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Abstract 

 

The plants' life form, leaf sizes, and distribution pattern reflect an area's overall ecological condition, including climate, 

land masses, and anthropogenic pressures. The current study evaluated the phyto-diversity, life form, leaf sizes, and 

geographical distribution of the Karak vegetation in the northwestern belt of Pakistan. The flora of the study area comprised 

of 177 species of flowering plants, of which 142 were dicots and 35 were monocots. The dominant families were Poaceae (27 

species), followed by Asteraceae (18 species), Papilionaceae (12 species), Juncaceae (9 species), Solanaceae (8 species), and 

Chenopodiaceae (7 species). Habit-wise, herbs were represented by 122, shrubs by 31, and trees by 24 species. Moreover, the 

study area was dominated by therophytes (81 species), hemicryptophytes (30 species), microphanerophytes (24 species), and 

nanophanerophytes (18 species). Leaf size classes were dominated by microphyll (65 species), nanophyll (49 species), 

leptophyll (35 species), and mesophyll (24 species), whereas Periploca aphylla, Capparis decidua, and Cuscuta reflexa were 

aphyllous in the study area. Phytogeographically, this is a mixture of Saharo-Sindian and Irano-Turanian elements. The 

dominance of microphylls and nanophylls shows that the area is under biotic pressure and has arid climatic conditions. Further 

research is needed to identify climate-smart plant species for habitat restoration. 
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Introduction 

 

Plant diversity plays a crucial role in maintaining 

ecosystem function and resilience. In various ecosystems, 

plant diversity contributes significantly to ecological 

stability, resource utilization, and overall environmental 

health (Khan et al., 2013; Iqbal et al., 2021a; Manan et al., 

2022). In any geographic area, plant diversity is used to 

assess climatic conditions, topography, and anthropogenic 

pressure in that area (Abbas et al., 2016; Aneva et al., 2020; 

Ullah et al., 2025). Usually, in harsh climates and 

anthropogenic pressure, xerophytic vegetation is found with 

microphylls and nanophylls leaves. Furthermore, the 

relation of plant diversity to environmental and climatic 

variables is very complex, which dictates the geographic 

distribution of vegetation. Jiménez‐Alfaro et al. (2016) 

highlight that vegetation diversity is closely bound to 

climate-energy interactions and habitat heterogeneity. They 

highlighted the value of merging plant data into biodiversity 

models, as this can reveal potential changes in biodiversity 

patterns that ecosystems respond to shifting environmental 

conditions. With changes in the environmental conditions, 

the Phyto-diversity changes with time; therefore, the floristic 

list of an area is necessary for human wellbeing, economic 

survival, ecosystem activity, and establishment (Khan et al., 

2013; Shaheen et al., 2012; Iqbal et al., 2021a; Asmat et al., 

2022; Manan et al., 2022; Manan et al., 2022; Ullah et al., 

2024; Bibigul et al., 2025). Moreover, the distribution 

pattern of a plant species provides a range of distribution, 

climatic, and topographic preferences. Therefore, it is 

necessary to assess the accurate phytogeographic 

distribution of plant species in an area (Jiménez‐Alfaro et al., 

2016; Haq et al., 2020; Manan et al., 2020).  

The plant life form and leaf sizes give a clear climatic 

picture of an area. It determines the weather patterns, 

especially rainfall and temperature, and their yearly 

distribution. In the long term, climatic conditions bring 

about phytogeographic consistency among the plants (Ali 

& Qaiser, 1986; Khan et al., 2011b; Khan et al., 2012; 

Qaiser et al., 2025). The relationship between life form and 

leaf size, with climate dynamics, provides valuable insights 

into the ecological character of an area, representing its 

biodiversity and prevailing climatic conditions. Variations 

in plant species diversity underscore environmental 

contexts shaped by geology, soil types, and microclimates 

(Manan et al., 2022; Khan et al., 2025). Analyzing life-

form spectra shows local phytoclimatic patterns and 

environmental pressures (Khan et al., 2011b; Messias et 

al., 2011; Manan et al., 2022). Furthermore, specific 

floristic compositions correlate with environmental 

parameters and land use factors, influencing vegetation 

dynamics (Anwar et al., 2019; Sasaki et al., 2005). The 

distribution of various life-forms, including phanerophytes 

and hemicryptophytes, demonstrates adaptations to climate 

and the influences of human activities (Khan et al., 2017; 

Manan et al., 2022).  

The plant species' life form and leaf form changes can 

be attributed to biotic and abiotic factors. The study area is 

under heavy biotic and abiotic pressure, representing a 

varied flora. Therefore, the current research study was 

conducted to i) explore the floristic diversity of the study 

region, ii) identify the life form and leaf sizes of the study 

area plants, and iii) assess the phytogeographic distribution 

and ecological variation in the study area. The results of 

this study might be helpful for ecologists, conservationists, 

plant geographers, and ethnobotanists to understand the 

floristic diversity of the study region. The methodology 

used in this study can be applied to any ecosystem globally 

for floristic studies and to assess the phytogeographic 

distribution of an area. 
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Materials and Methods 

 

Study area: The research area is located from 32˚.51´ to 

33˚.30´ N latitude and 70˚.29' to 71˚.28' E longitude. It is 

surrounded by Tehsil Banda Daud Shah in the north, 

Tehsil Takht Nasrati in the southeast, and Bannu in the 

southwest (Fig. 1). The study area has very harsh climatic 

conditions; the summer season is very hot, and the winter 

season is cold (Javed et al., 2019). The temperature 

ranges between 35˚C to 45˚C in June and July, while in 

winter the temperature ranges between 5˚C to 10˚C. In 

winter, it rains for weeks, while in summer, rain is 

characterized by thunderstorms creating flash floods in 

the streams. The soil is generally sandy, clay, or stony, 

and rarely loamy (Javed et al., 2019). 
 

Field survey: Regular field surveys were conducted 

throughout the study area to collect plants (Khan et al., 

2013; Manan et al., 2022). The field visits were conducted 

in spring, summer, and autumn sessions in 2022-23, to 

ensure the collection of all types of plants. Plant specimens 

were collected, tagged with prepared tag cards, and then 

pressed with a plant presser. After that, the plant specimens 

were shade-dried and poisoned with mercuric chloride and 

ethyl alcohol solution. Then the plants were fixed on the 

standard herbarium sheets, having the size of 17.5″ × 11.5″ 

(Khan et al., 2013; Mehmood et al., 2015). 

Plant specimen identification: The plant species were 

identified from the Flora of Pakistan and available 

literature (Khan et al., 2013; Manan et al., 2020; Manan et 

al., 2022). The accepted and authoritative names of the 

plants were confirmed from the “World Flora Online” 

(https://wfoplantlist.org/) and the Flora of Pakistan 

(http://www.efloras.org/ flora_page.aspx?flora_id=5). A 

comprehensive floristic checklist was prepared, including 

their local names and other parameters. The voucher 

specimens were deposited in the general laboratory, 

Department of Chemical and Life Sciences, Qurtuba 

University, Peshawar. 
 

Phytogeographic distribution: The phytogeographic 

distribution of plant species provides valuable information 

about the native origin of a plant species and its distribution 

range. This distribution also provides information about the 

plant's tolerance toward temperature and precipitation. All 

the plant species phytogeographic distribution is assessed 

through the Flora of Pakistan (http://www.efloras.org/ 

flora_page.aspx?flora_id=5). 

 

Life form classification: Raunkiaer, (1934) method was 

used, and all the collected species of flowering plants were 

classified into the following classes (Table 1). 

 

 
 

Fig. 1. GIS-generated map of the study area. 

https://wfoplantlist.org/
http://www.efloras.org/
http://www.efloras.org/%20flora_page.aspx?flora_id=5
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Table 1. Raunkiaer, (1934) life form classes. 

S. No. Life form Description 

01 Therophytes (Th) This life form class includes those plants that complete their life cycle in one growing season. 

02 Geophytes (Geo) 
These plants bear their perennating buds below the surface of the soil. They include plants with 

tubers, corms, and rhizomes. 

03 Hemicryptophytes (Hem) 
This class included plants whose perennial buds are located above ground, where they are protected 

by soil and leaves. 

04 Chamaephytes (Ch) 
Plant species, whose perennial shoots or buds are located on the ground or at a height of 25 cm above 

the ground, were classified in this category. 

05 Phanerophytes (Ph) 

The plants in which perennating buds are carried well up in the air and are exposed to climatic 

conditions. This class includes trees and shrubs with perennating buds at least 25 cm above the soil 

surface. Phanerophytes are further classified as: nanophanerophytes (Np), microphanerophytes (Mp), 

mesophanerophytes (Mp), megaphanerophytes (Mp) 

 

Raunkiaer life form spectrum: 
No. of plant species of a particular life form class 

x 100 
Total no. of all plant species in a strand 

 

Leaf size classes: Based on the Raunkiaer, (1934) leaf size 

classes, we classified the study area vegetation into the 

following classes. 

 

 

a. Leptophyll (Lep): leaf size is 25 mm2  

b. Nanophyll (Nan): leaf size is 225 mm2 

c. Microphyll (Mic): leaf size is 2025 mm2 

d. Mesophyll (Mes): leaf size is 18225 mm2 

e. Megaphyll (Meg): leaf size is 164025 mm2 

 

Raunkiaer life size spectrum: 
No. of individuals of a species of a particular leaf size class 

x 100 
Total no. of all plant species in a strand 

 

Results 
 

Species composition: The reported species of flowering 

plants were classified based on habit. The dominant habit 

was herbs (122 species), followed by shrubs (31 species), 

and trees (24 species) (Fig. 2). We collected 177 species 

of flowering plants, comprising 142 dicots and 35 

monocots. Poaceae was the dominant family (27 species), 

followed by Asteraceae (18 species), Papilionaceae (12 

species), Solanaceae (9 species), Juncaceae with (8 

species), Solanaceae (8 species), Chenopodiaceae (7 

species). Rest of the families were represented by fewer 

than 7 species (Fig. 3). 
 

 
 

Fig. 2. Habit the plant species, reported from the study area. 
 

Life form: Based on Raunkiaer's classification system of life 

forms, 81 plant species were therophytes followed by 

hemicryptophytes (30 species), microphanerophytes with (24 

species), Chamaephytes (19 species), nanophanerophytes 

with (18 species), and parasites were (3 species), while 

geophytes were represented by (2 species) (Fig. 4). 

Leaf size: Microphyll was the dominant leaf size class with 

65 species, followed by nanophyll (49 species), leptophyll 

(35 species), mesophyll (24 species), and megaphyll (1 

species). Periploca aphylla, Capparis decidua, and Cuscuta 

reflexa were Aphyllous in the research area (Fig. 5). 
 

Discussion 
 

The flora of an area provides habitat, shelter, 

medicine, ecological services, and overall regulates the 

climatic conditions of that area. Therefore, the floristic 

study of an area is necessary for documentation of 

biodiversity, conservation planning, and resource 

management (Khan et al., 2011a; Khan et al., 2013; Khan 

et al., 2020; Rahman et al., 2020; Iqbal et al., 2021b;  

Manan et al., 2022). The phyto-diversity of an area can be 

affected by both biotic and abiotic factors, which lead to 

deforestation, habitat degradation, and changes in the 

overall pattern of plant distribution. The study area is an 

arid zone in northwestern Pakistan with a harsh climate. 

Due to the arid climatic conditions, the plants in the study 

area have sparse distribution, small leaf size, and stunted 

growth, which are xerophytic characteristics exhibited by 

the plants of the harsh and arid climate (Khan et al., 2013; 

Mehmood et al., 2015; Abbas et al., 2019; Noreen et al., 

2019; Rasheed et al., 2022). Moreover, the climatic 

conditions of an area are reflected by the life form and leaf 

size spectrum of plants. Raunkiaer, (1934), claimed that 

life forms and leaf forms present in a region define its 

habitat and climatic conditions; however, biological 

disturbances might change the distribution of life forms. 

These features are thought to be markers of biotic 

interaction as well as degradation of the climate and 

habitat. Biological spectrum is similar in those areas where 

climatic conditions are similar (Khan et al., 2013; Manan 

et al., 2022; Shah et al., 2025).  
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Fig. 3. Plant families reported from the study area. 
 

 
 

Fig. 4. Life form classes of plants of the study region. 
 

 
 

Fig. 5. Leaf form spectrum of the study region flora. 

In our study, therophytes were the dominant plants, 
followed by hemicryptophytes and microphanerophytes, 
which shows that the study area climate is dry and under 
anthropogenic pressure. The vegetation of the study area is 
dominated by therophytes and dry subtropical deciduous 
forest species, comprising Senegalia modesta, Ziziphus 
mauritiana, and Prosopis farcta. Moreover, the high 
proportion of therophytes is also attributed to anthropogenic 
activities (Barbero et al., 1990). The large number of 
therophytes and smaller number of phanerophytes give the 
impression of a response to hot, dry weather, topographic 
differences, human and consumer disturbance. According to 
Manan et al., (2022), therophytes are adapted to dry areas and 
a deficiency of rain because such plants spend more life span 
in the form of seeds. Our results are supported by national and 
international research studies, which further strengthen our 
results. According to these studies, the dominance of 
therophytes and small leaf sizes is attributed to the dry and 
harsh climate of the area, including anthropogenic activities 
(Badshah et al., 2013; Abbas et al., 2017; Manan et al., 2020; 
Zhao et al., 2021; Rasheed et al., 2022; Ullah et al., 2024; 
Shah et al., 2025). Therophytes have been found to appear for 
a short period and finish their life cycle before the start of the 
dry desiccating season because of the severe environment in 
the study area. It has been shown that hemicryptophytes 
shrink their bodies to protect themselves from the strains of 
heat waves and overgrazing. According to Ahmed et al. 
(2011), geophytes emerge in the spring before going dormant 
as underground perennating buds. 

Leaf size spectrum showed that microphyll was the 
dominant leaf size class (65 species) followed by nanophyll 
(49 species), Leptophyll (35 species), and mesophyll (24 
species), while three species, i.e., Periploca aphylla, Capparis 
decidua and Cuscuta reflexa were aphyllous in research area, 
reflecting the dry and hot conditions of the study area (Table 
2). The abundance of microphyll and nanophyll species 
expressed hot desert conditions. Different researchers i.e., 
have reported the richness of microphyll and nanophyll as 
they represent the hot, dry environment. Amjad et al., (2017) 
also reported similar results and strengthened our research 
findings. Plants with tiny leaves are an indication of the arid 
and harsh climate. Different researchers have revealed that 
changes in leaf size spectra of flora are related to the prevailing 
micro-macro climates (Al-Yemeni & Sher, 2010; Ilyas et al., 
2013). Amjad et al., (2016) reported the abundance of 
microphylls and monophylls leaf size classes, which gives 
strength to our current findings. Leaf size spectra do not 
indicate the climate of the region, but together with other 
physiognomic characteristics, influence and affect leaf 
adaptation. Leaf zone or climate determination is more 
accurate when leaf size classes and morpho-anatomic data are 
included. The three sustainable development goals, i.e., life on 
land, climate action, and good health and wellbeing, are also 
covered in this study. Further research is recommended to 
assess the edapho-physiological pattern of the underlying 
mechanisms of the current vegetation to manage and conserve 
it in the future. Moreover, climate-smart plantations are 
necessary for habitat restoration in the study area. 
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Conclusion 

 

This study concludes that the dominating life forms are 

therophytes, hemicryptophytes, and megaphanerophytes, 

while the dominant leaf size classes are microphylls, 

nanophylls, leptophylls, and mesophylls. The predominance 

of therophytes and microphylls suggests that there is 

significant anthropogenic pressure and rapid deforestation in 

the studied area. The flora reflects that the weather 

conditions are dry and harsh. The study area needs special 

plantation and conservation strategies to protect the flora 

from natural and anthropogenic challenges in the scenario of 

climate change. Climate-smart plantations are necessary for 

habitat restoration in the study area. 
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