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ABSTRACT 

Rationale of the study: 

Pinus roxburghii Sargent, commonly known as ‘chir pine’ is the most 

important pine among the six indigenous pine species of Indian subcontinent and 

amongst the dominant species of the subtropical pine forests of India. The species has 

wide ecological and economic value. During phytosociological studies of this species 

in lesser Himalayan and Hindu Kush ranges it was observed that forests are unstable 

and degraded and would be vanished if not maintained properly (Siddique et.al., 

2009). But in Nepal this species comprises 17% of total forest area. There it is widely 

planted by individual farmers and in government-managed forests and community 

forests (Jackson, 1994). In Nepal P.roxburghii has outnumbered all other species in 

afforestration programs in its natural zone of occurrence (Gauli et.al., 2009).  

 Chir Pine is much valued for its timber and oleoresin. It occurs in the monsoon 

belt of outer Himalaya, from Northeastern part of Pakistan to Arunachal Pradesh in 

India at elevations varying from 450 to 2300 msl. The forest type of this species 

comes under – The Himalayan subtropical pine forests which are the largest in the 

Indo: Pacific regions (www.worldwildlife.org). It is found distributed over a long strip 

of 3,200 km between latitudes 260 N to 360 N and longitudes 710E to 930 E. The 

species is economically very important and is used for variety of purposes viz., timber 

for house construction, fuel wood extraction, charcoal formation, resin tapping, 

needles for fuel briquetting, cattle bedding and manufacturing organic manures etc 

(Ghidiyal et.al., 2009). As rightly said every part of the Chir pine from the needle to 

the bark can be used for commercial purposes.  

An understanding of the degree of diversity within and between the 

populations of a species is required to support the continuously rising plantation 

programs and to provide information for the conservation of the species’ genetic 

resources since geographically separated populations are expected to have different 

genetic compositions (Sharma et.al., 2002). Genetic diversity is of prime importance 

for the species’ persistence (Wang and Szmidt, 2001), since the evolutionary 
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adaptive potential of populations depends on genetic variation patterns (Siregar, 

2000, Finkeldey and Hattemer, 2007). Within each tree species, amount and 

distribution of genetic variation is crucial for long term stability of forest ecosystems 

(Sharma, et.al., 2002). 

Genetic structures of numerous plant populations have been altered by humans 

for many generations (Finkeldey and Hattemer, 2007).This applies particularly to the 

tree species used for the establishment of plantations. Genetic structures of plantations 

are assumed to strongly differ from natural strands. They exhibit reduced levels of 

genetic variations and, hence, reduced adaptive potentials in comparison to natural 

strands (Pande et.al., 2004). 

Maintenance of variation within the species is essential for their long-term 

survival and fitness. The genetic variation helps the trees sustain in different 

geographical terrain and climatic conditions. A good understanding of level and 

distribution of genetic variability within the species is vital for their effective 

conservation and utility. This study can help us in developing strategies for their 

conservation. Hence, there is a need to study the existing variation within the species. 

On account of the destruction of forests due to human activities the need for 

conservation as well as reintroduction of this species becomes important, the 

knowledge of genetic diversity within this species covering Himalayan subtropical 

forests as well as diversity in provenance trial plantations is essential.   
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Fig 1:  Distances between the locations for provenance trials.
All Distances in Km by shortest road route. Website used for finding distance - 
http://www.mapxl.com/path-finder/map_routing.phtml 

 
We have not come across any genetic diversity reports in Indian provenances 

hence genetic diversity studies from both native populations from Himachal Pradesh – 

Palampur (PA) and West Bengal – Darjeeling (DJ) provenances and also from 

Systematic provenance trial location from east and west side of Southern states of 

Indian subcontinent covering Andhra Pradesh-Rajahmundry (RJ)- Meredumilli 

location and Maharashtra – Panchagani-Gureghar (GG) provenance trial plots was 

undertaken during these studies. For Pinus roxburghiii, these four locations cover 4 

corners of Indian provenances (Fig- 1 where distances are indicated as shortest road 

distances.) 

Deforestation due to human activity, accompanied by depletion of forest tree 

genetic resources, is occurring in many parts of the world. Thus there is an urgent 

need to conserve forest ecosystems for both environmental and economic reasons 

(Fenning and Gershenzon 2002).  Micropropagation is one of the alternatives to do so. 

During the last three decades, comprehensive studies were conducted to find out the 

possibilities of propagation of conifers using tissue culture methods. During initial 

first decade, due to the recalcitrance of the mature or differentiated tissues of pines 

like, needles, axillary buds, male and female cones in vitro (Bonga 1981), attention 

was shifted to seedling and cotyledonary stage, i.e. juvenile or immature tissues. 
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 In P.roxburghii  the two systems of organogenesis i.e. de novo shoot and root 

formation through adventitious shoot induction on cotyledons (Murithii et.al., 1993, 

Parasharami et.al., 1999) and axillary bud induction from mature shoots of 30 year 

old trees  (Parasharami et.al., 2001, 2003), and axillary bud induction from seedling 

explants have been reported (Kalia et.al., 2007). In this species somatic 

embryogenesis was also reported previously. (Arya and Arya 2000, Mathur et.al., 

2000). 

Based on the previous experience (Parasharami et.al., 2003, Parasharami 

et.al., 2006) of mature tissue culture work in P.roxburghii (Parasharami et.al., 2003), 

the experiments were planned for comparative response of native/natural  and 

provenance trial plantation tissue culture studies. 

The objectives of the studies were: 

1. To do detailed Genetic diversity studies in P.roxburghii between the 

populations at 4 distinct natural/provenance locations using ISSR primers. The 

locations selected were 1000-2000 KM away from four corners of India. 

2. In vitro studies for propagation (via Micropropagation) using mature shoot bud 

material from different provenances. 

3.  Development of in vitro regeneration protocol for de novo organogenesis using 

mature zygotic embryos from Palampur (H.P.) seeds collected during the above 

study. 

4. Development of In vivo and In vitro micrografting protocols for survival of the 

de novo generated and in vitro axillary shoots. adventitious  shoots 
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THESIS ORGANIZATION 

This thesis has been divided into six chapters followed by Summary, Conclusions 

(Chapter 7) and bibliography at the end. 

Chapter 1: General introduction 

 This chapter gives a general introduction about the genus Pinus, its position 

and importance in Indian forestry and, the role of biotechnology in its improvement 

and propagation. It includes the description of Natural Habitat of Chir Pine in Indian 

subcontinent and the uses of the species in details. General introduction regarding 

diversity analysis, different types of diversity including genetic diversity, species 

diversity and ecosystem diversity along with introduction to different markers for 

genetic diversity analysis and fingerprinting used especially for conifers with special 

reference to ISSR markers/primers, their properties,  advantages and background.  

It also includes the objectives with which the present in vitro studies were intended 

and the approach with which the experiments have been planned and conducted. 

Chapter 2: General materials and methods: 

  In this chapter, general methodology followed throughout the course of study 

has been explained. It includes  The source of various chemicals, glassware, plastic 

ware and other materials utilized during the course of the work, glassware cleaning 

and preparation, basic media compositions and preparation, culture conditions, etc., 

List of ISSR primers used for diversity analysis, and the chemicals and stock solutions 

used for this study and the equipments and instruments used has been discussed. 

Materials and methodology related to specific experiments and studies has been 

included separately in each chapter.  
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Chapter 3: Assessment of Diversity in Pinus roxburghii from different 

provenances: 

  Studies of genetic diversity were undertaken for within and between four 

Pinus roxburgii  populations distantly located in Indian subcontinent. Of these two 

populations were natural viz. Palampur (PA) in Himachal Pradesh (HP) with Altitude 

1219 MSL, Longitude 760 30’E and Latitude 320 10’N, and Darjeeling (DJ) in West 

Bengal (WB) with Altitude 531 MSL Longitude 880 19’ E, Latitude 270 03’N, almost 

1700 km from each other (Shortest road distance). Other two  provenance includes 

Gureghar (GG)  in Maharashatra  with Altitude 1193, Longitude 730 49’E and 

Latitude 170 01’ N  and Rajahmundry- Meridumalli provenance trial in Andhra 

Pradesh (A.P.) with Altitude 431 MSL, Longitude, 810 48’E and Latitude 170 01’N, 

almost 1000 km from each other. Provenance trial plantations were located in 

southern part of the Indian Subcontinent.  

 Intra and inter population genetic diversity was measured using ISSR primers. 

Total 70 primers from UBC set # 9 motifs and 5 primers from Andrea Wolf (AW) 

developed ISSR primer motifs were selected. 25 for Annealing temperature 

standardization. Based on good band separations total 25 ISSR primers were selected 

for the final diversity analysis. DNA from mature needle material was isolated by 

Doyleand Doyle method. The bands were separated after PCR on AGE method. 

Polymorphic bands were scored from each ISSR primer  and genetic diversity was 

estimated using two software (Popgene32 and MVSP).  Following data was derived 

for intra population diversity of PA, DJ, GG and RJ populations. 

 For PA, Percentage of polymorphic loci (PBP) was 43.9%, Observed number 

of alleles (na *) 1.4397, Effective number of allele (ne*), 1.2139, Nei’s gene diversity 

(h*)  0.1791,Shannon’s information index ( I*) 0.2587.  For DJ population Percentage 

of polymorphic loci (PBP) was 51.14%, Observed number of alleles (na *) 1.5114, 

Effective number of allele (ne*) 1.2416, 1.2139, Nei’s gene diversity (h*) 0.1445, 

Shannon’s information index ( I*) 0.2587. For GG plantation Percentage of 

polymorphic loci (PBP) was 51.14%, Observed number of alleles (na *) 1.5114, 

Effective number of allele (ne*) 1.2057, Nei’s gene diversity (h*) 0.1287, Shannon’s 



 

                                                                                                                                                                    
xvii 

 

information index (I*) 0.0.2035. For Rajahmundry (RJ), Percentage of polymorphic 

loci (PBP) 71.34%, Observed number of alleles (na *) 1.7134, Effective number of 

allele (ne*), 1.2638, Nei’s gene diversity (h*) 0.1679,Shannon’s information index ( 

I*) 0.2691. Interpopulation diversity analysis was done for all four populations 

together. The Percentage of polymorphic loci (PBP) was 100%, Observed number of 

alleles (na *) 2.0000, Effective number of allele (ne*), 1.3073, Nei’s Gene diversity 

(h*) was 0.1942 And I* 0.3141. Gene flow (Nm) value was 1.3955 for these 4 

populations. The Populations PA and RJ were genetically linked at the Nei’s Genetic 

distance (1978) with value 2.8284 while the same between GG and DJ was 

4.0196.MSVP software  was used to get UPGMA for Jaccard’s coefficient and  Nei’s 

and Li’s Coefficients. Detailed conclusions were drawn from  these data for both Intra 

and Inter population diversity.                                                                                                                  

Chapter 4: In vitro responses of Pinus roxburghii mature shoots from different 

provenances:   

 In general, micropropagation of mature trees is important because it allows 

multiplication of superior genotypes identified in the field. In the present study main 

focus was to evaluate the in vitro response of mature shoots from the four 

provenances s i.e. PA and DJ (natural populations) and GG and RJ as provenance 

trials,   as there may be differences in response among natural and introduced plants 

which may reflect on in vitro response. The above study gives comparative account of 

types of shoot buds obtained in different provenances in particular season and 

percentage sprouting obtained from these shoots. For effect of season on collection of 

responsive buds shoots from GG provenance were used as control location or / 

reference location, which was a nearer plantation and collection of shoot buds, was 

more frequent. Seasonal effect of variations in bud size and responsive cultures has 

been observed. The protocols have been standardized for in vitro sprouting, 

elongation of sprouted axillary buds to shoots and multiplication of in vitro induced 

shoots for raising plantlets from these provenances which may be useful for large 

scale plantation programme. In vitro rooting of the microshoots was also attempted. 

The chapter covers all the above studies. 
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Chapter 5:  “The morphogenetic response and development of a 

micropropagation protocol for P. roxburghii using mature zygotic embryos”: 

  No seed set was observed in P.roxburghii provenances trial locations of RJ 

and GG. As the multiplication rate using mature shoot explants was not significant, de 

novo organogenesis using mature zygotic embryos (MZE) was tried from the PA seed 

material obtained during collection season. The effect of various basal media and 

cytokinins for adventitious bud induction, development and elongation of adventitious 

buds were investigated. Percent CFB  (cotyledons forming buds), average no of 

adventitious buds  induced on each CFB and Bud forming capacity index (BFC–

index) and  shoot elongation capacity  (SEC),were investigated in detail. Histological 

examination of adventitious bud induction was also carried out to ascertain the origin 

of the buds. Physical parameter of ‘light intensity effect’ on de novo organogenesis 

has also been studied in detail. In vitro rooting leading to plantlet formation with these 

adventitious shoots has been discussed. 

 

Chapter 6:  Development of in vitro and in vivo micrografting technique in 

P.roxburghii  

It was observed that there was rooting problem for in vitro developed axillary shoots 

and adventitious shoots from CFBs in this species. Therefore micrografting technique 

was developed. For in vitro micrografting in vitro grown ‘root stocks’ were prepared 

from the seeds obtained from PA i.e. Himachal Pradesh populations which is the 

native location of P.roxburghii in India.  In vitro ‘scions’ were the (de novo 

regenerated shoots and micropropagated axillary shoots. In vitro scions were used for 

micrografting on three month old nursery grown seedlings used as root stocks. While 

for in vivo micrografting experiments shoots from 40 year old provenance trial were 

used.  The success rate of this technique was for both in vitro and in vivo shoots. 

   

Chapter 7.  Summary and Conclusion: 

This section contains salient findings and conclusions of the present study. 
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Chapter 1  
 
  

Introduction 
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1.1 Introduction 

Chir pine scientifically known as Pinus roxburghii (family Coniferae) is one 

of the six Pinus species of India and the most widely occurring. It is also known as 

Himalayan long needle pine, long leaved Indian pine, Indian chir pine, chir or chil. 

Chir pine  (Pinus roxburghii), is the dominant species native of the inter-ranges and 

principal valleys of the Himalaya. It begins from Afghanistan in the west and ends in 

Bhutan in the east and extends through countries like Pakistan, India and Nepal. In 

India its natural forests are found in Jammu and Kashmir, Haryana, Uttarakhand,  

Himachal Pradesh, and Uttar Pradesh, parts of Sikkim, West Bengal and Arunachal 

Pradesh. The total area under chir forests is estimated to be 8, 90,000 hectares which 

occurs between 450 m to 2300 m altitude. It forms pure forests in its habitat but in its 

upper and lower limits occurs mixed with other conifers and broad leaved species,  

though rarely, in its upper limits it is found in association with deodar, kail, ban oak, 

burans (Rhododendron) etc.,  and in the lower limits with sal, sain, khair, harada, 

bahera, amla, jamun etc. Besides Chir pine other indigenous pines which are present 

in Indian subcontinent are P. gerardiana, P. wallichiana, P.kesiya, P.bhutanica, and 

P.merkusii (Ginwal et.al., 2009), all belong to family Abitaceae or Pinaceae of order 

coniferals. 

Classification of Genus Pinus : 

Kingdom    :   Plantae 

Division     :   Pinophyta 

Class          :   Pinopsida 

Order         :   Pinales / Coniferals 

Family       :   Pinacea /Abitaceae 

Genus        : Pinus  

 The pines have been traced back in the geological history to Jurassic period 

(150 million years) reaching their climax in the tertiary period (60 million years). The 

two distinct groups viz. Haploxylon (soft pines) and Diploxylon (hard pines) had 
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emerged by the end of lower Cretaceous period (125 million years) (Mirov 1967; 

Maheshwari and Konar 1971). The other genera belonging to family Pinaceae are, 

Abies Mill., Cathaya Chun and Kuang, Cedrus Link., Ketereeria Carr., Larix Mill., 

Picea A. Dietr., Pseudolarix Gord., Pseudotsuga Carr., and Tsuga Carr. Some 

characteristic features shared among this family are as follows: evergreen and 

monoecious plants; spirally arranged microsporophylls with two abaxial sporangia 

each; female cones with numerous spirally arranged pairs of scales (bearing seeds); 

ovules adaxial with their micropyles directed towards the cone-axis and seeds 

generally winged (Sporne 1965). 

 The pines are represented by 105 species (Mirov, 1967), whereas Dallimore 

and Jackson (1966) mentioned 80 valid species that are cosmopolitan and distributed 

mainly in the Northern hemisphere. Being a dominant genus of the temperate region, 

pines are also abundant in the subtropical and the Mediterranean regions and few 

species also make an appearance in the tropics. 

 The cosmopolitan genus covers almost all of North and Central America, 

Northern Europe, Bahamas, British Honduras, the subtropics of North Africa, the 

Canary Islands, Afghanistan, Pakistan, India, Burma, Indonesia, Philippines and 

spreading over to New Zealand. 

 

1.1.1 General morphological characters of Genus Pinus 

Young pine trees are generally pyramidal in shape with horizontal branches 

disposed as regular whorls and they lose this symmetry on maturity with the rounding, 

flattening or spreading of the crown. The lower braches also tend to fall off exposing 

the long bole due to the closeness of plantations. The stem bears two types of 

branches, long and dwarf shoots. Long shoots arise as lateral buds on main stem 

ending in an apical bud surrounded by bud scales. The lateral buds grow more or less 

horizontally producing one or more internodes every year. The dwarf shoots develop 

on the long shoots and bear needles. The number of needles per dwarf shoot is one of 

the features that aid in identification of different pines. The other external characters 

that facilitate the identification of different pine species are the position of umbo on 
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apophysis and, shape, size and colour of the resting bud. The male and female cones 

are borne on different branches of the same tree. The male cones (modified dwarf 

shoots) appear in clusters on lower branches whereas the female cone replaces the 

terminal bud of the long shoots (modified long shoots). In most species, including P. 

roxburghii and P.wallichiana, the mature female cones open and release seeds but in 

some species the seeds are dispersed only after the cone falls to the ground and rots. 

The pines are generally light demanders and do not thrive in areas that remain hot and 

humid throughout the year. A changeover of seasons is essential for normal 

development of pines. Only a few tropical pine species like P. taeda grow well in 

wetlands (Maheshwari and Konar 1971, Mirov 1967). In Indian subcontinent Pinus 

roxburghii is the fastest growing among the conifers found in the Himalayas. The 

species is hardy, frugal in its soil requirements and adapted to degraded sites which 

are deficient in nutrients. It grows with ease both on deep soils which should be well 

drained as well as on skeletal soils. Being a light demanding species, it easily 

rehabilitates exposed sites where most of broad leaved species rarely succeed. 

 

 

1.1.2 Importance and common uses of Pines: 

The edible kernel of P. guardiana, commonly known as ‘Chilgoza’ or Nioza’, 

is one of the species of pines that has a seed large enough and attractively flavored, to 

be edible. ‘Chilgoza’ is very highly priced ‘dry-fruit’ in the Indian subcontinent and is 

consumed after roasting. Moreover, the‘Chilgoza’ pine is the most endangered pine 

species in India, found at high altitudes in the inaccessible North-western Himalayas, 

occurring on the borders of Tibet, Kashmir and Pakistan. It also occurs in some 

patches of Kinnaur and Pangi districts of Himachal Pradesh (Maheshwari and Konar 

1971). With the number of trees dwindling each year, there is a constant effort being 

put in by the forest departments for the protection and propagation of this pine 

species. Due to the difficult terrain, scarcity and the high price that the seed fetches in 

the market, procuring P. guardian plant material, especially in the form of immature 

cones for clonal propagation studies, is presently not possible. 

The seeds of all pines are rich in fat and proteins (Sehgal et. al., 1989), but in 

only 18 species the kernels are large enough and attractively flavored to be edible. 

The kernels of P. pinea, commonly called as pignolia or pignoli, are mostly collected 
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in Italy and Spain, and used in many Italian preparations and also eaten raw, roasted 

or salted. In east Europe the edible seeds of P. cembra are used for culinary purposes 

and so are the seeds of P. cembroides in North America. P lambertiana, P. monticola, 

P. sabiniana, P. couteri, P. torreyana and P. jeffreyiare are also important sources of 

edible pine seeds (Maheshwari and Konar 1971). 

The Indian pines are mostly exploited for their resin, than they are for timber. 

In general, the yield of oleoresin is more in the species found in warmer than in 

temperate zones. Pinus roxburghii, P. wallichiana and P. kesiya are the three common 

pine species tapped for resin with chir pine leading the way (Maheshwari and Konar 

1971). The growth of the resin industry was a result of the research work conducted 

by the forest departments in the late-19th century (Tewari, 1994). Even with the 

advent of newer technologies, numerous methods of tapping and distilling resin from 

pines that are still prevalent were introduced and devised during the last century 

Choudhari et. al., 1996). The products and by-products of oleoresin distillation range 

from turpentine, charcoal, lamp-black, pine oil and wood-rosin. Turpentine extracted 

from P.roxburghii is devoid of pinene and cannot be used in the camphor industry 

whereas, turpentine from P. wallichiana and P. kesiya contains pinene and is useful in 

production of synthetic camphor ( John et. al., 1988). 

Turpentine is mainly used as thinner in paints and varnishes and a solvent for 

rosin and lacquer. It is an ingredient in shoe polishes, lubricants, sealing waxes, etc. 

Rosin is chiefly utilized by the paper and soap industries and a number of other oil 

based products. Pine needle oil is used for medicinal purposes, perfumery and also 

insect repellents (Zaheer et al. 1986). 

Pine timber constitutes the major forest wealth of the countries where they 

grow. The hardwood pines, the heartwood of which is darker than the sapwood, are 

mostly preferred over the softwood pines when it comes to the wood quality. Timber 

is mainly used for construction purposes and furniture. In Europe, especially Norway 

and Sweden, where pines form a bulk of the vegetation, the wood is used to make 

very high quality writing and kraft paper (Guha 1958, Maheshwari and Konar 1971). 

. 
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1.1.3 Propagation of pines in India:  

 

In a country where tree breeding and hence, the availability and assurance of 

good quality hybrid seeds has not been practiced, nor is it foreseen in the near future, 

plantations raised from a mixed seed lot would not be sufficient enough to solve the 

problem of propagating elite varieties of Indian pines. However, even though work 

on vegetative propagation of pines in the past two to three decades by various 

research institutes and universities in India have demonstrated success in traditional 

methods like grafting, air-layering and rooting of stem cuttings, yet the favored 

method for propagation remains to be through nursery-raised seedlings (Tewari 

1994). The need for consistency in quality of planting material has now opened up 

avenues for newer methods to be used for propagation. State forest departments, 

Government and private forest agencies/nurseries have been instrumental in the 

large-scale plantations of indigenous, as well as exotic pines at different locations in 

India (Pande, 1982, Sahai .1996, Satish Chandra et. al., 1996). The seeds of various 

pine species are collected and preserved every year and used for propagation, except 

for P.gerardiana, most of the seeds of which are edible and fetch a good price. On 

the whole, the major disadvantage of the existing propagation system is 

inconsistency in the quality of the seeds due to the open pollination in the natural 

stands. 

 

The pine dominant regions in Indian subcontinent are called as Indo-Pacific 

regions.  The ‘Himalayan Subtropical Pine Forests’ are renowned for being the largest 

in the whole of the Indo- Pacific regions.  It comprise of   ‘subtropical coniferous 

forest eco-region’.  In India, the Himalayan subtropical pine forests stretch across the 

low hills of the Great Himalayan range and also several states of north India like 

Jammu and Kashmir, Himachal Pradesh, Sikkim and Uttarkhand.  

(http://www.indianetzone.com/11/himalyan_subtropical_pine) 

 

They stretch throughout most of the 3,200 km  of Himalaya. These mountain 

ranges are now made up of three east-west-directed parallel zones, with the 

southernmost Outer Himalayas, also known as the Siwaliks, lying adjacent to the 

Indo-Gangetic Plane.  The next is the Middle Himalayas, representing a series of 
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ridges and valleys that rise to about 5,000 m. and third is the Inner Himalayas, with 

imposing high peaks such as Everest, Makalu, and Dhaulagiri. Because of frequent 

fires, pine forests do not have a well-developed understory.  However, frequently 

burnt slopes support a rich growth of grasses including Imperata cylindrica a number 

of shrubs such as species of Berberis, Rubus and other thorny bushes (Shrestha and 

Joshi 1997). The changed ecological conditions and human disturbance are causing 

the lower elevation oak forests to be gradually degraded and invaded by the drought-

resistant Chir pine, the dominant species in these subtropical pine forests.  

Various types of pine trees are found in this region of Himalayan subtropical 

pine forests.  Amongst them the prevalent tree is the Chir pine.   

 

Fig 1.1: Pinus roxburghii in its natural Habitat 

  

 

1.1.4 Natural Habitat of Pinus roxburghii 

 The vernacular names of the P.roxburghii are: Kulhdin, sarol, sirli (Garhwal and 

Jaunsar); Chir (Hindi and Punjabi); Nyit (Lepcha) and Dhup (Nepali). Chir pine is a 

large evergreen tree. The tree crown is elongated and more or less pyramidal up to 

middle age but later becomes spreading, rounded or umbrella-shaped with a massive 

branch system. Under favorable conditions, it attains large dimensions and forms a 
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straight cylindrical bole. Trees up to 55 m in height and 3.5 m in girth have been 

recorded in favorable localities. The oldest chir tree of age 406 years exists in Kulu 

Forest Division (Himachal Pradesh). Age of another old tree located in Chakrata Forest 

Division (Uttar Pradesh) has been estimated to be 335 years. 

(http://www.frienvis.nic.in/chirpine .htm) Bark of poles and immature trees are dark-

grey and deeply fissured, whereas that of older trees are red, turning light grey on 

surface with exposure. Thickness ranges from 1 cm in young saplings to an average of 

about 5 cm in mature trees. Needles are in fascicles of 3 and are 20-30 cm long. They 

persist for 1-3 years but normally for about one and a half years. The male flowers are 

yellowish green before ripening, turning light reddish brown after the pollens are shed. 

Fruit is a woody cone. Cones are solitary or in a bunch of 2-5 together, 10.5-20 x 7.5-

13 cm ovoid, wide at the base, on short stout stalks. Young cones are erect; scales 

arranged spirally and are hard, thick and woody. Seeds are 0.7-1 cm long with 2.5 cm 

long thin membranous wing. 

 

Fig 1.2 P.roxburghii tree, Close up view showing new shoots in growing 
season. 
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New needles appear in February-March and old needles fall in May-June. 

Flowering takes place during February-April. Cones take 25 months to mature. They 

begin to open in April or May, sometimes as early as March or as late as June, 

depending on weather conditions. The seeds are winged and lie in pairs at the base of 

each cone scale. 10-12 seeds weigh one gram and each cone bears on an average 42 to 

58 seeds. Good seed years occur once every three to four years depending on the 

locality. Winged seeds are released from the cones which are carried to far off places 

by wind. The fallen seeds germinate with the onset of the monsoon. 

   

 

Fig 1.3 A: Trees of P.roxburghii with Long Shoots-Male cones 
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Fig 1.3 B:  Trees of P.roxburghii with Dwarf shoots-Female Cones 

 

1.1.5 The natural occurrence of the species in different states: 

Jammu and Kashmir: There are a few areas of chir pine forests in the lower parts of 

Jammu region.  In this region its forests occur in abundance in the outer hills from 600 

m to 1800 m altitude.  Trees below 900 m altitude are generally stunted and crooked. 

Uttaranchal: In both Garhwal and Kumaon, chir pine is abundant.  Chir forests in 

Chakrata and Jaunsar-Bawar areas occur in the valleys of the river Tons and its 

tributaries.The upper limit of gregarious chir forests is about 1950 m, though the 

species is found scattered up to 2300 m.  It also occurs over Dehra Dun, Saharanpur 

Siwalik hills between 600-900 m, Laduakot and Malkot hills between 1200-1800 m, 

other valleys of Jaunsar- Bawar and Tehri Garhwal between 900-1950 meters. 

Himachal Pradesh: In Himachal Pradesh, extensive patches of Chir pine grow on 

the lower parts of Kangra and Una District, but towards the eastern parts of 

Himachal Pradesh and in the lower areas of the Uttar Pradesh hills Chir pine grows 

in scattered patches commonly in association with Shorea robusta, Anogeissus 

latifolia and Cordia vestial etc.  In Kangra, Hamirpur, Bilaspur and Una districts chir 

forests occur scattered between 450 m – 1050 m over the outer Siwalik hills and 
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lower Himalayas. In Chamba, pure chir pine forests occur in the outer hills between 

900 m – 1350 m altitude and in the Dalhousie range it chiefly occurs between 1200 

m – 1500 m altitude. In Kullu chir forests are found in the outer Saraj, outer Sainj 

and Tirthan Valley, on both banks of Parbatti river up to Manikaran and to a limited 

extent in Hurla and lower Beas Valleys. In Bushahar it occurs between 1200 m – 

1950 m in Nogli, Taranda, Pandrabis and Pabar ranges. Sometimes the scattered 

trees may be seen up to 1650 m on the northern and upto 1800 m on southern 

aspects. In Shimla chir pine occurs in many localities in the form of almost pure 

forests. In Jubal it forms very open forests up to 1680 m. In Mandi also there is fair 

extent of chir pine forests up to 1800 m. Sirmur and Solan districts too have 

extensive Chir pine forests.  

Other states: Chir forests are found in the Morni hills of Haryana. In Sikkim pure 

chir pine forests do not occur but at some places it occurs mixed with sal and other 

trees. To some observers it appears to being driven out slowly. Chir pine is found in 

Darjeeling in North Bengal and in Kumaon District in Arunachal Pradesh. 

 

1.1.6 As a Plantation Tree in provenance trial location:  

Chir pine is the fastest growing among the conifers found in the Himalayas.  

The species is hardy, frugal in its soil requirements and adapted to degraded sites 

which are deficient in nutrients.  It grows with ease both on deep soils which should 

be well drained as well as on skeletal soils.  Being a light demanding species, it easily 

rehabilitates exposed sites where most of broad leaved species rarely succeed.  Chir 

pine being   highly resistant to fire is better suited for tracts where complete fire 

protection is difficult to ensure.  In plantations Chir trees grow faster resulting in 

higher volume production compared to natural forests.  It is thus the only suitable 

species for afforestation of degraded barren slopes of Siwaliks and lower Himalayas. 

In the beginning of 19th century the absence of Pines or coniferous forests in 

the tropical and subtropical zones of Indian subcontinent has focused attention of the 

foresters on the introduction of Pines in this regions and the earliest introduction of 

Pinus roxburghii was made in Cairan Hill at Ootacamund (Tamil Nadu) in about 
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1885. Subsequently P.roxburghii was introduced on an experimental scale in other 

parts of tropical India, viz Andhra Pradesh, Madhya Pradesh, Orissa, Tamil Nadu and 

many other states. Around 1906 several exotic pines were introduced in south India 

(2160-2400 m), and P.radiata was found to be the best among the species tried. 

Encouraged by the growth of this species about 371 ha had been planted by 

1914.Sporodic attempts at introduction of pines continued from time to time , and in 

1958 trials of exotic pines were started on a regular systematic basis in the different 

parts of the country. Even though in these trials P.roxburghii did not performed well 

compared to other species, the species was continually tried as reference species along 

with other tropical pines such as P.carabeaea, P.Petula, P.occupera etc (Kaul, 1982.) 

 

1.1.7 Utilization of the species: 

 

Chir wood finds varied uses, including fabrication of panel products and for 

construction.  Chir pine trees also yield a commercially important oleoresin which 

forms the raw material for rosin and turpentine oil industry. Chir needles are suitable 

for producing needle board and yield an essential oil.  Its seeds are rich in fatty oil; 

bark which contains tannin is suitable for curing leather. 

 

1.1.8 Uses of Chir pine: 

Chir pine provides a variety of wide ranged goods and services to the people.  

In fact, all parts of the tree are valuable and used in one form or the other. It is a 

popular timber of North India, especially in hills and is used for various purposes 

including house building, as rafters, poles and posts, doors and windows, shingles, 

flooring blocks, packing boxes, boards, railway sleepers and in the manufacture of 

pulp and paper.  It is suitable for boat building, tea chests, sports articles, bodies of 

violins, matchsticks, oars etc. Various uses of the species are listed below:  

Construction: Chir has been classified under ordinary group for structural use and 

has been included in IS: 883-1970 code of practice for design of structural timber in 

building. It is suitable for nailed and bolted timber constructions. 
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Railway sleepers: Chir is a recommended for railway sleepers and included in IS: 

10394-1982 specification of wooden sleepers for railway tracks. Treated sleepers 

have a life of about 17 years. 

Wooden poles: It is classified as Group C Species for use as single solid and jointed 

wood poles for over head power and telecommunication lines.  It has been included in 

IS: 876 -1970 specification for use as jointed wooden poles in overhead power and 

telecommunication lines. 

Door, windows and ventilators: It is classified as Group II species for the 

manufacture of door/window/ventilator frames and shutters and included in IS: 

12896-1990.  Indian Timber for door and window shutters and frames classification. 

Furniture and cabinet making: It has been classified as Group II species with 

strength coefficient more than 50 with respect to teak as 100. 

Packing cases and crates : Among coniferous species Chir is preferred for 

manufacture of packing cases and crates because of its moderate weight, light colour 

and nail/screw holding power (included in IS : 6662-1980 specification for timber 

species suitable for wooden packaging).  Boxes of chir wood are as good as that of 

other conventional woods used for packing apples and other horticultural produce. 

Chir pine is also suitable for manufacture of plywood tea-chest batten (IS: 10(pt.3), 

1974). 

Medicinal: Chir wood is aromatic, antiseptic, deodorant, stimulant and diaphoretic.  

It’s wood paste is soothing and is used for treating body ulcers (Duster).  Roots and 

knotty stem and branch wood is used as torch wood by local people. Pines are one of 

the most ancient trees and evaluated for Pine oil (obtained from its needles) since 

ancient times.  Hippocrates, father of modern medicine investigated its benefits to the 

respiratory system. Pine oil is used in massage for stressed muscles and joints. It 

shares many of the same properties as Eucalyptus globulus, and the action of both oils 

is enhanced when blended. In market it is sold as pine essential oil and find uses in 

many forms eg, Analgesic - alleviates pain ,Anti-inflammatory - alleviates 

inflammation , Antirheumatic - prevents and/or relieves rheumatic pain and swelling 
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due to the oils rubifacient effect , Antispasmodic - relieves spasms and cramps, 

Antiseptic, deodorant - removes unpleasant odors,  Decongestant - reduces nasal 

mucus production and swelling Rubifacient - increases local blood circulation by 

causing minor skin irritation, vasodilatation and local analgesic effect,  it offers soft, 

gentle self reflection,  Calming to the mind and spirit. In European countries it is 

obtained from P.sylvestris and P. strobus  and many other species but in India it has 

been extracted from P.roxburghii and other indigenous Pinus spp.  needles.  

Miscellaneous uses:  The species is also suitable for manufacture of dunnage pallets, 

wooden piles (Group II species), bellies (IS: 3337-1978), cross-arms (IS: 2203-1976), 

cooling towers (IS:2372-1963) and cable drums (IS :1178-1980). 

(http://www.frienvis.nic.in/chirpine) 

Pulp and paper making: Chir pine has long fibers with an average length of 3.6 m 

and 0.052 mm diameter.  It gives 40-43.5 percent yield of bleached grade pulp. It has 

highest tear and burst factor amongst the species used for paper manufacture.  The 

printing paper made from 100 per cent chir pine pulp has good formation and 

satisfactory strength properties.  The species is also suitable for making electrical 

insulation paper.  In the present context of supply and demand the residual wood after 

conversion from saw mills and factories is well suited for manufacture of white 

writing and printing paper. As chir is long fibred, its pulp is admixed with short fiber 

pulp in paper manufacture.  Twisted chir, which hardly finds any other use, provides a 

yield of about 53 per cent unbleached pulps which are used for manufacture of 

wrapping paper with satisfactory strength. 

Resin: Chir pine yields a good quality oleoresin, tapping on steam distillation 

generates two industrially important products viz. turpentine oil (about 70%) and 

rosin (about 17%).  Rosin is extensively used in many industries viz. soap, paper, 

paints, varnishes, linoleum, sealing waxes, oil cloth, inks and disinfectants.  

Turpentine is chiefly used in preparation of paints and varnishes, polishes, chemicals 

and pharmaceuticals.  It is also used for dissolving fats, resin and for domestic 

purposes. The constituents of turpentine are L-pinene, 25%d-B pinene, 9.7% terpine 

with careen 36.6%, L-terpane 1.7%, d-longifoline 20.3%. Besides these minute 

quantities of L-thugane, B-myrcene, L-limonene and terinolene have also been 
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isolated. The oleoresin also has medicinal value.  It is a stimulant, and is considered to 

be efficacious in gout, gonorrhea and disorders of the genitourinary organs.  

Externally resin is used in dressing for fowl ulcers, buboes and abscesses to promote 

suppuration.  It is also a common ingredient of plasters, ointments and pastilles for 

fumigation. In India resin production is about 45000 tons/year. 

Resin Tapping: 

Chir pine is widely tapped for resin in India. Resin tapping begins at the age of 

60 years in natural forests when the average crop diameter is about 30 cms. Light 

continous tapping is done from 60th year to 85th year. Heavy tapping is carried out for 

5 years before felling. Two methods of resin tapping are employed in the country. In 

the old method known as cup and lip method ablaze of 15X10 cms is cut near the base 

of the tree and is freshened weekly throughout the tapping season. The resin is 

collected in cup fixed as a base of the blaze. This method is being replaced by newer 

method known as Rill method, standardized at FRI Dehradun, in which safety of the 

trees is ensured since in older method unrestricted blaze depth made, leads to severe 

damages to tapped trees. In this method blaze size is marked with the help of blaze 

frame and marking gauge. A central groove is cut with groove cutter. One incline rill 

is made on either side of the central groove through which resin flow into a cup fixed 

at the base of the blaze. Resin is a major source of revenue for few states in India 

where chir pine forests occurs extensively. Resin yield is estimated to be 30 quintals 

per one thousand blazes for continuous light tapping. 
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            A:  Cup and lip method                                           B: Rill Method   

                                   Fig 1.4: Resin Tapping from Chir Pine 

Needles: Chir pine needles are used as packing wool in vegetable and fruit boxes and 

as bedding material in cowsheds.  In Himachal Pradesh a plant has been established to 

manufacture needle boards.  In India more than one million ton chir pine needles are 

available annually as litter in chir forests.  

Fuel wood: Lops and tops of trees, parts of stem and branches of the species are used 

as fuel wood.  Calorific value of its sapwood is 4967 cal. And that of heartwood 5063 

cal. Charcoal made from chir pine wood is used particularly by blacksmiths for 

heating iron and goldsmiths for heating precious metals for making ornaments. 

Seed: Kernels of the species are rich in fats and proteins and are eaten as food. 

Bark: Bark contains tannin up to 14 percent and is used in leather industry.  Raw bark 

is also used as shell wood in making terra-cota articles.  

1.1.9 Natural Regeneration of the species: 

Chir pine seeds are dispersed from April to July and germinate as soon as 

sufficient rain is received.  Seeds germinate under a moderately dense canopy and 

mortality of young seedlings is high in open canopy.  Factors affecting natural 
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regeneration of the species are: (1) nature of seed bearers, (2) light, (3) drought, (4) 

topography, (5) soil covering and undergrowth (6) fire, (7) grazing and grass cutting. 

Silvicultural System:  Earlier chir pine forests were worked under selection system.  

with added information on the silvicultre requirements of pine, the system was 

modified to uniform / shelter wood system with slight modification to suit local 

conditions.  Owing to the simplicity of management and ease of regeneration under 

the uniform system it is now considered the best system of management for this 

species and is the standard method adopted throughout the country for chir forests. 

The regeneration operations comprises of reduction in the canopy density of a 

part of mature stands felling namely, seeding, secondary and final felling.  These 

felling are increased as the regeneration establishes and completed over a prescribed 

period known as regeneration period.  The area set aside for regeneration during the 

regeneration period is termed as Periodic block. 

Regeneration period: Chir pine regeneration is considered established when plants 

attain a height of about 4 meter and the area is at least controlled twice.  The crop at 

this stage is reasonably safe against grazing and fire.  This stage is achieved in about 

20 year’s time.  However, keeping in view the accidental fires and biotic damages, 

regeneration period sometimes extends to upto 30 years.  

Rotation: Rotation adopted in chir pine forests is 90 to 120 years at which a 

diameter of 50-55 cm dbh is obtained. 

Chir pine plantations are generally raised either on barren mountain slopes or 

in areas with scrap growth or scattered trees of miscellaneous species.  The amount of 

work involved in site clearance depends upon type of area to be planted.  Site 

preparation involves shrub clearance and burning of cut material. This work is 

normally done during winters to reduce fire hazard and ensure timely digging of pits 

in March.  Planting spacing of 3m x 3m or 2.5 m x 2.5 m is adopted in chir 

plantations.  Pits are aligned along contours and spaced at 2.5m or 3 m from each 

other.  Pits of 30 cm x 30 cm x 30 cm size are dug from March to May.  The seedlings 

are transported and delivered at each pit in the plantation area.  The polythene bag is 

slit by giving a vertical cut with a sharp blade and the soil ball with the seedling 

placed in the pit.  The pit is gradually and carefully filled with soil and rammed 
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properly.  The filling is kept slightly higher at the centre than the surrounding level so 

that the soil in the pit after settling down is not lower than ground level as otherwise 

rain water may stagnate around the seedlings. 

1.1.10 Pest and Diseases of the Chir Pine: 

Chir pine is prone to insect damage at all stages of its growth. The 

seed/cones, seedling, tree and timber may be affected. Like insect pests, fungi also 

attack chir pine at all stages of growth.At nursery stage, the main diseases are 

damping off, wilt and needle blight, whereas rust and blight are common diseases of 

old trees. 

It could be concluded from above information that, in addition to the tangible 

gains in the form of timber, resin, fuel and needles for cattle bedding, chir 

forests/plantations also contribute towards control of erosion, lowering of runoff rates, 

increasing water infiltration of soil, shelter for wild life and recreation. It is not easy 

to translate such indirect benefits in terms of monitory gains. The species generates 

employment in the tapping and collection of resin for the poor masses living in the 

rural area where lack of development activity restricts employment opportunities. 

Processing of resin and it’s byproducts in the primary, secondary and tertiary 

industries provides employment to millions of people throughout the country 

especially in the northern states of Himachal Pradesh, Haryana, Jammu and Kashmir, 

Punjab and Uttaranchal. 

Molecular biology and in vitro propagation techniques can not only aid in 

supplementing the planting material, but can also help in improvement, selection, 

breeding and typifying the indigenous species. In fact, for many conifers in vitro 

propagules still cannot be obtained from cultured tissue of mature trees, indicating the 

large-scale application of these techniques to tree improvement programmes of 

conifers is still a long way from being achieved. Although, in some species, it seems 

that the mass propagation of selected trees or, of a superior hybrid is more likely to be 

achieved through tissue culture than by any other method. 
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1.2 Diversity in Chir Pine 

1.2.1 Introduction 

 An understanding of the degree of diversity within and between populations of 

a species is required to support the continuously raising plantation programs and to 

provide information for the conservation of the species’ genetic resources since 

geographically separated populations are expected to have different genetic 

compositions (Sharma et al., 2002). Genetic diversity is of prime importance for the 

species’ persistence (Wang and Szmidt, 2001), since the evolutionary adaptive 

potential of populations depends on genetic variation patterns (Siregar, 2000, 

Finkeldey and Hattemer, 2007). Within each tree species, amount and distribution of 

genetic variation is crucial for long term stability of forest ecosystems (Sharma et. al., 

2002). 

Maintenance of variation within the species is essential for their long-term 

survival and fitness. A good understanding of level and distribution of genetic 

variability within the species is vital for the development of strategies for their 

effective conservation and utility. Hence, there is a need to study the existing 

variation within the species. 

Nei and Roychaudhary (1974) made some theoretical conclusions by studying 

sampling variance of heterozygosity which was later confirmed by Gorman and Renzi 

(unpublished) with lizard species. According to them reliable estimate of average 

heterozygosity can be obtained from small number of individuals if a large number of 

loci are examined. Later Nei (1978) an eminent professor in University of Texas at 

Center of Population Genetics developed statistical methods for obtaining unbiased 

estimates of average heterozygosity and genetic distance and concluded that at least 

more than 50 loci should be used to understand reliable estimate of average 

heterozygosity for the total genome of the species under consideration. He also 

developed the software for obtaining the unbiased estimates of average heterozygosity 

and standard genetic distance and their standard errors (Nei, 1978).  

Genetic structures of numerous plant populations have been altered by humans 

for many generations (Finkeldey and Hattemer, 2007). This applies particularly to the 
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tree species used for the establishment of plantations. Genetic structures of plantations 

are assumed to strongly differ from natural strands, to exhibit reduced levels of 

genetic variations and, hence, reduced adaptive potentials in comparison to natural 

strands (Pande et.al., 2004). 

Hamrick et.al., 1992 concluded that tree species maintain more 

intrapopulation variation than other life forms but generally display less variation 

between populations, particularly in the case of widespread species without cross 

breeding systems and wind or animal dispersed seeds. Woody species maintain more 

variation within species than species with other life forms but have less variation 

among populations. Woody species with large geographic ranges, out crossing 

breeding systems, and wind or animal-ingested seed dispersal have more genetic 

diversity within species and populations but less variation among populations than 

woody species with other combinations of traits. Although life history and ecological 

traits explain a significant proportion (34%) of the variation among species for the 

genetic parameters measured, a large proportion of the interpopulation variation is 

unexplained. The specific evolutionary history of each species must play an important 

role in determining the level and distribution of genetic diversity (Hamrick et.al., 

1992). 

The rich biodiversity regions on earth have been termed as “biodiversity 

hotspots”.  There are about 25 biodiversity hotspots on earth out of which India 

harbors two i.e. Eastern Himalayas and Western Ghats.  Pines are located not only in 

these Himalayan biodiversity hotspot, but also whole of Western Himalayan Regions. 

Biodiversity can be measured at three levels: 

1.2.1.1 Genetic diversity: genetic diversity provides the core differences that divide 

life into its major types. It is especially important when visible structure and shape 

provide no reliable guide.  This genetic diversity is a witness not only to the deepest 

division of life but also some shared characteristics, stretching across huge taxonomic 

distances. It can be worked out only in laboratories. Protein electrophoresis, 

restriction site mapping of DNA and RNA sequencing, DNA fingerprinting using 

DNA markers are few of the methods which are used to measure the genetic diversity 

in laboratory. 
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Genetic diversity provides the template for adaptation and evolution of 

populations and species. Therefore, maintenance of genetic variation is an important 

objective of biodiversity conservation (Thomas et.al., 1999). Commercial 

management and breeding of plant species often leads to changes in pattern of, and 

usually reduction of, genetic diversity (Herlan, 1975). Scientists and managers 

(foresters) have also shown concern about the potential for loss of genetic diversity in 

commercially managed forest tree species. (Jasso 1970, Richardson, 1970, Ledig 

1992, Rogers and Ledig 1996). Hence, conservation of genetic diversity may be one 

of the most important issues influencing future forestry practices (Namkoong 1992, 

Boyle 1992). Low genetic diversity typically leads to increased levels of inbreeding 

which can reduce the fitness of individuals and population.  An assessment of genetic 

diversity is therefore important to understand population genetic and is extremely 

important application in conservation biology.  

1.2.1.2 Species Diversity: It refers to the species of animals, plants or 

microorganisms found on the earth.  Biodiversity term is mostly considered as a 

synonym to species diversity.  It is very important level of biodiversity since it is 

easiest to work with it and the species can be seen with the naked eyes unlike ‘genetic 

diversity’ that can be worked out only in the laboratories.  There is a wide difference 

in the various estimates for the total number of species found on the earth.  (This 

varies from 5 to 100 million).  However, so far nearly 1.7 million species have 

actually been described.  Species diversity can be measured in a number of ways.  

Most of these ways can be classified into three groups of measurements.  Species 

richness, species abundance and taxonomic diversity. Measures of species richness 

count the number of species in different areas.  Measures of species abundance 

sample the relative numbers among species.  A typical sample may contain several 

very common species, a few less common species and numerous rare species.  

Measure of species diversity that simplifies information on species richness and 

relative abundance into a single index are in extensive use.  Another approach is to 

measure taxonomic or phylogenetic diversity, which considers the genetic 

relationships between different groups of species.  The species level is generally 

regarded as the most appropriate to consider the diversity between the organisms.  
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This is because species are the primary focus of evolutionary mechanisms and 

therefore are relatively well defined. 

 On a broad scale species diversity is not evenly distributed across the globe.  

The single most obvious pattern in the global distribution of the species is that overall 

species richness is concentrated in equatorial regions and tends to decrease as one 

move from equatorial to polar region.  In general, there are more species per unit area 

in the tropics than in temperate regions and more species in temperate regions than 

there are in Polar Regions.   

1.2.1.3 Ecosystem diversity: It includes various types of ecosystems and the diversity 

of habitats and ecological processes occurring therein.  Examples of various 

ecosystems are coral reefs, tropical rain forests or temperate rain forest and these are 

based on major communities.  The measurement of biodiversity within an ecosystem 

is difficult task because of their complex nature.  It is harder to define ecosystems 

diversity than species or genetic diversity because the “boundaries” of communities 

(association of species) and ecosystems are more fluid. Since the ecosystem concept 

is dynamic and variable, it can be applied at different scale, though for management 

purposes it is generally used to group broadly similar assemblages of communities 

such as temperate rain forests as coral reefs.  A key element in the consideration of 

ecosystem is that in the natural state, ecological processes such as energy flow and 

water cycles are conserved. In addition, diversity in land ecosystems generally 

decreases with increasing altitude.  The measurement of the ecosystem diversity is 

still in its infancy.  Nevertheless, ecosystem diversity is an essential element of total 

biodiversity and accordingly should be reflected in any biodiversity assessment.  

There is no comparable sequencing project established so far to attempt whole 

genome characterization of a coniferous tree species (Schubert and Muller-Starks, 

2002). Most of the work carried out for DNA fingerprinting is for spruce species, 

reports of Pinus species diversity studies have been reported after 1996 using PCR –

based primers/marker system (Osborn et.al., 2005, Mehas et.al., 2007, 2009, Gauli 

et.al., 2009 ). 
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1.2.2 Nuclear DNA markers: Co dominant vs. Dominant Inheritance: 

An ideal DNA marker should have the following properties (Weising et.al., 1995): 

• High polymorphism 

• Co-dominant inheritance 

• Frequent occurrence in genome 

• Selective neutral behavior 

• Easy access 

• Easy and fast assay 

• High reproducibility 

• Easy exchange of data between laboratories 

 

It is not easy to find a molecular marker which will meet all the above criteria. 

Depending upon the type of study to be undertaken, a marker system can be identified 

that would fulfill at least a few of the above characteristics (Weising et.al., 1995). 

 

1.2.3 Genetic polymorphism 

 

Genetic polymorphism is classically defined as the simultaneous occurrence of two or 

more discontinuous variants or genotypes of a trait in the same population (Joshi, 

2001). 

Although DNA sequencing is a straightforward approach for identifying variations at 

a locus, it is very expensive and laborious. A wide variety of techniques have, 

therefore been developed in the past few years for visualization of DNA sequence 

polymorphism. 

 

1.2.3.1 Properties of DNA markers: 

1. DNA markers are ubiquitous, innumerable, discrete, non deleterious, inherited by 

Mendelian laws, unaffected by the environment, and are free of epistatic and 

pleiotropic interactions. These markers offer several advantages over morphological 

and isozyme markers (Joshi et.al., 1999). 
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2. They are unlimited in number because the RFLP and PCR techniques are able to 

detect differences at the DNA level in both translatable and non translatable DNA 

regions. 

 

3. They are phenotypically and environmentally neutral because sequence 

polymorphisms are detected directly at the DNA level and not by assaying gene 

products which may be influenced by alterations in gene coding sequence or by 

changes in the level of gene expression. 

 

4. DNA markers mediated selection in breeding programs can be carried out in a non   

destructive process to the original plant because only a small amount of tissue is 

required. 

 

5. They enable selection for specific recessive genotypes in a heterozygous form 

where their successive genotype cannot express because a dominant allele masks a 

recessive allele. This advantage can be achieved with markers which are co-dominant 

in nature. 

 

6. They do not show either dominant recessive interaction or epitasis and are devoid 

of   pleiotropic effect. 

 

7. DNA markers in the genome can be considered as entry point to the genes. Thus, 

they facilitate the chromosome walking techniques for gene cloning. 

8. DNA markers are not tissue specific and can be used at any stage of the plant 

growth. 

 

1.2.3.2 Types of DNA markers: 

Various types of molecular markers are utilized for evaluation of DNA 

polymorphism and are generally classified as hybridization based markers and 

polymerase chain reaction based markers. In hybridization based markers, the DNA 

profiles are visualized by hybridizing the restriction enzyme digested DNA, to a 

labeled probe, which is a DNA fragment of known origin or sequence. PCR 

technology starts with low quantities of DNA and provides a visible marker fragment 
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under the direction of a thermo stable DNA polymerase enzyme and oligonucleotide 

primers. With respect to a high throughput screening of variation, primer should be 

selected for their ability to generate polymorphic markers which are scorable directly 

by using both standard agarose gel and polyacrylamide gel electrophoresis without 

additional manipulations. Microsatellites (Simple sequence repeats) along with STS 

(sequence -tagged-sites) or EST(Expresses-sequence –tags) are inherited in co- 

dominant fashion,which ensures for diploid conifers the identification of both alleles 

occurring at the Mendelian locus tested, and are utilized in variety of applications, 

mainly focusing on genome mapping and population studies (Schubert et al 2005, 

Temesgen et al 2001). Single gene probes and target specific primer pairs have been 

shared between related gymnosperms (Ahuja et.al., 1994, Tsumara et. al., 1997, Perry 

et.al., 1999), reflecting the slow-down of gene evolutionary rates. Nevertheless, the 

development of additional co-dominant DNA marker still represents a time 

consuming approach with high operational costs. Hence, arbitrary sequence markers 

were developed. 

 

A. Single or Low copy probes: 

Restriction Fragment Length Polymorphism (RFLP) are simply inherited 

Mendelian characters and co dominant in nature. They have their origin in the DNA 

rearrangements that occur due to the evolutionary processes, point mutations within 

the restriction enzyme recognition site sequences, insertions or deletions within the 

fragments and unequal crossing over used RFLPs for the first time to construct a 

genetic map in spp. 

In RFLP analysis, restriction enzyme digested genomic DNA is resolved by 

gel electrophoresis and then blotted on to a nitrocellulose membrane. Specific banding 

patterns visualized by hybridization with radioactive labeled probe. (RFLP) represents 

the first DNA based marker technology which has been successfully established for 

conifers (Devey et.al., 1991, Bobola et.al., 1992). Since this technique requires 

laborious methods of marker detection, including Southern blot hybridization, RFLPs 

are now commonly replaced by more rapid applications of PCR (polymerase chain 

reaction). The utility of RFLPs has been hampered due to the requirement of large 

amount of DNA and specific radioactive labeled probe.  
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Sequence Tagged Sites (STS), Allele, Specific Associated Primers (ASAP), 

Expressed Sequence Tag markers (EST) and Single Strand Conformation 

Polymorphism (SSCP) (Orita et.al., 1989) are other PCR based markers used for 

different fingerprinting studies. They all are called arbitrary sequence markers. 

RAPD and AFLP will be discussed in detail with reference to conifers. 

 

B.  Arbitrary sequence markers: 

In Random Amplified Polymorphic DNA (RAPD, Williams, 1990) marker 

assay nucleotide sequence polymorphism is detected by using a single primer of 

arbitrary nucleotide sequence.RAPD are more efficient alternative for RFLP. In this 

anonymous multilocus marker bands are synthesized after the annealing of a universal 

10 base pair primer with the genomic target. The efficiency of this marker technology 

has been successfully tested in a variety of applications for coniferous tree species, 

including rapid chromosomal mapping based on haploid mega gametophytes 

(Tulsiram et.al 1992, Binelli and Bucci 1994), evaluating the genetic stability of 

somatic embryogenesis-derived populations (Isabel et.al., 1997) and fingerprinting of 

clones and provenances (Scheepers et.al., 1997). 

Some variations from the RAPD technique includes DNA amplification 

fingerprinting (DAF),Arbitrary primed PCR (AP-PCR), Sequence characterized 

amplified regions for amplification of specific band (SCAR), Cleaved amplified 

polymorphic sequences (CAPs), Randomly amplified microsatellite polymorphisms 

(RAMP) and Amplified Fragment Length Polymorphism(AFLP). 

 

AFLP (Amplified fragment length polymorphic): 

DNA technology starts with the multilocus profiling technique that has been 

Vos and co-workers (1995), it has been modified for successfully analyzing 

angiosperm and gymnosperm tree species, based on a combination of different 

endonucleases and primer sequences, this technology yields a high number of 

scorable bands to attempt a whole genome characterization via markers. Investigating 

embryonic stage inbreeding depression in loblolly pine, a complete genome map has 

been constructed using AFLP markers (Remington and O’Malley 2000).  
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Multilocus probes: 

About 30-90% of the genomes of virtually all species are constituted of 

repetitive DNA, which are highly polymorphic in nature. These regions contain 

genetic loci comprising several alleles differing from each other with respect to 

length, sequence or both. The repetitive DNA play an important role in absorbing 

mutations in a genome and inherited mutations forces together form the basis for a 

number of marker systems that are useful for several applications in plant genome 

analysis. The major forms of repetitive DNA are: 

 

C. Microsatellites and Minisatellites: 

They are multilocus probes creating a complex banding patterns usually non 

species specific and occur ubiquitously. The patterns generated by these probes are 

known as oligonucleotide prints. Minisatellites are tandem repeats with a monomer 

repeat length of about 11-60 bp, while microsatellites or short tandem repeats/simple 

sequence repeats (STRs / SSRs) consists of 1-6 bp long monomer sequence that is 

repeated several times. These loci contain tandem repeats that vary in the number of 

repeat units between genotypes and are referred as variable number of tandem repeats 

(VNTRs). Microsatellites and minisatellites form an ideal marker system creating 

complex banding patterns by detecting multiple DNA loci simultaneously. They are 

dominant fingerprinting markers and co dominant STMS markers.  

There exist many alleles in a population, whose level of heterozygosis is high 

and they follow Mendelian inheritance. Minisatellite and Microsatellite sequences 

converted in to PCR based markers are Sequence Tagged Microsatellite Sites 

(STMS), Directed Amplification of Minisatellite region DNA (DAMD), and Inter 

Simple Sequence Repeats (ISSR). STMS method includes DNA polymorphism using 

specific primers designed from a sequence data of a specific locus. Where as ISSRs 

can be used in the species with unknown sequence data.  

The nuclear DNA markers mentioned above are inherited in co-dominanant 

fashion, which ensures for diploid conifers the identification of both alleles occurring 

at the Mendelian locus tested. Once developed, co-dominant markers can be 

considered the most reliable tool to assess the actual level of homozygosity, a basic 

parameter in population genetics (Sunnucks, 2000).  
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The Inter Simple Sequence Repeats (ISSRs) molecular markers are semi-

arbitrary, single forward primers with 16-18 nucleotide length comprising  repetitive 

units and anchors 2-4 arbitrary nucleotides at the 3′ or 5′end. This method does not 

require any prior information about genome sequences and therefore, by means of 

these primers high level of polymorphism could be realized (Zietkiewicz et.al., 1994, 

Tsumura et.al., 1996; Nagaoka et.al., 1997). These markers target the highly variable 

microsatellite regions of the nuclear genome providing a larger number of 

polymorphic fragments (Gupta et al., 1994). It also provides greater reproducibility 

than similar methods such as RAPD, AFLP and SSR (Awasthi. 2004). The primer 

used can be either unanchored (Gupta et.al., 1994; Meyer et.al., 1993; Wu et.al., 

1994) or more usually anchored at 3′ or 5′ end with 1 to 4 degenerate bases extended 

into the flanking sequences (Zietkiewicz et al., 1994). ISSRs segregate mostly as 

dominant markers following simple Mendelian inheritance. However, they have also 

been shown to segregate as co-dominant markers in some cases thus enabling 

distinction between homozygotes and heterozygotes (Wu et.al., 1994; Akagi et.al., 

1996; Wang et.al., 1998, Sankar and Moore, 2001). One limitation of the ISSR 

technique is that the bands are scored as dominant markers and the genetic diversity 

estimates are based on diallelic characters, thus the level of genetic diversity may be 

underestimated.   

 The ISSR technique has been used extensively to evaluate genetic diversity 

both within and between plant populations (Wolfe et al., 1988; Ge et.al., 2003; 

Pomper et.al., 2003; Talhinhas et.al., 2003). It was rapidly being used by research 

community in various fields of plant improvement (Godwin et.al., 1997). The 

technique is useful in areas of genetic diversity, phylogenetic studies, gene tagging, 

genome mapping and evolutionary biology in a wide range of plant species. It was 

successfully employed for several endangered forest tree species such as Gentianella 

germanica (Fischer and Mathies., 1998), for the Pines (Xia et.al., 2001; Lee et.al., 

2002), for Himalaya pines (Ginwal et.al., 2009) and White pines (Mehas et.al., 2009).  

ISSR was widely used to detect intraspecific polymorphisms in plants such as Peanut, 

(Raina et.al., 2001); rice (Joshi et.al., 2001), and chickpea (Iruela et.al., 2002).     

 In Pinus roxburghii, there was no report of diversity studies using ISSR 

markers in natural population till 2009. Malabdi and Nataraja (2007) have done the  



 

Chapter1  Page 29 

 

assessment of clonal identity of somatic seedling in Pinus roxburghii using ISSR and 

RAPD, showed the clonal identity of somatic seedling with its respective field grown 

parental clone. Gauli et.al., 2009 for the first time used the technique in P.roxburghii 

from both natural populations and plantations in Nepal, which covers a very small 

area of Indo: pacific Himalayan subtropical coniferous populations of this species.  

 But the assessment of genetic polymorphism using ISSR and RAPD markers 

was studied in other Pinus species like, P.ponderosa (Osborn et.al., 2005), P.strobes 

and P.monticola populations from Canada (Mehes et.al., 2007, 2009). Besides these 

reports there are no using ISSR markers in other Pinus species. 

Background of ISSR primers: 

Inter simple sequence repeat markers are generated from single primer PCR reactions 

where the primer is designed from di or trinucleotide repeat motifs with a 5′ or 3′ 

anchoring sequence of one to three nucleotides. Most commonly used Di, Tri, Tetra 

and Penta Nucleotide ISSR primer with other sequences which were initially 

developed from University of British Columbia (UBC# primer set 9) and later by 

many companies. Hence, they are many a times recognized as UBC primers 801 to 

900. Besides these 100 primers, 14 ISSR primers popularized by Andrea Wolfe in 

2001 are also used as primers of choice as dominant ISSR markers. In the present 

study, a total of 70 ISSR primers of UBC primer set #9- motifs were used during 

initial screening. 
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1.3 In vitro studies 

The demand for wood and forest products as an industrial raw material has 

increased at such an alarming rate, that the traditional methods used for forest tree 

propagation and improvement (cutting, grafting) are not adequate to meet them 

completely. This phenomenon has been observed worldwide, more so in the 

developing countries, where indiscriminate clearing of forests is widely reported. It is 

therefore an obvious choice to supplement the traditional methods with the more 

recently developed techniques like, tissue and organ culture. This is a potential 

technique to clone and vegetatively produce plants rapidly on a large scale (George 

1993, Merkle and Dean 2000). Last three decades have witnessed pioneering work in 

the advancement of in vitro culture of a large number of economically important 

gymnosperm species (David 1982, Thorpe et.al., 1991). Initial studies with clonal 

propagation using mature and juvenile tissues led to breakthrough in induction of 

somatic embryogenesis and it became a preferred method of obtaining large number 

of clonal propagules (Gupta and Grob, 1995), but both organogenesis from mature 

zygotic embryos and axillary bud induction from mature trees have their own 

advantages and still continued as methods of choice for in vitro propagation in many 

conifer species.  

Three methods of juvenile tissue propagation have been widely used as mass 

propagation alternatives: rooted cuttings, organogenesis and somatic embryogenesis. 

Rooting was the major hurdle with adventitious and axillary shoots (Girouard, 1974). 

Maturation and conversion of somatic emblings into healthy plantlets is the major 

bottleneck with somatic embryos of pines (Attree and Fowke 1993). This has been 

highlighted in a number of reports in various conifer genera (Tautorus et.al., 1991). 

Another impediment, most commonly faced by tissue culturists, is the genotype 

dependence of the in vitro morphogenetic response, making it impossible to follow 

strict rules for micropropagation. Three pathways that have been preferably and 

successfully used for micropropagation of conifers are, via adventitious shoot 

proliferation and somatic embryogenesis and micropropagation using mature shoot 

explants. Out of this first two methods have been widely used in more than 50-60 

Pinus species, but comparatively there are very few reports of micropropagation using 
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mature shoot explants. Table 1.1 gives details of mature in vitro propagation reports 

in the genus Pinus, explants used and results obtained in brief (Table 1.1). 

Table 1.1 – Micropropagation reports with mature shoot explants: 

S.N.  Common Name  
of Species 

Scientific Name Reference Explant  
Age 

1  Sugar Pine   Pinus lambertiana  Gupta andDurzan1985  >30 
year 

2  Calabrain Pine  Pinus bruitaTen.  Abdullah et al1987  >10year 

3  Scots Pine  Pinus  sylvestris  Hohtola et al 1988  >10 to 
40        
years 

4  Radiata Pine  Pinus radiate  Horganand Holland 
1989 

  

5  French Maritime 
Pine 

Pinus pinaster Monteuuis and 
Dumas1992 

  

6  Caribbean Pine 
Khasi Pine 

P.caribaea and P.kesiya  Nadgauda et al  1993            >20        
year 

7  French Maritime 
Pine 

Pinus  pinaster  Dumas andMonteuuis 
1995 

>15year 

8  Khasi Pine  P.kesiysRoyel ex Gord  Nandwani et al 2001    

9  Scots Pine  Pinus  sylvestris  Anderson and Levinsh       
2002 

Age not 
reveled 

10  Chir Pine  Pinus roxburghll  Parasharami et al 2003      > 30 
year 

11  French Maritime 
Pine 

Pinus pinaster  Diego et al 2008   
>15year 

12  Adult stone pine   Pinus pinea Cortizo et al 2009  >20‐
25year 

13  Monterey Pine  Pinus radiata  Zhang et al2010    

14  Scots Pine  Pinus  sylvestris  Diego et al 2010    

 

Vegetative propagation from physiologically mature tissue tends to be quite 

difficult (Greenwood, 1995). Ideally, in vitro propagation of trees old enough to have 

expressed their desirable characteristics is an effective means of rapidly obtaining 

improved planting stock which has been achieved in many mature Angiosperm tree 

species like poplar, teak, Eucalyptus , shisham etc. But in conifers the reports of 

mature tree propagation by in vitro methods are comparatively very few (Gupta and 
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Durzan, 1985, Bergmann et.al., 1992, Nadgauda et.al., 1993, Parasharami et.al., 2003, 

Diago et. al., 2008).  

Successful in vitro propagation of mature Pinus is reported for few species, 

including P. nigra (Jelaska, et.al., 1981) P. taeda (Mott and Amerson, 1981),  P. 

lambertiana (Gupta and Durzan, 1985), P. brutia (Abdullah et.al., 1987), Pinus 

radiata (Horgan and Holland, 1989), P. pinaster (Monteuuis and Dumas, 1992), 

P.caribaea and P. kesiya,  (Nadgauda et.al 1993), P.roxburghii, Parasharami et.al., 

2003, P.pinester, P.bruita, P.Sylvestris (Diego, 2008,2010). Of the Pinus species, Scots 

pine (P. sylvestris L.) is especially difficult to deal with in culture (Hohtola, 1988). 

Mature Pinus tissue culture studies were done so far during last 3 decades. During the 

last three decades, comprehensive studies were conducted to find out the possibilities 

of propagation of conifers using tissue culture methods. During initial first decade, due 

to the recalcitrance of the mature or differentiated tissues of pines eg, needles, axillary 

buds, male and female cones in vitro (Bonga 1981), attention was shifted to seedling 

and cotyledonary stage, i.e. juvenile or immature tissues (von Arnold 1978, Mott and 

Amerson 1981, Abdullah et.al., 1989, Pulido et.al., 1990,Bergmann and Stomp 1992 

and 1994a , Capuana and Giannini, 1995, Halos and Go, 1993, McKellar et.al., 1994, 

Lapp et.al., 1995, Murithii et.al., 1993, Saborio et.al., 1997, Mathur et.al., 2000, Arya 

and Arya 2000, Cuesta et.al., 2009, Li Hu Zu et.al., 2010) In case of Pinus kesiya in 

vitro propagation has been reported from cultured needles (Kumar and Tandon, 2004), 

and from mature zygotic embryos (Tondon et.al., 2007) Table 1.2 shows the survey of 

the available report within last 3 decades along with explants used and results obtained 

year wise( Table 1.2). 
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Table 1.2 Reports on In vitro Organogenesis in Genus Pinus. 

S.N.  Common 
name  

Species  Reference  
year wise 

Explants 
used  

Result 

1  Longleaf 
pine 

P.palustris Mill.   Sommer 
et.al.1975 

MZE  Plantlets

2  White 
pine         

P.strobus L  Schwarz et.al 
 1988 

MZE  Plantlets

3  Lodgepole 
pine 

P.contorta Dougl. Ex 
Loud. 

Von Arnold 
andEriksson 1981 

MZE  Shoots

4  Western 
white Pine 

P.manticola Dougl. Mott and
Amerson 1981 

MZE, 
Cotyledons 

Plantlets

5  Monterey 
pine or 
Radiata 
pine 

P.radiata D. Don. Aitken et.al.1981  
Horgan and 
Aitken1981 

MZE. 
Cotyledons 

Plantlets

6  French 
maritime 
pine 

P.pinaster Ait.  David  1982  MZE  Shoot 

7  Caribbean 
pine 

P.cartbaea. Morelet  Halos and Go 
1993 

MZE  Plantlets

8  Coulter 
pine 

P.coultert D.Don.  Patel and Berlyn 
1983 

MZE  Shoots 

9  Ponderosa 
pine 

P.ponderosa Laws.  Ellis and 
Bilderback 
1984,89 

MZE  Multiple 
buds 

10  Calabrian 
pine 

P.brutta Tenore.  Abdullah et.al. 
1985,89 

Seedlings 
tissue 

Plantlets

11  White 
pine 

P.stobus L.  Flinn et.al. 1986  MZE  Shoots 

12  Afghan 
pine 

P.eldarica Medw.  Gladfelter and 
Phillips 1987 

Seedlings  Plantlets

13  Slash pine  P.elliottii Engelm. Perez‐Bermudez 
and Sommer 1987 

MZE  Adv 
buds 

14  White 
pine 

P.stobus L.  Kaul 1987  Cotyledons  Plantlets

15  Red pine  P.restnosa Ait  Noh et.al. 1988  MZE  Shoots 
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16  Scots pine  P.sylvestris L.  Jain et.al. 1988  MZE  Plantlets

17  Stone 
pine 

P.pinea L.  Dimantoglou 
et.al.1990 

MZE  Shoots 

18  Canary 
Island 
pine 

P.canartensis Sweet ex 
KSpreng. 

Pulido et.al.1990  MZE  Plantlets

19  Shortleaf 
pine 

P.echinata Mill.  Jang and 
Tainter1991 

Cotyledons  Plantlets

20  Slash pine  P.elliotttt Engelm.  Burns et.al.1991  Seedlings  Axillary 
shoots 

21  Aleppo 
pine 

P.halepensisMill. Lambardi et.al. 
1991 

MZE  Plantlets

22  White 
pine 

P,strobes L.  Chesick et.al.1991  MZE  Plantlets

23  Virginia 
pine 

P.virgintanaMill. Chag et.al 1991 Cotyledons  Plantlets

24  Virginia 
pine 

P.virgintana Mill.  Jang and Tainter 
1991 

Cotyledons  Plantlets

25  Virginia 
pine 

P.virgintanaMill. Saravitz et.al. 
1991 

Cotyledons  Plantlets

26  Shortleaf 
pine 

P.echinata Mill.  Bergmann and 
Stomp 1992 

MZE  Plantlets

27  Afghan 
pine 

P.eldarica Medw.  Bergmann and 
Stomp 1992 

MZE  Shoots 

28  Loblolly 
pine 

P.taeda L.  Bergmann and 
Stomp 1992 

MZE  Shoots 

29  Black  
pine or 
Austrian 
pine  

P.nigra Am.  Saljova 1992,1993  MZE  Plantlets

30  ‐  P.oocarpa Scheide  Bergmann and 
Stomp 1992 

MZE  Shoots 

31  Monterey 
pine or 
Radiata 
pine 

P.radiata D. Don.  Bergmann and 
Stomp 
1992,1994a,1994b

MZE  Plantlets

32  Pond pine  P.serotina Michx.  Bergmann and 
Stomp 1992 

MZE  Shoots 

33  White 
pine 

P.strobes L.  Bergmann and 
Stomp 

MZE  Shoots 
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34  ‐  P.tecumumantt(schwd)  
Equiluz and Perry  

Bergmann and 
Stomp 1992 

MZE  Plantlets

35  Caribbean 
pine 

P.caribaea Morelet  Halos andGo 1993  MZE  Plantlets

36  Caribbean 
pine 

P.cartbaea 
var.hondurenst 

Go et.al 1993  MZE  Plantlets

37  Chir pine  P.roxburghii Srrg.  Muriithi et.al 1993  Cotyledons  Plantlets

38  Jack pine  P.bankstana Lamb. Harry and Thorpe 
et.al. 1994 

MZE  Plantlets

39  Afghan 
pine 

P.eldarica Medw.  Sen et.al. 1994  Cotyledons  Plantlets

40  Jelecote 
Pine 

P.patula Scheide et 
Deppe 

Mckellar et.al. 
1994 

Seedlings  Shoots

41  Stone 
pine 

P.pinea L.  Garcia‐Ferriz et.al. 
1994 

Cotyledons  Shoots 

42  Scots pine  P.sylvestris L.  Supriyanto 
andRohr1994 

Seedlings  Plantlets

43  Western 
pine 

P.manticola Dougl  Lapp et.al. 1995  MZE  Plantlets

44  ‐  P. omortka (Panc) 
Purk. 

Kolevska . 
andButurovic. 
1995 

MZE  Plantlets

45  Stone 
pine 

P.pinea L.  Capuana and 
Giannini 1995 

Cotyledons  Plantlets

46  Mexican 
pine 

P.ayacahutte var 
ayacahutte(Ehremb) 

Saborio et.al. 1997 Cotyledons  Plantlets

47  Loblolly 
pine 

P.taeda L.  Tang et.al. 1998  MZE  Plantlets

48  Aleppo 
pine 

P.halepensis Mill.  Tzfira et.al. 1998  MZE  Plantlets

49  Blue pine  P.walltchtana A.B. 
Jacks 

Mathur and 
Nadgauda 1999 

MZE  Plantlets

50  Blue pine  P.walltchtana A.B 
.Jacks 

Bastola et.al. 2000  MZE  Plantlets

51  Loblolly 
pine 

P.taeda L.  Tang et.al. 2001  Callus  Plantlets
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52  Radiate  
pine 

P.radiata D Don  Konstantin et.al. 
2003 

Cotyledons  Plantlets

53  Stone 
pine 

P.pinea L.  Moncalean . 
et.al.2004 

Cotyledons  Plantlets

54  Scot pine  P.sylvestris L.  Andersone and 
Ievinesh 2005 

Axillary 
buds 

Plantlets

55  Stone 
pine 

P.pinea L.  Alonso . et.al. 
2006 

Cotyledons  Plantlets

56  Chir pine  P.roxburghii Sarg.  Malabadi and 
Nataraja 2006 

Shoot 
Apical 
dome 

Plantlets

57  Scot pine  P.sylvestris L.  Kaparakis and 
Robin 2006 

Seedlings  Adv 
Roots 

58  Chir pine  P.roxburghii Sarg. Kalia et.al 2007 Seedlings  Plantlets

59  Maritime 
pine 

P.pinaster Ait.  Diego et.al.2008  Shoot 
buds 

Plantlets

60  Stone 
pine 

P.pinea L. Cuesta et.al. 2009 Cotyledons  Plantlets

61  Masson 
pine 

P.massoniana  Li‐Hu Zhu et.al 
2010 

Seedlings  Plantlets

 

Although more than 60 reports are mainly concerned with the adventitious bud 

proliferation from mature zygotic embryos and cotyledons of different species of the 

genus , but only a notable few could be successfully exploited at a commercial scale 

(Aitkin-Christie et.al,. 1981, Baxter et.al., 1989, Hogan and Holland 1989).Since, 

developing a reproducible regeneration protocol from embryos or juvenile explants in 

recalcitrant tree species has its own advantage of being able to be utilized for genetic 

improvement programs in future. As a result, a number of Pinus species as well as 

other economically important conifers are now documented having a complete 

regeneration protocols using adventitious bud proliferation.  

 

 First report of Pinus roxburghii in vitro study was reported by Mehra and 

Kumar (1982) they had done callus induction using vegetative parts of 5 week old 

seedling along with cytology study.  First report of de novo organogenesis in this 
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species was in 1993 by (Murithii et.al.). Mature tissue culture work in this species 

was reported first time by (Parasharami et.al., 2003).  

 In P.roxburghii adventitious bud proliferation and it’s further use for genetic 

transformation using biolistic transformation methods for standardization of transient 

expression (Parasharami et.al., 2002), and for obtaining stable transformation using 

herbicide resistance gene with some modified system using mature zygotic embryos   

have been reported (Parasharami et.al., 2006). Similarly Malabdi and Natraja (2007)  

studied gene transfer by particle bombardment of embryogenic tissue derived from 

vegetative shoot apices of mature trees of Pinus roxburghii (Chir Pine). 

From these reports it is very clear that compared to the juvenile explants 

reports with mature tissue are less.  

It is usually observed that the quality of the vegetatively propagated clones is 

heavily subjected to the quality or genetic materials of the population or the mother 

explants (George, 1993, Vasil and Vasil, 1980). 

In vitro propagation of pines has mostly been practiced using juvenile explants 

like mature embryos or young seedling tissues, however as mentioned earlier there are 

few reports of propagation using differentiated mature tissues. The problems in tissue 

culture of pines, for that matter, all conifers, are numerous. Even propagules produced 

from donor as young as mature zygotic embryo, may not ultimately be phenotypic ally 

true-to-type. (Bergmann and Stomp 1992, 1994). Successful  micro propagation of 

Scots pine has been established only via organogenesis from young seedlings (Jain et 

al., 1988; Supriyanto and Rohr, 1994; Häggman et al., 1996; Sul and Korban, 1998; 

Andersone and Levinsh, 2002/05). Goto and co workers (1998) have used random 

amplified polymorphic DNA (RAPD) markers to determine the genetic stability of 

more than 10-year old micropropagated shoots of P. thunbergii Parl. 
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1.4 Micrografting technique in Pines 
 
 

Micrografting has been successfully reported in a range of horticultural plants, as a 

mean to obtain clones free of viruses and virus like diseases. Besides that during last 

tree decades it has been tried for different type of studies in different trees. Following 

are the different purposes for study of micrografting. 

a. Rejuvenation of shoots from adult plants ( Huang and Millikan, 1980,  

travan et.al., 1991, Pliego Alfaro and Murashige,1987, Mneney and 

Mantell, 2001, Onay et. al., 2004) 

b. Production of disease free plants ( Novarro et.al., 1975, Jonard et.al., 1983, 

Navarro et.al., 1988) 

c.  Diagnosis of virus infection ( Tanne et.al., 1993) 

d. Enhanced plant recovery from somatic embryos(SEs) and genetically 

transformed cultures ( De Pasquale et.al., 1999, Lou and Gould, 1999, Pena 

and Novarrow, 1999, Prakash et.al,1999, Simon et.al., 2005) 

e. Study of graft compatibility and formation of the graft union ( Jonard, 

1986, Jonard, 1990, Cantos et.al., 1995) 

f. Ex vitro grafting of shoots that are produced in vitro has been used  mainly 

to rescue rootless plantlets (Prakash et.al., 1999, Yang et.al., 2000, Weber, 

et. al., 2003).  

In gymnosperms it has been applied since 1998 for Larix and Picea, and Pinus 

species, compared to horticulture and fruit trees these reports are comparatively few , 

the main purpose of micrografting in pines are for survival of the plants,  mostly in 

vitro micrografting has been tried.  

 For pines the micrografting has been applied in very few species viz Pinus 

pinaster Ait. (Travan and David 1985, Dumas et.al., 1995), P.radiata (Fraga et.al., 

2002), Pinus pinea, (Cartizo et.al., 2004). Practical benefits from vegetative 

propagations especially micropropagetion technique are possible when effective 
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methodologies that allow the multiplication of manure trees are available. Since the 

traditional methods of vegetative propagation have not been very successful in the 

Pinaceae, and particularly in P.radiata micrografting was applied in this species, 

(Fraga et.al., 2002). In P.pinea which have edible seeds ( pine nuts or “pinons” ) and 

highly valuable for it’s ecological and landscape  value in Europe in vitro 

micrografting method was successfully tried. Overall success of the protocol for in 

vitro micrografting was 43% as reported by them (Cartizo et.al., 2004).  Pinus 

roxburghii is the most important pine species in Himachal Pradesh and plantad for 

afforestation/ reforestation programs but the survival rate is very low (Sharma et al 

2007). They had studied heterozygosity and fitness in this pine using isozymese.We 

have reported in vitro rooting of the mature shoots (Parasharami et al 2003) in this 

species,  but the survival of these in vitro rooted plants in the pots after hardening and 

years in field was around 10% after 3-5 years under local conditions. (Parasharami, 

unpublished data). Hence it was decided to apply the micrografting technique to in 

vitro grown mature shoots along with in vivo micrografting trials. The results are 

presented here for both in vitro and in vivo micrografting. Ex vitro grafting using in 

vitro shoots as “scions”. And in vivo grown root stocks from nursery grown seedling 

have been also tried during the present study. 

  Hence it could be concluded that the results of this study “Assessment of 

Diversity and In vitro Responses in Pinus roxburghii” from Indian  Provenances”  

could be used for future plantation forestry programs of Pinus species in India. 
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Chapter 2  
 
  

Materials and Methods 
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2.1 Introduction 
This chapter describes the materials and general techniques routinely practiced in 

Genetic Diversity studies especially for Isolation and amplification of DNA (2.2) 

plant tissue culture (2.3), and Micrografting (2.4). The specific materials and 

methodologies employed for various experimental procedures during this study are 

described separately in chapters 3 - 6.   

 

2.2 Genetic Diversity Studies   
Isolation and amplification of DNA 

 
2.2.1Glassware and Plastic wares:  
 
Micropipette of different precision measurements (1000, 200, 100, 20, 10 and 2μl) 

were procured from Gilson medical Electronics, France. Micro tips, appendorff tubes 

(0.05, 1.5 and 2 ml) and microtip-boxes were procured from GenAxy scientific Pvt. 

Ltd. (India). While centrifuge tubes (50ml) were purchased from Tarson products Pvt. 

Ltd, (Kolkata, India). 

 

2.2.2Reagents and Chemicals:  
 
Following reagents and chemicals were used in the studies. 

 
Table 2.1: - Composition of extraction Buffer 

 
CHEMICALS STOCK               

SOLUTION # 
WORKING 
SOLUTION 

CTAB* 

                         NaCl 

Tris HCL (pH8.0- with NaOH ) 

EDTA (pH – 8.0- with 
HCL)*Dissolve CTAB by heating at 

60˚C 

 

10 % 

2.5 M 

1 M 

0.5 M 

# Autoclave 20 Minutes 

 2 % 

1.4 M 

100 mM 

20 mM 

 
(a) TE buffer: 10 mM Tris- HCl (pH 8.0) and 1 mM EDTA (Sigma, USA).  

(b) Agarose: Low EEO ( Sisco Research Laboratories Pvt. Ltd.). 
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(c) Electrophoresis buffer: Tris-borate-EDTA (1x)  

(d) Loading buffer: Bromophenol blue (0.25%) and glycerol (30%)  

(e) Fluorescent dye: Ethidium bromide (10 μg /mL)  

(f) Marker: 100 bp DNA ladder ( Ge Nei, India)  

(g) Enzymes:  RNAase A (10 mg/mL) and  Taq DNA Polymerase (GeNei, India)  

(h) Buffers: Taq DNA Polymerase buffer with MgCl2 (GeNei, India)  

(i) Nucleotides: dNTPs (G, A, T, C) (GeNei, India)  

(j) Chloroform:Isoamylalcohol (24:1), ( Qualigene India) 

(k) Isopropanol (pre chilled) 70 % (Qualigene India) 

  

2.2.3 Equipments:  

Milli-RO water system (Millipore, USA):  

 The instrument is used for obtaining deionized water. There are series of ion 

exchanging columns. When ordinary water is passed through these columns, it is 

made free of salts and minerals that are naturally present in tap water.  

It is important to use deionized water for preparation of reagents as the presence of 

minerals and salts may alter the final composition.  

Centrifuge:(Sorvall RC-5C+superspeed centrifuge) supplied by (Fisher Scientific 

Instruments, India):  

It offers simplicity of operation and durability for intensive use.It has maximum speed 

21000 RPM, temperature is maintained from (-200C to + 400C).  

Horizontal electrophoresis unit (Bio Era, India): 

  The basic principle of electrophoresis is that charged ions or molecules 

migrate when placed in an electric field. The rate of migration of a substance depends 

on its net charge, size, shape and the applied current. It consists of a power pack and 

electrophoresis unit. The power pack supplies a stabilized current at controlled or 

required voltage and current output. The electrophoresis unit contains the electrodes, 

buffer reservoirs and gel casting assembly.  
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UV Tran Illuminator Glove worm : For gel visualization under ultraviolet radiation. 

(Techno source India),  

Gel Documentation System (Syngent, UK): Model G: Box was used. It is a 

powerful, flexible package including the hardware and the software for imaging and 

analyzing 1-D electrophoresis gels, dot blot arrays and colonies. The lane-based 

functions can be used in determination of molecular weights and other values.  

Water bath (Fisher Scientific, India): It is used for maintaining the constant 

temperature, in which, temperature setting, temperature indicator and cooling effect 

are also available. 

Spin Win (Tarson, India): It is a mini centrifuge equipped with continuously 

variable electronic speed control, speed indicator, Amp meter, timer, dynamic break, 

zero starting switch and fuse safety device for 230 V 50 Hz AC mains.  

Spectrophotometer (Perkin and Elmer): For quantifying DNA in a solution. The 

reading is taken at wavelengths of 260 and 280 nm and the ratio between them 

provides an estimate of the purity of the sample DNA ((Maniatis, 1989).  

PCR Robocycler (Stratagene, USA): It is microprocessor controlled device 

containing four temperature block and a robotic arm to quickly move from one 

temperature block to another based on user defined program. This system has four 

separate anodized aluminum temperature blocks (3-heating block and1 cold block) 

containing 96 precision cut wells that remain at set temperaturecle. In the robocycler, 

tubes are moved from one block to next by a robotic arm. The four-block design 

decreases cycling time by up to 30% and achieves a well-to-well temperature 

uniformity of ± 0.1 °C for amplification process. 

Miscellaneous:  

• Morter and pestle 

• Distilled water 

• Hand gloves 

• Filter papers 

• Spatula 
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2.2.4  ISSR primers used for the study and their sequences (IDT, USA):  

 Two types of ISSR primers # UBC Set 9 (100 primer set) and Andrea Wolfe primers 

were used.  List of 100 # UBC set 9 motifs and 14 Andrea Wolfe motifs has been 

given in Table 2.2. Out of this list, 66 primers from # UBC set 9 and 5 from Andrea 

Wolfe were considered during the above study. They will be discussed in Chapternb3 

materials and methods with the standardization protocols used along with other 

details. 
 
Table 2.2 ISSR Primer UBC Set #9 (801…900) with the motifs  

Motifs                  Primer ID           sequence (5′ to 3′) 

Dinucleotide 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

801 ATA TAT ATA TAT ATA TT 
802 ATA TAT ATA TAT ATA TG 
803 ATA TAT ATA TAT ATA TC 
804 TAT ATA TAT ATA TAT AA 
805 TAT ATA TAT ATA TAT AC 
806 TAT ATA TAT ATA TAT AG
807 AGA GAG AGA GAG AGA GT 
808 AGA GAG AGA GAG AGA GC 
809 AGA GAG AGA GAG AGA GG 
810 GAG AGA GAG AGA GAG AT 
811 GAG AGA GAG AGA GAG AC 
812 GAG AGA GAG AGA GAG AA 
813 CTC TCT CTC TCT CTC TT 
814 CTC TCT CTC TCT CTC TA 
815 CTC TCT CTC TCT .CTC TG
816 CAC ACA CAC ACA CAC AT 
817 CAC ACA CAC ACA CAC AA 
818 CAC ACA CAC ACA CAC AG 
819 GTG TGT GTG TGT GTG TA 
820 GTG TGT GTG TGT GTG TC 
821 GTG TGT GTG TGT GTG TT 
822 TCT CTC TCT CTC TCT CA 
823 TCT CTC TCT CTC TCT CC 
824 TCT CTC TOT CTC TCT CG
825 ACA CAC ACA CAC ACA CT   
826 ACA CAC ACA CAC ACA CC 
827 
828 

ACA CAC ACA CAC ACA CG 
TGT GTG TGT GTG TGT GA 
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829 TGT GTG TGT GTG TGT GC 
830 TGT GTG TGT GTG TGT GG 
831 ATA TAT ATA TAT ATA TYA 
832 ATA TAT ATA TAT ATA TYC
833 ATA TAT ATA TAT ATA TYG 
834 AGA GAG AGA GAG AGA GYT 
835 AGA GAG AGA GAG AGA GYC 
836 AGA GAG AGA GAG AGA GYA 
837 TAT ATA TAT ATA TAT ART 
838 TAT ATA TAT ATA TAT ARC 
839 TAT ATA TAT ATA TAT ARG 
840 GAG AGA GAG AGA GAG AYT 
841 GAG AGA GAG AGA GAG AYC
842 GAG AGA GAG AGA GAG AYG 
843 CTC TCT CTC TCT CTC TRA 
844 CTC TCT CTC TCT CTC TRC 
845 CTC TCT CTC TCT CTC TRG 
846 CAC ACA CAC ACA CAC ART 
847 CAC ACA CAC ACA CAC ARC 
848 CAC ACA CAC ACA CAC ARG 
849 GTG TGT GTG TGT GTG TYA 
850 GTG TGT GTG TGT GTG TYC
851 GTG TGT GTG TGT GTG TYG 
852 TCT CTC TCT CTC TCT CRA 
853 TCT CTC TCT CTC TCT CRT 
854 TCT CTC TCT CTC TCT CRG 
855 ACA CAC ACA CAC ACA CYT 
856 ACA CAC ACA CAC ACA CYA 
857 ACA CAC ACA CAC ACA CYG 
858 TGT GTG TGT GTG TGT GRT 
859 TGT GTG TGT GTG TGT GRC 
860 TGT GTG TGT GTG TGT GRA 

Trinucleotides 

861 ACC ACC ACC ACC ACC ACC 
862 AGC AGC AGC AGC AGC AGC 
863 AGT AGT AGT AGT AGT AGT 
864 ATG ATG ATG ATG ATG ATG 
865 CCG CCG CCG CCG CCG CCG 
866 CTC CTC CTC CTC CTC CTC 
867 GGC GGC GGC GGC GGC GGC 
868 GAA GAA GAA GAA GAA GAA 
869 G'IF GTT GTT GTT GTT G'IT 
870 TGC TGC TGC TGC TGC TGC 
871 TAT TAT TAT TAT TAT TAT 
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872 GAT AGA TAG ATA GAT A 

Tetra and 
 penta  

nucleotides 

873 GAC AGA CAG ACA GAC A 
874 CCC TCC CTC CCT CCC T 
875 CTA GCT ACG TAG CTA G 
876 GAT AGA TAG ACA GAC A 
877 TGC ATG CAT GCA TGC A 
878 GGA TGG ATG GAT GGA T 
879 C'TT CAC TTC ACT TCA 
880 GGA GAG GAG AGG AGA 
881 GGGG TGG GGT GGG GTG 
882 VBV ATA TAT ATA TAT AT 
883 BVB TAT ATA TAT ATA TA 

5 Degenerated 
Motifs 

 

884 HBH AGA GAG AGA GAG AG 
885 BHB GAG AGA GAG AGA GA 
886 VDV CTC TCT CTC TCT CT  
887 DVD TCT CTC TCT CTC TC 
888 BDB CAC ACA CAC ACA CA 
889 DBD ACA CAC ACA CAC AC
890 VHV GTG TGT GTG TGT GT 

Other Motifs 
 

891 HVH TGT GTG TGT GTG TG 
892 TAG ATC TGAT CTG AAT TCC C 
893 NNN NNN NNN NNN NNN 
894 TGG TAG CTC TTG ATC ANN NNN 
895 AGA GTI" GGT ACG TCT TGA TC 
896 AGG TCG GGG CCG CNN NNN NAT G 
898 GAT CAA GCT TNN NNN NAT GTG G 
900 ACT TCC CCA CAG GTG AAC ACA 
 

Fourteen A. Wolfe’s ISSR primers 
  814   CTCTCTCTCTCTCTCT TG  
  844A   CTCTCTCTCTCTCTCTAC 
  844B   CTCTCTCTCTCTCTCTGC 
  17898A   CACACACACACA AC  
  17898B   CACACACACACA GT 
  17899A   CAC ACA CAC ACA AG  
  17899B   CAC ACA CAC ACA GG  
  17901   GTG TGT GTG TGT CA   
  HB 8   GAGAGAGAGAGAGG 
  HB 9   GTGTGTGTGTGTGG  
  HB 10   GAGAGAGAGAGACC 

  HB 11   GTGTGTGTGTGTCC  
  HB 12   CAC CAC CAC GC   
  HB 13   GAG GAG GAG GC  
  HB 14   CTC CTC CTC GC  
  HB 15  GTG GTG GTG GC   
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Out of these, finally the primers which gave better polymorphic bands were used for 

diversity analysis. Total 24 such primers were selected. All the ISSR primers 

synthesized by Integrated DNA Technologies (IDT), USA were used for PCR 

reactions. The remaining 30 UBC primers which were not used were either did not 

give amplification or were with lower annealing temperatures (less than 35o) or were 

not procured after initial screening. Out of 14 Andrea Wolf primers 5 were procured 

which were reported for Pinus ponderosa (Osborn et.al 2005).  

2.2.5 Plant material: 

 

Pinus roxburghii needles were collected from Palampur, (PA) H.P., Darjeeling (DJ) 

W.B., Gureghar (GG) M.S., and Rajahmundry (RJ), A.P. Almost 20-25 tree samples 

from each location were collected between January to June. Details have been 

described in Chapter 3. General protocol for DNA isolation is described below: 

Protocol for DNA Extraction (Modification of Doyle J, 1990 method): 

 Weighed 1g of Pinus roxburghii needles and ground them using mortar and 

pestle in the presence of liquid nitrogen.  

 Fine powdered needle material was transferred into clean 50 mL 

polypropylene centrifuge tubes. 

 20 ml of DNA Extraction buffer was added to these centrifuge tubes. 

 Incubated at 65°C for 60 minutes and then cooled to room temperature.  

 After incubation added equal volume of 24:1 (v/v) chloroform : Isoamyl 

alcohol, and mixed gently by inverting the tubes 20 to 25 times to form an emulsion.  

 Centrifuged the tubes at 10,000 rpm at 15˚C temperature. 

 Collected the supernatant and repeat the extraction with equal volume of 

Chloroform: Isoamylalcohol (24:1) and centrifuged the tubes at 10,000 rpm at 15˚C 

for 10 min. 

 Transferred the top aqueous phase to a new 50 mL centrifuge tube with a 

wide-bore pipette tip. Second chloroform: Isoamylalcohol extraction was performed.  

 Added 0.5 volumes of 5M NaCl to the aqueous solution recovered from the 

previous step and mixed well.  
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 Added equal volume of cold (-20°C) Isopropanol and kept the tubes at room 

temperature for at least 1 hr for precipitation. 

 Recovered the precipitate by centrifugation at 10,000 rpm for 10 min at 15˚C. 

  Washed precipitate in same centrifuge tubes with  cold (0 to 4°C) 70% 

ethanol (Molecular grade). Ethanol was then completely removed without drying the 

DNA pellet by leaving the tubes uncovered at 37°C for 20 to 30 minutes.  

 Dissolved the DNA in 200 to 300 μL TE Buffer in same tubes after the smell 

of 70% ethanol disappeared.  

 Shifted this 200 μL dissolved DNA in eppendrof tubes or microfuge tube (1.5 

mL) with micropipette. 

  Treated with 1 μL RNAaseA per 100 μL DNA solution and incubated at 37°C 

on dry bath for 60 minutes.  

 Extracted with equal volume of chloroform: Isoamyl alcohol (24:1). 

  Recovered the upper phase and to that added 1/10th volume of 1M NaCl.   

 Transferred the aqueous layer to a fresh 1.5 ml microfuge tube and added 

equal volume of isopropanol.  

 Kept at room temperature for 1 hr at least till DNA strands appeared in tubes. 

 Spinned at 10,000 rpm for 10 min in spin-win.Removed the upper phase 

leaving DNA at bottom of e-tubes. 

 Washed the pellet with 70% ethanol. Ethanol was then completely removed 

without drying the DNA pellet by leaving the tubes uncovered at 37°C for 15 to 20 

minutes (Till the ethanol smell disappears from DNA). 

  Dissolved the pellet in TE buffer 200 μL (1mM Tris HCL – pH 8.0 and 0.1 

mM EDTA pH – 8.0). 

 Stored the DNA preparation at 4˚C. 

 DNA concentrations were determined either by running aliquots of DNA 

samples on a 0.8% agarose gel electrophoresis or by taking the absorbance at 260 nm. 

The ratio between 260 and 280nm provided an estimate of the purity of the DNA 

sample. DNA samples with a ratio of approximately 1.8 under spectrophotometer and 

producing an intact single band without smear on 0.8% Agarose gel electrophoresis 

were considered as good quality DNA.  
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2.2.6 PCR protocol using ISSR primers:  

 

The ISSR products were loaded on 1.5% agarose gel stained with ethidium bromide 

for electrophoresis in 0.5X TBE at a constant current 70 mA, for 3-4 hrs. 

Visualization and photography of the gel was done in Gel Documentation system. 

Negative controls, containing all PCR components except DNA were also set up and 

run with each set of reactions. 100 bp range DNA ladder (GeNei, India) was used for 

band sizing.   

2.2.7 Data Analysis: 

 

UPGMA for Jaccard’s coefficient Dendrograms, and cluster analysis were computed 

using MSVP softwere, Similarity matrix and nodal data for intrapopulation and 

interpopulation were computed using this software. Popgene softwere was used for 

Dominant ISSR data analysis.  Number of polymorphic loci for each population and 

percentage of Polymorphic loci i.e. Percent Band polymorphism (PBP) along with 

na* (observed no of alleles), ne* (effective no of alleles (Kimura and Crow, 1964), 

Different genetic diversity index like h* Nei’s 1973 gene diversity and I* (Shannon’s 

Information Index ) was computed. Dendrogram based Nei’s (1972) genetic Distance: 

Method UPGMA- Modified from NEIGHBOR procedure of PHYLIP version 3.5 was 

also computed. Gene flow value was obtained through this software during Inter-

population analysis.  
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2.3 Plant Tissue Culture 

2.3.1Glassware and plastic ware: 

 

Test tubes (25 x 150 mm), conical flasks (125, 150, 250, 500, 1000 ml capacity), 

pipettes (1, 2, 5 and 10 ml capacity), measuring cylinders, funnels,etc. used in various 

experiments were made of Corning or Borosil glass. Locally manufactured jam bottles 

with polypropylene screw caps were also used. All glassware was cleaned using 

liquid soap and thoroughly washed in running tap water. Washed glassware was 

rinsed with distilled water and oven dried before use. Flasks and bottles containing 

infected cultures were decontaminated by sterilization for 1 h, prior to washing. 

Culture tubes and flasks were plugged tightly with absorbent cotton prior to 

autoclaving. Sterile/disposable transparent polypropylene petri-plates (55 X 15 mm 

and 85 X 15 mm) from Laxbro, India Ltd. were used throughout the studies. Auto-

pipettes from Tarsons accupipet, (0-20 µl, 20–200 µl, and 200–1000 µl) were utilized 

for accurate addition of fine chemicals in the medium. Autoclavable filter assembly 

units (Laxbro, India) were used with 0.22 Millipore µm filter membranes (mixed 

cellulose acetate and nitrate) for filter sterilization of small quantities of heat labile 

chemicals like L-glutamine, Abscisic acid (ABA), etc. 

 

2.3.2Equipments: 

 

The major equipments used include: 

pH meter (Digital Instruments Corporation ): pH is the negative logarithm of 

hydrogen ion concentration.  The measurement of pH in digital form is based on ion 

exchange in between hydrated layers formed on glass surface. Change in ion exchange 

results in EMF or voltage difference causing current flow.  The current intensity gives 

the value of pH.   

 

Electronic Balance: (Contech, Make); A manual top loading balance was used for 

quick weighing and for analytical purposes.  This is a single pan balance capacity 100-

200gm, sensitivity 0.1mg operating on 230 V 50 H2 AC mains.  Precision of ± 0.005g, 
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weighing range 0-1, upto 200g, and digital read out was used for making stock solutions 

of growth regulators and for other fine weighing. 

Autoclave, (Nat Steel Equipment Private Limited, India): The autoclave was used 

for sterilization of media, glassware, water, dissecting instruments etc and for 

decontamination of contaminated cultures in culture vessels.  It is based on the 

application of steam under pressure.  Autoclaving was carried out at a temperature of 

121°C under 15lb/in2 pressure.  Except culture media, all other sterilizations were 

autoclaved for one hour.  The culture media were autoclaved for 15 min. 

Laminar airflow ultra clean unit (Klinzid/ Microfilt, India ): All aseptic 

manipulations were carried out on this unit.  In laminar (Klenzoids/ Microfilt, India), 

with the help of  pump, air is passed through HEPA filters of pore size 0.22 micron. 

Due to positive pressure, the entry of any contaminant is restricted from the open side 

of the bench. The instrument is fitted with UV tubes in addition to the fluorescent tubes.  

Apart from these instruments, some other essential equipments used were;  

Magnetic stirrer (Remi, India),  

Steamer (Ultradent, India),  

Temperature controlled oven (Pathak Electricals, India), 

Light microscope (Carl-Zeiss Jena),   

Camera (Nikon/Zeiss, Japan), 

Membrane filter sterilizing unit (Laxbro, Pune) 

Microtome (Richert, Jung, Germany) 
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2.3.3 Chemicals:  

 

The Chemicals used and their source are captured in Table2.3. 

Table 2.3: Various chemicals used and their source.  

                  CHEMICAL             SOURCE 
Macro ‐ and Micro –nutrients (AR 
grade) (Refer Table 2.4) 

All from Qualigens, India. 

Vitamins and amino acids.  Sigma Chemical Co., USA. 
Plant Growth Regulators  Sigma Chemical Co., USA.
Amino acids.  Sigma Chemical Co., USA. 
Caesin hydrolysate.  Sigma Chemical Co., USA. 
Inositol  Sigma Chemical Co., USA.
Phytagel (gellan gum)  Sigma Chemical Co., USA. 
Bacto agar  Difco laboratories, USA 
Sucrose (ExelAR grade)  Qualigens, India. 
Activated charcoal  Sarabhai M chemicals, India.
Tween 20  Merck limited, India. 
Mercuric chloride  Qualigens, India. 
Bavistin (Antifungal agent)  BAIF, India.
Savlon (Antiseptic Liquid)  Johnson and Johnson, India, 

Limited. 
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Table 2.4: Composition of three basal media used during the study 

Essential element 

DCR  WPM        MS 
Concentration 

of stock 
solution (mg/L)

Concentration 
of stock 
solution 
(mg/L) 

Concentration 
of stock 
solution 
(mg/L) 

Macro‐nutrients:    
KNO3  340  400  1900 

NH4NO3  400  ‐‐  1650 
Ca(NO3)2.4H2O  556  556                  ‐‐ 
CaCl2. 2H2O  85 96 440 
MgSO4. 7H20  370  370  370 
KH2PO4  170  170  170 
K2SO4  ‐‐‐  990                ‐‐‐‐ 

Micro‐nutrients:    
MnSO4. 7H2O  29. 432  29. 43  22.3 
ZnSO4. 7H2O  8. 6  8. 6  8.6 

H3BO3  6. 2  6. 2  6.2 
KI  0. 83 ‐‐‐ 0.83 

Na2MoO4. 2H2O  0. 25 0. 25 0.25 
CuSO4. 7H2O  0. 25  0. 25  0.025 

CoCl2  0. 025  ‐‐‐  0.025 
NiCl3  0. 025                 ‐‐‐‐                ‐‐‐ 

FeSO4. 7H2O  37. 3 27. 8 27.8 
Na2. EDTA  37. 3  37. 3  37.3 
Vitamins:          

Myo Inositol  100 100 100 
Thiamine – HCl  1 0.1 0.1 
Nicotinic acid  0.5  0.5  0.5 

Pyridoxine – HCl  0.5  0.5  0.5 
Glycine  2  2  2 

 

 Methods: 

Preparation of glassware and instruments: 

 Glassware used in the study was cleaned by boiling in a solution of sodium 

bicarbonate for 1 hr followed by washing in tap water. They were then immersed in 

30% bleach. Tubes and flasks were plugged with non absorbent cotton (Safe surgical 

industries, Beawar, India). All dissecting instruments were wrapped individually with 

paper and put in autoclavable plastic bags for sterilization. Ordinary grade filter paper 
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pieces of approximately 10x20 cm were kept in stack alternatively with brown paper 

pieces of similar size. These were packed in autoclavable plastic bags as a stack of 20-

25 pieces and autoclaved. Dissection and transfer of explants was carried out on these 

papers under aseptic conditions and disposed after use. Microtips used for aseptic 

addition by micropipettes were arranged in cases meant for their size, wrapped with 

brown paper and then autoclaved. Sterilization of the glassware and instruments was 

carried out by autoclaving at 121°C for 1 h at 15 lbs/(inch)2. 

Preparation of media : 

Success of a tissue culture protocol depends on the appropriate composition of the 

medium. Several basal formulations like MS (Murashige and Skoog 1962), WPM 

(Lloyd and McCown 1980) DCR (Gupta and Durzan 1985) etc. are now available. In 

the present studies DCR, WPM, and MS compositions were used. Concentrations of 

the macro and microelements, salts and organic constituents of the different media 

used in the present studies are listed in Table 2.4. Stock solutions of the media 

ingredients were prepared by dissolving weighed amounts of these salts in double 

distilled water. Appropriate aliquots of these solutions were mixed to prepare the 

media. 

 All the stock solutions and media were prepared in glass distilled water or Milli-Q 

(Millipore water purification system) water. Stock solutions of different salts were 

prepared as 10X or 100X depending on the final concentration of the salts in the 

medium (Table 2.5). Sucrose, myo-inositol, L-glutamine were always weighed and 

added at the time of preparation of the medium. Specific growth regulators and other 

media constituents were filter sterilized (if necessary) and added at the time of media 

preparation. 
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Table 2.5.Stock Solutions: 

 

* The Na2FeEDTA stock (total volume 500ml) was prepared by dissolving Na2EDTA 

(100X) in 200 ml hot water and to this, 200 ml solution of FeSO4 (100X) was added 

drop-wise. The resultant solution was mixed thoroughly and the final volume was 

made to 500 ml.  

After dissolving all the ingredients except solidifying agent, the pH of the medium 

was adjusted between 5.8 (unless otherwise stated) using 1.0N HCl or NaOH. The 

final volume was adjusted and gelling agent was added for semi-solid media before 

sterilization. Bottles or flasks were autoclaved before the media were poured in 

preautoclaved test tubes. Gelling agent was melted by steaming the medium and then 

it was dispensed in the appropriate container.  

 

 

 

 

Stock  Concentration  Storage 

Major salts   20 X  Refrigeration 

Minor salts  50 X  Refrigeration 

Na2FeEDTA*  50 X Refrigeration 

Vitamins  50 X  ‐ 200 C 

L‐glutamine  25 mg/ml  ‐ 200 C 

2,4‐D  5 mM  Refrigeration 

BA  2 mM  Refrigeration 

Kin  2 mM Refrigeration 
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Table 2.6. Preparation and Concentration of Growth Regulators: 

 

Media Sterilization: 

All culture media were autoclaved at 15 lb. in pressure (1210C) for 20minutes. 

Heat liable chemicals were added in the media in the required quantity after filter 

sterilization into the autoclaved media. 

Preparation of explants: 

 Mature explants which were obtained from different populations were 

collected in different seasons. Depending upon the shoot types, the sterilization 

treatment was varied. The details of each type of treatment for different explants have 

been explained in detail in Chapter 4. In general ¾ needles were removed from 

mature shoots to reduce the contamination. For very tender new sprouts only mild 

sterilization treatment were selected but for the dormant buds /shoots covered with 

brown scales harsh treatment described by (Cortizo et.al, 2009 ) was selected. All 

these  have been described in detail in Chapter 4. 

Initiation of Cultures: 

 Cultures were initiated from the surface sterilized explants in laminar airflow 

cabinets. All the dissections were carried out on sterile filter papers. The instruments 

used for aseptic dissection or transfer of tissues were pre-sterilized. During aseptic 

operations these were sterilized intermittently by dipping in rectified spirit and 

flaming. After transferring the tissues, the petriplates were sealed with cling wrap. All 

cultures were labeled appropriately prior to incubation. 
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Culture Incubation Conditions: 

Cultures were incubated in the dark or under illumination of cool white 

fluorescent light. The illumination of the light were mostly 32 μ Em-2 S-1 with 16 hr 

photoperiod. The cultures were incubated at 22 0C or 250 C± 20C, as required for the 

optimal growth of the cultures. 
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   2.4   Micrografting technique 

2.4.1 Materials: 

  Surgical blades, blade holders, bent forceps, ordinary forceps, para film strips, 

threads, teflon tubing , cling wrap tapes etc. are the requirements for the micrografting 

of the scions into root stocks. All these stainless steel instruments, were autoclaved 

before in vitro micrografting. Taflon tubing, thread, aluminium foil filter papersvand 

other autoclavable materials were sterilized. Parafilm, cling wrape tapes  

(unautoclavable items) were used for ex-vitro grafting and  were  used without 

autoclaving.  

Root stocks were prepared from 2 week old in vitro and in vivo grown seeds 

(converted to seedlings), seedling tips were decapitated and used as a “root-stocks”. 

 Scions were used either from apical, axillary or adventitious shoots developed in 

vitro (in vitro micrografting) or were directly collected from the provenance trial 

location trees ( in vivo micrografting) during the above studies.  

Sand and soil were autoclaved separately for growing root; stocks.  The micrografts 

were   shifted in polythene cups or bags of different size and were kept ready for 

shifting micrografts. To maintain humidity for newly prepared micrografts polythene 

bags were used which were tied with rubber bands with the plastic cups.Green 

hous/polyhouse were used to maintain the grafts.  

2.4.2 Methods:  

Methods of micrografting standardized during the above study have been 

described in Chapter 6. 

 

2.4.3 Histology:  

 Histology was done both for both de novo organogenesis buds and also for in 

vitro micrografted established shoots. The adventitious buds which were used for 

histology were 30-40 day   cotyledons in cultures which were on 10μM BA for initial 

21 days and shifted to medium without hormones. 

   In case of in vitro micrografted material, successful in vitro micrografts (three 

month old “graft union”) were used and serial longitudinal sections (LS) were cut to 
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study the connectivity. The fixation and staining was done according to Sharma and 

Sharma, 1995. The explants were fixed in glacial acetic acid and ethanol (1:3) and 

later stored at 40C in 70% ethanol. For dehydration, the tissue was passed through 

different grades of water: ethanol: tertiary butyl alcohol (TBA), and embedded in 

paraffin wax (melting point 59-600C). Serial LS sections were cut at 15µm and were 

stained with Haematoxylene (1% w/v)-Eosin (1% w/v) and mounted in DPX [2 chloro 

N (4 methoxy 6 methyl–1, 3, 5-triazin-2-yl amino carbonyl) benzene sulfonamide] 

(Qualigens, India) and observed microscopically. For preparation of  

Haematoxylene: 0.5 g haematoxylene is dissolved in 10 ml of 90% alcohol and the 

volume is made up to 100 ml by distilled water. The stain is then filtered and allowed 

to ripen for 6-8 weeks.  

 

2.4.4 Microscopy and Photography: 

The Morphogenetic response using MZE and mature tissue was evauated using 

stereomicroscope and was photographed. Histological slides were studied under 

microscope and photographed. Magnifications of the photomicrographs were noted. 

 

2.4.5 Data Analysis: 
All the experiments were repeated at least 2 – 3 times (depending on the availability 

of the plant material) with a minimum of 10 - 20 replicates pretreatment before 

conducting the statistical analysis. Various statistical methods for data analysis used 

were standard error (S.E.), standard deviation (S.D.), ANOVA, Chi-square analysis, 

Turkey’s HSD Test, and have been described separately in the experimental 

procedure section of Chapters 3 ,4 and5 and 6. The differences among the treatment 

means were subjected to Tukey test at 1% and 5% probability level, wherever applied. 

The data was analyzed using the statistical function given in Origin pro 8 software. 

  

Statistical Procedures  

Statistics was used for the comparison of treatment means during optimization of the 

parameters for Micropropagation using both mature explants and de novo 

organogenesis using Mature zygotic embryos. Completely Randomized Designs were 

used. The data was subjected to analysis of variance (ANOVA) and treatment means 

were compared.  
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Chapter 3  
 
  

Assessment of Diversity in Pinus roxburghii from 

Different provenances using ISSR Markers 
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3.1 Introduction 

Biodiversity is the variety and differences among living organisms from all 

sources, including terrestrial, marine and other aquatic ecosystem and ecological 

complexes of which they are part. This includes genetic diversity within and between 

species and of ecosystems. Thus, in essence, biodiversity represents all life. The 

United Nations declared the Year 2010 to be the International Year of Biodiversity. It 

is a celebration of life on earth and of the value of biodiversity for our lives. The word 

“Biodiversity” was coined as a contraction of "biological diversity" in 1985. A 

symposium held in 1986 and the follow-up book “Biodiversity”, edited by biologist E. 

O. Wilson,1988 carved the way for common acceptance of the word. 

The role of biodiversity is the mirror of our relationships with other living 

species, an ethical view with rights, duties and education. Besides, biodiversity is also 

a part of spiritual heritage of many different cultures. The biodiversity found on earth 

today is the result of approximately 3.5 billion years of evolution. Until the 

emergence of humans, the earth supported more biodiversity than any other period in 

geological history. However, with the dominance of humans, a rapid decline of 

biodiversity has begun, with one species after another suffering extinction (Freeland, 

2005). The loss of this natural heritage is due to the factors like habitat destruction 

through changes in land use, pollution and invasion of ecosystems by non-native plant 

and animal species (biotic exchange) and the biological consequences of increased 

levels of carbon dioxide in the atmosphere. In the long term, climatic changes are 

major threat to biodiversity. 

 A forest ecosystem is one major ecological unit that exists as a “home” for a 

community of both native and introduced organisms. The forest ecosystem is just one 

of a number of unique ecosystems including prairies, deserts, polar regions, great 

oceans, smaller lakes and rivers. A forest ecosystem is typically associated with land 

masses covered by trees, which are often classified by foresters into forest cover 

types. A forest ecosystem community is directly related to species diversity. 

Generally, it is assumed that the more complex the structure, the greater is its species 

diversity. Forest community is much more than just the sum of its trees. A forest is a 

system that supports interacting units including trees, soil, insects, animals and man.        
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One of the foundations for conservation of biological diversity in forest landscape is 

understanding and managing the disturbance regimes of a landscape under past, 

natural and semi natural conditions (Spice and Turner, 1999). Conservation biologists 

warn that 25% of all species could become extinct during the next 20-25 years. 

 A biodiversity hotspot is a biogeographic region with a significant reservoir of 

biodiversity that is under threat from humans. The concept of biodiversity hotspots 

was put forth by Norman Myers in two articles (Myers, 1988 and 1990), which was 

revised after thorough analysis by Myers and others in “Hotspots: Earth’s biologically 

Richest and Most Endangered Terrestrial Ecoregions”. To qualify as a biodiversity 

hotspot on Myers hotspot-map (Myers et. al., 2000), a region must meet two strict 

criteria: it must contain at least 0.5% or 1,500 species of vascular plants as endemics, 

and it has to have lost at least 70% of its primary vegetation. Around the world, at 

least 25 areas qualify under this definition, with nine others possible candidates. In 

India, two biodiversity hotspots are present, one is Eastern Himalaya and the other is 

Western Ghats. The Eastern Himalaya is the home to the world’s highest mountains, 

including the Mt. Everest.(Fig 3.1) 

 

Fig 3.1: Two Biodiversity Hotspots of Indian provenances 

The abrupt rise of the Himalayan Mountains from less than 500 meters to 

more than 8,000 meters resulted in a diversity of ecosystems that range, in only a 

couple of hundred kilometers, from alluvial grasslands (among the tallest in the 

world) and subtropical broadleaf forests along the foothills to temperate broadleaf 
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forests in the mid hills, mixed conifer and conifer forests in the higher hills, and 

alpine meadows above the tree line. 

 

Fig 3.2 The Himalayan ranges 

(http://www.biodiversityhotspots.org/xp/hotspots/himalaya.aspx) 

As shown in Fig.3.2, this immense mountain range, which covers nearly 

750,000 km², has been divided into two regions: the Eastern Himalaya, which is a 

biodiversity hotspot, covering parts of Nepal, Bhutan, the northeast Indian states of 

West Bengal, Sikkim, Assam, and Arunachal Pradesh, southeast Tibet (China), and 

northern Myanmar; while the Western Himalaya covers the Kumaon-Garhwal, 

northwest Kashmir, and northern Pakistan. While these divisions are largely artificial, 

the deep defile carved by the antecedent Kali, Gandaki River between the Annapurna 

and Dhaulagiri mountains has been an effective dispersal barrier to many species. 

“Eastern Himalaya hotspot” stretching in an arc over 3,200 kilometers of northern 

Pakistan, Nepal, Bhutan and the northwestern and northeastern states of India, 

includes all of the world’s mountain peaks higher than 8,000 meters. This includes the 

world’s highest mountain, Sagarmatha (Mt. Everest) as well as several of the world’s 

deepest river gorges. 

 In the Himalayan eco regions, the chronic form of disturbances are found in 

which people disturb a small fraction of biomass in the form of grazing, lopping, 

surface burning and litter removal at a given time. Because of this, plants or 

ecosystems often do not get time to recover adequately as the human onslaught never 

stops. This affects the ecosystem adversely (Singh, 1998). For assessment of 

diversity, different types of parameters are considered viz., ecological / morphological 
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/ phenotypic and genetic diversity. To assess the inter- and intra-specific diversity, 

“genetic diversity assessment” is the most important tool. The genetic diversity is 

normally assessed using genetic fingerprinting with DNA markers, followed by 

statistical analysis of the data. The commonly used polymerase chain reaction (PCR) 

based DNA marker systems are: random polymorphic DNA (RAPD), amplified 

fragment length polymorphism (AFLP) and more recently simple sequence repeats 

(SSRs) or microsatellites (Gupta and Varshney, 2000), inter simple sequence repeats 

(ISSR), etc. (described in detail in Chapter 1). Of these, the markers of choice are the 

ISSR markers, as they are well reproducible, have less operational and development 

costs and do not require knowledge of genomic sequence to design primers. 

In Pinus roxburghii (chir pine) only a few studies on population genetic 

diversity from different Himalayan eco-regions have been carried out. Sehaal et. al., 

(1995) evaluated half-sib progenies of 58 chir pine trees from Himachal Pradesh, 

India. Kharkwal (2009) performed qualitative analysis of tree species in evergreen 

forests of Kumoun Himalaya, Uttarakhand. He selected five sites for this analysis and 

found that the number of species at site three was maximum and at site two the 

minimum, where most dominant species was chir pine. Species diversity in different 

sites indicated maximum diversity at site five and minimum at site two, which 

suggested that at sites where chir pine trees were abundant, the species diversity was 

low. Seed testing of various provenances of Pinus roxburghii from Uttarakhand and 

Himachal Himalaya have been performed by Sharma et. al., (2001), Ghildiyal et. al., 

(2007), and Ghildiyal and Sharma, (2005, 2007). Ghildiyal et. al., (2009) assessed 

environmental variation in seed characters of P. roxburghii in Uttarakhand 

Himalayas; they explored the efficacy of hydrogen peroxide treatment on germination 

and seedling traits of sixteen provenances of Pinus roxburghii. Nizami et. al., (2009) 

estimated carbon stocks in P. roxburghii forests of Pakistan and concluded that the 

mean forest carbon stocks in these forests were important because the amount of 

carbon stored in plant biomass exceeded the atmospheric CO2 and nearly 90% of the 

plant biomass carbon is stored in tree biomass. Recently, Sheikh and Kumar (2010) 

studied the nutrient status and performed economic analysis of soils in oak and pine 

forests in Garhwal Himalaya and concluded that soil is the principal source of 
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ecosystem services, which generates a number of other services. Oak forests were 

found to be rich in nutrients than pine forests. 

The maintenance of genetic variation within a species is essential for its long 

term survival and fitness. A good understanding of the level and distribution of 

genetic variability within a species is vital for development of strategies for its 

effective conservation and utility. Hence, it is important to systematically analyze the 

existing variation within a species, to understand its genetic structure, population 

dynamics and formulate conservation strategies. As there are no previous reports on 

genetic diversity studies using molecular markers in Pinus roxburghii, either in 

natural populations or in provenance trial populations from Indian provenances, this 

study was undertaken. The objective of this study was to determine the level of 

genetic variations / relatedness or similarities between different populations of P. 

roxburghii from the Indian provenances (both intra-population and inter-population 

genetic diversity analysis) among natural / native populations and provenance trial 

plantations using ISSR markers. 
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3.2 Materials and Methods 

3.2.1  Locations 

 Two locations (provenances) of natural / native populations of P. roxburghii 

selected for the study from India were: 

1. Himachal Pradesh-(Palampur, PA- Villa Camellia)  

2. West-Bengal-(Darjeeling, DJ –Badamtam). 

While, two Provenance trial plantations were: 

3. Andhra Pradesh (Rajahmundry RJ) - Maredumilli  

4. Maharashtra- Gureghar (GG) near Panchagani (Figure 3.3 and Figure 3.4). 

3.2.2 Sample Collection 

All sample collections were performed between October and April (2008-

2009) after securing necessary permissions from the respective forest departments. 

Trees from each site were chosen using the grid sampling method. Twigs were 

collected from six to eight sections from east to west and north to south of the grids. 

The twigs were cleaned of dust and dry needles were removed. Green healthy needles 

(5-7 grams from each twig) were separated from the twigs, washed with distilled 

water and dried on filter papers. For each tree, needles were kept separately after 

labeling. After drying, the needles were packed in small zip lock polythene bags, 

labeled each bag according to location and stored at 4 ºC until brought to the 

laboratory for long term storage in -80 ºC deep freezer. Besides needle samples, soil 

samples were also collected. Using a global positioning system (GPS) device, the 

altitude, latitude and longitude of each location were noted down. Although the plots 

selected were of different sizes, about 20-25 accessions were collected from each 

location. 
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Fig: 3.3 - Map of India showing the states from which P. roxburghii  material is 
collected. 

 

All the chemicals needed for DNA isolation, PCR analysis, instruments, their 

types and makes have been described in detail in Chapter 2 (Material and Methods 

section). The ISSR primers, which were used for the diversity analysis, their primer 

sequences and annealing temperatures are presented in Table 2.1. As mentioned there, 

out of 100 UBC set motifs, 66 primers were analyzed with the populations and out of 
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 total of 14 Andrea Wolfe primer motifs, five primers were analyzed. Thus a total of 

71 primers were screened during standardization of annealing temperature. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A. Palampur (PA)  B. Darjeeling (DJ) C. Gureghar (GG) D. Rajahmundry (RJ) 

Fig 3.4. The locations of collection sites in respective states selected for diversity 
analysis 
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3.2.3 Methods used for standardization of the parameters of diversity analysis 

 DNA quantification and standardization of PCR were performed followed by 

selection of primers for final genetic analysis. Genomic DNA was isolated from 13 

accessions collected from Palampur (PA), 19 accessions from Rajahmundry (RJ), 20 

accessions from Gureghar (GG) and 20 accessions collected from Darjeeling (DJ) as 

per the method of Doyle and Doyle (1987) with some modifications (Parasharami 

et.al., 2006). 

3.2.3.1 Quantification of DNA 

The isolated DNA was quantified for 72 samples from four locations using UV 

spectrophotometer.(Table 3.1) 

Table-3.1: Quantification of genomic DNA using UV spectrophotometer (Rajahmundry 
(RJ) Samples) 

Tree no  Dilution factor Ratio 260/280 ds DNA con. (µg/ml)

RJ 1  200 1.2700 223.4 

RJ 2  200  1.8833  85.5 

RJ 3  200  1.8234  204.4 

RJ 4  200  1.6104  170.7 

RJ 5  200 4.4813 83.8 

RJ 6  200  3.9590  77.2 

RJ 7  200  1.9024  321.5 

RJ 8  200  3.3214  111.6 

RJ 9   200 1.9273 361.1 

  RJ 10  200  1.6126  421.2 

 RJ 11  200  1.6703  559.9 

 RJ 12  200  1.6473  531.9 

 RJ 13  200 1.7043 879.0 

 RJ 14  200  1.6954  663.9 

 RJ 15  200  1.8203  423.4 

 RJ 16  200  1.7522  1030.8 

 RJ 17  200 1.6575 748.7 

 RJ 18  200  1.7067  739.7 

 RJ 19  200  1.7004  708.4 
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 For performing PCR, each sample was diluted to 5 ng/μL dilution and cross 

checking of PCR stock of all the samples were performed by electrophoressing the 

DNAs on 0.8% agarose gels stained with Ethidium bromide (10 μL stock + 2μL 

bromo-phinol blue dye) along with known quantity of uncut lambda DNA as a 

reference for 2 hrs and intensity of the bands of the DNA was compared by visual 

observation under a UV trans-illuminator (Fig. 3.5). 

 

 

 

 

 

Fig. 3.5 DNA quantification on 0.8% agarose gels stained with ethidium bromide. DNA 
samples of different trees of same location were loaded in lanes (1-8). Lanes 1-8 
showing uniform quantity DNA in smaples of different trees from same locations. 

3.2.3.2 Standardization of parameters of PCR 

 Other parameters were also standardized that could affect the quality and 

reproducibility of ISSR gel pattern, which included, variations in PCR cocktail 

concentration and thermal profile variations, annealing temperature for all the 71 

primers, DNA concentration and effect of Electrophoresis unit’s current on 

amplification of template DNA.  

3.2.3.2.1 PCR cocktail standardization and PCR thermal cycle standardization 

with two cocktails:  

Andrea Wolfe (Wolfe 2001) published 14 ISSR primers for genetic diversity analysis, 

which were reported to work for various plant species. Hence, these primers were 

chosen and PCRs were performed according to the same protocol. In addition, other 

ISSR primers and reaction conditions according to Mehes et.al., (2007) were used, 

which were specifically used by them for Pinus and Picea spp.  

 

1 2 3 4 5 6 7 8
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(a) Andrea Wolfe {AW} (2001) PCR Cocktail and AW Thermal Profile 

 The cocktail used for Andrea Wolfe thermal profile was: In 25 µL of reaction 

mixture – 2.9 µL SMQ (Sterile Milli Q water) + 2.5 µL (10 mM) Tris -HCL Buffer + 

4.0 µL MgCl2 +5 µL (20 mM) dNTP’s mix + 0.1 µL Taq Polymerase + 8.0 µL (1.0 

M) Primer and 2 µL (10 ng) template DNA. The PCR cycle consisted of denaturation 

at 94 ºC for 120 sec, 42 cycles of amplification comprising 94 ºC for 30 sec, primer 

annealing temp (between 45-48 ºC for 45 sec and at 72 ºC for 90 sec., it is followed 

by one cycle final extension at 72 ºC for 20 min. (Fig 3.6A). 

 

   Fig 3.6 A - Andrea Wolfe thermal profile showing details 

 

(b) Mehe’s (2007) PCR Cocktail and Mehe’s Thermal Profile (Modified) 

 The cocktail used for 25 µL of PCR 2.4 µL SMQ + 10 ng (2 µL) of genomic 

plant DNA+ 3.5 µL of (10 mM) Tris-HCl Buffer + 3.5 µL MgCl2+ 5.0 µL of 200 mM 

of each dNTP’s, + 8.0 µL of (1.0 M) primer and 0.625U of Taq DNA polymerase. For 

each primer, a negative control reaction was included with all other reagents. Only 

double distilled water was included instead of template DNA in the control.  PCR 

thermal profile includes: One cycle of Denaturation at 95 ºC for 5 minutes, 42 cycles of 

each with denaturation at 95 ºC for 90 sec, 120 sec at the annealing temperature of 

particular primer (from 45-58 ºC), and 72 ºC extension for 60 seconds, followed by 

final one cycle of 72 ºC for 60 seconds and final extension at 6 ºC. The modification 

was done in Mehe’s thermal cycle at initial denaturation step only. (2- min incubation 

at 85 ºC after denaturation at which point polymerase addition was done, has been 

omitted, instead we added polymerase at the beginning of PCR cycle) (Fig 3.6 B). 

95°C 2 min  95°C 30 sec 

45sec

42 cycles

72°

1.30 
min

94°

1 
cycle 

94°

72°
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1 
cycle

4°C 

Temp (°C)
44°C  Time(min)
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  Figure:3. 6 B Mehes (modified) Thermal profile showing detail 

 

 The products from both types of PCR were run on 8 well submarine gel 

electrophoresis unit (Bio-Era, India) with 70 mA current and for 4-5 hrs depending 

upon voltage. 100 bp DNA ladder 10 µL (GeNei Meark, India) was loaded in the first 

and last wells of the gel for determining the band sizes and for comparison. 

3.2.3.2.2 Standardization of primer annealing temperature 

 The annealing temperatures were estimated based on Wallace rule for 

oligonucleotide hybridization. Three different temperatures were tested for each 

primer. Using high stringency (Ta higher than Tm), clear and reproducible bands were 

observed until the efficiency of PCR was reduced due to high stringency. At lower 

temperature, prominent smears appear that could be eliminated by reducing the 

loading volume of PCR product. 

 Cocktail with each primer was prepared for three PCRs together, distributed in 

three PCR vials and in thermo-cycler arranged at three different temperatures 

accordingly. After PCR, the products were resolved on 15 well Bio–Era gel 

electrophoresis unit with 1-1 gap between each primer. All the ISSR primer motifs 

(66) from Set #9 of UBC (100 primers 801…900) (University of British Columbia 

[UBC] Canada), and five from AW (Andrea Wolfe, 2001) procured from IDT, USA 

were screened for amplification using DNA samples of 2 – 4 randomly chosen trees 

of Pinus roxburghii from Palampur (PA) natural plantation and/or Gureghar (GG) 
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provenance trial location. The annealing temperatures giving good amplicons at with 

different primers were then used for rest of the samples. 

3.2.3.2.3 Effect of DNA concentration in PCR 

 DNA concentration also influences PCR amplification. Different 

concentrations of genomic DNA were checked to perform the PCR amplification. 10 

µg concentration gave clear and distinct bands without merging compared to other 

concentrations. A result of the experiments (Fig 15) shows the details. 

3.2.3.2.4 Effect of Current on submarine gel electrophoresis 

For above experiment two currents were used for same PCR cocktails and checked, 

the clarity of bands obtained was observed for each run. The two currents selected 

were 70 mA and 90 mA time taken for resolving was depending on the voltage during 

the run. 

3.2.3.2.5 Soil Analysis: Soil samples collected from all the four sites was analyzed in 

the laboratory. pH of each sample was noted down after soaking the soil in water with 

7.0 pH, overnight and pH was checked. 

3.2.4 Data analysis 

In the preliminary studies, reproducibility of ISSR amplified bands was 

examined by amplifying and running the PCR products of template DNA from at least 

four trees from Palampur (PA) (native), and/or from Gureghar (GG) (provenance 

trial) location. Percent band polymorphism (PBP) for each primer, which gave 

scorable, clear and unambiguous bands was determined separately by dividing the no 

of polymorphic bands obtained with the total no. of polymorphic bands obtained and 

multiplied with 100. The average PBP for each location from this data was calculated 

both manually and with Popgene32 software. Standardized parameters were used for 

all intra- and inter-population diversity analysis. 

Presence/absence of each scorable fragment was recorded in a binary data 

matrix and the data were analyzed using MSVP (Multiple Variant Statistical 

Package) and Popgene32 software programs. The MVSP software was used for the 

UPGMA (Unweighted Pair Group Method with Arithmetic mean) analysis using 

Jaccard’s coefficient (Jaccard, 1908). This software was used for generating a 
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similarity matrix among the trees within the population (intra- population diversity 

analysis) and between different populations (inter- population diversity analysis) of P. 

roxburghii under consideration. All these experiments were repeated at least twice to 

check the reproducibility of the results. 

Popgene32 was used for obtaining the number of polymorphic loci, 

percentage of polymorphic loci, observed no of alleles (*na), effective no of alleles 

(*ne), Nei’s gene diversity (*h) (this parameter is equivalent to expected 

heterozygosity (*HE)) and Shannon’s information index (*I) of the four populations. 

For inter-population analysis, gene flow (*Nm) was also determined using 

Popgene32. Similarly, a dendrogram was also obtained with this software for 

‘distance matrix data’ (Modified from NEIGHBOR procedure of PHYLIP Ver. 3.5). 
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3.3 Results 

3.3.1 Collection sites 

 The collection sites were chosen based on survey of literature from Indian 

forester “Special Issue on Tropical Pines in India” (1982). Fig 3.7 shows the shortest 

road distances between the four locations selected. Distance between two 

native/natural populations (PA and DJ) was 1706 km, whereas between two southern 

state provenances (GG and RJ) was 925 km. Similarly, the distance between PA and 

GG was 1837 km and between DJ and RJ was 2131. Likewise, the distances between 

PA and RJ and DJ and GG were 2076 km and 2138 km respectively. 

3.3.2 Phenotypic variations of the four P. roxburghii populations 

Of the two native/natural populations selected for the study, Palampur (PA) 

was situated at 1153 MSL (Table 3.2) while Darjeeling (DJ) was only at 531 MSL. 

For these two populations, longitude and latitude variations were recorded during the 

site visits. For (PA) longitude 76o 31’ E and
．．．

 latitude 32o
 10 ’N and for (DJ) longitude 

88 o 19’ E latitude 27o
 03’N was recorded. 

Soil types were also acidic for both these natural locations and pH recorded 

for PA was 4.9, while for (DJ) pH was 6.0. PA population being the native place for 

the P. roxburghii, abundant pure forest was observed at this location with very little 

other mixed vegetation, the twigs were collected from location called “Villa 

Camellia” about 5-8 Km away from Palampur city on slopes (Fig 3.8A and 3.8B). 

 



 

Chapter3  Page 76 

 

 

 
               Fig 3.7 Shortest road distances between diversity analysis locations  

  A       B 
Fig 3.8 AandB- Site photograph of Palampur Native population (Villa Camellia) and 

IHBT campus tree showing the characteristic feature of the P. roxburghii 

 

At PA location, the trees maintained their characteristic pyramidal shape at 

most parts of the location. Average GBH of the trees was 25-60 cm; where more than 
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400 trees were present in five hectares. The slopes extend up to the valley in which a 

river was flowing. The trees were about 40-50 meters in height, with very few brown 

cones present in October. All the cones were mostly open cones, from which seeds 

had already fallen out. Seed collection is usually done in the months of May and June 

by forest department. The clear bole height of trees was about 25-30 meters (Fig 3.5 

B).  

In location DJ, actual Darjeeling town was at 680 MSL, but at that place no 

population of P. roxburghii was recorded by forest department, at Badamtam (27 Km 

down) in the valley (531-450 MSL) there were natural stands of about 100-150 trees. 

Those were present with average 60 meters height with GBH of 60-70 cm, which was 

the highest among the four populations under consideration. Natural regeneration of 

seedlings (5-6 year old) was observed on slopes near two rivers flowing between 

Sikkim and Darjeeling (Fig 3.9 A, B and C). 

At this location (DJ) P. roxburghii trees were mixed with “Sal” forest, which 

were both natural and planted in nature, the forest was maintained very well. The soil 

type was sandy clay, and this location was nearer to Sikkim state. As per the 

information obtained from forest department during collection, the seeds must have 

been transported by wind establishing the plants; hence no records were available 

with regards to the age of these trees. Even the forest department does not collect any 

“seeds” during collection months. Many cones were present on the forest floor and on 

trees which were much smaller in size as compared to the cones at PA. Therefore, no 

seeds could be obtained during collection. Natural regeneration was also observed at 

the site. 10-15 year old young-adult trees were noticed but the younger seedlings of 1-

2 years were absent due to forest fires which were frequent at this location. A thin 

carpet of the needles of this pine was present at the forest floor which may be due to 

the steep slopes in this region. These trees were the tallest amongst all the four 

locations studied. In contrast to PA native location the clear bole of each tree was 

around 50 meters (without branches) with a larger diameter of 60-70 cm than location 

PA trees. 
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           A                     B 

 
    C 

Fig 3.9: A B and C- Site photograph of Darjeeling P. roxburghii Natural Population 
(BadamTam Location) A, Climber with ropes on clear bole trunk, B, crown (70 meter 
height), C, The GBH (maximum among 4 populations under study). 

 Gureghar (GG) provenance trial plantation was situated near a hill station in 

Panchagani (13 km away from Mahabaleshwar) in Maharashtra state (M.S.) with 

Altitude 1193 MSL and Longitude and Latitude 73 o 49’ E and 17o
 55’N, respectively 

having red acidic soil (Table 3.2).  

The plantation has two plots of more than 100 trees and 26 trees each of P. 

roxburghii along with the 2 tropical pines P. caribaea and P. patula with another 

indigenous Pinus species P. kesiya. In the above provenance trials, in all 4 species of 
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pines were planted in 1971 when the tropical pine trials were conducted throughout 

India. Compared to the other three locations these trees at GG were not more than 30 

meters in height. The characteristic pyramidal shape of the trees was not retained at 

the age of 35 and40 years of age when collection was made during 2005-2008 for 

tissue culture work and diversity studies. Forest fires were controlled adequately by 

taking proper measures in the above plot. On the P. roxburghii trees, brown cones 

were present in April–May, but the cones were either without embryos or with female 

gametophyte only (no embryo/ seed set had taken place in last 40 years), hence no 

seed set and no natural regeneration was observed in any of the Pinus species in this 

plot (Fig 3.10 A and B).  

 

  A      B 

Fig 3.10- A and B- Site photograph of Gureghar (GG) Provenance trial Plantation 
showing 100 trees at the plot planted in year 1971 with 2.5 X 2.5 spacement between 
the trees. 

 Similarly, Rajahmundry (RJ) provenance trial plot, situated at Meredumilli 

center of tropical pine provenance trial plantation (A.P.India) and developed as a 

tourist center by Andhra Pradesh Forest department, had more than 1000 trees of the 

different tropical pine species including P. occupera, P. caribaea, P. patula etc. and 

again P. roxburghii was planted as a reference species. The Altitude of this 

provenance was 451 MSL with Longitude 81o 48’ E and Latitude 17o
 01’ N 

respectively (Table 3.2). 
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 These P. roxburghii trees were present in one of the plots of the 1972 

plantations. In this plot two species were present P. caribaea (5 needle pine) and P. 

roxburghii (3 needle pine). Not more than 30 trees of P. roxburghii were present, 

which could be easily identified due to their needle morphology. The trees were more 

than 45 meters approximately in height. Although this P. roxburghii plot was not 

maintained well, compared to GG plot (of Maharashtra state provenance plot), the 

good canopy and tree height suggested better adaptability of the trees compared to 

GG plantation (Fig 3.11 A and B).  

 
   A           B 

 
Fig: 3.11 A and B- Site photographs of Rajahmundry (RJ) (Meredumilli Location) and 

board outside the site. 
 

Visual and pH Soil differences at four locations 

Very prominent visual colour differences could be seen (Fig 3.12) among all 

the four soil samples. PA and DJ location soils have less difference in colour and 

texture. PA soil pH was acidic (4.9) (Table 3.2-last column). While the DJ soil which 

was clay- loamy with pH 5.2. The colour difference between GG soils and RJ soils 

was in texture, GG had red alluvial soil (dominant soil type of Konkan region of 

Maharashtra) with pH of 5.9 while RJ location soil was black cotton soil with pH 6.1.  
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   Fig: 3.12- Soil samples from the locations under study 

 

Table 3.2: Different locations along with altitude and longitude, latitude and soil type 

Location  Altitude 
MSL 

Longitude  Latitude  pH /Soil type 

DMS  DMS 
H.P.‐ Palampur (PA)‐
Villa Camellia location 

1153  76o 31’ E  32o 05 ’N  Acidic pH 4.9 

Sandy loam 

Loamy 
W.B.‐ Darjeeling (DJ)‐
Badamtam location 

531  88 o 19’ E  27o 03’N  Acidic 4.8 
Clay‐loamy 

M.S.‐ Panchagani  73 o 49’ E 17o 55’N Acidic 5.9 
Gureghar (GG)  1193 Red soil 

Location   

A.P.‐ Rajahmundry(RJ) 
Meredumilli Location 

451 88 o 19’ E 27o 03’N Acidic 6.1 
 
 

 

3.3.3 Parameters standardizations results 

3.3.3.1 Standardization of PCR cocktail 

  Figures 3.13 A and 3.13B show the details of gel pictures obtained with the 

two profiles AW and Mehes’ which were captured on Syngene G: box gel 

documentation system. The results clearly indicated that the Mehes’ cocktail with 

Mehe’ profile (Fig 3.13 B) showed clearer and unambiguous bands as compared to 

AW cocktail profile (Fig 3.13A), where more monomorphic bands were observed. 

Even the no of bands obtained with Mehe’s profile with the Mehes’s PCR cycle were 

more. 
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Gel Electrophoresis pattern with Mehes and Wolfe (AW) cocktail and AW PCR profile 
and Mehes PCR Profile. 

      

 

 

 

 A               B 

Figure: 3.13 - Gel Pictures A: Andrea Wolfe (AW) cocktail and AW PCR profile. B: 
Mehes cocktail and Mehes PCR Profile. Agarose gel (1.5%) amplification of PCR 

product generated using two different profiles. HB 12 Primer was used for A and B 
reactions. 

 Lane designation: lane (L), 100bp Ladder: lane 1-6, Genomic PCR product, lane (L)-
100bp Ladder.  

 

The above result indicated that the Mehes PCR profile (Mehes et.al., 2007) was 

more suitable for diversity studies due to the presence of many polymorphic and 

reproducible bands compared to Andrea Wolfe (AW) profile. 

3.3.3.2 Standardization of annealing temperature 

 Different PCR primers products were run on 15 well gel electrophoresis unit 

with three temperature (manufactures temperature ± 20C) product for each primer 

added one after the other and temperature recorded for each primer as shown (Fig 14). 

In these experiments, the number of bands obtained at each temperature and also the 

clarity of the bands was the basis for selection of that particular primer for the 

diversity analysis studies. Once all the 71 primers were loaded and run the data was 

recorded for the Annealing temperature of each primer.  

 From these results, the annealing temperature has been selected for each 

primer (Table 3.3). These standardized annealing temperatures were used for PCR 

amplification of the different accessions of DNA in all the 4 populations during intra 

and inter population genetic diversity assessment. 
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Figure: 3.14- Standardization of Annealing Temperatures. Agarose gel analysis of UBC 
primers generated using the gradient PCR. Lane designation: lane 1-3, UBC 810: lane 

5-7, 811: lane 9-11, UBC 812: lane 13-15, 814: lane 17-19, UBC 817. 

Table 3.3 shows the list of 71 primers, their nucleotide sequence and the results 

obtained during the parameter standardization. Only ‘good’ remarked primers were 

chosen for diversity analysis study, whereas ‘no bands’ primers were those which at, 

all the temperatures tested showed no bands and those remarked ‘OK’ were those 

which at particular temperature showed bands which were less than four, hence they 

were also not used for diversity analysis. Primers 1-5 are the AW motif ISSR primers 

and 6-71 are UBC set primers. 

 Table 3.3 showed that that out of 71 primers, only 24 showed average 5-9 

bands. While few primers showed up to 12-13 bands (e.g. primer 812). The primers 

which showed more than five bands were with ‘good’ remark, and only those were 

selected for diversity analysis study. The primers with less than four bands (eg. 17899 

B, UBC 817, 873 895 etc) were not used for the diversity assessment. When ‘smear’ 

or ‘no bands’ for a particular primer was noticed it was mentioned as “bad” in the 

remarks column in the table. 

 The average temperature for the primers which were selected for diversity 

analysis studies ranged between 450C-510C. The experiments were repeated twice to 

confirm the reproducibility before final diversity analysis. 
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Table 3.3: Primers used for Annealing Temperature standardization: 1-5 No primers 
shows detailed results of AW primer and No 6-71 showed detailed results for #UBC Set 

9 Primers 

ID 
No 

ISSR  Sequence  Ann. 
Temp) 

No of 
Bands 

Remarks

1  HB 12  5’‐ CAC CAC CAC GC ‐3’ 47oC 7‐9  Good

2  HB 15  5’‐ GTG GTG GTG GC ‐3’  49oC  8‐9  Good 

3  17901  5’‐ GTG TGT GTG TGT CA ‐3’  47 oC  7‐8  Good 

4  17899A  5’‐ CAC ACA CAC ACA AG ‐3’  45oC  9‐10  Good 

5  17899B  5’‐ CAC ACA CAC ACA GG ‐3’  46oC  3‐4  Ok 

6  807  5’‐ AGA GAG AGA GAG AGA GT ‐3’  47oC  6‐7  Good 

7  809  5’‐ AGA GAG AGA GAG AGA GG ‐3’  51oC  4‐6  Good 

8  810  5’‐ GAG AGA GAG AGA GAG AT ‐3’  47oC  8‐10  Good 

9  811  5’‐ GAG AGA GAG AGA GAG AC ‐3’  50oC  5‐6  Good 

10  812  5’‐ GAG AGA GAG AGA GAG AA ‐3’ 49oC 12‐13  Good

11  814  5’‐ CTC TCT CTC TCT CTC TTG ‐3’ 470C 9‐10  Good

12  816  5’‐ CAC ACA CAC ACA CAC AT ‐3’  No Bands  ‐‐‐‐‐‐‐‐  Bad 

13  817  5’‐ CTC TCT CTC TCT CTC TA ‐3’ 450C 3‐ 4 
Faint 

Bad

14  818  5’‐ CAC ACA CAC ACA CAC AG ‐3’  510C  6‐7  Good 

15  820  5’‐ GTG TGT GTG TGT GTG TC ‐3  520C  smear  Bad 

16  821  5’‐ GTG TGT GTG TGT GTG TT ‐3’ No Bands ‐‐‐‐‐  Bad

17  823  5’‐ TCT CTC TCT CTC TCT CC ‐3’  510C  smear  Bad 

18  824  5’‐ TCT CTC TCT CTC TCT CG ‐3’ No Bands ‐‐‐‐‐  Bad

19  825  5’‐ ACA CAC ACA CAC ACA CT ‐3’  510C  smear  Bad 

20  826  5’‐ ACA CAC ACA CAC ACA CC ‐3’ 510C 5‐6  Good

21  827  5’‐ ACA CAC ACA CAC ACA CG ‐3’ 480C 7‐8  Good

22  828  5’‐ TGT GTG TGT GTG TGT GA ‐3’  490C  2‐4  Ok 

23  829  5’‐ TGT GTG TGT GTG TGT GC ‐3’  540C  3‐4  Ok 

24  830  5’‐ TGT GTG TGT GTG TGT GG ‐3’  520C  2‐4  Ok 
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25  832  5’‐ ATA TAT ATA TAT ATA TYA ‐3  No Bands  ‐‐‐‐‐‐  Bad 

26  834  5’‐ AGA GAG AGA GAG AGA GYT ‐3’  490C  8‐10  Good 

27  835  5’‐ AGA GAG AGA GAG AGA GYC ‐3’  500C  6‐7  Good 

28  836  5’‐ AGA GAG AGA GAG AGA GYA ‐3’ 490C 5‐7  Good

29  838  5’‐ TAT ATA TAT ATA TAT ARC ‐3 No Bands ‐‐‐‐‐‐  Bad

30  840  5’‐ GAG AGA GAG AGA GAG AYT ‐3’  490C  2‐4  Ok 

31  841  5’‐ GAG AGA GAG AGA GAG AYC ‐3’  520C  6‐4  Ok 

32  842  5’‐ GAG AGA GAG AGA GAG AYG ‐3’  No Bands  ‐‐‐‐‐‐  Bad 

33  843  5’‐ CTC TCT CTC TCT CCT CTR A ‐3’  500C  5‐7  Good 

34  844  5’‐ CTC TCT CTC TCT CTC TRC ‐3’  470C  7‐8  Good 

35  845  5’‐ CTC TCT CTC TCT CTC TRG ‐3’  No Bands  ‐‐‐‐‐  Bad 

36  846  5’‐ CAC ACA CAC ACA CAC ART ‐3’  530C  5‐6  Good 

37  848  5’‐ CAC ACA CAC ACA CAC ARG ‐3’  No Bands  ‐‐‐‐‐‐  Bad 

38  849  5’‐ GTG TGT GTG TGT GTG TYA ‐3’  51°C  56  Good 

39  851  5’‐ GTG TGT GTG TGT GTG TYG ‐3’  No Bands  ‐‐‐‐‐  Bad 

40  852  5’‐ TCT CTC TCT CTC TCT CRA ‐3  No Bands  ‐‐‐‐‐  Bad 

41  853  5’‐ TCT CTC TCT CTC TCT CRT ‐3’ No Bands ‐‐‐‐‐  Bad

42  856  5’‐ ACA CAC ACA CAC ACA CYA ‐3’  49°C  ‐‐‐‐‐  Bad 

43  857  5’‐ ACA CAC ACA CAC ACA CYG ‐3’  56°C  3‐4  Ok 

44  858  5’‐ TGT GTG TGT GTG TGT GRT ‐3’ 60°C 2‐4  Ok

45  859  5’‐ TGT GTG TGT GTG TGT GRC ‐3’  57 °C  3‐4  Bad 

46  860  5’‐ TGT GTG TGT GTG TGT GRA ‐3’ 53°C 3‐4  Bad

47  861  5’‐ ACC ACC ACC ACC ACC ACC ‐3’  67°C  12‐13  Good 

48  862  5’‐ AGC AGC AGC AGC AGC AGC ‐3’  65°C  2‐4  Ok 

49  863  5’‐ AGT AGT AGT AGT AGT AGT ‐3’  No Bands  ‐‐‐‐‐‐  Bad 

50  864  5’‐ ATG ATG ATG ATG ATG ATG ‐3’  51°C  5‐6  Good 

51  866  5’‐ CTC CTC CTC CTC CTC CTC ‐3’ 57°C 2‐4  Ok

52  869  5’‐ GTT GTT GTT GTT GTT GTT ‐3’ No Bands ‐‐‐‐‐  Bad

53  870  5’‐ TGC TGC TGC TGC TGC TGC ‐3’  No Bands    Bad 

54  873  5’‐ GAC AGA CAG ACA GAC A ‐3’  52°C  3‐4  Ok 

56  874  5’‐ CCC TCC CTC CCT CCC T ‐3’ No Bands ‐‐‐‐‐‐  Bad

57  875  5’‐ CTA GCT AGC TAG CTA G ‐3’  No Bands  ‐‐‐‐‐‐  Bad 
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58  876  5’‐ GAT AGA TAG ACA GAC A ‐3’  No Bands  ‐‐‐‐‐‐  Bad 

59  877  5’‐ TGC ATG CAT GCA TGC A 3’  No Bands  ‐‐‐‐‐‐‐  Bad 

60  878  5’ GGA TGG ATG GAT GGA T ‐3’ 52°C 2‐3  OK

61  880  5’‐ GGA GAG GAG AGG AGA – 3’  49°C  3‐4  OK 

62  881  5’‐ GGG TGG GGT GGG GTG ‐3’ No Bands ‐‐‐‐  Bad

63  884  5’‐ HBH AGA GAG AGA GAG AG ‐3’  50°C  5‐6  Good 

62  885  5’‐ BHB GAG AGA GAG AGA GA ‐3’  No Bands  ‐‐‐‐  Bad 

64  887  5’‐ DVD TCT CTC TCT CTC TC ‐3’ 51°C 3‐4  Ok

65  889  5’‐ DBD ACA CAC ACA CAC AC ‐3’ No Bands ‐‐‐‐‐  Bad

66  890  5’‐ VHV GTG TGT GTG TG GT ‐3’  No Bands  ‐‐‐‐  Bad 

67  891  5’‐ HVA TGT GTG TGT GTG TG ‐3’  47°C  3  Ok 

68  892  5’‐ TAG ATC TGA TAT CTG AAT TCC C 
‐3’ 

50° C  6‐7  Good 

69  895  5’‐ AGA GTT GGT AGC TCT TGA TC ‐
3’ 

45°C  3‐4  Ok 

70  896  5’‐ AGG TCG CGG CCG CNN NNN 
NAT G‐3’ 

No Bands  ‐‐‐‐‐‐  Bad 

71  898  5’‐ GAT CAA GCT TNN NNN NAT GTG 
G ‐3’ 

No Bands  ‐‐‐‐‐  Bad 

  

3.3.3.3 Standardization of DNA concentration 

Figure 3.15 shows the details of this experiment. This experiment helped to predict 

band separation and clarity with 4 different quantities of template DNA after PCR 

run. It indicated that Lane No 3 with template DNA 10µg i.e. 2µL produced 9 well 

separated bands compared to Lane No 1 and 2 with3 µL and 4 µL template DNA 

product, where bands were merged. While at 1 µL of DNA concentration 6 bands 

could be counted when all other PCR parameters were same. Therefore, 2 µL 

template DNA concentration was selected for the diversity analysis studies. 
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Figure: 3.15-Different concentrations of genomic DNA used for PCRs. Lane 
designation: lane 1, 20µg: lane 2, 15µg: lane 3, 10µg: lane 4, 5µg 

 

3.3.3.4   Effect of current on gel electrophoresis 

 Two Current 70mA and 90mA were checked while running the gel 

electrophoresis. At these two currents time required for the above gel run was 

between 3-4 hrs depending upon the voltage during gel run. (Fig 3.16 A and B). From 

the PCR it is clear that 70 mA current was optimum for clear bands. 90 mA produced 

hazy bands. 

 

 70 mA current    90 mA current 

  A     B 

Figure: 3.16 -Agarose gel (1.5% w/v) analysis of two different current of AGE unit.  

After the standardization of the all the above parameters final protocol used for the 

diversity analysis studies (Intra and inter population diversity) has been given in the 

BOX below which was followed throughout the study.  

1         2           3         4
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FINAL PROTOCOL USED FOR DIVERSITY 
ANALYSIS  DURING THE STUDY: 

• PCR cocktail – Mehes (2007) PCR Cocktail and Mehes’ Thermal 
Profile (with  modifications) 

• Standardized Annealing Temperature for Primers– Table 3 
temperatures for each primer (24 primers) 

• 10 ng DNA template (PCR stock) per PCR reaction. 

• 70 mA current for 4-5 hrs depending on Voltage. 
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3.3.3 Intra Population Diversity Analysis 

 Diversity assessment of P. roxburghii populations was performed separately 

for all the four populations, under different headings: Percent Band polymorphism 

(PBP), different diversity assessment data obtained with Popgene32 software and 

diversity dendrograms for UPGMA for Jaccard’s coefficient (Jaccard, 1908). 

3.3.3.1 Intra- population assessment for PBP (Percent Band Polymorphism) 

 In the initial screening of 71 primers out of which 66 primers were of #UBC 

motifs and 5 of AW motif primers, almost 47 primers were bad to moderate for 

amplification. Four AW primers and 20 UBC primers namely 807, 809, 810, 811, 

812, 814, 818, 826, 827, 834, 835, 840, 841, 843, 844, 846, 849, 864, 884, 892 gave 

reproducible and unambiguous bands, and therefore were selected for variability and 

polymorphic band analysis studies and finally for Intra-population and Inter 

population diversity analysis (Table 3.4). The table clearly shows that out of 24 

primers used for Intra and Inter population diversity analysis of different locations 

showed different primers amplified. 17 primers were amplified for PA population of, 

13 primers for DJ population, 16 primers for GG provenance trial location and 17 

primers for RJ populations, were amplified. Therefore for diversity analysis of PA 

population 13 trees, for DJ population 20 trees, for GG provenance plantation again 

20 trees and for RJ 19 trees (Total 72 accessions) were subjected to the ISSR analysis 

with these primers. Table 3.4 shows list of primers used for diversity analysis are with 

molecular weights. Those markers which were not amplified for all the trees for a 

particular location are marked as “not good run”. Not amplified primers for a 

particular location was not counted for creating binary data (for creating dendrogram 

in MSVP software and for other diversity parameter analysis). 
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Table 3.4: ISSR primers amplified for four locations and range of molecular wt of bands 
(bp) obtained with 100 bp ladders (as molecular wt. Standard) for each Primer used for 
Diversity Analysis. 

   Range of molecular weights obtained for the 25 primers used during 
final diversity analysis 

Primer 
No 

ISSR Primer 
ID 

PA DJ GG RJ 

1   HB 12  100‐800 100‐700 200‐1000 100‐1300 
2   HB 15   70‐700  100‐700  100‐800   50‐ 1400 
3   17899 A   100‐400  100‐400  100‐400  100‐1000 
4  17901   200‐700  200‐600  100‐500  100‐500 
5   UBC 807  100‐800 100‐700 100‐600 100‐700 
6  UBC 809   100‐600  100‐700  100‐600  500‐1000 
7  UBC 810  100‐600  not done  100‐700   50‐600 
8  UBC 811   100‐800  100‐800  100‐1000  100‐700 
9  UBC 812  100‐600 100‐900 100‐600 100‐700 
10  UBC 814  100‐900 100‐1000 100‐800 100‐800 
11  UBC 818  400‐600  100‐700  100‐600  100‐800 
12  UBC 826  not done  not done  not done  *Not good 

run  
13  UBC 827  300‐1000 not done not done 300‐1000 
14  UBC 834  100‐500  100‐300  100‐800  400‐600 
15  UBC 835  100‐600  not good  100‐800  not done 
16  UBC 836  100‐600  not good  100‐700  not done 
17  UBC 841  100‐800 not done not done 100‐500 
18  UBC 843  Not good 

run 
not good run not good 

run 
Not good 

run 
19  UBC 844  Not good 

run 
100‐600  not good 

run 
Not good 

run 
20  UBC 846  Not good 

run 
not good run 100‐600 Not good 

run 
21  UBC 849  200‐500  not good run not good 

run 
52‐900 

22  UBC 864  Not good 
run 

not good run not good 
run 

Not good 
run 

23  UBC 884  100‐700  not good run not good 
run 

100‐800 

24  UBC 892  Not good 
run  

not good run not good 
run 

200‐500 

  

Table 3.5A-D shows details of the primers amplified for a particular location, the total 

no of bands obtained for that primer, total no of polymorphic bands, and percent 

Polymorphism {polymorphic Band Percentage (PBP)} obtained during the intra-
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population diversity analysis. At the end of each table the average PBP has been 

mentioned. 

Table 3.5(A) - Total No of Bands, No of polymorphic Bands and Percent Band 
polymorphism with Native/natural Palampur (PA) population of P. roxburghii 

Primer No  ISSR primers  Total number 
of bands 

Polymorphic 
bands (#) 

Polymorphism (%) 
PBP 

 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

 

 

HB 12 

HB 15 

17901 

17899A 

UBC 807 

UBC 809 

UBC 810 

UBC 811 

UBC 812 

UBC 814 

UBC 818 

UBC 827 

UBC 834 

UBC 844  

UBC 835 

UBC 849 

UBC 884 

Average  

108 

 90 

 65 

55 

152 

 46 

124 

131 

140 

101 

 51 

77 

62 

106 

100 

 66 

111 

 

108 

77 

65 

55 

139 

46 

124 

66 

75 

85 

51 

77 

62 

93 

87 

66 

98 

 

 

100 

85 

100 

100 

91 

100 

100 

50 

53 

84 

100 

100 

100 

87 

87 

100 

88 

82 

 

For Palampur population (Table 3.5A), 17 primer data clearly indicated that 

the maximum no. of bands obtained on #UBC 807 (152) and minimum on #UBC 809 

(46), No of polymorphic bands were maximum with #UBC 807 (139) while minimum 

no. for #UBC 809(46). PBP ranged between 50-100%. Total nine primers showed 
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100% PBP. These primers were #UBC, 17901, 17899 A, #UBC 809, 810, 818, 827, 

834, and 849. Minimum PBP for #UBC 811(50%). Average PBP for these 17 primers 

was 82% (Table 3.5 A). 

  

Table3.5(B) Total No of Bands, No of polymorphic Bands and Percent Band 
polymorphism (PBP) for Darjeeling (DJ) natural population of P. roxburghii. 

Primer No  ISSR primers  Total number of 

bands 

Polymorphic 

bands (#) 

Polymorphism (%) 

 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

 

 

HB 12 

HB 15 

17901 

17899A 

UBC 807 

UBC 809 

UBC 811 

UBC 812 

UBC 814 

UBC 818 

UBC 834 

UBC 835 

UBC 844 

Average 

 

226 

132 

151 

198 

142 

168 

214 

202 

214 

139 

84 

181 

98 

 

 

146 

112 

91 

158 

142 

168 

214 

102 

214 

139 

44 

141 

98 

 

 

64.6 

84.8 

60.2 

79.8 

100 

100 

100 

50.4 

100 

100 

52.3 

77.9 

100 

82.3 

 

 The results from Darjeeling population analysis with 13 primers indicated 

(Table 3.5B), that maximum no of bands were scored for primer HB 12 (226) and 

minimum for #UBC 834 (84). Maximum no. of polymorphic bands were obtained for 

two primers # UBC 811 and 814 (214), and minimum polymorphic bands were 

obtained for # UBC 834 (44). PBP ranged between 50.4% and 100%. Out of 13 
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primers 6 primers showed 100% PBP (#UBC 807, 809, 811, 814 818 and 844). 

Minimum PBP was for #UBC 812 (50.4%). The Average PBP was 82.3% for these 

13 primers. 

Table: 3.5 (C) - Total No of Bands, No of polymorphic Bands and Percent Band 
polymorphism (PBP) for Gureghar (GG) population of P. roxburghii 

Primer  

No 

ISSR primers  Total number of 

bands 

Polymorphic 

bands (#) 

Polymorphism (%)

(PBP) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10 

11. 

12. 

13. 

14. 

15. 

16. 

 

HB 12 

HB 15 

17901 

17899A 

17899B  

UBC 807  

UBC 809 

UBC 810 

UBC 811 

UBC 812 

UBC 814 

UBC 818 

UBC 834 

UBC 835 

UBC 836 

UBC 846 

Average 

204 

238 

112 

149 

73 

180 

164 

160 

168 

159 

198 

145 

125 

157 

96 

127 

 

105 

178 

72 

89 

73 

140 

124 

160 

168 

119 

198 

145 

65 

97 

76 

127 

51.5 

74.8 

64.3 

59.7 

100 

77.8 

75.6 

100 

100 

74.8 

100 

100 

52 

61.8 

79.1 

100 

79.5 

 

Table 3.5 (C) shows results of Gureghar (GG) population analysis for PBP. The 

results obtained with 16 primers showed that maximum no. of bands scored were for 

HB 15 primer (238) and minimum for 17899 B (73). Maximum polymorphic bands 

were scored for #UBC 814(198) and minimum for 17901 (72). Percent polymorphism 

ranged 51% to 100%. Hundred percent polymorphism was obtained with 6 primers (# 
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UBC 810, 811, 814, 818, 846, 17899 B), Primer HB 12 motif showed least percent 

polymorphism (51.5%). The Average polymorphism was 79.46% for this population.  

 

Table 3.5 (D) Total No of Bands, No of polymorphic Bands and Percent Band 
polymorphism (PBP) in Rajahmundry (RJ) population of P. roxburghii 

Primer No   ISSR primers Total number of 

bands 

Polymorphic 

bands (#) 

Polymorphism (%)

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

HB 12 

HB 15 

17901 

17899A 

UBC 807 

UBC 809 

UBC 810 

UBC 811 

UBC 812 

UBC 814 

UBC 818 

UBC 827 

UBC 834 

UBC 835 

UBC 841 

UBC 849 

UBC 884 

Average 

92

170 

118 

120 

159 

131 

141 

135 

190 

117 

128 

121 

136 

105 

91 

101 

140 

  

73

139 

61 

77 

115 

105 

92 

97 

152 

92 

109 

85 

117 

70 

74 

88 

89  

 

79 

82 

52 

64 

72 

80 

65 

72 

79 

79 

85 

70 

86 

66 

81 

87 

63 

69.5 

 

These results of PBP for Rajahmundry population Table 3. 5 (D) clearly 

indicated that maximum number of bands obtained was with #UBC 12 primers (190) 

while minimum no was with UBC 841 and HB 12 (91and92 respectively). Maximum 
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no of polymorphic bands were 152 with #UBC 812 primer. PBP ranged between 52 to 

87%. Maximum PBP were for #UBC 849 (87) and minimum for AW primer 

17901(61). The Average polymorphism was 69.5% for these 17 primers.  

Besides the PBP, intra-population diversity analysis using two softwares: 

Popgene32 and MVSP was performed. Total nine primers were considered for 

software analysis (primers which were common for all the 4 populations were the 

criteria (given in material and methods). 

3.3.3.2 Intra-population diversity assessment using Popgene32 

Table 3.6 shows the Popgene32 software data results. The different diversity 

parameters analyzed were, Polymorphic Loci, % polymorphism of each population, 

observed no of alleles (*na), Effective no. of alleles (*ne), Nei’s gene diversity (*h) 

and Shannon’s Information Index (*I). This data was obtained from total of 9 primers 

and 72 loci with 307 bands, all the primers were common in the above 4 populations 

used with Popgene32 software. namely, HB 12, HB 15, 17901 and 17899A these 

were AW primers, while rest 5 were #UBC primer motifs which were #UBC 807, 

809, 810, , 818 and 834. 

In PA population, Total No of Polymorphic loci were 135, Percentage Band 

Polymorphism (PBP) was 44.0%, Observed number of alleles (*na) 1.4397, Effective 

number of allele (*ne), 1.1284, Nei’s gene diversity (*h) 0.1284, and Shannon’s 

information index (*I) 0.1977. In DJ natural population, polymorphic loci were 157, 

PBP was 51.1%. Observed number of alleles (*na) were 1.5114, Effective number of 

allele (*ne) 1.2416, Nei’s gene diversity (h*) 0.1445 and Shannon’s information index 

(* I) was 0.2227.  

Among the two provenance trial locations in GG plantation, total polymorphic 

loci were 157 (same as DJ), Percentage of polymorphic loci PBP was 51.4%. 

Observed number of alleles (*na) were 1.5114, Effective number of alleles (*ne) 

1.2057. Nei’s gene diversity (*h) 0.1287, and Shannon’s information index (*I) was 

0.2035. Finally in Rajahmundry (RJ) plantation in A.P., the polymorphic loci were 

219 with (PBP) 71.3%, Observed number of alleles (*na) 1.7134, Effective number of 
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allele (*ne), 1.2638, Nei’s gene diversity (*h) 0.1679, and Shannon’s information 

index (*I) 0.2691. 

Table 3.6: Popgene32 data obtained for Intra-population genetic diversity analysis for 
four populations of P. roxburghii: 

Population ID  PA DJ GG RJ 

Polymorphic 
Loci 

135  157  157  219 

% 
polymorphism 

44  51.1  51.4  71 

Observed No. 
of Alleles 
(*na) 

1.4397±0.4972 1.5114±0.5007 1.5114±0.5007  1.7134±0.4529

Effective No. 

of Alleles 

(*ne) 
1.1284±0.3289 1.2416±0.3427 1.2057±0.3047  1.2638±0.4529

Nei’s Gene 
diversity(h*) 

0.1284±1791  0.1445±0.1843 0.1287±1690  0.1679±1692 

Shannon’s 
Information 
Index (I*) 

0.1977±2587  0.2227±0.2640 0.2035±0.2460  0.2691±2401 

 

Observed no of alleles (*na) for 4 populations were between 1.4 and 1.7 

(shown in table 3.6 with ± mean values). Natural population of RJ and GG 

provenance trial populations almost showed the same (*na) and (*ne) values; while 

for PA and RJ these values were different. Nei’s gene diversity (*h) values were 

similar for PA and GG populations (0.12) but for DJ and RJ these values were 

different (0.14 and 0.16). 

Table 3.7 shows comparative data for PBP of 4 populations, the % 

polymorphism (PBP) for PA population was 82% for 17 primers and the Popgene32 

data gave 44% (PBP), for DJ population it was 82.3% for 13 primers but with 

Popgene32 analysis it was 51.1%, for GG average polymorphism for 16 primers was 

79.4% and with Popgene32 it was 51.1 %, Same way average polymorphism for RJ 
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population was 69.1% and with Popgene32 it was 71%, these differences must be due 

to the difference in number of primers considered for population diversity analysis. 

 

Table 3.7: Comparative Data for PBP obtained with Popgene32 software and Average 
PBP for each population with the number of primers mentioned in bracket 

   PBP       

(9primers) 

PBP for Average of no. of primers (given in bracket for each 

population along with No. of primers with PBP) 

PA  44.0 %   82 % (17 primers‐ 9 primers with 100%)

DJ  51.1%  82.3 % (13 primers‐ 6 primers with 100%)

GG  51.4%  79.4 (17 primers‐ 6 primers with 100%)

RJ  71.0 %  69.1 % (16 primers No primer with100%)

 

All the data obtained during these two diversity analyses did not show any particular 

pattern of PBP as mentioned earlier. 

 

3.3.3.3 Intra-population Diversity assessment with MVSP software 

Following are the UPGMA dendrograms and their banding pattern for:  

  Natural populations of: 

 (i) PA  

 (ii) DJ 

 And for provenance trial plantations of: 

 (iii) GG 

 (iv) RJ 
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3.3.3.3.1 Intra Population Diversity Analysis of Palampur (PA) location using 

UPGMA. 

 

Fig 3.17: - Dendrogram showing Jaccard’s coefficient for 13 trees of PA location  

 In the dendrogram analysis based upon similarity index, three distinct 

clusters/groups could be identified in the dendrogram based on Jaccard’s coefficient. 

Cluster 1 comprises of 5 trees PA1 to PA 5. Cluster 2 comprises of 4 trees PA 6 to PA 

9. Cluster 3 comprises of 4 trees PA10 to PA13. Out of this cluster 2, constituent trees 

were found to have close genetic linkage. Cluster two and Cluster three joins to 

Cluster 1 at least or minimum similarity (Fig 3.17). The highest genetic proximity 

with genetic similarity index value was found between PA1 and PA2 which was 

0.579. 

 Fig 3.18 (A to F) shows the representative PCR amplification profiles using 6 

ISSR primers which showed variation within PA location. Fig 18.A to 18.F represents 

pictures of amplification profiles for primers HB15, #UBC 807, 810, 811, 827, 835. 

PA 9
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Fig: 3.18.A - Agarose gel electrophoresis pattern of amplification products obtained 
with 13 trees using the primer HB 15 at annealing temperature 49º C. Lane 1-100 bp 

Mol. Wt. Ladder Lane 2-Control, lane 3-15- Trees in order. 
 

   
 
 Fig: 3.18.B - Agarose gel electrophoretic pattern of amplification products obtained 
with 13 trees using the primer UBC 807 at annealing temperature 47º C. Lane 1-100 bp 
Mol. Wt. Ladder, Lane 2-Control, lane 3-15-Trees in order. 
 
 

 
 
 Fig: 3.18.C - Agarose gel electrophoretic pattern of amplification products obtained 
with 13 trees using the primer UBC 810 at annealing temperature 47º C. Lane 1-100 bp 
Mol. Wt. Ladder Lane 2- Control, lane 3-15- Trees in order. 
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 Fig: 3.18.D - Agarose gel electrophoretic pattern of amplification products obtained 
with 13 trees using the primer UBC 811 at annealing temperature 47º C. Lane 1-100 bp 
Mol. Wt. ladder Lane 2- Control, lane 3-15- Trees in order. 
 

 
 Fig: 3.18.E - Agarose gel electrophoretic pattern of amplification products obtained 
with 13 trees using the primer UBC 827 at annealing temperature 48º C. Lane 1-100 bp 
Mol. Wt. ladder Lane 2-Control, lane 3- 15- Trees in order. 

 
 Fig:3.18.F - Agarose gel electrophoresis pattern of amplification products obtained 
with 13 trees using the primer UBC 835 at annealing temperature 50º C. Lane 1-100 bp 
Mol. Wt. ladder Lane 2-Control lane 3- 15 trees in order. 
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 3.3.3.3.2 Intra Population Diversity Analysis of Darjeeling (DJ) location using 

UPGMA. 

Similarity index and dendrogram based on Jaccard’s coefficient for this population 

showed the following pattern (Fig 3.19) 

.  
Fig: 3.19: Dendrogram showing Jaccard’s coefficient for 20 trees of (DJ) location 
(obtained by using MSVP software) 

Four groups could be discriminated from the UPGMA dendrogram of DJ population. 

In this location, the trees were segregated in dendrograms and were not in 

continuation as in PA. Cluster 1 consisted of trees DJ 1, DJ13, DJ 2, and DJ 4 and DJ 3. 

Group 2 with 8 trees DJ5, DJ 8, DJ 12, DJ 9, DJ 10, DJ11, DJ 6 and DJ 7. Group 3 comprises 

of only 1 tree (DJ 14). Group 4 consists of 6 trees DJ 15, DJ 17, DJ 16, DJ 18, DJ 19 and DJ 

20. Constituent trees of cluster/ group 1 were more closely linked to each other 

followed by Group 2. Group 3 and group 4 trees were linked to each other at a grater 

genetic distance than group 1 and group 2. (Fig 3.19) 

 Similarity matrix values for Jaccard’s coefficient ranged from 0.445 to 0.648 

as obtained from the nodal data for the Similarity index (Table for both the similarity 

matrix and Nodal data for similarity matrix for the dendrogram not shown). 

Maximum similarity index values were obtained for two trees DJ 9 and DJ 10. 
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  Gel Electrophoresis pattern for six primers have been shown for DJ location 

Fig 3.20.A to 3.20.F for six different representative primers, these primers are HB 12, 

17901, #UBC 809, 812, 814 and 843. 

Fig: 3.20.A - Agarose gel electrophoresis pattern of amplification products obtained with 20 trees 
using the Primer HB 12 at annealing temperature 47º. Lane 1-100 bp Mol. Wt. ladder Lane 2- 
Control, lane 3-22- Trees in order. 

 
Fig: 3.20B - Agarose gel electrophoresis pattern of amplification products obtained 
with 20 trees using the Primer 17901 at annealing temperature 47ºC. Lane 1-100 bp Mol. 
Wt. Ladder Lane 2-Control, lane 3-22- Trees in order. 

 

 Fig: 3.20 C Agarose gel electrophoresis pattern of amplification products obtained 
with 20 trees using the Primer UBC  809 at annealing temperature 47º C.Lane 1-100 bp 
Mol. Wt. ladder Lane 2- Control, lane 3-22- Trees in order. 
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Fig: 3.20 D - Agarose gel electrophoresis pattern of amplification products obtained 
with 20 trees using the Primer UBC  812 at annealing temperature 47ºC. Lane 1-100 bp 
Mol. Wt. Ladder Lane 2-Control, lane 3-22- Trees in order. 

 

 

Fig: 3.20 E - Agarose gel electrophoresis pattern of amplification products obtained with 20 trees 
using the Primer UBC  814 at annealing temperature 47º C. Lane 1-100 bp Mol. Wt. ladder Lane 2-
Control, lane 3-22- Trees in order. 

 

 

Fig: 3.20 F- Agarose gel electrophoresis pattern of amplification products obtained with 20 trees 
using the Primer UBC  843 at annealing temperature 47º C.Lane 1-100 bp Mol. Wt.ladder Lane 2-
Control, lane 3-22- Trees in order. 
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3.3.3.3.3 Intra Population Diversity Analysis of Gureghar(GG) location using 

UPGMA. 

 Similarity index and dendrogram of Jaccard’s coefficient for this population 

showed the following pattern (Fig 3.21): 

 

 Fig 3.21: Dendrogram showing Jaccard’s coefficient for 20 trees of GG Location 

 There was higher genetic similarity among all the trees analyzed during the 

above study. Unlike other 3 populations, distinct groups could not be differentiated in 

this population (Fig 3.21). For Jaccard’s coefficient 3 groups/clusters could be made. 

Out of that 3rd group constitutes only 1 tree GG 20, which in turn was related to 

remaining 2 groups /clusters at least coefficient value which was 0.40-0.66 for 

Jaccard’s coefficient. Group/cluster 1 consisted of 10 trees GG1 to GG10, while 

group two consisted of 9 trees. A distinct pattern could not be evaluated in this 

population for Jaccard’s coefficient. GG18 and GG 19 showed highest similarity with 

similarity Index of 0.79 while GG11 and GG12 showed the least (0.68). At individual 

tree level the Jaccard’s value ranged from0.68 t0 0.79. Highest genetic similarity 

between at individual tree level was observed between GG18 and GG19. Farthest was 

notices between GG11 and GG12.Fig 3.22A to 3.22F shows the Agarose Gel 
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electrophoresis patterns for six repetitive primers for Gureghar population (GG), these 

primers are HB 15, 17901, # UBC 810, 812, 814, 835. 

 

Fig: 3.22.A - Agarose gel electrophoresis pattern of amplification products obtained with 20 trees 
using the Primer HB15 at annealingtemperature49ºC. Lane 1-100 bp Mol. Wt. Ladder Lane 2-
Control, lane 3-22 Trees in order. 

 

Fig: 3.22 B - Agarose gel electrophoresis pattern of amplification products obtained with 20 trees 
using the Primer 17901 at annealing temperature 47º C. Lane 1-100 bp Mol. Wt. Ladder Lane 2-
Control, lane 3-22 Trees in order. 

 

Fig: 3.22 C - Agarose gel electrophoresis pattern of amplification products obtained with 20 trees 
using the Primer UBC  810 at annealing temperature 47ºC. Lane 1-100 bp Mol. Wt. Ladder Lane 2-
Control, lane 3-22 Trees in order. 
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Fig: 3.22 D - Agarose gel electrophoresis pattern of amplification products obtained with 20 trees 

using the Primer UBC 812 at annealing temperature 49º C. Lane 1-100 bp Mol. Wt. Ladder Lane 2-

Control, lane 3-22 Trees in order. 

 

 Fig: 3.22 E - Agarose gel electrophoresis pattern of amplification products obtained with 20 

trees using the Primer UBC 814 at annealing temperature 47º. Lane 1-100 bp Mol. Wt. Ladder 

Lane 2-Control, lane 3-22 Trees in order. 

 

Fig: 3.22 F - Agarose gel electrophoretic pattern of amplification products obtained with 20 trees 

using the Primer UBC 835 at annealing temperature 50ºC. Lane 1-100 bp Mol. Wt. Ladder Lane 2-

Control, lane 3-22 Trees in order. 
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3.3.3.3.4 Intra Population Diversity Analysis of Rajahmundry (RJ) location using 

UPGMA. 

Similarity index and dendrogram based on Jaccard’s coefficient for this population 

showed the following pattern (Fig 3.23). 

 

Fig 3.23: A - Dendrogram showing Jaccard’s coefficient for 19 trees of Rajahmundry 
Population  

The Similarity matrix values ranged between 0.303 to 0.469 for Jaccard’s 

coefficient. For Jaccard’s coefficient similarity matrix values for tree No RJ 6 and RJ8 

node have values 0.455 and trees RJ 11 and RJ 12 node have values 0.469 which are 

highest among the trees analyzed.  

Constituent trees of group 1 were more closely related to or in more genetic 

proximity followed by group 2 and then group 3. This fact could be deduced because 

Group 1 plants were merged at relatively higher Jaccard’s coefficient values 

compared to that of Group 2 and the Group 3. Among the 3 Groups, Group 1 and 

Group 2 is linked at the same level of similarity as that of group 1 constituent plants 

in this population. Fig 3.24 A to 3.24 F shows the Details of Rajahmundry location 
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(RJ) 19 trees Pictures with 6 primers these six primers were HB 12, 17901, 17899A, 

#UBC 807, 809and 834. 

 

Fig: 3.24 A- Agarose gel electrophoresis pattern of amplification products obtained with 19trees 
using the primer 17901 at annealing temperature 47º C. Lane 1-100 bp Mol. Wt. ladder, Lane 2- 
Control, lane 3-21- Trees in order. 

 

 
Fig: 3.24 B- Agarose gel electrophoresis pattern of amplification products obtained with 19 trees 
using the primer HB 12 at annealing temperature 47º C. Lane 1-100 bp Mol. Wt. ladder, Lane 2- 
Control, lane 3-21- Trees in order. 

 

Fig: 3.24 C- Agarose gel electrophoresis pattern of amplification products obtained with 19 trees 
using the primer 17899A at annealing temperature 45º C. Lane 1-100 bp Mol. Wt. ladder, Lane 2-
Control, lane 3-21- Trees in order. 
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Fig 3.24 D - Agarose gel electrophoresis pattern of amplification products obtained with 19 trees 
using the primer UBC 807 at annealing temperature 47º C Lane 1-100 bp Mol. Wt. ladder, Lane 2-
Control, lane 3-21- Trees in order 

 

  

Fig: 3.24 E- Agarose gel electrophoresis pattern of amplification products obtained with 19 trees 
using the primer UBC 809 at annealing temperature 51º C.Lane 1-100 bp Mol. Wt. ladder, Lane 2-
Control, lane 3-21- Trees in order 
 
 

 
 
Fig: 3.24 F - Agarose gel electrophoresis pattern of amplification products obtained with 19 trees 
using the primer UBC 809 at annealing temperature 49º C.Lane 1-100 bp Mol. Wt. ladder, Lane 2-
Control, lane 3-21- Trees in Order 
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3.3.4 Inter Population Diversity analysis 

Similar to the Intra population diversity analysis, Inter population diversity 

analysis was measured with the Popgene32 and MVSP software. Following results 

were obtained during this study with Popgene32 software.  

 Using this software, dendrograms were drawn for 4 populations, which 

showed the genetic distance between different populations under consideration. Total 

72 samples trees and 307 bands (Loci) were analyzed using the same 9 primer data for 

the inter-population diversity analysis. 

Table: 3.8 - Data obtained with Popgene32 software during Inter population genetic 
diversity analysis 

1. The number of polymorphic loci  :     307 

2. The percentage of polymorphic loci : 100.00 

 
 

Locus            Sample 
Size 

 na*     ne* h*   I* 

307  72 2.0000± 
0.0000 

1.3073±  
0.3224 

0.1942±  
0.1683 

0.3141±  
0.2265 

 

Table 3.8 shows that genetic diversity among the four populations appears to be very 
high (100%). All 307 loci were polymorphic (100% polymorphism), the observed no 
of allele (na*) and expected no of allele (* ne) values were, 2.0000 and 1.3073 ± 
0.3224 respectively. The Nei’s genetic diversity (*h) was 0.1942±0.1683 and 
Shannon’s information index was 0.3141±0.2265. 

3. * Nm = 1.3955, Nm = 0.5(1 - Gst)/Gst; 

The Gene flow (*Nm) was 1.3955, which is the estimate of gene flow from Gst or 
Gcs. Nm = 0.5    

(1 - Gst)/Gst; 
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3.3.4.1 Genetic Distance Data analysis: 

 

Fig 3.25: Dendrogram for Genetic distance among four populations during Inter-
population diversity analysis. 

 

In the above UPGMA dendrogram for the four populations based upon Nei's 

Unbiased Measures of Genetic Identity and Genetic distance Nei 1978; (Fig 3.25) has 

been obtained. The highest genetic distance between the populations was 0.086 which 

was between PA and GG, whereas the lowest was between populations PA and RJ 

(Table 3.9). The results indicate that RJ population is genetically similar to PA 

population and probably were the source of seeds for RJ. 

Table 3.9:  Nei's genetic identity (above diagonal) and genetic distance (below 
diagonal). 

 

  POP ID        RJ          PA             GG            DJ         

  RJ            ****    0.9396    0.9181    0.9186     

  PA          0.0623      ****    0.9136    0.9162     

  GG          0.0855    0.0904      ****    0.9190     

  DJ          0.0849    0.0875    0.0845      ****   
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3.3.4.2 Inter Population Genetic Similarity Data for Diversity Analysis using 
UPGMA:  

The UPGMA analysis used for obtaining the Jaccard’s coefficient for Similarity Index 

matrix data Fig 3.26 reveals that all the four populations were arranged in population 

specific cluster showing the accuracy of the data analysis. 

 

Fig 3.26 Inter Population Genetic Similarity Data for Diversity Analysis using UPGMA: 

Population 
1- DJ 1-20  

Population 
GG 1-20 

Population 
PA 1-13 

Population    
RJ 1-19 
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The UPGMA dendrogram shows four main clusters. Each of these clusters contained 

plants from a single location, revealing high inter-population differentiation, which 

was also evident from Table 3.9 and Fig. 3.26. The clusters in the dendrogram were 

separated at 0.3 to 0.4 similarity values, indicating robust separations. In addition, the 

dendrogram also highlights the intra-population diversity. The lowest similarity index 

between two samples was about 0.75 in cluster 2. This indicates that majority of the 

sampled trees were genetically different from each other, resulting in a high intra-

population diversity. This can also be seen from the intra-population dendrograms 

presented earlier. 
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3.4 Discussion 

The assessment of genetic diversity within and among tree populations is 

essential in population genetics in order to obtain information on the history of 

coniferous species, the characterization of the present gene pools, the evaluation of 

human impacts on the natural level of genetic diversity, and the utilization with 

respect to tree breeding. Therefore, multiallelic markers, confirming the high genetic 

variation usually associated with tree species are most desirable tools for such studies 

(Schubert and Muller-Starck, 2002). 

Gymnosperms/conifers are one of the most important forest tree species which 

includes Larch, Picea and Pinus spp. There are numerous reports for assessment of 

genetic diversity from different eco regions in this group, which has been carried out 

since last 2-3 decades. Genus Picea (spruce) which is the most abundant among the 

three in temperate zones have large number of diversity study reports with molecular 

markers (Perron, et. al., 1995, Nkongolo, et. al., 2002, Rajora and Dancik, 2000. 

Comparatively fewer reports of diversity analysis in Larch species have been 

reported.   

 Genus Pinus is most widely distributed, and includes most of the 

economically valuable species of forest trees (Critchfield and Little, 1966, Strauss and 

Doerkesen, 1990). Genetic diversity analysis in this genus has also been initiated way 

back in 1996, using RAPD, SSRs, and ISSR markers. Echt and May-Merquardt, 1997, 

surveyed the microsatellite DNA in two Pinus species P.strobus (white pine) and 

Pinus taeda (Loblolly pine). Assessment of genetic diversity of lodge pole pine 

(P.contorta) using RFLP, microsatellite and RAPD DNA markers has been 

studied.(Karhu et. al., 1996, Thomas et. al., 1999). Survey of Low copy microsatellite 

markers for Pinus taeda was detected in a study by Elsik , et. al., 2000.  Pattern of 

genetic variation in Pinus chiapensis which is a threatened Mexican pine was detected 

by RAPD and mitochondrial DNA- RFLP markers by (Newton et. al., 2002). To 

identify genetic relationship among different Pinus species RAPD markers were used 

by Nkongolo, et. al., 2002. RAPD and ISSR markers were used to detect genetic 

variation in endangered Chinese pine by Zhang et. al., 2005, Osborn et. al., (2005) did 
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detailed assessment of genetic polymorphism using ISSR markers in other Pinus 

species Pinus ponderosa from New York City. 

Genetic analysis of two Pinus species P.strobus and P.monticola populations 

from Canada  has been done using ISSR and RAPD markers by Mehes et. al., 2007, 

2009. Loblolly pine (P. taeda) and sugi plantation diversity from Iran was studied 

recently by Poorbabaei and Poorrahmatti, (2009). A small study of genetic 

relationships between three Himalayan pines of Indian occurrence was conducted 

using six ISSR markers by Ginwal et. al., (2009). Gauli et. al., 2009 have studied 

diversity using three SSR primers from Nepal in three natural populations and two 

plantations of P. roxburghii. 

Marker based study was reported in P. roxburghii using the allozyme variation 

in eight natural populations of P. roxburghii (Sarg.) from India, (Sharma, et. al., 

2002). Assessment of clonal identity of somatic seedling of Pinus roxburghii using 

ISSR and RAPD was studied by Malbadi and Nataraja,  2006, which showed the 

clonal identity of somatic seedling with its respective field grown parental clone and 

all the different genotypes on the basis of RAPD and ISSR profiles.  

  As mentioned in the results, locations selected for the present study were 

based on literature survey from Indian forester “Special Issue on Tropical Pines in 

India” (1982). This was based upon the trials conducted in India, in 1970’s for the 

mass propagation of tropical pines in “plains of India” (southern states). Absence of 

the tropical pines was observed by foresters in these states and hence it was decided 

during 1970’s that a mass scale planting of the Pines would need to be undertaken 

(especially tropical pine species e.g.  P. occupera, P. caribaea, P. patula etc) 

throughout Indian provenances. If they will perform well, tropical pine plantations 

could be tried for plantation programs throughout the plains in India, (Pande, 1982). 

The survey of the book revealed many locations in different states of Indian 

provenances where such trials were conducted. For the above study the states were 

selected which must be located on different corners of the country. Permissions were 

obtained from respective forest departments. Finally the selection was finalized for 4 

provenances covering 4 corners of the country (Fig 3.7). 



 

Chapter3  Page 116 

 

In the present study, genetic diversity analysis is undertaken within and 

between four Pinus roxburghii populations that are distantly located in Indian 

provenances. Two of these populations were natural viz. Palampur (PA) in Himachal 

Pradesh (HP) with Altitude 1219 MSL, and Darjeeling (DJ) in West Bengal (WB) 

with Altitude 531 MSL which are almost 1700 km from each other (Shortest road 

distance). Other two provenances include Gureghar (GG) in Maharashtra (M.S.) with 

Altitude 1193 MSL, and Rajahmundry - Meridumalli provenance trial in Andhra 

Pradesh (A.P.) with Altitude 431 MSL are almost 1000 km from each other. The 

Provenance trial plantations were located in southern part of the India whereas the 

Natural Populations were from Northern and Eastern Himalayan regions.  

 A carpet of dry P. roxburghii needles was observed on the topsoil at all the 

sites whereas few needles and lot of green undergrowth was observe on slopes of all 

the locations in  October-November (comparatively dry months) soon after the rainy 

season(June –September). Plots were maintained in good conditions at the two 

provenance trial locations GG and RJ as well as at the natural locations PA and DJ by 

forest departments.  

A thick carpet of needles was present in pine species ‘provenience plots GG 

and RJ,   unlike locations PA and DJ which are mostly on slopes. A thick carpet of the 

needles without any undergrowth on the plains suggested acidic nature of soil where 

needles hamper the undergrowth compared to slopes where needles are washed away 

by the rains. This observation is in agreement with the study in which it was 

concluded that richness of the species was less on sites where P. roxburghii was the 

dominant species (Kharkwal, 2009). The visual soil analysis and pH obtained from all 

the soil samples also suggests acidic nature of soils with pH ranging between 4.9 and 

6.0. 

Even though both these natural/native populations (PA and DJ) were well 

established showing fitness of the population the clear bole of the trees was above 50-

60 meters at DJ, which was little less (30-40 meters) in Villa Camellia at PA location, 

while in IHBT campus trees it was not above 10 meters. No record was available with 

forest department regarding the age of these two populations.  The smaller size of the 

cones on the forest floor at DJ, suggested that the cones may have aborted at 1-2 years 



 

Chapter3  Page 117 

 

of age which may again be the reason for less natural regeneration at this location. At 

the time of collection, no ‘seeds’ were observed inside any of the cones. The reason 

for this may be related to soil types and pH differences.  

Comparisons between the two provenance trial plantations showed that the 

trees were not more than 30 meters in height at GG-Maharashtra provenance trial At 

GG plantation the trees were 37- year old. (1971 provenance plot) ,where soil was red 

alluvial with pH 5.9. At RJ plot soil was black cotton clay with pH 6.1. The height of 

trees at RJ was more than GG (about 45 meters); although they were planted on 

almost same time, again soil types, pH and other climatic conditions may be the 

reason for this.   

 To initiate diversity analysis, 66 ISSR primers of UBC set #9 motifs and 5 

ISSR primers of Andrea Wolfe (AW) motifs were used. After making proper dilutions 

of these oligonucleotides, different parameters were standardized. Doyle and Doyle 

(1987) protocol (with modifications previously done for P. roxburghii, (Parasharami 

et. al., 2006) was followed for DNA isolation. Following were the important 

parameters studied before final diversity analysis. 

Standardization of annealing temperature was done with all the 71 primers 

(Table 3.3). Modification in annealing temperature was known to have a great impact 

on the richness and legibility of fingerprints. The unique temperature variation played 

an important role in hybridization. The above pattern variation was most likely caused 

by the greater efficiency of primer hybridization and not to nonspecific hybridization. 

Each primer has variability in its annealing temperature. The annealing temperature of 

primers which were used for final diversity analysis ranged mostly between 450C - 

510C. Primers with higher temperatures e.g. # UBC 858, 862 gave very thick 2-4 

bands, and were not used during diversity analysis. 

 For polymerase chain reaction standardization, two PCR cycles were tried 

AW, PCR cycle and Mehes, PCR cycle (Fig 6A and 6 B) with modifications. Mehes 

cycle which gave more polymorphic and clear bands was continued for final diversity 

analysis. In all 24 primers with “good” amplification (Table 3.4) were selected with 

best band separation for the final analysis. Template DNA used were from mature P. 

roxburghii needles, total 72 accessions from 4 geographical locations of Indian 



 

Chapter3  Page 118 

 

provenances covering almost  1000-2000 km distance from each other(Fig, 3.7) were 

used during the study. All the results obtained have been compared with other reports 

of Pinus species diversity studies. 

 The average PBP values for these 4 locations (with 13-17 primers –Table 3.5A 

-D) were compared with the PBP values obtained using Popgene32 software with 9 

primers (Table, 3.7). Popgene32 software analysis, minimum PBP was observed with 

PA at 44% and maximum PBP was observed with RJ at 71%. No specific conclusion 

could be drawn from these results. The difference between these two types of PBP 

must be firstly due to the higher number of primers used per individual primer PBP 

calculations and secondly because of 100% polymorphism in about 6-9 primers. 

  Nei’s gene diversity (*h) is also equivalent to the expected heterozygosity in a 

population and represented by HE. For different Pinus species during different 

diversity analysis studies this heterozygosity value was different. For P. taeda HE 

value was 0.513 (Elsik et. al., 2000). For reginosa Pine (P. reginosa) HE value was 

0.375 (Walter and Epperson, 2001), for P. occupera HE value 0.358, for P. banksiana 

and P. contorta HE value of 0.43 and 0.44 respectively ( Dong and Wagner,1994) and 

for P.penderosa the HE value was 0.394 (Osborn et. al., 2005). High level of 

heterozygosity increases individual and population fitness. Individuals that are highly 

heterozygous are sometimes more fit and populations with high heterozygosity 

survive environmental pressures and genetic thinning events (Osborn et. al., 2005).  

 In different populations of P. roxburghii this value for HE (designated as (*h) 

in above study),  was  0.1284 for PA, 0.1445 for DJ, 0.1287 for GG and o.1679 for RJ 

( Table 3.6), which was less than all the different population diversity analysis with 

HE values.  However, during a similar study of red pine P. resinosa, the HE value was 

0.034 and for jack pine P. banksiana it was 0.046-0.153, with an average of 0.100 HE. 

All the populations analyzed were genetically close to each other for jack pine 

populations (Ranger et. al., 2008). The Shannon’s index range for red pine 

populations was 0.07 to 0.250 with an average of 0. 153, hence they concluded that 

the level of genetic variation was much lower in the red pine population. For P. 

roxburghii populations the lowest Shannon’s information index for PA population  

was 0.1977,  for DJ it was 0.2227,  for GG it was 0.2035, and highest was for RJ 
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population which was 0.2691 which was more than red pine and jack pine 

populations. 

 In another genetic analysis study with P. stroubus and P. monticola 

populations from Canada using ISSR and RAPD markers (Mehes et. al., 2007, 2009)  

the genetic variation values among these  two populations  was much lower for P. 

monticola than P. strobus, The populations from P. monticola were genetically more 

closely related  than populations from P. strobus based on ISSR and RAPD analysis. 

The SSRs (Simple sequence repeats) which are the basis for primer sites of 

ISSR are known to have a high rate of gaining and loosing repeat units due to DNA 

slippage (Schlotterer,1991) and may account for the ISSR variation detected. 

Mutations and chromosomal structure rearrangements have also been suggested 

source of ISSR variation (Wolfe and Liston, 1998). 

To the best of our knowledge, very few studies have been conducted using 

such a large no of primers and accessions of four populations in conifers, where 307 

loci were considered for diversity analysis. 
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3.5 Conclusions of the Diversity Analysis in P. roxburghii 

Based on the intra population genetic diversity analysis, it can be said that, the 

Himalayan pine P. roxburghii showed considerable divergence compared to all the 

other hard pines (Wang et.al., 1998, and Ginwal et.al., 2009), as demonstrated by the 

intra population diversity analysis. The high values of PBP, Observed No. of Alleles 

(*na), Effective No. of Alleles (*ne), Nei’s Gene diversity (h*) and Shannon’s 

Information Index (I*) all suggest the presence of high intra-population genetic 

diversity. Considering the inter population variation, the populations also diverged 

significantly, forming robust clusters in the UPGMA dendrogram. These results 

indicate that the populations harbor high intra as well as inter population diversity and 

as a result, they might survive harsh and varied climatic conditions in long term. The 

present study is in agreement with the genetic similarity carried out for the same 

species from Nepal populations using three SSRs (Gauli et.al., 2009). 

 The high inter population genetic diversity indicated low genetic exchange or 

gene flow among the populations. This is expected as the populations have been 

collected from different provinces of India, which are separated by large geographic 

distances. The inter population analysis revealed PBP of 100%, high observed number 

of alleles (*na) of 2.0000, effective number of alleles (*ne) of 1.3073, and the Nei’s 

gene diversity (*h) of 0.1942 and (*I) 0.3141 and Gene flow value (*Nm) obtained 

was 0.3955.   
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Chapter 4  
 
  

 In vitro responses of Pinus roxburghii using mature 
shoots from different provenances  
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4.1 Introduction: 

 The productivity of plantation forests is essential to meet the future world’s 

demand for wood and wood products in a sustainable fashion and in a manner that 

preserves natural stands and biodiversity. World scenario during past century 

plantation forestry has enormously benefited from the development and 

implementation of improved silvicultural and forest management practice. This 

century has seen a second wave of improvements which has been brought about by 

introduction of new germplasm developed through genetics and breeding efforts for 

many of the conifer tree species and also for angiosperm hard wood species (Nehara 

et. al., 2005).  Due to commercial importance of some conifer species such as Pinus 

taeda (loblolly pine), P.radiata (Radiata pine) P.sylvestris (scots pine) etc. have been 

extensively planted worldwide in temperate regions of Asia, Europe and North 

America.  Conifer biotechnology has surpassed the other hardwood biotechnology 

especially angiosperms (Merkle and Nairn, 2005). In United States, loblolly pine 

(P.taeda) is more widely planted than any other forest tree species, where around one 

billion   seedlings are planted annually (Whetten, et. al., 2001). But in India other 

hardwood tree species are the major sources of forest products rather than conifers.   

 Only 6% of total area is under coniferous forests in Indian provenances and 

those are mostly indigenous Pinus species used for silviculture purpose. Hence, in 

1970’s the tropical pine plantation programs have been undertaken. Details about the 

Indian scenario of pines have been discussed in details in Chapter 1 and, also the 

objective of the present work carried out during the above study.  

 Trees that will supply vast majority of future world’s need for wood, fuel, 

paper and other wood and non wood derived products will only come when highly 

productive,  managed tree plantations rather than natural stands will be multiplied 

using modern biotechnological applications. Worldwide (not in India) 60% of the 

world’s managed forests plantation includes Pinus (pines) spp, Picea (spruce) spp and 

Pseudotstuga (Duglas-fir) spp, for timber and pulpwood (Nehara et. al., 2005). 

 The traditional  vegetative propagation techniques of conifers is rooting of 

cuttings ( Wise and Caldwell, 1994), However, the mass propagation of true to type 

trees by rooted cuttings is generally possible only with seedlings of up to five years of 
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age before maturity causes  a decline in rooting success.  This is a serious limitation 

because by the time the genetic superiority of a clone has been determined through 

lengthy genetic tests, the donor plant may be too old for further mass propagation by 

rooting of cuttings. 

  In vitro propagation is a suitable method with the potential for eventual mass 

clonal multiplication of selected families, superior genotypes and genetically 

engineered forest tree genotypes in both coniferous and hardwood species. 

Propagation technologies have been focused on micropropagation by shoot cultures 

especially rooted macro and micro cuttings from in vitro regenerated shoots (both,de 

novo organogenesis and axillary shoot regenerations). Till now, these techniques are 

not cost effective on large scale.  The purpose of using clonal propagation /in vitro 

propagation is to capitalize on both the time saving and large scale implementation 

and relatively larger genetic gains available through clonal tree improvement 

programs (Foster and Shaw, 1987). 

 In Europe and United States Somatic embryogenesis (SE) is a technology that 

promises to deliver high volume, cost effective production of genetically selected elite 

verities. Conifer SE is a multistep process and success of each step depends on the 

success of the preceding steps, but crucial step in this SE technology is explants type 

during initiation of culture. Additionally, genotype plays an important role, showing 

that SE is under strong genetic control (Park, 2002). Most of the time SE has been 

developed from immature zygotic embryos which have been found as most 

responsive explants. Immature MZE at proper stage after pollination are more 

responsive as explants in chir pine P.roxburghii (Arya et. al., 2000, Mathur et. al., 

2000), and another important Pinus species maritime pine  P.pinaster  (Miguel et. al., 

2004).  

Successful clonal propagation of tree species is no more a difficult 

phenomenon. Decades before the term “biotechnology” was coined, pioneering 

scientists were already manipulating tree tissues and cells in vitro with the idea of 

propagating elite genetic material to improve forest productivity. The past two 

decades have seen an explosion not only in the number of forest species that can be 

manipulated and propagated in vitro, but in the range of applications for cultured tree 
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cells and tissues, ranging from tree improvement to understanding gene function 

(Merkel and Nairn, 2005). Several woody species such as Poplars, Wild cherry, 

Eucalyptus, Redwood, Radiata pine, Teak, Sandalwood, Birch, Loblolly pine, Shorea 

and Dalbergia are being standardized for mass multiplication and are commercially 

micropropagated (Rodriguez and Vendrame, 2003). 

   

4.1.1 The in vitro culture of plant cells and organs has several advantages; 

It can be used  
 

•  for the large scale propagation of elite plants in a limited time and space  
 

•  for the production of secondary metabolites by cell and suspension culture  
 

•  for the production of disease free plants  
 

•  for the production of genetically transformed plants  
 

• for the production of hybrid plants between incompatible species by protoplast 
fusion.  
 

Micropropagation of mature trees is important because it allows multiplication 

of superior genotypes identified in the field. Ideally, clonal propagation of trees old 

enough to have expressed their desirable characteristics is an effective means of 

rapidly obtaining improved planting stock. In spite of this progress there are few 

reports of propagation using differentiated mature tissues in Pinus spp (Gupta and 

Durzan, 1985, Abdullah et. al., 1987, Baxter et. al., 1989, Lapp et. al., 1996, 

Nadgauda et. al., 1993, Diago, 2010). These fewer reports ( less than 15) clearly 

shows the difficulties with mature explants as compared to the morphogenetic 

response studies using juvenile explants (MZE, seedlings etc) where more than 60 

reports are present till date in different Pinus spp.  

  The difficulties with mature conifer tissue culture are  

• Contamination of the mother plant material which reduces the efficiency of 

the mature shoots to be used as mother explants. 

• Recalcitrance of the mature shoots under in vitro conditions. 

• Rooting of the microprogated mature shoots and their survival. 
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Culture media used for the in vitro culture of plant cells are composed of three 

basic components: Inorganic nutrients - Essential elements, or Mineral ions, supplied 

as a complex mixture of salts.  An organic supplement supplying Vitamins and/or 

Amino acids.  Carbon source; usually supplied in the form of Sucrose. Growth and 

morphogenesis of plant tissues in vitro are largely governed by two other components 

Growth regulators and a Gelling agent. 

4.1.2 Media components 

It is useful to briefly consider some of the individual components of the stock 
solutions used for preparing the medium. 

Macroelements 

As implied by the name, the stock solution supplies those elements required in large 

amounts for plant growth and development. Nitrogen, Phosphorus, Potassium, 

Magnesium, Calcium and Sulphur (and carbon, which is added separately) are usually 

regarded as Macroelements. These elements usually comprise at least 0.1% of the dry 

weight of plants. 

 Nitrogen is most commonly supplied as a mixture of nitrate ions (from the 

KNO3) and ammonium ions (from the NH4NO3). Theoretically, there is an advantage 

in supplying nitrogen in the form of ammonium ions, as nitrogen must be in the 

reduced form to be incorporated into macromolecules. Nitrate ions therefore need to 

be reduced before incorporation. However, at high concentrations, ammonium ions 

can be toxic to plant cell cultures and uptake of ammonium ions from the medium 

causes acidification of the medium. In order to use ammonium ions as the sole 

nitrogen source, the medium needs to be buffered. High concentrations of ammonium 

ions can also cause culture problems by increasing the frequency of nitrification (the 

culture appears pale and ‘glassy’ and is usually unsuitable for further culture). Using a 

mixture of nitrate and ammonium ions has the advantage of weakly buffering the 

medium as the uptake of nitrate ions causes OH ions to be excreted. Phosphorus is 

usually supplied as the phosphate ion of ammonium, sodium or potassium salts. High 

concentrations of phosphate can lead to the precipitation of medium elements as 

insoluble phosphates. 
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Microelements 

 These elements are required in trace amounts for plant growth and 

development, and have many and diverse roles. Manganese, Iodine, Copper, Cobalt, 

Boron, Molybdenum, Iron and Zinc usually comprise the microelements, although 

other elements such as nickel and alluminum are frequently found in some 

formulations. Iron is usually added as iron sulphate, although iron citrate can also be 

used. Ethylenediamine tetra acetic acid (EDTA) is usually used in conjunction with 

the iron sulphate. The EDTA complexes with the iron so as to allow the slow and 

continuous release of iron into the medium. Uncomplexed iron can precipitate out of 

the medium as ferric oxide. 

Organic supplements 

 Only two vitamins, thiamine (vitamin B1) and myoinositol (considered a B 

vitamin) are considered essential for the culture of plant cells in vitro. However, other 

vitamins are often added to plant cell culture media for historical reasons. Amino 

acids are also commonly included in the organic supplement. The most frequently 

used is glycine (arginine, asparagine, aspartic acid, alanine, glutamic acid, glutamine 

and proline are also used), but in many cases its inclusion is not essential. Amino 

acids provide a source of reduced nitrogen and, like ammonium ions, uptake causes 

acidification of the medium. Casein hydrolysate can be used as a relatively cheap 

source of a mixture of amino acids. 

Carbon source 

 Sucrose is cheap, easily available, readily assimilated and relatively stable and 

is therefore the most commonly used carbon source. Other carbohydrates (such as 

glucose, maltose, galactose and sorbitol) can also be used, and in special 

circumstances may prove superior to sucrose. 

Gelling agents 

 Media for plant cell culture in vitro can be used in either liquid or ‘solid’ 

forms, depending on the type of culture being grown. For any culture types that 

require the plant cells or tissues to be grown on the surface of the medium, it must be 
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solidified (more correctly termed ‘gelled’). Agar, produced from seaweed, is the most 

common type of gelling agent, and is ideal for routine applications. However, because 

it is a natural product, the agar quality can vary from supplier to supplier and from 

batch to batch.  

 When cultured in vitro, all the needs, both chemical and physical, of the plant 

cells has to meet  by the culture vessel, the growth medium and the external 

environment (light, temperature, etc.). The growth medium has to supply all the 

essential mineral ions required for growth and development. In many cases (as the 

biosynthetic capability of cells cultured in vitro may not replicate that of the parent 

plant), it must also supply additional organic supplements such as amino acids and 

vitamins. Many plant cell cultures, as they are not photosynthetic, also require the 

addition of a fixed carbon source in the form of a sugar. 

  One other vital component that must also be supplied is water, the principal 

biological solvent. Physical factors, such as temperature, pH, the gaseous 

environment, light (quality and duration) and osmotic pressure, also have to be 

maintained within acceptable limits. 

           Cloning of mature trees is generally preferred over cloning of embryos or 

young seedlings because often it is not possible to determine if these embryos or 

seedlings have the genetic potential to develop the desired qualities later in their life 

cycle. Considering the genetic heterozygosity of most of the tree species, cloning of 

mature trees is the only method that permits immediate and total capturing of genetic 

gains (Franclet et. al., 1987) and to obtain true-to-type large-scale clonal propagules. 

Obtaining juvenile material from mature trees is of considerable importance for clonal 

propagation of woody plants, because in vitro cloning is a function of the degree of 

juvenility of the explanted tissues. Two options are available before excising the 

explants. Selection of most juvenile tissues from the mature tree and second 

rejuvenate parts of the donor tree by special treatments and excise explants from these 

parts. 
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4.1.3.1 Selection of juvenile tissues within mature trees 

 For most clonal propagation work, the explant of choice is an apical or axillary bud.  

Meristems in these buds/shoots are composed of fast dividing meristematic cells. 

Explants like needle pieces and flower heads were also used, but it is risky, as the 

chances of obtaining off-type progeny /clones would increase. It has been known that 

cuttings from lower branches especially near the trunk are more juvenile than 

branches in other parts of the tree (Rouland, 1973). For the species that do not 

produce stump sprouts, a degree of juvenility was achieved by repeated pruning of the 

parent trees. In pines to get juvenile sprouts from mature trees is a difficult 

phenomenon. Searching of such shoots from lower crown in appropriate season is 

essential. 

 

4.1.3.2 Rejuvenation by special treatments: 

With some trees, this problem has been overcome by special rejuvenating 

treatment before or during micropropagation. These pretreatments include BAP 

spraying, serial grafting on juvenile rootstock or serial rooting of cuttings and serial 

subculture in vitro. Successful clonal propagation of tree species is no more a difficult 

phenomenon. Several woody species such as Poplars, Wild cherry, Eucalyptus, 

Redwood, Radiata pine, Teak, Sandalwood, Birch, Loblolly pine, Shorea and 

Dalbergia are being standardized for mass multiplication and are commercially 

micropropagated (Rodriguez and Vendrame, 2003).  

In vitro regeneration is a suitable biotechnique for mass clonal production of 

trees in both coniferous and hardwood species.  Regeneration of adult conifer trees by 

means of in vitro culture has been the subject of intense study during the past 20 

years. Propagation by tissue culture may become the best method for obtaining 

multiple identical trees and for capturing the genetic gain in breeding programs. 

However, the method has several problems related to phase change of trees from 

juvenile to adult, which limits its practical application (Diago et. al., 2008).  
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4.1.4 In vitro propagation using Natural/Native Populations and Plantations of 

Pinus roxburghii: 

 The aim of the above investigations in Pinus roxburghii is to compare the 

differences, if any during in vitro propagation using mature explants between the 

populations both from native and also from plantations raised population.  

Micropropagation using mature trees material from provenance trials could be 

beneficial as  large no of propagules could be produced by in vitro technique from the 

well adopted trees in provenance trials with are adapted to particular environmental 

conditions, as future planting stocks for raising plantation. Keeping in mind this 

benefit of mature pine tissue culture in this species the work was initiated using 

mature shoot buds from different provenances.  
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4.2 Materials and Methods 

4.2.1 Method of collection of mature shoot buds from provenances 

 Experiments were performed with shoots of Pinus roxburghii collected from 

natural/native populations of Himachal Pradesh (PA) and West Bengal state (DJ) 

along with provenance trial locations of Maharashtra (GG) and Andhra Pradesh (RJ) 

i.e. from all the four sites which were chosen for the study. (Diversity Analysis-

Chapter 3 also includes site photographs). Collections were done between mid 

October 2008 and June 2009. The protocols were already standardized with the 

mature shoot material of Pinus roxburghii  from Gureghar provenance location GG 

(Parasharami et al 2003) using ½ DCR medium. During the present study this 

protocol was modified to include MS and WPM basal medium along with ½ DCR 

medium. Comparisons were made for the induction of axillary buds and shoots from 

mature shoot- buds collected during the period in these three different basal medium. 

Experiments were performed during October to June when the temperature varied was 

between 20°C±5  to 37±5 °C. This time is the dry season in most of the Indian 

provenances excluding heavy Monsoon rains especially in Himachal Pradesh (North 

India) and West Bengal (North East state). In GG and RJ provenance trial locations, 

the rainy season becomes active in May end to mid June hence collections were done 

only up to the beginning of May. Selection of these months for collection helped to 

get maximum sterile explants as 100% contamination is expected during the rains. 

Shoot-bud material was taken randomly from the lower part of the crown of different 

trees.  

After the collection of the shoot-buds along with larger twigs, shoots were 

wrapped in ordinary filter papers and put in big polythene bags/polythene cling wrap 

sheet(Fig 4.1A) till it reached the laboratory. This type of storing avoided any type of 

fungal infection which usually happens due to moisture accumulation. In the 

laboratory, shoots were removed from bigger twigs and were stored overnight in 

polythene bags along with filter paper at 40 C. This cold storage sometimes extended 

for 4-5 days depending upon the no of shoots collected. If more shoots were collected 

the shoots were processed within 5-7 days. No browning or death of shoot was 
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noticed from the material collected from provenance trial locations, since the sites 

were nearer than the natural/native population samples. Only healthy shoots were 

chosen for the tissue culture work. Native population material took 5-7 days to reach 

the laboratory after collection (PAandDJ), hence some brown shoots were noticed 

(dead shoots - were discarded before processing for tissue culture). More than 20% 

loss of shoot material was noticed from the native/ natural population samples of PA 

and DJ especially in March to June collections. Shoots were also discarded due to 

drying or over storage.  

 

 

. 

 

 

 

 
Fig 4.1 A and B Packing of the shoot-buds during transport and Unpacked shoots from 

two location in laboratory 
           Comparisons were done on the sterile response of shoot buds for different 

months. Data was collected for shoot bud types for four locations. For comparision of 

in vitro responses two locations are from native population that is Palampur (PA-

2000km from Laboratory) and one from plantation that is Gureghar (GG-113km from 

Laboratory) were selected and all further experiments were carried out using mature 

shoots of these two locations. Various constraints like the long distances between the 

four locations, unavailability of responsive shoot-buds during the time of collection 

and unpredictable weather conditions in natural/native locations restricted the In-vitro 

response studies to two locations. These two locations selected were (Fig. 4.2) 
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Fig 4.2 Maps of the selected locations for In-vitro responses (GGandPA) 

 

 

 

 

 

 

Fig 4.3 Site Photograph of the Two Locations selected for in vitro studies (GG andPA) 

The GG provenance site trees showed complete loss of the pyramidal shape of trees 

while PA native location trees showing characteristic pyramidal shape of the trees 

(Fig 4.3Aand B). 

 

 

 

 

  

Fig 4.4 A.Type I Shoot- Buds GG in April        B. Type III PA shoot-Buds in October  
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    A                                                                 B 

Fig 4.5 Type III shoots from PA in April; A. with main shoot B. Shoot -Buds 

4.2.2 Explant Selection:  

Explants used for In vitro studies were separated from the main shoots and they 

were designated as Type I (Fig. 4.4A), Type II (Fig. 4.6A) and Type III (Fig. 4.4B 

and 4.7) shoot –buds before processing.  

4.2.3 Explant Sterilization:  

The sterilization treatment for 3 type of shoots was different depending upon the 

juvenility of shoot-buds. The shoots were brought to the laboratory, then cleaned 

separated and given sterilization treatments according to their type. 

4.2.3.1 Sterilization treatment for Type I shoot-buds. 

 The shoots (new juvenile sprouts) were trimmed to 1/4th of its needle length.  

  Shoot-bud length was maintained between 2-5 cm which made sterilization 

treatment easier. Hence few shoots were without tips. 

 These were soaked in autoclaved single distilled water for 2 hrs. 

 The shoots were then treated with liquid detergent (Tween 20) for 10 min. 

 The liquid detergent was removed by subsequent washing with autoclaved 

single distilled water which was repeated 3-5 times. 

 The shoots were taken to Laminar Air Flow Chamber and further sterilization 

was done in the laminar flow. 
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 The shoots were then shifted to  sterile bottles (autoclaved  jam bottles) and 

treated with 0.06% (w/v), mercuric chloride (HgCl2)  for 10 min. Washed with 

autoclaved distilled  water for 4 times to remove traces of HgCl2. 

 The explants were then ready for inoculation. 

 

4.2.3.2 Sterilization of Type II and III shoot buds: 

       Both Type II and Type III shoot buds were different according to the month of 

collection. Shoot buds collected from same location in different month showed 

different morphology ( Fig 4.4B and Fig 4.5B). The treatments were dependent upon  

the  type of the shoot- buds. Both these types were covered with tight brown scale 

sheaths from top to bottom of the shoot-bud. In case of  elongated shoot-buds, the 

newly emerging needle primordia were  also covered with the brown scale sheaths. 

The sterilization treatment carried out was: 

 

 Washed the cleaned shoot-buds under running tap water for 1-2 hrs for dust 

removal from the shoot-buds.  

 Washed the shoot- buds for 10 minutes with Tween -20 detergent solution 

 Savlon 4% (v/v) solution washing for10 minutes. 

 Savlon washed off by sterilized water (washings in LF).  

 After this shoot- buds were shifted to sterile jam bottles labeled for type II or 

Type II shoots.  

 10% v/v H2O2 treatment was given for 30 mins and H2O2 was washed away by 

rinsing 3 times with sterilized single distilled water. 

 NaClO, (30g/L) w/v commercial bleach soln. was used for next step 

sterilization. 30 min treatment was given for both types of shoot buds. 

 NaClO was removed with 3 sterilized water rinses. 

 For Type II shoot-buds, no further treatment was required and shoot-bud 

explants were ready for dissection and then for inoculation. 

 For Type III shoot-buds which were tightly covered with brachyblast primordia, 

further wash of 70% alcohol v/v for 30 seconds followed by rinsing with 

sterilized water was given. 

 Final sterilization of Type III shoot-buds were done with 0.1% w/v HgCl2 

treatment for 10 minutes followed by 3 sterile water rinses. 
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 Dissection of the scale sheath was done under LF, for both Type II and Type III 

shoots. Fig 4.6B and 4.7 shows dissected shoot buds of Type III that are ready 

for inoculation. Fig 4.5 Aand B show PA Type III shoots collected in April. 

 

4.2.4: Medium for % sterilization and % sprouting from all 4 location shoot- 

buds during different month collections. 

 Medium for induction of apical and axillary buds ( bud break) contained: ½ 

DCR fortified with BA 4.44 µM. (BA at this concentration was found optimum 

during previous study of this species). 

 Sucrose at 3% and Difco bacto Agar 0.7% (w/v) was added as carbon source 

and solidifying agent respectively. 

 Bavistin was used as antifungal agent at 100 mg/L in the medium. 

 pH of the medium was adjusted at 5.8-6.0 before autoclaving. 

 After digestion with Agar, medium was poured in culture test tubes. 20 ml 

medium was poured in each test tube before autoclaving. 

 Medium was autoclaved before inoculation as described in materials and 

methods. 

30shoot buds were inoculated for each location. All three types of shoot buds 

were used. Experiments were performed for seven months consecutively 

beginning from December month (2007) up to  June of next year (2008).  

Same experiments were repeated for 2008-2009 for conformation with same set of 

conditions. Cultures were incubated between 1000 to 1500 lux light intensities 

equivalent to 12 to 18 µmol m-2S-1 photosynthetic photon flux (PPFD) at 16 hrs 

photoperiod. 3 bundles of 10 tubes each were incubated at 25±20C temperature of the 

culture room. 

Data was collected after 14-17 days to remove initial contamination. The final 

observations were taken after 25 -27 days of incubation as axillary buds started 

appearing on the shoots and visible buds could be counted easily within this time 

period. After these experiments further comparative studies were carried out with GG 

and PA shoot- bud explants only. Except for GG location where 4 collections for  

different months was  possible from other 3 locations of PA,DJ,andRJ  data obtained 

was compared between all the four locations. 
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4.2.5. Comparison of two population GG and PA using different paramenters.  

4.2.5.1:  Effect of 3 basal medium for induction of axillary buds using GG and 

PA shoot buds:  

 Experiments with basal medium standardization were done between the 

months of April and May which were the months of minimum contamination as 

standardized during previous experiments. During these months, juvenile sprouts 

were available on the trees in this species at GG (Parasharami et.al., 2003).The 

protocol followed for explants sterilization to get more than 70-90% sterile mature 

shoots  has been described below. PA shoots were also collected in these months, 

which showed 50% mortality within the time they reached the lab. Type II and III 

types of shoot buds could be collected in April from PA. More than 500 shoot-buds of 

each type were obtained in the month of October from PA location. All other 

parameters of basal medium and hormone concentration standardization were done 

with these PA shoots. (Fig 4.6 and 4.7). 

 

 

 

 

 

 

 

 

A-Normal    B-Cleaned  

              Fig 4.6 Type II shoot- buds in October from PA 

Although the shoots collected in April were used for in vitro response studies but as 

seen in Fig 4.5B the tightly packed braychyblast primordia of previous year elongated 

in length in next April and hence  became non responsive.  
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        Fig 4.7 Type III shoot- buds in October from PA 

4.2.5.2 Effect of basal medium on elongation of induced axillary buds. 

In P.roxburghii mature shoots grow very slowly. The medium which showed 

more elongation of induced axillary buds and could grow  within less time period was 

selected. For this experiment at least 10 shoots were shifted to WPM full plain basal 

medium. In the same way ½ DCR medium was also evaluated for elongation of 

induced axillary buds. The results with these two different medium were compared 

after 30 days. 

4.2.5.3 Effect of different hormones on the shoot-buds. 

More than 1000 shoot-buds of different maturity were collected from PA population 

in the month of October. Collection was done in the month of April for GG. There 

was always a limitation to the number of shoot-buds collected from GG provenance 

trial plot. Such a large number of shoot-buds could not be collected from GG 

provenance mainly because of the small population and unavailability of the juvenile 

shoots.  

Once the basal medium for induction of axillary buds and medium for further 

incubation was decided, next set of experiments were performed to select the most 

suitable hormone concentration besides BA.  

 



 

Chapter4  Page 138 

 

Table 4.1: Different Hormones with their concentrations used for the WPM 
basal salts + sucrose 3% +Difco bacto agar 0.7%+Bavistin 100mg/L -1 

Media no. 

 Hormones with their 
concentrations 

( µM) 

BAP KIN TDZ 

1 0.88  - -  

2 2.22 -  -  

3 4.44  -  - 

4 8.88  -  - 

5 10  -  - 

6 22.2     

7 -  2.32 -  

8  - 4.64 -  

9 -  9.28 -  

10  - 15  - 

11  - 23.23  - 

12 2.22 4.64 -  

13 4.44 9.28  - 

14 8.88 23.23  - 

15 -  -  0.22 

16  -  - 1.13 
 

Table 4.1 shows all different hormones used at various concentration. All the 

hormones with these 16 combinations were added before autoclaving in WPM basal 

medium. These 16 media were fortified with sucrose as carbon source and Bavistin ( 

Antifungal agent ) at 100 mg/L. Difco Bacto Agar was added as the solidifying agent 

as done during previous experiments. 1500ml of each medium was prepared and 

distributed in three flasks of 500 ml.  

Autoclaving was done in the same flask. Before each experiment the medium from 

each flask was melted and then poured in 30 test tubes (15-17 ml medium / test tube). 

Inoculations were done in freshly poured medium after explants sterilization. This 

procedure was repeated 16 times for each medium. 

After sterilization of all the shoot buds of Type II and Type III the scale sheath was 

removed from brachyblast primordia( Fig 4.7- cleaned bud). The lower end of the 
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shoots were cut using a sharp surgical blade. The green colored bud primordia were 

then inoculated in test tubes with the same combination of medium described earlier.  

Incubation for all these experiments was done under the photosynthetic photon flux of 

12 to 18 µmol m-2S-1 photosynthetic photon flux (PPFD) at 16 hrs photoperiod.  

After 27- 30 days of incubation data was collected and photographs were taken for 

each hormone concentrations. Comparisons were also made for differences in 

hormone treatments. 

These experiments were done in the month of April and May and repeated twice, 

Maximum 35 shoot buds were inoculated for each experiment if more than 35 ±2 or 5 

buds were inoculated for ease of data analysis 35 shoots  were separated during 

observation ( after  30-35 days of incubation) analysis ( % sterile % sprouting was 

done, as maximum two times the results were repeated it was not possible to analyze 

the data with Origin 8 software. Percentage  was only given for these results as done 

during the four population analysis ( 4.3.1 section).  

4.2.5.4  Shifting of hormone treated shoots 

This step was performed after 27-30 days of incubation in hormone containing 

medium. After data collection, sterile shoots along with induced axillary buds were 

shifted to the hormone free basal ½ DCR medium for optimum response to check the 

effect of the hormone on shoot buds. The final data of these results was taken after 

55-60 days of total incubation ( First 30 days in hormone containing medium and next 

27-30 days in hormone free medium with 0.4% AC). The shoots were shifted to jam 

bottles at this stage for growth of the axillary bud/shoots so that enough space could 

be available for growth. Each jam bottle contained 40-60 mL sterile medium. Data for 

no. of axillary buds induced  and no. of axillary buds converted to shoots was  

calculated after 60 days of the experiments. 

4.2.6. Multiplication experiments of axillary shoots: 

10 shoots were used for each of the hormone concentration tested for 

multiplication experiments . Always plain ½ DCR medium with 0.4% AC was used.  
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Shoots obtained during different experiments of induction of buds were tested 

after incubating them for minimum of 30-40 days. 5 combination of hormones were 

used (KIN 2.32 µM +BA 4.44µM), (KIN 15 µM + BA 4.44 µM) and (KIN 23.23 µM 

+ BA 4.44 µM), similarly (KIN 23.23 µM +BA 4.44 µM),. All these combinations 

were based on the previous experiments carried out before the year 2005. Sucrose 3% 

was added for each combination and medium was digested after adjusting the pH to 6. 

to 6.5 since the solidification of medium  was always a problem when pH was 

adjusted to less than 6.0 

After melting of agar along with charcoal, medium was poured in jam bottles ( 60 ml/ 

bottle) so the AC was distributed evenly. All media were autoclaved as described 

earlier and used for multiplication. 12 shoots per experiment were used for this testing 

and observations were taken after 30 days. Final observations were recorded only 

after 60-65 days in culture. 

4.2.7 In vitro rooting of axillary shoots 

Pulse treatment was given to the in vitro induced axillary shoots for 24 Hrs in dark 

and thereafter shifted to Half strength DCR medium containing 12.25 µM of IBA for 

optimum in vitro root induction.    

4.2.8 Micrografting of the axillary shoots: 

In vitro shoots were mostly used for the different type of grafting medium 

standardization techniques which has been discussed in Chapter 6. 

4.2.9 Data Analysis-  

Significance was counted at 5% level using Turkey test with Origin 8 software. Each 

shoot contained at least one apical bud, hence number of buds were counted along 

with the axillary induced buds.  
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                                          4.3 Results 

4.3.1 Comparison of the plantations at the site of collection: 

There were many noticeable differences in the four populations of 

P.roxburghii under the study. For phenotypic comparison of the different locations 

GG provenance trial plantation plot was taken as control, since the distance of this 

population was nearer to the laboratory. Collections were done from all the 

populations over a period of 7 months. Period of rainy season was omitted and only 

the dry season (without rains) was chosen for collecting the shoot-bud material for 

tissue culture work. Maximum no of collections were done between December of the 

previous year to the June of following year (2008-2009) based on permissions and 

feedback of the respective forest departments. 

4.3.1.1 Comparison of the PA and DJ plantations at the site of collection: The 

trees were pyramidal in shape and very healthy as compared to the plantation trees of 

GG and RJ. The data about the age of the trees was not available with forest 

departments when collections were done. As mentioned in Chapter 3,  at PA many 

sites of this species were present at this location hence different types of the shoot – 

buds were collected for the in vitro studies. Total 4 collections were done from PA 

and DJ locations. In DJ location information obtained from DJ forest department 

during the collection was that the trees had been established amidst “Teak” 

plantations. The seeds had probably been transported by the western winds from 

Sikkim state. The site was called Badam-Tam, and was the only available location for 

P.roxburghii plantation in whole of West Bangle (WB) state. Although WB forest 

departments maintained the site/plots and observed natural regenerations of 

P.roxburghii trees, seed collections was not done at all from this site. 

4.3.1.2 Provenance trial Locations of GG and RJ: Plantations had lost characteristic 

pyramidal shape of P.roxburghii. The GG plantation was maintained /managed by 

Maharashtra Forest Department and maintained in good condition. At RJ location,  

there  were about 1000 trees of different tropical pines but only 29 trees of 

P.roxburghii had survived in  2.5 hectare plot in this location. Although P.roxburghii 

had been planted as “reference trees”  during the trials conducted in 1972, however, 
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this plot was not maintained properly. Hence, collection of more no. of shoot buds for 

in vitro studies was very difficult. The trees had grown upto 45-50 meter tall at RJ 

location. While at GG location where trees were approximately of the same age the  

trees were not more than 30 meters tall. The Female cones were present (Female 

megagametophyte) on GG location trees but ‘No seed set’ was observed in any of the 

fallen or collected cones in GG and RJ location trees. Soil types of all 4 locations were 

studied in detail during diversity analysis.  

The type of shoots collected in different months also showed vast difference 

between four populations. Native plantation shoots from PA and DJ were showing 

‘dormant type of shoot buds ( which were mostly Type II and Type III  in the months 

of March, April, May and June) while the provenance location shoots of GG and RJ 

collected in the March to May showed responsive buds. Dormant buds at these sites 

were observed only in the months of November and December. July – September 

being the months of rainy season 100% contamination occurred in all the 4 locations 

for in vitro response studies. 

4.3.2 Comparison of % Sprouting, % Sterile shoot-buds from the four 

locations.  

Data collected for In-vitro response trial during the studies (Fig 4.7 A-D) 

showed that sprouting was observed three times in the period of seven months when   

collections were done at GG provenance location. Collections were done at GG 

almost every month between December (2007) to June (2008). Data for sterile shoots 

obtained was maximum between April and May (90-95%). Sprouting was also 

observed in the shoots collected in June, but 50 % buds showed contamination due to 

early rain showers before the collections. Maximum sprouting of 70% from juvenile 

shoots was observed in the month of May as shown in Fig 4.7A. Hence as mentioned 

in material and Methods GG location of the provenance trial was considered as the 

reference location for in vitro studies. 
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Fig 4.7A - Response of shoots from GG provenance trial 

 

 

 

 

 

 

 

Fig 4.7B Response of shoots from PA provenance trial 

Fig 4.7B shows data from PA location. It showed that out of the four 

collections, In-vitro sterile sprouting was maximum in October i.e., 70%. Some 

sprouting was also observed in material collected in March and April. The % sterile 

shoots were maximum in March and October but due to the rains in April the % 

sterile shoots reduced at PA location. Shoots collected in June also showed sterile 

shoot buds but no sprouting was obtained most probably due to elongated brachyblast 

primordia.   
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All the three types of shoot-buds were collected from PA location.  Many 

sterilization experiments were done due to large no of shoot buds.The experiments 

were repeated two times for this location. 

 

Fig 4.7 C Response of shoots from DJ plantation 

At DJ native population maximum sterile shoots were obtained in April. No 

sprouting was observed in any of the four collections.(Fig 4.7C). DJ being a natural 

population, diversity analysis studies were done with this population. However due to 

significantly long distance from the laboratory (more than 2000 KM ) and lack of 

sprouting from  any of the four collections, it was  decided to omit this location from 

further in vitro studies. For DJ location maximum collected shoot buds were of Type 

II and Type III, that might be the reason for getting no sprouting response. 

Similarly for Rajahmundry (RJ) provenance maximum sterile shoots were 

obtained in May where some sprouting was also observed ( < 10%). The bud type for 

In-vitro response was quite similar to that of GG location collections in May.  



 

Chapter4  Page 145 

 

             

                              Fig 4.7 D Response of mature shoots from RJ provenance trial 

   Sterile shoot response of RJ provinance trial location  was similar to GG 

location which clearly shows that even though there are appreant differences in the 

GG and RJ plantations for in vitro responces,  the shoot bud types and seasonal 

response for % sterile and percent sproutings were similar. Even in the shoots 

collected  in May from both the location Type I shoots were prevalent and maximum 

studies for these experiments could be done using these Type I shoots from these two 

location.  

     All the above data from the four locations clearly showed that GG (as provenance 

trial) and PA(as native population) should be selected and compared for furthur 

experiments. Maximum sprouting has been obtained in these two populations location 

withing the seven month collection period. 
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        C. Full WPM A.  Half   DCR          B. Full MS

4.3.3.1 Effect of Different Basal Medium on Axillary Bud/ shoots Induction: 

Table 4.2: Effect of 3 basal media for induction of axillary buds and  apical shoots 
 in 3 different media 

Axillary buds /shoot±SE 

Medium GG shoot-buds
PA Shoot- 

buds       
     

Half DCR 3.3±0.1a 3.6±0.2a 
     

MS 1.9±0.5b 2.1±0.7b 
     

WPM 15.4±2.3b 16.9 ± 2.6 b 
     

 

Treatments with different letter are significantly different at 5% level of error. 

 

 

Fig4.8:  Bud break in P.roxburghii shoots obtained in three medium A- half DCR, 

 B-Full MS and C-Full WPM  

The Table 4.2  and Fig 4.8 clearly shows that out of the three basal media tried 

, minimum axillary buds were induced on MS medium (1.9±0.5) and maximum bud 

break was obtained in WPM medium (15.4±2.3) for GG provenance. Apical 

dominance was usually noticed in this pine as less no of buds were induced and apical 

bud started growing first as seen in ½ DCR medium where apex became swollen after 

30 days of incubation (Fig. 4.8A). ½ DCR which was standardized previously had 

significantly lower no. of axillary buds compared to the WPM medium (3.3 ± 0.1). In 
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WPM medium even though apical bud was not much swollen, it remained healthy till 

it was shifted for subculture. Shifting was done in the  same basal medium without 

hormone for elongation and further multiplication. However, sometimes shoots were 

also shifted to medium formulated by adding KIN along with BA for multiplication. 

Experiments for multiplication are described later. Large no of axillary buds were 

induced on full WPM medium hence it was not possible to count the exact number of 

buds induced. Therefore buds were separated from a single shoot to count the no of 

axillary buds (Fig 4.9). The average of such buds was 20-25 for this medium. When 

comparisons were made for the data between basal medium for GG and PA locations , 

it clearly showed that there was no significant difference for the number of buds 

obtained per shoot. Hence, WPM was used for both the population as basal medium 

for further experiments. Fig 4.9 shows the photograph taken after removing the 21 

axillary buds from a single shoot. 

 

   

 

 

 

 

                      A      B 

Fig: 4.9 –A: WPM basal Medium –Number of axillary shoot buds induced on 7-8 cm 
long shoot-bud  after 50 days in culture, B- Separated axillary buds induced  
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Fig 4.10  WPM to WPM shifting 

 

Fig:4.11- WPM to ½ DCR shifting 

 Fig 4.10 and Fig 4.11 Shows the clear difference of axillary shoot growth from WPM  

and DCR medium after 50 days in culture (30 days in Induction medium followed by 

shifting into same basal medium without hormone). Shifting from WPM to WPM (Fig 

4.10) showed less elongation as compared to shifting from WPM to 1/2 DCR. 

Bavistin was not included in both these media. New axillary shoots elongated in these 

media within 50 days. Hence, it is clear from the pictures that even though bud break 

was significantly higher in WPM basal medium than ½ DCR as shown in Table 4.2 

and Fig 4.8, further growth and multiplication with ½ DCR  was better than that of the 

WPM medium.  

Table 4.3 shows the comparison of the axillary buds elongation in WPM to 

WPM and WPM to ½ DCR. Results are the mean of two experiments. The table 
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shows the range of axillary bud elongation (in mm) after induction in BA containing 

medium (4.44.uM) and next shifting in these medium.(Fig 4.10 and 4.11).Total 

incubation period from induction 60-65 days. 

       When these induced shoots were maintained in the same medium, 

elongation of the axillary buds was observed within next twenty days. The bud 

development is acropital succession on the shoots. Upper axillary buds induced and 

elongated first and the lower buds started appearing later. Another important 

observation was that the needles in few shoot-buds started showing maturity (last 

right test tube of Fig 4.11) and also showed elongation of the needles. 

Table 4.3 Range of axillary bud elongation in mm after induction in BA containing 
medium: 

Induction 
medium 

½ DCR 
(Plain) 

Full WPM 
(plain) 

½ DCR+ 0.44 
µM BA 

WPM + 0.44 
µM BA 

WPM  20‐50 mm  7‐10 mm  9 mm  6 mm 

½ DCR   7 mm  6 mm   3 mm   6 mm 

Even the maturity of the needles was seen in the WPM induction medium shifted to 

plain ½ DCR which was not observed in any of the other medium. After this 

observation the induced axillary buds were shifted to plain WPM medium for further 

elongation. If BA at 0.44 µM concentration was added in these ½ DCR and ½ WPM 

combinations it shows that the length of the axillary bud induced was not more than 9 

mm and at WPM + 0.44 µM it was still less ( 6mm). With ½ DCR + BA 0.44 µM 

further reduction of axillary bud length was observed. ½ DCR + AC without hormone 

was selected as medium of choice for further elongation when 30-35 days incubation 

was over in hormone containing medium. 

4.3.3.2 Apical dominance:   

It was a common observation that presence of apical bud inhibit axillary bud 

sprouting. Whenever the apical shoot bud is present, induction of axillary buds slow 

down. And when the apical dominance was removed, very healthy  axillary shoots 
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developed and even new buds developed from main mother shoot bud. (Fig 4.12 and 

4.13, 4.14) 

 

 

 

 

 

 

Fig:4.12 Apical dominance         Fig 4.13: Elongation  of axillary buds to shoots       

 

 

  

 

 

 

 

Fig 4.14: New axillary buds/shoots on ½ DCR+AC  

4.3.3.3 Other results with induced axillary buds 

Another important observation was that if the induced axillary buds were left in same 

WPM medium the buds started forming callus within 50 days and turned brown. But 

if they were shifted to WPM medium or DCR medium without growth regulators, 

growth of the axillary buds into shoots took place within 30 days.  Shifting to DCR 

basal medium resulted in less browning of the axillary shoots, hence for 

multiplication and further rooting experiments only DCR basal medium at half 

concentration of salts and vitamins was continued. Use of  MS medium after initial 
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‘bud break’ experiments was discontinued as the induction of axillary buds with that 

medium was significantly low compared to WPM and DCR  induction medium (Fig  

4.8 and Table 4.2) . 

During the above studies some conclusions were made after careful 

observations, these were:  

A . When shoots from WPM medium on which axillary buds were induced were left 

in same medium for 55 days, the buds turned brown. Hence shifting of the shoots 

after 30-35 days to hormone free medium was necessary. Two types of shifting 

medium were tested. 

B.  If shoots were shifted from WPM medium to hormone free WPM medium few 

axillary buds elongated to 10-12 mm. But when shoots were shifted from thid WPM 

medium to ½ DCR hormone free medium the axillary buds, elongated up to 30 mm. 

The Fig 4.13 and 4.14 clearly shows the above difference. Hence for further 

experiments, ½ DCR medium was used. Within 3-4 passage of shifting into ½ DCR 

without hormone + AC charcoal ,medium showed increase in no. of axillary buds and 

even elongation of buds was quite prominent. Fig 4.13.and 4.14  shows the axillary 

bud growth on shoot buds without tip. 
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4.3.4  Results with Effect of different hormones on Induction of axillary buds 

with GG and PA populations: 

These results have been studied in detail for both Gureghar (GG) population  and PA 

population. Type I shoots from both the populations were used for these 

experiments.  

 
4.3.4.1. Effect of various cytokinins using Type I shoots on percent sterile 

sprouting from Gureghar population (GG) 

It has been noted that there was no significant difference with respect to the % 

contaminated and % sterile cultures among all the media formulations tested. 

However, there was notable difffference with regard to the % sprouting response. % 

sterility of the cultures were not less than 75% in all the hormonal concentrations 

tested. WPM basal medium containing 10µM of BA was optimum for maximum 

sprouting of buds followed by a combination of BA (9.28µM) and KIN (23.23µM). 

Bud sprouting was minimum in media supplemented with TDZ at 0.22µM.But when 

the concentration of TDZ was raised to 1.13µM the regeneration potential was 

increased upto 29%. 
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Fig. 4.15 Comparison of effect of different hormones on % sterilization, % sprouting 
and % contamination from GG. 

Comparative effect of different hormones could be seen in Fig.4.15. Out of 3 

hormones tested, each hormone effect has been discussed separately in following 

sections. 

4.3.4.2 Results with effect of different hormones using Type I shoots from 

Palampur (PA) 

The result was done in the same way as done with GG population. In this population 

the effect of hormone was studied in the month of October when maximum collection 

of shoot buds was done. Data was analyzed in the same way as done for GG 

population. 
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Effect of various cytokinins using Type I shoots on percent sterile sprouting from 

Palampur population (PA) 

The in vitro shoot cultures from PA populations were having uniform level of % 

sterility (Fig. 4.16). Maximum % sterility of 100% has been obtained in media 

containing KIN(15µM), combination of BA and KIN and TDZ. % sprouting response 

was found to be enhanced in media supplemented with a combination of BA and KIN  

as well as TDZ with a maximum of 100% in BA(2.22µM)+KIN(4.64µM). 

Fig 4.16 Comparison of effect of different hormones on % sterilization, % sprouting and 
% contamination shown 

 

 

[A] BA 0.88 µM, [B] BA 2.22 µM [C] BA 4.44 µM [D] 8.88 µM [E] 22.2 µM 
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Fig 4.17 Shows 5 different BA concentrations of PA population 

 

Fig 4.18 Effect of WPM+BAP 10 µM after 45 days of incubation 

           Six  different BA concentrations were tested during the study (0.88 -22.2) µM. 

Out of these six concentrations, maximum axillary buds were induced at 22.2 µM BA 

concentration. Further incubation for next 30 days without hormone medium showed 

optimum elongation at (2.22 µM) BA concentration. Two axillary buds could be 

easily distinguished within 45 days of total incubation period (Fig 4.18). 

 

[A] KIN 2.32 µM, [B] KIN 4.65 µM [C] KIN 9.28 µM [D] KIN 15 µM [E] KIN 23.23 µM 

Fig 4.19  Five combinations of KIN tested within 27 days of incubation 

         Fig 4.20 shows the synergic effect of the the BA and KIN at all the 3 

combinations, ( BA 2.22µM + Kin 4.64µM), ( BA 4.44µM + Kin 9.28µM) and( BA 

9.28µM + Kin 23.23µM) respectively, which are equivalent to the 3 concentrations of 

these  two hormones.  ( Fig 4.20). 
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[A] BA 2.22µM + Kin 4.64µM [B]  BA 4.44µM + Kin 9.28µM 
[C]  BA 9.28µM + Kin 23.23µM 

 
Fig 4.20 Three combinations of different BA and KIN concentrations. 

    Optimum sprouting i.e. induction of buds per shoot was obtained at BA 22.2 µM. 

The buds were compact and crowded at this concentration. However elongation was 

more at 2.22 µM concentration, buds were elongated which could be converted to 

shoots (Fig 4.17) after 27 days of incubation in induction medium. 

Fig 4.21.shows the results with 5 combination of the KIN (2.32 µM – 23.2 µM). No 

new axillary buds were induced after  30 days. Elongation of the shoots was more as 

compared to BA ( Fig 4.19). This showed that synergic effect of both the hormones 

KIN and BA gave a better response. 

Fig 4.21A,B and C  shows slow growth of the same shoot bud after different days of 

incubation in (BA 2.22 µM +KIN 4.64 µM) . This clearly shows the growth pattern of 

P.roxburghii shoot -buds in culture.(Next Fig 4.22) shows different pattern on another 

shoot bud from PA.tip was not showing sprouting 4 axillary buds at different axils are 

clearly seen at (BA 4.44 µM + KIN 9.28 µM). 
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Fig 4.21 A: WPM +(BA 2.2 +KIN 4.64) µM  4 buds in 35 days of incubation 

 Fig 4.21 B:  WPM + (BA 2.22+ KIN 9.28) µM after 65  days of incubation for PA           

 

 

 

 

 

Fig 4.21 C:  WPM + (BA 2.22 µM+ KIN 4.64 µM) after 95  days of incubation for PA 

Fig. 4.21 represents the induction of the axillary buds on WPM + BA (2.22 µM)+ 

KIN (4.64 µM) at different intervals of incubation time. 
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Fig  4.21 A,B, C Effect of days of incubation on elongation of axillary buds to shoot. 

 

Fig 4.22 Axillary Buds induced on WPM + BA(4.44 µM)+ KIN (9.28 µM) 

of incubation 

        Out of two concentrations of TDZ, WPM+ TDZ at 0.227 µM was found to be 

least effective even when compared with all other hormone concentrations throughout 

the experiments. At TDZ 1.13 µM in case of P.roxburghii healthy shoot bud tips were 

noticed in 30% test tubes observed and when shifted to hormone free medium for next 

25-30 days no. of axillary shoots became healthier and no was also increased Fig 

(4.23 and 4.24 ). 

 

[A] TDZ 0.22 µM [B] TDZ 1.13 µM 

Fig 4.23  Axillary Buds induced on WPM+TDZ after 35 days of incubation 
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Fig 4.24  Axillary Buds induced on WPM+TDZ 1.13µM after 95 days of incubation 

Another important observation during these experiments was that at PA location Type 

I shoots showed upto 100% sterile shoot buds in October collection shoots compared 

to GG location April shoot results, which only showed maximum of 70% sprouting as 

mentioned earlier. 

No significant differences were noticed for effect of hormone concentration on % 

sprouting% sterile and % response  for Type I shoots at both the locations. 
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4.3.4.3 Effect of different hormones on induction of axillary buds/shoot  from GG 

and PA. 

Table 4.6: No of axillary buds induced per shoot ( No of buds/ Shoot±SE). 

 

Sixteen different media formulations comprising of various concentrations of growth 

hormones of BA, KIN and TDZ either alone or in combination were used to study the 

optimum shoot bud regeneration from Type I shoot-bud tissues of both PA and GG 

populations. TDZ and combinatorial composition of BA and KIN gave maximum 

axillary bud regeneration response when compared to those media containing either 

BA or KIN alone. Among the BA containing media, 10 µM concentration gave 

maximum response of 7.0 buds/shoot in GG population whereas conc. of 4.44 µM 

gave optimal response (11.33) in PA population. Out of all KIN containing media 

WPM with 23.23 µM KIN regenerated maximum buds /shoot of 3.0 in GG 

populations whereas 4.0 buds were recorded in media with 15.0 µM KIN for PA 

population. It has been noted that there was no significant difference in shoot bud 

regeneration capacity between the GG and PA populations with respect to hormone at 
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5% probability level. However there was significant difference in the number of shoot 

buds when different media compositions were compared at 0.05 level. 

4.3.5 Comparison of sprouting and sterile bud response from Type I, Type II and 

Type III shoot buds from PA location: 

Type II and Type III shoots were collected from this location as many sites 

and large number of shoot-buds were available.  More than 500 shoots of each type 

II ( from Villa camellia site) and Type  III (from IHBT campus trees) were also 

collected . Both Type II and Type III shoots were sterilized as mentioned in Material 

and Methods and dissected in sterile conditions. This was a lengthy method of 

processing the shoots and took nearly four days to complete the dissection and 

inoculation. The data for Type II and Type III shoots was analyzed only after two 

months of incubation in 16hr photoperiod without shifting.  

Within 30 days all the brachyblast primordia shoot buds turned brown.  Only 

10% sprouting was observed in Type III shoots after 70 days of incubation. Type II 

shoot buds did not show any response, which might be due to  tender nature of these 

primordia which could not withstand the sterilization treatment. All the cultures 

were shifted regularly to hormone free ½ DCR + AC medium for next six months 

but no change could be seen, few dry buds were dissected to see whether inside the 

brown tissue some green sprouting could be seen at tips at least. All showed 

browning hence experiments were discontinued.  

Type I shoot responses on different hormones  with GG has   been discussed 

in section  

Maximum sprouting of which shoot buds was noticed at 10 µM BA 

concentration which was only 10% of total shoot buds inoculated. Fig 4.25 clearly 

showed the comparative responses obtained for PA population in three types of 

shoot buds. Maximum sprouting was obtained on  Type I shoots. While 70 to 80 % 

sterile shoots were obtained with the adopted sterilization procedure for both the 

type of shoots and maximum 10% sprouting response was noticed with Type III 

shoots( brachyblast primordia) , Fig 4.26 shows one of sprouted brachyblast 

primordial (Type II) which was sprouted at 10 µM BA after 70-75 days of 

incubation which showed numerous healthy shoot buds within 90 days of 
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incubation. Fig 4.26 shows complete bud in test tube at1/2 DCR + 0.4% AC without 

any hormone after 65 days of incubation. The Fig 4.27 shows 3 photographs of same 

shoot taken from Tip to base of the inoculated bud under microscope. 

Thus for Type I shoot sprouting 10µM BA was found optimum. 

       

Fig 4.25 Sterile and Sprouting response in three types of shoots from (PA) 
 

 

 

 

 

 

 

 

Fig 4.26 Type III shoot bud after 65 days in BA 10µM followed by ½ DCR hormone free 
medium 
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Fig 4.27 Sprouted Type III shoots under stereo microscope after 70 days of 

incubation.  
 
 

Fig 4.27 clearly shows the  effect of 10 µM  BA on the induction of the bud 

primordia on the Type III shoot-buds. Only 10 % shoot-buds were showing this type 

of development , hence further experimentations will be required in future to get 

more such type of results and their further growth in culture,  

 

Since these results were seen at the end of the above studies, future 

experiments of in vitro regeneration using mature Type II and Type III buds will be 

using this 10µM BA concentration. This same concentration was found to be 

optimum for adventitious bud induction in P.roxburghii(Chapter 5). 

Experience obtained during above study will be used for further studies. 
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4.3.6 Multiplication of the induced axillary buds; 

During most  in vitro studies ,whenever apical shoot was present on the shoot 

tips, number  of axillary buds initiated  was less than when apical dominance was 

removed. (Fig 4.28 and 4.29). Total 4 combinations of hormones were used as shown 

in table 4.7 for effect of different ratios of  KIN +BA. 

Table 4.7 Results with Multiplication experiments with axillary shoots 

No  
Medium 1/2 DCR+ 
0.4% (AC)+Hormone 

(µM) 

Hormone Ratio
KIN:BA 

Buds/Shoot  ± SE 

GG   PA 

1  KIN 2.32 + BA 4.44  1:2  5.6 ± 0.7  5.2 ± 0.5 

2  KIN 15 + BA 4.44  3:1  10.2 ± 0.9  9.8 ± 0.8 

3  KIN 23.23 + BA 4.44  5:1  13.1 ± 1.2  14.9 ± 1.5 

4  KIN 23.23 + BA 2.22  10:1  Brown buds  Brown buds 

5 
1/2 DCR  without 

hormone  No hormone  24.6 ± 2.4  26 .0± 2.5 
Data for two populations GG and PA was not significantly different at 5% level. 

 

 

 

 

 

 

Fig 4.28 (KIN 2.32 + BA 4.44) µM       Fig 4.29 (KIN 15 +BA 4.44) µM 

As seen in Fig 4.28, 5-6 axillary buds developed in each  shoot within 20 days. This 

ratio of 1:2 for KIN+BA showed more elongation of the needles. Fig 4.29, 8-10  

axillary buds developed per shoot within 20 days. This shows that  ratio 3:1 for KIN 
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(15µM)+BA(4.44µM) had helped in increasing the number of axillary shoots.  Needle 

length was less for these shoots. Browning of the needles was more in this medium.  

 

 

 

 

 

Fig 4.30 (KIN 23.23 +BA 4.44 ) µM   Fig 4.31 (KIN 23.23 + BA 2.32) µM 

With increase in KIN concentration to 23.23µM +BA 4.44 µM ( Fig 4.30), 10-15 

axillary buds were developed per shoot within 20 days. This ratio of 5:1 for KIN+BA 

showed more number of buds as compared to previous two ratios. As seen in Fig 4.31,  

browning of the induced axillary buds as well as needles  was observed in this KIN 

concentration. Hence the ratio of 10:1 is unsuitable for multiplication of axillary 

shoots. 
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                [A]                                                   [B]                                       [C] 

Fig 4.32 All the stages of multiplication of axillary shoots in culture and maintenance 
medium (DCR +No Hormone+ Charcoal(AC) 0.4% + Sucrose 3% A], Multiplication of 
axillary shoots at S3 stage,B]Elongation C] microshoots for in vitro rooting /or 
micrografting . 

As shown in Fig 4.32 (A, B andC) maximum number of multiplication of axillary 

buds were induced on hormone free medium. 25-30 axillary buds were induced in this 

medium after 20-24 weeks time which were again converted to shoots without any 

browning.  No shifting was done from this hormone free medium for the period of 20-

24 weeks. Hence optimum results were obtained with these set of conditions instead 

of hormone containing media. Details of the results are shown in Table 4.7.  

These green axillary shoots from hormone free medium were shifted into test tube 

containing the same medium. New axillary bud could be seen (Fig 4.32 B) along with 

elongation. At this stage these shoots were used for micrografting experiments. Fig 

4.32 C shows microshoots ready for micrografting. 

 4.3.7 In vitro Rooting results 

Pulse treatment of in vitro induced axillary shoots with 12.25 µM of IBA for 24 Hrs 

has given a maximum of 54% in vitro root induction during previous studies in this 

species (Parashrami et. al., 2003). Therefore only this particular concentration was 

used during the present study. 
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The experiments were discontinued further since the survival of these adventitious 

rooted shoots was very low Fig 4.33 obtained from in vitro rooted shoots in field and 

maintained in polyhouse.  

 

                                                     

 

 

 

Fig 4.33 A and B show 7 year old survived in vitro rooted P. roxburghii plants 

4.3.8 Micrografting experiments:  

During the present study the in vitro experimentation for  rooting experimentations 

were not done on large scale. This was based on previous study survival data with in 

vitro rooted shoots. The in vitro rooting induces the adventitious rooting in all in vitro 

induced axillary shoots. Although the survival was high during the previous work but 

the performance of those plants when shifted to the field in test plots within 2 years 

survival was reduced to almost 10-20 % within 2 Yrs.of total shoots. Because of this 

micrografting was conducted. 
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4.4 Discussion: 
 

Axillary bud formation on mature shoots in vitro offers considerable potential 

for obtaining true to type plants from superior mature trees. Clonal propagation of 

trees old enough to have expressed their desirable characteristics is an effective means 

of rapidly obtaining improved planting stock. Micropropagation of mature trees is 

important because it allows multiplication of superior genotypes identified in the 

field. This technique usually is more successful with commercial exploitation of 

plantation forestry in case of angiosperm species including teak, poplar, eucalyptus 

etc. While the economic value of a tree can only be assessed after it reaches maturity, 

maturation in itself induces changes in meristem behavior, thus reducing the 

propagation potential of the tree (Bonga and von Aderkas, 1993, Greenwood 1995). 

Hence, the propagation of superior mature individuals is an effective way of capturing 

genetic gain  by exploiting all the components of genetic variance (dominant, additive 

and epistatic) within a given generation without the need to proceed through long 

breeding cycles (Ahuja,1994). Thus, regeneration of mature trees, either alone or in 

combination with conventional breeding programs, could be a powerful tool to 

improve forestry management. 

 In case of conifers despite successful micropropagation protocols which have 

been developed using juvenile explants, more than 60 reports are available. However, 

not more than 15 successful micropropagation reports using mature shoots in different 

pines are reported. It includes P. lambertiana (Gupta and Durzan, 1985), P. brutia 

(Abdullah et.al., 1987), Pinus radiata (Horgan and Holland, 1989), (Monteuuis and 

Dumas, 1992),P.caribaea and P.kesiya  (Nadgauda et.al 1993) , P. pinaster (Dumas 

and Monteuuis, 1995), P.kesiya  (Nandwani et.al, 2001), P.roxburghii (Parasharami 

et.al., 2003), P.penea ( Cartizo et.al., 2004).  Though P.sylvestris  was especially 

difficult to deal with in culture (Hohtola, 1988), three more reports have shown  

success for mature in vitro propagation for this species till now (Anderson and 

Levinsh, 2002, 2005, Diago et.al., 2010). Recently, Diago et.al., 2010 have also 

reported a protocol for French maritime pine (P.pinaster) using mature shoots. 

Similarly, Zhang et.al., 2010 have reported BA metabolism during reinvigoration of 

mature radiate pine (P.radiata). 
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Type I mature shoots of the GG populations were used throughout the 

standardization procedures whereas  PA populations along with Type I shoots Type II 

and III shoots were collected during the site visits. Due to the availability of more 

number of sites at PA location all the types of shoots were used from different sites. 

Sterilization protocol was different for each type of shoots depending upon its 

maturity and morphological nature of the collected shoots. Type II shoots could not be 

induced for bud break because of the sterilization treatment applied. Even though the 

Type III shoot sterilization treatment was more vigorous compared to Type I and II, 

these shoots responded with 10 % sprouting due to their morphological nature. In 

these shoots it was observed that brachyblast primordial were very tightly covered 

with the brown bract sheaths and hence the harsh treatment could not negatively 

affect the meristematic activity of the shoot bud completely and therefore the 

sprouting was noticed. Among all the 16 media tested for bud break the positive bud 

break response in Type III shoots was obtained only in 10 µM BA which is due to the 

fact that endogenous hormone concentrations were optimal at that maturity stage. 

Similarly Zhang et.al., (2010) reported reinvigoration of mature shoots with BA of 

P.radiata in vitro. 

The axillary bud formation from 30 year old mature trees from only one 

location GG was reported using ½ DCR as basal medium and BA as cytokinin of 

choice for P.roxburghii (Parasharami et.al 2003). During the present investigations 

main aim was to study the differences in response among natural and introduced 

plants which may reflect on the in vitro responses. Hence, study was initiated by using 

different basal medium and different types of buds. Other cytokinins along with BA 

have been used in the present study instead of using only BA for induction of bud 

break. In the same species Kalia et.al., 2007, reported success in inducing multiples in 

axillary bud obtained from seedling shoot apices on MS medium only. They had used 

4 hormones (BA, KIN, BPA and NAA) at different concentrations ranging ( 5-25µM). 

In their report with BA at 10 µM, an average of 7.42 buds were induced in 97.22%  

explants. With higher concentration of BA, bud to shoot conversion percentage was 

lowered on transfer to elongation medium where buds remained stunted and clustered. 

This is in agreement with our report which also showed stunted axillary bud growth at 
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higher hormone concentrations. In Kalia’s report, NAA addition along with BA was 

harmful with significant decline in percentage of responding explants. During the 

present study, TDZ was used instead of NAA. 

 Comparison of the three basal medium was done for the first time during 

present study with the P.roxburghii shoots. WPM basal medium was found to be 

significantly more responsive for induction compared to MS medium used by Kalia 

et.al 2007 and ½ DCR used by Parasharami et.al., 2003. Similarly three hormones 

were tested with different concentrations BA (2.22- 44.44 µM), KIN (2.32-23.23 µM) 

and TDZ (0.227- 1.13 µM). TDZ effect was not studied in previous reports for 

induction of axillary buds in this species. Along with these hormones which were 

added separately, effect of combinations of KIN+BA for induction of axillary buds 

was studied. Synergic effect of the hormone combination was more obvious for PA 

buds than the buds from GG. Even though 10 µM BA had given good induction of 

axillary buds  

For PA plantation the axillary buds were induced in large number upto 100 % 

at (BA2.22 µM +KIN 4.64 µM) and 96% at (BA 4.44 µM + KIN 9.28 µM). More 

number of axillary buds were induced in native plantation PA than in provenance 

trials GG. There was no significant difference in the overall in vitro responses 

between the populations. 

  For provenance plantation of GG at multiplication stage of axillary buds 

growth (when these two hormone combinations were applied to the multiplying 

axillary shoots) negative effect of hormone combination was observed. GG shoots 

turned brown and no new axillary buds developed in the hormone combinations. In 

case of native plantation (PA) the induced axillary shoots ( Type I ) when shifted for 

further multiplication in these  combinations of hormones, new crop of axillary buds 

developed. Kalia et.al., 2007 also reported that in P.roxburghii when elongated 

axillary shoots were excised after 4-8 weeks of culture again on fresh basal medium 

new buds develop within 3-4 weeks. They concluded that in vitro raised shoots can 

give a stable supply of shoots for rooting and plant regeneration in this species using 

fascicular buds from three week old germinated seedlings. In the present report 

comparisons of the shoots have studied which have been  developed from mature 
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shoots from provenance and Native populations thus negative report of the effect of 

hormone at multiplication stage could not be justified at this stage. 

In present report in case of GG provenance the negative effect of the hormone 

combination should be studied further. Anderson et.al (2002) reported that during In 

vitro regeneration of mature Pinus sylvestris buds stored at freezing temperatures low 

polyphenol oxidase and peroxidase activity found to coincide with increase 

morphogenic potential in regenerating buds.  

Hence, it could be concluded from above observations that at multiplication 

stage, in vitro induced axillary shoots should be analyzed for biochemical changes as 

was done in case of mature  P.radiata during studies (Zhang et.al., 2001, 2010). This 

may give clearer picture of differences between native and provenance plantations 

which has not been done during present study.  
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Chapter 5  

 
  

  The morphogenetic response and development of a 

Micropropagation protocol for P. roxburghii using 

mature zygotic embryos (MZE) 
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                                5.1 Introduction: 

  Trees that will supply the vast majority of the future world’s need e.g. wood, fuel, 

paper, and other products will come from highly productive managed tree plantations 

rather than natural stands. Conifers primarily Pinus spp., Picea spp and Pseudostuga 

spp. are the most widely planted timber and pulpwood species, covering over 60% of 

the plantation forests worldwide. While hardwoods i.e. primarily Eucalyptus spp and 

Populus spp account for the remaining 40% plantation forests ( FAO, 2000). India has 

very small portion of plantation hard wood forest (including Eucalyptus, Teak and 

Bamboos) compared to world, while there is no conifer plantation forest in India yet. 

Long-rotation conifers such as Norway spruce (Picea abis) and Scots pine (Pinus 

sylvestris) are the species widely planted in the temperate regions of Asia, Europe and 

North America. All of these economically important conifer species have been the 

target for plant regeneration and genetic modification research using tissue culture 

techniques. 

                 World scenario, during conifer biotechnology advancements in last few 

decades were for improvements which have brought about by the introduction of new 

germplasm developed through genetics and breeding efforts for the conifer tree 

species. Coupled with the genetic gains achieved through tree breeding, the 

emergence of new biotechnological approaches such as    plant development biology, 

genetic transformation and discovery of genes associated with complex mutagenic 

traits, have added a new dimension to the forest tree improvement programs (Nehara, 

2005). Significant progress has been made during last decade in the area of plant 

regeneration via organogenesis and somatic embryogenesis (SE) for economically 

important conifer and angiosperm species. Conifer Somatic embryogenesis have been 

researched, developed and significantly improved in the past 20 years. Reviews by 

Stasolla et. al., (2002), Von Arnold et. al., (2002) and Stasolla and Yeung (2003) 

covered improvements in development and maturation of conifer somatic embryos 

(SE), including embryo quality. Since then, significant advancements have been made 

towards the commercial application of conifer SE. 

  Using the in vitro regeneration techniques and SE technology majority of the 

conifer species are now amenable to transformation at an operational level (Nehara, 
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et. al., 2005). The development of efficient Agrobacterium based transformation 

systems has enabled the establishment of increasing number of field tests for 

evaluation of gene of interest in various conifer species (van  Frenkenhuyzen and 

Beardmore, 2004). The feasibility of commercial scale transformation and discovery 

of new genes have most recently, sparked the industrial interest in developing and 

commercializing transgenic conifers with value added traits. 

 When plant cells and tissues are cultured in vitro they generally exhibit a very high 

degree of plasticity, which allows one type of tissue or organ to be initiated from 

another type. In this way, whole plants can be subsequently regenerated. This 

regeneration of whole organisms depends upon the concept that given the correct 

stimuli, all plant cells can, express the total genetic potential of the parent plant. This 

maintenance of genetic potential is called ‘totipotency’. In practical terms, identifying 

the correct culture conditions and stimuli required to manifest this totipotency can be 

extremely difficult and is still a largely empirical process.  

  Developing a reproducible regeneration tissue culture protocol from embryos or 

juvenile explants in recalcitrant tree species has its own advantage of being able to be 

utilized for genetic improvement programs. Extensive studies have been carried out 

with respect to media, culture conditions and light regimes needed for in vitro cultures 

using mature zygotic embryos in last four decades with gymnosperms specially Pines 

and spruce species. 

  Conifers are known to differ in their nutrient requirement (Murithii et. al., 

1993). Many authors have suggested different media for adventitious bud/shoot 

formation from cotyledonary and other juvenile explants from different Pinus species 

(Table 1.2). In Pinus Spp.  morphogenetic responses are based on the induction of 

shoot-buds on cotyledonary  explants which are cultured in the presence of 

cytokinins, usually BA (Diamantoglou et. al., 1990, Garcia-Ferriz et. al., 1994, 

Capuana and Gianini,  1995). Adventitious buds formation is dependent on the BA 

concentration in the medium and the exposure time of explants to BA. Age and tissue 

differentiation of pine explants are other determining factors, as shown by the inverse 

relationship between germination time of embryos and shoot forming ability of their 

excised explants (Saravitz et. al., 1991, Lopez et. al.,1996, Valdes et. al., 2001). A 
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short pulse of BA at high concentration is more effective than a low BA concentration 

over extended period for inducing adventitious buds on cotyledons of Pinus  

heldreichii (Jang and Tainter, 1991), but in same species Stojicic et. al., 1999 have 

found opposite results. The optimum no. of adventitious buds and shoots were 

developed after induction with lower concentration of BA for 4 weeks compared to 

previous study pulse treatment for short duration. According to them shorter induction 

time was less effective. Hence there may be opposite results within same species for 

adventitious bud development or morphogenetic responses in different Pinus species 

carried out by different researchers. 

 If adventitious buds developed directly on mother tissue such as cotyledons it 

is called Direct Organogenesis or when developed via callus on mother explants it is 

called Indirect Organogenesis. Most of the above reports (Table 1.2) used “direct 

organogenesis” for plantlets regeneration. The starting material for organogenesis is 

mature zygotic embryo (MZE) or seedling tissue, and also the fact that, not all the 

references report a complete regeneration system. Due to the recalcitrance of the 

mature or differentiated tissues of pines e.g. needles, axillary buds, male and female 

cones (Bonga, 1981), attention was shifted to seedling and cotyledon stage, i.e. 

juvenile or immature tissues (Mott and Amerson, 1981,Von Arnold  et. al., 1985, 

Abdullah et. al., 1989, Pulido et. al., 1990, Bergmann and Stomp, 1992 and 1994, 

Halos and Go, 1993, Murithii et. al., 1993, McKellar et. al., 1994, Capuana and 

Giannini, 1995, Lapp et. al., 1995,  Saborio et. al., 1997, Alonso et. al., 2006, 

Alvarez, 2009).  

 The embryonic explants like, mature zygotic embryos (Lambardi et. al., 1991, 

Chang et. al., 1991, Chesick et. al., 1991, Halos and Go, 1993, Harry and Thorpe 

1994, Lapp et. al., 1995, Calixto and Pais, 1997, Tang et. al., 1998) and, cotyledons 

(Abdullah et. al., 1987, Garcia-Ferriz et. al., 1994, Kaul et. al., 1987, Murithii et. al., 

1993, Saborio et. al., 1997, Saravitz et. al., 1991) have also been used as explants by 

many researchers.  

 With respect to the different medium compositions for adventitious bud 

induction, Jain et. al., 1988 could induce more adventitious buds on SH medium than 

DCR medium for P. sylvestris.  Higher number of adventitious buds could be 
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obtained on GD and SH media than on MS medium in case of stone Pine (Garcia-

Ferriz et. al., 1994). The studies on P. pinaster indicated that the frequency of direct 

bud formation from cotyledons was highest on GMD medium (Calaxtro and Pais, 

1997). For same pine Alvearez et. al., 2009 used TE medium (Tang et. al., 1998), 

Harry and Thorpe, 1994, have suggested AE and MCM formulations for inducing 

organogenesis in Jack Pine.  Murithii et. al., 1993 could get maximum response on 

half strength MCM medium for morphogenesis in P. roxburghii. In case of stone pine 

(P. penea) Alonso et. al., 2006 and Cuesta et. al., 2009 could produce plantlets using 

½ LP medium from in vitro grown seedling and MZE respectively. These reports are 

mainly concerned with the adventitious bud proliferation from mature zygotic 

embryos and cotyledons of pines, but only a notable few could be successfully 

exploited at a commercial scale (Aitken-Christie et. al., 1980, Baxter et. al., 1989, 

Horgan and Holland, 1989). Although, developing a reproducible regeneration 

protocol in recalcitrant tree species has its own advantage of being able to be utilized 

for genetic improvement programs in future.  

  During the present study in the P.roxburghii different parameters has been 

standardized to get morphogenetic response from cotyledonary explants using mature 

zygotic embryos (MZE). In Section A the standardization of parameters like  explants 

sterilization process, different cytokines used during initial experiments, gelling agents 

tried and physical parameters of photosynthetic photon flux, during experimentation, 

optimum no of days required for induction of de novo buds on cotyledonary explants 

etc have been studied, while section B contains refinements for % CFB, % BFC( bud 

forming capacity), SFC (shoot forming capacity) and finally in vitro rooting 

standardization of induced adventitious shoots. 
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5.2 Materials and Methods: 

 Section A describes all the experiments up to the different parameter 

standardizations including Cotyledons forming bud (CFB) and Bud forming capacity -

BFC) experiments. Section B contains all the experiments used for standardizing 

adventitious shoots and in vitro rooting experiments. Hence, to develop a complete 

micropropagation protocol in this species using MZE complete parameters have been 

standardized. 

 5.2.1 Section A 

5.2.1.1  Explant source and sterilization: 

 Pines roxburghii mature seeds obtained from natural strands from Palampur 

(PA), were used throughout the experiments for standardization of the different 

parameters during above study.   

 Three types of seeds were used for the experiments (i) Intact seeds with seed 

coat (SC) (ii) seed coat removed and megagametophyte (MG) containing MZE 

(mature zygotic embryo) (iii) dissected MZE, were inoculated. For all the three types 

3 different HgCl2 concentrations were used viz. 0.05% , 0.1% and 0.15% W/V. 

(i) Intact seeds with seed coat (SC) + Mega gametophyte (MG) + MZE: Seeds were 

washed with water, cleaned for 10 minutes with detergent followed by Tween 20 

(Meark,India), washed with water 3 times  and sterilized for 10 min using three  

concentrations of HgCl2 followed by final rinsing with sterile distilled water 3 times 

under laminar air flow(LF).  

 

(ii-a) Seeds coat were removed mechanically and megagametophytes which contained 

MZE  (mature zygotic embryos) were sterilized after 1 hr. soaking in the sterile water 

followed by 10 min washing with Tween 20. Followed by HgCl2 sterilization at 3 

different concentrations Seeds inoculated directly on ½ DCR medium without 

hormone.  

(ii-b) In these experiments the seeds were first washed with water.  Tween 20 

treatment was given to these seeds and followed by HgCl2 treatment same as previous 
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one. After rinsing with sterilized distilled water in LF, the seeds were de-coated by 

using forceps and scalpel under laminar flow hood. The above megagametophytes 

containing MZE were inoculated into the ½ DCR medium. 

 (iii) From the above sterilized megagametophytes after 3 times rinsing with sterilized 

distilled water, MZE were dissected out of the megagametophytes in LF  and 

inoculated. 

 All the three types of seeds were inoculated on ½ DCR medium without hormones. 

  For each treatment 30 seeds were used and data was collected after 15-20 days 

for counting percent sterile explants and after 25-30 days data was compiled for 

percent germination. Cultures were maintained in dark for initial 15-20 days and after 

removal of initial contamination, were shifted to the light at 25oC±1oC with 16 h 

photoperiod under a photosynthetic photon flux 20 μmol m-2s-1, provided by cool 

white fluorescent tubes (Philips, France). 

 These experiments helped to decide the sterilization treatment. They also 

helped to decide whether dissected or intact P.roxburghii seeds were to be used for 

morphogenetic studies. 

5.2.1.2 Effects of different cytokinins at different concentration for adventitious 
bud induction on MZE: 

  Different cytokynins (BA, KIN and 2ip and Zeatine) were used for these 

experiments.  BA, KIN, 2ip and Zeatin at 1.0 μM, 2.0 μM, 5.0 µM 10.0 μM, and 15.0 

μM concentrations were selected. ½ DCR Basal medium was used throughout these 

experiments as medium of choice.  Zeatin was added after sterilization of the medium, 

while BA, KIN and 2ip were added before sterilization of the medium.  Sucrose at 3% 

(w/v) was added and 0.7% Difco bacto agar was used as gelling agent. 30 MZE with 

megagamethophyte (MG + MZE) were used as explants for these experiments. For 

sterilization  of explants (seeds) HgCl2 at 0.1 % concentration for 10 minutes was 

used. These sterilized seeds were dissected under sterile conditions and inoculated 

into 3 petridishes (90 mm diameter) each containing 10 MG+ MZE. The petridishes 

were incubated in dark For 21 days. After this, the explants were shifted to petridishes 

(55mm diameter) containing hormone free medium.Incubation was done in light at 
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25oC±1oC with 16h photoperiod under a photosynthetic photon flux 8-10 μmol m-2s-1, 

provided by cool white fluorescent tubes (Philips, France).This photosynthetic photon 

flux (PPFD) played very important role in developing adventitious buds.  

Percent CBF were observed after 85 days of incubation at this concentration and 

shifted to hormone free medium for 60-65 days (two shifts of approximately 30-35 

days).  Data was collected between 80-85 days of experiments.  

       In another set of experiments BA was used up to higher concentrations (2.22 µM, 

4.44 µM, 8.88 µM, 10.0 µM, 13.30 µM, 22.1 µM, 44.4 µM) to confirm its response 

and also for optimization of the BA concentration. Again the data was recorded after 

80-85 days.   

5.2.1.3 Optimization of incubation period for induction of adventitious buds on 
MZE. 

 For these experiments the 30 megagametophytes were inoculated in ½ DCR 

basal medium with 10 μM BA for different time periods of 2 days, 7 days, 14 days, 21 

days and 30 days. The MG+ MZE were incubated in dark for the above induction 

time period. After completion of the time period 5 MZE were removed from the 

petridishes and each MZE was inoculated into hormone free medium for 60 days (at 

least two shifts) by removing megagametophyte tissue around the growing 

cotyledons.  Each small petridish contained 10 cotyledons (from same MZE) and 

incubated in light with photosynthetic photon flux of 6-12 μmol m-2s-1 for induction 

of de novo adventitious buds. The 16 hr photoperiod was maintained throughout the 

course of incubation. 

The de novo adventitious buds so induced were counted and observations were taken 

after this time frame (60-65 days) for calculation of % CFB. 

Experiments were repeated 3 times and data was confirmed by calculating mean and 

SD. Percent survival of the embryos and no. of adventitious buds/ cotyledons were 

counted. This gave Bud forming capacity Index (BFC) according to Lopez et.al., 

1996. 
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5.2.1.4 Effect of light intensity on de novo organogenesis: 

 Light intensity played a crucial role in development of adventitious bud (% CFB). 30 

embryos were inoculated in ½ DCR medium + 10 µM BA + 3% sucrose +0.7% Difco 

agar, incubated in dark for 21 days and later shifted to medium without hormone in 

small Laxbro disposable petridishes (55 mm diameter). 10 cotyledons per petridish 

were inoculated and 3 petridishes were incubated in different light intensities 

provided by cool while fluorescent light as mentioned earlier. The light intensities 

were adjusted by adding or removing tube lights and throughout the experiment 

photon flux was monitored daily for  photoperiod of 16 h/8 hr.  

During experimentation the photosynthetic photon flux was measure as Lux light 

intensity with Luxmeter. Table 5.1 shows the conversion of the lux into equivalent 

photosynthetic photon flux. 

Table 5.1: Conversion of Lux into equivalent Photosynthetic photon flux. 

     Lux PPFD µmol m-2 S-1  
100 1.21 
500 6.05 

1000 12.10 
1500 18.15
2000 24.20 
2500 30.25 
3000 36.3 

 

 The 100 to 500 lux is usually diffused light and cultures need not to be 

incubated directly under the tube lights. The other light intensities were maintained 

either adding or removing the tube lights. The intensities were checked manually 

almost every day. The temperature was also monitored during the incubation period. 

 

5.2.1.5 Effect of Gelling agents:  
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Three Gelling agents including 0.7% Agar (Hi-Media, India) and 0.2% 

Phytagel (Sigma, USA) and 0.8 % and Difco Bacto Agar (Difco laboratories, USA) 

were tested for % CFB response in P.roxburghii cotyledons. The Gelling agents were 

incorporated in ½ DCR medium with 3% sucrose and 10 μM BA. After autoclaving 

medium was poured in 55 mm petridishes. 5 MG+ MZE per plate were inoculated 

with each gelling agent. The petridishes were incubated in dark up to 21 days. Same 

medium without hormone and same gelling agents were prepared for shifting after 21 

days of incubation. 10 cotyledons (from same embryo) were inoculated from the dark 

incubated MG +MZE. Petri dishes were incubated with 6-12 µmol m-2 S-1 

photosynthetic photon flux at 16 hrs photoperiod as done with previous experiments. 

CFB /cotyledon were counted at the end of incubation period. 

5.2.1.6 Histology  

Histology was done to ascertain the origin of the adventitious buds on cotyledons. 

Cotyledons were fixed after 30-35 days of incubation from ½ DCR induced buds. The 

fixation and staining was done according to Sharma and Sharma, (1995). The explants 

were fixed in glacial acetic acid and ethanol (1:3) and later stored at 40C in 70% 

ethanol. For dehydration, the tissue was passed through different grades of water: 

ethanol: tertiary butyl alcohol (TBA), and embedded in paraffin wax (melting point 

59-600C). Serial  sections were cut at 15µm and were stained with Hematoxylene (1% 

w/v)-Eosin (1% w/v), mounted in DPX [2 chloro N (4 methoxy 6 methyl–1, 3, 5-

triazin-2-yl amino carbonyl) benzene sulfonamide] (Qualigens, India) and observed 

microscopically. 

 

5.2.2 Section B 

5.2.2.1 Effect of two basal medium DCR (Full and half strength) and WPM (Full 
and half strength). 

For the above experiment 4 different basal medium concentrations were used.  Full 

DCR, ½ DCR, Full WPM and ½ WPM along with 10 µM BA with 3% sucrose and 

0.7% Difco Bacto agar was used as gelling agent.  The MZE were incubated in dark 

for 21 days as standardized during previous experiments ( section A) and after 21 
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days again shifted to same basal medium without hormone for 60-62 days in diffused 

light (100-500 lux) or Photosynthetic photon flux of 6-12 μmol m-2s-1.  Observations 

were taken for % CFB and later same experiments were continued for counting SFC 

(Shoot forming capacity). 

50 MG+ MZE were inoculated for this experiment. 3 MZE were removed after the 

desired incubation period from each medium and 30 cotyledons from 3 embryos were 

shifted to hormone free medium in light. After the incubation for 4 different time 

periods (7 days, 15 days, 21 days and 30 days). % CFB were counted after 60-65 days 

with at least 2 shifts. 

5.2.2.2 Medium for Shoot Forming Capacity (SFC) of buds and Shoot Elongation 

Capacity (SEC): 

 As described in 5.2.2.1 experiments % CFB were determined with 4 

concentrations of two basal medium. i.e. Full DCR, ½ DCR, Full WPM and ½ WPM. 

For Shoot forming capacity (SFC) experiments two basal medium ½ DCR (Gupta and 

Durzan, 1985) and Full  WPM were only considered. After 2 monthly shiftings in 

petridishes and counting of % CFB, the cotyledons were shifted in bottles/ conical 

flasks containing 40 ml of each of the medium. The shoots along with base of 

cotyledons were shifted in this medium. During shifting buds/shoots were not 

separated from the cotyledon axis.  Activated charcoal,  AC (0.4% w/v) was added in 

50% of bottles containing same medium to check the effect of AC  for development 

of shoots from these de novo regenerated buds.  

 Shoot elongation capacity (SEC) of the adventitious shoots was determined on two 

medium depending on the results obtained during above experiment. Full WPM was 

selected for final SFC (Shoot forming Capacity) and SEC (Shoot elongation capacity) 

experiments. For these experiments the cotyledons were shifted to jam bottles with 

basal medium containing AC. This helped in the elongation of shoots. 

  The observation for each cotyledon were taken under the microscope  

for no. of buds/cotyledon, no. of shoots /cotyledon and  and comparisons were made 

for shoot forming capacity.Minimum 30 no. of cotyledons were counted for 
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adventitious shoot (SFC) development. Experiments were repeated thrice to confirm 

the results.  

5.2.2.3 In vitro rooting of Shoots:  

 3 hormones IAA, IBA and NAA at different concentrations were tested for in 

vitro adventitious rooting experiments. The pulse treatment of these hormones was 

applied for the rooting experiments. Based on previous experience with this tissue, 48 

hr pulse treatment with 5 different concentrations of hormones was selected. IAA, 

IBA and NAA  were used at 5 different concentrations as follows. IAA (5.7 µM, 7.12 

µM, 8.55 µM, 11.4 µM and 17.1µM ). IBA (4.9 µM, 6.12 µM, 7.35 µM, 9.88 µM and 

14.7 µM). NAA (5.37 µM,6.71 µM, 8.05 µM, 10.74 µM  and 16.11 µM). 

Data Analysis: 

 A completely randomized experimented design was applied.  Ten MZE along 
with megagametophytes were placed in each petriplate (90 mm diameter) for initial 
experiment.  Thirty explants MZE per treatment (basal medium) were used. After 
initial incubation period in dark, each megagametophyte containing embryo with 10 
cotyledon was shifted to 55 mm diameter petridishes (each containing 10 
cotyledons).Each experiment was repeated thrice. 

Data was presented as mean ± SD / SE for at least 2 independent experiments.   

No. of adventitious buds and shoot length (mean ± SE) were calculated and 
differences between means were tested for significance using ANOVA and Turkey 
test at 5% level. 
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5.3 Results 

5.3.1 SECTION A 

5.3.1.1 Explant source and sterilization: 

  Different experiments were planned for standardizing the explant type and the 

sterilization treatments. Mercuric chloride was used as a choice of sterilizing agent at 

different concentrations. Three concentrations of mercuric chloride were tried with 

the 3 types of explants.  Table 5.2 shows the detailed results obtained during these 

experiments. Maximum sterile explants were obtained with 0.1% HgCl2 which 

showed germination within 20 days. 90 percent seeds remained sterile and more than 

77% germination was obtained when inoculated with MG (Megagametophyte) along 

with MZE ( Mature Zygotic Embryo). At lower HgCl2 concentration (0.05%) 

although 58.89%  naked MZE remained sterile, % germination was drastically 

reduced ( 17.78%).  Similarly at higher  HgCl2 concentration (0.15%) 55% MZE 

showed germination but it was much lower than % germination obtained with 0.1% 

HgCl2. 
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Table 5.2: Effect of Explant type and Sterilization (HgCl2 concentration) on P.roxburghii 
seed germination 

Conc.
HgCl2 

1 SC+ MG+MZE 0.05 27.78 ± 5.09 12.22 ± 5.09
2 MG+MZE 0.05 33.33 ± 3.30 14.44 ± 5.09
3 MZE 0.05 58.89  ± 5.09 17.78 ± 5.09

4 SC+ MG+MZE 0.1 34.44 ± 1.92 16.67 ± 3.33
5 MG+MZE 0.1 90.00 ± 3.33 77.78 ± 5.09
6 MZE 0.1 48.89 ± 5.09 28.89 ± 5.09

7 SC+ MG+MZE 0.15 38.89 ± 5.09 21.11 ± 3.85
8 MG+MZE 0.15 54.44 ± 6.94 24.44 ± 5.09
9 MZE 0.15 66.67 ± 3.33 55.56 ± 5.09

Sr No Explant
% Sterile 

(SD)
% Germination  
 (SD)

 

When sterilized seeds were inoculated as such very low germination was noticed in 

all HgCl2 concentrations (12.2% to 21.11%). This showed presence of seed coat as 

barrier for in vitro seed germination. From the above experiments it is also evident 

that MG + MZE as choice of explants, when sterilized with 0.1% HgCl2 was optimum 

(90% sterile and 77 % germination) for maximum germination for seeds of 

P.roxburghii obtained from Himachal Pradesh. 

5.3.1.2 Effects of different cytokinins at different concentrations for adventitious 
bud  induction on MZE: 

 Effect of cytokinin types and response of  bud induction (CFB) were studied 

(Fig 5.1). After 21 days of dark incubation on bud induction medium, cotyledons were 

shifted two times to growth regulator free medium between 30-35 days time interval. 

The induction of the adventitious buds on the cotyledons required the presence of 

cytokinin in the culture medium. Four cytokinins BA, KIN, 2iP and Zeatin were used 

during the above experiments. Bud formation was observed on the cotyledons in all 

the four cytokinins after 70-85 days. The highest percentage (76%) CFB were 

obtained on BA treated cotyledons at 10 μM concentration. Even at lower 

concentrations of BA (2μM) around 35% CFB could be obtained. 
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Fig: 5.1 - The Effect of four different cytokines on the % CFB during morphogenetic 
response in P.roxburghii. 

Minimum response was obtained on zeatin (25%). With KIN, 2iP and Zeatin CFB % 

was between 25-53%. Therefore BA was selected as a choice of cytokinin for 

morphogenetic response studies and fine refinements of protocol. 

During these experiments BA was used at 2.2 μM, 4.4 μM, 8.8 μM, 10 μM,  17.6μM, 

and 22.2μM and 44.4 μM  concentration to ascertain that  10 μM BA has optimum 

effect on  the induction of CFB.  Although the results clearly showed that 10 μM gave 

around 90% CFB, other concentrations of BA 22.2 μM and 44.4 μM also showed 

around 70% to 74% CFB.  Finally 10 μM BA concentrations was taken as optimum. 
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Fig 5.2: Effect of Different concentrations of BA for adventitious bud induction. 
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Adventitious bud induction was obtained when ½ DCR medium with 10μM 

BA was used during these studies The experiments were repeated 3 times and data 

generated was confirmed during various induction periods and consecutively, this 

medium was used as bud induction medium for next set of experiments. 

                
(A) 4.4 µM       (B) 10 µM        (C) 44.4 µM 

Fig: 5.3 - Cotyledon forming buds at different concentrations of BA 

 

5.3.1.3 Optimization of incubation period for induction of adventitious buds on 
MZE. 

 As described in Material and methods optimization of 21 days of incubation 

with 10μM BA has been done during these studies. Experiments were repeated many 

times during the course of the standardization and each time 21 days period gave 

significant differences than less and more no. of days of incubations. Finally data was 

subjected to CFB and BFC ( Bud forming capacity) which again confirmed the 21 

days induction period as optimum for P.roxburghii de novo organogenesis.  

Significant difference in the CFB, BFC, survival percentage and no. of buds per 

cotyledon was observed depending on the BA exposure time ( 2, 7, 14, 21, 30 days).  

The 60 days incubation period at 30 days of shifting to fresh medium was important 

for induction of adventitious buds. Light intensity was important to be maintained 

throughout the incubation period. (Table 5.3) 

 
 
 
 



 

Chapter5  Page 188 

 

 
Table 5.3: No. of days required for incubation 

 

 

Table 5.4: Effect of Incubation period for CFB and BFC for P.roxburghii morphogenesis 

 

 Around 20% CFB were obtained when MG +MZE were exposed for two days 

where buds/cotyledon were very few (1.23±0.86). For 7 day exposure to BA this CFB 

% increased up to 60% and the no. of buds were also increased per cotyledon. For 15 

days exposure to BA about 90% CFB were obtained but no. of buds/cotyledon were 

only 5.8± 1.6. Although the % CFB was little less for 21 days exposure (86% CFB), 

the no of buds / cotyledon were more than double (12.03± 2.31) than the 15 days 

exposure to BA. In 30 day exposure, although CFB was around 70% but due to 

crowding many buds turned brown. Hence 21 days BA exposure time was selected as 

the optimum time before shifting to the BA free medium. (Table 5.4) 
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Fig 5.4 Effect of BA exposure for morphogenetic response obtained. 

Note: The X-axis of the bar graph shows the induction period of BA. 

1: Two days of exposure-This shows minimum %CFB.No buds were induced during this period 

2: Seven days of exposure 

3: Fifteen days of exposure 
4: Twenty one days of exposure-this shows maximum %CFB, Buds/cotyledon and    BFC as   

seen in the graph. 
5: Thirty days exposure time.  

5.3.1.4 Effect of light intensity on de novo organogenesis: 

Light intensity played a crucial role in the development of adventitious buds. 30 

embryos were inoculated in ½ DCR medium + 10 µM BA + 3% sucrose +0.7% Difco 

agar and incubated in dark for 21 days. After that 30 cotyledons from 3 embryos were 

shifted to hormone free medium into 3 petridishes. Treatment with different light 

intensities was provided by cool while fluorescent light as mentioned earlier. 

The light intensities were adjusted by adding or removing tube lights and 

throughout the experiment and photon flux was monitored daily for 16 h/8 hr. This 

Photoperiod was maintained throughout the experimentation period. Photosynthetic 

photon flux µmol m-2 S-1 was monitored very strictly throughout these experiments 

(80-90 days). 

There was difference in the length of cotyledons when exposed to different 

light intensities. Maximum cotyledon length with buds was observed with 500 Lux 

and minimum was observed with 1500 Lux. (Table 5.4) 
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Table 5.5 Effect of Light Intensity on % CFB 

 

 

 

Fig 5.5 Effect of light intensity on % CFB 

 The results clearly indicated that 500- 1000 lux light intensity (equivalent to 

6.05 to12.1 µmol m-2 S-1. photosynthetic Photon flux) gave 60-70 % CFB.  After 2000 

lux the % CFB reduced to 2%. It was observed that as the light intensity increases the 

% CFB on cotyledons was reduced and the length of cotyledon containing buds was 

also reduced. Most of the cotyledons at 500 to 1000 lux were covered with buds 

almost at 3/4th of the length starting from tip of the cotyledons. At 3000 lux light 

intensity all the cotyledons turned brown. If the cotyledons were not separated from 
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MZE axis within 90-100 days from the central axis numerous adventitious buds 

started developing. 

It was also observed that first the regenerating green cotyledon starts turning 

red, one part stars turning brown if more no. of buds have appeared on cotyledon. 

Then the cotyledon portion turns brown and if exposed to higher light intensity the 

complete regenerating adventitious buds along with cotyledon turns brown. All stages 

for effect of light intensity are shown in Fig 5.6 and Fig 5.7. 
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A.  Light intensity at 500 Lux 

 

 
   

 

 

 

 

B. Light intensity at 1500 Lux 

 

 

  

 

 

 

 

 

           C. Light intensity at 2500 Lux 

 

Figure: 5.6 Effect of different light intensity on regeneration from cotyledons 
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Figure: 5.7 Effect of 3000 Lux light intensity on regeneration from cotyledons 

 

After finding out the optimum light intensity throughout the study the cotyledons 

were incubated between 100 to 500 lux light intensity and further investigations on 

parameter standardization were carried out. The effect of light intensity on 

P.roxburghii de novo organogenesis has been discussed in detail at the end of chapter. 

5.3.1.4 Effect of Gelling agents: 

Table 5.6 : Effect of gelling agent on No. of buds obtained after 80-85 days in culture. 

No  Gelling Agent Mean Buds ± SE 

1  Agar Agar ( Hi Media ,India) 61.3±4.3a 

2  Phyta Gel (Sigma, USA) 95.3±1.8a 

3  Difco Bacto Agar ( USA) 191.0±8.6a 

 

Data is significant at 5% level hence Difco bacto agar was used as gelling agent throughout the study. 

Effect of different gelling agents like Agar agar, Phta Gel and Difco Bacto on the 

number of buds obtained after 80-85 days in culture was recorded. No of buds 

obtained with Difco Bacto agar was significantly high. Maximum buds 191.0±8.6 

were obtained with Difco Bacto Agar agent as seen in Table 5.5.  
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5.3.1.5  Histological Evidence of the de novo organogenesis: 

     Meristimatic activity was observed in the sub epidermal region of the cotyledons 

in the 5rd week of culture.  

 

 

   

              

 

Fig:5.8- TS/LS section of cotyledons showing A) emergence of organogenic buds 

B) Development of leaf primordia. 

Histological evidence (Fig 5.8) clearly shows that the adventitious buds are developed 

from sub epidermal layer. Meristimatic zones appeared at many places and leaf 

primordia started appearing within 35 days 
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Standard optimized protocol for organogenesis from MZE :   

• MZE inside the megagametophyte (MG+MZE) as ideal source of explant 

instead of naked embryo 

      ⇓ 

• DCR (Duglasfir  Cotyledon  Revised) medium as choice of medium for    

 standardization experiments 

      ⇓ 

• Instead of other cytokinin BA was choice of growth hormone at 10 μM 

concentration for induction of adventitious buds. 

      ⇓ 

• 21 days incubation period was optimum for the maximum % CFB induction. 

      ⇓ 

• Photon flux played crucial role 6-12 μmol m-2 S-1 was optimum for % CFB 

induction. 

      ⇓ 

• Difco Bacto Agar (0.8%) as the gelling agent gave maximum % CFB instead 

of Agar-Agar and Phytagel. 
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Fig: 5.8 Different Stages of de novo organogenesis in Pinus roxburghii between 27-45 
days of incubation on 1/2 DCR and Full WPM medium. 

Various stages like Appearance (AandB) , Multiplication (C,D E and F) and 
Elongation (G and H) of adventitious buds are shown in the Fig 5.8.  

Fig 5.8 A , C E and G show the different stages in ½ DCR medium.  

Fig 5.8 B , D, F and H show the different stages in Full WPM medium.  

 A  B 

 C  D 

E  F 

 G  H 
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5.3.2 SECTION B 

5.3.2.1 Effect of two basal medium DCR (Full and half strength) and WPM (Full 
and half strength) on % CFB : 

With mature shoot bud break experiments (studies with mature shoot 

Micropropagation with P. roxburghii for induction of axillary buds –Chapter 4), Full 

WPM basal medium was found to be three times more effective than ½ DCR medium, 

hence  during de nova organogenesis using MZE, effect of Full and Half 

concentration of both the DCR and WPM medium were evaluated. 

 

The data in Table 5.6 clearly indicated that  basal medium compositions affect 

the % CFB in case of P.roxburghii de novo organogenesis.  Following the trends of 

previous experiment the 21 days incubation time showed the maximum % CFB in all 

the 4 combination of medium. It ranged between 63.11% for Half WPM to maximum 

for Full WPM 91.34 %.  For both the Full DCR and Half DCR this CFB % was 

almost similar > 83% CFB for 21 days incubation. For Half WPM this percentage 

decreased considerably (63-68%). Hence ½ WPM medium was not used for further 

experimentation with BFC (Bud Forming Capacity) and SFC (Shoot Forming 

Capacity). Besides 21 days incubation period (on 10 µM BA medium) effect of 

incubation for  7d, 15,d and 30d was studied, which confirmed the trend  that between 

21 and 30 day incubation period there is no significant difference in % CFB for three 

basal medium compositions ( Full DCR, ½ DCR , Full WPM) and which ranged 

between 91.3% to 80.6%. For 7 and 15 days the % CFB was between 32.59  to 

44.26% which was again much less than 21 and 30 days incubation. 
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Table 5.7: Effect of Basal Medium and Concentration (Full and Half strength) on de 
novo organogenesis for % CFB on P.roxburghii   MZE 

 

Even though full DCR medium gave 83.61 % CFB at 21 days incubation, the next 60 

days incubation period resulted into browning of most of the adventitious buds. Most 

of the buds on cotyledons did not get converted to shoots and turned brown and died 

within 60 days of the further incubation periods. 

Therefore, Half DCR and Full WPM CFB were considered for Bud forming 

capacity (BFC) and Shoot Forming Capacity (SFC) experiments. Full DCR and ½ 

WPM were not used at all for the further experiments. Fig 5.9 shows the comparative 

results in 4 types of basal medium. 

The comparison of these different stages on four basal medium concentrations 

clearly indicates that ½ DCR and Full WPM were the medium of choice for further 

experiments as shown. (Fig 5.9) 
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Fig 5.9:  Comparison of four basal medium compositions.  

Fig 5.9 Aand B Adventitious buds on ½ DCR and Full DCR 

Fig 5.9 Cand D Adventitious buds on ½ WPM and Full WPM 

Fig 5.9 Eand F Elongation of adventitious bud on ½ WPM and Full WPM 

 

 

 

 A  B 

 C  D 

E  F 
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5.3.2.2 Bud forming Capacity (BFC) Shoot Forming Capacity (SFC) of buds and 

Shoot: 

 As described in Material and Methods, even though the % CFB was not 

significantly different, when the same shoots were used for shoot forming capacity the 

quality of the adventitious shoots was much more better ( they elongated better) on 

Full WPM medium than on ½ DCR medium.  

The results (Fig 5.10) with these two types of media clearly showed that for ½ DCR 

medium and full WPM medium the % CFB were almost the same. For ½ DCR % 

CFB as (61.9±10.3) and for Full WPM, % CFB was (69.04±9.43). The BFC was 

10.62± 5.24 in case of ½ DCR which is more than BFC on WPM medium 

(6.14±1.01). 

When shoot forming capacity of the buds was compared in ½ DCR medium, it was 

only 2.47±1.18 which is 4 times less than the SFC of WPM medium (9.66±2.47). 

Thus, result clearly shows that even though ½ DCR medium was optimum for BFC, 

WPM medium was best for SFC. All these results are shown in Fig 5.11  

 

Fig 5.10 Comparisons of two medium for % CFB, Bud’s / cotyledon, Shoots/ Cotyledon 
and SFC. 

These results clearly showed WPM Full as the choice of basal medium. 
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5.3.2.3 Optimization of condition for % SFC (Shoot forming capacity). 

CFB obtained after standardizing final protocol were shifted again to the 

hormone free medium.  Out of 4 medium ½ DCR and Full WPM were used for 

further experimentation. With Full DCR the adventitious buds formed were crowded 

which made counting of buds impossible when shifted for further incubation to 

convert them into shoots. ½ WPM medium had comparatively less % CFB than other 

3 medium (Table 5.6), and within 25 days of further incubation into same medium the  

90 % buds turned brown which may be due to the less nutrient  availability in ½ 

WPM medium. Therefore, for further experimentation ½ WPM was also omitted.                     

 Plain basal medium with activated charcoal AC was used for elongation of 

shoots. Maximum 30 no. of cotyledon were counted for adventitious shoot (SFC) 

development and data was compared. Experiments were repeated twice to confirm the 

results. 

 Elongated shoots were very healthy on Full WPM medium within 75-90 days 

of further incubation which clearly showed elongated main axis. Full WPM was 

standardized as a choice of medium. ½ DCR medium showed very less elongation of 

shoots. 

5.3.2.3 In vitro rooting of the adventitious shoots: 

De novo regenerated shoots from cotyledons were subjected to in vitro rooting 

experiments. Very few elongated de novo regenerated shoots were obtained on ½ 

DCR medium. More than 6 month old shoots induced adventitious rooting without 

any hormone treatment.   

The adventitious shoots were cut from the main cotyledon.  Slanting cut was 

made at the end of each cut. The Full WPM basal medium induced shoots were with 

main axis. Shoots with main axis were subjected for the in vitro rooting experiments 

Few of the adventitious buds which were not converted into shoots were also used 

along with main cotyledon part for few experiments. Maximum 10 shoots were used 

for each combination and experiments were repeated two times. 

 



 

Chapter5  Page 202 

 

 

Fig 5.11: Root Induction using different basal medium 

 

Results clearly show (Fig 5.11) that IBA at 6.12µM gave more than 65% rooting of 

adventitious shoots. Other auxins NAA and IAA with different at different 

concentrations were also effective and could induce rooting between 15-40%. The 

roots so obtained were without callus. In case of NAA callus was seen between root 

and shoot junction. 

 Fig 5.12 shows complete protocol from induction to in vitro rooting 

without hormone on ½ DCR medium. Fig 5.12 D shows the rooted shoot without 

main axis.  
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Fig 5.12 Complete protocol on 1/2 DCR medium showing self induced roots. 

The protocol described here is a complete protocol obtained during the 

morphogenetic response studies. The rooted shoots were transferred to Sand: Soil: 

FYM (1:1:1) as done in case of mature rooted shoot (Chapter4). But the survival of 

the rooted plantlets was found to be very less(Less than 5%). 

5.3.2.4 Future studies with De novo organogenesis: 

To overcome this problem of survival of in vitro rooted plants in soil and 

raising hardened plants, Micrografting technique has been developed in P.roxburghii 

during the present study. Chapter 6 describes the details of the Micrografting 

technique developed in P.roxburghii. 

Based on this experience with ½ DCR and the results with Full WPM, 

micrografting experiments were planned for this species. 

 A  B 

C  D 
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5.4 Discussion 

De novo organogenesis of P.roxburghii can be achieved by in vitro culture of 

megagametophyte (MG) with MZE. Medium with BA induces the formation of 

adventitious buds. These adventitious buds develop into adventitious shoots which 

could be rooted in vitro. Only one report (Murithii et.al., 1993) describes the 

adventitious bud development in Pinus roxburghii so far. They used MCM medium 

instead of DCR and WPM was better for induction of adventitious buds and shoots. 

During present study the ½ DCR medium was found optimum for  maximum % BFC 

(Bud forming capacity) while WPM medium was optimum for % SFC (Shoot 

Forming Capacity). The culture time of P .roxburghii embryos (MZE) prior to the 

excision of cotyledon from megagametophyte is found to be a crucial factor which 

influences the CFB( cotyledon forming buds) and its  multiplication rate. Exposure 

time of 15 days and 21 to the 10 μM BA was optimum for maximum % CFB.  

Direct organogenesis response in most of the Pinus species studied showed 

requirement of different set of conditions. Even though there are many reports 

describing this phenomenon in different species, improvements are still reported in 

these protocols in species viz. Stone pine, maritime pine, radiate pine. In case of stone 

pine P.penea L, which is one of the economically important Pinus species in 

Mediterranean area, there are more than 10-15 reports in this single species since 

1992. The reports  suggest different set of conditions and parameters for 

improvements in protocols and research carried out in different laboratories 

(Bergmann and Stomp, 1992, Garcia-Ferriz  et.al 1994, Capuana and Giannini,1995, 

Gonzalez et.al 1998, Valdes, et.al., 2001, Moncalean et.al., 2003, 2005,  Alonso et.al 

2006. This species plays an important role in soil conservation, landscape architecture 

and is highly regarded for its edible seeds.   

Similarly another important Pinus species P.pinaster (maritime Pine), is one 

of the most important forest species in France, Portugal and Spain. In this species, 

many reports describe the micropropagation protocols from cotyledonary explants 

(David et.al., 1982, Dumas and Monteuuis 1995, Calixto and Pais 1997, Tereso et.al, 

2006, Alvarez et.al., 2009). Radiate pine micropropagation technology using MZE is 
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being applied for commercial uses in many countries including New Zealand and 

Australia.  

Morphological and biochemical characteristics of conifer cotyledons clearly 

changes during the germination process because of the progressive differentiation of 

tissues which reduces the plasticity as well as the competence of cells to develop into 

adventitious buds ( von Arnold and Eriksson, 1985, Ellis and Bilderback, 1989, Flinn 

et.al 1989). These changes affect the physiological state of the cotyledonary explants 

and are accompanied by a decrease in tissue sensitivity to applied cytokine’s uptake 

and metabolism as illustrated by Valdes et.al., (2001). Even though there are 

numerous reports of organogenesis using adventitious buds in Pinus and on other 

coniferous species as well, the commercialization of this process has been reported in 

very few species. 

Use of seedling explants for adventitious bud induction was reported by few 

researchers as by Mckellar et.al (1994) in P.patula, and by Supriyanto and 

Rohr,(1994) in scots pine P.sylvestris. They used seedling explants instead of direct 

MZE for induction of adventitious buds. Some workers used a preculture stage of 

embryo on moistened  sterile paper for 2-3 days in darkness (Alonso et.al., 2006).  

This stage was eliminated during present study, where direct organogenesis on 

the cotyledons without seedling stage was observed. As most of the repors described 

earlier in many Pinus species. MZE have been used directly on 10 µM BA containing 

medium in P.heldreichii(Stojicic et.al., 2004) and in P.roxburghii(Murithii et.al., 

1993).In case of many pinus species, instead of MG+MZE only mature MZE was 

used as in case of P.aramandi-an  endangered Pinus species in Japan. Ishi et.al., 2008 

reported same type of MZE tissue as explants for the organogenetic response. 

However in case of P.roxburghii  hyperhydric adventitious buds were produced 

instead of normal adventitious buds when MZE were inoculated directly on medium. 

Similar observation was reported in case of P.ayacacahuite Ehrenb. (Saborio et.al. 

1997).  

For morphogenetic response studies with P.roxburghii, BA at 10 μM 

concentration was found to be optimum, which gave about 90% CFB during present 

study. At higher concentrations of BA the buds were crowded and sometimes turned 
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brown due to overcrowding in this species.At µM BA such crowding was not 

observed. Murithi et.al. also used 10 µM  Zeatin after initial 7 day incubation in BA 

for the morphogenesis studies. According to them this enhances adventitious bud 

formation on the cotyledons. 

          The organogenesis response in many pines has been observed to be light 

dependant, with light quality, intensity, photoperiod and temperature having different 

effects in different pine species (Ellis and Webb 1993). The given parameters that are 

required for optimal response will depend not only on the species and explants, but 

also on the morphogenetic response desired. It is therefore not unreasonable to expect 

that for optimal culture response, one set of conditions (media, growth regulators, 

light, temperature) may be needed for each phase of micropropagation, whether it is 

via organogenesis or somatic embryogenesis investigations. Work on the choice of 

explants, medium components, culture conditions, growth regulators have been 

extensively carried out (Flinn et.al., 1986, Bergmann and Stomp 1992,  McKellar 

et.al., 1994, Perez-Bermudez et.al., 1987, Pulido et.al., 1994). Successful 

regeneration of P.roxburghii through adventitious buds induction on MCM (Murithii 

et.al. 1993), axillary buds proliferation on DCR (Parasharami et.al, 2003) and somatic 

embryogenesis on ½ DCR medium respectively   has been reported (Arya et.al., 2000,  

Mathur  et.al., 2000).                

Adventitious buds formation in stone pine (P. pinea), cotyledons cultured in 

the presence of benzyl adenine (BA) has been proposed as a model for the study of in 

vitro shoot organogenesis in conifers (Alonso et.al., 2006). This is because of it 

advantageous characteristics including the requirement of only one plant growth 

regulator (BA), the synchronous fashion of its induction, and the homogeneity and 

low degree of differentiation of cotyledon. The model is based on induction of 

adventitious shoot formation (Caulogenesis) in cotyledons excised from mature 

embryos and cultured in the presence of benzyl adenine (BA) which facilitates the 

induction of adventitious shoots buds that develop micro shoots. The caulogenesis 

model established for pine cotyledons is good model system for studying the control 

of in vitro shoot organogenesis in conifers (Thompson et.al., 1997, Valdes et.al., 

2001).However, the induction of the caulogenic process is controlled by dynamic 
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biochemical pathway involving both exo- and endogenous plant growth regulators 

and including uptake, distribution and metabolism of BA (Valdes et.al., 2001).  

            One of the objectives of the present investigation was to see if light intensity 

has any significant effect on induction and quality/quantity of adventitious buds. 

Many researchers have standardized different conditions like chemical compositions 

of the medium, hormone concentrations, time for cytokinin exposure etc., for 

optimizing the induction of adventitious buds. However, few researchers studied the 

effect of different light intensities as photosynthetic photon flux density (PPFD) on 

adventitious bud formation. Alverez et al 2009 studied the influence of the photon 

flux (PPFD) on organogenic response in cotyledons of P.pinester during their study 

for improvements of P.pinester protocol. They studied three photon fluxes  (at 0, 20 

and 80 µMol m-2 s-1).At  14 day of incubation  containing  induction medium they 

studies % survival % CFB and % SFC and concluded that the % CFB reduced from 

86% ( In dark incubation)  to 28%  ( 80 µMol m-2 s-1) and hence, they incubated the 

cotyledons in darkness to increase CFB and SFC. Tareso et al 2008 in same species 

had also found that more irradiance negatively affect the caulogenic process during 

the induction phase in P.pinaster cotyledons. Many others had only mentioned at 

which light intensity (PPFD) they had incubated the cultures for adventitious bud 

induction. 

           PPFD effect has been studied in details in case of P.roxburghii during present 

study and effect was measured as % CFB using 5 different PPFD. There was gradual 

decrease in % CFB, from (6.05 µmol m-2 S-1) to 36.3 µmol m-2 S-1 PPFDS which was 

the highest during the above study. Cotyledons incubated at 6.05 µmol m-2 S-1 light 

intensity showed the highest capacity to form adventitious buds i.e. 70% within 7-8 

days of incubation in light (after 21 days exposure to BA at 10 µM in dark as 

described in results). This capacity decreased with higher light intensities (to around 

12% CFB) upto 24.2 µmol m-2 S-1. Also, the time required for the appearance of 

adventitious buds increased up to 20 days as the cultures were incubated from lower 

to higher PPFD. For cotyledons incubated at 30.2 to 36.3 µmol m-2 S-1  PPFD, No CFB 

was induced. At these intensities cotyledons turned pink in 3-5 days, and then turned 

red at this stage. Finally whole cotyledon turned brown and died within 15 days of 

incubation. But when cotyledons were not separated from MZE axis and incubated at 
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these light intensities although cotyledons turned brown and no adventitious buds 

formed there was sprouting of many ‘buds’ from the zygotic embryo axis directly, 

which was not prominent at any other light intensity. Further incubation of these buds 

which were induced on ‘embryo axis’ was not studied and further experimentation 

will be required for the same.  

          Another important observation was that, CFB although appeared green up to 

18.1 µmol m-2 S-1 PPFD for 30-35 days, but they turned pink and brown after this 

period.  At  6-12, µmol m-2 S-1 PPFD this type of browing was not observed 

throughout the study period.  Finally CFB tuned into shoot and SFC could be 

measured after 80-90 days only from such type of cotyledons which remained green 

throughout the study period. Hence it can be concluded that ,in P.roxburghii  PPFD 

plays crucial role on CFB induction. 

One interesting observation in the above experiments was that there was a 

difference in the total length of cotyledon with induction of the buds at different  

PPFD. Considering an average of 20 mm cotyledon length, ¾ th of the cotyledons was 

covered with the adventitious buds at 6.05 µmol m-2 S-1 PPFD, whereas  the length 

covering the adventitious buds decreased with increasing the light intensity and at 18. 

µmol m-2 S-1 and  above, only the tips showed induction of adventitious buds. This 

suggests that the optimum morphogenetic response vary with the  variations in 

photosynthetic photon Flux density in P. roxburghii. Low PPFD is optimum to get 

adventitious buds whereas higher PPFD (above 36.3) µmol m-2 S-1  or above is for the 

germination of the zygotic embryos. There are different reports on different light 

intensities used for different pines for adventitious bud formation.  

The initiation of adventitious buds always starts from the tips and then along 

the length of the cotyledons. In many Pinus species this phenomenon has been 

observed during direct organogenesis. Also, the number of CFB was more towards 

tips and less towards epicotyl end of cotyledons near embryo axis. This is probably 

because the tips have increased meristamatic activity due to cytokinin exposure, 

which is needed for the organogenesis process. It has been shown by Christie et 

al.1985 in P. radiata that old cotyledons have reduced metabolism which seems to be 

insufficient for the organogenic response.  Energy requirement of old cotyledons must 



 

Chapter5  Page 209 

 

be  apparently high. Also, because of the acropetal maturation of cotyledon, the tips 

are the last portion of the cotyledon to lose the competence to respond to BA to form 

buds,  In  case of P.nigra  Ellis and Bilderback (1989), Salajova (1993),  Salaj and 

Salajova (1998), and in case of  P. wallichiana  Mathur and Nadgauda (1999)  have 

done same type of observations.  

The only other report on morphogenesis of P.roxburghii was by Murithii et. 

al., 1993 they had used only ½ MCM (Bornman’s medium -MCM) and reported that 

it was superior to all other media tested. They had also studied effect of 10 µM BA 

and reported that if  cotyledons were incubated at this BA concentration for 7 days 

and shifted to 10 µM Zeatin for an additional 7 days bud development was enhanced.  

Shoot elongation Index was highest on SH medium as studied by them.  In the present 

report enhanced effect of Zeatin was not obtained. Effect of SH medium was not 

studied instead WPM at full concentration gave enhanced effect for elongation of 

adventitious buds to shoots. On ½ DCR there was no elongation of the shoot along the 

main axis. Whereas with WPM medium elongation was seen along the main axis. 

Hence WPM was standardized as basal medium of choice among three media tested.  

Murithi et.al., 1994 gave histological evidences for the origin of the adventitious buds 

as merstimoid formation, meristamatic domes and juvenile leaf primordia formation. 

During the present study also same anatomical change has been observed during 

histological studies. In contrast to their report in the present report more callusing on 

in vitro rooted shoots at root shoot junction was observed when NAA was applied as 

pulse treatment. WPM  medium induced shoots had  more SEC (shoot elongation 

capacity) compared to ½ DCR medium shoots. 

  During the present study standard culture system which was developed 

previously (unpublished data) was improved by using WPM basal medium. On this 

basal medium adventitious buds were elongated. These shoots had elongated shoot 

axis. Main shoot axis elongation made the present protocol more efficient than the 

protocol developed during previous study.  

In vitro ( adventitious) rooting was facilitated due to elongated shoot axis. But 

in vitro adventitious rooting experiments were not performed in large scale, since the 

shoots so obtained were used for rooting studies using micrografting techniques. This 
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will be discussed in Chapter 6. The main reason for shifting to the micrografting 

techniques was because the adventitious rooted plants showed mortality in the soil.. 

Elongated shoot axis of the adventitious shoots helped in improving the survival rate 

for both in vitro rooting and micrografting experiments. 

Finally, It can be  suggested from the  photosynthetic photon flux  studies that 

it is necessary to optimize the level of irradiance for the species under study if it has 

not been done previously.  
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Chapter 6  
 
  

  Development of In vitro and In vivo 

micrografting technique in P.roxburghii  
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6.1 Introduction 

Practical benefits from vegetative propagations especially micropropagation 

technique are possible when effective methodologies that allow the multiplication of 

mature trees are available. Since the traditional methods of vegetative propagation 

have not been very successful in the Pinaceae, micrografting was applied in different 

Pinus species. In P.radiata D.Don (Fraga et.al., 2002) have standardized 

micrografting conditions using needle fascicles from trees of different ages as ‘scions’ 

to increase the success of in vitro propagation. In vitro micrografting method was 

successfully tried in P.pinea which has edible seeds (pine nuts or “pinons”) and is 

highly valuable for its ecological and landscape value in Europe. Overall success of 

the protocol for in vitro micrografting was 43% as reported by them (Cartizo et.al., 

2004).  

Pinus roxburghii is the most important Pinus species in Himachal Pradesh and 

has been planted extensively in afforestation/ reforestration  programs but the survival 

rate is very low (Sharma et.al., 2002, 2007). They studied heterozygosity and fitness 

in this pine using eleven isozymes. They had used mature seeds from eight natural 

populations from Himachal Pradesh for the study. During in vitro studies for bud 

break from 30 year old trees, in vitro induction of axillary buds from mature shoots 

was obtained from more than 30 year old trees from provenance trial location in 

Maharashtra (Parasharami et.al., 2003). The survival of these in vitro rooted plants in 

the pots and later in field was very low, when observed them over 4-5 years. 

(Parasharami, Unpublished data). Similarly, stable genetic transformation using 

mature zygotic embryos (MZE) was obtained after Biolistic transformation, 

(Parasharami et.al., 2006), In vitro transformed shoots were regenerated from 

bombarded MZE. Herbicide resistant gene (basta) was expressed in in vitro induced 

transformed shoots.  Survival of stably transformed shoots was not achieved due to 

constraints during in vitro rooting experiments.  

Hence Micrografting technique has been developed in this species. The results 

are presented in this chapter for both in vitro and in vivo micrografting. All the in 

vitro developed shoots from mature shoots (Chapter 4) and adventitious shoots 

developed from MZE (Chapter 5) were used for standardization of in vitro 
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micrografting technique. In vivo micrografting was standardized using the 8-10 year 

old trees in the laboratory and also from the trees from GG provenances, 

(Maharashtra).  Ex-vitro micrografting which was used for tea (Camellia sinensis (L.) 

by Prakash et.al., 1999 had shown 88.3% survival of the micrografted plants 

transferred to fields. 

The vegetative propagation of adult trees would require application of 

‘rejuvenation’ techniques for plant material to regain morphophysiological conditions 

favorable to rooting and true-to-type propagation. Rejuvenation can be achieved by 

micrografting shoot meristems (micro-scions) from selected adult trees onto very 

young rooted juvenile rootstocks in vitro. Once grafts are successful and scions grow, 

the tips of new shoots are then micrografted onto another seedling. This procedure is 

repeated several times (serial grafting) until scions exhibit juvenile characteristics or 

respond in a manner similar to that of a juvenile plant when placed in culture (Jonard, 

1986; Huang et.al., 1980). Rejuvenation can be achieved similarly in vivo, but more 

slowly (Franclet et.al., 1987). 
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6.2 Materials and Methods 
 

Micrografting was carried out using two different approaches, in vitro micrografting 

and in vivo micrografting. All the steps of in vitro micrografting were carried out with 

in vitro grown root-stocks and scions grown under aseptic conditions while in vivo 

micrografting was carried out under greenhouse conditions. A third approach of 

micrografting which was applied was the grafting of in vitro scions onto the in vivo 

germinated seedlings at very early stage (within 1 month of germination). Hence, the 

three different techniques of micrografting have been developed in case of 

P.roxburghii during present study. Micrografts were studied in details up to survival. 

6.2.1: In vitro Micrografting: 

For development of micrografting protocol using in vitro approach both in vitro root 

stock were prepared  under in vitro conditions scions were axillary shoots (Chapter 4) 

and adventitious  shoots developed ( chapter 5)   during the in vitro studies in this 

species.  

 

6.2.1.2   In vitro Root Stock Preparation: 

For these experiments the root stocks were prepared using the mature seeds of 

P.roxburghii procured from open forest area, Himachal Pradesh -Palampur 

provenance. After manual selection, seeds were washed with Teepol (Qualigen) and 

4% Savlon (Johnson and Johnson) for 10 minutes followed by distilled water (GDW),  

sterilized using 1% Sodium Hypochlorite Na2ClO4(Merck, India)  along with Tween 

20 (Merck, India) as surfactant. After sterilization extra bleach was removed by 3 

washings with sterilized water GD. All further operations were done in laminar air 

flow bench For mechanical breaking of seed coat, seeds were held firmly with 

sterilized forceps, on sterilized filter paper, a short tap was given towards tapering end 

of the seed and the two halves were gently separated from megagametophyte. 

Percentage of sterile in vitro germinated megagametophyte was calculated. 

Three different germination media were tried and 30 seeds were used for each 

experiment, (i) ½ DCR (DM1) (ii) ½ DCR medium with 0.44 µM BA (DM2) and (iii) 

½ DCR medium with 0.49 µM Indole 3-butyric acid (IBA) (DM 3). In all the media 
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1% sucrose w/v was added as carbon source , pH of  all the media were adjusted to 

5.8- 6.0 and media were solidified with 0.7% Difco Bacto Agar (Sigma). After 

digestion with the Agar media, all media were dispensed in culture test tubes.20 ml 

medium was poured in each test tube.   

 

 

 

 

 

 

 

Fig. 6.1. A and B In vitro grown root stocks used for in vitro micrografting 

6. 2.1.3 Scion source for in vitro micrografting  

For in vitro micrografting between P.roxburghii root stocks X P.roxburghii scions, 

Elongated (2-5 mm) adventitious shoots from de novo regenerated cotyledons of MZE 

were used for in vitro micrografting experiments.Fig 6.2 shows the different in vitro 

grown scions for scions used for the study. 

The scion source was the micrpropagated S2-S4 (subculture stage) apical and axillary  

3-5 cm long shoots obtained from from GG provenance location were used as scions. 

Method of growing axillary shoots as scion was same as described in Chapter 4 from 

these shoots. Selection of the in vitro grown shoots to be used as scion was done 

critically since root stock and scion ‘width’ should match for micrografting.  

A  B 
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Fig 6.2. Different in vitro induced adventitious shoots used for in vitro micrografting as 
scion. 

                               

 

 

 

 

 

 

Fig 6.3. A and B are the different in vitro axillary shoots used for in vitro micrografting 
as scion. 

6.2.1.4. In vitro Micrografting method: 

 Different types of forceps, stainless steel needles with holders, sterile blades, sterile 

blade holders, etc were pre autoclaved before starting the in vitro micrografting 

procedure in laminar flow. In vitro grown root stocks of different ages and width and 

in vitro scions in cultures were carefully selected before starting the procedure. To 

prepare the scions 3-4 cm long shoots were selected, the needles from 1-2 cm basal 

portion were  dissected out and two wedge shaped oblique cuts were made in this part. 

For the root- stock, seedlings with straight hypocotyls was decapitated 3-5 cm below 

the insertion point of cotyledons and oblique slit of 1-2 cm was made in the 

hypocotyls. Scion base, cut in a V shape (wedge shaped oblique cuts), was fitted 

carefully to the root stock slit and pressed together to get connections for phloem and 

xylem of scion and root stock. The method is known as “Slit micrografting” (grafter’s 

manual). The micrografted plants were shifted carefully to half strength DCR plain 

A  B
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medium solidified with agar  or same liquid medium with filter paper support. 

Incubation was done initially for 10-12 days in dark and then shifted to 1000 lux light 

16/8 hr photoperiod till further growth. This step required careful handling of culture 

vessel since the securing of the graft union was not possible.       

 

 
Fig. 6.5. Slit micrografting method for axillary shoots and in vitro root stock. 

 

In vitro grown scions were obtained from both adventitious shoots and axillary shoots 

in large no during the present study as many experiments were performed throughput 

the study period for induction of the in vitro shoots.  

 

6.2.1.5. Histology of in vitro micrografted shoots P.roxburghii X P.roxburghii – 

Three month old “graft union” from successful micrografts were used  for the study. 

Serial longitudinal sections (LS) were cut to study the connectivity of scion with root 

stock. The fixation and staining was done according to Sharma and Sharma, 1995. 

The explants were fixed in glacial acetic acid and ethanol (1:3) and later stored at 40C 

in 70% ethanol. For dehydration, the tissue was passed through different grades of 

water: ethanol: tertiary butyl alcohol (TBA), and embedded in paraffin wax (melting 

point 59-600C). Serial LS sections were cut at 15µm and were stained with 

Hematoxylene (1% w/v)-Eosin (1% w/v) and mounted in DPX [2 chloro N (4 

methoxy 6 methyl–1, 3, 5-triazin-2-yl amino carbonyl) benzene sulfonamide] 

(Qualigens, India) and observed microscopically. 
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6.2.2. In vivo P.roxburghii x P.roxburghii micrografting: 

6.2.2.1. Root Stock Preparation: 

For in- vivo experiments same lot as above were used. Healthy seeds were 

selected and washed with Teepol and Savlon 4% v/v for 10 minutes each gave 2-3 

washings with tap water to remove savlon and teepol. then sown in the Sand: Soil 

mixture (1:1) which was pre autoclaved for 1 hr at 121oC and 15 psi pressure, and 

cooled overnight. The sand: soil mixture was placed in small (15 X10 cm) polybags 

or in small plastic pots (size 50X20 cm) 50 seeds were sown for each experiment and 

experiment was repeated 3 times. These seedlings were maintained under the 

polyhouse condition at 50/60% RH.Three month old seedlings were used as root 

stocks when new needles emerged from epicotyls. Seedlings were decapitated above 

5-10 cm of soil level depending upon the thickness of hypocotyle near cut end; slit 

was made with sharp knife 3-4 cm long for scion insertion. For side micrografting 

oblique slit was made up to half diameter of the root stock. 

 

Fig: 6.6   In vivo root stock in pot (3 month old) used for in vivo micrografting. 

6.2.2.2. Scion source for in vivo micrografting:  

For initial experiments to standardize the in vivo micrografting technique, the 

scions from 12 year old trees in NCL garden were used. 15 shoots were used for the 

experiments. The standardized technique was adopted for the micrografting of 39 year 

old trees from GG provenance trial locations. Few shoots were micrografted at fields 

site while other shoots were brought to laboratory in ziplock bags and stored 

overnight and micrografting was performed in polyhouse. As described by Cartizo 
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2004 in P.pinea needles from mature trees with brachyblast were used and sheath of 

the needles was removed, after removal of the sheath brachyblast was excise of the 

needle and a V shaped cut was made to base of the needle.   

 

Fig. 6.7. In vivo shoots used as scions. 

 

6.2.2.3. In vivo micrografting Method: 

Both slit micrografting and side micrografting procedures were adopted, since 

handling of scion and root stocks were easier as compared to in vitro micrografting 

technique. It could be performed in green house/polyhouse conditions and tying of 

root stock with scion was easily done using Klingwrap tape which was tied around the 

micrograft so that the scion and root stock connection should not remain loose. 

Micrografting of 5-7 shoots from the GG forest nursery were used at collection site 

was grafted and experiment was repeated twice. All other experiments were carried 

out in laboratory (within 2-3 days). Seasonal effect of micrograft success was 

observed  
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Fig. 6.8. In vivo micrografting method using Klingwrap. 

6.2.3. Ex vitro micrografting using in vivo root stock x in vitro axillary and 

adventitious shoots: 

For these experiments, in vivo grown seedling was used as root stocks. The seeds 

were treated in a similar way as mentioned in Section 6.2.2.1 and sown in sterilized 

sand:soil mixture (1:1). Germination took place within 20 to 25 days of sowing. 

6.2.3.1. Root stock preparation  

Root stock preparation was performed following a similar procedure as mentioned in 

section 6.2.2.1. These root stocks were grown in polyhouse condition in for a period 

of two to three weeks in sand:soil (1:1) mixture.  

 

Fig. 6.8.  In vivo germinated seedlings of P. roxburghii at 25 days used as root stock 
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6.2.3.2 Scions for ex vitro micrografting (in vivo root stock x in vitro shoot scion) 

The scions used for micrografting were the in vitro regenerated axillary shoots 

induced from the mature shoots as described in Chapter 4. The another type of shoot 

scions for micrografting upon the in vivo root stocks were obtained from the 

adventitious shoots regenerated during de novo organogenesis studies as mentioned in 

Chapter 5.  

 

                    A      B 

Fig. 6.9. In vitro induced axillary and adventitious shoots used as scions for Ex vitro 

micrografting. 

6.2.3.3 Method for ex vitro micrografting 

The axillary and adventitious shoots regenerated in in vitro conditions as mentioned in 

Chapter 4 and 5 were used as source of scions for performing ex vitro micrografting. 

These scions were brought to ex vitro condition and grafted onto the in vivo grown 

root stocks. The grafting was performed in non-sterile environment. The root stock 

were slit open in a slanting fashion and the scions were inserted into them. For the 

establishment of the graft union, five different materials were used to secure the graft 

interface namely (a) Aluminium foil (b) Sterile thread (c) Teflon tubing (d) 

Aluminium foil + thread and (e) Parafilm (Fig.7.0).Results obtained with each 

technique have been discussed in Results. 
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Fig. 6.10:  Representation of different ex vitro micrografting methods . A. Using 
Aluminium foil B. Using Sterile thread C. Using Teflon tubing D. Using Aluminium foil + 
thread and E. Using parafilm around the graft union.                                                                                      

The securing of the root stock along with graft union was very convenient in this 

method as the operations could be performed using hands instead of forceps and 

scalpels used the in vitro methods.  

Similar slit micrografting technique was adopted depending on the type of scion. `V’ 

shaped cut was made at the base of scion and for root stock, the slit was made with a 

fine blade in the hypocotyls. The scion was then inserted and micrograft was secured 

using one of the above materials again depending upon the type of micrografted 

shoots. After micrografting, the grafts were put into sterilized filter paper support in 

the test tubes after which sterilized water was added from the sides of the test tube 

such that the micrograft or thread will not get dampened. This method would help in 

avoiding contamination. 

F or the other type of grafts which were not put in the test tubes they were 

planted into the plastic cups containing sterilized sand:soil (2:1) mixture. The root 

part of the micrograft was completely covered with this mixture. This operation was 

also performed in the laboratory and erect micrografts were covered with polythene 

bags to avoid moisture loss. Details of the   micrografting technique adopted and no. 

of microshoots used during the above study is represented in Fig. 6.10. 
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Fig. 6.11. Ex vitro micrografted plant in sand:soil (2:1) mixture secured with thread. 
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6.3. Results: 

6.3.1.  In vitro micrografting: 

Out of the three media compositions tested, ½ DCR devoid of any hormones 

instigated 52% of seed germination. However, the quality of the roots that were 

produced were not suitable for using as root stock.  ½ DCR medium containing 0.44 

µM BA gave rise to healthy and stout epicotyls suitable for root stock preparation 

even though germination percentage was only 40%. Similarly, in ½ DCR with 0.49 

µM  IBA, the root elongation was more pronounced with a germination percentage of 58%.  

Table. 6.1. Germination percentage and rooting response in the seedling culture of P. 
roxburghii. 

Medium  No of seeds 

for 

germination*

No of seeds 

Germinated

% seeds 

germinated

Response for root 

growth 

½ DCR Plain  90  47  52  + 

½ DCR + BA (0.44 µM)  50  20  40  +++ 

½ DCR + IBA (0.49 µM)  50  29  58  ++++ 

 

Therefore, it has been decided to use the straight root stocks of seedlings germinated in BA 

containing media for the purpose of micrografting in further experiments. In vitro 

P.roxburghii root stocks were of different height even though they were germinated 

on same day since vigor depended upon individual seed. In vitro regenerated shoots 

which were used as scions were uniformly healthy. 

It has been observed that the graft unions in in vitro conditions was very low due to 

the lack of proper securing technique during micrografting procedure. 

Survival percentage of in vitro migrograft after seven months 

The micrografted plants were observed in test tubes for a period of seven 

months. It was noted that the survival percentage of the micrografted plants dwindles 

with increase in the time period. This may be due to the fact that the graft union could 

not take place owing to the lack of vascular connection.  
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In order to increase the survival of the micrografted plant, it was placed in the ½ DCR 

medium containing IBA at 0.49 µM with filter paper support which facilitated the root 

growth of the grafted plant. Even after many attempts, the survival percentage could not 

increase beyond 20 % mainly because of the lack of proper contact between the root stock 

and the scion. 

 

 

 

 

 

 
   A     B 

Fig 6.12:  In vitro micrografts A. Immediately   after micrografting. B. 2 weeks after 
grafting 

The connection between root stick and scion  was very prominently seen due to colour 

staining with haemetoxylin and eosin. Fig 6.13 shows connectivity of graft – union 

with parenchymatous cell proliferation which may enable the vascular connection. 

      
   A     B 
Fig. 6.13 Longitudinal section of the stock scion graft union junction after 2 month of 
successful graft. 

The elongation of the scion portion was evident starting from 2cm to 3 cm in 4 

months time and elongated up to 6-7 cm in 7 month. Further survival of in vitro 

micrograft in pots was not successful in the present study. 
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6.3.2. In vivo micrografting 

 

Micrografting experiments were performed for the period of two years during 

the period of in vitro studies. Various parameters were optimized for in vivo 

micrografting in P. roxburghii. When grafting was performed initially with the stored 

shoots brought from distant locations of GG, the survival percentage was minimum. 

This may be due to the loss of the fresh sap containing hormones that would support 

and enable the success of the graft union. Therefore, the scions were grafted 

immediately at the site of collection in all further studies. Different types of shoots 

were micrografted at collection site i.e. at GG location. After grafting the 

micrografted plants were put in sand: soil: FYM (1:1:1) along with some micorrhiza 

containing soils collected from below the doner (mother) trees and then covered with 

polythene bags. After bringing them back from the collection site the pots were 

shifted to the green house for further growth analysis. Remaining scions were grafted 

next day after collecting them from forest nursery and storing them in polythene bags 

overnight (Table 3). 

Table 6.2. Survival and establishment of the in vivo micrografted plants with two types 
of scions. 

Root Stock (from 

nursery grown 

seedling) 

 

Scion 

% 

Survival

(after 

grafting)

% Survival

(after 12 

months) 

% Survived 

Micrografts 

(24 

months) 

% Hardened 

plants in pots

(30 months) 

P. roxburghii 

 

P.roxburghii 

(12 year) 
100% 80% 60% 50% 

P. roxburghii 

 

P. roxburghii 

(39 year) 

100% 70% 50% 10% 

After two months of grafting it was observed that new shoots emerged from the site of 

union and growth of the scions has resumed (Fig. 6.13). 
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Fig.6.13A: Close view of in vivo micrografted shoot after 2 months of grafting of In vivo 
micrografted, B: survived shoot (Klingwrap removed from plastic potted plants ) 

After six months of growth, the newly sprouted shoots showed elongation and 

regeneration of new axillary shoots could be observed visually (Fig. 6.14). 

            

 

Fig 6.14. A: In vivo micrografted plants after 6 months B: Plant shifted to plastic pots.  

After one year of growth the plants were shifted to earthen pots containing 

some micorrizal soil from the base of the P.roxburghii plants. Interestingly no 

plageotropic branching of shoots was observed in any of the survived 30 month old 

plants (Fig. 6.15). This phenomenon is due to the fact that the original scion shoots  

 

A B

A B
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were collected from the upper canopy of the orthotropic shoots. Therefore it is 

assumed that the genetic similarity was maintained from source plants. 

 

Fig: 6.15 In vivo survived micrografted plants after 30 months in earthen pots. 

When compared to the growth of the seedling plant which served as a control, 

the micrografted plants had more number of upright branches. No new side shoots 

were noticed in any of these control plant in earthen pot while many side branches 

were noticed from all the sides in the two micrografted  plants. The average height of 

the plants from soil to the tip of the plants in micrografts was 29.5 cm with a 

maximum value of 36 cm. The average number of the side branches per micrografted 

plant was 11 with a maximum value of 15 Nos. of shoots. Not a single shoot showed 

plegiotrophy which shows that since the scions were taken from the upper shoots all 

the new shoots which developed on these micro grafted plants are also upright 
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Fig. 6.16. Comparison of the control seedling plants with established micrografted 
plants of p. roxburghii in earthen pots after 30 months of growth. 

The maturity of the needles in the grafts and the colour of the green mature 

shoots are very striking and true to type of their natural counterparts in provenance 

trial location. It suggests that the plants are showing maturity of almost 12-year-old 

trees in case of intraspecific micrografting, Jonard 1986, Moor 1991 had suggested 

that grafting meristematic tissues may help in reducing compatibility problems 

between scions and root stocks. The number of new shoots appearing from all the 

sides of the grafts in case of P.roxburghii X P.roxburghii grafting is encouraging and 

can be used for new meristem cultures and bud break for in vitro cultures. 

  Success rate of 50-70% in vivo micrografting are due to the good 

scion- rootstock connectivity, which was mainly due to use of Kling wrap tapes 

around the graft- union for initial 15-20 days and freshly micrografted scions . The 

scions that were stored overnight and grafted next day showed more than 90 % 

mortality. This clearly indicated that when micrografting was performed with freshly 

cut scions then only graft - union became successful. 

 Although the age of shoots for scion cultures showed 50% decline in survival 

rate when 35 year old tree originated from micropropagated shoots were used as 

scions, compared to 12 year old tree micropropagated shoots but in contrast to in vivo 

micrografting the season for mirografting does not affect the survival rate since 

cultures were taken from the in vitro shoots and experiment were performed with S1 

to S4. This was observed as one of the important positive aspect of in vitro 

micrografting technique. 
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6.3.3. Ex vitro micrografting 

In vitro regenerated axillary and adventitious shoots that were grafted onto the in vivo 

nursery raised seedlings root stocks were found to successfully establish and grow. 

The survival percentage was much higher when compared to both in vitro 

micrografting and in vivo micrografting. It was observed that the survival capacity of 

the micrografted plants was dependent upon the method by which the scion and stock 

were slit and also upon the material with which the grafts were secured. Airtight 

securing of the grafts was successful achieved with Parafilm compared to other 

materials the survival percentages of which are given in the Fig. 6.17. These grafts 

were studied for 7 months and during the period their survival percentage was found 

to reduce. 

 
Fig. 6.17. Effect of different wrapping material on the survival percentage of ex vitro 

micrografts. 

 

Further studies are needed to optimize the ex vitro micrografting procedure for 

increased survival and growth as has been done with in vivo micrografting technique 

for three years during the present study. 
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6.4 Discussion 

Technique of micrografting was first developed for citrus and other fruit trees 

in 1980s in which meristems were removed from older trees and grafted on 

aseptically raised seedlings (Navarro et.al., 1975, Huang et.al., 1980, Jonard 1986). 

The technique has been used to multiply Thuja plicata J. Donn (Misson and Giot-

Wirgot, 1984), Sequoiadendron giganteum Buchh (Monteuuis, 1987, 1992). Huang 

et.al., (1980) developed a micrografting system for Sequoia sempervirens (D. Don) 

Endl. in which adult shoots that had just flushed were removed, cultured in vitro, and 

then grafted to juvenile rootstocks. Following repeated grafting onto new juvenile root 

stock, the shoot tips eventually acquired a rooting capacity of 100% compared with 

only 22% for ungrafted adult shoot tips (Huang et.al., 1980).  

There is much interest in favor of micrografting as reviewed by Burger (1984) 

and Jonard (1986). With special reference to coniferous species most of the work 

carried out in this field mentions in vivo micrografting using vegetative buds or shoot 

tips as scions (Traivan and David, 1985, Ewald et.al., 1991, Travan et.al., 1991, 

Huang et.al., 1992, Goldfarb et.al., 1993). Reports for In vitro micrografting is 

restricted to very few species (Monteuuis, 1994, Fraga et.al., 2002, Cartizo et.al., 

2004). In vitro micrografting can be a helpful substitute for mature conifers using 

meristem culture as scions (Pulmann and Timmis, 1992). Possibility of introduction 

of contamination free explants under tissue culture conditions with in vitro grafting of 

mature shoots with juvenile root stocks should be considered as a major argument for 

this technique. Monteuuis, 1994 investigated the in vitro micrografting possibility of 

18 year old Norway spruce clone and shown that the ‘side micrografting’ was more 

beneficial than ‘top grafting’ with 50% success if the graft union when kept in dark 

for 2-3 weeks. In the present work the data regarding influence of darkness during in 

vitro micrografting has not been compared, but for initial 8-10 days incubation in 

dark, helped in the union of the scion: rootstock better than keeping in light 

immediately after grafting, where, 30% graft-union were successful. No survival of 

the in vitro micrografts in soil has been achieved. This might be due to the 

inappropriate season when 3-4 month old grafts were taken out of the test tubes and 

hardened. There is a scope for the further improvement of the technique of in vitro 

micrografting to achieve a higher percentage of successful micrografting.  
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In case of in vivo micrografting which was successful compared to in vitro 

micrografting The maturity of the needles in the grafts and the colour of the green 

mature shoots are very striking and true to type of their naturally growing 

counterparts in provenance trial location and from the 10-12 year old field grown 

trees. The number of new shoots appearing from all the sides of the grafts is 

encouraging. These shoots could be used for developing new in vitro for bud break 

response. 

   Success rate of 50% in vivo micrografting during the present study was due to 

the good scion- rootstock connectivity, which was mainly due to use of cling wrap 

tapes around the graft- union for initial 15-20 days and freshly collected scions . The 

scions which were stored overnight and grafted next day showed more than 90 % 

mortality. This clearly indicated that when micrografting was performed with freshly 

cut scions then only graft - union became successful.  In case of in vitro micrografting 

, the securing of graft - union was difficult due to aseptic operations during the 

grafting procedure; this may be the reason for low survival rate. 

Measurements of height and number of shoots of all in vivo micrografted 

plants have shown that average height of the micrografted plant was 35 cm in about 

30 months with 11 shoots per plant. Not a single shoot showed plegiotrophy which 

shows that since the scions were taken from the upper shoots all the new shoots which 

developed on these micrografted plants are also upright. The height of 22 month old 

plants in pots was 26 cm (3 plants) and the average shoot number in these three plants 

was 12, which was comparable to 30 month old plants.  

Even though Ex vitro micrografting procedure which was recently reported to 

be successful with many plants and tree species for survival and establishment of in 

vitro shoots such technique was not previously reported for any of the Pinus species 

so far. The first report of ex vitro micrografting (Prakash et.al., 1999) has shown the 

successful survival of Camellia sinenisis micrografting with 88.33% survival in field. 

During the present study there were evidences that this ex-vitro micrografting 

technique might be a useful solution for survival of in vitro raised shoots obtained.  
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For survival of a large number of in vitro developed shoots formed during the 

present study, ex vitro micrografting technique developed in this study might prove to 

be very efficient and useful for raising small scale field plantation stocks. This 

application of ex vitro grafting along with in vivo micrografting would aide in 

survival of large number of clonally propagated shoots for future large scale 

plantation forestry program of P.roxburghii. 
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7.1 Summary and Conclusions 

Pinus roxburghii Sargent, commonly known as ‘chir pine’ is the most 

important pine amongst the six indigenous pine species, and is the dominant species 

of the subtropical pine forests of India. The species has wide ecological and economic 

value for its timber and oleoresin. Resin is a major source of revenue for few states in 

India, where chir pine forests occurs extensively. It occurs in the monsoon belt of 

outer Himalaya, from North eastern part of Pakistan to Arunachal Pradesh in India at 

elevations varying from 450 to 2300 msl. The forest type of this species comes under 

“The Himalayan subtropical pine forests” which are the largest in the Indo: Pacific 

regions (www.worldwildlife.org). It is found distributed over a long strip of 3,200 km 

between latitudes 260 N to 360 N and longitudes 710E to 930 E. Tropical pine trials 

were conducted throughout India in 1971 and .P.roxburghii was used as a reference 

species in most of these trials. 

Maintenance of variation within the species is essential for their long-term 

survival and fitness. A good level of understanding of distribution of genetic 

variability within the species is vital for the development of strategies for their 

effective conservation and utility. Hence, there is a need to study the existing 

variation within the species. Understanding the degree of diversity within the 

population is vital to support the continuously raising plantation programs. This also 

helps to provide information for the conservation of species’ genetic resources since 

geographically separated populations are expected to have different genetic 

compositions. High level of heterozygosity increases individual and population’s 

fitness. Individuals that are highly heterozygous are sometimes more fit. Populations 

with high heterozygosity are known to survive environmental pressures and genetic 

thinning events.  

The study entitled “Assessment of Diversity and In vitro Responses in Pinus 

roxburghii from Indian Provenances” was undertaken with the following 

objectives:  
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1. To do detailed Genetic diversity studies in P.roxburghii between the 

populations at 4 distinct natural/provenance locations using ISSR primers. The 

locations selected were 1000-2000 KM away from four corners of India. 

2. In vitro studies for propagation (via Micropropagation) using mature 

shoot bud material from different provenances. 

3. Development of in vitro regeneration protocol for de novo 

organogenesis using mature zygotic embryos from Palampur (H.P.) seeds collected 

during the above study. 

4. Development of In vivo and In vitro micrografting protocols for 

survival of the in vitro axillary shoots and de novo generated adventitious shoots. 

 

In the present study, genetic diversity studies from both native populations and 

as well as from systematic provenance trial location was undertaken. Himachal 

Pradesh – Palampur (PA) and West Bengal – Darjeeling (DJ) provenances from north 

and eastern India were selected as the native/natural populations. Maharashtra – 

Panchagani-Gureghar (GG) and Andhra Pradesh-Rajahmundry (RJ) location 

provenance trial plots were undertaken, covering western and southern regions of 

India. 

Diversity Analysis Studies have revealed that even though the natural / native 

or provenance populations of the above species were distinctly located, they have 

maintained good genetic diversity. Different diversity parameters viz. Observed no. of 

Alleles (*na), Effective no of Allels (*ne), Percent Band Polymorphism (PBP), Nei’s 

Gene diversity (*h) and Shannon’s Information Index (*I) were calculated.  UPGMA 

dendrogram for Jaccard’s coefficient has been considered for both Intra andInter 

population genetic diversity analysis, which shows similarity between the 

populations. Similarly UPGMA showing  genetic distance between the four 

populations was observed during intra and inter population analysis.  

For intra- population diversity analysis, higher values of PBP ranged between 

70-82% for PA, DJ, GG and RJ populations was observed. Effective no of allels (*ne) 

were between 1.12 to 1.26 for these four populations.  Observed No. of Alleles (*na) 

ranged from 1.43 to 1.71. Nei’s Gene diversity (*h) value was  0.12 for PA 
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population, 0.14  for DJ population, 0.13  for GG  and 0.16 for RJ. The highest value 

was observed for RJ population. 

Shannon’s Information Index (I*) for the four populations was observed as 

follows. The value of (*I)  was 0.19 for PA, 0.22 for DJ , 0.20 for GG  and 0.26 for 

RJ. The value was again the highest for RJ population.. Hence, overall  genetic 

diversity analysis data for Intra population diversity was highest for the RJ and lowest 

for PA population. 

Considering the inter population variation, the populations were observed 

diverged significantly, forming robust clusters in the UPGMA dendrogram. RJ 

formed totally different cluster than other three populations. These results indicate 

that the populations harbor high intra as well as inter population diversity and as a 

result, they might survive harsh and varied climatic conditions in the long term. 

Development of protocols for In vitro regeneration system for any tree species 

are important. These trees will supply vast majority of future world’s need for wood, 

fuel, paper and other wood and non wood derived products. This is possible ,only 

when highly productive managed tree plantations rather than natural stands will be 

multiplied using modern biotechnological application.  60% of the worlds managed 

forest plantations include Pinus (Pine) Picea ( spruce) and Pseudostuga ( Douglas fir) 

spp. that are used for their timber and pulpwood. In India, such programs need to be 

carried out in future. The Pinus species, which has tremendous silvicultural 

importance in India, needs to be used for plantation forestry programs in future. Such 

forestry programs with other Pinus species have already been developed successfully 

in Europe and USA. Diversity assessment and In-vitro regeneration potentials of the 

above species have to be exploited to achieve these goals.  

P.roxburghii has a rotation period of 100 to 120 years. Two 40 year old 

provenance trial plantations (GG and RJ) from plains of India were chosen for In-

vitro responses from mature shoot. These provenance plantation trees which are 40 

year old have not shown any seed set yet.  The only method to multiply such trees is 

by In-vitro mature shoot multiplication combined with micrografting.  
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Comparisons were done between the 4 populations for different in vitro 

responses. The % sprouting, % sterile and % contaminated shoots from all four 

different locations were compared. 70% sterile shoot buds were obtained from GG 

population. At GG sprouting was observed maximum in the months of April and 

May. Some sprouting was also seen in the month of June.  

The in vitro sterile sprouting was maximum at 70% for PA population in the 

month of October. Some sprouting was also observed in the material collected in 

March and April.Collections were done four times from DJ and RJ locations, to study 

the in vitro responses. However, these locations were omitted for further in vitro 

studies due to the lack of sprouting from any of these four collections.  

Hence, in vtiro regeneration protocols using mature shoots from GG 

population, has been compared with the native population of the PA during 

micropropagation studies. Three type of shoot buds were identified from these two 

populations as Type I , Type II and Type III shoots. Comparisons could be done only 

between Type I shoots among the three types. Sterile and Type III shoots could be 

obtained only with PA population. Shoots and sterile cultures could be established 

from Type III shoots, collected during the month of October from PA. 

Only type I shoots were obtained from GG. The reason for not obtaining sterile 

shoots of Type II and type III from this provenance might be the difference in 

atmospheric conditions of collection months for GG population. At GG location these 

Type II and III shoots were collected during December and January, when no Type I 

shoot buds were available. These months coincided with the Winter season 

(temperature ranges from 50 to 100C) when 100% contamination was noticed, perhaps 

due to the high moisture in the atmosphere. 

GG Population was considered as reference population during in vitro studies 

using mature shoots. During the present investigations, main aim was to study the 

differences in response among natural and introduced plants which may reflect on the 

in vitro responses. Hence, study was initiated by using different basal medium and 

different types of buds. WPM  as basal medium was found to be significantly more 

effective.  
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Three basal media were studied were ½ DCR, Full WPM and Full MS. 

15.4±2.3 axillary buds/shoot were induced with WPM medium on GG shoot- buds. 

16.9±2.6 buds/shoot were induced with the same WPM medium on PA shoot-buds. 

The number of shoot buds with WPM is significantly higher than with the other two 

media compositions. However, the no. of axillary buds/shoot induced with the three 

different media compositions, is not significantly different for PA and GG. 

Effect of hormone was studied using three different cytokinins viz BA, KIN, 

TDZ with 16 different combinations. % sterile shoots between 75-90% were obtained 

for GG.  74-100% sterile shoots were obtained for PA with these combinations in 

April and October months respectively. 

Maximum sprouting of 80% was obtained with BA (22.2 µM) for GG 

population using Type I shoots. While maximum sprouting of 100% was obtained 

with a combination of BA(2.22 µM)+KIN(4.64 µM) for PA population. 

No. of buds/shoot were compared between GG and PA for these 16 hormone 

concentrations. There was no significant difference between the buds obtained per 

shoot for GG and PA for each of these combinations. Maximum 12±1.6 buds/shoot 

were induced at BA (9.28µM) +KIN (23.23 µM) for GG. Maximum 14.67±2.7 

buds/shoot were induced at TDZ (1.13µM)  for PA.This shows that all three 

hormones have positive effect on the induction of axillary buds in this species. 

When synergic effect of KIN+BA at different ratio was studied for axillary 

buds induced/shoot, ratio of 5:1 was found to give maximum axillary buds/shoot. 

Maximum 13.1±1.2 axillary buds/shoot were induced for GG and maximum 14.9±1.5 

axillary buds/shoot were induced for PA. When activated charcoal (AC) was added in 

½ DCR basal medium without any hormone, there was significant increase in the no. 

of axillary buds/shoot during shifting. 2-3 passages shifting significantly increased no. 

of axillary buds on each shoot( Nearly double the number of axillary buds/ shoot were 

obtained). For GG 24.6±2.4 and for PA 26.0±2.5 buds/shoot were obtained within 2 

passages. Thus, it can be concluded that, for P.roxburghii , hormones are needed for 

induction but for further multiplication of the buds no hormone is necessary.  
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All the above comparative results were studied using Type I shoots. An 

interesting result noticed with Type III shoot-buds was that, at 10 µM BA 

concentration, the brachyblast primordia showed sprouting and greening. This was 

observed after 30 days of incubation followed by shifting in hormone free basal 

medium+0.4 %AC. Only 10% of these Type III shoots have shown this result during 

the present study. 

It has been observed that endogenous hormone level of type of shoot and the 

month of collection plays a significant role in the regeneration potential. Supply of 10 

M BA was found to instigate regeneration potential of these collected shoots in the 

month of October. This sprouting of Type III shoots shows the endogenous level of 

BA in these mature shoots. This level had a significant impact and hence sprouting 

was obtained. Further studies will be needed to confirm these results.  

During the present study, the morphogenetic response was studied along with 

the development of a micropropagation protocol using mature zygotic 

embryos(MZE).  For morphogenetic response studies with P.roxburghii, BA at 10 

μM concentration was found to be optimum which gave about 90% CFB.  This same 

10 μM BA concentration was also found to be optimum for mature Type III shoot 

studies as mentioned earlier. Both these results combined together shows that , BA at 

10μM  plays an important role during micropropagation of mature zygotic embryos 

(MZE)and mature shoots.  

WPM basal medium has been found to have profound effect on the induction of 

adventitious buds on MZE. 21 day exposure to 10μM BA in Full WPM medium for 

% CFB was 91.34±1.53. This was the maximum response obtained. Similarly, the 

elongation of the adventitious buds was optimum in full WPM medium without 

hormone during the present study. Maximum Bud forming capacity (BFC) and 

maximum shoot forming capacity (SFC) was obtained with WPM medium. It was 

also observed that shoot elongation was maximum in WPM basal medium than in ½ 

DCR medium throughout the study. Since the SFC was more in WPM, the in vitro 

rooting was also higher and ranged between 60-70% using IBA 6.12 μM. 
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Protocol for micrografting techniques has been standardized during the present 

study. This protocol seems to be more effective than that of the traditionally used in 

vitro rooting protocols.  

In conclusion it can be said that, protocols have been standardized for in vitro 

sprouting, elongation of multiplication of axillary buds and their multiplication. This 

can be used for raising plantlets from these provenances that can help large scale 

plantation programs in future. Small field trials in future could be used to assess the 

performance of these In-vitro raised plants.  The same provenance plots with well 

established 40 year old trees can be used for this trial. Comparative studies between 

these plantations and In-vitro established plants will help in deciding future plantation 

forestry programs in the plains which were not successful during the 1971 trials in 

plains of India. 
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