 1998. Phylogenetic
analysis of Artemisia section Tridentatae (Asteraceae) based
on sequences from the internal transcribed spacers (ITS) of
nuclear ribosomal DNA. Am. J. Bot., 85: 1787-1795.
Koutecký, P. 2008. Hybridisation between diploid and tetraploid
taxa of Centaurea sect. Jacea: morphological variation and
role of unreduced gametes. Sauteria, 16: 344-348.
Kumar, D., Z.A. Bhat, V. Kumar and M.I. Zargar. 2011. A short
review on Artemisia maritima L. Int. J. Res. Phytochem.
Pharmacol., 1: 201-206.
Kursat, M., S. Civelek, I. Turkoglu and S. Tabur. 2011:
Artemisia sieberi Bess, subsp. sieberi a new record for
Turkey and a delete record for Turkey Artemisia herbaalba Asso. (Asteraceae). Pak. J. Bot., 43: 1819-1821.
Kursat, M., S. Civelek, I. Türkoğlu, S. Tabur and N. Gür. 2015.
A new species of subgenus Seriphidium of Artemisia L.
(Asteraceae) from Turkey. Turk. J. Bot., 39: 88-95.
Ling, Y.R. 1991a. The old world Seriphidium (Bess.) Poljak.
(Compositae). Bull. Bot. Res., 11(4): 1-40.
Ling, Y.R. 1991b. A review of the classification, distribution and
application of Artemisia L. and Seriphidium (Bess.) Poljak.
(Compositae) in China. Guihaia, 11(1): 19-35.
Malik, S., D. Vitales, M.Q. Hayat, A.A. Korobkov, T. Garnatje and
J. Valles. 2017. Phylogeny and biogeography of Artemisia
subgenus Seriphidium (Asteraceae: Anthemideae). Taxon,
66(4): 934-952.
Marwat, Q., F. Hussain and N.A. Kahn. 1989. Vegetation studies
in Maslakh Range forest, District Pishin, Balochistan,
Pakistan. Pak. J. Agric. Res., 10: 367-375.
Marwat, Q., F. Hussain and T.M. Khiljii. 1990. Phyto-ecology of
the vegetation of Zangilora area Quetta, Balochistan. Pak.
J. Agric. Res., 11: 275-283.
McArthur, E.D., B.L. Welch and S.C. Sanderson. 1988. Natural
and artificial hybridization between Big Sagebrush
(Artemisia tridentata) subspecies. J Hered., 79(4): 268-276.
Meusel, H., E. Jäger and E. Weinert. 1965. Vergleichende
Chorologie der zentraleuropäischen Flora. Vol. 1, Jena
(Fischer).
Mirza, S.N., M. Athar and A. Qayyum. 2009. Effect of drought
on rangeland productivity and animal performance in
dryland region of Balochistan, Pakistan. Agri. Conspectus
Sci., (ACS), 74: 105-109.

THOMAS PEER ET AL.,

722
Oberprieler, C., R. Vogt and L.E. Watson. 2007. Tribe Anthemideae.
In: Kadereit, J.W. and C. Jeffrey (Eds.) Flowering plants.
Eudicots. Asterales, 8. Berlin, Heidelberg, pp. 342-373.
Oberprieler, C., S. Himmelreich, M. Källersjö, J. Vallès, L.E.
Watson and R. Vogt. 2009. Anthemideae Chapter 38. In:
(Eds.): Funk, V.A., Susanna, A., Stuessy, T.F. and R.J.
Bayer. Syst. Evol. & Biogeograph. of Compositae. Vienna,
Austria: International Association for Plant Taxonomy
(IAPT): 631-666.
Pampanini, R. 1927. Materiali per lo studio delle Artemisie
Asiatiche. Nov. Giorn. Bot. It., 34: 632-708 (non vidi).
Paun, O., F. Forest, M.F. Fay and M.W. Chase. 2009. Hybrid
speciation in angiosperms: parental divergence drives
ploidy. New Phytol., 182(2): 507-518.
Peer, T., A. Millinger, J.P. Gruber and F. Hussain. 2001.
Vegetation and altitudinal zonation in relation to the impact
of grazing in the steppe lands of the Hindu Kush Range (NPakistan). Phytocoenologia, 31: 477-498.
Peer, T., J.P. Gruber, A. Millinger and F. Hussain. 2007.
Phytosociology, structure and diversity of the steppe
vegetation in the mountains of northern Pakistan.
Phytocoenologia, 37: 1-65.
Pellicer, J., S. Garcia, M.A. Canela, T. Garnatje, A.A.
Korobkov, J.D. Twibell and J. Valles. 2010. Genome size
dynamics in Artemisia L. (Asteraceae): following the track
of polyploidy. Plant Biol., 12: 820-830.
Pellicer, J., S. Garcia, T. Garnatje, O. Hildago, A.A. Korobkov,
S. Darriimaa and J. Vallès. 2007. Chromosome counts in
Asian Artemisia L. (Asteraceae) species: from diploids to
the first report of the highest polyploid in the genus. Bot. J.
Linn. Soc., 153: 301-310.
Persson, K. 1974. Biosystematic studies in the Artemisia
maritima complex in Europe. Opera Bot., 35: 1-192.
Podlech, D. 1986. Artemisia. In: Rechinger, K.H. (Ed.), Flora
Iranica No. 158. Akademische Druck- und Verlagsanstalt
Graz, Austria, pp. 159-223 (text) and 178-223 (tables).
Podlech, D. 2013. Some remarks on Artemisia subgenus
Seriphidium (Asteraceae) mostly from Afghanistan.
Rostaniha, 14: 48-58.
Rabie, M., A. Jalili, H. Azarnivand, Z. Jamzad and H. Arzani. 2006.
A contribution to the Artemisia sieberi (Asteraceae) based on
phytochemical studies in Iran. Iran. J. Bot., 13: 120-127.
Rafi, M. 1965. Vegetation types of Balochistan Province,
Pakistan. Govt. Printing Press, Punjab, Lahore.
Rhind, P.M. 2010. Plant formations in the northern
Baluchistanian Bio-Province. www.terrestrial-biozones.net.
Rieseberg, L.H. and J.H. Willis. 2007. Plant speciation. Science,
317: 910-914.
Rodriguez, A. 1994. Rangeland production system in
Balochistan, Pakistan. Rangelands, 16: 21-24.
Sanz, M., R. Vilatersana, O. Hidalgo, N. Garcia-Jacas, A.
Susanna, G.M. Schneeweiss and J. Vallès. 2008. Molecular
phylogeny and evolution of floral characters of Artemisia
and allies (Anthemideae, Asteraceae): Evidence from
nrDNA ETS and ITS Sequences. Taxon, 57(1): 66-78.
Scholz, F. 1974. Belutschistan (Pakistan). Eine sozialgeographische
Studie des Wandels in einem Nomadenland seit Beginn der
Kolonialzeit. Gött. Geogr. Abh., 63: 1-322.
Semple, J.C. and K. Watanabe. 2009. A review of chromosome
numbers in the Asteraceae with hypotheses on chromosome
base number evolution. In: (Eds.): Funk, V.A., Susanna, A.,
Stuessy T.F. and R.J. Bayar. Syst. Evol. & Biogeograph.
Compositae, chapter 4. International Association of Plant
Taxonomists, Vienna, Austria, pp. 61-72.
Shishkin, B.K. and E.G. Bobrov. 1961. Compositae. In: (Eds.):
Komarov, V.L. and B.K. Shiskin. Flora of the SSSR.
Moskau, Leningrad.
Soltis D.E., R.J.A. Buggs, J.J. Doyle and P.S. Soltis. 2010. What we
still don't know about polyploidy. Taxon, 59: 1387-1403.

Stebbins C.L. 1950. Variation and evolution in plants. Columbia
University Press, New York, USA.
Stebbins, G.L. 1966. Chromosomal variation and evolution.
Science, 152:1463-1469.
Stebbins, G.L. 1971. Chromosomal evolution in higher plants.
Edward Arnold, London, UK., pp. 87-89.
Stebbins, G.L. 1985. Polyploidy, hybridization, and the invasion of
new habitats. Ann. of the Missouri Bot. Garden, 72: 824-832.
Stewart, R.R. 1961. The flora of the Deosai Plains. Pak. J. For.,
18(3): 225-295.
Sultani, M.I., M. Asghar, M.J. Afzal and M. Aslam. 1993. Cover,
composition, frequency and biomass production of mixed
shrubby vegetation of Zarchi (Kalat District) in upland
Balochistan. Pak. J. Agric. Res., 14: 209-212.
Tareen, R.B. and S.A. Qadir. 1987. Phytosociology of the plains
of Quetta district. Pak. J. Bot., 19(2): 139-156.
Tareen, R.B. and S.A. Qadir. 1990. Phytosociology of the water
courses of Quetta district. Pak. J. Bot., 22(1): 52-65.
Tareen, R.B. and S.A. Qadir. 1991. Phytosociology of the hills
of Quetta district. Pak. J. Bot., 23(1): 90-114.
Torrell, M. and J. Valles. 2001. Genome size in 21 Artemisia L.
species (Asteraceae, Anthemideae): Systematic, evolutionary,
and ecological implications. Genome, 44(2): 231-238.
Torrell, M., M. Cerbah, S. Siljak-Yakovlev and J. Vallès. 2003.
Molecular cytogenetics of the genus Artemisia (Asteraceae,
Anthemideae): fluorochrome banding and fluorescence in
situ hybridization. I. Subgenus Seriphidium and related
taxa. Plant Syst. Evol., 239(1): 141-153.
Torrell, M., N. Garcia‐Jacas, A. Susanna and J. Vallès. 1999.
Phylogeny in Artemisia (Asteraceae, Anthemideae) inferred
from nuclear ribosomal DNA (ITS) sequences. Taxon, 48:
721‐736.
Troll, C. 1939. Das Pflanzenkleid des Nanga Parbat.
Vegetationskarte der Nanga Parbat-Gruppe (NW Himalaya)
1:50.000. Wiss. Veröff. Dt. Mus. Länderkunde Leipzig NF,
7: 150-180.
Tutin, T.G., K. Persson and W. Gutermann. 1976. Artemisia. In:
(Eds.): Tutin, T.G., Heywood, V.H., Burges, N.A., Moore,
D.M., Valentine, D.H., Walters, S.M. and D.A. Webb. Flora
Europaea, 4. Cambridge University Press. Database of
European Plants (ESFEDS), pp. 178-186.
Vallés, J. and M. Torrell. 2001. New or rare chromosome counts
in the genus Artemisia L. (Asteraceae, Anthemideae) from
Kazakhstan. Bot. J. Linn. Soc., 137: 399-407.
Watanabe, K. 2012. Index to chromosome numbers in Asteraceae.
http://www-asteraceae.cla.kobe-u.ac.jp/index.html.
Watson, L.E., P.L. Bates, T.M. Evans, M.M. Unwin and J.R.
Estes. 2002. Molecular phylogeny of subtribe Artemisiinae
(Asteraceae), including Artemisia and its allied and
segregate genera. BMC Evol. Biol., 2(17): 1-12.
Webster, G.L. and E. Nasir. 1965. The vegetation and flora of
the Hushe Valley (Karakorum Range, Pakistan). Pak. J.
For., 15(3): 201-234.
Welcomme, J.L., M. Benammi, J.Y. Crochet, L. Marivaux, G.
Métais, P.O. Antoine and I. Baloch. 2001. Himalayan
forelands: palaeontological evidence for Oligocene detrital
deposits in the Bugti Hills (Balochistan, Pakistan). Geol.
Mag., 138(4): 397-405.
Wood, T.E., N. Takebayashi, M.S. Barker, I. Mayrose, P.B.
Greenspoon and L.H. Rieseberg. 2009. The frequency of
polyploid speciation in vascular plants. Proc. Natl. Acad.
Sci., 106: 13875-13879.
Wu, Z., P.H. Raven and D. Gong (Eds.). 2011. Flora of China,
vol. 20-21, Asteraceae. Saint Louis, Missouri Botanical
Garden Press.
www.eFloras.org: Flora of China, vol. 20-21. Asteraceae, 152.
Seriphidium, pp. 738-746.
www.eFloras.org: Flora of Pakistan, vol. 207. Asteraceae, 22.
Seriphidium, pp. 144-160.

(Received for publication 12 June 2018)

