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ABSTRACT 

Tomato (Solanum lycopersicum L.) is one of the most important vegetable crops in the world. Its 

production is low because of many production constraints like biotic and abiotic stresses. The use of 

hybrid varieties is a great option to increase its production. The hybrid seeds of tomato are being 

produced by hand emasculation and hand pollination to get F1 seeds, which is the major method used 

in tomato breeding. However this method is slow, time consuming, labor intensive and need more 

space. Using F2 seed also leads to lack of uniformity as a result of segregation. Therefore mass 

propagation using tissue culture could help to solve these problems. The objective of this study was to 

optimize an optimum micropropagation protocol for Valouro, Uwezo and Shelter hybrid tomato 

varieties using shoot tip culture. Three successive experiments: shoot initiation; shoot multiplication 

and root inductions were conducted at Jimma Agricultural Research Center plant tissue culture 

laboratory. Different concentrations of BAP (0.0, 0.25, 0.5, 0.75, 1.0 and 1.25 mg/l) and (0.0, 0.5, 1.0, 

1.5, 2.0, 2.5 and 3 mg/l) were used for shoot initiation and shoot multiplication, respectively. While 

different concentrations of IBA (0.0, 0.25, 0.5, 0.75, 1.0, 1.25 and 1.5 mg/l) were used for root 

induction. The three separate experiments were laid out as factorial arranged in completely 

randomized design. The result of shoot initiation showed that the interaction of BAP*Varieties highly 

significantly (P<0.01) influenced days to shoot initiation. The early days for shoot initiation took 5, 

6.4 and 5.2 days for Valouro, Uwezo, and Shelter varieties, respectively on hormone free MS medium. 

Highest percentage of shoot initiation (92%) was also recorded from hormone free MS medium for all 

the three varieties. The lowest percentage of shoot initiation was recorded from higher concentration 

of BAP (1.25 mg/l). Hormone free MS medium was optimum for days of shoot initiation and 

percentage of shoot initiation. In multiplication experiment, all parameters: number of shoots per 

explant, average shoot length and number of leaves per shoot, showed highly significant difference 

(P<0.01). The maximum numbers of shoots (5, 4.3 and 4) were recorded from MS medium augmented 

with 2mg/l BAP for Valouro and Uwezo varieties and 1.5mg/l for Shelter variety.  While the lowest 

shoot numbers was obtained from hormone free MS medium. The highest shoot length (5.8, 5.3 and 5 

cm) was obtained from 0.5 mg/l BAP, whereas the lowest shoot length (2.69, 2.81 and 3.04 cm) was 

recorded from 3 mg/l BAP. The maximum number of leaves/shoot was recorded on MS medium 

supplemented with 1.5 mg/l BAP for Valouro (4 leaves), Uwezo (3.6 leaves) and Shelter (3.4 leaves) 

varieties. In rooting experiment the interaction effect of IBA*Variety showed highly significant 

difference for days to rooting, number of roots and root length (P<0.01). Rooting percentage also 

showed a significant (P<0.05) difference. Early root induction (5 days for Valouro and Shelter and 

7.67 days for Uwezo) was recorded on hormone free media. Maximum number of roots (15.36, 13.06 

and 18.26), highest root length (5.92cm, 5.5cm and 6.55cm) were observed at 0.5 mg/l IBA for 

Valouro, Uwezo and Shelter varieties. Maximum percentage of rooting (100%) was recorded from 

IBA concentration ranging from 0.0-0.5 mg/l but the minimum was observed from higher level of IBA. 

Well rooted shoots were transferred to green-house and the survival percentage were 81.13%, 73.58% 

and 69.8% for Valouro, Uwezo and Shelter varieties, respectively. In conclusion, hormone free MS 

medium is found to be optimum for shoot initiation in all the three varieties. For shoot multiplication 

2.0 mg/l BAP was optimum for Valouro and Uwezo varieties and 1.5 mg/l BAP for Shelter variety. In 

rooting experiment, half strength MS medium augmented with 0.5 mg/l IBA was optimum for number 

of roots and root length while for days to rooting and percentage of rooting half strength MS medium 

without IBA was optimum in all the three varieties. Since this study focused only on the effect of BAP 

hormone alone for shoot multiplication, further research is suggested to be done on multiplication 

performance by using other combination of hormones and by taking other explant sources. 

 Key words:  BAP, IBA, Micropropagation, Uwezo, Shelter, Valouro  
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1. INTRODUCTION 

Tomato (Solanum lycopersicum L.) is one of the most important vegetable crops grown 

throughout the world (Devi et al., 2008). It is considered as the second most popular and 

highly nutritive vegetable crop after potato (Mamidala and Nanna 2011). It is a 

dicotyledonous plant that belongs to the family Solanaceae and genus Solanum (Kalloo, 

1991). Tomato is a model species for introduction of agronomically important genes into 

dicotyledonous crop plants (Wing et al., 1994). It is a diploid with 2n=2x=24 chromosomes 

(Banks, 1984). Tomato is a perennial plant naturally, due to its economic and commercial 

importance; it is cultivated as an annual crop (Kalloo, 2012). 

Tomato originated in the western coastal plain of South America in the area extending from 

Ecuador to Chile (Jenkins, 1948.) Nowadays, it grows almost in every country of the world 

(Jehan and Hassanein, 2013). The five leading tomato producing countries in the world are 

China, India, United States, Turkey and Egypt. The total area under tomato cultivation in the 

world, Africa and Ethiopia is about, 4.78 million ha, 1.27 million ha and 5,235.19 ha with an 

average yield of 37.09, 15.59 and 5.31 t ha
-1

 respectively (FAO STAT, 2016; CSA, 2018).  

Tomato is an important crop worldwide for fresh market or processing. It provides important 

nutrients like lycopene, betacarotene, flavonoids and vitamins (Gerszberg et al., 2015). 

Medicinally, it is used as mild aperients, blood purifier, cholagogues, digestives and 

production of oral vaccines (Indrani et al., 2013). In addition, tomato is rich in vitamins A and 

C which is a remedy to night blindness, energy values, iron and dietary fiber (Goode, 1989). 

Also tomato is known as a health stimulating vegetable because of the antioxidant properties 

of its main compounds. A group of biochemical in red tomatoes is found to have an 

antioxidant property which reduces several cancers and heart diseases (Rick, 1980; 

Giovannucci, 1999). It has also great potential for transgenic applications; creation of a new 

anthocyanin enriched food for cancer prevention and as model for functional genomics, 

proteomics and metabolomics to improve abiotic and biotic stress tolerance (Khuong et al., 

2013). 

In Ethiopia tomato is one of the most important and widely grown vegetable crops, both 

during the rainy and dry seasons for its fruit by smallholder farmers, commercial state and 
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private farms (Gemechis and Emana, 2012). The total production of tomato in the country has 

shown a marked increase since it became the most profitable crop providing a higher income 

to small scale farmers compared to other vegetable crops. However, average yield of tomato 

in Ethiopia is low, ranging from 6.5-24 metric ton/ha (Gemechis et al., 2012). The major 

constraints of tomato production in Ethiopia are shortage of adaptable hybrid varieties, poor 

quality seeds, disease and insect pests, high post-harvest loss and poor marketing systems are 

prominent factors to affect the productivity of tomato (Debela et al., 2016). The use of hybrid 

variety is a great option to increase the yield of tomato. But biotic and abiotic factors cause 

decline in yield of tomato as well as decrease hybrid seed recovery from the field. The hybrid 

seeds of tomato are being produced by hand emasculation and hand pollination to get F1 

seeds, is the major method used in tomato breeding (Cheema and Dhaliwal 2005). This 

method is time consuming and need large number of skilled labor. Consequently, using F2 

seed leads to lack of genetically true to type as a result of segregation (Georgiev, 1991). 

Additionally, the demand for vegetable seeds in Ethiopia is increasing with the expansion of 

irrigation infrastructures in recent years. But, the hybrid seeds traded and grown in Ethiopia 

are imported from other countries (Kahsay, 2016). All the above mentioned factors contribute 

to increased cost of hybrid seeds, which can be as high as $104/g (Bhatia, 2003). Therefore, 

propagation by tissue culture technique could provide a best alternative to the traditional 

methods of tomato propagation. 

Plant tissue culture is one of important technique of biotechnology because it permits the 

production of large number of genetically identical plants on a massive scale and disease free 

planting materials in short period of time (Tileye et al., 2005). In addition, rapid 

multiplication rate of plants that are difficult to propagate conventionally can be easily 

achieved through in vitro culture (Ribeiro and Carneiro, 1989). During the last two decades 

many biotechnological approaches were focused on tomato crop improvement (Mandal and 

Sheeja, 2003). Several researchers have reported about adventitious regeneration in tomato 

deal with induction of shoots on hypocotyls, apical meristem, cotyledons, stems petioles, 

leaves, anthers and inflorescences explants (Moghaleb et al., 1999). In tomato, it has been 

used for selection of cell lines for biotic and abiotic stresses (Rahman and Kaul, 1989), 

development of haploids (Shtereva et al., 1998), production of somatic hybrids (Wijbrandi et 

al., 1988), mass propagation (Izadpanah and Khosh-Khui, 1989) and development of 
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transgenic tomato (Kiran, 2007). Different biotechnological applications of in vitro culture 

have been used in tomato. The applications aimed at improving production and tolerating pest 

and diseases (Moghaieb et al., 2004), as well as genetic transformation (Ling et al, 1998). 

Plant production via tissue culture is advantageous over traditional propagation methods 

because it leads to the production of disease and virus free plants.  

Even though there are many research reported on tomato micropropagation using shoot tip 

culture, plants could display great variation under in vitro conditions in terms of shoot 

regeneration, shoot proliferation and root induction because of several factors such as 

genotype, explant type, culture media composition, plant growth regulators (PGRs) and 

culture condition (Bhatia, 2003). There are more than 3000 species of tomato in the world and 

each and every variety should have a micropropagation protocol. So, the establishment of one 

universal protocol for in vitro growth of all tomato varieties is difficult because the 

morphogenic response of tomato varieties is different (Gerszberg and Hnatuszko-Konka, 

2015). Therefore this research aimed at addressing this gap and was conducted with the 

following objectives:  

General objective: 

 To develop an optimum protocol for micropropagation of selected hybrid tomato 

varieties using shoot tip culture. 

 

Specific objectives: 

 To determine the optimum concentration of BAP for shoot initiation. 

 To determine the optimum concentration of BAP for shoot multiplication. 

 To determine the optimum concentration of IBA for root induction. 

 To investigate the survival percentage of acclimatized plantlets on different soil 

composition 
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2. LITERATURE REVIEW  

2.1. Description and Importance of Tomato  

Tomato belongs to the Solanaceae family, which contains more than 3,000 species, including 

plants of economic importance such as potatoes, eggplants, tobacco, petunias and peppers 

(Bai and Lindhout 2007). Linnaeus placed the tomato in the Solanum genus (alongside with 

potato) under the specific name Solanum lycopersicum. Tomato is herbaceous plant with a 

hairy, vine, weak and trailing stems that often require staking. It can grow up to 3 meters 

above the surface of the ground. The leaves of tomato are 10 to 30 cm long and unevenly 

imparipinnate compound with variously indented or lobed margins (Tindall, 1983). Both the 

stems and the leaves are slightly rough and fuzzy. The inflorescence of tomato contains small 

yellow flowers, each with five pointed lobes on the corolla. The tomato fruit is a fleshy berry, 

green when unripe and becomes deep red and shiny when ripe. The cultivars differ in fruit 

size, shape and color. 

Tomato cultivars can also be distinguished on the basis of the indeterminate or determinate 

growing habit. Cultivars for processing purposes are determinate growing and plants have a 

compact growth habit with grouped fruits ripening at a single moment, which are suitable for 

a mechanical harvest. In addition, fruits for processing should have certain characteristics that 

are related to processing quality, such as high viscosity, dry extract, pH value and high value 

of total soluble acids. Indeterminate growth habit is typical of fresh market cultivars in a 

greenhouse. Important characteristics for fresh market cultivars are, for example, long shelf-

life, external quality of fruits (like shape and color) and internal quality fruits (like flavor, 

sweetness, and juiciness) (Fentik, 2017). 

Tomato is one of the most common, highly nutritive, and commercially important 

horticultural crop worldwide (Dorais et al., 2001). It is a good source of vitamins, minerals 

and other biologically active compounds, such as lycopene, a powerful antioxidant.  Lycopene 

has been reported to protect our body from free radicals (Gerster, 1997). The most important 

antioxidants in tomatoes are carotenes (Clinton, 1998). Tomato contains approximately 20 to 

50 mg of lycopene/100 g of fruit weight (Kalloo, 1991) and its content varies significantly 
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depending on ripening, variety and environment (Brandt et al., 2006). Tomato has been 

widely used not only as food, but also as research material (Kimura and Sinha, 2008). 

2.2. Origin and Distribution of Tomato 

Tomato is originally from Central and South America (Jenkins, 1948) and was brought to 

Europe by Christopher Columbus on his second voyage in 1498. The crop is probably from 

Peru Ecuador area and it was distributed to many parts of tropical America as a weed, but 

become domesticated first in Mexico (Tindall, 1993). Tomato arrived in Africa through 

Portuguese traders and was brought across the continent from Egypt and then Sudan (Tindall, 

1986). The wild cherry tomato species transported to Mexico, where it has been grown and 

consumed (Sink and Reynolds, 1986). It was accessed to Europe by the Spanish conquistadors 

in the 16
th

 century and later distributed to southern and eastern Asia, Africa and the Middle 

East. Nowadays, it grows widely in China, USA, Turkey, Russia, Egypt, India, Spain, Mexico 

and many other countries of the world.  It is growing in tropical, sub-tropical and temperate 

areas of the world (Atherton and Rudich, 1986).  

The introduction of cultivated tomato into Ethiopian agriculture dates back to the period 

between 1935 and 1940. The Ethiopian Institute of Agricultural Research (EIAR) was 

established in 1966 during which tomato was recognized as a commodity crop. The first 

record of commercial tomato cultivation is from 1980 with a production area of 80 ha in the 

upper Awash by Merti Agro-industry for both domestic as well as export markets. The total 

area increased to 833 ha by the year 1993 and later on the cultivation spread towards other 

parts of the country. Since 1994 up to present, tomato acreage increased to 5338 ha with a 

total production of 55,635 MT (CSA, 2011). Currently tomato is one of the regional export 

crops of the country. 

2.3. Production Status of Tomato in Ethiopia 

Tomato accounts for about 10% of the total cost of production depending on the enterprise. 

Two major processing methods of tomato which yield a variety of products are the drying 

(dehydration) and wet milling. Tomato is one of the major vegetable crops produced in 

Ethiopia, being highly perishable in nature; it has a limited shelf life. It creates glut during it 
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short production season and become very scarce and expensive during it off season, its short 

life and inadequate processing and preservation leads to loss of revenue to the farmers 

(Adegbola et al., 2012). Ethiopia has a comparative advantage in a number of horticultural 

commodities due to its favorable climate, proximity to European and Middle Eastern markets 

and cheap labor. However, the production of horticultural crops is much less developed than 

the production of Food grains in the country. On average more than 2,399,566 tons of 

vegetables and fruits are produced by public and private commercial farms, this is estimated 

to be less than 2% of the total crop production (Abdu, 2016). In Ethiopia, the demand of 

commercial hybrid vegetables seed has been rapidly increased. After adaptation and 

verification, more than 90 hybrid vegetable have been approved and registered for production 

in Ethiopia. Tomato takes the highest share of commercial vegetables. About 20 commercial 

hybrid tomato varieties have verified and under production in Ethiopia (MARDPR, 2016). 

Smallholders have grown tomato for long time for their livelihood needs since the start of its 

commercialization. However, the average yield of tomato in Ethiopia is low, 8 ton ha-1 

compared with world average yields of 34 ton ha-1 (FAOSTAT, 2012). This may be related to 

limited access and use of improved commercial tomato varieties and poor production 

management. 

The total production of tomato in Ethiopia has shown a marked increase, indicating that it has 

become the most profitable crop providing a higher income to smallholder farmers compared 

to other vegetable crops. However, average yield of tomato in Ethiopia is low, ranging from 

6.5-24 metric ton/ha (Gemechis et al., 2012) as compared with average yields of 51, 41, 36 

and 34 metric ton/ha in America, Europe, Asia and the entire world, respectively (FAOSTAT, 

2010). Currently tomato is planted in 5,235.19 ha of land in Ethiopia and produced 27,774.54 

ton; with the productivity of about 5.31 t ha
-1

 (CSA, 2018). The highest production of tomato 

in Ethiopia was observed in 2016. However, production of tomato was decreased 

unexpectedly in 2017 and 2018 (Figure. 1). 
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Figure 1. Tomato production trend in Ethiopia from 2014-2018 (CSA, 2014-2018). 

2.4. Conventional Propagation of Tomato 

Tomato can be propagated through sexual and asexual. Sexual means of propagation is plants 

propagated through seeds which are obtained by the combination of pollen and egg which 

come from the two parents. Asexual means of propagation are plants propagated through 

grafting and cutting (Kubota et al., 2001; Bhatia, 2003; Lee and Oda, 2003).  

Conventionally, tomatoes are propagated through seeds. Conventional breeding techniques 

were attempted to develop agronomically important properties of tomato, but it was not 

successful. Because conventional breeding technique needs longer time, extending from seven 

to eight years, this includes crossing and selection of desirable traits. Vegetative methods of 

propagation are not well developed in tomato for commercial purposes (Kubota et al., 2001). 

However, vegetative propagation of tomato using single node cuttings as propagules have 

been used for commercial production of genetically superior cultivars having heterozygous 

genotypes (Soressi et al., 2007). However, the difficulty of environmental control in the 

greenhouse often results in underproduction of transplants is major problem in productivity of 

tomato.  

Traditional improvement methods are time consuming and troublesome due to the time of 

breeding, and there is a problem with the choice of criteria appropriate for breeding purposes. 
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Conventional vegetative multiplication of tomato has been several negative impacts, including 

transmission of diseases and lack of genetic uniformity (Georgiev, 1991). 

2.5. In vitro Propagation of Tomato 

Plant tissue culture is the growing of plant cells, tissues or organs isolated from the mother 

plant on synthetic media under aseptic and controlled environmental condition. It is an 

important technique in basic and applied biological sciences as well as in commercial 

applications (Sarker et al., 2015). The most popular use of plant tissue culture is 

micropropagation, which is an alternative way for vegetative propagation of plants. It has 

been used for producing a large number of plantlets from a small piece of mother plant within 

a short period of time and a limited space (Kumar and Reddy, 2011). It becomes an important 

part of commercial propagation of plants because of its advantages as a multiplication system 

for many plant species (Debergh, 1987). Thus, the establishment of simple and efficient 

regeneration systems is a fundamental prerequisite of taking advantage of cell and tissue 

culture for genetic improvement (genetically transformed plants for commercial applications). 

The in vitro culture of the tomato has been successfully used in different biotechnological 

application including the clonal propagation of high value commercial cultivars, virus-free 

plants, and genetic transformation (Hanus-Fajerska 2005; Li et al, 2011; Yarra et al, 2012; 

Namitha and Negi 2013). 

Tomato shoot regeneration was first reported in cell cultures by Norton and Boll in 1954. 

Ulrich and Mackinney (1969) recognized in early studies that the genotypes respond 

differently to various levels of nutrients and growth stimulators or inhibitors in the medium. 

For tomato regeneration, a wide variety of plant growth regulators have been used with 

varying concentrations. Many cytokinin and auxin combinations could induce shoot 

proliferation in tomato from different source of explants. Jatoi et al. (2001) found that 6-

benzylaminopurine (BAP) + indole-3-acetic acid (IAA) are the best for callus induction from 

shoot tips and also found that kinetin (Kin)+IAA are the best for regeneration of shoots from 

callus. Gubis et al. (2004) studied the effect of different growth regulators and plant 

regeneration of tomato explants. They found that the best regeneration medium was the 
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Murashige and Skoog (MS) medium supplemented with 1 mg/l of Zeatin and 0.1 mg/l IAA 

and 100% frequency of regeneration was observed when hypocotyl explants were used.  

Chaudhry et al. (2004) reported that callus formation from hypocotyl is best when gotten from 

leaf discs in 2 mg/l IAA + 2 mg/l BAP or 2 mg/l naphthalene acetic acid (NAA) + 4 mg Kin 

and the maximum percentage of shoot formation on the MS medium supplemented with 2 

mg/l IAA+5 mg/l BAP or 2 mg/l +4 mg/l Kin. These authors reported that hypocotyl is the 

best explant source for callus formation and regeneration. 

Rashid and Bal (2010) studied the effect of hormones on direct shoot regeneration in 

hypocotyl explants of two genotypes of tomato (Punjab Upma and IPA-3), the explants were 

cultured on MS medium supplemented with 0.5 mg/l Kinetin and 0.5 mg/l BAP. Shoot 

regeneration percentage in ‘Punjab Upma’ and ‘IPA-3’ the percentage was recorded to be 

highest (86.02) and (82.57) respectively. 

2.5.1. Effect of MS medium on in vitro propagation of tomato 

The success of plant tissue culture as a means of plant propagation is greatly influenced by the 

nature of the culture medium used (George et al., 2008). Optimal growth and morphogenesis 

of tissues vary according to their nutritional requirements. Tissues from different parts of 

plants may also have different requirements (Murashige and Skoog, 1962). The principal 

components of most tissue culture media are inorganic nutrients (macro and micro), organic 

nutrients (vitamins and amino acids), carbon source, PGRs and gelling agents. Murashige and 

Skoog (MS) medium is the most preferable media for tomato regeneration, shoot proliferation 

and root induction. It consisting of macro salts, micro salts, vitamins and iron sources (Ellul et 

al., 2003). The purpose of a culture medium is to provide optimum conditions for the growth 

of explants. These conditions are determined by physical factors like light and temperature 

and chemical factors such as PGRs, salt, sugars and vitamins. Each species, variety or even 

ex-plant from different parts of the same plant may have different requirement for optimum 

growth. 
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The sucrose concentration of 30 g/l was found to be optimal for tomato explants compared to 

5, 10, or 20 g/l (Gubis et al. 2004). Hussey (1971) also reported the highest growth rate of 

tomato on sucrose concentrations ranging from 1-4%. In addition, there are other types of 

carbon sources, which have been used in tomato tissue cultures such as glucose, fructose, 

maltose, galactose, mannose, sorbitol and lactose which have an important role in supporting 

good growth (Fowler, 2000). El-Bakry (2002) used four different carbon sources (sucrose, 

fructose, maltose and glucose) and recorded a significantly different number of shoots from 

three tomato cultivars. 

2.5.2. Effect of explant type and source on callus induction and regeneration 

Different types of explants of tomato have been used by different researchers, which include       

hypocotyl, leaf, shoot tips, stem, cotyledon, pedicel and inflorescence. Though almost all the 

explants used are amenable to regeneration, cotyledon and hypocotyl explants are the most 

and widely used explants (Pampanna, 2009). Most genotypes of tomato respond differently to 

plant growth regulators (PGRs) during regeneration (Kurtz and Lineberger, 1983). Variations 

in quantity and type of PGRs influence both the percentage of explants responding, and the 

number of shoots produced by an explant (Plastira and Perdikaris, 1996). 

Improvement of the adventitious shoot regeneration system using tissue culture methods for 

tomato plants is still important due to the diverse morphogenic potential of the different 

genotypes. Scientists have used different types of explant, but it should be emphasized that 

the type of explants determines not only the frequency of the explants’ organogenesis but also 

determines the number of shoots produced per explant (Bahurpe et al, 2013; Jehan and 

Hassanein 2013). Namitha and Negi (2013) demonstrated that the efficiency of shoot 

regeneration ability followed the order hypocotyls > cotyledon > leaf. In earlier studies, 

Mamidala and Nanna (2011) reported that a cotyledon explants showed organogenesis 

superiority over hypocotyls and leaf explants. 

According to Chaudry et al. (2010) the higher regeneration potential of hypocotyls was 

observed than of leaf explants. On the other hand, Harish et al. (2010) reported that shoot 

formation efficiency was greatest in the order: hypocotyls > leaf > stem. Moreover, they 

noticed significant differences in regeneration capacity between genotypes in terms of 

https://link.springer.com/article/10.1007/s11240-014-0664-4#CR12
https://link.springer.com/article/10.1007/s11240-014-0664-4#CR79
https://link.springer.com/article/10.1007/s11240-014-0664-4#CR115
https://link.springer.com/article/10.1007/s11240-014-0664-4#CR104
https://link.springer.com/article/10.1007/s11240-014-0664-4#CR26
https://link.springer.com/article/10.1007/s11240-014-0664-4#CR67


 

11 

 

regeneration process, duration as well as the number and size of the regenerated shoots. The 

difference in the regeneration capacity of different explants may be due to the level of 

endogenous hormones present in the explants used for the culture (Tileye et al., 2005).  

Choice of appropriate explant is an important determinant in tissue culture responses along 

with the age of the seedling and nature of explants as they can strictly affect callus induction 

and regeneration (Takashina et al., 1998). Hypocotyls and cotyledons of 10-12 day old tomato 

in vitro seedlings were used as explant sources. The younger plants in general responded 

better than the older ones which is evident from the use of six days old in vitro seedlings of 

tomato for callogenesis and organogenesis responses (Hu and Philips, 2001; Moghaieb et al., 

2004). In this experiment best callus induction response was observed for hypocotyl explant 

which is almost similar to many of the previous studies where hypocotyls explants have been 

reported to be superior to cotyledon explants in different tomato cultivars (Osman et al., 2010; 

Yasmeen, 2009). 

The age of explant influences the success of tissue culture as it is known to influence the 

regeneration capability of the explant. Previous studies demonstrated that explants of tomato 

obtained from 8 to 10 days old seedlings were superior for promoting shoot organogenesis 

(Hamza and Chupeau, 1993; Ling et al., 1998; Gubis et al., 2004; El-Heba et al., 2008). This 

indicates young and soft tissues are generally more amenable to in vitro culture compared to 

old and woody tissues. However, Dai et al. (1988) reported that the regenerative capacity of 

tomato increased with an increase in the age of the explant. They have investigated the effect 

of seedling age of hypocotyl and cotyledon explants on shoot and root regeneration of tomato. 

They found that the regeneration increased up to seedlings of age 30 days. However, 

regeneration capacity declined sharply at age of 40 days. They also stated that the explants 

from seedlings younger than 20 days initiated calluses, some of which developed shoots, 

while older plants produced principally adventitious shoots. Hamza and Chupeau (1993) 

obtained the best regeneration rate from cotyledon explants from 8–10 days old tomato.  

Gubis et al. (2005) evaluated the effect of in vitro regeneration and plant growth of tomato 

from hypocotyl and cotyledon explants. They observed significant influence of explant type 
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on regeneration capacity. The most responsive explants were hypocotyls, with 90-92 percent 

regeneration and mean production of 0.18-0.38 shoots per explant. 

Regeneration is also dependent on position from where explants from the seedlings were 

chosen. Costa et al. (2000a) reported that the position of the cotyledon segments (apical and 

basal) on in vitro regeneration in two tomato cultivars (IPA-5 and IPA-6). They found that the 

position of the explant did not result in any significant differences in average regeneration 

frequency and shoot number. In contrast, the position on the original seedling influenced the 

morphogenetic potential of the Aurea mutant. Nearly 50 percent of the apical segments 

regenerated shoots while regeneration from the middle and basal segments was negligible. 

None of the growth regulator supplements could compensate for the differences in the 

regeneration capacity of the hypocotyl segments. 

2.5.3. In vitro shoot initiation of tomato  

After shoot tips have been excised, explants are cultured in vitro for shoot initiation. Different 

types of media can be used for shoot initiation. The most appropriate medium for tomato 

micropropagation using shoot tip culture is the Murashige and Skoog medium (Murashige and 

Skoog, 1962). 

Pampanna (2009) observed that among different growth regulator treatments tested, the 

significantly higher regeneration response of 95.0 percent was observed with the treatment 

consisting of MS + TDZ 1.0 mg/l + IAA 0.1 mg/l. This treatment was significantly superior 

over other treatments but for MS+TDZ 1.5 mg/l + IAA 0.1 mg/l (91.0%) and MS+TDZ 2.0 

mg/l + IAA 0.1 mg/l (92.0%). Placing the explants on MS media without any growth 

regulators (control) resulted in no response indicating the importance of growth regulators in 

regeneration of tomato. MS medium supplemented with BAP 4.0 mg/l + IAA 0.1 mg/l 

resulted in 82 percent of regeneration response. Significant difference was observed among 

the two types of explants studied. Cotyledon explants resulted in significantly higher mean 

regeneration response of 71.0 percent as compared to hypocotyl explants (66.5%). 
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Cultured tomato shoot tip explant on MS medium supplemented with BAP (0.1-5.0 mg/l) and 

found that shoot regeneration was different depending on the concentration of the BAP used. 

The author reported that the regeneration frequency of shoot apices is more than 90 % in all 

the BAP concentrations tested with a maximum of 100 % in 1.0, 1.5, 2.0 mg/l BAP. The 

researcher also found that cotyledon explant cultured on MS medium supplemented with ZT 

and IAA resulted in highest (> 90%) regeneration response than Kin 50-60 % (Kiran, 2007). 

Bhatia et al. (2003) reported that the type of explant used determines both the proportion of 

explants which show organogenesis and the number of shoots produced/explant. Pampanna 

(2009) used two types of explants (hypocotyl and cotyledon) derived from tomato cultivar 

VYBHAV and got a different regeneration response. Devi et al. (2008) also reported that the 

shoot regeneration response of a given explant is genotype dependent. 

Ishag et al (2009) reported that at higher concentration of the cytokinin the regeneration 

percentage and shoot regeneration frequencies decreased. This is mainly, because at higher 

cytokinin level explants produced excessive callus and failed to improve the efficiency of 

shoot multiplication. Callus growth on explant usually interferes with the propagation process. 

In order to evaluate the synergistic effect of BA and Kin with NAA for direct shoot 

regeneration, it was found that, the combination of NAA with BA or Kin negatively affected 

the multiplication rate of the tomato compared with cytokinin used singly. The inhibitory 

effect of auxin on multiple shoot induction has been demonstrated in numbers of plants 

(Thiem 2003). 

2.5.4. In vitro shoot multiplication 

Multiplication is the experimental stage in micropropagation in which initiated shoots have 

been cut into pieces and sub cultured in order to get more number of shoots. For 

multiplication masses of tissues are repeatedly sub-cultured under aseptic conditions onto 

fresh culturing media to encourage propagules proliferation. The culture can supply shoots for 

the subsequent propagation phases as well as materials that are required to maintain the stock 

(Reddy, 2011). Determination of the most optimal types and concentrations of PGRs together 

with other in vitro factors as constituents of a medium is one of the most important aspects of 

successful micropropagation (Ružić and Vujović, 2008). The most common additives for 
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multiplication media are cytokinins usually BAP and Kin alone or in combination with low 

amount of auxins like NAA, IBA and IAA. The concentration of cytokinin is known to be 

critical in multiple shoot induction (Abdellatef and Khalafalla, 2007). Typically, the same 

medium and environmental conditions are used for both shoot initiation and multiplication. 

Jamous (2013) reported that the effect of different levels of NAA and Kinetin on the number 

of adventitious shoot produced of tomato Baladi landrace. Kinetin at different concentrations 

induced more shoots per explant; the highest shoot number (8.4) was achieved on medium 

containing 18.4 μM Kinetin only. More shoots were produced when higher levels of kinetin 

were used. However, when kinetin was combined with 2.7 μM NAA, the shoot number was 

significantly decreased (3.6).  

According to Papry et al. (2016), the maximum number of shoot was 3.5 produced by leaf 

explants at 2.0 mg/l BAP. According to the authors the number of shoots gradually increased 

with the advancement of culture duration in all hormonal treatments. The increasing of BAP 

concentration up to 2 mg/l caused the number of shoots to continue developing, but it fell 

down in presence of BAP (3 mg/l) that indicates the toxic effect of growth regulators due to 

their accumulation. In addition to this, Janani et al. (2013), Shah et al. (2014) and Otroshy et 

al. (2013) found the highest shoot regeneration response from leaf explants. These results are 

also similar to the findings of Mohamed et al. (2010) who had reported the highest number of 

shoots in MS medium supplemented with BAP (2 mg/l) and no adventitious shoots was 

noticed in the control (hormone free medium). 

Shoot tip of 8-10 days old explant of tomato variety Pusa Ruby and cultured on MS+BAP 

(0.1-5.0 mg/l) and resulted in shoot formation with different degree of response depending on 

the concentration. The highest number of multiple shoots (5.64 and 5.2 shoots/explant) was 

obtained on a medium containing 1.5 and 1.0 mg/l BAP respectively (Kiran 2007). However, 

the number of shoots decreased with the increase in the BAP concentration in the medium 

(BAP 2 mg/l with 3.15 shoots/explant). Izadpanah and Khoshkhoy (1989) also reported the 

formation of multiple shoots from in vitro shoot tip culture of three tomato varieties (Calj, 

Petomech and Red Cloud), on MS medium supplemented with 1.5 mg/l BAP and 3.0 mg/l  

Kin, 2.0 mg/l, BAP and 5 mg/l of kinetin orderly. Mamidala and Nanna (2011) also used three 
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explants (leaf, hypocotyl and cotyledon) derived from five tomato cultivars (PKM-1, Money 

Maker, Micro-Tom, Micro-Msk and White Cherry) and reported that MS medium supplied 

with 2 mg/l BAP was the best in the number of shoots per explant. These authors also 

reported that leaf explant and PKM-1 was better than other explants and cultivars 

respectively. 

Banu et al. ( 2017) reported that BAP and Kinetin were used in combination (1.0 mg/l  BAP + 

1.0 mg/l Kinetin), the highest mean number of shoots per explant 2.28 in BH-3 was recorded 

followed by 2.15  in MH and 2.12 in BH-4 respectively. By subject to control culture, the 

author suggests that BAP and Kinetin can play a significant role toward shoot multiplication. 

Shoot length was found better at low doses of BAP and Kinetin for every variety and that was 

0.5 mg/l. In fact, with the increase in hormone doses, shoot length decreased gradually. From 

the three cultivars, the longest shoot length (7.06 cm) was recorded in BH-3 with 0.5 mg/l 

BAP on MS medium followed by 6.91 cm in BH-4 at 0.5 mg/l KN and 7.02 cm in MH at 0.5 

mg/l BAP. 

Otroshy et al. (2013) the average number of shoots per explant was recorded after 8 weeks of 

cultivation. Highest number of shoots per explant for leaf and cotyledons was recorded in the 

presence of 2 mg/l BAP. Hypocotyls showed the highest number of shoots per explant on MS 

supplemented with 3 mg/l BAP. Mohamed et al. (2010) also reported the highest number of 

shoots on MS medium supplemented with 2 mg/l BAP. In addition, Devi et al. (2008) has 

also reported that the best shoot number per explant was obtained on MS medium 

supplemented with 3 mg/l BAP + 2.5 mg/l IAA. Similar results were also achieved from 

cotyledon explants on MS medium supplemented with 3.0–3.5 mg/l BAP in combination with 

IAA (0.1 mg/l) (Vikram et al., 2011). On another research BAP (2 mg/l) in combination with 

0.2 mg/l IAA for more number of multiple shoot formation (Gunay and Rao, 1980). Highest 

number of shoots per explant was 13.33, 12.25, and 7.94 for hypocotyls, leaves, and 

cotyledons, respectively. 
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2.5.5. In vitro rooting 

Rooting is the final step of the regeneration protocol in plant tissue cultures. There are many 

factors affecting the rooting process (e.g. the physiological status of plantlets, medium 

composition, growth regulators). Mostly, MS or 1/2MS are used as a basal medium for 

rooting. Mensuali Sodi et al. (1995), Rashid and Bal (2010) and Bahurpe et al. (2013) 

suggested that for root induction, the tomato does not require any exogenous plant growth 

regulators. However, in most cases, root formation would be achieved with auxins (IAA, 

NAA or IBA) alone with concentrations ranging from 0.1 to 1 mg/l (Chaudry et al. 2010; 

Ashakiran et al. 2011; Mamidala and Nanna 2011; Zhang et al. 2012; Namitha and Negi 

2013; Sherkar and Chavan 2014; Wayase and Shitole 2014). Abundant rooting is usually 

observed after 2 weeks. 

According to Indrani et al. (2013) After 30 days, when the multiple shoots were observed, 

they were transferred to the root induction medium with different concentrations of IBA (0.5- 

1.0 mg/l). In this step, shoots were excised and transferred into root induction media. Best 

rooting was noted in 0.5 mg/l IBA.  Chaudhury et al. (2010) reported that 0.1 mg/l IBA in 

combination with 0.0025 mg/l BAP promoted root induction. Highest rooting was also 

reported in IBA by Osman et al. (2010) and Mamidala and Nanna (2011) reported that 

adventitious shoots developed from different explants were excised (3 to 4 cm) and shifted on 

to root induction medium (MS + 0.1 mg/l NAA). Profuse rooting was observed within two 

weeks of incubation in all the cultures tested. 

Regenerated shoots were shifted to media containing 2 mg/l IBA in both full strength and half 

strength MS media for rooting. Although rooting was observed in both cases, but longer and 

profuse rooting system was observed on ½ strength MS media containing 2 mg/l IBA which 

is in line with the previous studies (Sherkar and Chavan, 2014) obtained.  Devi et al. (2008) 

reported that the best rooting was found to be in half-strength medium supplemented with 

0.2mg/l IBA. 

According to Papry et al. (2016) leaf explants produced the longest root (8.785 cm) on 0.5 

mg/l in ½ MS medium. The shortest root (5.106 cm) was observed on ½ MS medium 
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supplemented with 0.1 mg/l IAA. No root was formed in hormone free media. On the other 

hand, the presence of endogenous auxin enables tomato to induce roots without the addition 

of any extra exogenous plant growth regulators (Rashid and Bal 2010 and Bahurupe et al., 

2013). For root induction, tomato does not seem to require any exogenous plant growth 

regulators (Mensuali-Sodi et al., 1995). Many researchers have speculated that tomato has a 

high level of endogenous auxin, based on the observations of shoot cultures producing roots 

without the addition of auxins in the medium. 
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  3. MATERIALS AND METHODS 

The experiment was conducted at Jimma Agricultural Research Center tissue culture 

laboratory, Jimma, Ethiopia. 

3.1. Plant Materials 

Three hybrid tomato varieties named Valouro, Uwezo and Shelter were developed by Rijk 

Zwaan and used as experimental materials. The plant materials were kindly obtained from 

Melkassa Agricultural Research Center. 

Valouro is a fresh market type, with indeterminate growth habit, which is short compact and 

has a strong stem, round fruit shape and fruit weight of
.
 180-200 g.

 
It is an early maturing with 

a period of 90 days. While Uwezo is both processing and fresh market type, having a strong 

stem with indeterminate growth habit, an oval fruit shape and fruit weight up to 120 g. Its 

maturity period is 70-80 days. Shelter is both fresh market and processing type with 

determinate growth habit and fruit weight of 90 g and its maturity period is 96 days (MoANR, 

2016). 

3.2. Seed Sterilization and Explant Preparation 

The seeds were washed under running tap water for 15 minutes to remove dust particles. After 

washing, seeds were immersed in 70 % ethanol for 3 minutes and then rinsed three times with 

sterilized distilled water for 5 minutes each in laminar air flow hood. Then seeds were 

disinfected with 20% commercial sofi bleach (1 % active chlorine) for 20 minutes (Chaudhry 

et al., 2004). Then, the disinfected seeds were rinsed three times using sterilized distilled 

water for 5 minutes each. After all, the seeds were transferred to sterilized Petri dish (internal 

surface covered by cotton with sterilized water) for germination. The seeds were grown in a 

Petri dish until two fully developed leaves appeared. Finally, shoot tips of 2 cm length were 

excised and used as an explant. 
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3.3. Media Preparation 

The growth media (Murashige and Skoog, 1962)) supplemented with various plant growth 

regulators were used. Stock solutions were prepared by taking from macro nutrients 

x50/1000, from micro nutrients x100/1000, from iron EDTA x50/500, from vitamins 

x100/500 and from calcium chloride x50/500 (Appendix 1). The stock solution of iron EDTA 

(Ethylene Di-Amine Tetra Acetic Acid) was covered with aluminum foil to protect light. The 

growth regulators were prepared by weighing the powder in 1 mg: 1 ml ratio. Plant growth 

regulators, auxin (IBA) was dissolved using a drop of ethanol and cytokinin (BAP) by NaOH. 

Then the total volume was adjusted to 100 ml by distilled water. Finally the solution was 

stored in a refrigerator at 4
o
C for further use. 

 Culture medium was prepared by taking 20 ml/l from macro, 5 ml/l from micro, 10 ml/l from 

iron EDTA, and 5 ml/l from vitamins and 10 ml/l from calcium chloride from the MS stock 

solutions. Then 3% sucrose was added to the solution as an energy supply. The pH of the 

media was adjusted to 5.8 using NaOH or HCl prior to addition of agar and the medium was 

solidified using 0.7% (w/v) agar. Growth regulators were added according to the 

concentration required. Then 50 ml media was dispensed into washed and sterilized culture 

jars then plugged and labeled properly. Then the medium was steam sterilized using an 

autoclave chamber at a temperature of 121
o
C and a pressure of 105 KPa for 15 minutes.  

3.4. Culture Conditions 

The cultures were maintained in controlled growth room set at average of 25±2
0
C 

temperature, 60 to 70% of relative humidity (RH) and 200lux of light intensity under 16h 

light and 8h dark period. 

3.5. Treatments and Experimental Design 

3.5.1. Experiment 1: Optimizing different concentrations of BAP for shoot initiation 

In this experiment, shoot tip explants of 2 cm length, which were excised from the in vitro  

grown seedlings, were cultured on MS medium supplemented  with different concentrations 

of BAP  (0.0, 0.25, 0.5, 0.75, 1.0 and 1.25 mg/l) for shoot initiation. The experiment was laid 
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out using Completely Randomized Design (CRD) in factorial combination (six level of BAP* 

*three varieties) with five replications. Five explants per jar were cultured in each replication. 

Days to shoot initiation and percentage of initiation were recorded. Days of shoot initiation 

was recorded as average number of days required to the seedling to develop new shoot while 

percentage of initiation was the number of plants showing initiation divided by the total 

cultured plants after fifteen days. A total of 25 plants per treatment were used and data was 

collected from all plants.  

3.5.2. Experiment 2: Optimizing different concentration of BAP for shoot multiplication 

Prior to shoot multiplication experiment, the initiated shoots were taken out from the culture 

medium and cultured on hormone-free MS medium to avoid carry over effects of growth 

hormones. Then shoots were cultured on fresh MS medium containing BAP at 0.0, 0.5, 1, 1.5, 

2.0, 2.5, and 3.0 mg/l for shoot multiplication. Four explants were cultured per jar and each 

replication. The experiment was laid out using CRD in factorial combination (Seven level of 

BAP* three varieties) with four replications. Sub-culturing was done twice at fifteen days 

interval. A total of 16 plants per treatment were used and data were collected from all plants. 

Data on the number of shoots/explant, number of leaves/shoot and average shoot length were 

recorded. 

3.5.3. Experiment 3:  Optimizing different concentrations of IBA for in vitro rooting 

Well-developed shoots were taken out from the culture tubes and again cultured on hormone 

free MS medium for one week to avoid carry over effect. Then, the shoots were transferred to 

half strength MS medium supplemented with IBA at 0.0, 0.25, 0.5, 0.75, 1.0, 1.25 and 1.5 

mg/l for root induction. Four explants per jar were cultured in each treatment. The experiment 

was laid out using CRD in factorial combinations (Seven level of IBA* three varieties) with 

three replications. A total of 12 plants per treatment were used and data were collected from 

all plants. From this experiment data were recorded on; days to rooting, rooting percentage, 

number of roots and root length. 
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3.5.4. Acclimatization 

A total of 53 in vitro rooted plantlets from each variety were transferred to acclimatization. 

Well regenerated plantlets with shoots, roots and leaves were gently removed from the culture 

jars and the roots were washed in sterilized water to remove traces of agar. Then transplanted 

into plastic pots containing different mixture of oven sterilized top soil, sand and compost at a 

ratio of 1:2:1, 2:1:1 and 2:1:0  then the pots were covered by a white plastic with a small hole 

and kept under lathhouse for fifteen days.  Then the plastic covers were removed and 

transferred to green-house and watered every day in the morning until fully developed. After 

30 days, data on survival rate (%) was recorded. 

3.6. Data Analysis 

All data recorded were subjected to analysis of variance (ANOVA) and significant differences 

among treatments mean were determined by least significant difference test (LSD) at the 

P≤0.01 probability level using SAS software (version 9.3). 

The ANOVA model for the analyses using CRD was as follows:  

 

In CRD Yijk = μ + Ti + YK + (TY) jk+ Eijk 

Where  

μ = over all mean effect 

Ti = the effect of treatments at the i
th

 level  

YK= the effect of treatments at the k
th

 level 

 (TY) jk = effect of treatment combinations at the j
th

 and k
th

 levels and  

Eijk = a random error compared for whole factors 
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4. RESULTS AND DISSCUSSION 

4.1. Effect of BAP on Shoot Initiation  

The analysis of variance (ANOVA) showed that the interaction effects between variety and 

BAP were highly significant for days to shoot initiation, but was not significant for percentage 

of initiation. The different concentrations of BAP highly significantly influenced percentage 

of initiation at p≤0.01 (Appendix Table 2). 

The earliest initiation of shoot took 5 days for Valouro variety, 6.4 days for Uwezo variety 

and 5.2 days for Shelter variety, which was obtained from MS medium without growth 

regulators. The late initiation of shoots (12.2 days for Valouro, 13.6 days for Uwezo and 15 

days for Shelter varieties) was noted in MS medium supplemented with 1.25 mg/l BAP. Days 

of shoot initiation increased from 5 to 15 days with increase in BAP concentrations from 0.0 

to 1.25 mg/l BAP (Table1). This may be due to the dependence of frequency of shoot 

regeneration on the concentrations and growth regulators used. George and Sherrington 

(1984) also reported that growth and morphogenesis in in vitro are regulated by the 

interaction and balance between PGRs augmented in the medium and the growth substances 

produced endogenously by cultured cells/tissues. From the present finding MS medium 

without growth regulators was optimum for shoot initiation.  Similarly, Mukta (2014) found 

higher level of BAP took more days for shoot initiation for BARI 9 and Bahar tomato 

cultivars. This result is also supported by the finding of Liza et al. (2013) who reported 

increase in days of shoot initiation from 5.6 to 12 days with increase in the BAP 

concentrations from 0.0 to 2.5 mg/l. 
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Table 1. Effect of different concentration of BAP on shoot initiation 

 

Days to shoot 

initiation 

(Mean ± SD) 

 

BAP (mg/l) Valouro Uwezo                          Shelter 

0.0 

0.25 

0.5 

0.75 

5.00±1.22
l
 6.40± 1.43

kj 
                  5.20±0.46

l
 

7.00± 0.50
ij
 7.20± 0.44

ih
                   6.00±0.25

k
 

7.80± 0.83
gh

 7.80± 0.57
gh

                  8.20±0.27
gf

 

8.80
 
± 0.27

f
 9.60± 0.22

e 
                   9.90±0.54

e
 

1.0 

1.25 

11.00± 0.35
d
 

12.20±0.27
c
 

10.00± 0.35
e 
                 12.20±0.44

c
 

13.60±0.41
b
                   15.00±0.70

a
 

LSD 0.78  0.78                                0.78 

CV% 6.80  6.80                                6.80 

Note; the values assigned by the same letter are not significantly different (p ≤ 0.01) 

In this study the highest shoot initiation percentage (92%) was recorded from hormone free 

MS medium. The minimum percentage of initiation (60%) was recorded from MS medium 

supplemented with 1.25 mg/l BAP (Figure 2). From this result hormone free MS medium was 

optimum for percentage of shoot initiation. In the present study, the percentage of shoot 

initiation decreased with increase in the concentration of BAP. This might be due to the 

formation of callus at higher level of BAP. Similarly, Ishag et al. (2009) observed a decreased 

regeneration percentage and shoot regeneration frequencies at higher concentration of BAP. 

This is mainly, because at higher BAP level explants produced excessive callus and failed to 

improve the efficiency of shoot multiplication. Likewise, Bahurupe et al. (2013) found that 

shoot tip explant of tomato variety resulted in callus when cultured on MS medium supplied 

with 2 mg/l BAP and observed that callus induction was increased with increase in 

concentration of BAP.   

Similarly, Palana et al. (2005) reprorted that highest regeneration percentage (90%) was 

achieved on hormone free MS medium.  Therefore, hormone free medium could be taken as 

the best option when we want to get maximum percentage of shoot initiation and it is the best 

alternative to minimize the cost of PGRs. Mukta (2014) also reported that the shoot 

regeneration percentage of three tomato cultivars decreased from 96% to 19 % as the 

concentration of BAP increased from 1 mg/l to 7 mg/l. In another finding, Rashid and Bal 
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(2010) found the optimal medium for shoot regeneration to be MS medium supplemented 

with 0.5 mg/l BAP in the three tomato genotypes. 

Result of the present study does not agree with that of Kiran (2007) who reported the 

maximum values (100%) of shoot initiation achieved from MS medium supplemented with 

higher level of BAP (1, 1.5 and 2 mg/l) and this author found lower shoot initiation 

percentage (80%) on hormone free MS medium. In another research, Pampanna (2009) 

observed significantly higher regeneration response of 95.0 percent from MS medium 

fortified with 1.0 mg/l TDZ + 0.1 mg/l IAA. Placing the explants on to MS media without any 

growth regulators (control) resulted in no response indicating the importance of growth 

regulators in regeneration of tomato. MS media supplemented with BAP 4.0 mg/l + IAA 0.1 

mg/l resulted in 82 percent of regeneration response. Significant difference was observed 

among the two types of explants studied. Cotyledon explants resulted in significantly higher 

mean regeneration response of 71.0 percent as compared to hypocotyl explants (66.5%).  

Liza et al. (2013) also found contradictory result from the present study.  The authors reported 

that the effect of different growth regulators and plant regeneration of tomato explants, the 

best regeneration was found on MS medium supplemented with 2 mg/l of BAP and 1.5 mg/l 

NAA and (75-80) % frequency of regeneration was observed when cotyledon explants were 

used. In the present study the percentage of shoot initiation is decreased when the 

concentration of BAP increased. The success in tomato regeneration response has been found 

to depend largely on genotype, explants, and plant growth regulator used in culture medium 

(Bhatia et al., 2004).  
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Note: Values assigned by the same letters are not significantly different (p ≤ 0.01) 

 

Figure 2. Effect of different concentrations of BAP on percentage of shoot initiation 

                 

 
 

Figure 3.  Shoot initiation in the three tomato varieties on hormone free MS medium 

 

4.2. Effect of BAP on Shoot Multiplication  

The analysis of variance (ANOVA) for shoot multiplication showed interaction between 

Varieties with BAP was highly significant (P≤0.01) on number of shoots/explant, number of 

leaves/shoot and shoot length (Appendix Table 3).   

Uwezo  Valouro   Shelter  

Bars represent error bar 

of standard deviation  
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The highest numbers of shoots/explant (5±0.08 and 4.3±0.08) were recorded from Valouro 

and Uwezo variety, respectively on MS medium supplemented with 2 mg/l BAP. Whereas, 

maximum (4±0.07) shoots/explant was obtained from Shelter variety on MS medium 

augmented with 1.5 mg/l BAP (Table 2). MS medium supplemented with 2 mg/l BAP was 

optimum for Valouro and Uwezo varieties while for Shelter variety 1.5 mg/l BAP was 

optimum. Valouro and Uwezo varieties gave different shoot number in the same BAP 

concentration. This might be due to the genetic variation of genotypes towards in vitro 

response (Rahman et al., 2005). Regeneration response of tomato to plant growth regulators 

(PGRs) has been highly genotype specific, and as such, the type and concentration suitable for 

one genotype may not be optimal for others (Frankenberger et al. 1981; Kurtz and Lineberger, 

1983). In the present experiment the number of shoots increased with the increasing 

concentration of BAP in all varieties used until it reached to the optimum but decreased after 

2.5 mg/l BAP. This might be due to at higher level of cytokinin reduced apical dominance, 

promote shoot formation and released lateral buds (Wickson and Thiemann, 1958; Kerstetter 

and Hake, 1997). Additionally the toxic effect of growth regulators due to their accumulation 

affects the growth performance of the plant (Papry et al., 2016). During the present 

experiment, at higher concentration of BAP (after 2.5 mg/l) explants produced excessive 

callus and failed to improve the efficiency of shoot multiplication. According to Carimia et al. 

(2004) if added at high dosage (3 mg/l) to plants, BAP induces programmed cell death (PCD) 

by accelerating senescence. Similarly, Gubis et al. (2004) reported that the frequency of 

adventitious shoot regeneration differed depending on the type of explants and both the type 

and concentration of growth regulators added to the regeneration medium.  

Similarly, Papry et al. (2016) reported that the increasing of BAP concentration up to 2 mg/l 

caused the number of shoots to continue developing, but it failed in the presence of 3mg/l 

BAP. Otroshy et al. (2013) also reported that the highest number of shoots recorded from 

hypocotyls and leaves explants in the presence of 2 mg/l BAP. These authors found the 

highest number of shoots/explant (12.25 and 7.94) from hypocotyls and leaf explants, 

respectively. Similarly, Hattab et al. (2015) used shoot tip explant derived from super Regina 

and Flacon tomato cultivars and reported a significant difference of shoot number/explant 

with the mean values  of 2.7 and 2.08,  respectively. 
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The present experiment is in agreement with that of Mohamed et al. (2010) who reported the 

highest number of shoots (3.43) on MS medium supplemented with 2 mg/l BAP. Likewise, 

Jehan and Hassanein (2013) reported the highest number of shoots/explant (3.67) on MS 

medium supplemented with 2 mg/l BAP. In another finding, Kiran (2007) reported that BAP 

at 1.5 and 1.0 mg/l gave the highest number of shoots per explants (5.6 and 5.2) from shoot 

tip culture, respectively. However, this author reported that the number of shoots/explant 

decreased with increase in the BAP concentration.  In another study, Banu et al. (2017) found 

that BAP and Kn were used in combination (1.0 mg/l BAP + 1.0 mg/l Kn), the highest 

number of shoots per explant was recorded 2.28 in BH-3 followed by 2.15 in MH and 2.12 in 

BH-4. The present study is supported by Bhushan and Gupta (2010) who observed shoot buds 

initiated on cotyledonary explants on MS medium containing 2.0 mg/l BAP were sub cultured 

on medium supplemented with different concentrations of BAP for shoot multiplication. The 

results revealed that the best responses on MS medium supplemented with 2 mg/l BAP. The 

maximum number of shoots per explant was observed in hybrid TH802 (5.17) as compared to 

its parents, Accession-2 (5.05) and Haelani (4.22). Similarly, hybrid TH2312 showed 

maximum number of shoots per explant (5.11) as compared to its parents VFN8 (5.01) and 

Punjab chuhara (4.94).  

Result of the present study contrasts with that of Devi et al. (2008) who obtained the highest 

shoot number per explant on the MS medium supplemented with 3 mg/l BAP+ 2.5 mg/l IAA.  

This may be because the combined application of both BAP and IAA might have effect on the 

shoot number of plants. In another experiment, Vikram et al. (2011) achieved best response 

for shoot multiplication from cotyledon explants on MS medium supplemented with 3.0-3.5 

mg/l BAP in combination with 0.1mg/l IAA. Beside this the present result differed may be 

due to the type of explants and the interaction effect of growth regulators (BAP and IAA) 

added to the culture medium. Palana et al. (2005) also reported that tomato adventitious shoot 

capacity depend on explant source. 

 

The maximum shoot length (5.8±0.08 cm, 5.3±0.11 cm and 5±0.36 cm) was recorded on MS 

medium supplemented with 0.5mg/l BAP, whereas the minimum shoot length (2.69 ±0.1 cm, 

2.81 ±0.17 cm and 2.29±0.08 cm) was recorded on MS medium supplemented with 3 mg/l 

BAP in Valouro, Uwezo and Shelter varieties, respectively. Shoot length is better at lower 
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concentration of BAP. This is because the application of BAP to enhance shoots formation 

and increase leaf number and has lower impacts on shoot length. Similar result was also 

reported by Banu et al. (2017) who indicated that shoot length was better at lower 

concentration of BAP and KN for every variety and that was 0.5 mg/l. In fact, with the 

increase in hormone doses, shoot length decreased gradually. From the three cultivars, the 

longest shoot length (7.02) was recorded in BH-3 with 0.5 mg/l BAP on MS medium 

followed by 6.91 cm in BH-4 at 0.5 mg/l KN and in MH at 0.5 mg/l BAP. In the present 

experiment the increase in the level of BAP beyond 0.5 mg/l resulted in decrease in shoot 

length. This finding is in agreement with that of Bhatia (2003) who reported that shoot length 

was greater on lower concentrations of cytokinin and decreased as the cytokinin concentration 

increased for tomato cultivar Red coat. 

Contrary to finding of the present study, Pampanna (2009) the length of shoot was influenced 

by different growth regulators. This author found that the highest shoot length (3.63 cm) was 

recorded on MS medium supplemented with higher level of BAP (4 mg/l). The investigator 

also reported that increasing the concentration of BAP resulted in increase in mean length of 

shoots. Increase in concentration of TDZ beyond 1.0 mg/l resulted in decrease in shoot length. 

The present result is different from this finding. This variation might be due to the genotypic 

variation in response to growth regulators and the difference in performance of different 

growth regulators towards the increase or decrease of shoot length in vitro. Additionally 

Otroshy et al. (2013) reported that the highest shoot length (4.5 and 4.05 cm) was obtained on 

MS medium augmented with 3 and 2 mg/l BAP respectively from hypocotyl and leaf explants 

of tomato cultivar. These authors also reported the increasing of BAP concentration up to 3 

mg/l causes shoot length to continue developing, but it fell down in the presence of 4 mg/l 

BAP. Mohamed et al. (2010) also obtained the highest shoot length (1.625 and 1.15 cm) in 

both cultivars on MS medium supplemented with BAP at 2 mg/l for Pearl and Beril tomato 

varieties and there was no regeneration in control and 4 mg/l BAP supplement. 

The maximum number of leaves/shoot (4±0.2 from Valouro, 3.6±0.04 from Uwezo and 

3.4±0.08 from Shelter variety) were recorded from MS medium supplemented with 1.5 mg/l 

BAP while the minimum number of leaves/shoot (1.8±0.05, 1.91±0.11 and 1.45±0.04) were 

recorded from Valouro, Uwezo and Shelter varieties on MS medium supplemented with 3 
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mg/l BAP, respectively. This is because the application of BAP at optimum level increases 

cell division and increases the number of leaves. Similarly, Sherkar and Chavan (2014) found 

that highest number of leaves/shoot (5.0) was recorded on MS medium supplemented with 0.1 

mg/l BAP +1.5 mg/l IAA and 0.1 mg/l BAP+2mg/l IAA. In another finding Papry et al. 

(2016) reported that the maximum number of leaves/plantlet was observed on lower 

concentration of IAA. The highest numbers of leaves (4.25, 4.5 and 5.5) were produced from 

leaf explants on the half strength MS medium supplemented with 0.25 mg/l IAA and the 

lowest number of leaves (2.3, 2.50 and 3.25) was on the hormone free medium. 

Table 2 . Effect of different concentration of BAP on shoot multiplication of tomato varieties 

Variety 
BAP 

(mg/l) 

 NS 

(mean ±SD) 

NL 

(mean ± SD) 

SL(cm) 

(mean ± SD) 

Valouro 0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

 1.30±0.08
l
 

2.75±0.12
g
 

3.25±0.05
e
 

3.67±0.06
d
 

5.00±0.14
a
 

3.00±0.16
f
 

1.87±0.14
k
 

2.00±0.16
kj

 

2.60±0.08
h
 

2.85±0.12
g
 

4.00±0.2
a
 

3.02±0.05
ef

 

2.50±0.07
ih

 

1.8±0.05
l
 

3.64±0.04
l
 

5.80±0.08
a
 

5.55±0.12
b
 

5.10±0.11
dc

 

4.80±0.08
fe

 

4.05±0.10
k
 

2.69±0.10
o
 

Uwezo 0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.o 

 0.80±0.08
m

 

2.43±0.12
ih

 

2.87±0.14
gf

 

3.50±0.08
d
 

4.30±0.13
b
 

2.56±0.12
h
 

1.81±0.08
k
 

2.00±0.16
kj

 

2.86±0.008
g
 

3.15±0.12
ed

 

3.60±0.04
b
 

3.20±0.05
d
 

2.50±0.04
ih

 

1.91±0.11
kl

 

3.30±0.04
m

 

5.30±0.11
c
 

4.68±0.16
fg

 

4.42±0.30
hi

 

4.10±0.31
jk

 

3.67±0.07
l
 

2.81±0.17
o
 

Shelter  0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

 0.50±0.20
n
 

2.25±0.12
j
 

2.31±0.23
ij
 

4.00±0.07
c
 

2.93±0.12
f
 

1.72±0.09
k
 

0.93±0.05
m

 

2.06±0.10
j
 

2.09±0.06
j
 

2.57±0.09
ih

 

3.40±0.08
c
 

2.90±0.12
gf

 

2.45±0.12
i
 

1.45±0.04
m

 

3.04±0.04
n
 

5.00±0.36
de

 

4.57±0.05
hg

 

4.31±0.07
ji
 

4.00±0.16
k
 

3.50±0.07
ml

 

2.29±0.08
p
 

LSD 

CV%  
 

 0.22 

4.94 

0.14 

4.06 

0.18 

3.79 

Note; means with the same letter in the same column are not significantly different, where 

NS= number of shoots, NL = number of leaves and SL= shoot length. 
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Figure 3.  In vitro shoot multiplication of Valouro, Uwezo and Shelter tomato varieties after 

four weeks respectively. 
 

4.3. Effect of IBA on In Vitro Rooting   

The ANOVA revealed that the interaction of variety with IBA highly significantly (P<0.01) 

influenced days to rooting, number of roots/plantlet and root length. Percentage of rooting 

showed a significant difference at P≤0.05 (Appendix Table 4). 

The early root induction was recorded on MS medium without hormone, which was 5 days 

for Valouro and Shelter varieties and 7.67 days for Uwezo variety (Table 3). The late root 

induction (12.67 days for Valouro, 16 days for Uwezo and 11 days for Shelter) was recorded 

on half strength MS medium supplemented with 1.5 mg/l IBA. Early root induction was 

observed in control treatment, but at higher concentration of IBA roots were formed later. 

This might be due to the adverse effect of auxins at higher concentration towards root 

formation.  The effect of ethylene on root growth is largely mediated by the regulation of the 

auxin biosynthesis and transport dependent local auxin distribution. Ethylene stimulates auxin 

biosynthesis and basipetal auxin transport toward the elongation zone where it activates a 

local auxin response leading to inhibition of cell elongations (Ruzicka et al., 2007).  Ethylene 

inhibits primary root growth by regulating cell proliferation and cell elongation in the 

elongation zone.  Likewise, Sedaghat and Rahemil (2012) reported that higher concentration 

of auxins, promote ethylene production and inhibit root growth. The present result was in 

2mg/l BAP 2mg/l BAP 1.5mg/l BAP 
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agreement with that of  Das (2011) reported minimum days (6-7) required for root initiation 

when the explants were treated with half strength MS medium supplemented with small 

amount of auxin (0.2 mg/l IAA). Likewise, Papry et al. (2016) reported that the higher 

concentration of IBA required more days to initiate the roots. Mukta (2014) also indicated 

half strength MS media supplemented with different concentrations of IAA (0.1, 0.2 and 0.5 

mg/l) to produce roots. In all the three varieties, (BARI tomato 2, BARI tomato 9 and Bahar) 

early root induction were observed on half strength MS medium supplemented with 0.2 mg/l 

IAA, which were 3.60, 4.52 and 4.82 days for the three tomato varieties, respectively. 

Contrary to finding of the present study, Pampanna (2009) obtained that MS media 

supplemented with IBA at different levels, resulted in early initiation of rooting in comparison 

with control treatment. Rooting was initiated early in about 6.3 days when the shootlets were 

placed on root induction medium consisting of MS + IBA at 1.0 mg/l and MS + IBA at 1.5 

mg/l, whereas, MS + IBA at 0.5 mg/l has taken 7.5 days for the initiation of rooting. The 

initiation of rooting was (19.5 days) with control treatment (MS without IBA). The shootlets 

obtained either from cotyledon or hypocotyl explants did not differ significantly each other by 

taking 10.35 and 9.45 days, respectively for initiation of rooting.  

The maximum number of roots (15.36±0.35, 13.06±0.83 and 18.26±0.3) was recorded on MS 

medium supplemented with 0.5 mg/l IBA for Valouro, Uwezo and Shelter variety, 

respectively. The minimum number of roots (3.3±0.2, 2.03±0.15 and 4.33±0.35) for Valouro, 

Uwezo and Shelter varieties, respectively, were obtained from half strength MS medium 

augmented with 1.5 mg/l IBA. The number of roots decreased when the concentration of IBA 

increased beyond 0.5 mg/l. This might be due to the increase in the level of production of the 

growth retardant compound ethylene at high concentration of auxins like IBA (Mensuali-Sodi 

et al., 1995). An increase in ethylene may modify the physiological and morphogenetic 

processes that influence the success of root regenerations (Sedaghat and Rahemil 2012). This 

finding is in agreement with that of Indrani et al. (2013) who observed that the maximum 

number of roots was recorded from MS medium supplemented with 0.5 mg/l IBA. Another 

finding also reported by Papry et al. (2016) who found that the highest numbers of roots (16, 

21 and 25.25) were produced from leaf explants on half strength MS medium supplemented 

with 0.5 mg/l IAA but it required more days for root initiation. The lowest numbers of roots 
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were observed on half MS medium supplemented with 0.1 mg/l IAA and there was no root 

formation observed in hormone free media. Devi et al. (2008) also reported best rooting was 

noted in half-strength MS medium supplemented with 0.2 mg/l IBA. 

This finding is in agreement with that of Alatar et al. (2017) who reported that in vitro 

regenerated shoots of tomato were excised and transferred to half-strength MS medium 

supplemented with IAA, IBA and NAA (0, 0.1, 0.5, 1.0 and 2.0 µM) for root induction. 

Among the different auxins used, IBA was found to be most efficient for in vitro root 

formation. Among the different IBA concentrations used, the highest number of roots 

(4.1±0.15) per shoots was recorded in half strength MS medium supplemented with 0.5 μM 

IBA. While on increasing, or decreasing the auxin concentration beyond the optimum level, 

there was significant reduction in rooting of micro shoots. Similarly, Indrani et al. (2013) 

found MS medium supplemented with IBA (0.5mg/l) to be the best for root induction of 

tomato.  

The present results  contrast with that of Pampanna (2009) who found the highest number of 

root/plantlet from MS medium supplemented with  IBA at 1.0 mg/l (28.50 roots/plantlet),  

followed by IBA at 1.5 mg/l (27.50 roots/plantlet. This author obtained higher number of 

roots/plantlet from MS medium supplemented with the highest level of IBA. On the control 

treatment, a root number of 9.6 in cotyledon and 9.8 in hypocotyl were reported by the author. 

Number of roots increased as the level of IBA increased from 0.0-1.0 mg/l. Durrani et al. 

(2017) also found that regenerated shoots were shifted to media containing 2 mg/l IBA in both 

full strength and half MS media for rooting. Although rooting was observed in full strength 

and half strength MS media, longer and profuse rooting system was observed on half strength 

MS media containing 2 mg/l IBA. Sherkar and Chavan (2014) also reported maximum 

number of roots (17) from half strength MS medium containing 2 mg/l IBA. 
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Table 3. Effect of different concentration of IBA on in vitro rooting of three tomato varieties 

Variety IBA 

(mg/l) 

    DR 

 (Means± SD) 

NR   

(Means± SD) 

RL (cm)            R% 

(Mean ±SD)        (mean ±SD) 

Valouro 0.0 5.00±1.00
m

 9.10±0.36
gh

 3.58± 0.03
ji
        100.00±0.0

a
 

0.25 7.00±1.00
kl

 12.86±0.15
d
 3.86± 0.05

hg
       100.00±0.0

a
 

0.5 8.33±0.57
hij

     15.36±0.35
b
 5.92± 0.22

b
         100.00±0.0

a
 

0.75 9.66±0.57
egf

 9.67±0.30
gf

 4.30± 0.20
f 
         93.3±2.51

b
 

1.0 

1.25 

1.5 

10.33±0.57
ed

 

11.00±1.00
d
 

12.67±0.57
c
 

7.46±0.15
i
 

5.00±0.20
k
 

3.30±0.20
m

 

3.47± 0.01
jk

         86.67±4.16
c
 

2.70±0.08
n 

          76.67±3.21
e
 

1.82±0.01
q
           56.67±3.51

g
 

Uwezo 0.0 7.67±0.57
kji

 6.00±0.20
j
 2.53±0.02

o
           100.00±0.0

a
 

0.25 8.67±0.57
hgi

 10.00±1.00
f
 3.32±0.03

lk 
         100.00±0.0

a
 

0.5 9.67±0.57
egf

 13.06±0.83
d
 5.50±0.20

c
           100.00±0.0

a
 

0.75 10.00±0.72
edf

 8.83±0.20
h
 3.73±0.05

hi
          93.3 ±4.04

b
 

1.0 

1.25 

1.5 

11.00±1.00
d
 

14.33±0.57
b
 

16.00±1.00
a
 

6.50±0.10
j 

3.16±0.05
m

 

2.03±0.15
n
 

3.20±0.08
l 
           85.3±3.51

cd
 

2.13±0.11
p
           67.67±11.67

f
 

1.50±0.08
r 
           46.67±2.08

h
 

Shelter 0.0 

0.25 

0.5 

0.75 

1.0 

1.25 

1.5 

5.00±1.00
m

 

6.00±1.00
ml

 

7.33±0.57
kj

 

8.00±0.50
hkji

 

9.00±0.43
hgf

 

10.00±0.87
edf

 

11.00±0.20
d
 

12.03±0.35
e
 

14.5±0.43
c
 

18.26±0.30
a
 

13.49±0.49
d
 

10.10±0.10
f
 

7.50±0.10
i
 

4.33±0.35
l
 

4.40±0.08
f  

          100.00±0.0
a
  

5.20±0.10
d
           100.00±0.0

a
 

6.55±0.01
a
           100.00±0.0

a
 

4.80±0.10
e
           93.3±3.21

b
 

3.93±0.02
g
           88.67±4.5

cb
 

3.41±0.02
jk

          80.0±4.58
ed

 

2.98±0.02
m

          60.0±2.0
g
 

LSD                                     1.23                         0.63                     0.16                       5.92 

CV%                                    8.07                        4.06                      2.69                       4.19 

Note: means with the same letter in the same column are not significantly different, where DR= 

days to rooting, NR= number of root, RL= root length and R% rooting percentage. 

  

The maximum root length, 5.92 ±0.22 cm for Valouro, 5.5 ± 0.2 cm for Uwezo and 6.55± 

0.01 cm for Shelter variety, was recorded from half strength MS medium supplemented with 

0.5 mg/l IBA. The lowest root length was found in the highest level of IBA (1.5mg/l) which 

was 1.82 ± 0.01 cm for Valouro, 1.5±0.08 cm for Uwezo and 2.98 ±0.02 cm for Shelter 

variety, respectively. The result of the present study is consistent with that reported by Papry 

et al. (2016) who found the longest root (8.785 cm) from leaf explants at 0.5 mg/l on half 

strength MS medium. The shortest length of root (5.106 cm) was observed on half strength 

MS medium supplemented with 0.1 mg/l IAA.  Similarly, El-Shafey et al. (2017) observed 

the highest root length at lower dose of IBA. The authors found maximum root length (9.1 

cm) at 0.25 mg/l IBA. 
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Contrary to this study, Pampanna (2009) reported the highest root length (6.8 cm) was 

obtained on MS medium supplemented with IBA at 1.0 mg/l, followed by MS + IBA at 1.5 

mg/l (6.12 cm). The lowest root length (2.06 cm) was observed with control treatment.  This 

author found that the concentration of IBA had a marked influence on the mean length of 

roots.  

The highest rooting percentage (100.00±0.00) was recorded from an IBA levels ranging from 

0.0-0.5 mg/l IBA in all the three varieties (Table 2). Therefore using IBA free MS medium 

could be better for reducing the cost of PGRs. whereas, the lowest percentage of rooting 

(56.67±3.51, 46.67±2.08 and 60.00±2) was obtained from Valouro, Uwezo and Shelter 

varieties, respectively grown on half strength MS medium supplied with 1.5 mg/l IBA. The 

present result indicated that each genotype responded differently, which may be due to 

differences in their endogenous auxin concentration. Similar result was reported by Ishag et 

al. (2009) who found regenerated shoots were excised and rooted on half-strength MS 

medium supplemented with 0.5 mg/l IBA. These authors showed that 100% rooting was 

obtained in both full and half-strength MS medium supplemented with IBA ranging from 0.0- 

0.5mg/l. On the other study, Otroshy et al. (2013) obtained lower concentration of auxin to be 

the best for root induction. These authors showed that 100% rooting was observed on MS 

medium supplemented with IAA (0.1 and 0.2 mg/l). Devi et al. (2008) found the best rooting 

percentage in half strength MS medium supplemented with lower concentration of IBA. On 

the other study, Ouyang et al. (2003) observed the highest rooting percentage in media 

supplied with 0.5 mg/l NAA. The authors suggested that tomato possesses high levels of 

endogenous auxins.  

This result contrasts with that report by Jamous (2013) who found that rooting percentage was 

higher when the dose of auxin was increased. In another experiment, El-Shafey et al. (2017) 

showed that transferring the regenerated shoots to MS media supplemented with auxins (IAA 

or IBA) resulted in higher percentage of rooting. These authors obtained the highest rooting 

percentage (72.2%) from MS medium supplemented with 0.25 mg/l IBA. The two hormone 

free media (½ MS or full MS) showed less effectiveness (55.5 and 57.1%) in percentage of 

rooting. On the other hand, Sherkar and Chavan (2014) reported that regenerated shoots were 

transferred for rooting to full strength and half strength MS media containing different 
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concentrations of (0.0, 0.5, 1,2 and 3 mg/l) IBA. There was 100% rooting response in all the 

media combinations as well as medium without IBA. However, half strength MS media 

containing 2 mg/l IBA resulted in the highest number of roots. In the present finding, the 

minimum percentage of rooting was obtained at higher concentrations of IBA.  This variation 

may be due to the different genotypes requiring different concentrations of auxin and their 

response are dependent on the amount of their endogenous auxin concentration. 

 

       

 

 

 

 

 

 

 

 

 

 

 

 Figure 4 Invitro rooting of the three Tomato varieties; A) root morphology of Valouro, B) Root 

morphology of Uwezo and C) root morphology of shelter tomato variety, D) In vitro rooting of 

Valouro variety at 0.5 mg/l IBA; E) In vitro rooting of Uwezo variety at 0.5 mg/l IBA; F) In vitro 

rooting of Shelter variety at 0.5 mg/l IBA. 
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4.4. Acclimatization 

Out of fifty three plantlets acclimatized, the survival percentages were 81.13%, 73.58% and 

69.8% for Valouro, Uwezo and Shelter varieties from 1:2:1 ratio respectively (Figure 5). The 

survival percentage obtained from 2:1:1 ratio were 67.92%, 58.49% and 62.26 for Valouro 

Uwezo and Shelter varieties, respectively while the lowest survival percentage (54.71%, 

49.05% and 56.6%) were achieved from different mixture of soil at the ratio of 2:1:0 for 

valouro, Uwezo and Shelter varieties, respectively. From this finding, different composition 

of soil containing an oven sterilized soil, sand, and compost at the ratio of 1:2:1 was optimum 

for highest survival percentage for all the three varieties (figure 7). Some plantlets failed to 

survive after being transferred to the lath house. This may be due to the change in the 

environmental condition which might have affected the growth performance of the plants. 

Similarly, Namitha and Negi (2013) reported that the highest survival percentage of in vitro 

grown tomato varieties was 70%-80%.  In another finding, Das (2011) also reported 80%-

90% survival for five tomato varieties. On the other hand, Banu et al. (2017) reported that 

regenerated plantlets of tomato were transferred in plastic pots containing garden soil and 

compost-sand mixed soil after hardening and were subsequently acclimatized to in vivo 

condition. These authors observed that 90% plantlets survived in external environment. 
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Table 4 Survival percentage of acclimatized plantlets on different soil composition 

Varieties 1:2:1 2:1:1 2:1:0 

Valouro 81.13% 67.92% 54.71% 

Uwezo 73:58% 58.49% 49.05% 

Shelter 69.8% 62.26% 56.6% 

 

 

                           

   

                   

 

Figure 5 Acclimatized plantlets of three tomato varieties 

Valouro Uwezo   Shelter 
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5. SUMMARY AND CONCLUSION 

Tomato (Solanum lycopersicum L.) is one of the most important vegetables. It is a perennial 

plant, but due to its economic and commercial importance it is cultivated as an annual crop 

and grows almost in every country of the world.  

The addition of BAP wasn’t essential for days to shoot initiation and percentage of initiation 

for all the three varieties. Early shoot initiation took 5 days for Valouro in MS medium 

without BAP (control). The highest percentage of initiation (92%) was obtained from MS 

medium without growth regulators. For shoot initiation, hormone free MS medium was 

optimum for Valouro variety. In multiplication stage, the highest number of shoot (5) was 

recorded from MS medium augmented with 2 mg/l BAP. The highest shoot length (5.8) was 

recorded at lower dose of (0.5 mg/l) BAP. The maximum numbers of leaves/shoot (4) was 

obtained at 1.5 mg/l BAP. For Valouro multiplication, 2 mg/l BAP was optimum for shoot 

multiplication. The minimum time required for root induction was recorded on hormone free 

media, which were 5 days for Valouro variety. Concentration of IBA ranging from 0.0-0.5 

mg/l resulted in 100% rooting. The maximum numbers of roots (15.36) with an average root 

length (5.92 cm) was achieved at 0.5 mg/l IBA. Half strength MS medium supplemented with 

0.5 mg/l IBA was optimum for in vitro rooting for valouro varieties. During acclimatization 

the highest survival percentage (81.13%) was obtained from 1:2:1 ratio for Valouro variety.  

For Uwezo variety, the earliest shoot initiation (6.4 days) was recorded from hormone free 

MS medium. The highest percentage (92%) of initiation was also achieved from hormone free 

MS medium. For Uwezo variety hormone free MS medium was optimum for shoot initiation. 

The addition of BAP was essential for shoot multiplication. Increasing the concentration of 

BAP (up to 2 mg/l) significantly increased the multiplication efficiency of Uwezo variety. 

The highest number of shoots (4.3) was recorded from MS medium supplemented with 2 mg/l 

BAP. The highest shoot length (5.3 cm) was recorded at lower dose of BAP (0.5 mg/l).  The 

maximum number of leaves/shoot (3.6) was found at 1.5 mg/l BAP. For Uwezo variety, MS 

medium supplemented with 2 mg/l BAP was optimum for shoot multiplication. The 

multiplied shoots of Uwezo variety was transferred to half strength MS medium 

supplemented with different concentrations of IBA. The minimum time required for root 
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induction was recorded on hormone free media, which was 7.67days for Uwezo variety. The 

highest numbers of roots (13.06) with an average root length of 5.5 cm was recorded on 0.5 

mg/l IBA. Concentration of IBA ranging from 0.0-0.5 mg/l resulted in 100% rooting. For 

Uwezo variety 0.5 mg/l was optimum for in vitro rooting. During acclimatization the highest 

survival percentage was 73.58% obtained from 1:2:1 ratio for Uwezo variety. 

For shoot initiation of Shelter variety the earliest shoot initiation (5.2 days) was obtained from 

hormone free MS medium. Additionally the maximum percentage of shoot (92%) was 

obtained from hormone free MS medium. For shelter variety hormone free MS medium 

without growth regulator was optimum for shoot initiation. The maximum number of 

shoots/explant (4) was recorded from MS medium supplemented with 1.5 mg/l BAP. The 

highest shoot length (5 cm) was recorded at lower dose of BAP (0.5 mg/l). The maximum 

numbers of leaves/shoot (3.4) was found at 1.5 mg/l BAP. For Shelter variety MS medium 

supplemented with 1.5 mg/l BAP was optimum for shoot multiplication. The minimum time 

required for root induction (5 days) was recorded on hormone free media for Shelter variety. 

The maximum numbers of roots (18.26) with an average root length of 6.55 cm was recorded 

on 0.5 mg/l IBA. Concentration of IBA ranging from 0.0-0.5 mg/l resulted in 100% rooting.  

For Shelter variety 0.5 mg/l IBA was optimum for root induction. During acclimatization the 

highest survival percentage was 69.8% obtained from 1:2:1 ratio for Shelter variety.  

In conclusion, MS medium without growth regulators was optimum for all the three varieties. 

For Valouro and Uwezo varieties, MS medium supplemented with 2 mg/l BAP was optimum 

for shoot multiplication.  For Shelter variety MS medium augmented with 1.5 mg/l BAP was 

optimum for shoot multiplication. For in vitro rooting, half strength MS medium containing 

0.5 mg/l IBA was found to be best for all the three varieties.   

Future line of work 

This study focused only on the effect of BAP hormones alone for shoot multiplication, further 

research is suggested to be done on multiplication performance by using other combinations 

of hormones and by taking other explant sources. 
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Appendix Table 1. Components of Murashige and Skoog (1962) stock solutions with their 

concentrations 

 

 

 

Stock type Components concentration

Mg/l 

Stock solution  Amount  required 

in liter 

 

Stock I 

/Macro 

Stock  

  x50/1000ml 20ml/l 

KN03 1900 95.g 

NH4N03 1650 82.5g 

KH2P04 170 8.5g 

MgS04·7H2O 370 18.5g 

     

 

 

Stock II 

/Micro stock 

  x100/1000ml 5ml/l 

 MnS04·4H20 22.3 2.23g 

KI 0.83 83mg 

H3B03 6.2 0.62g 

ZnS04·7H20 10.6 1.06g 

Na2Mo04·2H20 0.25 25mg 

CuS04·5H20 0.025 2.ml  

CoCl2·6H2O 0.025 2ml  

     

 

Stock III 

/Iron stock 

  x50/500ml 10ml/l 

FeS04·7H2O 27.8 1.39g 

Na2EDTA 37.3 1.865g 

     

 

Stock IV / 

Vitamins   

Stock 

  X100/500ml  

5ml/l Nicotinic acid 0.5 50mg 

Pyridoxine-HCI 0.5 50mg 

Thiamine-HCI 0.1 10mg 

 Myo-inositol* 100 10g 

Glycine 2 200mg 

    

   X50/500ml 10ml/l 

V CaCl2·2H20 440 22g 
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Appendix Table 2. ANOVA table for the shoot initiation 

Source DF Days to  

Shoot initiation 

Percentage  

of initiation 

  MS MS 

BAP 5 131.691
***

 2293.377
***

 

Variety  2 4.658
***

 2.411
NS

 

BAP*Variety 

Error 

10 

68 

3.605
***

 

0.379
***

 

3.051
NS

 

18.047
***

 

   CV (%) 6.80 5.57 

Note ***= highly significant at P ≤ 0.0001, P= Probabilities Value at P≤ 0.01, ns = non-significant, 

MS = Mean square, DF = Degree of freedom, CV = Coefficient of Variation. 

Appendix Table 3. ANOVA table for shoot multiplication 

Source DF Number of 

shoot/explant 

   Number of 

    leaf/shoot        

 shoot length  

  MS MS MS  

BAP 6 15.327
*** 

5.055
*** 

11.145
***  

Variety  2 5.536
*** 

0.841
*** 

3.594
***  

BAP*Variety 

Error  

12 

60 

0.618
***

 

0.016
*** 

0.133
***

 

0.011
*** 

0.111
***

 

0.024
*** 

 

 CV (%) 4.94  4.06 3.79  

Note ***= highly significant at P ≤ 0.0001, P= Probabilities Value at P≤0.01, MS=Mean square, 

DF=Degree of freedom, CV=Coefficient of Variation 

Appendix Table 4. ANOVA for in vitro rooting 

Source DF   Days to 

  Rooting 

Number of 

 root  

 Root 

 length 

Percentage 

of rooting  

  MS MS MS MS 

IBA 6 58.174
*** 

159.359
*** 

13.898
*** 

2634.513
*** 

Variety  2 48.396
*** 

101.157
*** 

9.515
*** 

94.968
** 

IBA*Variety 

Error  

12 

40 

1.619
**

 

0.577
*** 

1.534
***

 

0.139
*** 

0.180
***

 

0.010
*** 

30.005
*
 

13.315
*** 

 CV (%) 8.07  4.06 2.69  4.19 

Note ***= highly significant at P ≤ 0.0001, ** =highly significant at p≤ 0.01, *= significant at p≤ 0.05 

and   NS = non-significant where, P= Probabilities Value at P ≤ 0.05, MS = Mean square, DF = 

Degree of freedom, CV = Coefficient of Variation. 




