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ABSTRACT 

Genus Prunus is one of the most economically important genus of Rosaceae 

family with worldwide distribution. The present study was conducted to investigate 

the phytosociology and genetic diversity of genus Prunus and associated species in 

Muzaffarabad Division, Azad Jammu and Kashmir. Phytosociological data were 

obtained from different ecological zones by using systematic quadrat sampling 

following standard protocols. Results were analyzed by using multivariate 

ordination techniques to correlate species data with environmental variables. A 

total of 362 species belonging to 239 genera and 96 families were recorded from 21 

selected sites. Poaceae was the leading dominant family with 37 genera and 48 

species followed by Rosaceae, Asteraceae and Ranunculaceae. A total of five 

species of genus Prunus were recorded from studied sites with Prunus mira as 

dominant followed by P. armeniaca, P. domestica, P. avium and P. cerasus 

respectively. Megaphanerophytes was the dominant life form with 29.25 percent 

followed by hemicryptophytes, nanophanerophytes and therophytes, respectively. 

Results of leaf size spectrum revealed microphylls as dominant with 48.13 percent 

followed by leptophylls and nanophylls respectively. Average value of species 

diversity at the studied sites were 2.80; Species richness was 1.17 whereas the 

equitability was found to be 0.74. Cluster analysis revealed six identifiable plant 

clusters based upon correlation matrix. Principal component analysis verified the 

results of phytosociological studies showing the dominance of specific keystone 

species at the specific sites. 

Genetic diversity of genus Prunus was analyzed using a set of 39 SSR 

markers. A total of 96 accessions belonging to six different species of genus 
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Prunus were used for computing various parameters of genetic diversity. The six 

species of genus prunus exhibit significant levels of genetic variation. Total 

number of observed alleles was 217 with an average of 18 alleles per locus. 

Average value of gene diversity between loci was 0.88 with minimum of 0.56 and 

maximum of 0.91. Average frequency for major alleles was determined as 0.28 

with a maximum value of 0.64 in the BPPCT006 locus and minimum of 0.16 at 

CPPCT022. The size of DNA fragments among all loci ranged from 100-316 bp. 

The average value of polymorphism information content for all the loci was 0.826 

with a maximum of 0.911 for the locus CPPCT022 and minimum 0.53 for the locus 

BPPCT006. Observed heterozygosity ranged from 0.11-0.812 with an average of 

0.471 whereas expected heterozygosity varied from 0.561-0.916 with an average of 

0.84. Unweighted pair group mean average method (UPGMA) results showed 

significant grouping among genus Prunus accessions collected from different 

ecological zones representing the environmental impact on genotypes. Results 

revealed that Prunus local land races exhibit significant genetic variations which 

needs to be further evaluated by employing advanced techniques. Therefore, 

extensive evaluation using modern research tools is recommended for conservation 

efficiency and improvement of germplasm management.                              
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Chapter 1 

INTRODUCTION 

1.1 NATURAL VEGETATION 

The natural vegetation of an area is the true reflection of resources and 

prevailing conditions. The structure of vegetation is dependent upon the particular 

set of environmental condition prevailed in a particular region. The chief factors 

which influence the natural habitats are anthropogenic pressures including 

deforestation, urbanization and overgrazing. Industrializations and urbanization 

totally changed the natural habitats which drastically affects the natural flora and 

wild life connected with it. The study of vegetation therefore, reflects interventions 

produced by human activities (Shah and Hussain, 2009). The plant life of a given 

region is described by the term “vegetation” which hasn’t any particular orientation 

to certain taxa, structure or any other life form. It has been commonly used as 

compared to flora which referred to species composition. The term vegetation up to 

some degree is paralleled by plant community. The vegetational analysis 

emphasizes the distribution, structure and classification of plant populations 

(Kashian, et al., 2003). The Community composition of an area is determined by its 

  climatic and edaphic factors with special interactions with biotic factors. 

Though altitude is a factor, it manages the whole area by its unique composite 

interactions to develop a self-occupied auto regulated vegetation of special kind 

(Pramanik and Das, 2015). The development of vegetation is the outcome of 

different interacting factors, affecting plant habitats (Sterling and Wilsey, 2001). 

Work on vegetational attributes has been reported from different parts of 

the world. Cluster analysis based on a number of environmental variables shows 23 
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different vegetation types including bryophytes and pteridophytes has been 

described from Italy (Tomaselli et al., 2011). From Garhwal India the biomass and 

productivity were reported; aboveground and belowground biomass was 1648-

2264 g and 181-436g while above and belowground productivity was 1497-2251 g 

and 130-325 g, respectively (Dhaulakhandi et al., 2010a). Phenological behavior of 

ten different plant species shows similarity in leaf fall which occur in major studied 

species during the month of January whereas the emergence of new leaves and 

fruiting was observed to occur during February-March and December 

correspondingly.  The period of time for ripening of fruit was recorded longer for 

all species (Jadeja and Nakar, 2010). Euphorbiaceae was observed dominant which 

was represented by 34 species among 454 recorded plant species belonging to 150 

families studied at North Andaman and Nicrobar islands (Parasad et al., 2009). 

From India 49 percent of individuals were present in 30-60gbh among the reported 

549 species of angiospermic plants (Reddy et al., 2007). From North Andaman 

Islands semi evergreen tropical rain forests were reported which contain diverse 

species of plants. Study of diversity components shows high values of species 

richness, species diversity and heterogeneity (Parasad et al., 2007).  

Family Poaceae was the leading component among 34 families of 

angiosperms from Gorakh hills, Dadu. Among these families 31 belongs to 

dicotyledonous plants and three from are monocotyledonous plants. The 

biodiversity was recorded low as was apparent by the result of total number of 

reported species in the area which were 74. Deforestation accompanied by 

overgrazing, low precipitation and soil erosion were noticeable factors influence 

the natural vegetation in the area (Parveen and Khan, 2007).  Thermophilous oak 
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forest exhibit an increase in species richness and diversity from Pomarolo, Italy. 

On the basis of results of floristic composition through surveys of last ten years it 

was concluded that species endemic to warmer and dry habitats increase in their 

numbers significantly (Rigobello et al., 2004). Poaceae was recorded as dominant 

family with forty one species among 116 plant species belonging to 35 families of 

plants in seven stands from Chakwal Pakistan. It was concluded that anthropogenic 

pressures and grazing were the major factors seen to influence the natural 

vegetation (Chaudhry et al., 2001). Lalsuhanra national park reserves comprised 19 

plant species which were observed in three localities (fenced un-irrigated, fenced 

irrigated and unfenced unirrigated desert area) with different climatic conditions. 

The herbaceous vegetation of all those three localities was in degraded form due to 

over grazing. The protected area has high values of species richness as compared to 

unprotected area (Arshad, 2002) 

Sub-alpine scrub and alpine meadow vegetation were recorded from 

Tibetan plateau China. The most common vegetation units in the area were 

potentilla scrub, alpine grassland and alpine kobresia mats which form zonal 

vegetation under cold & moist climatic conditions. Dominance in the alpine 

grassland was found for medium sized Poaceae rather than Cyperaceae. The 

investigated area receives heavy grazing pressure from domesticated Livestock 

during summer (Kurschner et al., 2005). Hamid et al., (2006) described 94 plant 

species of 35 families from District Faisalabad. Present condition of the area shows 

degraded forest habitat. Ahmed et al., (2006) studied 24 different communities and 

four monospecific forest from Himalayan regions of Pakistan. Most of the 

communities were similar in their floristic compositions but differed in quantitative 
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values. Bruno and Olivier (2007) studied swamp & moist forest Luxembourg 

Europe and concluded that the swamp forests of the area were dominated by 

anemojomous perennials, followed by annuals whereas the least representatives 

were  hydrochorous perennials, on the other side the characteristic species in the 

moist forests were herbaceous perennials, followed by small geophytes and 

phanerophytes. Siddiqui et al., (2009) recorded 13 stands of Pinus roxburghii 

forest from Himalayan and Hindukush rang of Pakistan. Twelve stands were found 

with pure vegetation of Pinus roxburghii. They concluded that the forest was 

unstable and degraded and could soon become vanished if present conditions 

prevails for some period of time.  Ray and George (2009) reported 85 species 

belonging to 27 families which were tolerant to the stressful environment. 

Vegetation of the investigated area consisted of exotic as well as medicinal plants. 

The species richness is effected by soil pH because increase in acidic or basic 

character of soil have negative effects on species richness. The soil with almost 

neutral values of pH has positive effect on species richness (Pausas and Austin, 

2001). Plants are valuable for their medicinal use as ailment for various diseases  

was reported by (Qureshi et al., 2009). On basis of results it was concluded that   

29 species belonging to 18 families were highly medicinal in the area. Over 

exploitation of these species was seen which would ultimately lead to degradation 

of these species. The present studies aims at analyzing and interpreting the plants 

communities at different ecological zones with diverse topographic and climatic 

features. This study also aims to collect the information’s about the variety of plant 

species which are found in this virgin and floristically rich area. 
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1.2 ASSESSMENT OF VEGETATION 

1.2.1 Phytosociology 

Phytosociology can be used as fast technique for field survey, evaluation of 

vegetation, and to investigate the structure of plant communities (Riely and Page, 

1990). It can also be used to determine the variation patterns in a number of 

qualitative and quantitative attributes. Qualitative characters include floristic 

composition, physiognomic features and phenological characteristics whereas 

quantitative characters include density, frequency, basal area, and abundance in 

plant communities (Cottom and Curtis, 1956). These characteristics are used to 

classify plant communities (Becking, 1957). Importance value index is the 

combination of relative values density, frequency and canopy cover in a stand 

(Malik, 2005).  A plant community is diverse assemblages of plant populations in 

which all the species are not equally significant but there are few leading species, 

having highest values and by their vigorous growth modifies the habitat and also 

controls the growth of other species in a community and are called dominants. 

(Gaston, 2000). Phytosociology deals with the study of communal relations of 

plants and was firstly introduced by Paczoski and is vital for understanding the 

function of community. The basic knowledge of structure and composition of 

plants communities is essential for the study of its dynamics (Sing and Sing, 2010). 

The major tendencies in the vegetation of a given region is determined by dominant 

species and it will allow the phytosociologists to recognize, differentiate and 

discuss the dynamics of plant communities (Leveque, 2001). The study of 

phytosociological are vital for the protection of natural vegetation and biodiversity 
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and also for the clear understanding of different types of changes experienced  by 

plant communities in the past and remain continue in the future (Saglam, 2013).  

Work on phytosociology was reported from India when the values of 

phytosociological attributes were of three seasons including summer, rainy and 

winter were matched. From the findings it was concluded that there is a maximum 

values of these attributes in rainy season as compared to other two seasons (Singh 

and Singh, 2010).  From South Africa; Asteraceae was recorded as dominant 

family among 95 reported families. It was followed by Poaceae and Cyperaceae 

whereas Fabaceae and Scrophularaceae were co-dominants. The total recorded 

species were 669 among them 214 were monocotyledonous and 438 were 

dicotyledonous (Brand et al., 2010). Phytosociological analysis with high values of 

species diversity from Azad Kashmir and Pakistan was reported by Abbas et al., 

(2009). Low constancy of major investigated species as depicted in eight 

communities which was with different composition. On the basis of their 

observations they recommended that serious efforts should be made for the 

management and protection of vegetation. Phytosociological attributes were 

studied of some steppe communities from east of Anatolia and reported three new 

alliances of plant species (Hamzaoglu, 2006). Poaceae was dominant family among 

35 families of plants from Chakwal Pakistan. The seven plant communities were 

composed of a total of 116 plant species. Chrysopogon serrulatus was dominated 

in all plant communities (Aleem et al., 2001).   

Rasheed et al., (2005) carried out phytosociological analysis of Margalla 

hills National Park. Olea ferruginea was recorded as dominant tree followed by 

Pinus roxburghii and Mallotus philippensis as second and third dominants, 
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respectively. Among shrubs and grasses, the dominant were Myrsine africana and 

Themeda anathera. The distribution of plants is associated with availability of 

ground water its conductivity and prevailing conditions of environmental 

temperature (Johnson, 1996). The tree and shrub layer in a community remains 

constant until affected by an agent from outside of the community whereas 

herbaceous layer changes with ecological and climatic factors of the area 

(Champion et al., 1965).  Twenty nine species belonging to 18 families have been 

reported from Kallarkahar, Pakistan. These species are used to cure various 

diseases like cough, cold, fever and diarrhea. These medicinal plants are reported 

as rapidly depleting as these are frequently collected on daily payment basis 

without checking the age or size of plants. The local inhabitants pointed out that 

these plants made inexpensive medicines are with no side effects (Ahmad and 

Hussain, 2008). Slope variation may affect species diversity pattern as plants 

species diversity was reported on gentle slopes from India. The high value of 

diversity is attributed to gentle slopes (Kharakwal et al., 2003). 

1.2.2 Phytodiversity  

 The term biodiversity or biological diversity, was introduced by W. G. 

Rosen in 1985, however its origin go far back in the earlier times (Jenkins, 2003). 

We are familiar with the changes in ecosystems which are the result of different 

anthropogenic pressures caused by overexploitation of resources by human and 

also because of pollution, changes in climate and introduction of alien species. 

Majority of people are emphasizing to recognize the conservation of diversity at all 

levels. This includes the establishment of gene pools, conservation of species and 

also biotic community (Burger and Hockey, 2003). Biodiversity is actually the 
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measure of variety of organisms; their numbers and also the distribution of 

organisms in different ecological zones (Barnet et al., 1998). It became 

progressively the most popular topic among specialist of various fields including 

the conservationists, ecologists, and environmentalists (Schuler, 1998). The 

population of planet earth is rapidly increasing so it exerts pressure on the natural 

resources which results in rapid use of these resources such as wood for fuel, 

mineral resources, pastures for grazing, and agriculture practices. It ultimately 

results in the decline of biodiversity. The pattern of species diversity and richness 

in a given region is the result of many interacting factors including climatic 

variables, geographic and topographic feature. It is also influenced by species 

dynamics, disturbances, successional development eco-physiological restrictions 

(e.g. short growing season), and severity of the environment (Habib et al., 2011). 

The climatic factors such as low temperature, wind velocity and snow depth 

promote variation in species diversity (Qingshan et al., 2007). Huston (1979) 

described the relationship of competitive alterations between species. The fertility 

of soil greatly influence type and number of plant species as soil with low nutrient 

contents support lower growth rates that results in coexistence of species, which 

ultimately leads to greater diversity of species. The higher quantities of nutrients 

contribute to vigorous growth of some plants that displace the less fit plants 

because of their dominance and it will result in the lowering of species diversity. 

However, Walden et al., (1991) considered such relationship depends upon the 

intensity and competitions among the species. The highest plant species diversity 

was reported on the soils deficient in nutrient contents and this pattern is common 

throughout the world under variety of environmental conditions (Grime, 1973; 
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Huston, 1979).  The soil nutrient status determines the pattern of species diversity 

which is generally reported higher in soils with lower nutrient contents (Bohra and 

Lodhiyal, 2010).   High degree of variation was observed in species diversity and 

richness along the altitudinal variation and soil differentiation (Lomolion, 2001). 

Diversity on land is reinforced by sunlight which is captured by green plants 

growing in soil. Variations in soil fertility, climatic and weather conditions, 

differences in chemical inputs and poor agricultural practices leads to variation in 

plant productivity (Lodhiyal and Lodhiyal, 2003).   

 Biotic factors also influence the pattern of biodiversity as their role is 

inevitable in the determination of species composition, diversity and richness 

(Shaheen et al., 2011). Therefore maintenance, periodic assessment of vegetation 

composition and understanding species richness and diversity patterns is crucial for 

human survival and also for conservation of these natural areas; these patterns have 

frequently been the focus of ecological studies (Malik, 2014; Malik et al., 2014a; 

Zhang et al., 2013). Dhaulakhandi et al., (2010b) found a considerable decrease in 

species diversity and productivity because of heavy soil erosion from alpine 

Pasteur of Garhwal India as a result of human activities. They recomended strict 

measures should be taken to conserve biodiversity. Khan et al., (2009) reported 15 

stands from Monotheca bauxifolia forest that ranged in elevation from 1370-1670 

m. Beside this, six other trees species were also there, among which Acacia 

modesta was recorded dominant in four stands followed by Olea ferruginea 

whereas Quercus baloot and Punica granatum were recorded lower in the area. 

The density ranged from 110-304 trees/h and tree diversity varied from 0 to 0.36. 

Maximum values of diversity were observed in stands which were constructed at 
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an altitudinal range between 1370-1555 m. Furthermore, the dominance and 

equitability differed from 1- 1.7 which was due to the prevalence of single tree 

species in this forest. Kala (2004) stated species diversity was higher in tropics and 

it considerably decreased with the increase in elevation because of unfavorable 

climatic conditions. From alpine zone to snow line at higher altitude, the micro 

flora was reported to be high in diversity.  

 The patterns of species diversity in the Corbett National Park, India shows 

highest values of α-diversity and β-diversity for trees and shrubs, respectively 

Aparajita (2007). An increase was observed in plant diversity because of canopy 

disturbance at Uttaranchal, India. This increase in species diversity was attributed 

to environmental heterogeneity (Ram et al., 2004). Impacts of species diversity on 

the functioning are very vast as it was reported earlier that productivity of plant 

species decreases with the loss of species and it also decrease the diversity of plant 

species (Surendra et al., 2005). Habitat disturbance leads to an increase in species 

diversity because it allows the growth of invasive species. The opportunistic 

species displace the native species and by their vigor contribute to increase in 

diversity of species (Kumar and Bhutt, 2006).  It was shown that diversity and 

richness decreased at high altitude which might be due to short growing season and 

low temperature while at lower elevations it was higher. The mid altitudinal ranges 

were also reported with higher values of diversity and species richness because of 

transitional species from lower and higher altitudes (Gairola et al., 2008). 

Altitudinal gradients cause changes in diversity and species richness of tree 

species. Temperate forest of Garhwal, Himalaya has the highest diversity values of 

trees which provide varied set of environmental conditions. The main factors which 
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were seems to influence the natural vegetation of the area includes commercial 

exploitation of trees, land clearance for crop production, manmade fire and grazing 

(Devlal and Sharma, 2008). 

1.2.3 Life-Form and Leaf Size Spectra 

 Plants can be classified into different life form classes on the basis of 

similarities (Muller and Ellenberg, 1974). Various macro and microclimates of an 

area are reflected by biological spectrum (Shimwell, 1971) which also indicated 

major disturbances along with climatic attributes in a given region (Cain and 

Castro, 1959). Biological spectrum is important for the description of vegetation; 

generally included in the assessment of vegetation studies and is considered to have 

been directly evolved in response to climatic conditions of an area (Raunkiaer, 

1934). It is considered a reliable mean for the determination of an ecological zone 

and also its properties (Sarmiento and Monasterio, 1983). The leaf size spectrum 

depicts the physiological processes of plants and their interactions within plant 

communities (Oosting, 1956).  It represents a combination of environmental 

variables, texture of soil and its nutrient contents, including biotic factors (Ramsay 

and Oxley, 1997). In biological spectrum a floristic inventory is prepared and every 

species is given the equal importance. The dominance of each species is counted on 

the basis of its abundance. (Begon et al., 1996). The life form classes developed by 

Raunkiaer are useful with a great predictive power (Danis and Orshan, 1990), this 

method is important for understanding the natural vegetation in an area in relation 

to prevailing environmental conditions. It will help in developing efficient 

management plan in future for the sustainable harvest of plant resources (Desai and 

Ant, 2012).  
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 Work on biological spectrum is reported by Durani et al., (2010); who 

recorded 123 species belonging to 36 families from protected areas of Baluchistan 

Pakistan. The predominant life forms of the area were therophytes, chamaephytes 

and hemicryptophytes while that of leaf spectra was leptophylls and mesophylls. 

Dominance of leptophylls was reported from Hayat Abad Peshawar where 

dominant life form class was therophytes followed by cryptophytes. There were 42 

plant species belonging to 39 genera and 20 species (Shah and Hussain, 2009). 

Malik (2005) stated 190 plant species of 59 families from 26 stands. Poaceae was 

dominant, followed by Asteraceae and Lamiaceae families. The reported flora as a 

whole was comprised of two major life forms (hemicryptophyte, therophyte) and 

two different leaf size spectra (microphyll and Nanophylls). As far as the economic 

importance of these species was concerned, 47 percent species were reported as 

medicinal and 28 percent were edibles. Phenology and growth forms were 

investigated from Garhwal Himalaya, India (Nautiyal et al., 2001). Existing plant 

species of the area was classified into five different growth forms including forbs 

which form cushions; and they were observed to emerge just after the melting of 

snow whereas grasses were reported to germinate in monsoon. Biological spectrum 

of the area was observed with the dominance of hemicryptophytes, followed by 

geophytes. Sharma and Upadhyaya (2002) studied the vegetation of protected & 

unprotected hills of Jaipur. Therophytic life form was the major representative of 

the area. The biomass of herbaceous vegetation at unprotected hill sites was found 

to be higher as compared to protected hills. The phanerophytes were dominant 

followed by chamaephytes which constitute 44.51 and 11.17 percent, respectively 

from the reported vegetation in Meghalaya, Northern India. This was attributed to 
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the prevalence of moist conditions in the tropical area. Major factors which 

influence the natural vegetation includes various disturbances caused by humans 

like deforestation and high acidity in the soil contents (Jamir et al., 2006). Malik et 

al., (2001) described hemicryptophytes and microphylls were the dominant life 

form spectrum in the investigated area. It was observed Picea smithiana and Abies 

pindrow were not regenerated due to unfavourable conditions in their local habitat.  

Deforestation, trampling and human interaction were the main factors which affect 

the natural vegetation in the area. 

1.3 DISTRIBUTION AND TAXONOMY OF GENUS PRUNUS 

Genus Prunus is represented by trees and shrubs and it includes peaches, 

plums apricots cherries, nectarines and almonds.  About 430 species are found in 

the northern temperate region of the planet earth.  A number of species belonging 

to this genus were cultivated for their fruit production whereas others were 

cultivated as ornamentals. They are commonly known as stone fruit species (Ghora 

and Panigrahi, 1984). 

Major species of genus Prunus occur in semiarid climates and some are 

native to temperate zone whereas cultivated species are found under variety of 

ecological conditions. Various species of prunus are originated in world; China is 

considered as center for the origin of peach where it was cultivated about 4000-

5000 years ago (Wang and Zhuang, 2001). Prunus kansuensis and Prunus 

davidiana are endemic to north western part of China and northern China, 

respectively. In the world peach is represented by more than 5000 cultivars (Anon, 

1985). Among these 800 were recorded by USDA alone in 1998 by the 

introduction of breeding programs in peach.  In China more than 1000 cultivars 

https://en.wikipedia.org/wiki/Tree
https://en.wikipedia.org/wiki/Shrub
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were selected for breeding peach (Wang and Zhuang, 2001). Peach is also 

cultivated as traditional stone fruit crop in northern areas of Pakistan as well as 

Kashmir and is the second most important fruit after apple while ranks first in 

genus Prunus. Genetic diversity in peach is sufficient for its germplasm 

conservation and establishment of the peach crop.  

According to Crane and Lawrence (1956) and Watkins (1976),  Centers of 

origin for major plum species is China with the exception of Prunus salicina 

(Japanese plum) being Southern Europe and western Asia for Prunus domestica 

(European plums), American plum was believed to be originated in Europe, 

western as well as in central Asia. The cultivated and wild species of apricot 

(Prunus armeniaca) are endemic to northern and eastern part of China, Asia and 

Caucasus whereas major species belonging to sub-genus cerasus are native to Asia 

and Europe (Rehder, 1974). Prunus cerasus and Prunus avium are indigenous to 

near East center comprising Iran, Iraq, Syria and Asia Minor (Vavilov, 1951) 

whereas the center for wild and cultivated species of Almond is central, south and 

western Asia (Watkins, 1976). The species of genus Prunus has been reported with 

wide distribution in the most northern and eastern parts of Asia including western 

part of China and some of the Mongolian regions and most northern parts including 

Balkan, Peninsula to Altai Mountains (Kester and Gradziel, 1996). 

Genus prunus with diploid number of chromosomes (2n = 2x = 16) was 

established by Linnaeus in 1753 belongs to the subfamily Prunoideae Focke of 

Rosaceae (Weinberger, 1975; Baird et al., 1994; Arumuganathan and Earle, 1991). 

This diploid level and relatively small genomic size makes this genus suitable for 

genetic studies with DNA markers. The taxonomy is complex because this genus 
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exhibit polymorphism and have the ability to tolerate a wide range of ecological 

conditions, as well as the intraspecific diversity (presence of numerous cultivars). 

Prunus is monophyletic as confers the result of recent studies on DNA with 48 

species as it is concluded that they have descended from some Eurasian ancestor 

(Bortiri et al., 2001). Historically this genus has been divided into several genera, 

but it is not recognized widely other than at the subgeneric rank. It was established 

that it is a single genus, with a numerous number of species.  

The modern classification of the subgenera comes from the work of Alfred 

Rehder in 1940, who divide it into four subgenera including Amygdalus, Prunus, 

Cerasus, Padus and Laurocerasus (Lee et al., 2001). To them C. Ingram added 

Lithocerasus, (Okie and William, 2003). The six subgenera includes, Subgenus 

Amygdalus (almonds and peaches); Subgenus Prunus (plums and apricots); 

Subgenus Cerasus (cherries); Subgenus Lithocerasus (sand cherry or Prunus 

pumila); Subgenus Padus (bird cherries); Subgenus Laurocerasus (cherry-laurels 

or Prunus laurocerasus or European cherry-laurel). 

 Over 200 species exist with some of them being especially well known for 

their cultivated fruits, such as cherries, plums (prunes in French), peaches, apricots 

and almonds. The genus prunus consist of about 400 species of flowering plants 

including shrubs and trees (Rehder, 1940). 

Plant species that belong to genus Prunus may be deciduous or evergreen 

with some species have spiny stems whereas they may be absent in majority. They 

bear simple leaves which are usually alternate and lanceolate, and often have 

nectaries on the stalk of leaves. The flowers may be pink or white but sometimes 

red, pentamerous, stamens are numerous. Flowers are solitary or 2-6 (umbels) or 

https://en.wikipedia.org/wiki/Species
https://en.wikipedia.org/wiki/Alfred_Rehder
https://en.wikipedia.org/wiki/Alfred_Rehder
https://en.wikipedia.org/wiki/Almond
https://en.wikipedia.org/wiki/Peach
https://en.wikipedia.org/wiki/Plum
https://en.wikipedia.org/wiki/Apricot
https://en.wikipedia.org/wiki/Cherry
https://en.wikipedia.org/wiki/Prunus_pumila
https://en.wikipedia.org/wiki/Prunus_pumila
https://en.wikipedia.org/wiki/Prunus_subg._Padus
https://en.wikipedia.org/wiki/Cherry-laurel
https://en.wikipedia.org/wiki/Prunus_laurocerasus
https://en.wikipedia.org/wiki/Deciduous
https://en.wikipedia.org/wiki/Evergreen
https://en.wikipedia.org/wiki/Leaf_shape
https://en.wikipedia.org/wiki/Nectaries
https://en.wikipedia.org/wiki/Flower
https://en.wikipedia.org/wiki/Umbel
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sometimes more (racemes). The fruit is a fleshy drupe a “prune” with a single 

quite large, hard-coated seed a “stone” (Nasir and Ali, 2008). 

1.4 SOCIO-ECONOMIC IMPORTANCE OF GENUS PRUNUS 

1.4.1 Ethno- Medicinal Uses 

Prunus juices are often used to help regulate the functioning of the digestive 

system. Continuous use of plums reduces muscular degeneration, cholesterol, 

cardiovascular disorders and also reduces the risk of gastrointestinal tract cancer. 

The ground seeds of almonds can be mixed with water to make almond milk which 

is delicious in its taste. It is also useful for the overall health of humans, as it is 

frequently used for the treatment of kidney and gall stones and for relieving 

constipation (Olsson et al., 2004).  The oil that has been extracted from its seeds 

act as an excellent lubricant in some of the appliances such as watches. It is also 

used in soaps and other cosmetics for fragrance and it also makes skin smooth and 

soft. A number of dyes have been obtained from the leaves and fruits are frequently 

used in textile industries (Kritikar and Basu, 1984). Bark taken from different 

species of this genus has been used for the treatment of various ailments including 

heartburns, fevers, stomachaches, chest pains, malaria and sexually transmissible 

diseases. This may lead to complete debarking before cutting down of tree without 

replacement. Some of the trees were peeled from roots to even smallest branches, 

this will result to the death plant species. Wood from Prunus has been traditionally 

exploited for various purposes including tool making such as axes and hoe handles, 

construction of mud houses and as fuel wood. Forest fire made by nomads and 

honey collectors normally destroy Prunus trees found at the boundaries of forest 

and grassland areas (Ertekin et al., 2006). 

https://en.wikipedia.org/wiki/Raceme
https://en.wikipedia.org/wiki/Drupe
http://en.wikipedia.org/wiki/Digestive_system
http://en.wikipedia.org/wiki/Digestive_system
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1.4.2 Nutritional Values 

Nutritionally prunes are very important as they are the rich source of 

vitamin A, vitamin C, vitamin E and β- carotene. Fruits of plums, apricots and 

cherries are edible and rich in vitamins. They are store house for some of the 

important minerals including potassium, iron and fluoride as iron is responsible for 

the formation of red blood cells and fluoride is an important component of bones 

and teeth and it also prevent dental caries. Potassium is found in cells and body 

fluids and it help in the regulation of blood pressure and heart rate. Nutrients 

present in Plums can help in protecting heart and eyes. Fibers present in them 

normalize the bowl movement in the digestive tract and also prevent diverculosis. 

Their fruits are heavily used because of nutritional values but they are also 

important as they are antipyretic, antiseptic, emetic and ophthalmic in their nature 

(Pramer and Kaushal, 1982). There are 50 varieties of apricot found in Pakistan 

(Laghari, 1998). It contains thiamine, sugar, iron and Vitamin A (NISC, 1998). 

Prunus armeniaca seeds and fruit are used for asthma and constipation (Rehman et 

al., 2013). 

1.4.3 Economic Importance  

Plants have been increasingly recognized because of their importance as 

wild or cultivated food plants and also as a source of micronutrients and some of 

the secondary metabolites over past two decades (Scoones et al., 1992). The role of 

biologically diverse plant species in the recent years has been highlighted in 

keeping human and environmental health especially in relation to worldwide food 

security and sustainable development (Ezeagu et al., 2002). Members of genus 

Prunus are economically important as it has attained a prime position among all 

http://www.sciencedirect.com/science/article/pii/S0889157509001197#bib32
http://www.sciencedirect.com/science/article/pii/S0889157509001197#bib24
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other fruit crops which are found in temperate regions as they yield delicious edible 

fruits and drupes, and a majority of plants are grown as ornamentals. Some of the 

species of Prunus genus are economically so important e.g. the fruit of prunus 

persica is edible and rich in vitamins.  

Oil obtained from the seeds is used in cooking and other purposes. Oil 

obtained from the seeds of Prunus amygdalus is used in perfumes and also used for 

medicinal purposes. Prunus amygdalus seed, fruit and oil is used for brain tonic, 

nervous system, gastric problem and for reduction of lipo-protein level in blood. 

Almond contains fats, proteins and carbohydrates besides calcium, phosphorus, 

iron, thiamine, nicotinic acid, riboflavin, folic acid and tocopherols. Its oil is 

laxative (FBS, 2002). The fruit and bark of Prunus domestica are used for cooling, 

digestive, laxative, hypertension, nausea, asthma and fever. They are also used for 

miscarriage, vomiting and headache (Rehman, et al., 2013). Bark of Prunus 

persica prevents tooth decay while bark of Prunus africana is highly medicinal and 

is used in pharmaceutical industries.  Prunus cerasus bark is astringent, bitter and 

febrifuge. The root bark is used as a wash for old sores and ulcers (Moerman, 

1998). Its leaves are used as tea substitute (Facciola, 1990). Seed oil is used in 

cosmetics and gum obtained from stem is used as an adhesive. (Harrington, 1972). 

Ornamental plants that are included in this group of species may be collectively 

known as flowering cherries (Moore and Ballington, 1991). 
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1.5 CULTIVATION AND PRODUCTION OF GENUS PRUNUS  

    Prunus dulcis, Prunus armeniaca, Prunus avium, Prunus persica 

and Prunus domestica belongs to genus Prunus. These species and their numerous 

cultivars have been cultivated for the commercial fruit and nut production. The 

fruit of almond is a drupe, not a true nut and it is not edible instead its seed has 

been eaten. A number of other species that belong to this genus has been cultivated 

for the commercial production of seeds and fruits (Rehman et al., 2013). According 

to a report worldwide annual production of stone fruits in year 2009, surpassed 37 

million metric tons. It includes 18.6 million tons of each of Prunus persica and 

nectarines; 10.7 million tons of each of Prunus domestica, Prunus salicina, Prunus 

spinosa, Prunus cerasus; 3.8 million tons of Prunus armeniaca; 2.3 million tons of 

Prunus amygdalus and 2.1 million tons of Prunus avium and Prunus Cerasus, 

respectively (Faostat.fao.org).  

Iran is ranked first, second and third around the world regarding to 

production of sweet and sour cherries, apricots and almonds (Kadkhodei et al., 

2011). A number of species belong to this genus are commercially used as 

rootstocks for other species because of their easily hybridization interspecifically 

(Lee and Wen, 2001). In worldwide stone fruit production in year 2012 Iran ranked 

first with 205 thousand tons, China second with 138, Afghanistan third with 46 

thousand tons, Uzbekistan fourth with 34 thousand tons, Turkey fifth with 17 

thousand tons, Hungary seventh with 14 thousand tons, Algeria eighth with 13 

thousand tons and Georgia ninth with 13 thousand tons (FAOSTAT, 2012). 

 

https://en.wikipedia.org/wiki/Uzbekistan
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1.6 GERMPLASM CONSERVATION AND CHARACTERIZATION OF 

GENUS PRUNUS 

Plant genetic resources particularly the fruit yielding plants are rapidly 

exploited throughout the world which gradually leads to reduction in their genetic 

variabilities. There are a number of causes for these large scale reductions such as 

deforestation for timber and fuel wood requirements, poor agricultural practices, 

urbanization, road construction and introduction invasive species. The genetic 

resources of genus Prunus like all other fruit crops are also facing a number of 

different environmental stresses like climate change, global warming, rarity along 

with scattered distribution of its species and less seed production. There are a 

number of other interacting forces that leads to such reductions including attack of 

insect pests, outbreak of diseases, low regeneration and competition with other 

dominant species in their local habitats threatened the diversity of genus Prunus 

(Russel, 2003). 

Deforestation, urbanization, pollution, habitat destruction, climate change, 

globalization, over-grazing, environmental degradation, introduced species, change 

in life styles and land use pattern leads to loss of Prunus diversity (Pitman and 

Jorgensen, 2002; Rao, 2004). Deforestation is the most serious threat to wild 

germplasm of prunus because most of the species are used as fuel in Azad 

Kashmir. Gene banks could be a good source for the conservation of plants  (Rao, 

2004). 

Traditionally, characterization and identification of Prunus species and 

cultivars has been established on morphological and physiological traits. These 
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traits are however get affected by environmental conditions and are not readily 

available for analysis. Molecular marker technology proposed several important 

advantages over the exclusive use of conventional markers. The evolution of 

genome can be studied by the use of molecular markers which are developed in 

Prunus species provide us an understanding about the structure of genome  and for 

the approximation of genetic diversity in Prunus species (Wunsch and Hormaza, 

2002). During the last century great improvements have been achieved using the 

traditional tools of genetic advance such as cross fertilization, artificial selection, 

statistical design, evaluation of modern varieties and in vitro propagation of new 

cultivars (Hancock et al., 2008; Okie and Hancock, 2008; Iezzoni, 2008). 

The estimated genome size of Prunus, has been around 2.8×10
7
bp 

(Arumuganathan and Earle, 1991; Baird et al., 1994), though recent studies show a 

size of 2.27×10
6
 base pairs for peach (Sosinski et al., 2010). The genome sizes of 

Prunus species are comparatively small as compared to other species in the plant 

kingdom. For instance the size of Arabidopsis thaliana is 1.15×10
6
 bp which is 

smaller than Prunus species whereas the size of Zea maiz is 5×10
9
  base pairs while 

the size of Lilium longiflorum is 9×10
10

base pairs (Larger than prunus). The 

probable reason of the narrow genetic basis of Prunus is that, a few polymorphims 

in phenotypic and isozyme level have been reported till to date in this genus 

(Mowrey et al., 1990). Because of this reason the use of markers remain delayed 

until a decade ago when molecular markers has been introduced in the breeding 

programs of Prunus species. Morphological and physiological characteristics of 

Prunus species are of great importance while carrying out identification and 

characterization (Martinez-Gomez et al., 2005). However, it is difficult to 
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distinguish between almonds and other species because of the existence of 

polymorphism, large number of ecotypes and subspecies within genus Prunus 

(Kester and Gradziel, 1996). Traditionally the identification of Prunus root stocks 

has been accomplished by the use of  morphological markers (Fathi et al., 2008), 

but a drawback of these makers is that these markers are greatly influenced by 

environment and the developmental stages of plant species (Casas et al., 1999). 

Moreover, morphological traits like fruit, flower and leaf will not remain apparent 

after nursery or grafting of plant species (Liu et al., 2007).  

Molecular studies have been oriented in Prunus species mainly toward 

genome (DNA) studies, particularly in peach because it was considered as model 

species (Pozzi and Vecchietti, 2009; Abbott et al., 2009), followed by almond 

which is very close to peach (Arus et al., 2009; Martinez-Gomez et al., 2007; Folta 

and Gardiner, 2009); plum (Esmenjaud and Dirlewanger, 2007) and cherry 

(Dirlewanger et al., 2009b). On the basis of these studies the first physical map of 

Prunus has been generated in peach (Zhebentyayeva et al., 2008).  

Plant breeders use germplasm as source for the development of new 

cultivars whereas the characterization of cultivars determines their purity (Nisar et 

al., 2008; Barenger, 2004). The germplasm contain numerous useful characteristics 

of potential values in animals, plants or other living organisms when there are 

variation in genes responsible for these characters or genotypes (Cromwell et al., 

1999). Analysis of genetic diversity in Prunus species based on DNA markers has 

been universally proved and accepted method. There are a number of methods 

which are being practically used for genetic diversity analysis for desirable traits 

such as morphological and biochemical characterization at protein and DNA level 
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(Nisar, 2008). Molecular markers including SSR, ISSR, AFLP, RAPD and SCAR 

(Majidian et al., 2013; Carrasco et al., 2012);  has been applied to estimate genetic 

diversity, structure and identification of relationships within and among Prunus 

germplasm. Comparisons of the genetic diversity of stone fruits by using data from 

pedigrees, isozymes, and randomly amplified polymorphic DNAs (RAPDs) 

indicated that the cultivated diploid plums (Byrne, 1989; Byrne and Littleton, 1988; 

Ortiz et al., 1997) have about the same level of diversity as almonds (Byrne, 1990) 

and more diverse than that of cultivated populations of peach (Arulsekar et al., 

1986; Byrne and Bacon, 1999; Durham et al., 1987; Gradziel et al., 1993). 

Molecular markers which are previously developed in different species of 

genus Prunus are useful tools for studying genome (Martinez-Gomez et al., 2005). 

The extensive genetic variabilities within and among different plant populations 

serve as basis for selection and improvement. Therefore, the conservation of plant 

genetic resources is extremely important for present and future human generations 

as these studies have important implications for forest conservation and 

management (Newton et al., 1999). 

1.7 USE OF MARKERS FOR CHARACTERIZATION IN PLANTS 

  A short sequence of DNA with known position on the chromosome is 

reffered to as genetic marker. It can widely be used for the identification of 

individual or species and described as a variation that originates as a result of 

mutation in gene at a particular loci; wich can be detected. They are different from 

morphological markers which show the variations among species or individuals 

based on morphological traits. For the analysis of genetic diversity in plant species 

markers are frequently used and can be divided into two main categories which 

https://en.wikipedia.org/wiki/Chromosome
https://en.wikipedia.org/wiki/Species


41 

 

includes morphological markers and DNA based markers (biochemical and 

molecular markers). 

1.7.1 Morphological Markers 

  In the earliest times studies on genetic characterization and divergence were 

mainly based on morphological markers including qualitative and quantitative traits 

(Arriel, et al., 2007). The prime character of these markers is that; they are 

inexpensive and easy to score and are based on distinct qualitative traits such as 

plant color, height, seed characteristics, etc. As phenotypes are highly influenced 

by the environment so the use of such markers is less reliable for the study of 

genetic diversity. The phenotypic plasticity of the traits allows the estimation of 

diversity in the existence of environmental variations. Unessential traits in the 

studies are relatively invariant ones, influenced by the environment or terminated 

for being correlated to other traits. Those traits that contribute mostly to the 

deviations must be weakly correlated (Arriel, et al., 2007). 

1.7.2 Biochemical Markers 

  These are simply called protein markers or isozyme/allozyme markers. 

These are pleiomorphic enzyme systems which have a significant catalytic activity 

and can be differentiated by electrophoretic mobility. They are produced through 

amino acid alterations that change the overall charge, configuration and also the 

electrophoretic mobility of the enzymes. It will provide a mean of observing 

overall changes in the nucleotide sequence of a particular gene that encodes amino 

acids in the polypeptide chains of the enzymes. Horizontal gel electrophoresis is 

mostly used to distinguish these that separate proteins mainly on the basis of charge 

and size (Weeden, 1989).  
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  One of the major disadvantages of using isozyme marker is that; they are 

primarily based on phenotypes and are highly influened by the environment so they 

reflect low genotype coverage (IPGRI, 2003). They are widely used for the 

biochemical analysis that based on proteins separation into precise banding patterns 

with least consumption of biological material. In this case the resolution of 

diversity is limited because of availability of small number of enzymes. It involves 

the analysis of proteins stored in seed and isozymes. This technique is dependent 

on enzymatic functions and is relatively inexpensive nevertheless powerful method 

for allele frequency measurements for specific genes (Winter and Kahl, 1995).   

 

1.7.3 Molecular Markers 

A number of molecular and biochemical methods, which are independent of 

environmental influences have been developed in the last few decades which have 

facilitated the identification of polymorphism at protein and DNA levels. These 

methods include isozymes, RFLPs, RAPDs, AFLPs and SSR. The molecular 

markers used have most of the requisite properties and are potentially usefull for 

phylogenetic analysis, genetic diversity and cultivar identification. Their inherent 

property of being independent of environmental influences gives them advantage 

over morphological markers. 

Molecular markers are generally used for the evalution and characterization 

of intraspecific and interspecific diversities among plant species. A genetic marker 

is a calculable character which can be distinguished either by DNA or protein 

sequence. The differences either at phenotypic or genotypic level can be used as 

genetic marker; that is if it detect genotypic or phenotypic characteristic in an 
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individual and if its inheritance can be tracked through different generations (De 

Vicente and Fulton, 2003).  

  Genetic divergence among the populations can be detected through a 

number of markers. These markers can be classified into three classes: those based 

on morphological and agronomic traits, gene product and DNA. The earlier studies 

revealed that different classes of variations were shown by different types of 

markers (Ahmed et al., 2009). 

  DNA based markers are actually the short sequences of nucleeotides which 

are located at specific loci on the chromosomes and are trasnfered from generation 

to generations. Molecular markers are comparatively new but most reliable tools 

for genetic diversity analysis. It meets shortcomings exhibited by morphological 

and biochemical markers. Diversity based on DNA approximations exhibit the real 

differences found among the genotypes which is abundant throughout the genome, 

easy to detect, not affected at all by the environmental conditions and can be 

spotted at any stage of development when compared with other marker systems 

(Barrett and Kidwell, 1998).  

  Based on investigations there are two different categories of molecular 

markers: RFLP (restriction fragment length polymorphism) that depends on 

hybridization between prob and DNA strand (segment) and the second category is 

dependent upon polymerase chain reaction (PCR) that can create millions of copies 

specific or random oligonucleotide priming sites. It includes (ISSR) inter-simple 

sequence repeat, (AFLP) amplified fragment length polymorphism, (RAPD) 

random amplified polymorphic DNA, and (SSR) microsatellites or simple 

sequence repeat (Semagn, 2006). AFLP based analysis of seven cultivated and 
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seven wild species of genus prunus show genetic variabilities and differentiation 

Mallikarjuna et al., (2004). This study shows that these species corresponds to four 

sections including Prunophora, armeniaca, Cerasus, and amygdalus within the 

genus. Apricots were reported most variable among all groups. 

    The most widely used molecular marker which is hybridization-

based is RFLP. RFLPs are widely used for the selections of traits of agricultural 

importance, for genetic diversity analysis and for the segregation of offsprings 

(progenies), (Brett Schneider, 1998). This is done by the digestion of  genomic 

DNA into small fragments each with a chain length of 100- 200 nucleotides with 

the help of restriction endonucleases that recognize and cut the DNA at a specific 

sequence, followed by their separation by gel electrophoresis. In this way 

genotypes can be differentiated on the basis of mutations in endonuclease 

restriction sites across the genome in addition to genome rearrangements.  

  PCR based markers such as AFLP, RAPD, SSR and ISSR are superior to 

RFLP in a way that they exhibit high diversity even in autogamous crops with a 

narrow genetic base like soybean and wheat (Russel et al., 1997) and now a days 

are being widely employed for genetic diversity analysis and mapping studies 

(Milbourne et al., 1998).  

   The ISSR carry out the replication of fragments which are present at an 

amplifiable distance between two identical sites of a pair of microsatellites in 

opposite direction (Zietkiewicz et al., 1994).  In other words, it refers to 

amplification of DNA regions located amongst microsatellites with the help of SSR 

and with some of the nucleotides used as primers (Zietkiewicz et al., 1994). 
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  Inter- simple sequence repeat (ISSRs) follows the same basic principle as 

that of RAPD and are also quite simple like RAPDs but conversaly they have 

longer sequences of primers as that of RAPD. So, they are found more reproducible 

as compared to original RAPD method. It has comparatively low startup costs and 

easy to use (Levi et al., 2004). By using inter- simple sequence repeat (ISSR) 

marker, Yılmaz et al., (2009) reported the phylogenetic relationships and genetic 

diversity between sixteen genotypes belonging to four sections of genus Prunus. 

Among these genotypes six belongs Prunophora, seven to armeniaca where as two 

and one to plumcot and Cerasus respectively. The studies based on PCR and 

primer amplification shows high level of genetic polymorphism, i.e. 57-100 

percent. The genetic variation in genus prunus has been produced naturally by seed 

based propagations and commercially through cross fertilizations among different 

cultivars. In Azad Jammu and Kashmir genetic variations exist in plant species, 

especially stone fruit crops. Geographically this area is present between two centers 

of origin for temperate fruit crops including Caucasus Mountains and China. In 

genus prunus like other temperate fruit crops, cultivated species, wild varieties and 

other naturalized forms which are found in this floristically rich area are not 

explored till to date. 

In the present studies SSR (Microsatellites or simple sequence repeats) has 

been used for the genetic characterization of plant species which belongs to genus 

Prunus as they are reported highly efficient for cultivar identification in peach and 

other species of this genus previously. (Cheng et al., 2009; Li et al., 2008; Wunsch 

et al., 2006; Dirlewanger et al., 2004; Bouhadida et al., 2007). Simple sequence 

repeats popularly known as Microsatellites have a very short chain length several 
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nucleotides (6 base pairs) whereas minisatellites have a longer chain length upto a 

few hundred nucleotides and they are also called variable number tandem repeats 

(VNTRs). Both of these are widely used for the identification of cultivars and 

individual as they are reported as highly polymorphicand can generate high level of 

polymorphism through their variable repeats (Tautz, 1993). Apart from exhibiting 

high degree of polymorphism and high level of heterozygosity, SSRs contain other 

characteristics as well which are commonly claimed by other markers in forensic 

use, like codominant pattern of inheritance in Mendelian fashion, their somatic 

stability, and dependable markers for reproducible analysis. Simple sequence 

repeats (SSRs) are advantageous than other molecular markers because they can 

identify many allels at a specific locus, their distribution over the entire genome, 

codominant mode of inheritance, need small amount of DNA  for amplification and 

their analysis can be carried out without the need of radioactivity. Because of these 

above mentioned features microsatellites have become the genetic markers of 

choice in Mammalian and many plant systems (Tharachand et al., 2012). The use 

of microsatellites for genetic diversity analysis was confirmed by Wunsch, (2009) 

as they are the most reliable markers which can be used due to high degree of 

reproducibility, polymorphism, transferability, co-dominant inheritance their 

hypervariability and cross-species transferability was also reported by Bell and 

Ecker, 1994; Sosenski et al., 2000; Tauraz, 1989; Guilford et al., 1997. 

Microsatellites are randomly spread in eukaryotic genomes with segments 

range in size from 1-6 nucleotide units repeated in tandem and high rate of 

mutations would lead to high level of polymorphism in them and also affect the 

number of repeat units. It is generally believed that when DNA is being replicated, 



47 

 

some sort of mistakes might have occurred in the process which leads to addition 

of some extra set of these sequences to the strands. With the passage of time, these 

repeated sequences fluctuate in length between one cultivar to another. The resulted 

variations can easily be traced through gel electrophoresis by running fragments 

which are amplified by PCR by using specific primer pairs flanking the repeats. 

DNA polymorphisms which are detected by using PCR offers improved speed and 

sensitivity as compared to standard techniques like hybridization and blotting 

(Weber and May, 1989).  

Microsatellites  have been widely used for identification of cultivars and 

accessions in many of the fruit tree crops including grapes, tea crab apples (Benson 

et al., 2001), some of the citrus fruits (Gulsen and Roose, 2001),  cherries like 

Prunus cerasus (Lamboy and Alpha, 1998). Genomic microsatellites have been 

produced almost in every wild and cultivated species which belongs to genus 

Prunus. It includes apricots (Messina et al., 2004), Prunus persica (Wang et al., 

2002; Cipriani et al., 1999; Georgi et al., 2002; Testolin et al., 2000, 2004; 

Dirlewanger et al., 2004), Prunus cerasus (Downey and Iezzoni, 2000), 

plum(Japanese cultivars), and Prunus avium ((Mnejja et al., 2004). Microsatellites 

are usefull for genetic characterization of fruit crops and their wild relatives among 

all the available molecular markers because they are based on nuclear sequences. 

Their locus-specificity, high repeatability, high levels of polymorphisms because of 

multi-allelic properties with, their abundance, wide distribution among the 

genomes, and co-dominant mode of inheritance make them best useable markers 

(Martinez-Gomez et al., 2003). They are useful for the estimation of genetic 

relationship between closely related species of subfamily Prunoideae (Xu et al., 
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2004). SSRs have been reported with high transferability potential between Prunus 

species (Fathi et al., 2008). For cultivar identification in crops with vegetative 

propagation, the most frequently used molecular marker technique is SSR (Nybom 

and Weising, 2010). They were also reported as highly effective and widely used 

molecular markers for the identification of different cultivars belonging to species 

which are homozygous in their nature such as peach (Cheng et al., 2009; 

Bouhadida et al., 2007; Wunsch et al., 2006; Li et al., 2008). Microsatellites are 

abundantly found in genomes with many allels, cost-effective and are inherited 

codominantly were reported widely used for the categorization of cultivated 

almonds (Kadkhodaei et al., 2011) and also for rootstocks of peach (Bouhadida et 

al., 2009).  

In genus Prunus, the conservation range of SSR loci has been reported to be 

around 57- 100 percent (Mnejja et al., 2005), and it was observed at higher levels 

among species which are closely related to each other like peach and almond as 

compared to those species which are distinctly related like Prunus persica and 

Prunus avium. The cross species transferabilities for same type of microsatellites 

were reported to different species of Prunus has been ranged between 20-30 

percent (Messena et al., 2004). Polymorphism of transferable SSRs was reported to 

be ranged 33 and 39 percent, respectively for Prunus persica and Prunus avium 

(Wunsch and Hormaza, 2002), 46 and 68 percent for apricots and peach, 

respectively (Romero et al., 2003).  

Thirty-two Chinese cultivars of Prunus persica were used for fingerprinting 

in order to assess their genetic diversity and relationships by using seven pairs of 

SSR primers. Eight loci were detected by seven primer pairs which shows an 
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average allele richness of 3.13, expected heterozygosity of 0.46 and Shannon index 

of 0.73 amongst the cultivars. The result of this study clearly showed low level of 

diversity as compared to other tree fruit crops and particularly the Prunus species 

such as cherries and apricots but never the less to earlier reports in peaches (Cheng 

et al., 2009). By using 12 microsatellite markers, Ahmed et al. (2010) evaluated the 

genetic diversity by using 56 accessions in Pyrus germplasm of Azad Jammu and 

Kashmir. The dendrogram of DNA fingerprinting had shown an unambiguous 

genetic relation with intra and interspecific diversity among different varieties and 

ecotypes. Similarity data also illustrated the same pattern in genetic diversity. By 

using thirty four pairs of polymorphic SSR primers, Xie et al. (2010) analyzed 

ninety four accessions of Prunus persica from Zhejiang province of China. Cluster 

analysis on the basis of genetic distance divided all the accessions into two major 

clusters. The sum of major alleles ranged from 2-3 at each locus with a mean of 

2.85; and with an average of 0.48 observed heterozygosity was varied from 0.05-

0.84. The genetic diversity was found higher among introduced accessions as 

compared to that of local accessions. The result of study suggested inbreeding over 

a long time span was responsible for low diversity among local accessions. Cipriani 

et al. (1999) found 15 microsatellites out of 17 were polymorphic in peach 

exhibiting low level of allelic frequency with 2-4 alleles at each locus. The average 

value of expected heterozygosity over all the loci was 0.32 which was considerably 

higher as compared to previous reports in the earlier studies for DNA based 

markers like RAPDs, RFLPs including isozymes. Ten out of seventeen SSR 

primers were reported to have cross-species transportability and gave correct 

amplification in all species of genus Prunus analyzed including plums, apricots, 
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almonds, sweet cherry, sour cherry, peach and its varieties.  Among these, three 

SSR primers were also amplified in apple (Pyrus malus). So; because of their 

polymorphic nature and cross-species transportability these SSR primers can be 

integrated into the linkage maps of stone fruit crops such as almonds, peaches, 

cherries, apricots and plums which are presently being constructed. The result of 44 

molecular markers (32 SSR and 12EST-SSR) showed high level of genetic 

diversity among 89 accessions belonging to almonds and other Prunus species. 

Among these, 68 accessions were collected from their natural habitats.  The results 

showed microsatellites were efficient in amplification, discriminating the 

genotypes and estimating diversity as compared to EST-SSR markers (Rahemi et 

al., 2012). Work on cultivars of Prunus persica was reported by Aranzana et al. 

(2010) from Europe and North America exhibited low genetic diversity when 

separated with 50 SSRs dispersed across the peach genome. They found that 

changes in population structure and molecular variation were linked with important 

fruit characters such as flesh type (melting vs. non-melting) and fruit type (peach 

vs. nectarine). Aranzana et al. (2003) reported a set of 109 SSR primer pairs which 

were newly developed in cherry and peach were used in peach and almond F2 

progeny which were previously used for the construction of map containing mainly 

RFLPs. All of the primer pairs were successfully amplified and 87 (80 percent) 

segregated in the progeny and detected 96 loci. Chavez et al. (2014) indicated that 

423 alleles were amplified by a total of 36 microsatellites which were distributed 

across the entire peach genome used during the studies. An average of 18 

genotypes was detected by each marker. The average values for observed and 

expected heterozygosities were 0.4 and 0.5 whereas the average values for total 
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number of observed and effective alleles were 11.43 and 2.58 respectively. The 

average values for PIC (polymorphism information content) and Wright’s fixation 

index were reported to be 0.48 and 0.25 respectively. On the basis of these 

findings, two major groups were observed through the germplasm corresponding to 

melting and non-melting flesh cultivars/selections.  

The microsatellites which were developed in Rosaceae has a great potential 

for cross-species transportability and they are successfully amplified into different 

species, because of this reason they can assist  in the assimilation maps in rosaceae 

and also across a wide range of taxonomic boundaries as well (Sosinski et al., 

2000). Sehic et al. (2015) compared genetic structure and diversity in plum 

accessions which were preserved by using ex situ and in situ conservation methods 

in Sweden and southern Norway along with an additional set of eight international 

cultivars. Two hundred and four distinct SSR alleles were amplified in total by 

using nine SSR loci, revealing high overall diversity. Ex situ collection was 

represented by only one duplicate while the accessions from southern Norway were 

represented by many duplicates. Xuan et al. (2011) used 7 SSR markers to generate a 

set of 140 alleles in the European plum. The sum of alleles on each locus was 

reported to be ranged from 31 for primer EMPaS01 to 10 for primer EMPaS02 

with a mean of 20 alleles per locus. These loci showed variation in the values of 

polymorphism information content (PIC) that ranged from 0.857- 0.94 with a mean 

of 0.898. These findings suggested that primer pair EMPaS01 was the more 

informative as compared to EMPaS02. Wunsch (2009) stated microsatellite 

markers were useful for analyzing different Prunus species which includes; peach, 

plums, apricots, sweat and sour charry. A total of thirteen microsatellites were 
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selected which were previously reported with cross-species transportability and 

polymorphic nature in more than one species of genus Prunus were used for the 

analysis of some species belonging to this genus. Among these 13 SSRs primers 

three, including CPPCT-006, BPPCT-002 and BPPCT-007 were observed 

polymorphic in all species tested, whereas eight primer pairs including UDP98-

410, BPPCT-004, ps12a02, BPPCT-014, UDP98-409, UDP96-005, BPPCT-026 

and BPPCT-010 were reported polymorphic in nine out of the ten species analyzed. 

Vendramin, et al., (2007) developed twenty one EST–SSR primer pairs in peach 

from a mesocarpic cDNA library. Among these eighteen were observed with 

successful amplification products in 21 genotypes of peach and give rise to 1-3 

alleles each with a mean of 1.8 alleles on each locus. The mean values for observed 

and expected heterozygosities were 0.20 and 0.24, respectively. All the primers 

were successfully amplified in six other species belongs to genus Prunus 

comprising apricot, almond, Prunus ferganensis, Prunus avium and Prunus 

domestica (European and Japanese plum).  

Out of 26 microsatellites which were isolated from two peach cultivars 

genomic libraries; seventeen were used to demonstrate the pattern of Mendelian 

inheritance. The polymorphism of these SSR primers was evaluated in 50 peach 

and peach cultivars. All of these were observed polymorphic with an allele 

frequency of 2–8 alleles on each locus. The average values for heterozygosity and  

discrimination power were 0.47 and 0.60 respectively (Testolin, et al., 2000). 

Hence microsatellites can be opted as choice markers for the peach fingerprinting. 

Beside microsatellites AFLPs were also recommended as suitable markers for 

diversity analysis, population genetics and genetic relationships (Gulen et al., 2010; 
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Majidian et al., 2013, Yuan et al., 2007; Hagen et al., 2002) in Prunus species 

because of their reproducibility and validity. In peach analysis of amplified 

fragment length polymorphism (AFLP) yield as much as 30 alleles per primer pair 

at each locus (Vos et al., 1995) and are widely used for the construction of genetic 

maps (Lu et al., 1998). The genetic analysis through AFLP is considered a 

powerful tool and also a cost-effective technique for the assessment of genetic 

diversities and polymorphism in DNA but these markers show dominant mode of 

inheritance and their applications in selection and mapping studies essentially 

required sequence tagged sites (STSs) (Lu et al., 1999). In contrast SSRs are PCR-

based primers and represent codominant mode of inheritance so, they can 

frequently be used for the identification of cultivar and mapping studies (Cipriani 

et al., 1999), and were also observed as powerful genetic tools for tracing the 

evolutionary histories in plants (Provan et al., 1996).  

Minisatellites in comparison with microsatellites have rare occurrence in 

plants and were previously reported vary rarein plant kingdom (Morgante et al., 

1997). On the other hand, microsatellites are frequently found and are evenly 

distributed throughout the genomes, and their sequences are easily available on 

genomic databases for plants (Morgante and Olivieri, 1993). The work of 

Dirlewanger and Bodo, (1994) indicated low level of polymorphism when RAPD 

markers were used in genetic mapping. On the basis of their results only seven 

percent of RAPD primers out of 524 yield polymorphic bands whereas the studies 

Chaparro et al. (1994) also represented nearly same types of findings in which only 

16 percent RAPD primers out of 522 yield polymorphism during their assessment. 

In the same way, Rajapakse et al. (1995) revealed only 18 percent (29 out of 159) 
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of their cDNA and genomic clones gave clear amplification products with 

polymorphic nature when analyzed with RFLP markers. However, a better level of 

polymorphism was reported in Prunus persica and Prunus ferganensis by Quarta et 

al. (1998). He was working with back-cross progenies of these two species and 

attained a better picture with 38 percent of total 213 analyzed cDNA and genomic 

probes; which were polymorphic.  

The molecular markers beside microsatellites revealed low level of 

polymorphism which make microsatellites which were comprised of 1-6 nucleotide 

motifs as suitable markers for mapping plant populations (Rafalski et al., 1996), as 

their length varies from individual to individual and are abundantly found in the 

genomes of all the eukaryotes (Tautz, 1989; Weising et al., 1989). Initially 

microsatellites were not frequently used for genetic characterization of plants 

because their isolation was expensive, but with the introduction of some new 

techniques like library enrichment and automatic sequencing made this process 

quite quicker and more efficient and now they are easily and rapidly available for 

the plant geneticists use (Gupta et al., 1996). Among many other properties, one of 

the characteristic feature of microsatellite is that they have certain adjoining 

regions which are highly conserved in species which are closely related to each 

other and this contributes to their cross-species transportability (Huang et al., 

1998). SSRs are also isolated and characterized from some other fruits, including 

grapes (Bowers et al., 1996), rutaceae family (Kijas et al., 1997, 1995), Actinidia 

deliciosa (Huang et al., 1998), avocado (Sharon et al., 1997), and apples (Guilford 

et al., 1997). 
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Muzaffarabad is the capital of Azad Kashmir which is located in the north 

eastern side of Pakistan.  The study area have variable climatic zones with 

subtropical plains in the lower reaches on the southern side to high alpine slopes at 

upper reaches with an elevation of 3,000 meter or more in the north. The area lies 

between the longitude 73º-75º and latitude 33º-36º within a total area of 13297 

Square kilometer. Stone fruits are among the staple crops in the area so; there is an 

utmost necessity and scope for their conservation and management of genetic 

resources in Azad Kashmir. Genetic diversity of Prunus species found in the area is 

still unknown therefore, it is important to evaluate the levels of intra and inter-

varietal diversity. Till to date no work has been done on the genetic 

characterization of the wild and cultivated Prunus species in Azad Jammu & 

Kashmir. The present study was conducted keeping in view the following aims and 

objectives: 

 

1.7.4 General Objectives   

To study the phytosociology and genetic diversity of genus Prunus 

germplasms collected from Muzaffarabad division using SSR markers. 

1.7.5 Specific Objectives 

1. To explore Prunus growing areas of Muzaffarabad division and 

identify existing Prunus germplasm. 

2. To prepare floristic list and phytosociological status of the genus 

in the study area. 
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3. To characterize native Prunus species growing in the study area 

through DNA based techniques and explore their horticultural 

importance for commercial exploitation. 

4.  To study intra and intraspecific diversity between wild and 

cultivated species of genus Prunus by using SSR (Microsatellite) 

markers.  
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Chapter 2 

MATERIALS AND METHODS 

2.1 Phytosociological studies 

Muzaffarabad division was selected for Phytosociological studies of the 

genus Prunus. The study area lies in the western Himalaya near occupied Kashmir 

having subtropical to temperate (moist and dry temperate) and alpine type of 

vegetation (Anonymous, 2008).  After going through the topographic map of the 

study area (Muzaffarabad division) Azad Jammu and Kashmir, extensive field 

surveys during 2012-13 were carried in areas where species of genus Prunus were 

present along with associated species. The altitude of the investigated area ranges 

from 820-2790 meters from sea level (Table 1, Figure 1). Phytosociological studies 

of genus Prunus and associated species were conducted for the accomplishment of 

said objectives which includes the following aspects: 

2.1.1 Qualitative Characters 

2.1.1.1 Floristic composition 

The simplest and most quick way of describing vegetation is to list the 

species present in an area. The study of different types of species in a community is 

one of the most important task while studying the vegetation in a given ecological 

zone. Thus the floristic composition can simply be expressed as a list of species, 

life form composition and structure of vegetation. It is the fundamental requirement 

of all ecological work; this approach is dominant in ecology until quite recently and 

will continue to dominate until an adequate description is not completed on 

regional as well as world-wide basis. The assessment of floristic composition of 



58 

 

   

  

communities involves periodic collection of plant species followed by their 

identification. During studies extensive survey were carried out in the area in order 

to collect the plant species. Two specimens of each plant were collected, pressed 

with plant presser, dried, and poisoned followed by their mounting on herbarium 

sheets. These plant species were identified by Flora of Pakistan (Nasir and Ali, 

1971-1994 and Ali and Qaiser, 1995-2007). A floristic inventory with scientific 

names of plants and their families was made. The collected plant species were 

deposited in Herbarium of Botany Department University of Azad Jammu and 

Kashmir. 

2.1.1.2 Biological Spectrum  

The best known description and classification of life forms and its use to 

construct a biological spectrum was given by Raunkiaer (1934). It refers to 

distribution of different species amongst the life form of an area. On the basis of 

this species were arranged in a series in which the main criterion was the height of 

perennating buds. This criterion reflect the adaptation of a species to its climate. 

Life forms is one of the most important feature for the description of vegetation. 

The life form spectrum is a true reflection of climate, biogeographic regions, 

properties of any continent and altitude (Habib et al., 2011). Plants of any given 

region may be classified into life form classes as described by Raunkiaer (1934). 
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Table 1: Selected sites from the study area along with coordinates and altitude  

Sr. No. Sites name Altitude (m) Latitude (N) Longitude (E) 

1 Kulliyan 820 34° 57.38 73° 01.09 

2 Therian 950 34° 33.84 73° 24.75 

3 Chaman Kotli 1080 34° 33.86 73° 01.71 

4 Danna Kachili 1240 34° 04.45 73° 02.45 

5 Komi Koat 1400 34° 39.53 73° 16.21 

6 Jhand Gran 1540 34° 44.60 73° 19.16 

7 Narrat 1700 34° 36.81 73° 43.60 

8 Arangkail 2375 34° 30.99 73° 00.66 

9 Kail 2140 34° 27.39 73° 15.57 

10 Dodhneyal 1900 34° 19.27 73° 36.13 

11 Kharigaam 1850 34° 18.87 73° 01.20 

12 Shaarda 1800 34° 42.13 73° 29.01 

13 Kailseri 1950 34° 58.21 73° 32.24 

14 Kiyyan Sharief 1750 34° 23.52 73° 57.53 

15 Olrawan Khurd 1150 34° 47.65 73° 43.21 

16 Khalana 1250 34° 65.68 73° 34.04 

17 Chikaar 1575 34° 05.34 73° 35.53 

18 Gohar abad 1850 34° 12.66 73° 99.82 

19 Lamniyan 1800 34° 09.71 73° 42.34 

20 Punjaal Gali 2790 34° 03.14 73° 89.50 

21 Kaiser Kot 1950 34° 67.09 73° 08.52 
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 Figure 1: Map of study area along with selected sites 
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2.1.1.2.1 Phenarophytes 

The perennating buds are produced on above ground shoots and these can be 

further subdivided into two categories, Megaphanerophytes which includes all trees 

and Nanophanerophytes comprising all the shrubs. 

2.1.1.2.2 Chamaephytes   

Perennial buds are born at a height of 25 cm on the arial shoots. Buds are 

covered with leaf litter as they are embedded into fallen leaves. These plants are 

indicator of cool dry climate. 

2.1.1.2.3 Hemicryptophytes 

 Perennial shoots that are at the ground surface and are protected by leave 

and soil. These plants are found in cold moist climate. When condition become 

unfavourable; perennial buds remain at the ground level. Stolens sometime may or 

may not be present. 

2.1.1.2.4 Therophytes 

They are annual species and complete their life cycle in a single growing 

season. The life spans may be a few weeks in some species and are indicator of 

grassland regions, deserts and cultivated soil. 

2.1.1.2.5 Geophytes 

 Rhizomatous plants, bulbs and corm are characteristic feature of this group. 

They are exposed to severe unfavorable seasons and because of this reason they are 

adapted by protection of their survival organs in the soil or mud. 

2.1.1.2.6 Lianas 

 These are woody in their texture and they may be climbers or vines. They 

have weak stems and depend on other plants for their support. 
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2.1.1.3 Leaf spectra 

 Leaf size spectrum is also a vital feature for the classification of vegetation. 

Its knowledge is essential for knowing the physiological interaction of plant present 

within plant communities, (Oosting, 1956). The climatic conditions affect the 

leaves and it is an important part of plant body. The shape and size of the leaves 

have been taken as an important criterion for further classification of different life 

forms. Leaf size spectra can be determined as described by Raunkiaer (1934). 

2.1.1.3.1 Leptophyll  

They have a leaf size of 25 square millimeter. 

2.1.1.3.2 Nanophyll  

They have a leaf size of 225 square millimeter. 

2.1.1.3.3 Microphyll  

They have a leaf size of 2025 square millimeter. 

2.1.1.3.4 Mesophyll  

They have a leaf size of 18225 square millimeter. 

2.1.1.3.5 Macrophyll  

They have a leaf size of 164025 square millimeter. 

2.1.1.3.6 Megaphyll  

The leaf larger in size than that of macrophylls are considered as 

megaphylls. 

For rapid estimation of leaf size spectrum in an area Raunkiaer’s (1934) 

diagram was used (Figure 2) 
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2.1.2 Quantitative Characters 

2.1.2.1 Community structure 

Community refers to collection of diverse populations in an area and their 

mutual interactions. Community ecologists study various interacting forces (abiotic 

and biotic factors) in the environment and measure the effect of these forces on the 

structure of communities. It includes different attributes like, number and type of 

species, and also their relative abundance in a community, (Shaheen et al., 2011).  

2.1.2.2 Determination of suitable size 

The determination of size was done through minimal area curve and 

sampling of vegetation was done by Quadrat method as described by Malik, 

(2005). Different strata of vegetation were studied with quadrats of different sizes. 

The size of quadrats was 100 m² for trees, 25 m² for shrubs and 1 m² for herb layer. 

2.1.2.3 Number of quadrats 

There are variable number of quadrats for each stratum including trees, 

shrubs and herbs. For trees five quadrats were taken, for shrubs 10 whereas for 

herbs 15 quadrats were laid (Malik, 2005). The total quadrats for all stands were, 

for trees 105 whereas for shrubs and herbs were 210 and 315, respectively. 

2.1.2.4 Distribution of quadrats 

The distribution of quadrats was random as well as systematic depending on 

the steepness and aspect of the site. Usually random quadrats were laid in steep 

slopes and systematic in gentle slopes. The number of individual of each species 

was counted as described by (Habib et al., 2011).  
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 2.1.2.5 Components of Phytosociological Diversity 

2.1.2.5.1 Density 

It refers to total number of individuals of a species in total number of 

sampling units (Singh and Singh, 2010). 

Density = 
quadrats ofnumber    Total

species a  of  sindividual ofnumber   Total
 

2.1.2.5.2 Relative Density   

Relative density refers to percentage proportion of a species density as 

compared to all species present. 

Relative density =
species  all ofDensity  

species  a  ofDensity  
100     

2.1.2.5.3 Frequency 

It is the measure of distribution of individuals of a species in a given area 

particularly in a sampling unit (Singh and Singh, 2010). 

Frequency =
quadrats ofnumber    Total

occur    species ain which     timeof No.
100  

2.1.2.5.4 Relative frequency 

It refers to percentage proportion of a species as compared to sum of 

frequencies of all species (Malik, 2005). 

Relative frequency =
 species  all  of  frequency   Total

species  one  of    valueFrequency 
 100  

2.1.2.5.5 Canopy cover 

The area of ground covered by the vertical projection of the arial parts of 

the plants of one or more species; (Greig and Smith, 1957, 1983). 
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Canopy cover =
quadrat of  size   quadrats  of  no.   Total   12.56

 C2


 

Trees with diameter less than 1.5 meters were considered as shrub. Canopy 

cover of shrubs and herbs was calculated after the coverage classes given by 

Daubenmire (1959). 

Table 2: Coverage classes for the coverage of herbs and shrubs 

Coverage classes Range coverage Midpoint of coverage classes 

1 0-5 2.5 

2 5-25 15 

3 25-50 37.5 

4 50-75 62.5 

5 75-95 85 

6 95-100 97.5 

Canopy cover = 
sizequadrat   quadrat    ofNumber  

species  a  ofcover  canopy    Total


 

2.1.2.5.6 Relative Canopy Cover 

It refers to cover value of single species as a proportion of the total cover 

values for all species (Brower and Zar, 1977). 

Relative canopy cover = 
 species  all ofcover  canopy    Total

species  a  ofcover  Canopy  
100  

2.1.2.5.7 Importance Value 

Importance value is the sum of relative values of density, frequency and 

canopy cover (Curtis and Maclntosh, 1950). 

  The species in a community were organized on the basis IVI values and 

communities were given names after two or three leading dominant species which 

have the highest IVI value; next to them were considered as co-dominant and 
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associated species. The species with least importance values were considered as 

rare component of the stand.  

2.1.3 COMPONENTS OF DIVERSITY 

2.1.3.1 Index of diversity 

The index of diversity was calculated after Shannon- Wiener index (1949) 

by using the following formula. 

                     D= 

















N

n

N

n

ln

ln
 

Where        

n = Actual number of individuals of one species in a stand. 

N = Total number of individuals of all the species present in that stand. 

2.1.3.2 Species Richness 

It can be defined as number of species as compared with the total 

individuals in the community. Species richness can be calculated by Menhinick 

index (1964) which is as 

                           
N

S
d    

Where 

d = Species richness.  

           S = Total number of species in a community. 

           N = Total number of individual in a community. 

2.1.3.3 Equitability 

 It refers to how close in number each species in an environment is, 

(Sheldon, 1969) method was applied which is as: 



67 

 

   

  

species of  no.  Total  

  valueExpected
e  

Or 

N

E
e   

 Where 

        e = Equitability.    

        E = Expected value from Shannon diversity.  

        N = Total no. of species in a stand.   
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Figure 2: Raunkierian’s diagramme for leaf size spectra   
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2.2 MOLECULAR CHARACTERIZATION OF GENUS PRUNUS 

2.2.1 Collection of Plant materials 

A total of 96 accessions of genus Prunus species (Table 3) were collected 

from the different ecological zones of Muzaffarabad division to analyze their 

genetic diversity, which included 28 accession each from Muzaffarabad and 

Hattian Balla districts while 26 from Neelum district. Cultivars of Prunus persica 

taken from China were also included in the study. Extensive surveys were carried 

out at each of the selected locality for the collection of plant materials (young 

leaves) of selected species (Prunus mira, Prunus armeniaca, Prunus domestica, 

Prunus avium, and Prunus Cerasus) during 2012 - 2014 at the times of flowering, 

fruit setting and fruit maturity. For each accession, description were taken in the 

form of passport data. Young leaves were collected from healthy trees of genus 

Prunus, frozen in liquid nitrogen, and then stored at −80 ◦C before it can be used 

for DNA extraction.  

2.2.2 DNA extraction  

2.2.2.1 Chemicals and Reagents  

Extraction Buffer (A)         Per 1000 mL 

2 Percent (w/v) Cetyltrimethylammonium Bromide (CTAB)   20.0 g  

100 mM Tris (pH 8.0)        100 mL  

20 mM EDTA         10mL  

1.4 M sodium chloride (NaCl)      82 g  

4 Percent (w/v) polyvinylpyrrolidone (PVP)      40 g  

0.1Percent (w/v) ascorbic acid       1g  

10 mM β-mercaptoethanol       700 µL  

Extraction Buffer (B)       Per1000 mL 
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100 mM Tris-HCl (pH 8.0)       100 mL  

50 mM EDTA         25 mL  

100 mM NaCl         6 g  

10 mM β-mercaptoethanol       700 µL  

TE Buffer        Per1000 mL 

10 mM Tris (pH 8.0)        10 mL  

1 mM EDTA         500 µL  

Other Required Reagents 

20 Percent (w/v) sodium dodecyl sulphate (SDS)  

5 M potassium acetate (at –20 °C)  

3 M sodium acetate (pH 5.2)  

70 Percent ethyl alcohol (at -20
 
°C)  

Absolute isopropanol (at -20 °C) 

2.2.2.2 DNA Extraction Protocol 

Test tubes were taken and marked with numbers 1, 2, 3, 4…from one 

sample DNA was extracted into two test tubes in order to avoid any mistake. 

1. 4 mL of 2 percent CTAB solution was added along with 1% 80µL 

β.mercaptoethanol in a test tube. This test tube was immediately transferred 

into a water bath at 65°C for about 10 minutes. 

2. Weighed out 0.5 g fresh leaf and folded into the silver paper. This was then 

transferred into liquid nitrogen for a while. 

3. The sample was then grinded into fine powder with the help of mortar and 

pestle and powder was then transferred into corresponding test tube. The 
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test tube was again incubated into water bath for 30 minutes and vertex 

after every 10 minutes. 

4.  A mixture of Isoamyl alcohol and chloroform (24:1) was added into the 

test tube. The volume of isoamylol and chloroform was same as that of 

CTAB i.e. 4mL. Both mixtures were mixed with the help of vertex mixer. 

The mixture was then centrifuged at a speed of 10000 rpm for 10 minutes at 

4°C. This procedure was repeated for two to three times. Every time 

supernatant was taken and transferred into new test tube followed by the 

addition of isoamylol: chloroform mixture. 

5. After third time the supernatant was taken and transferred to new test tube. 

In this test tube 4mL of ice cold absolute isopropanol along with 4mL of 10 

percent sodium acetate (NaAC) was added. The test tube was then kept at 

room temperature for about one hour. After 1 hour test tube was put into 

centrifuge and spun at a speed of 10000 rpm for 10 minutes at 4°C. This 

process was done in order to precipitate the DNA. The pellet was taken 

after this step and transferred to 1.5 mL microcentrifuge tube. 

6. The pellet was washed firstly with 500 µL 70 percent ethanol followed by 

pure ethanol. 

7. This DNA was kept into incubator at 37°C for about 1 hour in order to 

make DNA dry. 

8. When DNA became dry; 400µL of TE buffer was added followed by 1µL 

of RNAse. 
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9. The purified genomic DNA was then quantified by gel electrophoresis, and 

the quality of DNA was verified by spectrophotometry. DNA samples were 

stored at 4°C until further analysis. 

2.2.3 DNA Quantification 

The concentration of DNA was quantified by a technique called 

spectrophotometry (BIODROP, Cambridge, and CB4 England) and DNA at 20 ng 

mµl
-1

 was used as template for PCR amplification. 

2.2.3.1 PCR Amplification and Gel Electrophoresis 

A set of 19 SSR primer pairs (Table 4) were selected which are previously 

reported in different species of the genus Prunus, including one from sour cherry 

and 18 from peach. They were also reported as polymorphic previously and hence 

were used to analyze a set of 96 accessions belonging to five different Prunus 

species. They were first screened to check for amplification in the collected 

samples of Prunus species, and subsequently 19 SSR primer pairs covering eight 

linkage groups were selected for further analysis (TSINGKE biological 

technology). PCR was carried out in a total volume of 20 µL containing 1 µL of 25 

ng/ µL of genomic DNA, 0.20 µL/10M of forward primer and 1 µL/10M of reverse 

primer, 10 µL of Premix Taq polymerase containing (dNTP, 10× PCR buffer and 

Taq polymerase) (TAKARA BIO INC.), fluorescent dye and 7 µL of ddH2O. PCR 

amplifications performed in a ninety six-well block (Eppendorf Mastercycler 

thermocycler AG 6321 Germany) with the following programs: 5 minutes at 95 °C, 

35 cycles of 40 seconds at 95 °C, 30 seconds at the appropriate annealing 

temperature depending on the requirement of primer (50-65°C) and 30 seconds at 
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72 °C, followed by a 10 minutes final extension at 72 °C as shown in (Table 4). To 

check the PCR amplification and determine the estimated sizes of the alleles 

amplified, 3 µL of the PCR products were separated by electrophoresis on 6 

percent polyacrylamide gel at 110 volts (BioRad Electrophoresis system, USA) and 

5 µL 500-bp DNA ladder (Promega, USA). Then gel was exposed to the UV light 

and photographed with PcImage software (Foto/Analyst PcImage) in 

photoanalyser. A single band in one accession was considered to be homozygous. 

2.2.3.2 Allele sizing 

Automated Sequencer Capillary Electrophoresis (ASCE) was used to 

analyze amplified PCR products by using an ABI 3730xl Genetic Analyzer. Band 

scores were analyzed by using Gene Marker (Version 1.80). The normal size used 

in the sequencer was Liz 600. On the basis of the prunus species diploid genomes 

there was a possibility of observing one band for homozygous and two bands for 

heterozygous individuals in each SSR locus. 

2.2.3.3 SSR Data analysis 

Power marker V3.25 software was used to analyze the Data in order to 

calculate the genetic distance. A phylogenetic tree (dendrogram) was constructed 

by using Unweighted Pair Group Mean Average Method (UPGMA), using Fig 

Tree V1.4.2 software. Among the various prunus species Operational Taxonomic 

Units (OTUs) were assayed using SSR markers. The OTU is a vital quantity for 

checking similarities (Nei and Takezaki, 1983). Some of other attributes like 

number of observations, major allele frequency, size range (bp), gene diversity and 

polymorphism information content (PIC = 1 - R (pi) 2 -RR 2(pi) 2(pj) 2 (Botstein 

et al., 1980) were also calculated by use of Power Marker Software. Non-missing 
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genotypes observed in a sample were referred to as the number of observations for 

a particular marker locus. Gene diversity, frequently referred to expected 

heterozygosity, and it is defined as the probability that two randomly chosen alleles 

from the population are different. Heterozygosity for each SSR locus was 

calculated by dividing the number of heterozygous samples by the total number of 

samples. 
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Table 3: List of genus Prunus accessions collected from different ecological zones 

of Muzaffarabad division 

S. 

No. 

Neelum Hattian Bala Muzaffarabad  Prunus 

persica 

Cultivars 

from China 

1 Prunus cerasus N11 Prunus cerasus H14 Prunus cerasus M9 4D8388 

2 Prunus cerasus N12 Prunus cerasus H15 Prunus cerasus M10 4D8391 

3 Prunus cerasus N13 Prunus cerasus H16 Prunus cerasus M18 4D8398 

4 Prunus avium N1 Prunus cerasus H17  Prunus cerasus M19 4D8378 

5 Prunus avium N2 Prunus avium H4 Prunus avium M7 4D8371 

 

6 Prunus avium N3 Prunus avium H5 Prunus avium M8  4D8411 

 

7 Prunus domestica N87 Prunus avium H6 Prunus domestica 

M94 

4D8412 

 

8 Prunus domestica N88 Prunus domestica 

H92 

Prunus domestica 

M95 

4D8413 

 

9 Prunus domestica N89 Prunus domestica 

H93 

Prunus domestica 

M96 

4D8415 

 

10 Prunus domestica N90 Prunus armeniaca 

H24 

Prunus armeniaca 

M31 

4D8416 

 

11 Prunus armeniaca N18 Prunus armeniaca 

H25 

Prunus armeniaca 

M33 

4D8405 

 

12 Prunus armeniaca N19 Prunus armeniaca 

H26 

Prunus armeniaca 

M35 

4D8422 
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13 Prunus armeniaca N20 Prunus armeniaca 

H27 

Prunus armeniaca 

M36 

4D8418 

 

14 Prunus armeniaca N21 Prunus armeniaca 

H28 

Prunus mira M37 4D8421 

15 Prunus armeniaca N22 Prunus armeniaca 

H29 

Prunus mira M60  

16 Prunus armeniaca N23 Prunus armeniaca 

H30 

Prunus mira M62  

17 Prunus mira N38 Prunus armeniaca 

H32 

Prunus mira M63  

19 Prunus mira N39 Prunus mira H47 Prunus mira M64  

20 Prunus mira N40 Prunus mira H48 Prunus mira M65  

21 Prunus mira N41 Prunus mira H49 Prunus mira M66  

22 Prunus mira N42 Prunus mira H50 Prunus mira M67  

23 Prunus mira N43 Prunus mira H51 Prunus mira M68  

24 Prunus mira N44 Prunus mira H52 Prunus mira M69  

25 Prunus mira N45 Prunus mira H53 Prunus mira M70  

26 Prunus mira N46 Prunus mira H55 Prunus mira M71  

27  Prunus mira H56 Prunus mira M72  

28  Prunus mira H57 Prunus mira M58  

Key: Muzaffarabad (M), Neelum (N), Hattian bala (H) 
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Table 04: List of 19 SSR primers used to assess the genetic diversity of 96 Prunus accessions collected from study area 

S.N

o. Species Marker 

Linkage 

group Forward sequence Reverse sequence 

Range 

size(bp) 

Annealing 

temperature Fluorophore 

Repeat 

motif Reference 

1 

sour 

cherry PceGA34 2 

GAACATGTGG

TGTGCTGGTT 

TCCACTAGGAG

GTGCAAATG 140-174 50 FAM (GA)25 

Cantini et al. 

(2001) 

2 Peach BPPCT007 3 

TCATTGCTCGT

CATCAGC 

ATGGCGATTGA

AGTCTTTAGAC 130 - 164 57 NED 

(AG)22

(CG)2(

AG)4 

Dirlewanger 

et al. (2002) 

3 
Peach BPPCT017 5 

TTAAGAGTTTG

TGATGGGAAC

C 

CGAACCAATAC

GATTTAATACG

AA 138 - 177 57 HEX (GA)28 

Dirlewanger 

et al. (2002) 

4 Peach BPPCT025 6 

TCCTGCGTAG

AAGAAGGTAG

C 

CGGTAAACCTG

TAAATACAGC 156 - 195 57 PET (GA)29 

Dirlewanger 

et al. (2002) 

5 Peach UDP96-018 1 

TTCTAATCTGG

GCTATGGCG 

GGGACAGCATT

TACACTTGAAG 230 - 253 57 FAM (AC)21 

Testolin et al. 

(2000) 

6 Peach UDP98-409 8 

GCTGATGGGT

TTTATGGTTTT

C 

ACAACTATCTCC

TATTCTCAGGC 119 - 173 57 NED (AG)19 

Cipriani et al. 

(1999) 

7 Peach BPPCT-026 5 

ATACCTTTGCC

ACTTGCG  

TGAGTTGGAAG

AAAACGTAACA 134-145 57 HEX 

AG)8G

G(AG)6 

Dirlewanger 

et al. (2002) 

8 Peach pchgms5 4 CCA GTA GAT 

TTC AAC GTC 

GGT TCA CTC 

TCA CAT ACA 
160 57 PET (CA)9 

Sosinski et al. 

6
1
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ATC TAC A CTC GGA G (2000) 

9 Peach CPPCT026 1 

AGACGCAGCA

CCCAAACTAC 

CATTACATCACC

GCCAACAA 180 55 FAM (CT)22 

Aranzana et 

al. (2002) 

10 Peach BPPCT039 3 

ATTACGTACCC

TAAAGCTTCTG

C 

GATGTCATGAA

GATTGGAGAGG 148-158 57 NED (GA)20 

Dirlewanger 

et al. (2002) 

11 Peach BPPCT023 4 

TGCAGCTCATT

ACCTTTTGC 

AGATGTGCTCGT

AGTTCGGAC 183-237 57 HEX (CT)21 

Dirlewanger 

et al. (2002) 

12 Peach CPPCT022 7 

CAATTAGCTA

GAGAGAATTA

TTG 

GACAAGAAGCA

AGTAGTTTG 217-288 50 PET 

(CT)28

CAA(C

T)20 

Aranzana et 

al. (2002) 

13 Peach BPPCT006 6 

GCTTGTGGCAT

GGAAGC 

CCCTGTTTCTCA

TAGAACTCACA

T 117 57 FAM (AG)19 

Dirlewanger 

et al. (2002) 

14 Peach CPPCT006 8 

AATTAACTCC

AACAGCTCCA 

ATGGTTGCTTAA

TTCAATGG 190-210 59 NED (CT)16 

Aranzana et 

al. (2002) 

15 Peach BPPCT016 1 

GATTGAGAGA

TTGGGCTGC 

GAGGATTCTCAT

GATTTGTGC 89-103 57 HEX (AG)14 

Dirlewanger 

et al. (2002) 

s16 Peach BPPCT037 5 

CATGGAAGAG

GATCAAGTGC 

CTTGAAGGTAG

TGCCAAAGC 155 57 PET (GA)25 

Dirlewanger 

et al. (2002) 

17 Peach BPPCT004 2 

CTGAGTGATC

CATTTGCAGG 

AGGGCATCTAG

ACCTCATTGTT 200 57 FAM (CT)22 

Dirlewanger 

et al. (2002) 

6
2
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18 Peach BPPCT002 4 

TCGACAGCTT

GATCTTGACC 

CAATGCCTACG

GAGATAAAAGA

C 229 57 NED (AG)25 

Dirlewanger 

et al. (2002) 

19 Peach BPPCT005 4 

GCTAGCAGGG

CACTTGATC 

ACGCGTGTACG

GTGGAT 143 57 HEX (AG)10 

Dirlewanger 

et al. (2002) 

  

6
3 
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Chapter 3 

RESULTS AND DISCUSSION 

3.1 Floristic Composition of the Study Area  

Floristic composition of a given region is indicative of plant life and gene 

pool (Yemeni and Sher, 2010). It provides a sound basis for the establishment of 

seed bank and for the development of germplasm of any area. It may be 

considerably influenced by human interactions and natural disasters. Azad Jammu 

and Kashmir encourage a rich heritage of wild and cultivated plant resources 

because of variations in its topographic features, altitudinal gradients and 

favourable climatic conditions. 

During the field surveys of Muzaffarabad division a list of plant species 

was prepared (Appendix 1, Figure 3). The reported flora of Muzaffarabad division 

consisted of 362 plant species of 239 genera and 96 families.  The family Poaceae 

was recorded being dominant with 37 genera and 48 species, followed by Rosaceae 

and Asteraceae which was represented by 14 genera and 27 species and 20 genera 

and 25 species, respectively.  Fabaceae consisted of 10 genera and 14 species, 

Lamiaceae 10 genera and 12 species, Polygonaceae 7 genera and 12 species while 

each of Berberidaceae and Ranunculaceae consisted of 10 species with one and 6 

genera, respectively. Plantaginaceae, Solanaceae, Euphorbiaceae and 

Dryopteridaceae contributed with six species. Umbelliferae, Labiateae, Pinaceae, 

Sapindaceae and Moraceae shared equally with 5 species. Families like that of 

Anacardiaceae, Fagaceae, Salicaceae, Rhamnaceae, Adoxaceae, Boraginaceae, 

Geraniacaea, Balsaminaceae, Onagraceae, Amaranthaceae, Cyperaceae and 

Adiantaceae added 4 species to the flora of investigated area. Some of other 
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families like Oleaceae, Malvaceae, Elaeagnaceae, Rutaceae, Acanthaceae, 

Apocynaceae, Araceae, Caryophylaceae, Papaveraceae, Apiaceae, Saxifragaceae, 

Brassicaceae, Primulaceae, and Pteridaceae contributed with 3 species to the 

floristic composition. Other component families of the recorded vegetation 

includes Urticaceae, Meliaceae, Cupressaceae, Caprifoliaceae, Myrsinaceae, 

Araliaceae, Rubiaceae, Iridaceae, Ericaceae, Verbenaceae, Aspleniaceae, and 

Parkeriaceae shared equally with two species each. Rest of all the families were 

found to contribute least to the recorded flora of Muzaffarabad division (Appendix 

1). 

Out of 96 families recorded; gymnosperms contributed 3 families, whereas 

ferns were represented by 6 families. Angiosperms were the dominant group of 

plants with 87 families in the investigated area. 

Life form spectrum in the study area shows the dominance of 

hemicryptophytes which contributed 27 percent of the spectrum. It was followed 

by nanophanerophytes and chamaephytes with 18 percent and 17 percent 

respectively. Megaphanerophytes and therophytes shares equally with 16 percent 

while geophytes and lianas contributed least with 5 and 1 percent correspondingly 

(Figure 4).  

Among leaf size spectra, the dominance was shown by microphylls with 44 

percent of the total recorded species. It was followed by leptophylls 27 percent and 

nanophylls being 16 percent. The least reported leaf size spectra was megaphylls 

seven percent and mesophylls six percent (Figure 5). 
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Figure 3: Predominant families in terms of species number recorded from the study 

area. 
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Figure 4: Percentage of Life Form Spectrum recorded from the study area, Western 

Himalayas Muzaffarabad Division.  
 

 

 
 

Figure 5: Percentage of Leaf Spectra of plant species recorded in the selected study 

area of Western Himalayas.
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3.2 Cluster Analysis of Plant Communities 

        Cluster analysis can be used for the classification of vegetation 

communities based on similarities in species composition and abundance based on 

correlation and similarity between the samples. Clustering of vegetation divides the 

data set into subsets, so that it would exhibit some common traits (Legendre and 

Legendre, 1998; Sun et al., 1997). In the current study, cluster analysis was 

performed on vegetation data set from 21 sampling sites located in different 

ecological zones of Azad Jammu and Kashmir. On the basis of cluster analysis, six 

clusters were recorded. The results of these clusters are described below. 

Cluster 1 consists of three communities viz. Prunus-Dichanthium-Cynodon, 

Prunus-Zanthoxylum-Setaria, and Prunus-Geranium-Arundo, recorded from an 

elevational range of 820-1240 meters. A total of 80 plant species were recorded in 

this group comprising 15 trees, 18 shrubs, 12 grasses and 35 herbs (Figure 6, 

Appendix 2). Prunus armeniaca and Prunus domestica were the leading 

components having importance values of 28.72 and 19.27, respectively. Onychium 

japonicum, Adiantum caudatum, Adiantum venustum, Dryopteris ramosa and 

Adiantum cappilus-vanaris were the distinguishing fern components of this group. 

Cluster 2 comprised four communities viz. Prunus community, Prunus-

Indigofera-Prunus, Prunus-Impatiens-Cynodon and Prunus community from an 

altitude of 1400-1800 meters. Overall 100 plants species were recorded in the 

cluster, among them 17 trees, 15 shrubs, 50 herbs and 18 grasses.  The dominant 

species were Prunus armeniaca and Prunus mira having importance values of 

44.12 and 19.55 correspondingly (Figure 6, Appendix 2). Adiantum venustum, 
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Onychium contiguvm and Aspelinium-adiantum- nigrum were pteridophytic species 

found in this cluster. 

There were present 70 plant species in cluster 3 which were recorded from 

height of 2375-2790 meters. It consists of three communities including Prunus- 

Phragmitis- Capsella, Cynodon- Caltha- Sambucus and Picea –cedrus 

communities. Dominant species of this cluster were Picea smithiana, Cynodon 

dactylon and Prunus armeniaca (IV= 38.97, 27.34 and 19.60) (Figure 6, Appendix 

2). Among these seventy species; trees constitute 25.71 percent, shrubs 22.85 

percent, grasses 12.85 percent and herbaceous species were 38.57 percent. It 

includes some of the fern species as well like Adiantum caudatum, Adiantum 

venustum, Dryopteris ramose and Osmunda regalis. 

Cluster 4 were recorded from an altitude of 1150-1950 meters. It contains 

102 species in total; among which Prunus armeniaca was the dominant plant 

species contributed with an importance values of 45.83 (Figure 6, Appendix 2). 

Total number of tree, shrub, grasses and herbs among this assemblage were 36, 23, 

15 and 28, respectively. In this cluster only two pteridophytes were found namely 

Dryopteris marginalis and Polystichum aculeatum.  

Cluster 5 contains four stands including Achillea-Mentha-Parrotiopsis, 

Phalaris-Trifolium-Prunus, Heteropogon-Cynodon-Poa and Cedrus-Avena-Prunus 

communities which were recorded at an altitudinal range of 1750-1950 meters. 

Dominance was reported for three plant species including Heteropogon contortus 

(IV=34.08), Phalaris arundinaceae (IV=29.55) and Achillea millefolium with 

importance value of 21.05 (Figure 6, Appendix 2).This cluster comprised  86 plant 
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species of which there were 36 tree species, 12 shrubby species, 8 grasses and 30 

shrubs. Dryopteris stewertii, Adiantum caudatum and Dryopteris ramosa 

represented the fern flora of this cluster. 

Cluster 6 consisted of two plant communities including Heteropogon-

Cynodon-Rumax community and Oxalis-Viburnum-Juglan community, having 44 

species of 20 trees, 6 shrubs, 15 herbs and 3 grasses. The altitudinal range for this 

cluster varies from 1800-2140 meters. Heteropogon contortus and Oxalis 

corniculata were characteristic species with IV=44.22 and 20.99 (Figure 6, 

Appendix 2). Fern component of this group were Aspelinium adiantum-nigrum, 

Dryopteris stewertii and Dryopteris ramosa. 
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 Figure 6: Cluster Analysis Dendrogram representing species assemblages based on species correlation matrix
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3.3 Principal Component Analysis of the Species Data 

Principal component analysis (PCA) was performed on species data matrix 

to investigate the correlation between the species and sites. PCA described more 

than 90 percent of the variations in the data indicating the statistical strength of the 

test. Maximum variance was explained by first PCA axis. It clearly separated 

Prunus armeniaca, Prunus persica and Prunus armeniaca var. along the first axis 

from rest of the species. It shows their ultra-dominance at all the studied plant 

communities. Prunus padus, Prunus avium, Prunus persica var., Dryopteris 

stewertii, Cynodon dactylon, Equisetum debile, Berbaris lyceum, Rumax 

nepalensis, Rosa macrophylla, Taxus wallichiana, Cedrus deodara and 

Parrotiopsis jacquenmontiana showed significant correlation with sites 

8,9,10,11,13,14 and 20 at 1
st
 axis. Prunus domestica var., Prunus persica, Prunus 

domestica, Indigofera heterantha, Dichanthium annulatum and Chenopodium 

album were strongly correlated with sites 2, 15, 16,17,18,19 and 21 at axis 2. All 

other species were found clustered in the center showing generalized distribution in 

the study area without any significant correlation with any of the investigated site 

(Figure 7). PCA results were verified by the results of phytosociological studies 

which show the dominance of some specific species at the specific sites.
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Figure 7: Principle component analysis by ordination biplot based on correlation between species and sites.
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3.4 Analysis of Diversity and its Components in Plant Communities 

Species diversity refers to total number of different species that are 

represented in a given community. In 1985 W. G. Rosen introduced this term, 

however this concept prevails from the ancient times (Jenkins, 2003).  Species 

richness and equitability or evenness are its two components;  richness  simply 

refers to total number of species in a given stand while evenness measures 

uniformity in the abundance of species. The pattern of diversity and richness in a 

given area is due to a number of interacting forces such as variable environmental 

conditions, topographic attributes, species dynamics, and disturbances including 

climatic conditions as well (Habib et al., 2011). In the present studies, diversity and 

its components were measured for 21 sites which were equally distributed in three 

districts (seven from each district, respectively) of Muzaffarabad division and the 

results are presented in (Table 5). 

The data that has been taken from district Muzaffarabad shows that in first 

two sites diversity was high (3.21 and 3.06)   which range in heights from 820-

950m with a mean value of 3.14. Thereafter, it decreases from (3.14-2.98) at 950-

1080m. From 1240-1540 meters it again increase sand varies from (2.98-3.23) 

while at the top (1700 m) it decreased from (3.23-3.10). Species richness was high 

at the base at 820 meters, then decreases in values (1.32-0.74) from 820-1700 

meters. 

Communities established in district Neelum indicated that diversity was low 

at the base (1.95) but it gradually increased with the increase in elevation from 

1750-1900 meters where its average value was 2.55. After that it decreases from a 

height of 1950-2375meters where its average value was 2.37. Species richness was 

https://en.wikipedia.org/wiki/Species_richness
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low at the base while it increases with the increase in height (0.94-0.97), i-e from 

1750- 2350 meters. 

There has been a gradual increase in the values of species diversity from 

1150-2790 meters in the communities which has been constructed in the Hattian 

Bala district. Here in these communities the average value was (2.86). Species 

richness was high at the base (1.59) but it decreased (1.33) with the increase in 

altitude from 1150-2790 meters. 

In all communities from all the districts equitability was generally low at 

the base and high at the top. There was some variation in the values of equitability 

in communities than those reported from the district Neelum. 
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Table 05: Phytosociological attributes of the investigated plant communities 

S. No Elevation    

(m)  

Total 

species 

Diversity Richness Evenness  

1 820 28 3.21 1.32 0.88 

2 950 24 3.06 1.19 0.89 

3 1080 23 2.98 1.19 0.86 

4 1240 28 3.18 1.27 0.86 

5 1400 27 3.2 1.24 0.91 

6 1540 27 3.23 1.19 0.94 

7 1700 25 3.1 1.18 0.89 

8 2375 26 2.64 0.97 0.53 

9 2140 20 2.2 0.74 0.45 

10 1900 23 2.5 0.87 0.52 

11 1850 23 2.55 0.84 0.56 

12 1800 24 2.61 1.03 0.57 

13 1950 25 2.26 0.98 0.38 

14 1750 15 1.95 0.74 0.47 

15 1150 22 2.91 1.59 0.83 

16 1250 18 2.62 1.35 0.76 

17 1575 21 2.86 1.47 0.83 

18 1850 20 2.88 1.41 0.89 

19 1800 21 2.91 1.37 0.87 

20 2790 22 2.96 1.35 0.88 

21 1950 21 2.91 1.33 0.87 
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3.5 Life Form and Leaf Size Spectra of Plant Communities in Study Area 

Life form and leaf size spectra are important attributes which are believed 

to be directly evolved in response to the environmental conditions (Raunkiaer, 

1934). The studies of life-form are as important as the floristic composition in 

vegetation description (Cain, 1950). On the basis of similarities in structure and 

function plants are classified into various life-forms which reflects the climatic 

features of studied area (Mueller and Ellenberg, 1974, Harrison, et al., 2010). In the 

present studies life forms classes in different communities were constructed 

according to Raunkiaer (1934). The life form results of each investigated 

community are shown in (Table 6). 

3.5.1 Life form spectrum 

3.5.1.1 Prunus-Dichanthium-Cynodon Community 

This community was reported from an elevation of 820 m. In this 

community hemicryptophytes and nanophanerophytes contributed equally with 25 

percent depicting their combined dominance. Among others, Megaphanerophytes 

and therophytes were 21 and 18 percent, respectively while 7 percent were 

geophytes and 4 percent were lianas.  

3.5.1.2 Prunus-Zanthoxylum-Seteria Community 

This community was represented by 24 species at an elevation of 950 

meters; am  ong which therophytes show dominance with 29 percent, 

hemicryptophytes 25 percent whereas woody components. Megaphanerophytes and 

nanophanerophytes shared equally with 17 percent. Geophytes and lianas 

contributed the least with 8 percent and 4 percent, respectively. 
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3.5.1.3 Prunus-Phragmitis-Capsella Community 

Out of total recorded species the dominance was found for 

nanophanerophytes with a contribution of 26 percent at an altitude of 1080 meters. 

Occurrence of Megaphanerophytes and geophytes was the same with 22 percent 

each. Hemicryptophytes were 17 percent and therophytes were 13 percent in this 

community. 

3.5.1.4 Prunus-Geranium-Arundo Community 

   This community was constructed at an altitude of 1240 meters; 

hemicryptophytes were dominant with 39 percent. Megaphanerophytes and 

nanophanerophytes (trees and shrubs) shared equally with 18 percent each. 

Therophytes were 14 percent while lianas and geophytes contributed with low 

percentages. 

3.5.1.5 Prunus community 

The reported community was dominated by therophytic life forms which 

were followed by hemicryptophytes at an altitude of 1400 meters. In this site 

geophytes contributed 11 percent of total life forms. Megaphanerophytes and 

nanophanerophytes were 7 percent each and lianas constituted only 4 percent. 

3.5.1.6 Prunus-Indigofera-prunus Community 

This community was comprised of 27 species; out of which 30 percent 

species were therophytes while hemicryptophytes were 26 percent. 

Nanophanerophytes and geophytes constituted 15 percent each. 

Megaphanerophytes were 11 percent and lianas were 4 percent. Hemicryptophytes 

were reported as dominant life form in this community. This community was 

constructed at an altitude of 1540 meters. 
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3.5.1.7 Prunus-Impatiens-Cynodon Community 

Therophytes were the dominant forms of this community which was 

harbored at an elevation of 1700 meters. Other life forms includes 

hemicryptophytes (24 percent), nanophanerophytes (20 percent), 

megaphanerophytes (16 percent), Geophytes (8 percent) and Lianas were 4 percent. 

3.5.1.8 Cynodon-Caltha - Sambucus community 

In this community dominance was shown by trees and shrubs i-e 

megaphanerophytes and nanophanerophytes 28 percent each at a height of 2375 

meters. Hemicryptophytes were ranked second being 24 percent whereas geophytes 

were 16 percent and therophytes 4 percent. 

3.5.1.9 Heteropogon-Cynodon - Rumax community 

This community was constituted by 21 species among which the major life 

form reported was megaphanerophytes with 43 percent. Hemicryptophytes were 

the second major form with 33 percent while nanophanerophytes and geophytes 

shared least in this community. Therophytes and lianas were reported absent at this 

site. 

3.5.1.10 Achelia-Mantha- Parrotiopsis community 

Megaphanerophytes (39 percent) were closely followed by 

hemicryptophytes (35 percent) in this stand which was constructed at an elevation 

of 1900 meters. In this stand nanophanerophytes and therophytes contributed with 

17 percent and 9 percent respectively; while here geophytes and lianas were absent. 

3.5.1.11 Phalaris-Trifolium- Prunus community 

This community was dominated by a combination of megaphanerophytes 

and hemicryptophytes which were found to be at equality with 35 percent each. 
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Nanophanerophytes (13 percent) were ahead than those of geophytes and 

therophytes with 9 percent each. 

3.5.1.12 Oxalis-Viburnum-Juglans community 

This stand was purely dominated by megaphanerophytes which comprised 

46 percent of the total life forms. Hemicryptophytes were 24 percent and 

constituted almost half as compared to megaphanerophytes. Other components 

including nanophanerophytes and therophytes equally shared 13 percent while 

geophytes were recorded the least in this community. 

3.5.1.13 Heteropogon-Cynodon-Poa community 

More than half of the total life forms were trees (megaphanerophytes) in 

this site that was reported at an altitude of 1950 meters. They contributed a 

percentage of 54 among all life forms. In this community the share of other forms 

was recorded as 21 percent, 13 percent, 8 percent and 4 percent for 

hemicryptophytes, nanophanerophytes, therophytes and geophytes, respectively. 

3.5.1.14 Cedrus-Avena-Prunus community 

This community shows the dominance of megaphanerophytes and 

hemicryptophytes with a share of 33 percent each. Other two reported life forms 

were nanophanerophytes and therophytes with 20 percent and 14 percent, 

respectively. 

3.5.1.15 Prunus-Pinus-Prunus community 

This community was also dominated by megaphanerophytes whereas 

codominant life forms of this community were nanophanerophytes and 

hemicryptophytes with 23 percent each. Therophytes were 11 percent and lianas 

were 2 percent. Geophytes were absent in this stand. 
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3.5.1.16 Prunus armeniaca community 

This community was reported at an altitude of 1250 meters containing 18 

species. Among all the species megaphanerophytic life forms were dominant. They 

were followed by hemicryptophytes and nanophanerophytes with 27 percent and 

17 percent, respectively. 

3.5.1.17 Prunus community 

The reported community was dominated by megaphanerophytes with 33 

percent. Nanophanerophytes and hemicryptophytes were contributing equally with 

29 percent while on the other side geophytes and lianas also shared equal 

percentage of 4.5. 

3.5.1.18 Prunus-iriochloa community 

Megaphanerophytes and hemicryptophytes both were found dominant as 

they contributed equally with 30 percent. They were followed by 

nanophanerophytes with 25 percent. Geophytes and therophytes were other 

representative with 5 percent and 10 percent, respectively. 

3.5.1.19 Prunus community 

This community was recorded from an altitude of 1800 meter. This was 

dominated by hemicryptophytes with 33 percent, followed by Megaphanerophytes 

with 28 percent. Nanophanerophytes were 19 percent while geophytes and 

therophytes were 10 percent each. 

3.5.1.20 Picea-Cedrus community 

This community was comprised of 22 species among which 36 percent 

species were hemicryptophytes, 27 percent species were megaphanerophytes and 
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23 percent species were nanophanerophytes. Therophytes were 9 percent whereas 

geophytes were present least in this community. 

3.5.1.21 Prunus-Juglans community 

This stand was dominated by megaphanerophytic life form which was 

followed by hemicryptophytes. Nanophanerophytes and therophytes were other 

representatives with low percentages. 

The overall picture of life forms shows that among 482 total reported 

species 141 (29.25 percent) were megaphanerophytes, 134 (27.80 percent) species 

were hemicryptophytes, 96 (19.91 percent) species were nanophanerophytes, 68 

(14.10 percent) species were therophytes, 34 (7.05 percent) species were geophytes 

and 9 (1.86 percent) were lianas (Figure 9). 
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Figure 9: Percentage of the life form classes recorded from the studied plant 

communities.  
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Table 6: Life form classes recorded for the investigated plant communities 

S. 

No 

Name of communities Altitude Number 

of 

species 

MP NP H G TH L 

No. %age No. Perc. No. Perc. No. Perc. No.  Perc. No. 

 

Perc. 

1 Prunus-Dichanthium-

Cynodon Community 

820 28 6 21 7 25 7 25 2 7 5 18 1 4 

2 Prunus-Zanthoxylum-

Seteria Community 

950 24 4 17 6 25 4 17 2 8 7 29 1 4 

3 Prunus-Phragmites-

Capsella Community 

1080 23 5 22 6 26 4 17 5 22 3 13 - - 

4 Prunus-Geranium-Arundo 

Community 

1240 28 5 18 5 18 11 39 1 4 4 14 2 7 

5 Prunus Community 1400 27 4 7 4 7 7 26 3 11 8 30 1 4 

6 Prunus-Indigofera-Prunus 

Community 

1540 27 3 11 4 15 7 26 4 15 8 30 1 4 

7 Prunus-Impatiens-

Cynodon Community 

1700 25 4 16 5 20 6 24 2 8 7 28 1 4 

8 Cynodon-Caltha - 

Sambucus community 

2375 25 7 28 7 28 6 24 4 16 1 4 - - 

9 Hetropogon-Cynodon - 

Rumax community 

2140 21 9 43 3 14 7 33 2 9 - - - - 

10 Achelia-Mantha- 

Parrotiopsis community 

1900 23 9 39 4 17 8 35 - - 2 9 - - 

11 Phalaris-Trifolium- 

Prunus community 

1850 23 8 35 3 13 8 35 2 9 2 9 - - 

12 Oxalis-Vibernum-Juglans 1800 24 11 46 3 13 6 24 1 4 3 13 - - 

8
4
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community 

13 Heteropogon-Cynodon-

Poa community 

1950 24 13 54 3 13 5 21 1 4 2 8 - - 

14 Cedrus-Avena-Prunus 

community 

1750 15 5 33 3 20 5 33 - - 2 14 - - 

15 Prunus-Pinus-Prunus 

community 

1150 22 9 41 5 23 5 23 - - 2 11 1 2 

16 Prunus armeniaca 

community 

1250 18 7 39 3 17 5 27 - - 3 17 - - 

17 Prunus community 1575 21 7 33 6 29 6 29 1 4.5 - - 1 4.5 

18 Prunus-Iriochloa 

community 

1850 20 6 30 5 25 6 30 1 5 2 10 - - 

19 Prunus community 1800 21 6 28 4 19 7 33 2 10 2 10 - - 

20 Picea-Cedrus community 2790 22 6 27 5 23 8 36 1 5 2 9 - - 

21 Prunus-Juglans 

community 

1950 21 7 34 5 24 6 28 - - 3 14 - - 

 Total   482 141 29.25  96 19.91  134 27.80  34 7.05  68 14.10  9 1.86  

KEY: MP.   Megaphanerophytes, NP. Nanophanerophytes, H.  Hemicryptophytes, G. Geophytes, TH. Therophytes, L. Lianas, No. 

Number, Perc. Percentage    

8
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3.5.2 Leaf size Spectra  

              Leaf size spectrum indicates the adaptations of plant species to specific 

climatic conditions in an ecological region. Leaf size spectrum is the indicative of 

physiological processes of plants and plant communities (Oosting, 1956). Life form 

spectrum was constructed for different vegetation communities established in 

different ecological zones (Table 7).  

3.5.2.1 Prunus-Dichanthium-Cynodon Community  

  At an elevation of 820 meters, leptophyllous species showed dominance 

with 36 percent. Nanophylls and Microphylls in combination constituted 53 percent 

(32 and 21 percent, respectively) of the total flora. Mesophylls were 7 percent 

along with Megaphylls 4 percent. 

3.5.2.2 Prunus-Zanthoxylum-Seteria Community 

At an altitude of 950 meters, dominance was recorded for Nanophylls with 

33 percent. Leptophylls and Microphylls contributed equally with 25 percent each. 

3.5.2.3 Prunus-Phragmitis-Capsella Community 

The leaf spectrum of this community clearly exhibited dominance of 

Microphylls with 48, percent followed by leptophylls 22 percent. Nanophylls and 

Mesophylls contributed equally with 13 percent each. Megaphylls were recorded to 

be 4 percent. 

3.5.2.4 Prunus-Geranium-Arundo Community 

  In this community dominance was also shown by Microphylls with 54 

percent and it was recorded at a height of 1240 meters. Leptophylls constituted 24 

percent along with Mesophylls 27 percent and Nanophylls 11 percent. 
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3.5.2.5 Prunus community 

The reported community was dominated by Microphylls with 48 percent of 

total leaf size spectra. Codominant and associative components were Leptophylls 

and Nanophylls with 30 percent and 22 percent each at this site. 

3.5.2.6 Prunus-Indigofera-prunus community 

This community was constructed at an elevation of 1540 meters. It 

comprised 27 species out of which 41 percent species were Microphyllous with 

clear dominance. Leptophylls constituted 37 percent of the total while Nanophylls 

and mesophylls were other representatives with 15 percent and 8 percent, 

respectively. 

3.5.2.7 Pinus-Impatiens-Cynodon Community 

This community comprised 25 species. This was dominated by Microphylls 

with 48 percent of the total species. Leptophyllous and Nanophyllous species were 

found at 28 and 20 percent each, respectively. Mesophyllous species were recorded 

4 percent from this community. 

3.5.2.8 Cynodon-Caltha - Sambucus community 

In this community dominance again shown by Microphylls while 

leptophylls and mesophylls contributed equally with 20 percent. Nanophylls 

constituted 16 percent while a least recorded leaf spectrum was Megaphylls i-e 8 

percent. 

3.5.2.9 Heteropogon-Cynodon - Rumax community 

Clear dominance was found for Microphylls for being 58 percent in this 

community which comprised more than half of total leaf size spectrum. Other 
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representatives were reported lower in percentages i-e 9 percent for each of 

leptophylls, Nanophylls and Megaphylls while mesophylls were 15 percent. 

In the next four communities i.e. Achelia-Mantha- Parrotiopsis community, 

Phalaris-Trifolium- Prunus community, Oxalis-Viburnum-Juglans community and 

Heteropogon-Cynodon-Poa community, there was almost complete dominance of 

Microphylls which constituted an average of 60.5 percent of total leaf size spectra. 

Other components including leptophylls, mesophylls, Nanophylls and Megaphylls 

contributed merely 19, 15, 4.25 and 2 percent, respectively. 

3.5.2.10 Cedrus-Avena-Prunus community 

This community was built at an elevation of 1750 meters and was 

dominated by Microphylls with 47 percent. Other three main representatives were 

leptophylls and mesophylls with 20 percent each while Nanophylls were a bit low 

with 13 percent. Megaphylls were absent in this community. 

Leaf size spectra of next seven communities i.e. Prunus-Pinus-Prunus 

community, Prunus-Prunus community, Prunus community, Prunus-Prunus 

community, Prunus community, Picea-Cedrus community and Prunus-Prunus 

community, which were reported from different areas of Hattian Bala district 

comprised of a total 145 species and they showed once again the dominance of 

Microphylls. Here they contributed with an average of 51.43 percent. In these 

communities percentage of leptophylls was slightly higher than that of Nanophylls 

i-e average, 23.14 percent vs 16.57 percent. Mesophylls were consistent throughout 

these communities but contributed lower with an average of 7.43 percent. 

Megaphyllous leaf size spectra was rare as Megaphylls were not consistent in all 

communities, so their average percentage was on the lower side i-e 1.43 percent. 
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There were 482 species in all the recorded communities, out of which 48.13 

percent were Microphyllous, 24.10 percent Leptophyllous, 15.35 percent 

Nanophyllous, 10.37 percent Mesophyllous and 2.07 percent Megaphyllous (Fig. 

10). 



106 
 

   

  

 

Table 7: Leaf size spectra of the investigated plant communities from the study area 

S. 

No 

Name of community Altitude   No. of 

species 

L N Mi Me Mg 

No. Perc. No. Perc. No. Perc. No. Perc. No. %age 

1 Prunus-Dichanthium-Cynodon Community 820 28 10 36 9 32 6 21 2 7 1 4 

2 Prunus-Zanthoxylum-Seteria Community 950 24 6 25 8 33 6 25 4 17 - - 

3 Prunus-Phragmites-Capsella Community 1080 23 5 22 3 13 11 48 3 13 1 4 

4 Prunus-Geranium-Arundo Community 1240 28 8 29 3 11 15 54 2 7 - - 

5 Prunus Community 1400 27 8 30 6 22 13 48 - - - - 

6 Prunus-Indigofera-Prunus Community 1540 27 10 37 4 15 11 41 2 8 - - 

7 Prunus-Impatiens-Cynodon Community 1700 25 7 28 5 20 12 48 1 4 - - 

8 Cynodon-Caltha-Sambucus community 2375 25 5 20 4 16 9 36 5 20 2 8 

9 Hetropogon-Cynodon - Rumax community 2140 21 2 9 2 9 12 58 3 15 2 9 

10 Achelia-Mantha- Parrotiopsis community 1900 23 4 17 2 9 13 57 4 17 - - 

11 Phalaris-Trifolium-Prunus community 1850 23 3 13 1 4 14 61 4 18 1 4 

12 Oxalis-Vibernum-Juglans community 1800 24 5 21 1 4 16 67 2 8 - - 

13 Hetropogon-Cynodon-Poa community 1950 24 6 25 - - 13 57 4 17 1 4 

9
0

 



107 
 

   

  

 

14 Cedrus-Avena-Prunus community 1750 15 3 20 2 13 7 47 3 20 - - 

15 Prunus-Pinus-Prunus community 1150 22 7 32 4 18 10 46 1 4 - - 

16 Prunus armeniaca community 1250 18 3 17 3 17 11 61 1 5 - - 

17 Prunus community 1575 21 4 19 3 14 10 48 3 14 1 5 

18 Prunus-Iriochloa community 1850 20 4 20 4 20 10 50 1 5 1 5 

19 Prunus community 1800 21 3 14 5 24 12 57 1 5 - - 

20 Picea-Cedrus community 2790 22 8 36 2 9 10 46 2 9 - - 

21 Prunus-Juglans community 1950 21 5 24 3 14 11 52 2 10 - - 

 Total   482 116 24.10 74 15.35 232 48.13 50 10.37 10 2.07 

KEY: L. leptophyll, N.  nanophyll, Mi. microphyll, Me. mesophyll, Mg. megaphyll, No. Number, Perc. Percentage 
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Figure 10: Percentage of the leaf spectra recorded from the investigated plant 

communities.  
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3.6 Analysis of Genetic Diversity of genus prunus using SSR markers 

Genetic diversity refers to overall genetic features in the gene pool of a 

species which makes it different from genetic variability that explains variations in 

genetic characteristics. It increases the adaptability of living populations to their 

local environments, which is important for their survival. Those populations which 

have greater diversity of alleles in their gene pools have a better chance in the 

changing environments and are more likely to produce offspring (Gupta et al., 

2005). In the present study genetic diversity was analyzed for six Prunus species 

and the results are presented in (Table 8). 

In the present study, amplification of genomic DNA was performed for 39 

SSR loci previously developed from three different Prunus species (Peach, Sweet 

and Sour cherry). Eleven primer pairs UDP96-003, UDP96-001, UDP98-008, 

UDP96-406, UDP96-013, UDP96-015, UDP97-403, UDP98-416, UDP97-401, 

UDP96-010 and Pcbgms6 isolated from peach failed to amplify in sweet and sour 

cherry. Nine primer pairs with either unclear amplification (BPPCT038, BBCT014, 

UDP96-005, CPPCT002, UDP98-021, UDP98-022, UDP98-412, BPPCT025, and 

CPPCT006), stutter bands (BPPCT023, BPPCT002 and BPPCT005), or 

monomorphic bands (Pchgms5) were not included. Two primer pairs Pchcms3 and 

UDP98-409 were amplified in peach and sweet cherry but failed to amplify in 

others like apricots, plums and sour cherry while BPPCT010 failed to amplify in 

sweet and sour charry.  The remaining 12 primer pairs furnished clear and 

polymorphic multi-allele bands for all accessions of all the Prunus samples, 

including peach, apricot, sweet cherry, sour cherry and plums.  



110 
 

   

  

 

The percentage of accessions that were amplified in each putative primer 

pair ranged between 98.9 (PceGA34) and 100 (all others), average 99.91%. Total 

number of observed alleles was 217, ranging from 8 in BPPCT006 locus to 29 in 

CPPCT022 locus, average 18 alleles per locus. The average frequency for the 

major allele was 0.28, with a minimum of 0.16 in CPPCT022 and a maximum of 

0.64 in the BPPCT006 locus. 

The size of amplified DNA fragments among all loci ranged from 100 to 

316 bp. The smallest DNA fragment (100 bp) amplified was in Prunus persica 

(N46) in locus BPPCT039. Allele sizes in that locus ranged from 100 bp in Prunus 

persica (N46) to 158 bp in Prunus armeniaca (N20) which was generally lower 

than in the other loci. The largest allele, 316 bp, was found in CPPCT022 locus 

when DNA of Prunus persica (N39) was used. 

The highest value of polymorphism content (PIC) was found for the locus 

CPPCT022 which was 0.911 and the least value was found for the locus 

BPPCT006 which was 0.533.The average value for all the loci was 0.826. 

Expected heterozygosity among loci ranged from 0.561 in BPPCT006 to 0.916 in 

CPPCT022 with an average of 0.840. Observed heterozygosity also ranged from 

0.114 in BPPCT017 to 0.812 in UDP96-018 with an average of 0.471.   

Gene diversity between the loci varied from a minimum of 0.56 

(BPPCT006) to a maximum of 0.91 (CPPCT022) with an average of 0.88.  The 

proportion of homozygous loci in each accession and the average number of 

homozygous loci among similar species were also measured. P. mira and P. 

cerasus had the highest percentage of homozygous loci (54.80 and 41, 
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respectively). The lowest amounts of homozygous loci were detected in P. 

armeniaca (20.90) and P. avium (25.20) (Table 9). 
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Table 8: Genetic variability parameters of 12 microsatellite loci in 96 accessions of genus Prunus 

Marker 

         
 

Major. Allele 

Frequency 

Sample Size No. of 

obs.  

Percentage of 

amplification 

Allele 

No. 

Gene Diversity Heterozygosity PIC 

Marker1 0.1615 96.0000 96.0000 100% 29.0000 0.9168 0.5313 0.9113 

Marker2 0.2031 96.0000 96.0000 100% 20.0000 0.8730 0.4792 0.8608 

Marker3 0.1895 96.0000 95.0000 
        98.9% 

19.0000 0.8940 0.6105 0.8851 

Marker4 0.2917 96.0000 96.0000 100% 22.0000 0.8722 0.5417 0.8636 

Marker5 0.3177 96.0000 96.0000 100% 17.0000 0.8496 0.4479 0.8376 

Marker6 0.2031 96.0000 96.0000 100% 20.0000 0.9046 0.4167 0.8976 

Marker7 0.2865 96.0000 96.0000 100% 13.0000 0.8552 0.4167 0.8416 

Marker8 0.1719 96.0000 96.0000 100% 24.0000 0.9036 0.8125 0.8963 

Marker9 0.6354 96.0000 96.0000 100% 8.0000 0.5617 0.1979 0.5332 

Marker10 0.3438 96.0000 96.0000 100% 13.0000 0.7847 0.1146 0.7561 

Marker11 0.3229 96.0000 96.0000 100% 14.0000 0.8169 0.6250 0.7964 

Marker12 0.2969 96.0000 96.0000 100% 18.0000 0.8545 0.4688 0.8422 

Average  0.2853 96.0000 95.9167 100% 18.0833 0.8406 0.4719 0.8268 

9
6
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Table 9: Characteristics of 12 microsatellite loci in 96 accessions of Prunus species 

collected from different ecological zones of Muzaffarabad division. 

S.No. Accessions 

Name 

Species Name No. of 

SSR 

loci 

assayed 

No. of 

SSR 

loci 

amplified 

Percent of 

amplification 

No. of 

homozygous 

loci 

Percent of 

homozygous 

loci 

1 P.Av.N1 P. avium 12 11 92 4 36.36 

2 P.Av.N2 P. avium 12 10 83 2 20.00 

3 P.Av.N3 P. avium 12 6 50 2 33.33 

4 P.Av.H4 P. avium 12 10 83 1 10.00 

5 P.Av.H5 P. avium 12 9 75 3 33.33 

6 P.Av.H6 P. avium 12 10 83 2 20.00 

7 P.Av.M7 P. avium 12 9 75 2 22.22 

8 P.Av.M8 P. avium 12 3 25 0 0.00 

9 P.Av.M9 P. avium 12 6 50 1 17.00 

10 P.Av.M10 P. avium 12 5 42 3 60.00 

11 P.Cer.N11 P. cerasus 12 9 75 2 22.22 

12 P.Cer.N12 P. cerasus 12 7 58 1 14.28 

13 P.Cer.N13 P. cerasus 12 3 25 3 100.00 

14 P.Cer.H14 P. cerasus 12 6 50 1 17.00 

15 P.Cer.H15 P. cerasus 12 6 50 5 83.83 

16 P.Cer.H16 P. cerasus 12 8 67 1 12.50 

17 P.Cer.H17 P. cerasus 12 8 67 3 37.50 

18 P.Arm.N18 P. armeniaca 12 10 83 2 20.00 

19 P.Arm.N19 P. armeniaca 12 9 75 4 44.44 

20 P.Arm.N20 P. armeniaca 12 9 75 2 22.22 

21 P.Arm.N21 P. armeniaca 12 8 67 1 12.50 

22 P.Arm.N22 P. armeniaca 12 9 75 1 11.11 

23 P.Arm.N23 P. armeniaca 12 7 58 0 0.00 



114 
 

   

  

 

24 P.Arm.H24 P. armeniaca 12 9 75 1 11.11 

25 P.Arm.H25 P. armeniaca 12 10 83 1 10.00 

26 P.Arm.H26 P. armeniaca 12 8 67 1 12.50 

27 P.Arm.H27 P. armeniaca 12 10 83 2 20.00 

28 P.Arm.H28 P. armeniaca 12 8 67 0 0.00 

29 P.Arm.H29 P. armeniaca 12 10 83 1 10.00 

30 P.Arm.H30 P. armeniaca 12 7 58 2 28.57 

31 P.Arm.M31 P. armeniaca 12 8 67 0 0.00 

32 P.Arm.M32 P. armeniaca 12 4 33 2 50.00 

33 P.Arm.M33 P. armeniaca 12 7 58 3 42.85 

34 P.Arm.M34 P. armeniaca 12 1 8 0 0.00 

35 P.Arm.M35 P. armeniaca 12 7 58 2 28.57 

36 P.Arm.M36 P. armeniaca 12 9 75 4 44.44 

37 P.Arm.M37 P. armeniaca 12 12 100 6 50.00 

38 P.Per.N38 P. mira 12 12 100 8 66.00 

39 P.Per.N39 P. mira 12 12 100 4 33.00 

40 P.Per.N40 P. mira 12 7 58 3 42.85 

41 P.Per.N41 P. mira 12 11 92 7 63.63 

42 P.Per.N42 P. mira 12 10 83 7 70.00 

43 P.Per.N43 P. mira 12 12 100 5 41.66 

44 P.Per.N44 P. mira 12 11 92 6 54.54 

45 P.Per.N45 P. mira 12 11 92 6 54.54 

46 P.Per.N46 P. mira 12 12 100 7 58.00 

47 P.Per.N47 P. mira 12 12 100 4 33.00 

48 P.Per.H48 P. mira 12 12 100 6 50.00 

49 P.Per.H49 P. mira 12 12 100 6 50.00 

50 P.Per.H50 P. mira 12 11 92 5 45.45 

51 P.Per.H51 P. mira 12 12 100 6 50.00 

52 P.Per.H52 P. mira 12 11 92 6 54.54 
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53 P.Per.H53 P. mira 12 11 92 7 63.63 

54 P.Per.H54 P. mira 12 11 92 9 81.81 

55 P.Per.H55 P. mira 12 11 92 5 45.45 

56 P.Per.H56 P. mira 12 12 100 5 41.66 

57 P.Per.H57 P. mira 12 10 83 6 60.00 

58 P.Per.M58 P. mira 12 12 100 5 41.66 

59 P.Per.M59 P. mira 12 11 92 9 81.81 

60 P.Per.M60 P. mira 12 11 92 7 63.63 

61 P.Per.M61 P. mira 12 11 92 6 54.54 

62 P.Per.M62 P. mira 12 12 100 8 67.00 

63 P.Per.M63 P. mira 12 11 92 6 54.54 

64 P.Per.M64 P. mira 12 11 92 5 45.45 

65 P.Per.M65 P. mira 12 12 100 7 58.00 

66 P.Per.M66 P. mira 12 11 92 8 72.72 

67 P.Per.M67 P. mira 12 11 92 7 63.63 

68 P.Per.M68 P. mira 12 12 100 4 33.00 

69 P.Per.M69 P. mira 12 11 92 7 63.63 

70 P.Per.M70 P. mira 12 11 92 7 63.63 

71 P.Per.M71 P. mira 12 12 100 6 50.00 

72 P.Per.M72 P. mira 12 11 92 5 45.45 

73 P.P.Ch73 P. persica 12 11 92 4 36.36 

74 P.P.Ch74 P. persica 12 12 100 5 42.00 

75 P.P.Ch75 P. persica 12 10 83 4 40.00 

76 P.P.Ch76 P. persica 12 11 92 4 36.36 

77 P.P.Ch77 P. persica 12 11 92 6 54.54 

78 P.P.Ch78 P. persica 12 11 92 4 36.36 

79 P.P.Ch79 P. persica 12 11 92 3 27.27 

80 P.P.Ch80 P. persica 12 10 83 4 40.00 

81 P.P.Ch81 P. persica 12 11 92 5 45.45 
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82 P.P.Ch82 P. persica 12 11 92 3 27.27 

83 P.P.Ch83 P. persica 12 10 83 4 40.00 

84 P.P.Ch84 P. persica 12 10 83 3 30.00 

85 P.P.Ch85 P. persica 12 10 83 3 30.00 

86 P.P.Ch86 P. persica 12 11 92 4 36.36 

87 P.P.Ch87 P. persica 12 6 50 2 33.33 

88 P.Dom.N88 P. domestica 12 10 83 3 30.00 

89 P.Dom.N89 P. domestica 12 10 83 3 30.00 

90 P.Dom.N90 P. domestica 12 9 75 5 55.55 

91 P.Dom.H91 P. domestica 12 7 58 2 28.57 

92 P.Dom.H92 P. domestica 12 10 83 2 20.00 

93 P.Dom.H93 P. domestica 12 7 58 2 28.57 

94 P.Dom.M94 P. domestica 12 9 75 1 11.11 

95 P.Dom.M95 P. domestica 12 9 75 3 33.33 

96 P.Dom.M96 P. domestica 12 7 58 2 28.57 

Mean - - 12 8.47 79.45 3.82 38.51 
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3.7 Phylogenetic Analysis Using SSR Markers 

Genetic diversity of plants and other organisms contain useful characters of 

potential values, especially when these characters provide the variation in genes 

and genotypes within and between species or populations. The Application of 

DNA-based markers are considered to be the most suitable method for the 

estimation of genetic diversities in prunus species. Molecular markers, i.e. markers 

based on the length polymorphism of DNA sequences, have modernized plant 

breeding and are now being practically applied to a variety of topics such as the 

selection of genotypes supported by trait-linked markers, mapping Mendelian and 

quantitative traits loci, fingerprinting individuals and the genetic scrutiny of both 

individuals and populations (Rafalski, et al., 1996). The present studies were 

carried out for the estimation of genetic diversities of genus Prunus species 

collected from different agro-ecological zones of Muzaffarabad division. 

This included six species of genus prunus viz. Prunus avium, Prunus 

cerasus, Prunus armeniaca, Prunus mira, Prunus persica and Prunus domestica. 

Cluster analysis based on UPGMA method loosely grouped the different 

accessions of genus prunus. Phylogenetic analysis based on this method was in 

agreement with the 3 subgenus of genus prunus as Subgenus Cerasus (cherries); 

Subgenus Prunus (plums and apricots); Subgenus Amygdalus (Peaches).   

Phylogenetic analysis grouped all the accessions into three major clusters of 

distinct genotypes and it is consistent with geographic origin, domestication history 

and mating system. The topology of the UPGMA dendrogram (Figure 11) showed 

the classification of all accessions into three main clusters: the first one labelled 

“A” and was further divided into two major subgroups (a) and (b). Subgroup (a) 

https://en.wikipedia.org/wiki/Plum
https://en.wikipedia.org/wiki/Apricot
https://en.wikipedia.org/wiki/Peach
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was further subdivided into two groups “a1” and “a2”. “a1” contain accessions 

collected from Neelum, Hattian and Muzaffarabad including PcerN11, PcerN13, 

PcerH14, PcerN12, PcerH16, PcerH17, PcerH15, PcerM18, PcerM19, PcerM10 

and PcerM09. PcerN11 and PcerN13 collected from Neelum show close 

relationships and also have similarities with PcerN12, PcerH14, and PcerH16, the 

latter two were collected from Hattian. They form a subgroup within a1 and were 

placed together in the same cluster.  PcerH17 belong to subgenus cerasus formed 

alone and was related to PcerH15 which in turn was related to four accessions of 

Prunus cerasus (PcerM18, PcerM19, PcerM10 and PcerM09 ) all of these were 

native to Muzaffarabad. Group “a2” of subgroup “a” contain all the accessions of 

Prunus avium including PavM8, PavN3, PavN2, PavH4, PavH5, PavH6, PavN1 

and PavM7. PavM8 native to Muzaffarabad formed alone and showed similarities 

with PavN3, PavN2, PavH4, PavH5 and PavH6 on one side while to PavN1and 

PavM7 on other side. PavN1and PavM7 native to Neelum and Muzaffarabad 

respectively formed a separate bar and was connected to PavN3. 

Subgroup“b” was also further subdivided into three groups i.e. “b1”, “b2” 

and “b3” which contain accessions from two species Prunus domestica and Prunus 

armeniaca. Group b1 comprises PdomN89, PdomH92, PdomM95, PdomH93, 

PdomM96, PdomM94, PdomN88, Pdom87 and PdomN90. Close relation was 

observed for PdomN89 and PdomH92 native to Neelum and Hattian, respectively. 

PdomM95, PdomH93and PdomM96 were observed closely related while 

PdomM94, PdomN88 and PdomN90 were also interrelated to each other. 

Group b2 contain 7 accessions in total, all of them from Prunus armeniaca. 

This cluster include ParmH32, ParmN20, ParmN22, ParmH24, ParmM33, 
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ParmM35 and ParmN18. Similarities were observed between ParmH32, ParmN20, 

ParmN22 and ParmH24 while ParmM33, ParmM35 and ParmN18 were also 

closely related to each other. 

Group b3 include ParmH30, ParmN23, ParmN21, ParmM36, ParmN19, 

ParmH25, ParmM31, ParmH26, ParmH27, ParmH28 and ParmH29. All these 

accessions belong to Prunus armeniaca but native to three different geographical 

regions (six from Hattian, three from Neelum and two from Muzaffarabad). 

ParmH30 was seen related to ParmN23 and ParmN21 while ParmM36 and 

ParmN19 show similarities and also with ParmH25, ParmM31, ParmH26, 

ParmH27 and ParmH28. 

Cluster B is further divided into three subgroups B1, B2 and B3 which 

contain some accession of Prunus mira native to Azad Kashmir, Pakistan and some 

cultivars of Prunus persica from China. This cluster starts with the P.per. (4D8388) 

which formed an out-group into cluster B. The subgroup B1 contain six accession 

in total (P.per. (4D8388), P.mira M37, P.mira M68, P.miraH47, P.miraN39 and 

P.mira H48); one from Prunus persica and 5 from Prunus mira. All of these show 

similarities with each other and also with the members of B2 and Chinain Prunus 

persica cultivars.  

P.mira M72 formed independently as separate bar exhibit close relation 

with P.mira N44 of group B2 and P.miraH49, P.mira H53 of group B3. B2 consists 

of eight accession P. mira N41, P. mira N44, P. mira N40, 4D8411, P.mira M70, 

P.mira M65, P.mira M71 and P.mira N43) from three different geographic regions 

including Muzaffarabad, Neelum and China. All of the members of this group were 

observed to be related to each other.  
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Group B3 contains 23 accessions including P.mira H49, P.mira H53, 

P.mira H56, P.mira M59, P.mira M60, P.mira H55, P.mira CH80, P.mira M66, 

P.mira N42, P.mira M69, P.mira H57, P.mira N45, P.mira M58, P.mira H50, 

P.mira M64, P.mira H52, P.mira CH75, P.mira N46, P.mira M63, P.mira M67, 

P.mira H51, P.mira N38 and P.mira M62 form the largest cluster in the 

dendrogram. All accessions belong to single species i.e. Prunus mira from four 

geographical regions including Muzaffarabad, Neelum, Hattian (Pakistan) and 

China. P.mira H49, P.mira H53, P.mira H56, P.mira M59, P.mira M60 and P.mira 

H55 show similarities with 4D8421 whereas P.mira M66, P.mira N42, P.mira 

M69, P.mira H57, P.mira N45, P.mira M58 and P.mira H50 exhibit close relation 

with one another and also with 4D8412 in this subgroup. 

Cluster C comprised 10 Chinese cultivars of prunus persica including 

4D8391, 4D8398 4D8418, 4D8413, 4D8378, 4D8415, 4D8416, 4D8422, 4D8405 

and 4D8371. All these accessions show close relation to each other and also with 

B1 and B2.  

3.7.1 Interspecific diversity 

In the dendrogram all the accessions of genus prunus were clustered into 

two main groups (A and B). Group A consisted of 45 accessions and was further 

subdivided into 2 subgroups (a and b). Subgroup “a” contain all the accessions that 

belong to subgenus cerasus while subgroup “b” contain all those accession that 

belongs to subgenus prunus. Further grouping within “a” and “b” separate the 

species from one another. Over all these accessions belong to two subgenera 

(cerasus and prunus) and four species i.e. Prunus cerasus, Prunus avium, Prunus 

domestica and Prunus armeniaca. The other 51 accessions were included in group 
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B (Figure11). Group B could be divided into four subgroups. Group B1, B2 and B3 

contain accessions of Prunus mira from different geographical regions of 

Muzaffarabad division and some cultivars of Prunus persica from china. Group C 

contain different cultivars of Prunus persica that has been taken from china and 

show similarities with accessions of Prunus mira from Azad Kashmir. 
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Figure 11: Phylogenetic tree of the 96 accessions and cultivars of prunus species 

based on UPGMA method and Nei (1983) genetic distances. 
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3.8 DISCUSSION 

3.8.1 Phytosociology 

Phytosociology is concerned with the study of various attributes of 

vegetation including structure, composition, development and distribution in a 

given eco-geographical region; while ecology is restrained to habitat (Tansley, 

1920). Environmental factors and especially anthropogenic disturbance greatly 

influence the pattern, abundance and Distribution of plant communities as well as 

the species they contain (Enright and Miller, 2007). Phytosociologists have 

customarily employed a rather arbitrary delimitation of plant communities, 

focusing specifically on almost species-saturated, competitively balanced stands 

(“Phytocoenoses” according to convention), eliminating the very initial phases and 

also directly human-induced types. However, imposing any constraint on sampling 

stands brings a subjective alteration of primary data, which is regrettably an 

undesirable feature of majority of phytosociological collections. (Mueller and 

Ellenberg 1974; Ewald 2003). The analysis of vegetation by using 

phytosociological methods is useful for building a realistic model related to 

vegetation. Vegetation is a general term indicative of plant life of a given region 

and it particularly refers to ground cover provided by plants.  It is commonly used 

for the description of plant life and haven’t any particular orientation from a 

specific life form,texa, structure or any other spatial extent related to botanical or 

geographical attributes. The chief operative unit of plant cover is a community, 

which is mainly defined as a concrete plant assemblage existing within a defined 

area (plot or stand) in a specific time (Palmer and White, 1994).The vegetational 

analysis also includes a variety of issues related to its conservation, floristic 
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diversity and different types of interactions and dependence of fauna and flora, 

including its sustainability in wood production. (Shaheen et al., 2011). Among the 

qualitative characters that can be used for the study of gene pool and diverse plant 

life forms floristic composition is considered the most important character (Yemeni 

and Sher, 2010), that can further be used for the establishment of germplasm and 

seed bank of any given region. It also reflect variety of plant species found in an 

area which are frequentally affected by anthropogenic pressures caused by humans 

and other natural disasters. There is a great diversity of wild and cultivated plants 

in Azad Jammu and Kashmir because of its varied topographic features, wide 

altitudinal range and suitable climatic conditions. 

During the field visits of study area a floristic inventory was prepared. The 

reported flora comprised 362 species belonging to 239 Genera and 96 families.  

The family Poaceae was recorded as dominant with 37 genera and 49 species 

which was followed by Rosaceae and Asteraceae and were represented by (14 

genera and 27 species) and (20 genera and 26 species), respectively.   Fabaceae 

consisted of 10 genera and 14 species, Lamiaceae 10 genera and 12 species, 

Polygonaceae 7 genera and 12 species while each of Berberidaceae and 

Ranunculaceae consisted of 10 species with one and 6 genera, respectively. 

Plantaginaceae contributed with 7 species and Umbelliferae, Solanaceae and 

Dryopteridaceae each with 6 species while (Labiateae, Pinaceae, Sapindaceae and 

Moraceae) shared equally with 5 species. Families Anacardiaceae, Fagaceae, 

Salicaceae, Rhamnaceae, Adoxaceae, Boraginaceae, Geraniacaea, Balsaminaceae, 

Onagraceae, Amaranthaceae and Adiantaceae added 4 species to the flora of the 

investigated area. Some of the other families like Oleaceae, Malvaceae, 
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Elaeagnaceae, Rutaceae, Acanthaceae, Apocynaceae, Araceae, Caryophylaceae, 

Papaveraceae, Apiaceae, Saxifragaceae, Brassicaceae, Primulaceae, and 

Pteridaceae contributed with 4 species to the floristic composition. Rests of all the 

families were found to contribute least to the recorded flora of Muzaffarabad 

division. The dominance of same families was reported by Habib et al., 2011.  

Other studies where dominance of same families were recorded from western 

Himalaya include Clarke 1898, Hooker 1906 and Stewart 1972. Poaceae, 

Asteraceae, Rosaceae and Euphorbiaceae were the leading prominant families in 

the present studies. This is because the representatives of these are widely 

distributed and have a great tolerance towards a variety of environmental 

conditions which lead to their dominance and representation in variety of habitats. 

The dominance of these families was also confirmed from some previous studies 

from westerm himlayn regions; including, (Singh and Singh, 2010; Pokhriyal et al., 

2009; Gariola et al., 2008; Bhattaria et al., 2004 and  Kala and Mathur, 2002). 

The Structure of plant communities is the outcome of manay interacting 

forces which include different habitats in which species occur, a variety of climatic 

variables and accessible types of vegetation. The data obtained after the analysis of 

Communities provide a reliable mean for the identification and reasonable 

explanation of vegetation types and it also serve a useful mean for the study of 

interactions among different plant species their distribution and also the climatic 

control (Habib et al., 2011).  The study of plant community structures in different 

geographical areas provide a sound basis about the vegetational resources and are 

predictive for a variety of fluctuations in near future, (Malik et al., 2007). 

Community concept can be supported by assuming the processes accountable for 
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interactions among species such as competition, mutualism or herbivory which 

have significant importance for plant assemblages. Description and comparison of 

plant communities help us to evaluate which processes are most important for 

shaping communities. The community concept is also of great significance for 

many practical reasons like land management, environmental strategies or even 

financial issues are widely based just on demarcation of plant communities. The 

structure of plant communities was previously studied by Ahmed (1988) and 

Ahmed et al., (1990, 1991) in Pakistan (Baluchistan).  They concluded that 

Juniperus excelsa and Pinus gerardiana were the leading tree species in the studied 

plant communities. 

 There were 21 plant communities recorded from the study area that covers 

the three adjoining districts including Muzaffarabad, Neelum and Hattian. These 

were distributed among five plant clusters i.e. cluster 1 (Prunus-Dichanthium-

Cynodon, Prunus-Zanthoxylum-Seteria and Prunus-Geranium-Arundo 

Communities), cluster 2 (Prunus, Prunus-Indigofera-Prunus, Prunus-Impatiens-

Cynodon and Prunus communities), cluster 3 (Prunus-Phragmites-Capsella, 

Cynodon-Caltha- Sambucus and Picea-Cedrus communities, cluster 4 includes 5 

plant communities where dominance was shown by Prunus species in all 

communities, cluster 5 (Achelia-Mantha- Parrotiopsis, Phalaris-Trifolium- Prunus, 

Heteropogon-Cynodon-Poa and Cedrus-Avena-Prunus communities) and cluster 6 

(Heteropogon-Cynodon - Rumax and Oxalis-Viburnum-Juglans communities on 

the basis of cluster analysis. Prunus armeniaca, Prunus armeniaca var. and Prunus 

persica, pinus roxburghii were dominant while Dalbergia sissoo, Mallotus 

philipinensis and Ficus palmata were ranked second in dominance at a range of 
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height from 820-1150 meters at the base investigated area among the trees. Prunus 

armeniaca, Prunus armeniaca var. and Prunus persica were fruit yielding trees and 

were an important source of stone fruits. They were all protected and because of 

their protection they were dominant in the study area. Dalbergia sissoo used in 

furniture making and as timber and Ficus palmata along with Mallotus 

philipinensis excessively used as a source of fuel wood and construction, that’s 

why they were observed with low population. Mallotus philipinensis was non-

palatable and recorded predominantly as compared to other tree species native to 

this range of height was because of this reason. Deforestation by the local 

inhabitant’s removal of other trees for their needs viz: fuel, construction purpose 

and fodder purpose leads to their population decrease. Among shrubs and grasses 

Zanthoxylum alatum, Dodonaea viscosa, Persicaria capitata, Ziziphus mauritiana, 

Indigofera heterantha and Lonicera glabrata among shrubs while Cynodon 

dactylon, Heteropogon contortus, Poa annua, Dichanthium annulatum, 

Chrysopogon pallidus, Setaria gracilis, Phragmitis australis and Gastridium 

ventricosum among grasses were dominant. Zanthoxylum alatum, Dodonaea 

viscosa, Persicaria capitata, Ziziphus mauritiana and Lonicera glabrata were non-

palatable among the shrubs. Grasses and most of the herbaceous species were used 

as fodder for domesticated animals. With the increase in altitude up to 1700 meters 

some new species were recorded beside the primary dominance of members of 

genus prunus. Aesculus indica, Pyrus pashia and Celtis eriocarpa were the tree 

species along with Myrsine africana, Desmodium cuspidatum, Berbaris lyceum, 

viburnum grandiflorum and Punica granatum represents shrubby flora while 

Chasmanthium latifolium, Lolium perenne, Arundo donax, Avena pratensis, 
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Phalaris arundinaceae, Avena marocanna, Avena sterilis, Andropogon gerardii, 

Polypogon monspeliensis and Seteria viridis were representatives of grasses. 

Aesculus indica, Desmodium cuspidatum, viburnum grandiflorum and Punica 

granatum were observed non- palatable among trees and shrubs, respectively.  

With further increase in altitude from 1700-1950 meters Pinus wallichiana, Cedrus 

deodara, Diospyros lotus, Prunus armeniaca, Juglans regia, Morus nigra, Prunus 

avium, Abbies pindrow and Prunus padus were leading tree species. The area at 

this elevation was protected from deforestation which makes Pines as dominant. 

Parrotiopsis jacquenmontiana, Rosa macrophylla, Sorbaria aitchisonii, Viburnum 

grandiflorum, Sarcococca saligna, Lonicera quinquelocularis, Berbaris lyceum 

were among the shrubby species. Heteropogon contortus, Phalaris arundinaceae, 

Poa annua, Agrostis gigantea, Avena barbeta, Setaria viridis, were dominant grass 

species. Beg (1975) documented Blue-Pine forests in the dry temperate zone. The 

moist conditions which are prevalent in the temperate zone favour the luxurious 

growth of Pinus wallichiana as compared to other species (Champion et al., 1965). 

At higher altitudes in the study area there was observed an ecotone between 

Abbies pindrow, Pinus roxburghii, Picea smithiana and Cedrus deodara.  Pinus 

wallaichiana, Quercus incana, Prunus padus, Juglans regia, Taxus wallichiana, 

Aesculus indica, Berbaris aristata, Skimia laureola, Viburnum contonifolium, 

Sambucus wightiana, Hypericum perforatum, Chasmanthium latifolium, Viburnum 

grandiflorum, Sarcococca saligna and Berbaris lyceum were the other main 

species present in the area with low temperature and uniform humid climate.  

Malik (2007) reported same type of finding with representatives from Dhirkot hills. 

Ahmed et al., (2006) reported Pinus roxburghii as a pure stand, however it was 
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also observed in cluster with Quercus incana under upper pine forests. At higher 

altitudes ecotonal of subtropical and humid temperate zone, it was associated with 

Pinus wallichiana and Aesculus indica. Ahmed et al., (2006) revealed these forests 

under mixed pine forest whereas same forests were designated as sub-tropical Chir-

blue pine ecotonal forests by Hussain and Illahi (1991). These forests are highly 

disturbed due to the elimination of all the broad leaved trees for fuel and fodder.  

The study of biological spectrum is one of the most important parameter 

while describing vegetation before floristic composition and it reveal the typical 

climatic conditions of a given area (Cain, 1950). It varies zone to zone with the 

change in altitude. Raunkiaer’s based life form on the supposition that the original 

environment was noticeably moist and hot than it is now, and consequently the 

most primitive life form is that which dominates tropical vegetation at the present 

time. On the other hand the more highly evolved species are found in the colder 

areas of the world. He concluded that the zonation of vegetation progresses from a 

phanerophytic type in the tropical zone to therophytic in the subtropical desert 

areas, hemicryptophytic in the cold temperature and finally a chamaephytic type in 

the cold zone. Some times it becomes difficult to classify a certain species in 

biological spectrum because certain species look as if they were different life 

forms. The difficulty is the consequence of fact that they have to face different 

environments. There is no sharp borderline between hemicryptophytes and 

chamaephytes erlier described by Allan (1937) and Hagerup (1930) discussed that 

it is difficult to categorize many short-lived perennials. 

In the investigated area megaphanerophytes 141 (29.25%) followed by 

hemicryptophytes 96 (19.91%) and nanophanerophytes 96 (19.91%) were the 
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leading componants in biological spectrum. The dominance of Hemicryptophytes 

is the indicative of degraded vegetation and cold temperate conditions (Malik and 

Malik, 2004) whereas therophytes and geophytes are the indicators of disturbed 

vegetation and Mediterranean climates respectively (Malik, 2007 and Cain and 

Castro, 1959). 

At different heights the climate of study area differe from subtropical to 

humid temperate type so; the present recorded biological spectra truely reflect the 

prevailing environmental conditions. The upper ranges of the study area was 

climatically cool which favour the growth of  Hemicryptophytes that becomes the 

dominant life form there whereas at the base conditions were hot and dry which 

encourage therophytes to grow and dominate. Same types of results were presented 

earlier by Malik et al., (2001) from Dao khan hills where hemicryptophytes and 

therophytes show the same pattern of dominance. Our results in the present studies 

are in confirmity with the results presented earlier.  

Communities which were reported from Muzaffarabad district ranged in 

elevation from 820-1700 meters. From 820-950 meters there was a clear 

dominance of Nanophanerophytes (25%) and Therophytes (24%) which confirms 

the hot and dry nature of the area. The studies of Harrison et al., (2010) corroborate 

our present results are in accordance to them. Dry environment encourage 

therophytes, so because of this reason they are common in dry environments all 

over the world. With the increase in elevation from 950-1240 m, the dominance of 

Therophytes decreases progressively; here the best represented classes were 

Hemicryptophytes and Phanerophytes with an average values of 23% and 21%, 

respectively. From 1400- 1700 meters Therophytes again become dominant with an 
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average percentage value of 29%, followed by Hemicryptophytes with 25%. Here 

the recorded dominance of Therophytes was because of many human 

encroachment practices like road construction, overgrazing, deforestation and 

excessive soil erosion. Same type of studies were reported by Pharswan et al., 

(2010) from alpine meadows of Kedarnath where the dominance of Therophytes 

were indicative of heavy biotic pressure due to grazing and men’s interference. At 

1400-1700 meters because of high moisture contents due to high precipitation 

therophytes was high and also the prevalance of monsoonic conditions encourage 

therophytic species to grow and dominate. The local residents of the current 

investigated area are totly reliant on trees and shrubby species for their domestic 

needs of wood for fire and construction purposes, hence it leads to a prominent 

decrease in population of trees and shrubs. Same types of results were presented 

earlier by Malik (2005) from Ganga Chotti and Dao khun hills. 

  Stands which were reported from Neelum valley ranged in elevation from 

1750-2375 meters. In this area the recorded life form spectra was phanerophytes 

(megaphanerophytes and nanophanerophytes) which were followed by 

hemicryptophytes. The prevalence of phanerophytes and hemicryptophytes as the 

dominant group reflects that environmental condition were well suited to 

phanerophytes especially to megaphanerophytes; while the presence of 

hemicryptophytes point toward the cold condition of the area. The combined 

dominance of phanerophytes and hemicryptophytes is also confirmed from the 

studies of Alves and Kolbek (2009), Jacobi and Carmo (2008) and Conceicao and 

Pirani (2005). The open areas favour phanerophytes which becomes the best 

representatives of open physiognomies (Batalha and Martins, 2004). The present 
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studied area favour woody species and it is potent for trees and shrubs to have 

enormous increase but continuous deforestation and other barriers reduces the 

extent of trees and shrubs. The reported sites from district Hattian bala shows the 

dominance of megaphanerophytes and hemicryptophytes in the lower ranges of the 

area from 1150- 1575 meters which was largely because of large population of fruit 

trees at our selected sites. Megaphanerophytes at these sites were conserved for 

fruit production which makes them the pre-dominating life form at that area. The 

hemicryptophytes were the second dominating life form class there which was 

mainly represented by grasses as upper soil layer has a greater ability to hold water 

because of high organic matter and porosity during rainy season, and it also have a 

higher level of oxygen whereas the lower layers are deficient in these. The 

dominance of Hemicryptophytes is attributed to poor drainage at the selected sites 

(Messias et al., 2011). At high elevations dominance was again shown by 

Megaphanerophytes, followed by Hemicryptophytes. The sites where the leading 

componants were phanerophytes and Hemicryptophytes with lesser dominance as 

compared with the grasslands might be because of thicker soil which favours the 

occurance of small trees and shrubs and also because of greater competitiveness of 

woody species. Another factor which might be responsible for the dominance of 

Hemicryptophytes was, the cold and moist climate as well as some of the 

degradation at some sites. The degraded vegetation generally supports the 

Hemicryptophytic and therophytic types of vegetation (Ram and Arya, 1991).  

Biological spectrum is valuable parameter for the study of plant 

communities situated in different ecological regions and is prime indicator of biotic 

interactions, habitat and climatic features (Yemeni and Sher, 2010) which change 
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by different types of changes operating in nature including deforestation, invasive 

species, annuals livestock management and human settlements.  

 Leaf size spectrum is the characteristic feature which is used for the study 

and description of vegetation. In the investigated area 482 species were recorded in 

all the stands, microphylls were dominant with 48.13% followed by leptophylls, 

24.10% and 15.35% nanophylls whereas mesophylls constitute 10.37% and 

megaphylls 2.07%. In the study area microphyllous species show dominance at the 

upper reaches while lower reaches were persistantly covered by Nanophylls and 

leptophylls. The reduction in leaf size specifies dry and xeric conditions while 

moist conditions at the upper niches encourage large leaves. Same type of findings 

were reported by Malik et al., (1986) where leptophylls and nanophylls were 

dominant at the lower reaches.  

Microphyllous species are the characteristic for temperate moist climates; 

the dominance of microphylls in the present studies was because of the prevalence 

of moist conditions low temperature and high rain fall. Leptophylls and nanophylls 

are indicators of xeric conditions (Malik, 2005; Tareen and Qadir, 1993). In the 

lower reaches (820-950m) their dominance is the true reflection of prevailing 

conditions. Same types of findings were reported earlier by malik et al., (1990) 

from dry subtropical semi evergreen forest from Kotli.  

At the present times biodiversity has became a burning issue of scientific 

and political concern particularly because the extinction of species occurs with a 

rapid pace as a result of human activities (Ehrlich and Wilson, 1991). This is used 

to measure the species richness, and ecosystem function (Tilman 1996). Diversity 
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can be defined as the degree of complexityof flora, its arrangement and 

organization. It has strong correlations with stability of an ecosystem; its 

evolutionary history, productivity, maturity, predation pressure and spatial 

heterogeneity (Hill, 1973). It is so vital for the conservation of nature and natural 

resources which are greatly threatened by rapid colonization, deforestation and 

industrialization (Naveh and Whittaker, 1980). The naturally growing forests of 

temperate regions of the world are still intact and are regarded as most valueable 

habitats in terms of biodiversity. 

Temperate forests are the biodiversity hot spots and show variations with 

respect to altitude (Dudley, 1992). In the present studies the stands that has been 

established in district Muzaffarabad show that diversity was high at the base where 

its average value was (3.14) from 820-950m. Thereafter, it decreases from (3.14-

2.98) at 950-1080m. From 1240-1540 meters it again increases from (2.98-3.23) 

while at the top (1700m) it decreased from (3.23-3.10). According to Collinvaux 

(1993) diversity was high at the base of study area as compared to the top. Malik 

(2005, 2007) reported that Ganga chotti, Pir Chinasi and Bedori hills were diverse 

at the base while diversity was continuously decreasing with an increase in height. 

Also at the base the temperature is favourable for species to grow which results in 

an increase in diversity. There was a positive correlation between species diversity 

and temperature (Knight et al. (1982). An increase in the tree species richness with 

increase in temperature was reported earlier by (Austin et al. (1996). Increase in 

biodiversity from 1240-1540 meters was because of protected area and this area 

was observed with least biotic pressures (wood extraction for fuel, urbanization and 

agricultural practices). However, grazing was a chief factor which was observed 
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influencing these stands.  Franklin and Merlin (1992) described that the effect of 

herbivory on the vegetation is quite pronounced as the diversity and richness of 

their reported communities was low in ungrazed dry and moist meadow 

communities in comparison with grazed communities. Their findings suggest that 

the influence of herbivory on the above mentioned attributes was varying from 

community to community. In our case lower elevations were heavily grazed by 

domesticated animals that contribute to high level of species diversity whereas the 

higher elevations were out of the reach of grazzers hence species diversity was low 

at higher altitudes. 

 The level of humidity was seems to be increased with increase in altitude in 

the present studies. The species diversity was reported higher in the eastern deserts 

vegetation which was attributed to increase in humidity (Dannin (1999). In our 

findings species diversity was high at certain heights which can be credited to high 

level of humidty in the area. Communities established in district Neelum indicated 

low diversity at the base (1.95) but it gradually increased with the increase in 

elevation from 1750-1900 meters where its average values was (2.55). Thereafter it 

decreased from a height of 1950-2375meters where its average value was (2.37). 

Normally at the base, diversity should be high but it was recorded low in Cedrus-

Avena-Prunus community at an elevation of 1750 meters. The probable reason for 

this stand was human settlements in its vicinity and consequently due to human 

interference the diversity values were low. Biotic stresses also play a chief role in 

lowering the diversity values. After that increase in diversity was the consequence 

of an increase in the steepness of the slope and moist conditions. Sai and Misra 

(1986) stated that on north east and south west facing slopes has lower values of 
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species diversity. There has been observed a gradual increase in the values of 

species diversity from 1150-2790 meters in the communities which has been 

constructed in the Hattian Bala district. Here in these communities the average 

value of diversity was 2.86. Ordination summarizes the community data in relation 

to their habitat, which is based on the principle that similar species and samples are 

close together and dissimilar entities far apart. Cluster analysis is one such method 

of ordination, where in similar clusters of species are grouped together and 

regarded as communities. Cluster analyses show a continuous decrease in the 

values of diversity ranging from 3.15-2.31 from cluster 1-5.  The values was 

highest in cluster 1 (3.15) and lowest in cluster 5 (2.31) which were recorded from 

820-1240m and 1750-1950m, respectively. The species diversity was reported 

higher in the natural forest as compared to plantation forest for all strata by Tripathi 

and Singh (2009). In our case the high species diversity in natural forests indicates 

that it provides suitable habitat and forage for the large herbivores such as 

domesticated animals, deers and other wild herbivorous animals. Also during 

present studies the natural forests exhibited more heterogeneous composition of 

species in comparison to plantation forests. 

Species richness is determined as the number of species per unit area. It 

gets influenced by two factors; lower fertility and episodic removal of foliage 

usually by grazing and forest fire. Explanation of species richness patterns over a 

wide geographical scales is a central issue of biogeography and macroecology 

(Gaston, 2000). Much efforts has been made in identifying factors constraining 

broadscale variability in species richness (Pianka, 1966; Whittaker, 1977; Wright, 

1983; Davis and Scholtz, 2001; Francis and Currie, 2003; Rahbek, 2005). Cornell 
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and Lawton (1992) have suggested that species richness is determined by native 

biotic interactions such as competition and predation, and regional or historical 

processes such as dispersal and speciation. In the lower elevations the species 

richness was high i.e. from 820-1250 meters where its values ranged from 1.19-

1.59 with a mean value of 1.32, it decreased to a mean value of 1.17 with increase 

in altitude from 1400-1800. Still at highest altitudes (1950-2790) in the area it 

decreased to 1.10. In the investigated area there was abundance of annuals at lower 

reaches due to which species richness was high. The higher value of species 

richness was recorded for Prunus-Pinus-Prunus community (1150 m) that had 

because of relatively stable climatic conditions. Species richness decreases with an 

increase in the size classes of woody species (Parthysarthy and Karthikeyan, 1997). 

The pattern of regional species richness is determined by many interacting forces 

such as productivity, competition, geography, topography, species pool and 

environmental variables (Criddle et al. 2003). Austin et al. (1996) observed that 

tree species richness is only slightly (positively) related to soil nutrients. 

Conversely, when the total tree species is split into species groups, each of these 

groups present a different and strong pattern. Moore and Keddy (1989) also 

established different patterns of species richness with different species types while 

studying the species richness-biomass relationship. So variations in our present 

studies might be because of different species were studied together. Soil 

differentiation and altitude resulted in high degree of variations in species richness 

(Lomolinon, 2001). However, temperature, moisture and nutrient availability are 

the chief factors which influence the distribution and bulk of species in any region 

(Korner, 1999). Grubb (1987) and Goodland (1971) stated tree species richness and 
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soil fertility were positively related and a negative relationship was observed 

between herb species richness and soil fertility. Based on cluster analysis the values 

of species richness were observedto be high in cluster 4 (1.43), followed by cluster 

1 (1.26). 

In nature, plant biomass is not evenly dispersed across species, and 

naturally uncommon species may differ from common species in the probability of 

loss from the community.  

Degree of evenness is the indicator of environmental stability (Shoukat and 

Khan, 1999). In the study area evenness varies from (0.38-0.94) in different 

communities. The probable reason for that was the conditional presence or absence 

of functional relationships of species. On the basis of cluster analysis the values of 

evenness varied from 0.51-0.90. Higher value of evenness in cluster 1 and cluster 2 

was due to dominance of Prunus species and least disturbance because this area 

was reserved for cultivation of fruit trees. All these conditions encourage the high 

distribution of herbaceous species. Kharakwal and Rawat (2011) reported same 

type of situation from Kumaun Himalayan forest where pure stands of tree species 

resulted in higher value of evenness. Same types of findings was reported by 

Mulder et al. (2004) where dominance was shown by a single large species which 

resulted in an increase in the value of evenness. Prevalence of dry and moist 

conditions in the investigated area in present studies also affected the degree of 

evenness. Mustafa (1990) found that the cluster of community types is the outcome 

of the performance of the species in response to the environmental conditions that 

prevail in a particular forest type. Presence of fewer numbers of species in each 
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community decreases interspecific competitions which results in high degree of 

evenness (Shaheen et al. 2011). 

3.8.2 Genetic diversity 

SSR markers have become markers of choice in fruit trees for genetic 

diversity analysis in sweet cherry (Stanys et al., 2012), for construction of linkage 

map in pear (Zhang et al., 2013) and marker-assisted selection in peach (Cao et al., 

2011). There is a lack of a common standardized set of microsatellite primers for 

prunus species, hence for genetic diversity analysis introduced primer pairs from 

closely related species have often been used (Wunsch, 2008). In present study, 

amplification of genomic DNA was performed for the 39 SSR loci previously 

developed from three different Prunus species (peach, sweet and sour cherry). 

Eleven primer pairs isolated from peach failed to give amplification products in 

sweet and sour cherry so they were excluded from the analysis.  

Nine primer pairs with either unclear amplification, stutter bands or 

monomorphic bands were not included. Two primer pairs Pchcms3 and UDP98-

409 were amplified in peach and sweet cherry but failed to amplify in others like 

apricots, plums and sour cherry while BPPCT010 failed to amplify in sweet and 

sour charry.  The remaining 12 primer pairs furnished clear and polymorphic multi-

allelic bands for all accessions of peach, apricot, sweet cherry, sour cherry and 

plums.  

The percentage of accessions that were amplified in each primer pair ranged 

between 98.9 (PceGA34) and 100 for all others, average 99.91%. Total number of 

observed alleles was 217, ranging from 8 (in BPPCT006 locus) to 29 (in 

CPPCT022 locus), average 18 alleles per locus. Observed alleles number was a bit 
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higher than in previous reports. Zeinalabedini et al. (2007b) and Martinez-Gomez 

et al. (2003b), respectively, reported 200 and 296 alleles from 16 and 18 loci in 

different Prunus species. Cantini et al. (2001) reported an average of 10.2 alleles 

per locus in cherry. This shows the cross amplification ability of microsatellite 

markers among the studied Prunus genotypes and identification of different 

accessions. The result of this study was also supported by Sosinski et al., (2000), 

regarding the cross amplification ability of microsatellite markers across the 

Prunus species. 

The average frequency for the major allele was 0.28, with a minimum of 

0.16 in CPPCT022 and a maximum of 0.64 in the BPPCT006 locus. Amirbakhtiar 

et al. (2006) reported allele frequencies ranged from 0.01 to 0.84, with a mean of 

0.17 in almond cultivars and species. The high allelic diversity of SSR loci 

revealed high genetic variation in the wild and cultivated species of genus Prunus 

germplasm from different geographical areas. Same type of variation were also 

elucidated from the studies reported by Martinez-Gomez et al. (2003b), 

Zeinalabedini et al. (2007b), Ma et al. (2003), and Xu et al. (2004). 

The size of amplified DNA fragments among all loci ranged from 100 to 

316 bp. The smallest DNA fragment of 100 base pairs was amplified for Prunus 

mira (N46) in locus BPPCT039. Allele sizes in that locus ranged from 100 bp in 

Prunus mira (N46) to 158 bp in Prunus armeniaca (N20) which was generally 

lower than in the other loci. The largest allele, 316 bp, was found in CPPCT022 

locus when DNA of Prunus mira (N39) was used. In the study range of allele sizes 

amplified in the examined loci were wider than those reported earlier (Cipriani et 

al., 1999). Sosinski et al. (2000) reported an amplified band of 160 bp for the 
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pchgms5 locus in the peach genome. The larger variation in size of amplified 

alleles is somewhat related to the more divergent samples from different locations 

and species used in this experiment. 

The highest value of polymorphism information content (PIC) was found 

for CPPCT022 which was 0.911 and the least value was found for BPPCT006 

which was 0.533.The average value for all the loci was 0.826. The level of 

polymorphism in Prunus species used in this work was similar to those previously 

reported in Prunus species (Cipriani et al., 1999; Testolin et al., 2000; Cantini et 

al., 2001; Zeinalabedini et al., 2014; Aranza et al., 2002; Dirlewanger et al., 2002; 

Martinez-Gomez et al., 2003b). Higher values of polymorphism content indicates 

that SSR markers are more suitable for identifying genetic variations in prunus 

species than any other marker. 

Expected heterozygosity among loci ranged from 0.561 in BPPCT006 to 

0.916 in CPPCT022 with an average of 0.840 whereas observed heterozygosity 

ranged from 0.114 in BPPCT017 to 0.812 in UDP96-018 with an average of 0.471. 

Zeinalabedini et al., (2014) reported expected heterozygosity ranged from 0.334- 

0.909 in prunus root stocks.  Mean values of expected heterozygosity reported 

previously for almond cultivars and species was 0.63, 0.65, 0.7, and 0.77 (Xu et al., 

2004; Zhebentyayeva et al., 2003; Amirbakhtiar et al., 2006; Fathi et al., 2008). 

The observed heterozygosity counted by Amirbakhtiar et al. (2006) varied from 0.1 

to 0.87 with an average of 0.5. Martinez-Gomez et al., (2003a) observed greater 

heterozygosity in almond cultivars than in peach cultivars. They reported 

heterozygosity for almond ranged between 0.38 - 0.88 and for most peach cultivars 

heterozygosity was greater than 0.50. Expected heterozygosity is higher than 
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observed heterozygosity in all loci. Same type of studies were reported by 

Amirbakhtiar et al. (2006). In the recent studies observed heterozygosity was in 

agreement with previous studies while expected heterozygosity was broader than 

that reported previously. High level of polymorphism is due to wide range of 

ecological conditions where these species grow; so the result of present studies 

indicated that the SSR markers were efficient to estimate the genetic diversity in 

Prunus species. 

Gene diversity between loci varied from a minimum of 0.56 (BPPCT006) 

to a maximum of 0.91 (CPPCT022) with an average of 0.88. Zeinalabedini et al. 

(2014) reported such average values of genetic diversity for almond species. The 

high-level genetic diversity is due to prevailing moist climate in the study area and 

high gene flow between the populations. Advantageous growing conditions can 

contribute to the high level genetic variation in same species (Xing et al., 2015). 

The proportion of homozygous loci in each accession and the average 

number of homozygous loci among similar species were also measured. P. mira 

and P. domestica had the highest percentage of homozygosity (51.08 and 19.55, 

respectively). The lowest amounts of homozygosity were detected in P. armeniaca 

(14.55) and P. avium (16.70). Cross pollination directly affects the level of 

homozygosity; Zeinalabedini et al. (2014).  

Cluster analysis based on UPGMA method grouped the different accessions 

of genus Prunus into three clusters; cluster A, cluster B and cluster C at a 

coefficient level of 0.05, of which one contained 46 samples, second 40 samples 

and third had 10 samples. These samples belong to six species of genus Prunus 
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including Prunus avium, Prunus cerasus, Prunus armeniaca, Prunus mira, Prunus 

persica and Prunus domestica. Among all the different accessions the lowest 

distance was observed for P.miraN38 and P.mira M62, which appeared to be 

closely related although they are from different geographical regions, suggesting 

homonymy. Neighbour-joining dendrogram resulting from SSR data suggested that 

the separation of Prunus accessions were in agreement with their recent taxonomic 

classification reported by Hummer and Janick (2009). The close relationships 

between the parental genotypes support the fact that all stone fruits such as peach, 

plums, apricot, sweet cherry, and almond belongs to the subfamily Amygdyloideae 

of the Rosaceae family (Hummer and Janick,2009). Similarities were also found in 

the results reported by Aradhya et al., (2004). Cluster analysis of all the accessions 

of genus prunus revealed strongly distinct genotypes from different geographical 

region. The three clusters resulting from UPGMA dendrogram were consistent with 

geographic origin, domestication history and mating system. The first one labelled 

“A” was further divided into two major subgroups a and b containing 19 and 27 

samples, respectively. Subgroup a further subdivided into two groups a1 and a2. 

They contain 19 samples in all i.e. 11 and 8, and were collected from three 

different ecological regions; Neelum, Hattian and Muzaffarabad.  

 Subgroup b include 27 samples in total; and further subdivided into three 

groups i.e. b1, b2 and b3 containing 9, 7 and 11 samples, respectively. These 

samples belongs to two species Prunus domestica and Prunus armeniaca. The 

accessions of Prunus domestica clustered together in b1 and could not be separated 

clearly, revealing similar origin and genetic background as well as the effect of 

breeding strategies at the whole genome level. Prunus armeniaca show two sub 
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clusters which clearly exhibit genotypic divergence within the species. Hence the 

result of present study project similar findings with the previous reports on the 

genetic diversity in other Prunus species by using RAPD markers (Dirlewanger et 

al., 1998) and AFLP markers (Hu et al., 2005). 

 Prunus mira form the largest cluster (Cluster B) in the dendrogram with 36 

samples, and further divided into three subgroups B1, B2 and B3 containing 8, 9 and 

23 samples, respectively. Prunus mira shows three sub clusters that clearly suggest 

the genetic variations among the population which might be due to wide range of 

ecological conditions in different areas where Prunus mira exists. The major 

reason behind the high level of genetic variations can be the wide-ranging 

ecological conditions in different areas (Singh et al., 1998).  Each of these 

subgroups contain some of cultivars Prunus persica from China which exhibit 

close genetic relationship between the two species. High level of genetic variations 

and relationship between Prunus mira and Prunus persica may also attributed to 

their propagation by different agencies, heterogeneity in the local environments and 

dispersal of seeds. Gene flow between the populations of Prunus mira because of 

these factors ultimately resulted in genetic diversity. Tan et al. (2012) reported 

similar findings that propagation of pollens by insects or wind, heterogeneous 

environments at high altitudes and dispersal of seeds by animals are the major 

sources of genetic diversity in peach species.  

 Cluster C comprised 10 Chinese cultivars of Prunus persica including 

4D8391, 4D8398 4D8418, 4D8413, 4D8378, 4D8415, 4D8416, 4D8422, 4D8405 

and 4D8371. All these accessions show close relation to each other that shows their 

similar origin and domestication history. 
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In the dendrogram all the accessions of genus Prunus were clustered into 

three main groups A, B and C. Group A consisted of 46 accessions and was further 

subdivided into two subgroups. Subgroup “a” contain all the accessions that 

belong to subgenus cerasus while subgroup “b” contain all those accessions that 

belongs to subgenus prunus. Further grouping within “a” and “b” separate Prunus 

cerasus, Prunus avium, Prunus domestica and Prunus armeniaca from one 

another. Over all these accessions belong to two subgenera Cerasus and Prunus i.e. 

Prunus cerasus, Prunus avium from subgenus Cerasus and Prunus domestica and 

Prunus armeniaca from subgenus Prunus. The other 50 accessions were included 

in group B and C, each containing 40 and 10 accessions, respectively. These two 

groups includes two different species prunus persica and prunus mira which 

belongs to subgenus Amygdalus. Group B contain accessions of Prunus mira from 

different geographical regions of Muzaffarabad division viz. Hattian, Neelum and 

Muzaffarabad. Collections of Prunus mira accessions from these three different 

sites clustered together and could not be separated clearly, revealing similar origin 

and genetic background as well as the effect of breeding strategies at the whole 

genome level. Similar trend was observed by Zhang et al. (2006) in Prunus 

species. Group C contain ten different cultivars of Prunus persica that has been 

taken from china and show similarities with accessions of Prunus mira from Azad 

Kashmir. Prunus mira in the present studies is shown to be closer to Prunus 

persica and is in agreement with the findings proposed by Hesse (1975) and Scorza 

and Sherman (1996). 
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SUMMARY 

The present study was conducted to investigate the phytosociology and genetic 

diversity of genus Prunus and associated species in Muzaffarabad Division, Azad 

Jammu and Kashmir. A total of 362 species belonging to 239 genera and 96 

families were recorded from 21 selected sites. Poaceae was the leading dominant 

family, followed by Rosaceae, Asteraceae and Ranunculaceae. A total of 5 species 

of genus Prunus were recorded from studied sites with Prunus mira as dominant 

followed by P. armeniaca, P. domestica, P. avium and P. cerasus, respectively. 

Megaphanerophytes was the dominant life form followed by hemicryptophytes, 

nanophanerophytes and therophytes, respectively. Results of leaf size spectrum 

revealed microphylls as the dominant ones, followed by leptophylls and nanophylls 

respectively. Average values of species diversity at the studied sites were 2.80; 

species richness was 1.17 whereas the equitability was found to be 0.74. Genetic 

characterization of Prunus species that has been taken from Azad Kashmir, 

Pakistan was done using microsatellites. We found that the molecular markers 

could be used to study genetic diversity and distribution within and among a set of 

Prunus species including P. mira, P. domestica, P. avium, P. cerasus, P. 

armeniaca and P. persica. This study shows rich genetic diversity among Prunus 

accessions and revealed that SSR markers could be used to recognize fruit 

resources and to elucidate their genetic diversity. Microsatellites revealed the close 

genetic relationships among (P. mira and P. persica) and (P. avium and P. cerasus) 

and showed that the molecular classification was not consistent with geographic 

origin or taxonomic status. Identification of intraspecific and interspecific diversity 

is an important tool for promoting genetic diversity analysis. A wide genetic 
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diversity is of great significance for developing improved varieties and assessing 

gene flow between wild-type species and cultivated species. For appraisal of 

degree of variation in the Prunus germplasm between eco-geographical groups and 

associated species, our findings are useful for planning breeding programs 

involving marker assisted selection, diversity analysis and cultivar identification. 

The SSR database can be used for conservation, resource utilization and better 

management of Prunus species. Assessment of genetic diversity has significant 

importance for any crop improvement program. The following recommendations 

are made:- 

 Habitats and communities where Prunus species grow, requires regular 

monitoring, so that appropriate management of these habitats and 

communities could be done in time. 

 Some of the other species grow along with Prunus species like Pinus 

wallichiana, Cedrus deodara, Picea smithiana and Abies pindrow with 

wide range of distribution. However, these species are under high 

anthropogenic pressure that resulted in rapid loss of these species. So the 

area in which these species grow should be declared as protected.  

 For genetic diversity analysis further study is needed with more samples 

from different regions of Azad Kashmir to evaluate the level of genetic 

diversity of Prunus species. 

 Germplasms from different regions of Azad Jammu and Kashmir should be 

targeted for conservation of stone fruit species.  

 Dominant markers like AFLP should be used to carry out in depth analysis 

of the genetic diversity of this fruit crop 



148 
 

   

  

 

APPENDICES 

Appendix 1: Plant species list of Muzaffarabad Division, Azad Kashmir with their 

family, life form, leaf spectra and voucher specimen number. Abbreviations: Mp. 

Megaphanerophytes, Np. Nanophanerophytes, Ch. Chamaephytes, H. 

Hemicryptophytes, Th. Therophytes, G. Geophytes, L. Liana, Mg. Megaphylls, 

Me. Mesophylls, Mi. Microphylls, N. Nanophylls, L. Leptophylls 

S.NO. Name of species FAMILY Life 

form 

Leaf 

spectra 

Voucher 

number 

1.  Dicliptra roxburghiana 

Nees. 

Acanthaceae Th L NAK-

031 

2.  Justicia  adhatoda L. Acanthaceae Np Mi NAK-

032 

3.  Strobellanthus dyerianus  

Blume 

Acanthaceae Th Mi NAK-

033 

4.  Adiantum cappilus-

vanaris L. 

Adiantaceae G Mg NAK-

011 

5.  Adiantum caudatum L. Adiantaceae G Mg NAK-

012 

6.  Adiantum incisum Foessk. Adiantaceae G Mg NAK-

013 

7.  Adiantum venustum 

D.Don 

Adiantaceae G Mg NAK-

014 

8.  
Viburnum cylindricum 

Buch. 

Adoxaceae Np Mi NAK-

021 

9.  Viburnum grandiflorum 

L. 

Adoxaceae Np Mi NAK-

022 
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10.  Viburnum lantana L. Adoxaceae Np Mi NAK-

023 

11.  Viburnum nervosum 

Auct. 

Adoxaceae Np Mi NAK-

024 

12.  Allium humile L. Alliaceae CH Mi NAK-

051 

13.  
Achyranthes aspera L. Amaranthaceae Th L NAK-08 

14.  Amaranthus spinosus L. Amaranthaceae Th Mi NAK-

025 

15.  Amaranthus viridus L. Amaranthaceae Th Mi NAK-

026 

16.  Chenopodium album L. Amaranthaceae Th Mi NAK-

027 

17.  Pistacia integerrima 

J.L.Stewart. 

Anacardiaceae Mp Mi NAK-

034 

18.  
Rhus cotinus L. Anacardiaceae 

Np Mi NAK-

035 

19.  Rhus succedanea L. Anacardiaceae Np Mi NAK-

036 

20.  Smilax regelii Killip. Anacardiaceae Np Mi NAK-

037 

21.  Angelica archangelica L. Apiaceae CH Me NAK-

052 

22.  Angelica glauca L. Apiaceae CH Me NAK-

053 

23.  Chaerophyllum reflexum 

L. 

Apiaceae CH Mi NAK-

054 

24.  Oenanthe javanica 

(Blume) DC. 

Apiaceae H Mi NAK-

055 

25.  
Carissa opaca Stapf.  Apocynaceae 

Np Mi NAK-

071 

https://en.wikipedia.org/wiki/Carl_Ludwig_Blume
https://en.wikipedia.org/wiki/Augustin_Pyramus_de_Candolle
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26.  Nerium oleander  L. Apocynaceae Np N NAK-

072 

27.  Vinca rosea L. Apocynaceae Np L NAK-

073 

28.  
Arisaema costatum Araceae 

H Me NAK-

038 

29.  Arisaema intermedium 

Blume 

Araceae H Me NAK-

039 

30.  
Arisaema jacquemontii 

Blume 
Araceae 

H Me NAK-

040 

31.  Hedra neplensis K.Koch. Araliaceae L Mi NAK-

074 

32.  Calotropis procera Aiton. Asclipadaceae Th Mi NAK-

028 

33.  Asparagus officinallis L. Asparagaceae Th L NAK-

029 

34.  Asplenium adiantum-

nigrum L. 

Aspleniaceae G L NAK-

030 

35.  Asplenium scolopendrium Aspleniaceae G L NAK-

041 

36.  
Achillea millefolium L. Asteraceae 

CH L NAK-

101 

37.  Anaphalis  margaritacea  

(L.) Benth. & Hook.f. 

Asteraceae CH Mi NAK-

102 

38.  Artemesia vulgaris L. Asteraceae Th Mi NAK-

103 

39.  Artemisia japonica 

Thunb. 

Asteraceae H Mi NAK-

104 

40.  Artemisia 

scopariaWaldst. & Kit. 

Asteraceae Th Mi NAK-

105 

41.  
Artemisia sp. L. Asteraceae 

H Me NAK-

106 

https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/George_Bentham
https://en.wikipedia.org/wiki/Joseph_Dalton_Hooker
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42.  Bidens biternata Lour. Asteraceae H N NAK-

107 

43.  Carduus tenuiflorus L. Asteraceae H Mi NAK-

108 

44.  Carthamus oxyacantha L. Asteraceae Th Mi NAK-

109 

45.  Cirsium arvensis  L. Asteraceae Th Me NAK-

110 

46.  Conyza canadensis L. Asteraceae Th N NAK-

111 

47.  Echinops cornigerus 

Roxb 

Asteraceae Th Mi NAK-

112 

48.  Inula orientalis LAM Asteraceae CH L NAK-

113 

49.  Inula royleana 

C.B.Clarke 

Asteraceae CH L NAK-

114 

50.  Jurinea macrocephala 

Cass. 

Asteraceae Th Mi NAK-

115 

51.  Leotopodium alpinum 

cass.  

Asteraceae CH L NAK-

116 

52.  Lepidium bidentatum Var. Asteraceae H Mi NAK-

117 

53.  Parthenium 

hysterophorus L. 

Asteraceae Th Mi NAK-

118 

54.  
Saussurea heteromalla Asteraceae 

CH Me NAK-

119 

55.  
Saussurea lappa Asteraceae 

CH Me NAK-

120 

56.  Senecio chrysanthemoids 

DC. 

Asteraceae CH Mi NAK-

121 

57.  Solidago missouriensis L. Asteraceae H Mi NAK-

122 
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58.  Sonchus arvensis L. Asteraceae Th Mi NAK-

123 

59.  Sonchus asper L. Asteraceae Th Me NAK-

124 

60.  Sonchus oleraceous L. Asteraceae Th Mi NAK-

125 

61.  Tagetus minuta L. Asteraceae Th Mi NAK-

126 

62.  Taraxacum officinale F. 

H. Wigg. 

Asteraceae H Mi NAK-

127 

63.  Imatiens balsamina L. Balsaminaceae Th Mi NAK-

075 

64.  Impatiens amplexicaulis   

Edgew 

Balsaminaceae CH Mi NAK-

076 

65.  Impatiens edgworthii 

Hook 

Balsaminaceae Th Mi NAK-

077 

66.  Impatiens thomsonii 

Hook. f. in J. Linn. 

Balsaminaceae CH Mi NAK-

078 

67.  Sarcococca saligna 

Lindle. 

Baxaceae Np N NAK-

042 

68.  
Berberis aristata 

Berberidaceae Np Mi NAK-

181 

69.  Berberis brandisiana 

Ahrendt 
Berberidaceae 

Np Mi NAK-

182 

70.  
Berberis chitria Lindl. Berberidaceae 

Np Mi NAK-

183 

71.  
Berberis glaucocarpa 

Stapf 
Berberidaceae 

Np Mi NAK-

184 

72.  
Berberis kashmirana 

Ahrendt 
Berberidaceae 

Np Mi NAK-

185 

73.  Berberis lycium Royle. Berberidaceae Np Mi NAK-

186 



153 
 

   

  

 

74.  Berberis parkeriana 

Schneid. 

Berberidaceae Np Mi NAK-

187 

75.  Berberis royleana 

Ahrendt 

Berberidaceae Np Mi NAK-

188 

76.  
Berberis stewartiana Jafri 

Berberidaceae Np Mi NAK-

189 

77.  
Berberis ulicina Hook, f. 

& Thoms. 

Berberidaceae Np Mi NAK-

190 

78.  
Betula utilis D.Don Betulaceae 

Mp Mi NAK-

043 

79.  Woodwardia unigemmata  

(Makino) Nakai 

Blechnaceae G L NAK-

044 

80.  Arnebia benthamii  (Wall 

ex. G. Don) 

Boraginaceae H Mi NAK-

079 

81.  Cynoglossum 

lanceolatum L. 

Boraginaceae H N NAK-

080 

82.  
Lindelofia stylosa Brand Boraginaceae 

Th Mi NAK-

081 

83.  Trichodesma indicum L. Boraginaceae CH Mi NAK-

082 

84.  Capsella bursa-pastoris 

L. 

Brassicaceae Th Mi NAK-

044 

85.  Eruca sativa Mill.  Brassicaceae Th L NAK-

045 

86.  
Eruca vesicaria L. Brassicaceae 

Th Mi NAK-

046 

87.  Cassia angustifolia M. 

Vahl. 

Caesalpinaceae H Mi NAK-

082 

88.  Codonopsis ovata Wall. Campanulaceae. CH N NAK-

083 

89.  Cannabis sativa L. Cannabaceae Th L NAK-

047 

https://en.wikipedia.org/wiki/Tomitaro_Makino
https://en.wikipedia.org/wiki/Takenoshin_Nakai
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90.  Lonicera glabrata Wall. Caprifoliaceae Np N NAK-

048 

91.  Veburnum cotinifolium 

D.Don 

Caprifoliaceae Np Me NAK-

049 

92.  
Silene dioica(L.) Clairv. Caryophyllaceae 

H Mi NAK-

128 

93.  Silene edgeworthii 

(Bocquet)Y.J. Nasir 

Caryophyllaceae H Mi NAK-

129 

94.  Stellaria media L. Caryophyllaceae Th Mi NAK-

130 

95.  Maytenus royleanus Wall. Celastraceae Np N NAK-

050 

96.  Ipomea pestigridis L. Convolvulaceae L N NAK-

156 

97.  Rhodiola 

festigiata   (Hook.f. & 

Thomson) 

Crassulaceae CH L NAK-

157 

98.  Juniperus communis L. Cupressaceae Np L NAK-

158 

99.  
Juniperus excelsa M. 

Bieb 
Cupressaceae 

Np L NAK-

159 

100.  Cuscuta reflexa Roxb. Cuscutaceae L L NAK-

160 

101.  Carex secta Boott. Cyperaceae H L NAK-

131 

102.  Cyprus iria L. Cyperaceae H L NAK-

132 

103.  Cyprus mariscus L. Cyperaceae H L NAK-

133 

104.  Cyprus rutundus L. Cyperaceae H L NAK-

134 

105.  Dioscorea deltoidea Dioscoreaceae CH Mi NAK-

http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=10159
http://www.efloras.org/florataxon.aspx?flora_id=11&taxon_id=10166
http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=10225
http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=10280
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Wall.  135 

106.  
Dipsacus inermis Wall.  Dipsacaceae CH N NAK-01 

107.  Dryopteris filix-mas L. Dryopteridaceae G Mg NAK-84 

108.  Dryopteris flix-mass L. Dryopteridaceae G Mg NAK-85 

109.  Dryopteris marginalis L. 

Gray. 

Dryopteridaceae G Mg NAK-86 

110.  Dryopteris ramosa  L. Dryopteridaceae G Mg NAK-87 

111.  Dryopteris stewertii 

Fraser-Jenk. 

Dryopteridaceae G Mg NAK-88 

112.  Polystichum aculeatum L. Dryopteridaceae G Mg NAK-89 

113.    Ebenaceae Mp Mi NAK-90 

114.  
Elaeagnus angustifolia L. Elaeagnaceae 

Np N NAK-

136 

115.  Elaeagnus parvifolia 

Royle. 

Elaeagnaceae Np N NAK-

137 

116.  
Elaeagnus umbellate 

Thunb. 
Elaeagnaceae 

Np N NAK-

191 

117.  Equisetum debile Roxb. Equisetaceae G L NAK-

192 

118.  Rhododendron arboretum 

L. 

Ericaceae Np Mi NAK-

193 

119.  Rhododendron 

campanulatum D. Don 
Ericaceae 

Np Mi NAK-

138 

120.  Euphorbia cornigera 

boiss 

Euphorbiaceae Th Mi NAK-92 

121.  Euphorbia helioscopia L. Euphorbiaceae Th L NAK-93 

122.  
Euphorbia hirta L. Euphorbiaceae Th L NAK-94 

123.  Euphorbia prostrata L. Euphorbiaceae Th L NAK-95 

124.  Euphorbia wallichii  

wallich-spurge 

Euphorbiaceae Th Mi NAK-96 

http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=10282
http://www.efloras.org/florataxon.aspx?flora_id=11&taxon_id=10298
http://www.efloras.org/florataxon.aspx?flora_id=11&taxon_id=10298
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125.  Mallotus philipinensis 

Muell. 

Euphorbiaceae Np Mi NAK-97 

126.  Acacia arabica L. Fabaceae Mp N NAK-02 

127.  Acacia modesta Wall. Fabaceae Mp N NAK-03 

128.  Acacia nilotica L. Fabaceae Mp N NAK-04 

129.  Astragalis orthocarpus 

Boiss 

Fabaceae Th L NAK-

139 

130.  Bauhinia variegata L. Fabaceae Mp Mi NAK-

140 

131.  Dalbergia sissoo Roxb. Fabaceae Mp Mi NAK-

141 

132.  Desmodium cuspidatum 

Muhl. 

Fabaceae Np Mi NAK-

142 

133.  Desmodium elegans DC. Fabaceae Np Mi NAK-

143 

134.  Indigofera heterantha L. Fabaceae Np N NAK-

144 

135.  Medicago laciniata L. Fabaceae Th L NAK-

145 

136.  Medicago sativa L. Fabaceae Th L NAK-

146 

137.  Melilotus indicus  L. Fabaceae Th Mi NAK-

147 

138.  Trifolium repens L. Fabaceae H Mi NAK-

148 

139.  Vicia monantha Retz. Fabaceae Th Mi NAK-

149 

140.  Quercus  glauca Buerger 

ex Blume  

Fagaceae Mp Mi NAK-

150 

141.  Quercus dilatata Royle. Fagaceae Mp Mi NAK-98 

142.  Quercus incana Roxb. Fagaceae Mp Mi NAK-99 
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143.  Quercus 

semecarpifolia Smith 

Fagaceae Mp Mi NAK-

100 

144.  Swertia articulate L. Gentianaceae CH Mi NAK-

151 

145.  Geranium wallichianum 

oliv. 

Geraiaceae H Mi NAK-

152 

146.  Geranium himalayense 

Klotzsch 

Geraniaceae CH Mi NAK-

153 

147.  Geranium nepalense 

Sweet. 

Geraniaceae H N NAK-

154 

148.  Geranium ocellatum 

Camb. 

Geraniaceae H Mi NAK-

155 

149.  Parrotiopsis 

jacquemontiana 

(Decne.) Rehder 

Hamamelidaceae Mp Mi NAK-

194 

150.  Hypericum perforatum L. Hypericaceae Np Mi NAK-

195 

151.  Iris hookriana Foster Iridaceae CH N NAK-

196 

152.  Iris kashmiriana Baker Iridaceae CH N NAK-

197 

153.  
Juglans regia L. Juglandaceae 

Mp Me NAK-

198 

154.  
Isodon rugosus Wall.  Labiatae 

Np N NAK-

199 

155.  Otostegia limbata Benth. Labiatae Np N NAK-

200 

156.  
Salvia seplendens L. Labiatae 

H N NAK-

201 

157.  Stachys emodi Hedge,  Labiatae CH Mi NAK-

202 

158.  Thymus linearis Benth.  Labiatae H L NAK-

https://en.wikipedia.org/wiki/Joseph_Decaisne
https://en.wikipedia.org/wiki/Alfred_Rehder
http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=10460
http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=20426


158 
 

   

  

 

203 

159.  Ajuga bracteosa L. Lamiaceae H Mi NAK-

204 

160.  Menth longifolia L. Huds Lamiaceae H N NAK-56 

161.  Mentha arvensis L. Lamiaceae H N NAK-57 

162.  Metha aquatic L. Lamiaceae H N NAK-58 

163.  Micromeria biflora D. 

Don. 

Lamiaceae Th L NAK-59 

164.  Nepeta erecta (Royle ex 

Benth.) 

Lamiaceae H Mi NAK-60 

165.  Origanum vulgare L. Lamiaceae CH L NAK-61 

166.  Phlomis tuberosa L. Lamiaceae CH L NAK-62 

167.  Prunella vulgaris L. Lamiaceae Th Mi NAK-63 

168.  Salvia moorcroftiana 

Wall. ex Benth. 

Lamiaceae H Mg NAK-64 

169.  Scutellaria baicalensis 

Georgi 

Lamiaceae CH N NAK-65 

170.  Thymus serpyllum L. Lamiaceae CH L NAK-66 

171.  Tulipa stellata Hook. Liliaceae G N NAK-

161 

172.  Woodfordia floribanda 

Salisb. 

Lythraceae Np Mi NAK-

162 

173.  Grewia tenex L. Malvaceae Mp Mi NAK-

163 

174.  Malva parviflora L. Malvaceae Th N NAK-

164 

175.  Malvestrum 

coromendlianum L. 

Malvaceae Th N NAK-

165 

176.  Azearachta indica A.Jess Meliaceae Mp Mi NAK-

166 

177.  Malia azedarach L. Meliaceae Mp Mi NAK-

https://en.wikipedia.org/wiki/Nathaniel_Wallich
https://en.wikipedia.org/wiki/George_Bentham
https://en.wikipedia.org/wiki/Johann_Gottlieb_Georgi
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167 

178.  Broussonetia  papyrifera 

L. 

Moraceae Mp Me NAK-

168 

179.  Ficus carica L. Moraceae Mp Mg NAK-

169 

180.  Ficus palmata L. Moraceae Mp Mg NAK-

170 

181.  Morus alba L. Moraceae Mp Mi NAK-

171 

182.  Morus nigra L. Moraceae Mp Mi NAK-

172 

183.  Anagalis arvens L. Myrsinaceae Th Mi NAK-68 

184.  Myrsine africana L. Myrsinaceae Np L NAK-69 

185.  Eucalyptus alba Reinw.ex 

blume. 

Myrtaceae Mp Mi NAK-70 

186.  Fraxinus excelsior L. Oleaceae Mp N NAK-

173 

187.  
Jasminum officinale L. Oleaceae 

Mp N NAK-

174 

188.  Olea ferruginea Royle. Oleaceae Np N NAK-

175 

189.  Epilobium hirseutens L. Onagraceae CH L NAK-

176 

190.  Epilobium hirseutens L. Onagraceae CH L NAK-

177 

191.  Epilobium tibetanum  

Haussknecht 

Onagraceae CH L NAK-

178 

192.  Oenothera rosea L. Her. Onagraceae H Mi NAK-

179 

193.  
Habenaria digitata Lindl. Orchidaceae 

CH Mi NAK-

180 
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194.  Pedicularis pecinata 

Wall. ex Benn. 

Orobanchaceae CH Mi NAK-

252 

195.  Osmunda regalis L. Osmundaceae G Mg NAK-

253 

196.  
Oxalis corniculata L. Oxalidaceae 

H Mi NAK-

254 

197.  Corydalis govaniana 

wall. 

Papaveraceae CH Mi NAK-

205 

198.  Fumaria indica L. Papaveraceae Th Mi NAK-

206 

199.  Papaver somniferum L. Papaveraceae Th N NAK-

207 

200.  Desmodium gangeticum 

L. 
Papilionaceae 

Np Mi NAK-

255 

201.  Onychium contiguvm L. Parkeriaceae G Mg NAK-

256 

202.  Onychium japonicum 

Blume. 

Parkeriaceae G Mg NAK-

257 

203.  
Abies pindrowRoyle Pinaceae 

Mp L NAK-

271 

204.  
Cedrus deodara Roxb.  Pinaceae 

Mp L NAK-

272 

205.  Picea smithiana 

(Wall.) Boiss. 

Pinaceae Mp L NAK-

273 

206.  Pinus roxburghii Sargent. Pinaceae Mp L NAK-

274 

207.  Pinus wallichiana 

A.B.Jacks.  

Pinaceae Mp L NAK-

275 

208.  Plantago lanceolata L. Plantaginaceae Th Mi NAK-

258 

209.  Plantago major L. Plantaginaceae Th Mi NAK-

259 

https://en.wikipedia.org/wiki/Pierre_Edmond_Boissier
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210.  Plantago ovata Forssk. Plantaginaceae Th Mi NAK-

260 

211.  Veronica anagallis-

aquatica L. 

Plantaginaceae CH L NAK-

261 

212.  Veronica scutellata L. Plantaginaceae CH L NAK-

262 

213.  Veronica mellissfolia Poir Plantaginaceae CH L NAK-

263 

214.  Wulfenia amhertiana 

Benth. 

Plantaginaceae CH Mi NAK-

264 

215.  Agrostis canina L. Poaceae H L NAK-

017 

216.  Agrostis gigentea Roth. Poaceae H L NAK-

018 

217.  
Agrostis viridis Gouan Poaceae 

H L NAK-

019 

218.  Andropogon gerardii 

Vitman. 

Poaceae H L NAK-

208 

219.  Aristida depressa  Retz. Poaceae H L NAK-

209 

220.  Arundo donax L. Poaceae H L NAK-

210 

221.  Avena barbeta L. Poaceae H L NAK-

211 

222.  Avena maroccana Gdrg. Poaceae H L NAK-

212 

223.  Avena pratensis L. Poaceae H L NAK-

213 

224.  Avena spp L. Poaceae H L NAK-

214 

225.  Avena sterilis L. Poaceae H L NAK-

215 
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226.  Botheriochloa bladhii  

(Retz.) S.T.Blake  

Poaceae H L NAK-

216 

227.  Brachiaria remosa  

(Trin.) Griseb 

Poaceae H L NAK-

217 

228.  Bromus inermis Leyss. Poaceae H L NAK-

218 

229.  Cenchrus ciliaris L. Poaceae H L NAK-

219 

230.  Chasmanthium latifolium 

Michx. 

Poaceae H L NAK-

220 

231.  Chrysopogon pallidus 

(R.Br.) Steud. 

Poaceae H L NAK-

221 

232.  Conchrus ciliaris L. Poaceae H L NAK-

222 

233.  Cynodon dactylon L. 

Pers. 

Poaceae H L NAK-

223 

234.  Cyprus polystachyos Var. Poaceae H L NAK-

224 

235.  Desmostachya bipinnata  

(L.) Stapf 

Poaceae H L NAK-

225 

236.  Dichanthium annulatum 

Forsk. 

Poaceae H L NAK-

226 

237.  Dichanthium favolatum 

Del. 

Poaceae H L NAK-

227 

238.  Digitaria setigra Haller. Poaceae H L NAK-

228 

239.  Echinochloa colonum L. Poaceae H L NAK-

229 

240.  Eleusine indica 

(L.) Gaertn. 

Poaceae H L NAK-

230 

241.  Elymus elymoides 

Swezey. 

Poaceae H L NAK-

231 

https://en.wikipedia.org/wiki/Anders_Johan_Retzius
https://en.wikipedia.org/wiki/Stanley_Thatcher_Blake
https://en.wikipedia.org/wiki/Carl_Bernhard_von_Trinius
https://en.wikipedia.org/wiki/August_Heinrich_Rudolf_Grisebach
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Otto_Stapf
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Gaertn.
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242.  Gastridium ventricosum 

Gouan. 

Poaceae H L NAK-

232 

243.  Heteropogon contortus 

Pers. 

Poaceae H L NAK-

233 

244.  Iriochloa crus-galli L. Poaceae H L NAK-

234 

245.  Koeleria marantha 

(Ledeb.) 

Poaceae H L NAK-

235 

246.  Lolium perenne L. Poaceae H L NAK-

236 

247.  Paspalidium 

flavidum Retz. 
Poaceae 

H L NAK-

237 

248.  Phalaris arundinaceae L. Poaceae H L NAK-

238 

249.  Phalaris tuberosa L. Poaceae H L NAK-

239 

250.  Phragmitis australis 

ex.steud. 

Poaceae H L NAK-

240 

251.  
Poa alpina L. Poaceae 

H L NAK-

241 

252.  Poa annua L. Poaceae H L NAK-

242 

253.  Poa attenuate Trin. Poaceae H L NAK-

243 

254.  Poa bulbosa L. Poaceae H L NAK-

244 

255.  Polypogon monspeliensis 

L. 

Poaceae H L NAK-

245 

256.  Saccharum officinarum L. Poaceae H L NAK-

246 

257.  Setaria gracilis Kunth. Poaceae H L NAK-

247 
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258.  Seteria viridis var. Poaceae H L NAK-

248 

259.  Sporobolus indicus L. Poaceae H L NAK-

249 

260.  
Themeda anathera Nees  Poaceae 

H L NAK-

250 

261.  
Theopogon pallidus Poaceae 

H L NAK-

252 

262.  Vitevaria zizinoids (L.) 

Nash 

Poaceae H L NAK-

265 

263.  
Podophyllum emodi Wall.  Podophyllaceae 

CH Me NAK-

266 

264.  Bistorta amplexicaulis D. 

Don 
Polygonaceae 

H Mi NAK-

291 

265.  Fagopyrum cymosum 

Mill 

Polygonaceae CH Mi NAK-

292 

266.  Oxyria digyna (L.) Hill Polygonaceae CH Mi NAK-

293 

267.  Persicaria capitata 

D.Don. 

Polygonaceae Np N NAK-

294 

268.  
Polygonum alpinum 

Allioni 
Polygonaceae 

H Me NAK-

295 

269.  Polygonum amplexicaule 

D. Don 
Polygonaceae 

H Mi NAK-

296 

270.  Polygonum aviculare L. Polygonaceae H N NAK-

297 

271.  
Polygonum nepalense 

Meisn. 
Polygonaceae 

Th Mi NAK-

298 

272.  Rheum emodi L. Polygonaceae CH Mg NAK-

299 

273.  Rheum webbianum Royle Polygonaceae CH Mg NAK-

300 

https://en.wikipedia.org/wiki/Carolus_Linnaeus
https://en.wikipedia.org/wiki/John_Hill_(author)
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274.  Rumax haustatus D.Don Polygonaceae H Mi NAK-

301 

275.  Rumax neplensis L. Polygonaceae H Me NAK-

302 

276.  
Primula macrophylla D. 

Don 
Primulaceae 

CH Mi NAK-

266 

277.  
Primula rosea Royle Primulaceae 

CH Mi NAK-

267 

278.  Primula vulgaris Huds. Primulaceae CH Mi NAK-

268 

279.  Pteris critica L. Pteridaceae G Mg NAK-

269 

280.  Pteris vitata  L. Pteridaceae G Mg NAK-

270 

281.  Punica granatum L. Punicaceae Np N NAK-

276 

282.  Aconitum cheasmanthum 

L. 

Ranunculaceae CH N NAK-09 

283.  
Aconitum heterophyllum 

Royle 
Ranunculaceae 

CH N NAK-

010 

284.  Adonis  aestivalis L. Ranunculaceae CH Mi NAK-

015 

285.  Caltha alba Camb. in 

Jacquem 

Ranunculaceae CH Mi NAK-

277 

286.  
Caltha palustris L. Ranunculaceae 

CH Mi NAK-

278 

287.  Clematis hookeriana L. Ranunculaceae L Mi NAK-

279 

288.  Delphanium denudatum 

Wall. 

Ranunculaceae CH Mi NAK-

280 

289.  
Ranunculus arvensis L. Ranunculaceae 

Th Mi NAK-

281 

https://en.wikipedia.org/wiki/Adonis_aestivalis
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290.  
Ranunculus laetusWall.  Ranunculaceae 

Th Mi NAK-

282 

291.  Ranunculus muricatus L. Ranunculaceae Th Mi NAK-

283 

292.  
Ziziphus jujuba Mill. Rhamnaceae 

Np N NAK-

284 

293.  Ziziphus mauritiana 

Burm. 

Rhamnaceae Np N NAK-

285 

294.  Ziziphus nummularia 

(Burm.f.) Wight & Arn. 

Rhamnaceae Mp Mi NAK-

286 

295.  Ziziphus oxyphylla 

Edgew. 
Rhamnaceae 

Np N NAK-

287 

296.  Cotoneaster roseus 

Edgew 

Rosaceae Np N NAK-

288 

297.  
Duchesnea indica Andr. Rosaceae 

Th N NAK-

289 

298.  
Echinochloa crusgalli L. Rosaceae 

Th N NAK-

290 

299.  Fragaria daltoniana J. 

Gay. Ross. 

Rosaceae Th Mi NAK-

333 

300.  
Fragaria indica Andrews Rosaceae 

Th Mi NAK-

303 

301.  Fragaria nubicola lindl Rosaceae Th Mi NAK-

304 

302.  Gheum alatum L. Rosaceae H Mi NAK-

305 

303.  Potentella cuniata Wall. 

ex Lehm. 

Rosaceae H Mi NAK-

306 

304.  
Prunus armeniaca 

Marshall 
Rosaceae 

Mp Mi NAK-

307 

305.  
Prunus avium L. 

Rosaceae Mp Mi NAK-

308 

https://en.wikipedia.org/wiki/Rhamnaceae
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306.  
Prunus Cerasus L. 

Rosaceae Mp Mi NAK-

309 

307.  
Prunus domestica L. 

Rosaceae Mp Mi NAK-

310 

308.  
Prunus padus 

Rosaceae Mp Mi NAK-

311 

309.  
Prunus persica L.Batsch 

Rosaceae Mp Mi NAK-

312 

310.  
Pyrus communis L. Rosaceae 

Mp Mi NAK-

313 

311.  Pyrus pashia L. Rosaceae Mp Mi NAK-

314 

312.  Rosa bracteata L. Rosaceae Np Mi NAK-

315 

313.  Rosa laevigata Michx. Rosaceae Np N NAK-

316 

314.  
Rosa macrophylla Lindl. 

Rosaceae Np N NAK-

317 

315.  Rosa moschata Herrm Rosaceae Np N NAK-

318 

316.  
Rosa webbiana Wall.  

Rosaceae Np N NAK-

319 

317.  Rubus armeniacus Focke. Rosaceae Np Mi NAK-

320 

318.  
Rubus ellipticus Smith 

Rosaceae Np N NAK-

321 

319.  Rubus fruticosus L.  Rosaceae Np Mi NAK-

322 

320.  Sorbaria tomentosa L. Rosaceae Np Mi NAK-

323 

321.  Gallium asperifolium L. Rubiaceae Th L NAK-

324 
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322.  Gallium boreale L. Rubiaceae Th L NAK-

325 

323.  
Skimmia laureola DC.  Rutaceae 

H N NAK-

326 

324.  Zanthoxylum alatum 

Roxb. 

Rutaceae Np Mi NAK-

327 

325.  
Zanthoxylum armatum 

DC. 
Rutaceae 

Np Mi NAK-

328 

326.  Populous alba L. Salicaceae Mp Me NAK-

329 

327.  Populus ciliata Wall. Salicaceae Mp Me NAK-

330 

328.  Salix denticulate 

Andersson. 

Salicaceae Mp Mi NAK-

331 

329.  Salix tetra sperma Roxb. Salicaceae Mp Mi NAK-01 

330.  
Sambucus wightiana 

Wall.  
Sambucaceae 

CH Mi NAK-

332 

331.  Acer ceasium wall. Ex 

Brandis 

Sapindaceae Mg Mi NAK-05 

332.  Acer pictum 

(Maxim.) H.Ohashi 

Sapindaceae Mg Mi NAK-06 

333.  Aesculus indica Wall. Sapindaceae Mg Me NAK-

016 

334.  Dodonaea viscosa Jacq. Sapindaceae Np Mi NAK-

356 

335.  Sapindus saponaria L. Sapindaceae H Mi NAK-

357 

336.  
Bergenia ciliata Haw. Saxifragaceae 

CH Mg NAK-

358 

337.  Bergenia stracheyi 

(Hook.f. & Thorns.) Engl. 

Saxifragaceae CH Mg NAK-

359 

https://en.wikipedia.org/wiki/Carl_Maximowicz
https://en.wikipedia.org/wiki/Hiroyoshi_Ohashi
http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=10800
https://en.wikipedia.org/wiki/Joseph_Dalton_Hooker
https://en.wikipedia.org/w/index.php?title=Thorns.&action=edit&redlink=1
https://en.wikipedia.org/wiki/Adolf_Engler
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338.  Saxifragia arendsii L. Saxifragaceae CH L NAK-

360 

339.  Verbascum thapsus  L. Scrophulariaceae Th Mi NAK-

361 

340.  Ailanthus altissima Mill. Simaroubaceae Mp Mi NAK-

020 

341.  Atropa acuminate Royle 

ex lindl 

Solanaceae Th Mi NAK-

362 

342.  Dautura stramonium L. Solanaceae Th Mi NAK-

346 

343.  Solanum americanum L.  Solanaceae Th Mi NAK-

347 

344.  Solanum nigrum L. Solanaceae Th Mi NAK-

334 

345.  Solanum pseudocapsicum  

L. 

Solanaceae Np N NAK-

335 

346.  Solanum xanthocarpum 

Burm. 

Solanaceae Th Mi NAK-

336 

347.  
Taxus wallichiana 

Zuccarini 
Taxaceae 

Mp L NAK-

337 

348.  
Trillium govanianum 

Wall.  
Trilliaceae 

CH Mi NAK-

338 

349.  Celtis eriocarpa Decne. Ulmaceae Mp Mi NAK-

339 

350.  Bupleurum gracillium 

Klotzsch 

Umbelliferae CH N NAK-

340 

351.  Bupleurum himalayensis 

L. 

Umbelliferae CH N NAK-

341 

352.  Bupleurum longicaule  

Wall. ex DC. 

Umbelliferae CH N NAK-

342 

353.  
Bupleurum tenue Buch.  Umbelliferae 

CH N NAK-

343 

http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=10930
http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=10930
http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=10930
http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=10930


170 
 

   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

354.  Chaerophyllum reflexum 

Lindl. 
Umbelliferae 

CH Mi NAK-

344 

355.  Foeniculum vulgare Mill. Umbelliferae H L NAK-

345 

356.  Debregeasia salicifolia 

D. Don. 

Urticaceae Np Mi NAK-

348 

357.  
Urtica dioica L. Urticaceae 

Th Mi NAK-

349 

358.  Valeriana pyrolifolia 

Decne 

Valerianaceae CH Mi NAK-

350 

359.  Verbena officinalis  L. Verbenaceae H N NAK-

351 

360.  
Vitex negundo L. Verbenaceae 

Np Mi NAK-

352 

361.  Viola odorata L. Violaceae H Mi NAK-

353 

362.  Tribulus terrestris L. Zygophyllaceae Th Mi NAK-

354 

http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=10930
http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=10936
http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=10941
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Appendix 2: Floristic composition, habit and IVI values of vegetation recorded 

from Muzaffarabad division AJK 

Species Name Family  Habit  Importance value 

 

Prunus armeniaca Rosaceae  Tree 22.72 

 

Prunus domestica Rosaceae Tree 12.43 

 

Prunus persica Rosaceae Tree 18.01 

 

Ficus palmata Moraceae  Tree 8.98 

 

Dalbergia sissoo Moraceae  Tree 12.97 

 

Celtis eriocarpa Ulmaceae Tree 11.64 

 

Elaeagnus parvifolia Elaegnaceae Shrub 8.75 

 

Lonicera glabrata Caprifoliaceae Shrub 10.08 

 

Zanthoxylum alatum Rutaceae Shrub 12.47 

 

Justicia adhatoda Acanthaceae Shrub 7.76 

 

Otostegia limbata Labiatae Shrub 8.99 
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Woodfordia floribunda Lythraceae Shrub 7.39 

 

Dodonaea  viscosa Sapindaceae Shrub 9.40 

 

Vinca rosea Apocynaceae Shrub 13.13 

 

Solanum nigrum Solanaceae Herb 11.58 

 

Mentha longifolia Lamiacea Herb 13.06 

 

Amaranthus viridus Amaranthaceae Herb 9.66 

 

Verbena officinalis Verbenaceae Herb 13.05 

 

Malvestrum coromendlianum Malvaceae Herb 11.48 

 

Tagetus minuta Asteraceae Herb 10.58 

 

Parthinium hysterophorus Asteraceae Herb 12.15 

 

Cannabis sativa Cannabanaceae Herb 14.30 

 

Solanum xanthocarpum Solanaceae Herb 11.80 

 

Dryopteris marginalis Dryopterdaceae Fern 11.85 
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Pteris vitata Pteridaceae Fern 10.87 

 

Cynodon dactylon poaceae Herb 19.51 

 

Poa annua poaceae Herb 18.03 

 

Dichanthium annulatum Poaceae Herb 12.06 

 

Mallotus philipinensis Euphorbiaceae Shrub 13.42 

 

Persicaria capitata Polygonaceae Shrub 10.45 

 

Rosa laevigata Rosaceae Shrub 7.66 

 

Nerium oleander Apocynaceae Shrub 8.97 

 

Hedra neplensis Araliaceae Climber 9.47 

 

Solanum americanum Solanaceae Herb 16.76 

 

Rosa bracteata Rosaceae Herb 15.60 

 

Amaranthus spinosus Amaranthaceae Herb 14.94 
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Chenopodium album Amaranthaceae Herb 13.56 

 

Cynoglossum lanceolatum Boraginaceae Herb 14.88 

 

Rumax neplensis Polygonaceae Herb 16.08 

 

Calotropis procera Asclipadaceae Herb 11.51 

 

Adiantum cappilus-vanaris Adiantaceae Fern 12.05 

 

Cyprus rutundus Cypraceae Herb 8.23 

 

Sporobolus indicus Poaceae Herb 10.46 

 

Chrysopogon pallidus Poaceae Herb 11.75 

 

Setaria gracilis Poaceae Herb 17.88 

 

Ficus carica Moraceae Tree 14.40 

 

Ziziphus mauritiana Rhamnaceae Shrub 13.19 

 

Punica granatum Punicaceae Shrub 9.54 

 

Matenus royleanus Celasteraceae Shrub 5.08 
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Indigofera heterantha Fabaceae Shrub 11..46 

 

Eruca sativa Brassicaceae Herb 12.06 

 

Capsella bursa-pastoris Brassicaceae Herb 14.81 

 

Carthamus oxyacantha Asteraceae Herb 13.90 

 

Vicia monantha Fabaceae Herb 12.49 

 

Adiantum caudatum Adiantaceae Fern 8.56 

 

Adiantum venustum Adiantaceae Fern 12.40 

 

Dryopteris ramosa Dryopteridaceae Fern 10.33 

 

Phragmitis australis Poaceae Herb 13.71 

 

Gastridium ventricosum Poaceae Herb 15.08 

 

Cyprus mariscus Poaceae Herb 13.05 

Carex secta Cypraceae Herb 11.92 

Aesculus indica Sapindaceae Tree 9.37 
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Pyrus pashia Rosaceae Tree 9.83 

Myrsine africana Myrsinaceae Shrub 11.39 

Rubis fruticosus Rosaceae Shrub 8.27 

Smilax regelii Anacardiaceae Climber 7.43 

Clematis hookeriana Ranunculaceae Climber 14.13 

Rumax haustatus Polygonaceae Herb 11.47 

Medicago laciniata Fabaceae Herb 14.02 

Verbascum Thapsus Scropholaraceae Herb 14.60 

Taraxacum officinale Asteraceae Herb 12.58 

Fragaria daltoniana Rosaceae Herb 12.75 

Rananculus muricatus Ranunculaceae Herb 14.62 

Geranium ocellatum Geraniaceae Herb 11.36 

Mentha arvensis Lamiaceae Herb 9.26 

Micromeria biflora Lamiaceae Herb 15.27 

Viola odorata Violaceae Herb 13.09 

Polypogon monspeliensis Poaceae Herb 13.26 

Chasmanthium latifolium Poaceae Herb 11.56 
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Lolium perenne Poaceae Herb 10.72 

Arundo donax Poaceae Herb 11.57 

Onychium japonicum Parkeriaceae Fern 8.68 

Prunus cerasus 

 

Rosaceae Tree 10.81 

Cuscuta reflexa 

 

Cuscutaceae Herb 13.71 

Ajuga bracteosa 

 

Lamiaceae Herb 14.91 

Malva parviflora 

 

Malvaceae Herb 9.84 

Trifolium repens 

 

Asteraceae Herb 22.73 

Equisetum debile 

 

Equisetaceae Herb 9.64 

Dicliptra roxburghiana 

 

Acanthaceae Herb 9.73 

Debregeasia salicifolia 

 

Urticaceae Herb 10.15 

Polygonum aviculare 

 

Polygonaceae Herb 9.77 

Cassia angustifolia 

 

Caesalpinaceae Herb 11.64 

Plantago lanceolata 

 

Plantaginaceae Herb 14.79 
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Tulipa stellata 

 

Liliaceae Herb 12.64 

Anagalis arvens 

 

Primulaceae Herb 11.30 

Gallium asperifolium 

 

Rubiaceae Herb 10.33 

Avena pratensis 

 

Poaceae Herb 11.36 

Phalaris arundinacea 

 

Poaceae Herb 17.13 

Avena sterilis 

 

Poaceae Herb 12.40 

Desmodium cuspidatum 

 

Paplionaceae Shrub 9.75 

Hypericum perforatum 

 

Hypericaceae Shrub 7.71 

Foeniculum vulgare 

 

Umbelliferae Herb 10.13 

Plantago major 

 

Plantaginaceae Herb 12.00 

Stellaria media 

 

Caryophyllaceae Herb 12.87 

Cirsium arvensis 

 

Asteraceae Herb 7.21 

Pronella vulgaris 

 

Lamiaceae Herb 10.58 
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Dautura stramonium 

 

Solanaceae Herb 8.22 

Onychium contiguvm 

 

Parkeriaceae Fern 11.17 

Asplenium adiantum-nigrum 

 

Aspleniaceae Fern 17.40 

Avena marocanna 

 

Poaceae Herb 11.39 

Morus alba 

 

Moraceae Tree 7.64 

Viburnum grandiflorum 

 

Caprifoliaceae Shrub 14.38 

Berberis lyceum 

 

Berberidaceae Shrub 9.19 

Sonchus oleraceous 

 

Asteraceae Herb 12.73 

Oenothera rosea 

 

Onagaceae Herb 9.75 

Bidens biternata 

 

Asteraceae Herb 11.66 

Impatiens balsamina 

 

Balsaminaceae Herb 15.96 

Solidago missouriensis 

 

Asteraceae Herb 10.36 

Sonchus arvensis Asteraceae Herb 12.39 
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Carduus tenuiflorus 

 

Asteraceae Herb 12.85 

Abbies pindrow 
Pinaceae Tree 14.96 

 

Picea smithiana Pinaceae Tree 27.19 

Juglans regia Juglandaceae Tree 13.70 

Prunus pedus Rosaceae Tree 12.82 

Prunus avium Rosaceae Tree 9.27 

Taxus wallichiana Taxaceae Tree 5.06 

Berberis aristata Berbaridaceae Shrub 8.24 

Skimia laureola Rutaceae Shrub 5.20 

Rosa parviflora Rosaceae Shrub 6.58 

Viburnum contonifolium Caprifoliaceae Shrub 4.95 

Sambucus wightiana Sambucaceae Herb 23.64 

Caltha alba Ranunculaceae Herb 25.28 

Iris decora Iridaceae Herb 13.88 

Polygonum alpinum Polygonaceae Herb 12.40 

Osmunda regalis Osmundaceae Fern 11.40 
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Salix alba Salicaceae Tree 3.31 

Acacia nilotica Fabaceae Tree 5.94 

Pyrus malus Rosaceae Tree 8.29 

Sorbaria aitchisonii Rosaceae Shrub 13.53 

Oxyria digyna Polygonaceae Shrub 10.85 

Plantago ovata Plantaginaceae Herb 14.92 

Hetropogon contortus Poaceae Herb 28.06 

Dryopteris stewertii Dryopteridaceae Fern 7.36 

Pyrus communus Rosaceae Tree 8.85 

Pinus wallichiana Pinaceae Tree 13.71 

Cedrus deodara Pinaceae Tree 24.42 

Parrotiopsis jacquemontiana Hamamalidaceae Shrub 17.50 

Rosa microphylla Rosaceae Shrub 13.99 

Artimesia vulgaris Asteraceae Herb 15.17 

Achillea millefolium Asteraceae Herb 18.72 

Polygonum plebeium Polygonaceae Herb 16.27 

Diospyros lotus Ebenaceae Tree 12.97 
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Urtica dioca Urticaceae Herb 4.95 

Oxalis corniculata Oxalidaceae Herb 20.99 

Trillium govanianum Trillaceae Herb 8.98 

Lindelofia stylosa Boraginaceae Herb 9.73 

Sarcococca saligna Boxaceae Shrub 12.06 

Agrostis gigantea Poaceae Herb 24.78 

Avena barbeta Poaceae Herb 41.09 

Pinus roxburghii Pinaceae Tree 17.38 

Quercus dilatata Fagaceae Tree 11.26 

Ailanthus altissima Simaroubaceae Tree 11.51 

Medicago denticulata Fabaceae Herb 18.03 

Sorghum helepens Poaceae Herb 12.65 

Melilotus indicus Fabaceae Herb 13.98 

Andropogon gerardii Poaceae Herb 11.03 

Seteria viridis Poaceae Herb 15.32 

Morus nigra Moraceae Tree 14.38 

Solanum pseudocapsicum Solanaceae Shrub 6.97 
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Sobaria tomentosa Rosaceae Shrub 10.23 

Duchesnea indica Rosaceae Herb 10.58 

Iriochloa crussgalli Poaceae Herb 23.13 

Polystichum aculeatum Dryopteridaceae Fern 10.44 

Lonicera quinquelocularis Caprifoliaceae Shrub 13.27 

Impatiens edgworthii Balsaminaceae Herb 15.98 

Caltha plaustris Ranunculaceae Herb 11.00 

Primula denticulata Primulaceae Herb 9.20 

Bistorta amplexicaul Polygonaceae Herb 9.43 

Fragaria nubicola Rosaceae Herb 15.38 

 

 


