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The culture of plant tissue includes the culture of all types of plant cells, tissues and organs under 
aseptic conditions. This definition also extends to the embryonic culture and protoplast culture. Tissue 
culture techniques and their use in plant distribution and genetic development are presented. Areas to 
be reviewed include: embryonic culture, meristem culture, micropropagation, somatic embryogenesis, 
somaclonal diversity, in vitro selection, anther culture and protoplast culture, advantages and 
disadvantages, categories. Biotechnology component techniques are widely used for basic and practical 
purposes ranging from research into crop development processes, practical genetic studies, commercial 
micropropagation, genetically modified crop production, crop breeding and crop development, virus 
removal high-quality, conservation and preservation of germplasm of vegetable-propagated plants, as 
well as rescuing endangered or endangered plant species. The role of the plant component in basic and 
applied biological disciplines has been growing rapidly. The use of in vitro technology in plant extraction 
and the integration of bioactive components has often become a lucrative industry worldwide. It is an 
important part of plant biotechnology. 
 
Keywords: tissue culture, biotechnology, micropropagation, plant breeding 

 
 
INTRODUCTION 
 
Growing and multiplication of plant cells, tissues, and 
organs on defined solid or liquid media in an aseptic 
and regulated environment is known as plant tissue 
culture (Gaikwad et al., 2017). It began as an 
experiment to demonstrate the cell doctrine, which 
states that all living organisms are made up of cells, 
which are the basic units of structure and reproduction, 
as well as the totipotency concept, which is defined as a 
cell's genetic potential to become a whole multicellular 
organism (Loyola-Vargas et al., 2018). 
     Plant component culture (PTC), according to De 
Filippis (2014), may be the quickest, most seasonal-
independent, and most effective technique of in vitro 
plant dispersion in a tiny sterile environment. It's a 
highly efficient method of cloning and generating 
disease-free plant stock. PTC has the potential to be a 
game-changer for agricultural and industrial development.  
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Within the plant process of the plant portion, each plant 
cell includes a cellular totipotency component that will 
be partitioned into a whole plant. 
     Tissue culture is the in vitro aseptic cultivation of 
cells, tissues, organs, or the entire plant under 
regulated nutritional and environmental conditions, 
mainly to yield plant clones, according to Hussain et al. 
(2012). The clones that result are actual, and they are 
used to organize the genotype that was chosen. 
Controlled settings give an optimal environment for 
culture's growth and repetition. Correct nutrient supply, 
pH medium, adequate temperature, and proper gas and 
liquid environment are among these factors. The growth 
or retention of plant cells, tissues, organs, or plants in 
vitro is known as partial vegetation culture (Tissue and 
Terminology, 2003). 
     Tissue culture is the cultivation and storage of 
sterile, nutritional, and ecologically friendly plants or 
organs (in vitro). Clones are produced by tissue culture, 
in which all of the product cells have the same genotype 
(except where they suffer from mutations within the 
culture). They are research and marketing apps. Tissue  
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culture is commonly referred to as micropropagation in 
commercial contexts because it is primarily utilized for 
plant distribution (Van, 2009). 
     Repetition of the shoot from the axillary bud is 
currently the most effective and widely utilized 
approach. Within the axis of the leaves are the axillary 
buds. The dormancy of axillary buds is frequently 
broken in tissue culture due to high concentrations of 
cytokinin or a combination of cytokinin and Auxin. When 
the dormancy of a plant is broken, it transforms into 
shoots. Modern plant component culture is carried out 
in aseptic settings with filtered air. Plants are often 
planted on a solid surface, however they can also be 
placed directly on a liquid surface when cell culture is 
required.Inorganic salts, as well as a variety of 
nutrients, vitamins, and plant hormones, are commonly 
found in solid and liquid media. The morphology of 
tissues growing from early infusion is profoundly 
influenced by local formation, particularly plant 
hormones and thus the source of nitrogen (nitrate vs 
ammonium salts or amino acids) (Sharma et al., 2015).  
     The continuance of recent strategies, and thus the 
development of current ones, characterized the era 
1940-1960. The requirement for basic understanding in 
other fields of research, such as plant science, plant 
physiology, biochemistry, physics, and many sorts of 
analytical work, was confirmed during the development 
of tissue culture technology. Tissue culture has now 
been applied to five broad areas, including cell behavior 
(including cytology, nutrition, metabolism, 
morphogenesis, embryogenesis, and pathology), plant 
modification and improvement, pathogen-free plants 
and germplasm storage, clonal propagation, and 
merchandise formation, thanks to the use of these 
techniques (Yancheva and Kondakova, 2016). 
     Plant component culture is an important part of  
biotechnology breeding, and it gives crop improvement 
programs additional edge. Various cereal crops' 
resistance to callus renewal could be a major bottleneck 
in any agricultural improvement initiative, including 
wheat. Tissue culture is increasingly being employed for 
a variety of purposes. Initially employed primarily for 
basic research to examine cellular division, plant 
growth, and biochemistry, the technology has increased 
in popularity and is now being widely used on a larger 
scale (Kumar and Sharma, 2019).   
     Tissue culture techniques, according to Brown and 
Thorpe (1995), are part of a large group of plant 
biotechnologies strategies and technologies that include 
genetics, recombinant deoxyribonucleic acid studies, 
genome characterization, gene transfer techniques, 
aseptic growth of cells, tissues, and organs, and in vitro 
regeneration of plants. The term "biotechnology" has 
lately gained popularity, although in its most basic 
definition, it refers to the molecular procedures used to 
alter the genetic composition of a variety of plants, such 

as gene splicing. As a result, the goal of those papers 
was to evaluate plant part culture, its components, 
stages, and role in modern crop development. 
 
 
LITERATURE REVIEW 
 
History of plant part culture 
 
Plant part culture history could be a chronicle of 
botanists' systematic efforts to cultivate excised plant 
tissues and organs in order to study their growth and 
development under controlled conditions (Dagla, 2019). 
Golliob Haberlandt, a German botanist, presented plant 
component cultivation for the first time in 1902. He's 
known as the "Father of Plant Tissue Culture." He 
mostly experimented on palisade tissue, which he 
cultivated in a knob's salt solution with sucrose and 
watched expand. Hanning (1904) successfully 
developed crtheucifer embryos removed from mature 
embryos in a mineral salt and sugar solution. Over 
back, the embryo culture was progressively refined 
(1941). This was a watershed moment in plant part 
culture. By fusing the protoplasts of Nicotianagluca and 
Nicotianalangschorffii in 1972, Carlson and others 
created the first somatic hybrid between the two 
species. The orchid industry was the first to adopt 
tissue culture on a big scale in the 1950s (Gaikwad et 
al., 2017). 
     The discovery of plant growth regulators, often 
known as plant hormones, was also a turning point in 
the history of in vitro plant culture, allowing for the 
regulation of physiological processes ranging from 
germination to the creation of highly specialized cells 
such as organs and tissues (Roberts, 2012). In 1926, 
Went identified the first phytohormone, indole-3-butyric 
acid (IAA) (Hussain et al., 2012). 
     The development of commercially viable metabolite 
production systems was enabled by immobilization 
protocols and "scale-up" approaches, with the assembly 
of vaccines and proteins for medical purposes being 
one of the many applications (Kintzios, 2008). The case 
of taxol and rosmarinic acid, which are employed for 
their chemotherapeutic and antioxidant characteristics, 
respectively, is one of the more effective examples 
(Kintzios, 2008). Plant part culture's popularity grew as 
it was applied to a growing number of plant species and 
in a variety of areas. Nonetheless, it remained an 
important instrument for the study of morphogenesis, 
primary metabolism, and other physiological processes 
for a number of researchers (Collin, 2001). 
 
Types of tissue culture 
 
Callus culture: Callus culture could also be defined as 
production and maintenance of an unorganized mass of  
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proliferative cell from isolated plant cell, tissue or organ 
by growing them on artificial nutrient medium in glass 
vials under controlled aseptic conditions (Sharma, 
2016). 
     Organ culture: which will allow differentiation and 
preservation of the architecture. The organ culture 
refers to the in vitro culture and maintenance of an 
excised organ primordial or whole or a part of an organ 
in way and performance. 
Single cell culture: Single cell culture may be a method 
of growing isolated single cell aseptically on nutrient 
medium under controlled condition. 
Suspension culture: Suspension culture may be a sort 
of culture during which single cell or small aggregates 
of cell multiply while suspended in agitated liquid 
medium. Suspension cultures are utilized in induction of 
somatic embryos and shoots, production of secondary 
metabolites, in vitro mutagenesis, selection of mutants 
and genetic transformation studies (Sharma, 2016).  
     Embryo culture: Embryo culture could also 
be defined as aseptic isolation of embryo (of different 
developmental stages) from the majority of maternal 
tissue of mature seed or capsule and in vitro culture 
under aseptic and controlled fitness in glass vials 
containing nutrient semisolid or liquid medium to grow 
directly into plantlet. 
Anther culture: Androgenesis is that the in vitro 
development of haploid plants originating from potent 
pollen grains through a series of cellular division and 
differentiation. 
Pollen culture: Pollen culture is that the in vitro 
technique by which the pollen- grains (preferably at the 
microscope stages) are squeezed from the intact 
anther then cultured on nutrient medium where the 
microspores without producing male gametes. 
Somatic Embryogenesis: Somatic embryogenesis is that 
the process of one or group of cells initiating the 
event pathway that results in reproducible regeneration 
of non-zygotic embryos capable of germinating to 
make complete plants. 
     Protoplast Culture: it's the culture of isolated 
protoplasts which are naked plant cells surrounded 
by cell membrane which is potentially capable of cell 
wall regeneration, cellular division, growth and plant 
regeneration on suitable medium under aseptic 
condition. During 1970–1972, protoplasts isolation 
started developing as a really perspective and 
promising tissue culture direction. The isolation of 
protoplasts may be a perfect model for plant 
improvement. Protoplasts are ready to incorporate 
naked DNA and consequently, the transformation with 
isolated DNA is feasible (Yancheva and Kondakova, 
2018). 
Shoot tip and Meristem culture: the ideas of shoots 
(which contain the shoot apical meristem) are 
often cultured in vitro producing clumps of shoots from 

either axillary or adventitious buds. This method can, be 
used for clonal propagation. 
Explant Culture: There are sort of sorts of seed plants 
viz., trees, herbs, grasses, which exhibit the 
essential morphological units i.e. root, stem and leaves. 
Parenchyma is that the most versatile of all kinds of 
tissues. They’re capable of division and growth. 
 
Techniques of Tissue culture 
 
Embryo Culture 
 
One of the first tissue culture techniques used in plant 
breeding was embryo culture. It entails removing the 
embryo from the seed and growing it in a lab until the 
plant is ready to be transferred to the ground and grown 
to maturity. Embryo cultivation is usually done with late-
stage embryos, however early-stage embryos (globular 
and heart-shaped phases) and even unfertilized ovules 
have been tried (Tilton and Russell 1984). Late-stage 
embryos can normally be grown on simple nutrient 
media, but the hormone and protein requirements 
become increasingly specialized as more immature 
embryos are cultured, and success becomes less 
common. 
     Embryo cultivation is used to recover plants 
(embryos) during attempts at extensive hybridisation via 
sexual crossings between distantly related plants in 
most cases. In many situations, incompatibility is 
induced by the dissolution of the endosperm, which 
feeds the developing embryo. A plant can often be 
developed to maturity by'rescuing' an embryo and 
growing it on a suitable media (Collins and Grosser 
1984). The transfer of desired features (e.g. disease 
resistance, stress tolerance) from distantly related 
species to cultivated variety is the first motivation for 
making wide crosses. Cotton, tomato, barley, rice, 
cabbage, melons, beans, and jute have all been 
successfully crossed via embryo culture. 
 
Meristem Culture 
 
Morel (1960) was the first to propose meristem culture, 
which entails the removal of the meristem with two or 
three leaf primordia and subsequent culture on a 
nutritional media. The meristem could be a dome of 
actively dividing cells with a diameter of 0.1 mm and a 
length of 0.25 mm. Endogenous pollutants have a hard 
time infiltrating and multiplying within the meristem, 
which frequently results in a disease-free plant. Large 
numbers of disease-free plants could be grown from 
meristematic explants when paired with micro-
propagation techniques. Meristem culture has been 
effectively utilized to eradicate viruses from plants (e.g., 
garlic, taro, strawberry, potato, sugarcane) (Quak, 
1977), and it is currently frequently employed to eradicate 
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numerous viral infections from material.  
 
Micropropagation 
 
Micropropagation is frequently thought of as an 
extension of more established plant propagation 
methods. Its goal is to rapidly multiply superior 
genotypes of disease-free and pest-free plants by clonal 
multiplication. To reinforce the creation of axillary 
shoots, buds from a desired plant are placed on an 
appropriate medium under particular growing 
circumstances. Subculture of the buds and shoots is 
repeated until a large number of plants are generated, 
each with the same genetic features as the first 
(Hussey, 1983). 
     The mass propagation of superior plants is one of 
the most important uses of micropropagation. In many 
cases, traditional propagation is a long process that 
might be hampered by disease and insect concerns. 
Micropropagation has the ability to supply hundreds, if 
not millions, of plants once a year, however the quantity 
of plants that can be handled is often limited. In many 
circumstances, the quick expansion is a valuable first 
boost for the formation of large populations before 
normal methods of multiplication are used (Damiano et 
al., 1983). Micropropagation also allows for the storage 
of germplasm in order to maintain disease-free stock 
(Wilkins and Dodds, 1983). 
 
Somatic Embryogenesis 
 
Somatic embryogenesis is the formation of embryo-like 
structures from non-sexual (somatic) cells. Although 
somatic embryogenesis is commonly seen as a difficult 
micropropagation technique, there are various 
advantages to recovering plants from cells using 
somatic embryogenesis over micropropagation. Somatic 
embryos are frequently made from cells grown in 
suspension, allowing batch culture procedures to be 
scaled up with minimal handling costs. Some plants 
(carrots, tobacco, potato, celery, etc.) have an 
extraordinarily fast multiplication rate, and in the case of 
carrots, celery, and tomato, the embryos are 
encapsulated and treated as artificial seeds (Ng, 1986).  
     For many plant species, callus synthesis is very 
simple, but regeneration from unorganized cells, such 
as callus and cell suspensions, is often more difficult. 
Furthermore, there are certain key issues when using 
somatic embryogenesis for rapid clonal replication of a 
critical plant. Numerous studies have shown that callus 
and cell suspension regeneration can result in genetic 
diversity in regenerated plants. Somaclonal variation is 
the name given to this variation in tissue grown plants 
(Larkin and Scowcroft, 1981). 
 
Somaclonal Variation 

The variety that occurs within a population of plants is 
critical in plant breeding, and every one of our cultivated 
crops was developed by utilizing the variance that exists 
within populations of plants to create suitable varieties 
and hybrids. Plant part culture can be used to supply 
somaclonal variations, which is one way to generate 
diversity that will be needed and lacking in a breeding 
effort. This is especially true for species that have 
historically been propagated asexually or have a limited 
number of cultivars. 
     For the past 50 years, deliberate attempts have been 
made to induce changes in plants by the use of 
mutagens and alterations in ploidy through the use of 
colchicine. Following on from mutation breeding, 
Somaclonal variation involves the ability to change one 
or a few features of an otherwise excellent cultivar 
without affecting the remaining, and sometimes unique, 
part of the genotype. Although the majority of 
alterations are harmful or have no commercial value, 
there are certain cases when somaclonal variation has 
resulted in agriculturally beneficial modifications in the 
progeny (Horticultural, Box and Box, 1990). 
 
In vitro Selection 
 
In vitro selection could be a beneficial tool for 
discovering plants that are resistant or tolerant to 
stressors such as pathogen-produced phytotoxins, 
herbicides, cold temperatures, and toxicity to aluminum, 
manganese, and salt (Chaleff, 1983). In vitro selection 
typically entails applying a selection pressure to a 
population of cells, retrieving any variant lines that have 
evolved resistance or tolerance to the strain, and then 
growing plants from the chosen cells. This method 
assumes that tolerance working at the unorganized 
cellular level can act effectively over the entire plant. If 
the tolerance has a genetic foundation, the trait is 
frequently passed down to other plants. 
 
Anther Culture 
 
Much of the quick progress in microbial genetics is 
related to the haploid nature of many microorganisms, 
whereas analogous examinations in higher plants 
(which are diploid or polyploid) are hampered by 
concerns of dominance and segregation. Upper plant 
natural haploids are uncommon and limited to a few 
species (e.g. tobacco, cotton, maize, rice) (Kimber and 
Riley, 1963). Geneticists and plant breeders have so 
sought reliable ways for assembling haploid plants in 
order to generate mutants at a much higher frequency 
than from diploids, as well as to produce homozygous 
breeding lines following chromosome doubling. Anther 
culture is one method of haploid plant production 
(Maheshwari et al., 1980). 
The procedure entails removing anthers and/or immature 
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pollen from a plant and placing them on a media that 
can stimulate regeneration from the microspores or 
pollen's haploid tissue. Another way to obtain haploids 
is to culture unfertilized ovules (Zhu and Wu 1979). 
Colchicine is used to double the chromosomes of the 
resulting plants, bringing them back to the usual diploid 
state. Chromosome doubling can also happen on its 
own. Haploid cells are effective in in vitro selection 
methods, and they've been utilized to successfully 
supply plants that are resistant to a variety of metabolic 
inhibitors, environmental challenges, herbicides, and 
phytopathotoxins (Chaleff 1983). 
 
Protoplast Culture 
 
Protoplasts are cells that have had their cell membrane 
stripped through mechanical and/or enzymatic means. 
Because such cells lack a cell membrane, they can be 
used in a variety of ways that plant cell cultures cannot 
(Shepherd et al., 1983). Plant genes have also been 
manipulated using protoplasts in recombinant 
deoxyribonucleic acid research. A overview of 
protoplasts in somatic hybridisation experiments and 
strategies for gene transfer to protoplasts are presented 
elsewhere in this issue (Rose et al., 1990). We just want 
to point out that regenerating plants from protoplasts is 
typically more difficult than regenerating plants from cell 
and callus cultures. Because of this complexity, 
protoplasts have not been widely used in somatic 
hybridization and gene transfer investigations.This has 
been especially true with cereals, which are one of the 
most difficult crop plants to culture due to difficulties in 
generating a consistent process for creating cultures 
that can regenerate (Morrish et al., 1987). Nonetheless, 
effective regeneration of complete plants from 
protoplasts of an increasing number of plant species is 
already possible, and the list of such plants is projected 
to rise in the near future. 
 
Tissue culture media 
 
According to Dagla (2019), the effectiveness of plant 
cell culture is mostly affected by the nutritional media 
standard. A'synthetic medium' is a medium that contains 
'chemically specified' chemicals. One of the oldest plant 
part culture media is White's root medium (1939).  
Murashige and Skoog's (MS Medium) formulation, as 
amended by Linsmaier and Skoog (1965), (Gamborg et 
al., 1968), and Schenk and Hildbrandt (1972), is often 
regarded as a typical medium. MS medium was created 
to see how organic additives affected tissue cultures. As 
a result, the medium was created for tobacco pith tissue 
and standardized using inorganic nutrients. B5 medium 
for growing soybean tissues (Gamborg et al., 1968) and 
SH media for growing friable callus provide feedstock 
for cell suspension culture and protoplast production 

There is no universal medium for the establishment of 
all species, however MS basic medium modifications 
are frequently utilized (Kane ME, 2005). Because the 
combinations of growth regulators used in Stage I 
media are significantly linked to the genotype and 
explant size, the sort and thus the refore the levels. 
Multiple subcultures on Stage I media are required for 
numerous species, notably herbaceous and woody 
perennials, to attain uniformity in rate of growth and 
shoot multiplication. Physiological stability can take 
anywhere from three to twenty-four months and four to 
six subcultures (Yancheva and Kondakova, 2016). 
     Macronutrients, Micronutrients, Vitamins, Growth 
Regulators, and Carbohydrates are found in most 
culture media (Sucrose). Murashige and Skoog (1962) 
created the formula, which was later improved by 
Linsmair and Skoog (1965). Special plant groups, such 
as conifers, have nutritional requirements that appear to 
be unmet by normal media, necessitating the use of 
additional nutrients in the media (Sharma, 2016).  
 
Components of Tissue medium 
 
Inorganic nutrients: Plant growth in vitro, like in vivo, 
necessitates a combination of macro and 
micronutrients. Macronutrients are components that 
need to be present in concentrations larger than 0.5 
mM/l. In the form of salts in media, nitrogen, potassium, 
phosphorus, calcium, magnesium, and sulphur are 
present. Micronutrients are those elements that are 
required in concentrations of less than 0.05mM/l. Iron, 
manganese, zinc, boron, copper, and molybdenum are 
among them. These inorganic elements, though in 
modest amounts, are critical for plant growth, the most 
important of which is iron, which is unavailable at low 
PH (Biotechnology, 2007). 
     Microelements: These operate as catalysts in a 
variety of biological activities; indications of 
microelement insufficiency include leaf chlorosis (Fe, 
Zn, and Mn) Ethylene synthesis is inhibited by shoot tip 
necrosis (B, Co, Ni). 
Vitamins: Plants can manufacture all of the vitamins 
they need. Plant cell cultures, on the other hand, must 
be supplemented with vitamins such as Thiamine 
(vitamin B1), Niacin (vitamin B3), Pyridoxine (vitamin 
B6), and Myo-inositol (vitamin B7) (Member of the vit. B 
complex). 
     Sucrose (the most commonly used carbon source) at 
a degree of three, glucose, and fructose are all known 
to aid plant growth. Sucrose is required for a variety of 
metabolic activities in the medium. 
     Plant growth regulators (PGRs) accelerate cellular 
division and thereby control the proliferation and 
differentiation of shoots and roots on explants and 
embryos grown in semisolid or liquid media cultures. 
Auxins, cytokinin, gibberellins, and abscissic acid are  
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the four principal PGRs employed, and their addition to 
the culdium is required. 
•Auxins stimulate cellular division, cell lengthening, 
apical dominance, root development, and somatic 
embryogenesis. Auxins cause root initiation at low 
concentrations and callus development at high 
concentrations. 1-naphthaleneacetic acid is a common 
synthetic auxin (NAA). 2,4 dichlorophenoxyacetic acid 
(2,4-D), indole-3 ethanoic acid (IAA), auxin (IBA), and 
other compounds are examples. 
•Cytokinins increase the commencement and growth of 
shoots in vitro by promoting cellular division. The most 
often utilized cytokinins include zeatin, 6-
benzylaminopurine (BAP), kinetin, and 2-iP. They 
influence apical dominance by encouraging the 
development of axillary shoots. CK inhibits root growth 
and causes adventitious shoot formation when used in 
high concentrations. Morphogenesis is determined by 
the ratio of auxin and cytokinin in the culture. When this 
ratio is high, embryogenesis, callus initiation, and root 
initiation occur, whereas when ck/auxin is high, axillary 
and shoot proliferation occur. 
• Gibbrellins and abscissic acid are PGRs that are less 
commonly used. Gibbrellic acid (GA3) is commonly 
utilized for meristem development and internode 
elongation. 
Abscissic acid (ABA) is only used for somatic 
embryogenesis and woody species cultivation. 
PH impacts ion absorption as well as gelling agent 
solidification. Before sterilization, the pH of culture 
media should be 5.8. In vitro, pH values of less than 4.5 
or greater than 7.0 significantly stifle growth and 
development. After autoclaving, the pH of culture media 
drops by 0.3 to 0.5 units and continues to change with 
the volume of culture due to oxidation and differential 
drug uptake and secretion by developing tissue. 
 
Advantages of plant tissue Culture 
 
With the ever-increasing market demand for products 
produced from natural matrices, a concern about the 
loss of plant populations, genetic diversity, habitat 
degradation, and even species extinction has arisen 
(Roberto et al., 2011). Tissue culture, a newly created 
propagation method, has had a huge positive impact on 
the agricultural industry (Alkhateeb, 2014). 
     Micropropagation facilitates the building of large 
numbers of plants from small portions of the mother 
plant, allowing for mass replication of exceptional 
clones. Growing plants takes only a few minutes of your 
time during the assembly. Depending on the species in 
production, one ex-plant might easily multiply into 
thousands of plants in a single year. 
Diseases in planting material must be eradicated: 
Another area where plant component culture excels is 
the acquisition, maintenance, and mass propagation of 

certain disease-free plants. The idea of indexing pest-
free plants is quite similar to the idea of employing 
tissue culture as a variety system. Plant tissues that are 
known to be free of illness (viral, bacterial, or fungal) 
are physically selected as tissue culture explants. 
Tissue culture could be a good strategy to avoid or 
eliminate disease, which can wreak havoc on plants.  
     Plant improvement through tissue culture: Tissue 
culture allows for the creation of improved agricultural 
crops that would otherwise be impossible to achieve 
through traditional plant breeding procedures. 
     True to Type production: a large number of faithful 
the sort plants can be propagated in a short period of 
time and area, and at any time of year. For example, 
instead of propagating 10 to 15 plants by current ways, 
it will be possible to propagate two to four lakhs of 
tissue grown plants from a single bush or rose. 
Furthermore, tissue culture takes roughly two to four 
months to provide healthy planting material, whereas 
the newest form of plant propagation takes at least six 
to eight months for many species. 
Increased Branching and Flowering, Greater Vigour, 
and Better Yield: Tissue Culture Plants may have 
increased branching and flowering, greater vigour, and 
better yield, owing to the possibility of disease 
eradication. 
     Efficient approach for conserving space and energy: 
the strategy conserves the farmer's space and energy. 
For example, in a traditional approach, plants are grown 
in an open farm, which requires roughly 25,000 m of 
space, however in a tissue culture laboratory, the same 
number of plants require only 10 m of space. 
Flexible method: nurseries' adaptability is frequently 
increased. It will be easier to adjust to changing 
conditions because the capital investment in the mother 
plant has been lowered to nearly zero. Furthermore, 
because of the improved plant homogeneity and hence 
the availability within the bulk at any moment, a 
significantly better production schedule is possible.  
New variety development: Tissue culture is frequently 
used to develop new varieties. 
 
Tissue culture and its disadvantages 
 
It is prohibitively expensive, with a labor cost of up to 
70%. After micropropagation, a monoculture is formed, 
resulting in a lack of overall disease resistance because 
all progeny plants may be susceptible to the same 
illnesses. A plant sample that has been infected can 
produce infected offspring. This is rare if the stock 
plants are thoroughly checked and vetted to avoid 
growing virus or fungus-infected plants. Not all plants 
can be effectively tissue grown, owing to a lack of 
knowledge about the best growing medium or the 
plants' production of secondary metabolic substances 
that stunt or kill the explant (Sharma, 2016). Infection- 
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related losses; possibility for off-types/spontaneous 
mutations (Consultant, 2019). Somaclonal variation: any 
variation that happens during multiplication may go 
unnoticed and species/ genotype recalcitrance many 
tree species, such as mango, do not respond to in vitro 
growth (Biotechnology, 2007). 
 
Stage of plant part culture 
 
Kane (2005) described five main stages for successful 
micropropagation. 
Stage 0: Donor plant preparation 
In vitro, any plant part is frequently used. To increase 
the chances of success, the mother plant should be ex 
vitro cultivated under ideal conditions in order to reduce 
contamination in the in vitro culture. The phytosanitary 
and physiological characteristics of the donor plant have 
a considerable impact on explant quality and 
subsequent in vitro responsiveness. Because the 
source of explants and their growing under regulated 
conditions that allow active growth and decrease the 
danger of disease and bug contamination, the choosing 
and management of pathogen-tested stock plants is 
critical (Yancheva and Kondakova, 2016). 
 
Stage I: Aseptic Culture Establishment 
 
The goal of this step is to initiate and establish 
pathogen-free, responsive terminal or lateral shoot 
meristem explants in an aseptic manner. Surface-
sterilized shoot apical meristems or meristem tips for 
pathogen eradication, as well as shoot tips from 
terminal or lateral buds, may be found in the initial 
explants derived from the stock plants (Kane, 2005). 
The following elements may have an impact on the 
success of in vitro culture: explantation time, explant 
position on the stem, explant size, and sterilizing 
method using disinfectants and polyphenol oxidation.  
     There is no uniform medium for the establishment of 
all species, (Kane ME, 2005). Because the genotype 
and explant size are highly linked in the combinations of 
growth regulators used in Stage I medium, Plant growth 
regulators (PGRs) are plant hormones or synthetic 
substances that stimulate cellular division and govern 
the expansion and development of explants and 
embryos in culture by stimulating cellular division and 
regulating the expansion and development of shoots 
and roots. Auxins, cytokinin, gibberellins, and abscisic 
acid are the most common PGRs employed. Their kind, 
concentration, and balance within the medium are all 
important elements in the creation of certain organs or 
structures. 
     An explant is surface sterilized and placed in 
nutritive media at this stage. Using a combination of 
bactericide and fungicide treatments is often advised. 
The goods to be used are determined by the type of 

explant to be used. Surface sterilization of explants in 
chemical solutions is an important step in removing 
pollutants while causing the least amount of damage to 
plant cells. Hypochlorite, ethanol, and mercury chloride 
are the most often used disinfectants. The cultures are 
incubated in a growth chamber under light or dark 
conditions, depending on the propagation strategy 
(Hussain et al., 2012) 
 
Stage II: Axillary Shoot Proliferation 
 
Shoot proliferation and multiple shoot production are 
common characteristics. Each explant has grown into a 
cluster of little shoots at this point. Multiple shoots might 
be split into single shoots, clusters, and nodal 
segments, then transplanted to a fresh proliferation 
medium (Hartmann et al., 2002). Stage II axillary shoot 
proliferation can be influenced by the explant type, 
position on the stem, size, and orientation. The length 
of subculture varies depending on the plant species and 
genotype, and hence the same material may be 
subcultured to new medium multiple times to maximize 
the number of shoots produced. The number of possible 
subcultures necessary before starting Stage II cultures 
from the mother block is determined by the species or 
cultivar and its intrinsic ability to maintain appropriate 
multiplication rates with little genetic change. 
     Growth regulator type and concentration selection in 
Stage II is particularly specialized, based on genotype-
specific requirements, shoot multiplication rate, shoot 
length, and genetic variation frequency. Higher cytokinin 
concentrations increase shoot proliferation, although 
developing shoots are usually smaller and should have 
hyperhydricity signs. Exogenous auxins may or may not 
increase cytokinin-induced axillary shoot proliferation, 
depending on the species and genotype. 
 
Stage III: Rooting or Pretransplant 
 
This stage aims to obtain vital shoots with well-
developed stems and leaves, suitable for transfer to ex 
vitro conditions, and includes a variety of developmental 
and physiological features, including elongation of 
Stage II plants, rooting, and pre-hardening to increase 
the percentage of survival cultures in the next stage. 
The roots stage might happen at the same time as the 
explants' multiplication in the same culture material. To 
encourage rooting and thus the establishment of 
vigorous root growth, it may be essential to change 
media, including nutritional modification and 
phytohormone composition (Hussain and Ullah, 2012).  
 
Stage IV: Tissue Culture Plantlets Hardening and 
Acclimatization  
 
This is the final stage, and it necessitates meticulous 



Werkissa et al         208 
 
 
 
plant handling. Gradual transplantation from completely 
controlled environments is recommended. 
Acclimatization refers to the practice of gradually 
preparing plants to survive in field environments. 
Despite their green hue, the plants grown in tissue 
culture do not produce enough food for their own life. 
The humidity inside the culture vessels is also 
exceedingly high, so the cuticle's natural protective 
layer isn't fully established. As a result, plants were kept 
at a high humidity level right after transfer. Plants in the 
green house were given the best possible conditions 
(Sharma, 2016). 
 
Tissue culture's role in plant breeding 
 
Plant component culture, as a developing technology, 
has a significant impact on both agriculture and 
industry, by offering plants to meet the ever-increasing 
global need. In recent years, it has made substantial 
contributions to the advancement of agricultural 
sciences, and it is now an important tool in modern 
agriculture. Tissue culture allows for the creation and 
propagation of disease-free, genetically homogenous 
material. In vitro growth of cells and tissues could be a 
beneficial tool for inducing soma clonal variation. Tissue 
culture-induced genetic diversity could be exploited as a 
source of variety to create novel stable genotypes. For: 
Production of improved crop varieties, Production of 
disease-free plants (virus), Genetic transformation, 
Production of secondary metabolites, Production of 
sorts tolerant to salinity, drought, and warmth stresses, 
Genetic transformation technology relies on technical 
aspects of plant part culture and biology (Hussain and 
Ullah, 2012). 
     Plant tissue approaches can be very useful as a 
supplement to plant breeding and genetic improvement 
efforts. Genetic diversity found in callus tissue and cell 
cultures is frequently due to genetic or epigenetic 
changes, and it is a critical tool for identifying 
somaclonal variants or mutants with specific agronomic 
or industrial traits that will manifest at the cell or plant 
level. A bit of callus or a cell suspension is made up of 
thousands or hundreds of thousands of cells, and they 
are frequently subjected to a selective pressure of 
various stresses in order to identify resistant cells under 
controlled settings. When cultivated in suitable medium, 
the recovered resistant cells may be able to regenerate 
entire resistant plants. It is possible to make plants 
resistant to drought, salinity, and cold, as well as biotic 
stress that impacts agricultural yields, using this method 
(Profile, 2018). 
     The in vitro establishment of cellular totipotency, 
callus differentiation, and vegetative multiplication has 
opened up new horizons in the field of plant sciences. 
Through axillary shoot induction and roots in vitro to 
boost entire plantlets, rapid vegetative replication or 

micropropagation of plants with elite features is 
possible. Other micropropagation processes include 
somatic embryogenesis and organogenesis (callus 
differentiation). Seedlings grown from ripe seeds can 
also be utilized to multiply rare and endangered plant 
species on a large scale. Virus-free plants are 
frequently propagated from virus-infected plants' apical 
meristems. Diploidization of haploid cells, such as 
pollen grains, is a common way to produce homozygous 
plants in a single generation. The development of 
somatic hybrids and cybrids of distantly related plant 
species and genera has been made possible thanks to 
protoplast technology. Protoplasts are also an 
acceptable medium for plant gene splicing, which is 
similar to gene transfer into bacteria.Cell culture may 
also be an essential source of induction and selection of 
cell variations for the creation of new economically 
relevant plant varieties (Dagla, 2019). 
  
 
SUMMARY AND CONCLUSION 
 
Plant tissue culture is now a well-established 
technology that has made important contributions to 
agricultural crop propagation and development. Plant 
propagation in vitro has the potential to be a powerful 
tool in both fundamental and applied biology. The in 
vitro method is increasingly being used in fundamental 
research as a model for extensive studies at the cellular 
and molecular level. 
     Plant tissue culture technique has been widely 
employed to improve major agricultural crops as well as 
endangered native species. Using this unique 
technology, mutation and somatic hybridization are 
used in diverse ways to increase variation in crop 
species. Embryo culture can also aid in the optimization 
of a plant's media nutritional regime, somatotropin 
concentration, and developmental stages. Somatic 
embryogenesis, in vitro mutation, and molecular 
approaches, in addition to traditional breeding 
programs, have been shown to be important tools for 
enhancing the genetics of numerous agricultural plants. 
Plant biologists may be able to use the in vitro mutant 
lines as genetic resources in wheat genomics studies. 
     Plant propagation in vitro has the potential to be a 
powerful tool in both fundamental and applied biology. 
The in vitro method is increasingly being used in 
fundamental research as a model for extensive studies 
at the cellular and molecular level. Plants are an 
excellent resource for the development of new 
therapeutic medicines. A large variety of plants, 
including wild species, have been registered in recent 
years as a valuable source of natural goods for 
pharmacy and medicine. This potential field of plant 
component cultivation technology is advancing at a 
rapid pace. Current and  future  research efforts  should  



209        Int. Res. Plant Crop Sci. 
 
 
 
prioritize the discovery of new plant-derived compounds 
and the development of new extraction techniques. 
Plant part culture's role in secondary metabolite 
production has been changed thanks to the adoption of 
transgenic crown gall cultures. They have unique 
genetic and biosynthetic stability, as well as rapid 
growth and simpler upkeep. Recent breakthroughs in 
plant cell culture biology, enzymology, and gene 
splicing imply that these systems will become a viable 
source of key secondary metabolites, and that the 
resulting transgenic plants will be able to contribute to 
maintaining steady levels of protein production. 
     Cryopreservation of genetic resources technologies 
have a lot of potential and are rapidly evolving around 
the world. Deepening study in this field may be a 
difficult task, but it is also a significant duty to future 
generations. In terms of application, in vitro propagation 
is a highly developed and marketed field all over the 
world. Many laboratories generate a large number of 
plants each year, mostly vegetatively propagated plants 
such as flowers, ornamentals, fruit trees, grapes, and 
rootstocks.  
     Producers face challenges as a result of the 
emergence of novel in vitro procedures that reduce the 
value of production per plant by utilizing low-cost tissue 
culture and ex vitro rooting and acclimation. 
One of the most essential aspects of applied 
biotechnology is tissue culture. The world's population 
will continue to grow in the future decades, requiring 
more lodging space and agricultural lands. Global 
climate change is also a factor to consider. Keeping this 
in mind, we must provide a peaceful, healthy, and 
hunger-free environment for our children and 
grandchildren. There is no alternative to plant part 
cultivation for this. 
 
 
REFERENCES 
 
Article R, Kumar A, Sharma S (2019). ‘Plant Tissue Culture 

Technology to Improve Crop Species A Comprehensive 
Approach’, 3(2), pp. 76–80. 

Biotechnology, P. (2007) ‘Introduction to Plant 
Biotechnology’, pp. 1–42. 

Brown DCW  Thorpe TA (1995) ‘Crop improvement 
through tissue culture’, II, pp. 409–415. 

Chaleff RS (1983). Isolation of agronomically useful 
mutants from plant cell cultures. Science 219, 676-82. 

Collin HA. 2001. Secondary product formation in plant 
tissue cultures. Plant Growth Regul. 34, 119-134. 

Collins GB,  Grosser JW (1984). Culture of embryos. In 
'Cell Culture and Somatic Cell Genetics of Plants'. (Ed. I. 
K. Vasil.) Vol. 1, pp. 241-57. (Academic Press: Orlando.) 

Consultant MHH (2019) ‘Plant Tissue Culture 2019 
Medicinal Cannabis Conference My back ground’, 
(March), pp. 1–25. 

 
Damiano D, Faedi W,  Cobianchi D (1983). Nursery runner 

plant production, fruiting and behaviour of 
micropropagated strawberry plants. ActaHorticulturae 
131, 193-9. 

De Filippis LF (2014). Crop improvement through tissue 
culture. In Improvement of crops in the era of climatic 
changes (pp. 289-346). Springer, New York, NY. 

Division E (2010) ‘Current status and options for crop 
biotechnologies in developing countries’, (January), pp. 
1–65. 

Gaikwad AV, Singh SK, Gilhotra R (2017). Plant tissue 
culture-A review. SGVU J. Pharmacy. Res. Edu, 2(1), 
pp.217-220. 

Hartmann HT, Kester DE, Davies FT Jr, Geneve RL (2002) 
Plant propagation: principles and practices, 7th edn. 
Prentice-Hall, Englewood Cliffs 

Horticultural M., Box, P. O. and Box, P. O. (1990) ‘Current 
Applications of Tissue Culture in Plant Propagation and 
Improvement’. 

Hussain A, Qarshi IA, Nazir H, Ullah I (2012). Plant tissue 
culture: current status and opportunities. Recent 
advances in plant in vitro culture, pp.1-28. 

Hussain A, Ullah I (2012) ‘Plant Tissue Culture : Current 
Status and Opportunities Plant Tissue Culture : Current 
Status and Opportunities’, (October). doi: 
10.5772/50568. 

Hussey G (1983). In vitro propagation of horticultural and 
agricultural crops. In 'Plant Biotechnology'. (Eds S. H. 
Mantel1 and H. Smith.) pp. 111-38. (Cambridge 
University Press: Cambridge.) 

Kane ME (2005). Shoot culture procedures. In: Trigiano 
RN, Gray DJ (eds) Plant development and 
biotechnology. CRC Press, Boca Raton/London/New 
York/Washington, DC 

Karnosky DF (1981). Potential for forest tree improvement 
via tissue culture. BioScience 31, 114-20. 

Kartha KK (1985). 'Cryopreservation of Plant Cells and 
Organs.' (CRC Press Inc.: Boca Raton.) 

Kimber G, Riley R (1963). Haploid angiosperms. Botanical 
Review 29, 480-531. 

Kintzios S (2008). Secondary metabolite production from 
plant cell cultures: the success stories of rosmarinic acid 
and taxol. In: Bioactive Molecules and Medicinal Plants, 
Ramawat KG, Mérillon JM (eds.), Chapter 4, DOI: 
10.1007 / 978-3-540-74603-4_4. 

Kolewe ME, Gaurav V, Roberts SC (2008). 
Pharmaceutically active natural product synthesis and 
supply via plant cell culture technology. Mol. Pharm. 5, 
243-256. 

Kurtz S, Hartmann RD, Chu IYE (1991) Current methods of 
commercial micropropagation. In: Vasil IK (ed) Scale-up 
and automation in plant propagation, vol 8, Cell culture 
and somatic cell genetics of plants. Academic, San 
Diego 

Larkin PJ,  Scowcroft WR (1981). Somaclonal variation-a 
novel source of variability from cell culture for plant  



Werkissa et al         210 
 
 
 

improvement. Theoretical and Applied Genetics 60, 197-
214. 

Loyola-Vargas VM, Ochoa-Alejo N (2018). An introduction 
to plant tissue culture: advances and perspectives. Plant 
cell culture protocols, pp.3-13. 

Maheshwari SC, Tyagi AK, Malhotra K,  Sopory SK  
(1980). Induction of haploidy from pollen grains in 
angiosperms-the current status. Theoretical and Applied 
Genetics 58, 193-206. 

Morel GM (1960). Producing virus-free cymbidiums. 
American Orchid Society Bulletin 29, 495-7. 

Morrish F, Vasil V, Vasil IK (1987). Developmental 
morphogenesis and genetic manipulation in tissue and 
cell cultures of Gramineae. Advances in Genetics 24, 
431-99. 

Murashige T, Skoog F (1962) A revised medium for rapid 
growth and bioassays with tobacco tissue cultures. 
Physiol Plant 15:473–497 

Ng TJ (1986). Use of tissue culture for micropropagation of 
vegetable crops. In 'Tissue Culture as a Plant Production 
System for Horticultural Crops'. (Eds R. H. Zimmerman, 
R. J. Griesbach, F. A. Hammerschlag and R. H. 
Lawson.) pp. 259-70. (Martinus Nijhoff: The 
Netherlands.) 

Peter CH, Howard T, Ernst T (2005). Bringing medicinal 
plants into cultivation: opportunities and challenges for 
biotechnology. Trends Biotechnol. 23, 180-185. 

Profile SEE (2018) ‘Chapter 1 An Introduction to Plant 
Tissue Culture : Advances’, (July), pp. 2–13. doi: 
10.1007/978-1-4939-8594-4. 

Quak F (1977). Meristem culture and virus-free plants. In 
'Applied and Fundamental Aspects of Plant Cell, Tissue 
and Organ Culture'. (Eds J. Reinert and Y. P. S. Bajaj.) 
pp. 598-615. (Springer- Verlag: Berlin.) 

Roberto T, Francesca M (2011). Sustainable sourcing of 
natural food ingredients by plant cell cultures. Agro Food 
Ind. Hi Tech. 22, 26-28. 

Roberts JA, (2012). Plant growth regulators. Springer 
Science & Business Media, 

Rose RJ, Thomas MR,  Fitter JT (1990). The transfer of 
cytoplasmic and nuclear genomes by somatic 
hybridisation. Australian Journal of Plant Physiology 17, 
303-21. 

Sharma GK,  Jagetiya S, Dashora R. (2015). General 
Techniques of plant tissue culture. 

Shepard JF, Bidney D, Barsby T, Kemble R (1983). 
Genetic transfer in plants through interspecific protoplast 
fusion. Science 219, 683-8. 

Shuro AR (2018). ‘Review Paper on the Role of Somatic 
Hybridization in Crop Improvement’, 4(9), pp. 1–8. 

Tilton VR, Russell H (1984). Applications in in vitro 
pollination/fertilization technology. Bio Science 34, 239-
42. 

Tissue P, Terminology C  (2003) ‘Phyto Technology 
Laboratories , Inc .’, pp. 0–2. 

Wilkins CP,  Dodds JH (1983). The application of tissue 
culture to plant genetic conservation. Science Progress, 
Oxford 68, 259-84. 

Yancheva S, Kondakova V (2016) ‘Plant Tissue Culture 
Technology : Present and Future Development’. doi: 
10.1007/978-3-319-32004-5. 

Yancheva S, Kondakova V (2018) ‘Plant Tissue Culture 
Technology: Present and Future Development’, pp. 39–
63. doi: 10.1007/978-3-319-54600-1. 

Zhu Z, Wu H (1979). In vitro production of haploid plantlets 
from the unpollinated ovaries of Triticumaestivum and 
Nicotianatabacum. Acta Academia Sinica 6, 181-3.

 


