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Abstract

A phytogeographical assessment of grass family Poaceae in three
states namely Himachal Pradesh (HP), Jammu and Kashmir (J&K)
and Uttarakhand (UK) of Western Himalaya found that 5.06% of the
taxa found globally have been abundant in the region. Overall, 582
species belonging to 143 genera and 29 tribes of the family were
found distributed among the three states. UK was found exhibiting
maximum number of taxa with the highest level of Shannon’s
diversity index (4.13) based diversity among them. Maximum
number of the species of the family was distributed over the
altitudinal range of 1500-2000 m showing a hump shaped curve.
Poa L. was found as the most diverse genus, and Andropogoneae
was found with maximum number of the species dominantly
distributed in the region. Among the total species found in the
region, 61 taxa of the family were enlisted in IUCN red list, hence
prioritized for conservational purposes.
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Introduction

Poaceae, the grass-family, is the fifth largest plant family in terms
of number of species. It comprises approximately 750-770 genera
and 11,500 species [1] with cosmopolitan distribution [2]. The
varied breeding systems that maintain the variability in the genepool
through apomixis, local adaptation and resilience of the grasses
altogether led them to be one of the most successful terrestrial life
forms on the Earth in turbulent bio-climatic variables [3]. From the
pre-historic times, man has been dependent on grass species for
food, fodder, shelter and medicines. Seeds of grasses comprise grains,
which amplify nutritional profile of the group by supplying ample
amounts of calories for human and animal consumption. With long
back history of domestication, some of the grass species form a major
portion of our staple crops viz. rice, wheat, oats, rye, barley, maize,
sorghum, sugarcane and other millets. Approximately 70% of the
world’s farmlands are cultivated with domesticated crop species from
the family Poaceae [3]. Nevertheless, major number of the species of
the family still occurs in wild and the final number of the species is yet
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to be finalized for documentation through revision of different genera
of the family describing the species from different biogeographical
regions of the world.

India maintains one of the most diverse life forms in the world in
ten biogeographical regions of varied geoclimatic conditions. These
biogeographical regions support the distribution of many species from
the family Poaceae with diverse phyto-socio-structure of abundance.
Documentation of their abundance in such a diverse condition always
needs intensive taxonomical assessment. The phytotaxonomical work
on Indian grasses was first reported from places of the Himalayan
region by Griffith [4]. Later, Duthie et al. [5-8] also surveyed the
grasses from different regions of British Indian sub-continent. Hooker
[9] included 146 genera and 838 species in his “Flora of British India”. A
detailed account of grasses was provided by Bor [10] with taxonomical
identification of 242 genera and 1243 species in India. Meanwhile,
revision of the tribes of the family viz. Garnotiae [11-13], and a genus
Heteropogon Pers. Deshpande [14] was also incorporated. Among the
major works on Indian grasses, Karthikeyan et al. [15] documented
260 genera with 1300 species of grasses from India. Sreekumar and
Nair [16] reported 103 genera and 296 species from a coastal region
state Kerala. Shukla [17] included 148 genera and 482 taxa from North
Eastern India and Potdar et al. [18] gave detailed description of grasses
of state Maharashtra from Deccan plateau region and reported 125
genera and 458 taxa. These studies dealt mainly with the taxonomical
characterization and distribution of the grass family in different but
only few biogeographical regions of the country. Moreover, no study
has been conducted reporting the species abundance and diversity
within a specific biogeographical region of the country.

Among the ten biogeographical regions, Himalayan region
has the youngest geological structures ranged over the highest
elevation supporting various unique life forms. It has been enlisted as
biodiversity hotspot due to endemism of enormous life forms in threat
of loss. Himalayan region broadly forms the northern boundary of the
country occupying an area of about 5,31,000 km?. The eastern Himalaya
which includes the states Sikkim, Arunachal Pradesh, Meghalaya,
Nagaland, Manipur, Tripura & Mizoram completely and hill districts
of Assam and West Bengal, is considered as the “Cradle of flowering
plants” harbouring about 8000 species of Angiosperms. The Western
Himalaya of India spreads over three states namely Himachal Pradesh
(HP), Jammu and Kashmir (J&K) and Uttarakhand (UK) occupying
an area of about 3,31,000 km?. Representing approximately 10% of the
total geographical area of the country, it supports about 5000 species
of flowering plants. In comparison to the Eastern Himalaya, Western
Himalayan region has not been explored for phytogeographical status
of the species of Poaceae. Since the region is in threat of habitat loss
towards the projected changing climatic regimes, the assessment of
abundance, distribution and diversity of grasses in the region may help
to take early action for conservation and management of the available
genetic resources from Poaceae. Therefore, in present investigation,
we surveyed the species from the family Poaceae distributed over the
Western Himalaya along the ranges of altitude and documented their
diversity after taxonomical authentication.
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Materials and Methods

To assess the phytogeography of the Western Himalayan region
and to obtain the abundance and distribution related information of
the taxa, the literature was surveyd before sampling, followed by the
consultation of some Indian herbaria viz. BSD, CAL, CDRI, CIMAP,
DD, KASH, LWG & RRLH, published floras and several plant database
websites (The Plant list, IPNI, Tropicos) etc [19-21]. Following the
information, for the ground-truthing of abundance and distribution
of the taxa, field visits and sampling were carried out.

Plant sampling

Field expedition was done during the months of March
2018-November 2019. Extensive sampling of plant specimens was
carried out in the regions of HP, J&K and UK (Figure 1). Mean annual
temperature of the region ranges from 21.7°C to 24.2°C and annual
rainfall ranges from 1238 mm to 1631 mm (Table 1).
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Figure 1: Biogeographical map of India (10 =215.20 km?) showing
region of the three states viz. 1. Jammu and Kashmir (J&K), 2. Himachal
Pradesh (HP), 3. Uttarakhand (UK) in the Western Himalaya, surveyed
for the study.

Table 1: Biogeographical and climatic condition of states of Western Himalaya.

Annual
Latitude | Longitude | Altitude rainfall Mean annual
States Area(km2) N) (E) (m) (mm) temperature (°C)
Himachal
Pradesh 450-
(HP) 55,673 32°29' 75°10' 6826 2909-3800 21.7
Jammu &
Kashmir 300-
J&K) 2,22,236 32°44' 74°54' 7672 693-1238 24.2
Uttarakhand 187-
(UK) 53,483 30°15' 79°15' 7816 1631 21.8

Species identification

The identification of the specimens was done using literature from
different sources. The taxonomical keys as described by Bor et al.
[10,16-18] were used for the identification of the grass specimens. For
validation, the herbaria specimens were also referred. The systematic
treatment of Indian grasses as described by Bor [10] was followed for
taxonomical classification of identified specimens.

Data preparation and analysis

Abundance data was prepared for hierarchical taxa (sub-family,

tribe, genus, species, sub-species, variety) of the plants distributed
over the region. Shannons diversity index (H) was measured
applying formula ‘H=-¥°_ pi Inpi for overall, rare and common plants
distributed over different states of the region.

Results
Abundance

Overall, plants of 582 species belonging to 143 genera of Poaceae
were found in the Western Himalayan region. In terms of number,
the region was found to share 44.45% of the total species of grasses
found in India and 5.06% of those distributed globally. In the same
manner, the region exhibited 55% of grass genera from the family
distributed over India and 19% of those found globally (Figure 2). A
higher number of grass species was found belonging to the subfamily
Pooideae as compared to Panicoideae. Among the 29 tribes of the
species found in the region, three tribes consisting 203 taxa were from
the subfamily Panicoideae while the rest 26 tribes of 379 taxa were
from Pooideae (Figure 3). In terms of the number of the genera and
species, the tribe Andropogoneae was found with the highest number
followed by Festuceae, Paniceae and Agrostideae (Figure 4). Among
the genera, Poa L. was the most dominant (42 species) followed by
Festuca L. (24 species) and Eragrostis Wolf (18 species) (Figure 5).

World

India
260 Genera
1300 Species

Figure 2: A comparative abundance information of the species from
Poaceae at global and regional level.

26 Tribes

Figure 3: Quantitative description of species abundance in hierarchical
taxa of Poaceae
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Figure 4: Graphical representation of percentage of different tribes of
Poaceae abundant in Western Himalaya.
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Figure 5: Dominant genera of Poaceae in Western Himalaya.

Distribution

The maximum number of the taxa was found in UK (157) followed
by HP (60) and J&K (45). Total 152 taxa were found commonly
distributed over all the three states. Apart from this, 130 taxa were
common among HP and UK, 22 taxa among HP and J&K and 16
taxa among J&K and UK (Figure 6). The maximum number of taxa
was abundant between altitudinal ranges of 1500 m-2000 m, which
declined further up to 6000 m (Figure 7). Species Pennisetum lanatum
Klotzsch (2000 m-6500 m) and Stipa caucasica Schmalh (1000 m-5500
m) were found to have widest distribution along the altitudinal classes.
Among the taxa occuring in the study area, about nine species have
been found to be restricted to their locality viz. Calamagrostis gamblei
Paszko, Dendrocalamus somdevae Naithani, Festuca nandadevica
Hajra, Festuca sanjappae Chandra S. & Srivast., Helictotrichon uniyalii
Kandwal & Gupta, Muhlenbergia rakchamensis Arum., Murthy &
Nair Pseudodanthonia himalaica (Hook) Bor & Hubb., Stipa klimesii
M .Nobis and Trisetum micans (Hook) Bor.

Figure 6: Abundance of Poaceae taxa in different states of Western
Himalaya and their pairs.
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Figure 7: Altitudinal distribution of grasses in Western Himalaya.

Diversity

The maximum diversity for genera (4.13) and minimum diversity
for tribe (2.39) were recorded from UK. HP was found with minimum
diversity for genera (3.22). UK and HP both were found the most
diverse for sub-families (Table 2).

Table 2: Shannon’s diversity index (H) for different taxa of Poaceae distributed
in Western Himalaya.

States Genera Tribes Sub-families
HP 3.22 2.48 0.41
J&K 3.41 2.59 0.36
UK 4.13 2.39 0.41
HP+HI&K 2.75 2.34 0.47
J&K+UK 2.65 1.56 0.67
HP+UK 3.88 272 0.39
HP+J&K+UK 4.05 2.46 0.41
Discussion

A multiplicity of factors such as vegetation type, slope,
temperature and altitude regulates the structure and composition
of a community and distribution pattern and diversity of its species
in a mountainous ecosystem [23]. Western Himalaya experiences
homogenous but extreme conditions of temperature range, rainfall
and other climatic factors. Apart from these, the region also displays
wide altitudinal variations. A wide range of geo-climatic conditions
support varied phytogeographical diversity and distribution of life
forms. The diversity and distribution of the species from Poaceae have
not been documented in the Western Himalaya. Therefore, according
to the best of our knowledge, the present survey is the first attempt of
its kind reporting the phytogeographical status of Poaceae species in
the region.

Abundance of Poaceae taxa in the region

A remarkable diversity of grasses with wide distribution has been
observed in the study area. A total of 582 taxa represent an appreciable
contribution of grasses in maintaining biodiversity of the region.
Higher percentage of Pooideae occurring in Western Himalaya
may be attributed to the fact that individual clades of grasses have
distinct ecological preferences. On their onset, grasses used to occupy
warm and moist habitats, but with the passage of time, there have
been independent radiations into cold temperate regions. Increased
number of genes responsible for tolerance of low temperature has
been found in Pooideae whereas Panicoideae prefers warm and mesic
conditions, particularly the tribe Andropogoneae is the most diverse
in areas with high fire frequency [24]. Abundance of Poa and Festuca
in the study area reflects their pronounced adaptive potential to the
cold conditions found in the region.

Distribution pattern of Poaceae taxa among the states in the
region

Grasses found in Western Himalaya fall under seven types of
distribution patterns. Nearly 45% of total grass species have been
found to be confined to one of the three centres of distribution: HP,
JK and UK. About 26% grasses show widest distribution pattern
occurring in all the three states. It has been observed that about
22% taxa show continuous distribution between HP and UK, about
4% between HP and JK and the least 3% taxa display discontinuous
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distribution between JK and UK. UK supports aout 78% of the
total diversity of grasses found in the region. Festuceae is the most
common tribe occurring in HP while JK supports maximum taxa
of Triticeae which include commercially important cereals. UK
harbours Andropogoneae to a greater extent as compared to other
tribes found in the study area. As revealed by observed distribution
patterns of different tribes in the study region, it may be inferred that
these tribes show heterogenous geographical distribution pertaining
to the optimum conditions for their survival.

Diversity among Poaceae taxa in the region

To characterize species diversity, Shannon’s diversity index is one
of the commonly used indices. The value of Shannon’s index ranges
between 0.0-5.0. In the present study, values of Shannon’s diversity
index were found to be varying for different ranks. For genera, it was
maximum ranging between 2.75-4.13, moderate for tribes (1.56-2.59)
and minimum for sub families (0.39-0.67). These values indicate
that on moving down in the hierarchal order variations increase and
stability decrease for the subsequent ranks. As observed from the
results, maximum diversity of grass species occurs in Uttarakhand
(H=4.13) which may be ascribed to the optimum survival conditions
for grasses prevailing there. Uttarakhand represents a craggy and
mountainous state with a broad class interval of altitude, ranging
from 187 m-7816 m asl, rendering the region highly variable in terms
of topography and meteorology which enables the state to sustain
enormous biodiversity influenced by copious variations in geological,
biological and geographical factors. This region possesses highly
diversified climate across the transverse zones varying from the sub-
tropical humid climate of the Terai to the tundra-like climate of the
Great Himalayan ridges [25].

Effect of altitude on the species distribution and abundance

The presentstudyrevealed expected pattern of relationship between
altitude and species richness. The number of species plotted against
the altitudinal gradient displayed a hump-shaped curve. The mid
altitudinal ranges constituted higher species richness which dwindled
towards extremes of the gradient. A general trend of alleviated species
richness with increase in altitude has been evinced long back which
may be attributed to depauperate ecosystem observed in moving from
the Equator towards the poles [26]. Maximum number of species was
found in the range between 1500 m-2000 m (279 species). The least
number of species (one species) was found in the highest range (6000
m-6500 m). A slightly higher number was found in the lowest range (0
m-500 m) (30 species). This reflects a unimodal relationship between
species richness and altitude. The decline in number of species at
higher altitudinal gradient could be attributed to eco-physiological
impediments, including low temperature, shortened growing
season and other geographical barriers. Further, being affected by
frequent anthropogenic disturbances, such as road construction,
habitat destruction, deforestation and agricultural practices, the
lower altitudes harbour lesser number of species. Pattern of diversity
observed at the mid-altitudes could be explained by Intermediate
Disturbance Hypothesis which stated that intermediate intensities of
disturbance maximize species diversity [27].

Conservation status and implications

Owing to the high economic and ecological importance,
Poaceae is one of the most explorable groups in Angiosperms but
selection and domestication of only fewer over all existing species

and exploitation due to negligence resulted in decline of grass
species habitat and inclusion of 61 taxa of the grasses from Western
Himalaya in IUCN red list which urges them to be prioritized for
conservational purposes. These grasses with their present status in
TUCN red list have been enlisted later (Table 3). Therefore, it is the
need of the hour to study population trends so that research can be
conducted to conserve biodiversity of grasses. Change in the climatic
conditions rendered the biodiversity to get confined. Lot of plants
and animals are losing their habitat which may be a threat to the
ecological balance. Climate change negatively affects the existence of
biotic components of ecosystem. Loss in diversity and distribution of
grasses can be easily observed by their occurrence in IUCN Red list.
Several environmental parameters play significant role in maintaining
grasslands which mainly focus on water use efficiency of grasses.
Moreover, anthropogenic activities like herbivory, urbanization, etc
tend to alleviate the grass cover of earth by converting grasslands to
human-dominated landscapes. Grasslands act as attractive sites for
agriculture as they possess excellent soil. They also provide buffering
action against burgeoning CO, concentration as they can store almost
equal amount of carbon as being stored by forests [28]. Previous
studies suggest the fate of grasslands hard to be predictable towards
changing climate, attributed to complex set of factors maintaining
them. Variations in content and season of precipitation also influence
the occurrence of some grassland as suggested by Gibson [29] who
concluded that long lasting drought resulted in altered structure and
dominance relationship in Prairies grassland. On the other hand,
certain grasslands are resistant to perturbations in climatic conditions
as exemplified by the reports of Grime et al. [30] who despite
substantial alterations in temperature and precipitation, observed no
significant changes in community composition of a low-productivity
grassland in England [24].

Table 3: Conservation status (IUCN Red list) of taxa from Poaceae found in
Western Himalaya.

S.no. Taxa IUCN status
1 Agrostis canina L. LC
2 Agrostis nervosa Nees ex Trin. LC
3 Agrostis stolonifera L. LC
4 Alopecurus aequalis Sobol. LC
5 Alopecurus arundinaceus Poir. LC
6 Arundo donax L. LC
7 Avena fatua L. LC
8 Avena sterilis L. LC
9 Brachiaria eruciformis (Sm.) Griseb. LC
10 Brachiaria ramosa (L.) Stapf LC
11 Brachiaria reptans (L.) C.A.Gardner & LC
C.E.Hubb.
12 Calamagrostis canadensis (Michx.) P.Beauv. LC
13 Calamagrostis pseudophragmites (Haller f.) LC
Koeler
14 Catabrosa aquatica (L.) P.Beauv. LC
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15 Cenchrus ciliaris L. LC
16 Chionachne gigantea (J. Koenig) Veldkamp LC
17 Crypsis schoenoides (L.) Lam. LC
18 Dendrocalamus giganteus Munro LC
19 Desmostachya bipinnata (L.) Stapf LC
20 Digitaria duthieana Henrard ex Bor DD
21 Dimeria ornithopoda Trin. LC
22 Echinochloa colona (L.) Link LC
23 Echinochloa crus-galli (L.) P.Beauv. LC
24 Echinochloa frumentacea Link LC
25 Eleusine indica (L.) Gaertn. LC
26 Elytrophorus spicatus (Willd.) A.Camus LC
27 Eragrostis unioloides (Retz.) Nees ex Steud. LC
28 Eriochloa procera (Retz.) C.E.Hubb. LC
29 Eulalia contorta (Brongn.) Kuntze LC
30 Hemarthria altissima (Poir.) Stapf & C.E.Hubb. | LC
31 Hemarthria compressa (L.f.) R.Br. LC
32 Hordeum murinum L. LC
33 Imperata cylindrica (L.) P.Beauv. LC
34 Isachne albens Trin. LC
35 Isachne globosa (Thunb.) Kuntze LC
36 Isachne pulchella Roth LC
37 Leersia oryzoides (L.) Swartz LC
38 Leptochloa panicea (Retz.) Ohwi LC
39 Panicum repens L. LC
40 Panicum sumatrense Roth LC
41 Paspalidium flavidum (Retz.) A.Camus LC
42 Paspalidium geminatum (Forssk.) Stapf LC
43 Paspalidium punctatum (Burm.) A.Camus LC
44 Paspalum conjugatum P.J Bergius LC
45 Paspalum distichum L. LC
46 Paspalum scrobiculatum L. LC
47 Phalaris arundinacea L. LC
48 Phleum alpinum L. LC
49 Phragmites australis (Cav.) Trin. ex Steud. LC
50 Phragmites karka (Retz.) Trin. ex Steud. LC
51 Poa angustifolia L. LC
52 Poa annua L. LC
53 Poa pratensis L. LC
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54 Pogonatherum paniceum (Lam.) Hack. LC
55 Polypogon monspeliensis (L.) Desf. LC
56 Polypogon viridis (Gouan) Breister LC
57 Saaciolepis myosuroides (R.Br.) A.Camus LC
58 Schizachyrium brevifolium (Sw.) Buse LC
59 Setaria parviflora (Poir.) M.Kerguelen LC
60 Urochloa setigera (Retz.) Stapf LC
61 Vulpia octoflora (Walter) Rydb. LC
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