
PLANT TISSUE CULTURE (UNIT-III) 

INTRODUCTION: 

Plant tissue culture is a technique of culturing plant cells, tissues and organs on synthetic 

media under aseptic environment and controlled conditions of light, temperature, and humidity. 

The development of plant tissue culture as a fundamental science was closely linked with the 

discovery and characterization of plant hormones, and has facilitated our understanding of 

plant growth and development. Furthermore, the ability to grow plant cells and tissues in 

culture and to control their development forms the basis of many practical applications in 

agriculture, horticulture industrial chemistry and is a prerequisite for plant genetic engineering. 

 
 

 

 



 
 
 

 



 

 
 

The science of plant tissue culture takes its roots from the discovery of cell followed by 

propounding of cell theory. In 1838, Schleiden and Schwann proposed that cell is the basic 

structural unit of all living organisms. They visualized that cell is capable of autonomy and 

therefore it should be possible for each cell if given an environment to regenerate into whole 

plant. Based on this premise, in 1902, a German physiologist, Gottlieb Haberlandt for the first 

time attempted to culture isolated single palisade cells from leaves in knop’s salt solution 

enriched with sucrose. The cells remained alive for up to one month, increased in size, 



accumulated starch but failed to divide. Though he was unsuccessful but laid down the 

foundation of tissue culture technology for which he is regarded as the father of plant tissue 

culture. After that some of the landmark discoveries took place in tissue culture which are 

summarized as under: 

STEPS IN PLANT TISSUE CULTURE: 

 STAGE 1: Initiation phase. 

 STAGE 2: Multiplication stage. 

 STAGE 3: Root formation. 

 General procedure for plant tissue culture 

 Medium preparation 

 Plant preparation 

 Transferring the plant material to a tissue culture medium 

 Technique for Plant in Vitro Culture 

 

ESSENTIAL COMPONENTS OF CULTURE MEDIUM: 

 



NUTRITIONAL REQUIREMENTS : 

The composition of medium for the tissue culture is the most important key factor in the 

successful culture of plant cells. The medium should be accurately defined of inorganic and 

organic chemical additives so as to provide i) the nutrients for the survival of the plant cells, 

tissues and organs under culture and ii) the optimal physical condition of pH, osmotic pressure, 

etc.  

Nutrients: A standard basal medium consists of a balanced mixture of macronutrients and 

micronutrients (usually salts of chlorides, nitrates, sulphates, phosphates and iodides of Ca, Mg, 

K, Na, Fe, Zn and B, a carbon source, vitamins, phytohormones and organic additives. Among 

the above mentioned nutrients some are essential and some are optional. The essential 

components include inorganic nutrients and organic nutrients like carbohydrates besides 

phytohormones and vitamins, organic additives like natural extract and liquid endosperm are 

optional.  

Inorganic salts:  

Inorganic nutrients of a plant cell culture are those required by the normal plants. The optimum 

concentration of each nutrient for achieving maximum growth rates varies considerably. The 

major elements are N, P, K, S, Mg and Ca. Other nutrients such as Co, Fe, B, Zn, Mo, Cu, I are 

microelements.  

Macroelements: 

 Nitrogen  

Phosphorus  

Potassium  

Sulphur  

Calcium and Magnesium  

Microelements The microelements viz., Fe, Mn, B, Zn, Mo, Cu, I and Co have a profound effect 

on growth of tissue in vitro.  

 



Organic nutrients:  

Carbohydrates- Carbohydrates are used as carbon sources. The standard carbon source is 

sucrose at a concentration of 2-5 per cent. Monosaccharides like glucose or fructose can also be 

used as carbon sources but are generally less suitable. Sucrose is the best source, since sucrose is 

dehydrolysed into usable sugars during autoclaving.  

Vitamins- Vitamins are supplemented with medium to achieve the best growth of the tissues. 

Among the vitamins only thiamine HCL (B1) seems to be universally required. Other vitamins 

are pyridoxine HCL (B6), nicotinic acid (B3) and calcium pantothanate (B5). Specific 

requirement of each one varies with the plant species subject to culture.  

Phytohormones- These are organic compounds, other than nutrients, which influence growth, 

differentiation and multiplication. They required in very minute quantity in the media. The 

requirement for these substances varies considerably with the tissue and it also depends on their 

endogenous level. 

TYPES OF TISSUE CULTURE: 

Seed culture: 

Seed culture is the type of tissue culture that is primarily used for plants such as orchids. For this 

method, explants (tissue from the plant) are obtained from an in-vitro derived plant and 

introduced in to an artificial environment, where they get to proliferate. In the event that a plant 

material is used directly for this process, then it has to be sterilized to prevent tissue damage and 

ensure optimum regeneration. 

Embryo Culture: 

Embryo culture is the type of tissue culture that involves the isolation of an embryo from a given 

organism for in vitro growth. The term embryo culture is used to refer to sexually produced 

zygotic embryo culture. 

Embryo culture may involve the use of a mature of immature embryo. Whereas mature embryos 

for culture are essentially obtained from ripe seeds, immature embryo (embryo rescue) involves 

the use of immature embryos from unripe/hybrid seeds that failed to germinate. In doing so, the 

embryo is ultimately able to produce a viable plant. 

  

 



Callus culture: 

This is the term used to refer to unspecialized, unorganized and a dividing mass of cells. A callus 

is produced when explants (cells) are cultured in an appropriate medium - A good example of 

this is the tumor tissue that grows out of the wounds of differentiated tissues/organs. 

In practice, callus culture involves the growth of a callus (composed of differentiated and non- 

differentiated cells), which is the followed by a procedure that induces organ differentiation. 

Organ Culture: 

Organ culture is a type of tissue culture that involves isolating an organ for in vitro growth. Here, 

any organ plant can be used as an explants for the culture process (Shoot, root, leaf, and flower). 

Protoplast Culture: 

Protoplast -cells without cell walls. A protoplast is the term used to refer to cell (fungi, bacteria, 

plant cells etc) in which the cell wall has been removed, which is why they are also referred to as 

naked cells. 

Protoplasts may be cultured in the following ways; 

 Hanging-drop cultures 

 Micro culture chambers 

 Soft agars matrix 

Once a protoplast has regenerated a cell wall, then it goes through the process of cell division to 

form a callus, which may then be sub cultured for continued growth. 

Other Types: 

 Pollen Culture 

 Anther Culture 

 Single Cell Culture 

 Suspension Culture 

 Somatic Embryogenesis 

 

APPLICATION OF PLANT TISSUE CULTURE: 

Plant tissue culture is used widely in the plant sciences, forestry, and in horticulture. 

Applications include: 



 The commercial production of plants used as potting, landscape, and florist subjects, which 

uses meristem and shoot culture to produce large numbers of identical individuals. 

 To conserve rare or endangered plant species.  

 A plant breeder may use tissue culture to screen cells rather than plants for advantageous 

characters, e.g. herbicide resistance/tolerance. 

 Large-scale growth of plant cells in liquid culture in bioreactors for production of valuable 

compounds, like plant-derived secondary metabolites and recombinant proteins used 

as biopharmaceuticals.  

 To cross distantly related species by protoplast fusion and regeneration of the novel hybrid. 

 To rapidly study the molecular basis for physiological, biochemical, and reproductive 

mechanisms in plants, for example in vitro selection for stress tolerant plants.  

 To cross-pollinate distantly related species and then tissue culture the resulting embryo 

which would otherwise normally die (Embryo Rescue). 

 For chromosome doubling and induction of polyploidy, for example doubled 

haploids, tetraploids, and other forms of polyploids. This is usually achieved by application 

of antimitotic agents such as colchicine or oryzalin. 

 As a tissue for transformation, followed by either short-term testing of genetic constructs or 

regeneration of transgenic plants. 

 Certain techniques such as meristem tip culture can be used to produce clean plant material 

from virused stock, such as sugarcane, potatoes and many species of soft fruit. 

 Production of identical sterile hybrid species can be obtained. 

 Large scale production of artificial seeds through somatic embryogenesis 

 Synthetic seeds - A somatic embryo is encapsulated by artificial endosperm and artificial 

seed coat 
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