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ABBREVIATIONS

The following abbreviations have been used throughout the text.

B-3 BINA tomato-3

BAP 6-Benzylaminopurine

BINA Bangladesh Institute of Nuclear Agriculture

BR Bahar

IAA Indole-3 Acetic Acid

IBA Indole-3 Butyric Acid

MS Murashige and Skoog (1962) medium

Na-FeEDTA Sodium salt of Ferric Ethylene Diamine Tetra Acetate
NaOH Sodium Hydroxide

PR Pussa Rubby



Abstract
Tomato (Lycopersicum esculentum Miller) is one of the most important winter vegetable
crops in Bangladesh. To meet the increasing demand of tomato in Bangladesh. it is necessary
to develop new varieties adapted to various abotic and botic stresses. To achieve high yield
potential and wide adaptability, tissue culture may play a role. For this, it is necessary to
investigate the effect of growth regulators on shoot induction and plant regeneration in
tomato. In this study four locally grown tomato (Lycopersicon esculentum Mill.) varieties,
namely, BINA-3, BARI-3, Bahar, Maple and one Indian commercial variety, Pussa Rubby
(PR) were selected to observe the effects of growth regulators on plant regeneration in tomato.
Cotyledonary leaf explants of tomato were collected from 8-10 days old in vitro germinated
seedlings. Different concentrations and combinations of growth regulators were added to MS
media to observe shoot initiation and root induction. Among all the combinations, MS media
containing 1.5mg/l BAP and 0.2mg/l IAA showed best result with lowest callus formation
and increased number of shoot in all the varieties. In this medium the best response was found
for Maple (93.33 %) followed by Pussa Ruby (86.67 %) and for the other varieties such as
BARI-3. BINA-3 and Bahar gave almost similar response to that combination of the medium.
The survival response of all varieties was in between 80 % to 90 %. Among the varieties.
Maple showed the best survival response which was almost 90 % while BINA-3 showed the
survival response of almost 80 %. Among all the varieties, BINA-3 showed highest number of
fruits per plant while BINA-3 and BARI-3 showed highest average number of seeds per fruit.
Viability response of all the five varieties was in between 75 % to 82.5 %. Among the
varieties. BINA-3 showed the best viability response which was almost 82.5 % while Maple
showed the viability response of almost 75 %. Finally this study has shown that 1.5 mg/l BAP
with 0.2mg/l 1AA containing MS media is better for shoots induction and 0.2mg/l TAA
containing " strength MS media showed best response to root formation for all the five
varieties. Each experiment was conducted three times (n=3). Regeneration percentages were
analyzed by using SPSS version 16 and significant differences among means were assessed

by the Duncan test (P <0.05).
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Introduction

Tomato is one of the most important winter vegetable crop in Bangladesh. The scientific
name of this plant is Lycopersicum esculentum Miller belongs to the family of Solanaceae. It
was originated in South America and spread around the world following the Spanish
colonization of the Americas. The cultivated tomato is a short-lived diploid (2n =2x =24)
dicotyledonous annual plant, typically grown to 1-3 meters (3—10 ft) in height. The leaves
are 10-12 ecm long with 5-9 leaflets, each leaflet up to 8 cm long. The flower is -2 ¢m
across, yellow with five pointed lobes on the corolla. The fruit is an edible, bright colored
(usually red,.from the pigment lycopene) berry, 1-2 cm diameter in wild plants, commonly
much larger in cultivated forms (Islam, 2007).

Tomato has achieved tremendous popularity over the last century and it is grown in almost
every country of the world. It is the second most important vegetable crop in the world after
potato (Bhatia ef al., 2004; Foolad, 2004). Tomato is consumed in many forms, such as, raw
vegetable, added to other food items or as processed products such as paste. whole peeled,
diced, juice. sauces and soups (Khoudi et al., 2009). About 130 million tons of tomatoes
were produced in the world in 2008 (http://en.wikipedia.org/wiki/Tomato#Modern _uses of
tomatoes: dated:1/4/2011). According to report published by Food and Agriculture
Organization (FAQO) of the United Nations (2008), the top producers of tomatoes were China
(33811702 ton), USA (12575900 ton), Turkey (10985400 ton), India (10260600 ton) and
Italy (5976912 ton).

Tomato is also good for weight loss, obesity, eye disorders. night blindness, urinary tract
infection, liver disorders, indigestion, constipation, diarrhea and diabetes (www.pyroenergen.
com/.../tomatoes-medicinal-properties.htm, dated 1/4/2011). Tomato has detoxification effect
in the body. According to World Health Organization (WHO) report (2009). 51 mg of
chlorine and 11 mg of sulfur in 100 grams size of tomato have a vital role in detoxification
process. Tomato is a good source of calcium and iron. It also contains some amounts of
phosphorus, sulphur and potassium. Tomato is rich in vitamin C (19.1mg), vitamin B (0.059
mg), vitamin A (623 [.U) and is also cholesterol free (USDA Standard Reference Release 13

Nov. 1999) (Block et al., 1992; Gerster, 1997; Rao and Agarwal, 2000).



In Bangladesh, the demand of tomato is increasing day-by-day in the agro. and food
industries. It is cultivated all over the country due to its adaptability to wide range of soil and
climate (Ahamed et al., 1995). The cultivated area under tomato in Bangladesh was 17, 813.8
hectares, total production was 1,20,000 metric tons having an average yield of 6.7 metric tons

per hectare (BBS, 2010).

Tomato has achieved tremendous popularity. To meet the increasing demand of tomato in
Bangladesh. it is necessary to develop good varieties with nutritional quality, higher yield
potential and wide adaptability. Even after producing new varieties, generation of tomato is
severely hampered due to disease infestation. In total there are more than 200 pathogens that
infect tomato crop (Watterson, 1986).

Tomato production in our country is hindered by various pathogens including fungi. virus
and bacteria. The major tomato viruses are Tomato Mosaic Virus (ToMV), Tomato Leaf Curl
Virus (TLCV), Curly Top Virus (CTV). Tomato Yellow Top Virus (TYTV) and Cucumber
Mosaic Virus (CMV). Viral disease reduces plant vigor and yield potential of fruit to a
considerable extent (Jones et al., 1991). The diseases that are caused by bacteria include
bacterial canker by Corynbacterium michiganense, bacterial speck caused by Pseudomonas
syringe and bacterial wilt caused by Ralstoni solanacearu. The main fungal diseases that
affect the production of tomato are Verticillium (Verticillium dahlia) wilts and powdery
mildew caused by Leveillula taurica, early and late blights caused by Alternaria solani and
Phytopthora infestants, respectively, anthracnose caused by Collitotrichum phomoides.
Tomato productions are also damaged by many pests from the first emergence till harvest.
Among them Aphids, Flea beetles, Leaf miners, Spider mites etc create problems to plant bed
tomatoes while Flea beetles, Aphids, Leaf miners, Stink bugs and fruit worms cause foliage
damage in the field. But their fruit damage and disease spreading problems can be very
serious (Raj et al., 2005).

Diseases infestation is mainly controlled through application of chemicals which sometimes
reaches the level of toxicity. So, now it is evident that improvement of this crop is an
essential task to overcome the constraints of tomato production. Conventional breeding
methods were tried to develop the characters of agronomic importance in tomato, but it was

not so successful because of high degree of self pollination and non-availability of suitable



wild germplasm. Besides this, conventional breeding method takes long time, extending over
seven to eight years involving crossing and selection of desirable traits.

Except sexual breeding techniques, there are also some processes of creating variability
including induction of somaclonal variation through tissue culture, somatic hybridization and
genetic engineering. Tissue culture techniques can play a significant role for enrichment of
genetic variability by creating variation (somaclonal variation) or mutation (by applying
radiation or chemical mutagens to in vitro cultured plant materials) at an unexpectedly high
rate and may be novel sources of genetic variability in many plant species (Scowcroft ef al.,
1987). But these were found to have limited application in many crop species (Islam, 1998).
Tissue culture techniques have several advantages over traditional propagation methods. The
application of in vitro techniques provides unique possibilities for overcoming the barriers of
incompatibility existing between remote species and has facilitated rapid introduction of new
varieties. The regeneration of plants by tissue culture method is an important and essential
component of biotechnological research and also required for genetic manipulation. A breed-
ing program associated to biotechnological tools depends upon the development of an

efficient in vitro plant regeneration system (Hosseini et al., 2006).

Tomato is considered to be a model species for introduction of agronomically important
genes into dicotyledonous crop plants (Wing et al., 1994). The most frequently used way of
regeneration in tomato is via shoot organogenesis from callus developed from leaf or
cotyledon explants or directly from thin cell layers of the inflorescence (Compton and

Veilleux. 1991).

In vitro plant regeneration of tomatoes using protocols for adventitious shoot regeneration
from cotyledon segments has been reported (vanRoekel er al., 1993). The system is as
follows: a bud induction phase, culturing the explants in medium supplemented with
cytokinin (Compton and Gray, 1993); an elongation phase, transferring the shoot buds to
medium with a lower concentration of cytokinin (Dong and Jia, 1991) ; and a rooting phase,
using a culture medium supplemented with auxin (Compton and Gray. 1994; Abu El-Heba,

2004) .

Tomato regeneration has been previously reported via organogenesis in several articles using

different explants. such as, leaf (McCormic et al., 1986; Gaffer, 1997 Oktem et al., 1999;



Kartha et al., 1976, and Padmanabhan et al., 1974), meristems (Mirghis et al., 1995), stems
and anthers (Zamir et al., 1980), hypocotyls (Ohki er al., 1978). In addition. (Pozueta-
Romero, et al.. 2001) regenerated shoots of three tomato cultivars after 14 days from the
hypocotyl after removing the primary and axillary meristems (Ghada A et al., 2008).

The hormones, auxins and cytokinins control plant development through a multitude of
complex interactions. The balance between auxins and cytokinins controls the formation of
roots, shoots, and callus tissue in vitro (DeRopp, 1954; Skoog and Miller, 1957). The mode
of interaction between auxins and cytokinins can therefore be synergistic, antagonistic, or
additive and is dependent on the type of tissue and on the plant species in which the
interaction occurs. Although the molecular mechanisms underlying most of these auxin-
cytokinin interactions are unknown, they are thought to include mutual control of auxin and
cytokinin metabolism, interactions in the control of gene expression, and post-transcriptional
interactions (Coenen and Lomax, 1997). Since the pioneering work, zeatin has been widely
accepted as the only cytokinin capable of inducing satisfactory growth in tomato explants
(Jabeen er al.. 2009; Aileen O’Connor-Sanchez er al., 2010). Selective shoot regeneration
medium (SRM) containing Myo-inositol, Vitamins and Zeatin showed increased shoot
regeneration from the cotyledons (Ahsan er al., 2007). Coconut water (CW) and BAP
successtully replaced zeatin in olive micropropagation (Peixe et al.. 2007). CW had been
reported in other important crop micro propagation, such as, monopodial orchid hybrid
Aranda deborah (Lakshmanan et al., 1995), legume crop and Arachnis labrosa
(Temjensangba and Deb, 2005) and also in monocots like maize (Baskaran et al., 2006) and
sugarcane (Desai et al., 2004; Amber et al., 2010). While working with Bangladeshi tomato
varieties, good callus was obtained by Begum and Miah (1993) using leaf explants of two (E-
6 and S-1) strains of tomato on MS medium supplemented with 2 mg/l IAA and 2 mg/l
kinetin. But using Indian variety (Lycopersicon esculentum cv.PKM.1), Jawahar er al..
(1997) induced callus from hypocotyls of tomato on MS medium supplemented with 2 mg/|
IAA and | mg/l BAP and after subculture in the same medium they got good shoot

proliferation.

Many differentiated shoots and shoot primordia were visible on primary leaf explants
whereas, it was observed only a high rate of callus proliferation and formation of roots in the

case of cotyledon explants. Primary leaves were three times more efficient than cotyledons

4



in terms of percentages of regeneration productivities (P) when calculated for both types of
explants and were found: 0.64 for primary leaves and 0.15 for cotyledons. Although many
shoot primordial were initiated on cotyledon explants, only few normal plants were
recovered (4 out of 170 cotyledon explants), hence primary leaves were used as explant.
Zeatin at 1 mg/| for shoot regeneration and 0.2 mg/l for shoot elongation combined with 0.1
mg/l IAA gave the best results in terms of regeneration percentages. productivity and
morphological quality of the regenerated plants compared to the medium containing BAP
and IAA (Khoudi ef al.. 2009).

This similarity of hormonal supplements indicates that the overall hormonal demand is same
for the tomato plants. In vitro regeneration through organogenesis and somatic
embryogenesis can be used for multiplication of genetically identical clones and it is an
integral part of genetic transformation procedures. The in vitro morphogenetic responses of
cultured plants are affected by different components of the culture media and it is important
to evaluate their effect on plant regeneration. Although advances are being made toward
better understanding of metabolic processes correlated with regeneration, determining of the
conditions for in vitro plant regeneration is still largely an empirical process. Thus, in vitro
regeneration can be difficult to achieve for some plant species or particular genotypes within
a species. Somatic embryogenesis in tomato is still at its infancy. and efficient procedures for
large-scale production via somatic embryogenesis are yet to be developed (Bhatia er al.,
2004).

Very little studies have been attempted in Bangladesh on in vitro regeneration protocol
development on different crops (Islam ef al., 2000). In addition to this there are very few
reports available on Bangladeshi tomato varieties (Begum and Mia, 1993; Islam. 2007:

Chowdhury. 2008).




Objectives of the present study

Considering the importance and potential of tomato production in Bangladesh and to
overcome the obstacles for improvement of this crop, the aim and objective of the study was-
A Establishment of in vitro regeneration methodology following evaluation the effectiveness

of various plant growth regulators.

A Analysis the varietal response toward different hormonal supplements to observe effect of

genotype.

A Observe the reproducibility of the regenerants to establish a germline, which will

specifically be useful during transgenic development.
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Materials

2.1 Plant materials

Five verities of tomato seeds were used for this research work. They are: BINA-3, BARI-3,

Bahar, Pussa Rubby and Maple. The collection areas of these varieties are as follows:

1) BINA-3 and Bahar: Collected from Bangladesh Agricultural University (BAU),
Mymensingh.

2) BARI-3: Collected from Bangladesh Agricultural Research Institute (BARI),
Gazipur.

3) Pussa Rubby: Collected from Lal Teer Seed Company. Dhaka, Bangladersh.

4) Maple: Collected from Maple Agrobusiness Company, Dhaka. Bangladersh.

The important characteristics of these varieties are as follows:

2.1.1 BINA-3

It is a summer variety that was formed by the cross between Bahar and S| mutant by
radiating gamma ray (Hamid, 2004). This summer variety was released in 1997 by the
National Seed Board. The plant height is 80-85 cm and leaf is curl shaped and light green.
fruit number/plant is 12-14. The average weight of fruit is 82 gm and yield rate is 38-42
ton/ha and vitamin-C content is 19.5 mg/100 gm. Its fruit size is small and taste is sour. It
requires 60-65 days maturing after transplantation. Maximum fruit yield is 48 ton/ha (av. 40

ton/ha) (Dutta, 2004).

2.1.2 BARI-3

This variety was released in 1996 by the Bangladesh Agricultural Research Institute (BARI)
Gazipur, Bangladesh. Fruits are fleshy, semi-globe and red in color. Number of fruits/plant is
about 28-30 and average fruit weight is about 85-90 gm. Yield is 2-2.5 kg/plant and 85-90

ton/ha.



2.1.3 Bahar

This variety was developed by Bangladesh Institute of Nuclear Agriculture (BINA) through
the cross between “Anobic™ and “Ocshert”. The variety was released by the National Seed
Board in 1992, It is medium height with 80-85 c¢cm and determinate. Fruits are big and
average weight is 110 gm and yield rate is 60-70 ton/ha, fruits are tasty with red colored, its
vitamin-C content is 21.19 mg/100 gm. Maximum fruit yield is 75 ton/ha (av.65 ton/ha)

(Dutta, 2004).
2.1.4 Pussa Rubby

This variety was released by International Agricultural Research Institute (IARI), New Delhi.
India. Plants are erect in nature. Fruits are medium sized and red in color. This variety is
suitable for spring-summer and autumn-summer seasons. Yield capacity is 32.5 ton/ha and

fruiting time is 65-70 days after planting.
2.1.5 Maple

[t is a high yielding tomato variety developed by Maple Agrobusiness Company, Dhaka,
Bangladesh. Plants are medium sized and sowing time is autumn-winter. Fruits are round
shaped with red colored and contain high defense quality against pathogens. Fruits are
collected within 90-95 days after plantation with average weight of 90-100 gm and fruiting

capacity is 20-25 ton/acre.

2.2 Different culture media

Different culture media were used for this present experiment which is as follows:
2.2.1 Seed germination and seedling development medium

MS basal (Murashige and Skoog., 1962) media solidified with Phytagel were used for seed

germination and seedling development.



2.2.2 Regeneration initiation and shoot differentiation media

Cotyledonary explants collected from seedlings were cultured on modified MS media with
different concentrations and combinations of various growth regulators (Auxins and
Cytokinins) for regeneration of shoot. After shoot initiation same media was used as

subculture media for shoot elongation and multiplication.

2.2.3 Root induction media

Half strength of MS basal media supplemented with different concentrations and

combinations of Auxins, namely, NAA, IAA and IBA were used for root induction and

development.
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Methods

For seed germination and seedling development, regeneration initiation and shoot

differentiation, elongation and for root initiation different types of media were used.
3.1 Preparation of stock solutions

As the first step, different stock solutions were prepared for the preparation of MS media.
The various constituents, namely, macronutrients and micronutrients. vitamins. plant growth
regulators etc. of the medium were prepared into stock solutions for ready use during the

preparation of medium.
3.2 Stock solution A (Macro nutrients) for the MS medium

This stock solution was prepared in such a way that its strength was 20 times more than the
final strength of the medium in 500 ml distilled water. For this purpose, 10 times the weight
of different salts required for 1 litre of medium were weighted correctly. Then the salts were
sequentially dissolved one after another in a 500 ml volumetric flask with 350 ml of distilled
water. The final volume of the solution was made upto 500 ml by further addition of distilled
water. The solution was filtered through Whatman No.| filter paper to remove all the solid
contaminants like dust. cotton etc. and was poured into a clean plastic container. After

labeling, the solution was stored in a refrigerator at 4°C for several weeks.

3.3 Stock solutions B (Micro nutrients) for MS medium

For this constituent of the medium two separate stock solutions were prepared.
3.3.1 Stock solutions B1 (All Micro nutrients except Iron) for MS medium

This part of the stock solution was made with all the micro nutrients except FeSO4.7H>0 and
Na>»-EDTA. This was made 100 times the final strength of necessary components in 500 ml
of distilled water as described for the stock solution (Macro nutrient). The solution was

filtered and stored at 4°C for several weeks.
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3.3.2 Stock solutions B2 (Iron chelate solution) for MS medium

The second solution was made 100 times the final strength of FeS0,.7H,0 and Na,-EDTA in
500 ml distilled water in a conical flask and heated slowly at low temperature until the salts
were dissolved completely. Finally the solution was filtered and stored in refrigerator at 4°C

for several weeks.
3.4 Stock solution C (Organic constituents) for MS medium

It was also made 100 times the final strength of the medium in 500 ml of distilled water. This

solution was also filtered and stored at 4°C for future use.

3.5 Stock solution for growth regulators

The following growth regulators were used in this experiment:

3.5.1 Auxin

Indole-3-acetic acid (IAA)

Indole-3-butyric acid (IBA)

Alpha-napthalene acetic acid (NAA)

3.5.2 Cytokinin

6-Benzylaminopurine (BAP)

The growth regulators were dissolved in appropriate solvent as shown against each of them.

Growth Regulator  Solvent

IAA IN NAOH
IBA IN NAOH
NAA IN NAOH
BAP IN NAOH

11



To prepare any one of the mentioned hormonal stock solution. 20 mg of the hormone was
placed on a clean plastic weighting boat and dissolved in 1 to 2 ml of respective solvent. The
mixture was then washed off with distilled water and collected in a 200 ml measuring
cylinder. It was then made up to 200 ml with the addition of distilled water. The solution was
filtered and poured into a clean plastic container and stored in a refrigerator at 4°C for future

use.
3.6 Preparation of MS medium
To prepare one liter of MS medium, the following steps are carried out:

1) For the preparation of MS medium, 30 gm of sucrose was dissolved in 500 ml of distilled

water in a volumetric flask.

2) 50 ml of stock solution of A, 5 ml of stock solution of B and C were added into 500 ml

distilled water and were mixed well.

3) 100 mg of myo-inositol (Sigma, USA) was added to this solution and were dissolved

completely.

4) For obtaining different required concentrations, various hormonal supplements were added
to this solution either individually or in combinations and were mixed thoroughly. Since each
of the hormonal stock solution contained 20 mg of the chemical in 200 ml of the solution, the
addition of 10 ml of any hormonal stock solution to make 1 litre of medium resulted Img/l

concentration of that hormonal supplements.
5) The whole mixture was then made up to | liter with further addition of distilled water.

6) The pH of the medium was adjusted to 5.8 using a digital pH meter JENWAY-3010, UK)
with the help of IN NaOH or IN HCI, whichever was required.

7) To solidify 0.3 g (at 3%) of phytagel (Sigma, USA) was added to the desired medium.

8) To dissolve phytagel (solidifying agent), the whole mixture was quickly heated in a

microwave oven (Emerson, Korea).
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3.7 Media sterilization

The culture vessels like test tube or conical flasks etc. were filled with fixed volume of media
and plugged with non-absorbent cotton and covered with aluminum foil and then marked
with a glass marker to indicate necessary supplements. The culture vessels were then
autoclaved (Eyela Autoclave MAC-501. Japan) at 15 Ib/sq. inch. pressure at 121°C

temperature for 20 minutes.

3.8 Sterilization of seeds

Seeds were immersed in 70% ethanol for 2 min followed by 5.25% colorx. After that seeds
were treated with Tween-20 (2 Drops) and shaken continuously for 20 min. Seeds were
washed with distilled water for 5 times respectively (1, 2, 4, 8 and 10 min). Seeds were then

kept in Shaker (Eyela, Singapore) at 28°C with 180 rpm for 48 hr.

After 48 hr, seeds were taken out from shaker and kept in solidified Germination Media (MS

basal Media) under light and dark condition of (6+8) hr at 25°C + 2°C for germination.
3.9 Regeneration

From 7-8 days old seedlings cotyledonery leaf explants were collected and placed on MS
media supplemented with various hormonal supplements. Cultures were kept under
fluorescent light with 25 - 27°C. Each experiment was conducted for three times (n=3).
Regeneration percentages were analyzed by using SPSS version 16 and significant

differences between means were assessed by the Duncan test (P <0.05).
3.10 Precautions to ensure aseptic conditions

All inoculation and aseptic manipulation were carried out in a Laminar Air Flow Cabinet
(ESCO:; class 2. Type R/B; Biohazard Safety Cabinet, Singapore). The cabinet was switched
on for at least 50 minutes before use and cleaned with 70% alcohol to overcome the surface

contaminations.

The instruments like scalpels, forceps, inoculation loop. Petri dishes, Micro-pipette tip etc.
were sterilized by stem sterilization method. At the time of inoculation, these instruments

were again sterilized by flaming method inside the cabinet. After autoclaving media were

13



poured inside the cabinet. All measures were taken to obtain maximum contamination free

condition during the surgical operation of the explants.

3.11 Subculture

Regenerated cultures were subcultured to fresh media containing the same hormonal
supplements for further proliferation and development. Subculture was performed regularly
at an interval of 25 days for maintenance. Cultures were routinely examined for different

morphogenic development.

3.12 Rooting

Well developed shoots about 2-4 ¢cm long were placed individually in test-tube containing

rooting media to obtain sufficient root formation.
3.13 Transplantation

Regenerated plantlets with sufficient roots (7-10 ¢m in length) were considered to transfer in
the soil. Before transfer in the soil rooted plantlets were kept into room temperature (30+2"C)
for 5-7 days for acclimatization. After proper hardening, plantlets were taken out from the
test tubes. washed carefully under running tap water to remove any traces of agar. Each
plantlet was transferred into small plastic pot containing garden soil. sand and compost at the
ratio of 1:1:1 and kept inside a moist plastic bag for 2 weeks. Finally bags were removed and

plants were placed in net house for flower and fruit formation.

3.14 Seed viability test

Seeds were collected from ripen fruit and sun dried. Seeds were counted and then sterilized
according to 3.8 and placed in culture room to observe viability through germination

response.
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Results

In the present study, cotyledonary leaf explants of tomato varieties viz. BINA-3, BARI-3,
Bahar, Maple and Pussa Rubby were collected from 7-8 days old in vitro germination
seedlings. The effects of hormonal treatments, viz. cytokinins and auxins were observed on
in vitro shoot proliferation and root induction. The results obtained from each of the

experiments are described in details under the following heads:
4.1 Effect of sterilization on in vitro germination of seeds

Seeds were surface sterilized and were shaken for few hours before placing on germination
medium and incubated in dark. After germination seedlings were allowed to develop under
light. It was observed that all the five varieties took 7 to 8 days to attain optimum seedling
stage to collect cotyledonary leaf to use as explants. Among the five varieties, BINA-3
showed the highest rate of germination with 96.25 % followed by BARI-3 (93.75%) (Figs.1-
S). However, other varieties also showed very good germination response. This response was

similar throughout the year indicating prolonged viability of the varieties.

Table-1. Germination response of seeds of five varieties towards seedling development using

germination medium.

- \Z@i_c_s_ | No. of seeds germinated Germination rate (%) |
BARI-3 75 93.75
BINA-3 77 B 96.25
Pussa Rubby 74 92.5
______ Bahar 74 925 s
Maple 72 90
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4.2 Multiple shoot regeneration response of BARI-3, BINA-3, Pussa Rubby, Bahar and

Maple varieties towards different concentrations of BAP and IAA in MS medium.

MS medium supplemented with different concentrations of BAP (1.0-3.0 mg/l) along with
various concentrations of IAA (0.1-0.5 mg/l) were used for induction of multiple shoots
using cotyledonary leaf explants. The average time for shoot bud initiation in all the varieties
was 28 to 30 days. Results of this experiment are presented in Tables 2-6. It was found that
BAP with IAA had a positive effect towards shoot regeneration. The eight hormonal

combinations were used for regeneration during this experiment.

4.2.1 Effect of different concentrations and combinations of BAP and 1AA for BARI-3

variety

For shoot regeneration, the best regeneration response (83.33%) was found in media
composition T3 (1.5 mg/l BAP with 0.2 mg/l IAA) (Fig. 6) followed by 80% in media
composition T2 (1.5 mg/l BAP with 0.1 mg/l IAA) in BARI-3 (Table 2). Callus development
was observed in the medium having 3 mg/l BAP and 0.1 mg/l IAA (T8). Further increase of

IAA showed deleterious effect. BAP supplements also showed similar negative effect.

4.2.2 Effect of different concentrations and combinations of BAP and IAA for BINA-3
variety

In case of BINA-3. for shoot regeneration, the best regeneration response (83.99%) was
found in T3 media (1.5 mg/l BAP with 0.2 mg/l IAA) (Fig. 7) followed by T4 media
composition (1.5 mg/l BAP with 0.5 mg/l IAA) (Table 3). Growth media T6 (2 mg/l BAP
with 0.1 mg/l IAA) showed the lowest shoot regeneration and growth media T8 (3 mg/l BAP
and 0.1 mg/l IAA) showed callus formation in the medium. Increase of IAA with BAP-2

mg/l showed positive effect.
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4.2.3 Effect of different concentrations and combinations of BAP and IAA for Bahar
variety

The variety Bahar also showed the best regeneration response (83.33%) in media
composition T3 (1.5 mg/l BAP with 0.2 mg/l IAA) followed by 80% in T2 media (1.5 mg/I
BAP with 0.1 mg/l IAA) (Fig. 8) and T4 (1.5 mg/l BAP with 0.5 mg/l IAA) (Table 4).
Growth media T8 (3 mg/l BAP with 0.1 mg/l IAA) showed the lowest shoot regeneration
with callus formation. With increase of IAA along with BAP (1.5 mg/l) showed negative
effect. In case of 2 mg/l BAP, increase of IAA showed similar deleterious effect. Increase of

BAP supplements showed same negative effect.

4.2.4 Effect of different concentrations and combinations of BAP and IAA for Pussa
Rubby variety

In case of Pussa Rubby. the best regeneration response (86.67%) was observed in T3 (1.5
mg/l BAP with 0.2 mg/l IAA) (Fig. 9) medium followed by 80% in T1 media (1 mg/l BAP
with 0.1 mg/l IAA) (Table 5). Growth media T8 (3 mg/l BAP with 0.1 mg/l IAA) showed the
lowest shoot regeneration. Callus formation was also found in that medium. Increase of IAA
along with BAP (1.5 and 2 mg/l) showed deleterious effect. Increase of BAP supplements

also showed deleterious effect on shoot regeneration.

4.2.5 Effect of different concentrations and combinations of BAP and TAA for Maple
variety

Regeneration response of the Maple variety was found to be the best for shoot regeneration
(93.33%) in T3 (1.5 mg/l BAP with 0.2 mg/l TAA) (Fig. 10) medium followed by 80% in
medium T1 (1 mg/l BAP with 0.1 mg/l IAA) (Table 6). With the increase of IAA along with
BAP (1.5 and 2 mg/l) showed deleterious effect on in vitro response was observed. 3 mg/I
BAP with 0.1 mg/l IAA (T8) and 2 mg/l BAP with 0.5 mg/l IAA (T7) showed the lowest
shoot regeneration while BAP at 3 mg/l in MS medium supported callus development. Also

increase of BAP supplements showed similar deleterious effect on shoot regeneration.
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Table 2. Shoot regeneration response of BARI-3 variety towards various concentrations and

combinations of BAP and IAA in MS media.

No. of Days Total Well
Shoot bud | requirement | number | developed
csteenis BAP | TAA | Regeneration | developed | for shoot | of shoots | shoots/
(mg/l) | (mg/l) rate (%) (after 28 | elongation | developed | explant
days) (days) (after 80 | (after 80
days) days)
Tl | 0.1 66.67+2.3a 9 64 20 5
T2 1.5 0.1 80+1.58¢ 7 66 24 5 |
| T3 1.8 0.2 83.3345.1b 10 62 25 6
T4 | 15 0.5 | 76.67+2.45d 8 65 23 4
T5 LS I 70+1.19¢ 7 63 21 3
T6 2 0.1 60+2.38f 6 65 18 4
T7 2 0.5 60+1.57f 8 69 18 2
T8 3 0.1 66.67+3.27a 6 64 20 3

Note: Total number of explants was 30 in all treatments. Values are expressed as means + SD
(n=3): values within the column with the same superscript are not significantly different (/

<0.05).

Table 3. Shoot regeneration response of BINA-3 variety towards various concentrations and

combinations of BAP and IAA in MS media.

_ T R No. of Days Total Well
Shoot bud | requirement | number | developed
L T— BAP | TAA | Regeneration | developed | for shoot | of shoots | shoots/
(mg/l) | (mg/l) rate (%) (after 28 | elongation | developed | explant
days) (days) (after 80 | (after 80
- days) days)
T1 [ 0.1 67.82+2.82a 8 65 22 4
12 1.5 0.1 79.76+2.25¢ 7 66 23 3
T3 1.5 0.2 | 83.99+3.21b 11 63 26 6
T4 1.5 0.5 | 76.17+£2.67d 8 65 23 2
13 1.3 1 69.93+4.98ae 8 68 22 2
T6 2 1 0l 59.62+1.57f 7 65 18 3
T7 2 0.5 | 60.28+3.21g 6 70 19 i 2
T8 3 0.1 67.57+1.09a 6 72 19 2

Note: Total number of explants was 30 in all cases. Values are expressed as means + SD
(n=3): values within the column with the same superscript are not significantly different (7

<0.03).
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Table 4. Shoot regeneration response of Bahar variety towards various concentrations and
combinations of BAP and IAA in MS media.

No. of Days Total Well
Shoot bud | requirement | number | developed
Treatuients BAP IAA | Regeneration | developed | for shoot of shoots shoots/
(mg/l) | (mg/l) rate (%) (after 28 | elongation | developed | explant
days) (days) (after 80 | (after 80
) B days) days)
T1 I 0.1 76.67+6.23a 9 69 23 2
j ¥ 1.5 0.1 80+1.25b 10 74 24 2
X% 0.2 83.33+2.34b 11 13 25 4 |
| T4 | L5 0.5 80+1.11b 10 73 24 - .
5] 15 | 73.33+0.29¢ 8 71 22 %
T6 2 0.1 66.67+0.57d 8 66 20 3 |
17 2 0.5 60+0.67¢ i 17 18 2
T8 3 0.1 50+1.87f 8 75 I3 3

Note: Total number of explants was 30 in all cases. Values are expressed as means + SD
(n=3): values within the column with the same superscript are not significantly different (P
<0.05).

Table 5. Shoot regeneration response of Pussa Rubby variety towards various concentrations
and combinations of BAP and IAA in MS media.

No. of Days Total Well
Shoot bud | requirement | number | developed
 —— BAP | TAA | Regeneration | developed | forshoot | ofshoots | shoots/
(mg/l) | (mg/l) rate (%) (after 28 | elongation | developed | explant
days) (days) (after 80 | (after 80
i | days) days)
Tl I 0.1 80+1.78a 7 66 24 3
T2 L3 0.1 73.3342.57¢ 8 61 22 k-
13 1.5 0.2 | 86.67+4.89b 8 65 26 6
T4 13 0.5 | 76.67+2.22d 7 65 23 4
T8 | 1S I | 76.67+3.57d 7 70 23 4 |
6 | 2 0.1 70+4.97¢ 6 70 21 3 |
TF | 2 0.5 | 63.33+3.33¢ 5 69 19 3
T8 3 0.1 63.33+2.51e 5 69 19 3

Note: Total number of explants was 30 in all cases. Values are expressed as means + SD
(n=3); values within the column with the same superscript are not significantly different (7
<0.05).
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Table 6. Shoot regeneration response of Maple variety towards various concentrations and
combinations of BAP and IAA in MS media.

No. of Days Total Well
Shoot bud | requirement | number | developed
— BAP | IAA | Regeneration | developed | for shoot | ofshoots | shoots/
(mg/l) | (mg/1) rate (%) (after 28 | elongation | developed | explant
days) (days) (after 80 (after 80
| . days) days)
Tl I 0.1 80+2.27a 8 62 24 |
2 | 15 0.1 73.33+6.57¢ 9 65 22 4
T3 1.5 0.2 | 93.33+3.47b 12 65 28 | 3 |
T4 1.5 0.5 | 76.67+1.45d 10 66 23 4
_ TS 1.5 1 76.67+1.22d 9 60 23 | 3
~T6 | 2 0.1 70+3.47¢ 8 63 21 3
T (2 0.5 | 63.3342.59f 7 66 19 3
™ | 3 0.1 | 63.33+3.45f 7 65 19 2

Note: Total number of explants was 30 in all cases. Values are expressed as means + SD
(n=3): values within the column with the same superscript are not significantly different (7
<0.05).

4.3 ANOVA results of the experiment

With regard to overall varietal response towards all the tested hormonal supplements, Mapple
showed the best response. Highest response achieved is 93.33 % while lowest is 63.33 %
(Fig. 11). Among the treatments T3 (1.5 mg/l BAP + 0.2 mg/l IAA) showed the best
hormonal supplement because all the varieties showed the best response in this medium.
Therefore, this hormonal combination can be considered as optimum to give genotype
independent good response. Increase of either BAP or IAA supplementation found to have
negative impact of regeneration. In general treatment T6, T7 and T8 found to give less
responsive result which is most of the time less than treatment T1 and T2, which have very

less amount of hormonal supplements.
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Table 7. Duncan test results on shoot regeneration response of all the five varieties.

- No. of shoot regenerated
Treatments (i'; /'?) (Lf;?]) BARI-3 | BINA-3 Bakiar gss;‘; Maple

| . 0.1 | 66.67b+1.2 | 67.82bx1.6 | 76.67b+1.2 80c+.74 80c+1.55
T2 1.5 0.1 80c+1.3 79.76¢+1.9 | 80a+1.63 | 73.33d+.65 | 73.33d+1.65
3 | k3 0.2 | 83.33d+1.9 | 83.99d+1.1 | 83.33c+1.61 | 86.67e+1.48 | 93.33ex1.26
T4 | 15 | 05 | 76.67exl1.6 | 76.17ex1.2 | 80at1.72 | 76.67b+1.47 | 76.67b+1.15
15 1.5 I 70f+.85 69.93f+1.74 | 73.33d+1.91 | 76.67b+1.91 | 76.67b+0.42
T6 & | B 60a+.95 | 59.62a+1.77 | 66.67e+1.15 | 70f*1.18 70f£1.86
17 2 0.5 60a+1.92 | 60.28a+1.87 | 60ft1.41 | 63.33a+1.2]1 | 63.33a+1.28
T8 3 0.1 |66.67b+1.24 | 67.57b+1.23 | 50g+1.3 | 63.33a+1.36 | 63.33a+1.33

Note: Values are expressed as means + SD (n=3). Values within the column with the same
superscript are not significantly different (2 <0.05).

From Table 7 it is found that BARI-3 variety, growth media T6 (2 mg/l BAP with 0.1 mg/l
IAA) and T7 (2 mg/l BAP with 0.5 mg/l IAA): BINA-3 variety. growth media T6 (2 mg/Il
BAP with 0.1 mg/l IAA); Bahar variety, growth media T8 (3 mg/l BAP with 0.1 mg/l IAA):
Pussa Rubby variety, growth media T7 (2 mg/l BAP with 0.5 mg/l IAA) and T8 (3 mg/| BAP
with 0.1 mg/l IAA) and for Maple variety growth media T7 (2 mg/l BAP with 0.5 mg/l IAA)
and T8 (3 mg/l BAP with 0.1 mg/l IAA) showed the lowest shoot regeneration rate and also

lowest number of shoot development (Figs.11 and 12).
4.4 Effect of different concentrations of IAA and IBA for root induction

Root formation is one of the essential steps to produce plantlets. Regenerated shoots did not
form root spontaneously. For this reason, elongated shoots (3-4 c¢cm) were excised and
cultured on root induction medium to produce roots. In the present experiment, half strength
of MS medium with different concentrations of auxins, such as. IAA and IBA. were used for
in vitro root formation in all five varieties of tomato. Irrespective of hormonal supplements,
all cultured shoot showed rooting response and showed positive response towards healthy
root development. Results of these observations are presented in the Table 8. In case of IAA
thin long roots were initiated from the cut ends at the base of shoots. While in case of IBA,
though similar type of roots formed in all concentrations but the root growth in IBA
supplemented media was slow. Among the four combinations tested, 0.2 mg/l IAA showed

best result with increased number of average root for all varieties that were used for this
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experiment. All the varieties showed good number of roots with 0.2 mg/l IAA and BARI-3
showed the highest average root number among the varieties. Effects of different auxins in

the development of roots from regenerated shoots are presented in the (Figs.13-16).

Days required for root initiation varied to the different types of media. The minimum days
(6-7) required for root initiation when the explant treated with half MS medium
supplemented with 0.2 mg/l IAA. It was also found that, well develop roots (8-10 c¢cm in

length) were observed in 16-20 days.

Table 8. Effects of different concentrations of auxins (IAA, IBA) in half strength of MS (1/2
MS) medium on rooting in BARI-3, BINA-3, Bahar, Pussa Rubby and Maple.

; Days Days
Concentrations ; Average Average
Varieties (mg/1) needed for | sequired for root root length | Root type
root root
& e number (cm)
IAA IBA initiation development
0.2 - 7-9 16 L 9.4 Thed
- 0.5 - 7-8 18 6 9.2 FRS
R T s | 8-9 19 8 10.2 ~ TRS
= | B3 7-8 16 8 9.5 TRS
0.2 - 6-7 17 9 10.85 FR
05 - 6-7 16 6 10.8 L
BINA-3 - 0.2 7-8 20 8 9.5 LFRS
) - 0.5 6-7 18 5 10 L
0.2 - 5-8 19 8 10.2 FRS
0.5 - 8-9 17 6 9.5 TRS
Bahar - 0.2 9-10 16 7 g 9.8 B L
- 0.5 7-8 15 6 9.5 L
b2 - 7-8 17 10 8 ey
0.5 . 7-9 18 7 76 L
PR - 0.2 9-10 16 7 8.6 LTAP
2 0.5 7-8 15 5 9.6 FRS
0.2 - 8-9 18 5 | 10.5 TRS
0.5 - 9-10 18 T 9.8 L
Maple | - 0.2 10-11 19 8 9.2 L
0.5 8-9 17 8 10.6 LFRS

Note: Good=+, Very Good=++, L=Long. TRS=Tap Root System, FRS=Fibrous Root

System. Total number of shoots was 30 in all cases.
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4.5 Establishment and performance of plantlets in natural environment

Healthy and fully developed rooted plantlets of all five varieties were successfully
transplanted into plastic pots containing soil. Roots formed in IAA showed better

survivability in the soil than IBA where callus or fibrous roots were regenerated.

Following transplantation. survival rate of the regenerated plantlets were found to be the
highest (90%) in Maple variety while similar result was observed in other varieties.
Transplanted plantlets in plastic pots are shown in Figs.17-18. The survived plantlets were
transferred to the field and were found to be established cent percent. The survival

performances of plantlets following their transplantation are presented in the Table 9.

Table 9. Performances of plantlets of five varieties of tomato during transplantation.

No. of . No. of plants | % of survival
No. of % of ;
plantlets i iantlets transferred to | rate of plants in
Varieties | transplanted pta ; pial N the the field/larger
: - survived in | survived in :
in plastic ot ot field/larger pots in the
) | pot [ P . P pots | environment
BARI-3 30 26 87 26 100
BINA-3 30 24 80 24 100 |
| PR 30 26 87 26 100
Bahar 30 26 87 26 100
Maple 30 27 90 27 100 ;

4.6 Flowering on the regenerated plants of five tomato varieties in the field

The transplanted plants flowered within five to seven weeks after transferring to natural
environment (Figs.19-21). All the plants showed 100% flowering response. Flowers
appeared on the apical meristem. All these characteristics are same at the naturally grown
tomato flower. The data is presented in the Table 10. The minimum time requirement (33
days) required for flowering on BINA -3 and Bahar varieties followed by PR (34 days).
Maple (36 days) and BARI-3 (38 days). The maximum number of flower (9 per plant)
observed in BARI-3 and BINA -3 followed by PR (8 per plant) and Maple (8 per plant)

varieties after 6 weeks old of transplantated plant.
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Table 10. Flowering response of regenerated plantlets of the five tomato varieties.

. _NO' o5 pRar Days required for No. of
Varieties transferred to -
; flowering flowers/plant
- natural environment
~ BARI-3 26 38 9
~ BINA-3 24 33 9
PR 26 34 8§
Bahar 26 33 6
Maple 27 36 . 8

4.7 Fruiting of regenerated plants of five tomato varieties

After flowering it took almost 2 weeks to set fruit and another 2-5 weeks to obtain mature
fruits (Table 11) (Figs. 22-26). All the varieties showed 100% fruiting. Among all the

varieties, BINA-3 and Maple showed lowest average time for fruit setting. While Pussa

Rubby and Bahar showed highest average time for fruit maturation.

Table 11. Fruiting response of the five tomato varieties in the natural environment.

ime |
Average time Averz.ige WIS
: required for
o Total number | required for S
Varieties . " fruit
of plant fruit setting .
(Days) maturation
o ) (Weeks)
BARI-3 26 13-15 4-8
BINA-3 24 10-15 4-8
PR 26 13-15 5-8
~ Bahar 26 11-15 5-8
Maple 27 10-15 4-8

Fruits vary in diameter from 1.5 to 7.5 cm or more and are usually red, scarlet, or yellow:
they vary in shape from almost spherical through oval and elongate to pear-shaped according
to the respective varietal characteristics. The fruits are soft, succulent berry, containing two
to many cells of small seeds surrounded by jellylike pulp. Among all the varieties, BINA-3
showed highest number of fruits (8 per plant) followed by BARI-3 (7 fruits per plant) and
Bahar (7 fruits per plant) (Table 12).The maximum average weight of ripened fruit was

observed 75.27 gm in BARI-3 variety followed by BINA-3 ( 65.52 gm). The highest average

24



number of seeds per fruit was recorded in BINA-3 (80 seeds per fruit) followed by BARI-3
(70 seeds per fruit) and the lowest number of seeds (46 seeds per fruit) was recorded in the

variety Bahar, where seed number was half of that of the BINA-3 variety.

Table 12. Characteristics of ripened fruits of five tomato varieties

Varieties Fruits/Plant Afverage Anaage see‘d Fruit size
weight (gm) number/Fruit
BARI-3 7 T32T 70 Semi Round
BINA-3 8 65.52 80 Semi round
. 6 11.86 63 ~ Round
~ Bahar 7 82.8 46 Round
Maple 6 T30 62 Heart Shaped

Note: Average number of fruits is 10 for all varieties.

4.8 Viability of seeds collected from regenerated plants

After fruit ripening, and seeds were collected from fruits for viability checking. All the five
varieties showed good germination efficiency during viability checking and BINA-3 showed
highest germination efficiency having 82.5% rate among the varieties (Fig. 27). The data is

presented in Tablel3.

Table-13. Viability response of seeds collected from ripened fruits of five tomato varieties

5 i Total number of seed No. of seeds % of seed

Varieties 2 e : =i
taken for germination germinated germination

BARI-3 40 32 80
BINA-3 . 40 33 . —

PR 40 32 80 o

Bahar 40 31 775
- Maple 40 30 75 )
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Fig-1. 7days old seedlings of BINA-3 on germination media.
Fig-2. 7days old seedlings of Bahar on germination media.

Fig-3. 7days old seedlings of Pussa Rubby on germination media.
Fig-4. 7days old seedlings of BARI-3 on germination media.

Fig-5. 7days old seedlings of Maple on germination media.
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Fig.6 Multiple shoot regeneration of BARI-3 in MS medium containing BAP-1.5 mg/] and
IAA-0.2 mg/l. Photograph had been taken after 75 days.

Fig.7. Multiple shoot regeneration of BINA-3 in MS medium containing BAP-1.5 mg/l and
IAA-0.2 mg/l. Photograph had been taken after 70 days.

Fig.8.Shoot initiation of Bahar variety in MS medium containing BAP-1.5 mg/l and IAA 0.1
mg/l. Photograph had been taken after 30 days.

Fig.9. Multiple shoot regeneration of PR in MS medium containing BAP-1.5 mg/l and IAA-
0.2 mg/l. Photograph had been taken after 74 days.

Fig.10.Multiple shoot regeneration of Maple in MS medium containing BAP-1.5 mg/l and
IAA-0.2 mg/l. Photograph had been taken after 72 days.
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Shoot regeneration of different varieties in response to various conc. of
BAP and lAA
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Fig.11. Overall shoot regeneration response of all the five varieties toward various

concentrations and combinations of BAP and IAA in MS medium.

Fig.12. Total number of shoot developed of all the five varieties in response to various

concentrations and combinations of BAP and IAA in MS medium (after 80 days).
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Fig.13. Comparative picture of root development of all five varieties on 2 MS media
supplemented with 0.2 mg/l IAA. Photograph had been taken after 7 days (a =BARI-3,
b=BINA-3, c=Pussa Rubby, d=Bahar, e=Maple).

Fig.14. Comparative picture of root development of all five varieties on 2 MS media
supplemented with 0.2 mg/l IBA. Photograph had been taken after 15 days (a =Pussa Rubby,
b=BARI-3, c=Bahar, d=BINA-3, e=Maple).

Fig.15. Comparative picture of root development of all five varieties on 2 MS media
supplemented with 0.5 mg/l IBA. Photograph had been taken after 15 days (a =Maple,
b=Bahar, c=BARI-3, d=BINA-3, e=Pussa Rubby).

Fig.16. Comparative picture of root development of all five varieties on 2 MS media
supplemented with 0.5 mg/l IAA. Photograph had been taken after 15 days (a =Bahar,
b=Maple, c=BARI-3, d=BINA-3, e=Pussa Rubby).
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Fig.17. Regenerated plantlets of BARI-3 transplanted into soil in small plastic pots.

Fig.18. Regenerated plantlets of BINA-3 transplanted into soil in small plastic pots.
Fig.19. Flowers blossom in Maple plantlets in natural environment. Photograph had been
taken after 35 days of plantation.

Fig.20. Flowers blossom in Bahar plantlets in natural environment. Photograph had been
taken after 38 days of plantation .

Fig.21. Flowers blossom in Pussa Rubby plantlets in natural environment. Photograph had

been taken after 34 days of plantation .
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Fig.22. Fruit sets on regenerated plantlets of BINA-3 in natural environment.
Fig.23. Matured fruits on regenerated Bahar plantlets.

Fig.24. Matured fruits on regenerated BARI-3 plantlets.

Fig.25. Matured fruits on regenerated Maple plantlets.

Fig.26. Matured fruits on regenerated Maple plantlets.

Fig.27. Viability test of seeds collected from regenerated Maple plants. Note that most of the

seeds germinated under test condition.
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Discussion

The purpose of the investigation was to observe the effects of growth regulators on shoot
induction and plant regeneration in four Bangladeshi tomato (Lycopersicon esculentum Mill.)
varieties, namely, BINA-3, BARI-3, Bahar, Maple with an Indian variety, namely, Pussa
Rubby.

Tissue culture protocol which is a prerequisite for genetic transformation, starts with
selection of suitable explants and determination of appropriate hormonal supplementation for
in vitro regeneration. Regeneration in diverse varieties of tomato using various explants, viz.
cotyledons. hypocotyls. epicotyls, meristem, leaf, stems, roots, internodes. petiole, anthers
and inflorescences has been reported (Padmanabhan er al., 1974: Behki et.al.. 1976; Kartha
et al.. 1976; Ohki er al., 1978; Fray and Earl, 1996: Gubis er al.. 2003; Raj et al., 2005;
Islam, 2007: Chowdhury, 2008). Among these explants cotyledonary leaf segments have
reported to be the most responsive explants for tomato regeneration in various tomato
varieties (McCormick, 1991; Fray and Earl. 1996; Gubis er al., 2003: Islam, 2007;
Chowdhury, 2008).

During the present study. cotyledonary leaf explants were collected from aseptically grown
seedlings. MS medium was used as basal media for in vitro regeneration, as it is reported to
be the most effective media for tomato regeneration (Mirgish et al.. 1995; Costa. 2000; Gubis
et al., 2003; Islam. 2007; Chowdhury, 2008).

Cotyledonary leaf explants of several verities reported to give best in vitro shoot regeneration
response when Zeatin was added in addition to IAA in MS media (Costa ef al., 2000; Ahasan
et al.2007). Kartha er al. (1976) and Sheeja et al. (2004) obtained plants from hypocotyle
explants using another cytokinin, kinetin. These variations in responses towards hormonal
supplementation may be due to variation in explants tissue.

After development of seedlings, cotyledonary leaves were excised into several pieces and
placed on regeneration media for development of shoots. In this study, when BAP along with
IAA were used, shoot initiation was found in all five varieties. Among all the combinations
1.5 mg/l BAP and 0.2 mg/l IAA showed the best result with lowest callus formation and
highest number of shoot in all varieties that were used for this experiment. In this medium,

the best response was found for Maple (93.33 %) followed by Pussa Ruby (86.67 %) and for
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other varieties, such as. BARI-3, BINA-3 and Bahar gave almost similar response to that
combination of the medium. In a report, Chowdhury (2008) reported that 2.0 mg/l BAP and
0.Img/l IAA were found to be the best for shoot formation for varieties BINA-3, BINA-5,
Bahar and Pussa Rubby, but the response was similar to only BAP (2.0 mg/l)
supplementation. However, a different report came from Islam (2007) where 1mg/l BAP and
0.1mg/l IAA were found to be the best for shoot formation in compare with only BAP (0.5-
Smg/l) supplementation in BARI-3 and PR. On the other hand. Jawahar et al.. (1997)
reported the same hormonal combination to be the best medium for callus induction. In the
present study, 1.5 mg/l BAP and 0.2 mg/l IAA was found to be the best medium for shoot
regeneration for all five tomato varieties.

Experiments were carried out in half strength of MS medium with different concentrations of
auxins to achieve in vitro root formation in all five tomato varieties. In the present study, 0.2
mg/l IAA containing "2 strength MS media showed best response for all five tomato varieties,
such as, BINA-3, BARI-3, Bahar, Maple and Pussa Rubby which is similar to the findings of
Chowdhury (2008). It was also observed that 0.2 mg/l IAA containing "2 strength MS media
showed different root types for different varieties, such as, for BARI-3 and PR root type was
long and healthy; for BINA-3 and Bahar root type was fibrous root system: and for Maple
root type was tap root system which is almost similar to the findings of Chowdhury (2008).
Though rooting occurs in IAA, IBA and NAA supplemented media, IAA has been reported
to be more preferred rooting hormone for tomato by many (Jawahar ef al., 1997; Oktem et
al., 1999: Costa, 2000; Sheeja ef al., 2004; Islam, 2007). Oktem et al. (1999) and Costa et al.
(2000) used IAA in full strength of MS media or media with modified MS salts for rooting
while Sheeja er al. (2004) used IAA in half strength of MS media which is similar to the
present findings. Another report from Zagorska et al. (2004) found rooting in half MS media
with 0.2mg/l IBA and 0.5mg/ | GA;.

During the present study, all the five varieties took about four months to develop plantlet
from the initiation of the culture which support the report of Oktem et al. (1999) and
Chowdhury (2008). After completion of rooting stage. plantlets were acclimatized in natural
condition where they flowered and got fruits identical to control plants. Seeds were collected

from mature fruits (after ripening) which were viable during germination test.
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Among all the five varieties, Maple showed best shoot formation and BARI-3 showed best
average number of roots while Chowdhury (2008) found that BINA-3 showed highest shoot
formation while Bahar showed highest number of roots per shoot. This variation may occur
due to the difference in varieties and also the difference in the media composition.

The survival response of all varieties was in between 80 % to 90 %. Among the varieties,
Maple showed the best survival response which was almost 90 % while BINA-3 showed the
survival response of almost 80 % which almost similar to the findings of Oktem ef al. (1999).
However, a different report came from Chowdhury (2008) where BINA-3 showed the best
survival response. This variation may occur due to the difference in the varieties and also
difference in the media composition. Among all the varieties, BINA-3 showed highest
number of fruits per plant and highest number of seeds per fruit which support the findings of
Islam (2007). Viability response of all the five varieties was in between 75 % to 82.5%.
Among the varieties, BINA-3 showed the best viability response (82.5 %) which supports the
findings of Oktem et al. (1999).

Finally, for all the five varieties, 1.5 mg/l BAP with 0.2 mg/l IAA containing MS media is
best for shoots induction and 0.2 mg/l [AA containing 2 strength MS media showed the best
response for root formation. But Chowdhury (2008) worked on four different varieties, like,
BINA-3, BINA-5, Bahar and Pussa Rubby and found that 2 mg/l BAP and 0.1 mg/l [AA
were the best for shoot formation and 0.2 mg/l IAA containing 'z strength MS media for best
root formation.

From the above experiment, it is evident that, this study has established in vifro regeneration
methodology and has proved the effectiveness of various plant growth regulators on all the
five varieties. This study will help to carry on further research on these tomato varieties for

improvement by using gene transfer technology.
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Appendix

Murashige and Skoog (MS) media (1962)

Constituents Concentrations(mg/l)
Macronutrients
KNO; 1900
NH4NO; 1650
KH->PO, 170
CaCl, 2H,0 440
MgSO, 370
Micronutrients
FeSO,, 7TH,O 27.80
Na, EDTA 37.30
MnSO,. 4H-0 22.30
H;BO; 6.20
ZnS0,, 4H,0 8.60

| Na,MoO,_2H,0 0.25

Kl 0.83
CuS0O,. SH,O 0.025
CoCls, 6H,0 0.025
Vitamins
Glycine 2

' Nicotinic acid 0.50
Pyridoxine-HCI 0.50
Thiamine-HC] 0.10
Inositol 100
Sucrose 30,000
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