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ABSTRACT

We report the first protocol for shoot induction and plant regeneration in elite Sudanese sesame cultivars
(Seasmum indicum). Experiments were carried out using shoot tip explant from the cultivar Promo Ky. Later
the optimized culture conditions were used to investigate the regeneration response of different genotypes.
Shoot development was induced on Murashige and Skoog (MS) medium supplemented with Kinetin (KIN) or
benzyladenine (BA) alone or in combination with á naphthalene acetic acid (NAA). BA proved to be more
effective than KIN. The best response (2.7±0.1 shoot per explant), however was obtained when 1.0 mg L  BA –1

was used. The efficiency of both BA and KIN for multiple shoot induction was negatively affected when
combined with NAA. The isolated shoots were quickly rooted in the half-strength MS medium with or without
growth regulators. However, the best result for rooting percentage (100%) and number of root per shoot (63.0
±3.2) were obtained in presence of NAA at concentration of 0.05mg L  and well-rooted plantlets were– 1

successfully transferred to the soil following a standard hardening protocol. Genotypic differences were
significant for both culture regeneration percentage and the number of shoots produced per regenerating explant.
This protocol opens new biotechnological strategies to transfer economically important genes to this important
crop species.
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Introduction

Sesame (Sesamum indicum L.), family Pedaliaceae is one of the most ancient crops (Bedigian and Harlan,
1986). It is grown in tropical and subtropical areas (Ashri, 1998) on 6.5 million hectares worldwide, producing
more than three million tons of seed (FAO, 2005). Sesame seed, is highly nutritive (50% oil and 25% protein),
traditionally used for direct consumption and as a source of oil of excellent quality due to the presence of
natural antioxidants such as sesamin and sesamol (Brar and Ahuja, 1979). Potentially beneficial effects of
sesame on human health have recently renewed the interest in this ancient crop. Despite the nutritional value
and historic and cultural importance of sesame, the research on sesame has been scarce (Laurentin and
Karlovsky 2006).

In Sudan sesame is considered as one of the main cash crops. Sudan, India, Myanmar and China are the
most important sesame producers with 68 % of the world production (Laurentin and Karlovsky 2006). In spite
of the economical importance of sesame for the Sudan economy big fluctuations in production and yield
occurred. This may be due to the cumulative effects of wide ranges of biotic and a biotic stresses such as plant
diseases, indeterminate flowering, and seed shattering and lodging of plants. Conventional plant breeding
methods have produced some improvement but have several limitations, such as access to a limited gene pool,
crossing barriers, inefficient selection and being time consuming. Therefore, to overcome such problems of
conventional breeding new technologies such as gene transfer which recently emerged as most important tool
in agricultural research can be applied as alternative approach for genetic improvement of this crop.
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The potential benefits of using advanced agricultural biotechnology in sesame genetic improvement have

not yet been realized in Sudan mainly, because the successful utilization of plant biotechnology for plant

improvement requires the development of an efficient shoot regeneration system from cultured cells or tissues.

The development of an efficient micropropagation protocol can highly support breeding of this potential and

adaptive oil crop. Moreover, the establishment of cell culture has considerable potential to facilitate successful

wide crosses using embryo culture techniques. Therefore there is an urgent need for developing an efficient

in vitro regeneration protocol involving Sudanese sesame cultivars with regard to multiple shoots induction. 

Sesame in general, has proved to be very recalcitrant to regenerate in vitro (Were et al., 2006). However,

Indirect adventitious shoot regeneration from shoot tip (Rao and Vaidyanath, 1997), nodal (Gangopadhyay et

al., 1998) and leaf (Sharma and Pareek, 1998) cultures. hypocotyl and/or cotyledon explants (Rao and

Vaidyanath, 1998b; Taskin and Turgut, 1997; Younghee, 2001) has been reported but at low frequencies. 

The present communication describes in vitro multiple shoot regeneration from shoot tip explants, and the

rooting and successful greenhouse establishment of Sudanese sesame cultivars.

Material and Methods 

Plant materials

Seeds of sesame cultivars used in this study were obtained from the Agricultural research and Technology

Corporation (ARTC), Algdarief, Sudan 

Surface sterilization and seed germination

Seeds were washed by continuously running tap water for 15 minutes then washed by sterile distilled

water. Under laminar flow cabinet seeds were disinfected with clorex  (0.5 % free chlorine) at concentration®

of 15% v/v for 15 mints then rinsed times with sterile distilled water. After surface sterilization, five seeds

were directly transferred to culture bottle and incubated for 10 days at 25°C±2 with a 16 h photoperiod. Data

on seed germination were recorded after 10 days of inoculation.

Effect of basal media on in vitro seed germination and explant

Four different basal media namely, full-salt strength MS (Murshing and skoog, 1962) medium, half-salt

strength MS medium, Full -salt strength B5 (Gamborg et al., 1968) medium and half -salt strength B5 medium,

were evaluated for their effects on in vitro germination of sesame seed. In vitro raised 14 days -old seedlings

were used as source of shoot tip explants.

Effects of plant growth regulators and genotypes on multiple shoots Induction

Different concentrations and types of plant growth regulators were tested to assess their effects on multiple

shoot induction. Shoot tip explant were cultured in culture bottles containing MS basal media supplemented

with different levels (0.1, 0.5, 1.0, 1.5, 3.0 and 4.0 mg L ) of BA or Kn alone or in combination with NAA–1

at 0.1 or 0.5 mg L  then incubated for four weeks at 25°c± 2 under 16 h photoperiod.–1

To assess the effect of genotype on multiple shoot induction, shoot tip explants obtained from ten sesame

cultivars namely, Elgadareif-1, Elabassia, Promo-Ky, Aswad, Abusitta, Elobaied ,Khidir, Abusandog, Ali mahdi,

Beladi ) were cultured on MS media supplemented with 1.0 mg L  of BA and incubated for four weeks at–1

25°c± 2 under 16 h photoperiod.

Rooting of in vitro regenerated shoots and plantlet acclimatization

Shoots (2-3 cm) were excised and cultured on medium consisting of half strength MS basal medium

supplemented with different concentrations (0.0, 0.025, 0.05, 0.5, and1.0 mg L ) of NAA, IAA or IBA. For–1

acclimatization in vitro rooted shoots were removed from rooting medium and washed to remove adhering gel

and transplanted to plastic pots containing autoclaved garden soil and sand at 3:1 ratio. Plants were kept under

culture room conditions for 7 days then transferred to green house and placed under shade until growth was

observed.

Culture condition and data analysis 
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All the media used in this study were supplemented with 3% (w/v) sucrose, solidified with 0.8% (w/v)

and the pH was adjusted to 5.8 before addition of the agar and autoclaving at 121°C and 15 lb psi for 15 min.

Results were observed at regular intervals and data were collected from three independent experiments and

analyzed by using analysis of variance procedure (ANOVA) on excel computer program. Means were separated

by Duncan’s multiple range test (DMRT) (Duncan, 1955) and presented as average ± standard error (SE).

Result and discussion

Higher germination rate is an important factor for establishing plant tissue culture and be particularly useful

when there is a need to submit a uniform set of seedlings to a treatment (Sakhanokho et al., 2001). Sesame

in vitro seed germination was observed after 48h and within 3days produced well developed root system.

Among the four different basal media evaluated for their effects on seed germination, half strength B5 basal

media supported high rate of germination (93%) followed by half strength MS (83%), B5 (73%) and full MS

(37%) (Table1). These variations in germination percentage between the basal media might be due to their

basal salt formulation, and the high germination percentage obtained on half strength B5 media probably due

to their low salt content compared to half strength MS, B5 and MS basal media. Droste et al., 2005 attributed

the low in vitro germination rate of Vriesea gigantean and Vriesea philippocoburgii seeds to the sensitivity

of the species to high salt-concentration present in MS medium. Moreover, in cotton the highest in vitro

germination rate was reported in low salt-concentration media (Abdellatef and Khalafalla, 2007).

Table 1: The effects of different basal media on in vitro germination of sesame seed of   promo Ky cultivar

Basal media Germination % ( mean ±SE)

M S 37±5.4

½ M S 83±5.5

B5 73±6.8

½ B5 93±3.2

The morphogenetic responses of shoot tip explants to BA and Kn either alone or in combination with

NAA are summarized in (Table 2). Direct shoot bud differentiation was observed after 2 weeks of culture

initiation. Multiple shoots were initiated from the shoot tip explants after 4 weeks of culture (Fig. 1A). The

frequency of shoot formation was influenced by types and concentrations of growth regulators used. Explants

obtained from two weeks old seedling of sesame cultivar promo Ky cultured on hormone-free MS basal

medium failed to show any response but remained green up to four weeks. However, on MS basal medium

supplemented with various concentrations of Kn or BA alone or in combination with NAA enlarged in their

size after one to two weeks of culture and adventitious shoots developed directly in another four weeks.

BA at different concentrations induced more shoots per explant compared to Kn at the same concentration

(Table 2) indicating that BA is more effective than Kn for multiple shoot induction in sesame. The beneficial

effect of BA on multiple shoots induction has already been reported for sesame. (George et al., 1987, 1989;

Rao and Vaidyanath1998a).Moreover, the efficiency of BA over Kn was agreed on in different plant

regeneration systems (Bhojwani, 1980; WeLander et al., 1989; Devi et al., 1994; Baskaran and Jayabalan,

2003; Baskaran and Jayabalan, 2005).

The regeneration percentage and shoot regeneration frequency increased with increases in concentration

of BA until it reaches 1.0 mg L  which was found to be the optimal concentration for maximum frequency–1

of sesame shoot bud formation (2.7±0.1). However, at higher concentration the number of shoot per explant

was reduced (Table 2). This is mainly, because at higher cytokinin level shoot tip explant produced excessive

callus and failed to improve the efficiency of shoot multiplication. Thiem (2003) reported that callus growth

on explant usually interfere with the propagation process.

The inclusion of NAA (0.1 and 0.5 mg L ) in combination with Kn or BA in the culture medium was–1

not effective in enhancing shoot proliferation, but supported prolific callus growth at the basal end of explants.

The inhibitory effect of NAA on multiple shoot induction has been demonstrated in numbers of plants,

including faba bean (khalafalla and Hattori, 2000) mung bean (Gulati and Jaiwal, 1992) and cotton (Abdellatef

and Khalafalla, 2007). In the present study cytokinin (BA) alone was found to be suitable for multiple shoot

induction, this revealed that exogenous auxin (NAA) was not essential to initiate shoot bud formation.

However, the addition of cytokinin promoted the development of more shoots, thereby demonstrating the

requirement of exogenous cytokinins for multiple shoot induction. In consistent with this result, Vengadesan

et al. (2002) have reported that when cotyledonary nodes explants of Acacia sinuata were cultured on MS

medium containing a combination of BA and auxins (NAA, IBA and IAA), the number of shoots was reduced

but in turn produced basal callus.



311Am.-Eurasian J. Sustain. Agric., 2(3): 308-314, 2008

Table 2: Effect of plant growth regulators on shoot induction from shoot tip explant of Promo-  Ky sesame cultivar after 6 weeks of 

Plant growth regulators mg L Regeneration culture % No of shoot/explant (M ean ±SE)-1

-------------------------------------

BA KIN NAA

0.0 0.0 0.0 61 1.0±0.0h

0.1 0.0 0.0 94 2.0±0.2b

0.5 0.0 0.0 100 2.0±0.2b

1.0 0.0 0.0 100 2.7±0.1a

1.5 0.0 0.0 72 1.9±0.2b

3.0 0.0 0.0 56 1.4±0.2de

4.0 0.0 0.0 50 1.3±0.2ef

0.0 0.1 0.0 85 1.0±0.0h

0.0 0.5 0.0 89 1.1±0.0gh

0.0 1.0 0.0 89 1.2 ±0.0 fg

0.0 1.5 0.0 90 1.4 ±0.1de

0.0 3.0 0.0 94 1.5 ±0.1d

0.0 4.0 0.0 94 1.7±0.1c

0.1 0.0 0.1 28 0.3±0.1ef

0.5 0.0 0.1 33 0.4±0.2 l

1.0 0.0 0.1 33 0.4±0.2 l

1.5 0.0 0.1 55 0.7±0.2 jk

3.0 0.0 0.1 55 0.7±0.2 jk

4.0 0.0 0.1 61 1.1±0.2gh

0.1 0.0 0.5 28 0.4±0.2 l

0.5 0.0 0.5 22 0.2±0.1m

1.0 0.0 0.5 22 0.2±0.1m

1.5 0.0 0.5 11 0.1±0.1n

3.0 0.0 0.5 callus 0.0±0.0n

4.0 0.0 0.5 callus 0.0±0.0n

0.1 0.0 1.0 callus 0.0±0.0n

0.5 0.0 1.0 callus 0.0±0.0n

0.0 0.1 0.1 56 0.6±0.1k

0.0 0.5 0.1 67 0.7±0.1 jk

0.0 1.0 0.1 44 0.4±0.1 l

0.0 1.5 0.1 39 0.4±0.1 l

0.0 3.0 0.1 callus 0.0±0.0n

0.0 4.0 0.1 callus 0.0±0.0n

0.0 0.1 0.5 72 0.7±0.1 jk

0.0 0.5 0.5 60 0.3±0.1 lm

0.0 1.0 0.5 58 0.3±0.1 lm

0.0 1.5 0.5 56 0.6±0.1k

0.0 3.0 0.5 callus 0.0±0.0n

0.0 4.0 0.5 callus 0.0±0.0n

Table 3: Effect of different sesame Genotypes on shoot induction cultured on regeneration media after six weeks.

Cultivar Regeneration culture % No of shoot/explant (M ean ±SE)

Bromo Ky 100 2.7±0.1a

Elgadareif 1 100 1.0±0.0 c

Elabassia karma 88 1.1±0.1c

Asowad 83 0.9±0.1d

Abusitta 88 0.9±0.1d

Elobaied 100 1.4±0.1b

Khidir 94 1.0±0.1c

Abusandog 83 0.8±0.1e

Ali M ahdi 83 0.9±0.1d

Beladi 72 0.8±0.1e

Result for shoot induction capacity of 10 sesame cultivars in the regeneration media is presented in table3.

There were significant cultivar differences in the percentage of shoot regeneration and the number of shoots

produced per explant. The best cultivar Promo ky scored a frequency of 100% and produced on average 2.7

shoots per explant. The lowest regeneration frequency (72%) and number of shoots produced per explant (0.8)

were recorded for Beladi cultivar. Cultivar differences have also been reported in past studies on sesame (Rao

and Vaidyanath, 1998a, b; Gangopadhyay et al.,1998). This may suggest that there is a considerable variation

in the distribution of the genes responsible for multiple shoot formation among different populations of sesame.

For In vitro rooting of the regenerated shoots, NAA was found to be the most effective auxins for root

induction compared to basal media without or with IAA or IBA. Among the different concentrations of NAA,

0.05 mg L  gave the highest rooting percentage (100%) and the highest no of root /shoots (63.1) (Table 4).–1

The promotive effect of reducing the salt concentration of basal medium and using of NAA on rooting of in

vitro induced shoots was already reported by (Baskaran and Jayabalan,2003; Baskaran and Jayabalan ,2006)
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After well established root (Fig.1B) plantlets were subjected acclimatization. Plant removed from rooting

medium after six weeks of incubation and transferred to plastic pots containing autoclaved soil (soil:sand 2:1)

and covered with glass bottle (Fig.1C) to maintain humidity then kept under culture room conditions for one

week. After three weeks, glass bottles were removed and transferred to green house and placed under shade

until growth was observed. 90% of the plants survived and all were morphologically normal (Fig.1D).

Table 4: Effect of auxins on rooting of in vitro derived shoots of Sesamum indicum  , cv promo ky after six week of culture.

Auxin (mg/L) Rooting % No of root/shoot (mean ±SE)

-----------------------------------------------------

NAA IAA IBA

0.0 0.0 0.0 100 4.5±0.4 d

0.025 0.0 0.0 100 45±2.3 b

0.05 0.0 0.0 100 63±3.2 a

0.5 0.0 0.0 callus 0.0±0.0 f

1.0 0.0 0.0 callus 0.0±0.0 f

0.0 0.025 0.0 100 6.8±0.3 c

0.0 0.05 0.0 88 7.8±0.3 c

0.0 0.5 0.0 88 8.4±0.3 c

0.0 1.0 0.0 callus 0.0±0.0 f

0.0 0.0 0.025 75 2.5±0.2 e

0.0 0.0 0.05 83 3.6±0.2 ed

0.0 0.0 0.5 callus 0.0±0.0 f

0.0 0.0 1.0 callus 0.0±0.0 f

Fig. 1: In vitro induction of multiple shoots and plant regeneration of sesame (Sesamum indicum) cultivar

(Promo Ky), 

A- Multiple shoots induced from shoot tip explant

B- In vitro rooted shoot on half – strength MS basal medium supplemented with NAA (0.05 mg L ),-1

C- Potting up and hardening of the plantlets

D- Sesame plant established in soil.

Conclusions

The findings of the present study are of considerable significance, since it has described a regeneration

system for a Sudanese sesame cultivar which has not previously been reported. Moreover, the usage of BA

as cytokinin for in vitro multiplication and NAA as the auxin for induction of roots is very beneficial due to

the fact that BA and NAA are very effective and less expensive plant growth regulators and can safely be

autoclaved (Thomas and Blaksley 1987). Therefore, the results obtained here could be useful in improving this

economically valuable crop.
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