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ABSTRACT 

IN VITRO GERMINATION AND GROWTH OF SESAME (Sesamum indicum 

L.) 

MSC THESIS 

LEBOGANG CHARLOTTE THEMBA 

BOLU ABANT IZZET BAYSAL UNIVERSITY GRADUATE SCHOOL OF 

NATURAL AND APPLIED SCIENCES 

DEPARTMENT OF BIOLOGY 

(SUPERVISOR: ASSOC. PROF. DR. SONGÜL GÜREL) 

 

BOLU, NOVEMBER 2020 

 

 

ABSTRACT: Sesame (Sesamum indicum L.) is one of the oldest oilseed in the 

world. The aim of this research is to study in vitro response ability of two sesame 

cultivars, Baydar-2001 and Muganlı-57. The experiments are classified in 5 groups; 

(i) testing sesame growth on control MS media against 0.5 mg/l gibberellic acid 

(GA3) hormone, (ii) comparing the plant growth regulators kinetin (KIN) and 

benzylaminopurine (BAP) at 0.5 mg/l on the effect of sesame regeneration, (ii) 

studying the effect of different sucrose concentrations (0 g, 5 g, 7.5 g, 10 g and 15 g), 

on germination, (iv) optimizing the best suitable sterilization protocol using 2% 

sodium hypochlorite at different time intervals (5, 10 or15 min), and (v) to attempt 

sesame regeneration using cotyledon and hypocotyl explants excided from 

salt-pre-treated seedlings using NaCl at different concentrations (0 mM, 50 mM, 100 

mM and 150 mM). GA3 hormone at 0.5 mg/l resulted in a higher germination rate in 

explants compared to the control medium but the growth rate observed in the control 

medium was higher. According to the results, KIN at 0.5 mg/l is suitable to be used 

in sesame regeneration. Even though explants grown in BAP supplemented media 

had the longest root length at 8.5 cm highest shoot length 2.15 cm and shoot number 

8.17 was observed on explants grown in KIN supplemented media, which might 

indicate that plants do not receive nutrients well with BAP. Of all the sucrose 

concentration tested, control (sucrose-free) treatment was sufficient for sesame 

germination and contamination rate to be reduced. Sucrose in sesame is directly 

proportional to its contamination rate. For sterilization 2% NaOCl concentration for 

5 minutes is effective at reducing contamination of S. indicum L. Concentration for a 

longer time interval (10-15 minutes) inhibits seed germination. Data analysis showed 

that sesame salt tolerance is at zero mM, growth rate slows down at 50 mM and 

germination and growth at 100 mM -150 mM is inhibited and that pre-salt treatment 

of seeds inhibits or reduces regeneration ability in cotyledons and hypocotyl explants 

of the both sesame cultivars. Callus induction was unsuccessful but whole plant 

regeneration was observed in both cultivars with Baydar-2001 producing the highest 

cotyledon response rate (75%) and hypocotyl response rate (67%) and Muganli-57 

had the lowest. 

 

 

KEYWORDS: Sesamum indicum L, Regeneration, Plant growth regulators, 
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Sucrose, Sodium chloride, Hypocotyl, Cotyledon 

ÖZET 

SUSAM (Sesamum indicum L.) BİTKİSİNDE İN VİTRO ÇİMLENME VE 

BÜYÜME 

YÜKSEK LİSANS TEZİ 

LEBOGANG CHARLOTTE THEMBA 

BOLU ABANT İZZET BAYSAL ÜNİVERSİTESİ 

FEN BİLİMLERİ ENSTİTÜSÜ 

BİYOLOJİ ANABİLİM DALI 

(TEZ DANIŞMANI: DOÇ. DR. SONGÜL GÜREL) 

 

BOLU, KASIM - 2020 

 

 

ÖZET: Susam (Sesamum indicum L.) dünyadaki en eski yağlı tohumlu bitkilerden 

biridir. Bu araştırmanın amacı, iki susam çeşidinin, Baydar-2001 ve Muganlı-57'nin 

in vitro tepki kabiliyetini incelemektir. 5 Farklı deney yapılmıştır; (i) MS ortamında 

gelişmenin 0,5 mg/l GA3’de test edilmesi, (ii) 0,5 mg/l kinetin ve 0,5 mg/l benzil 

amino pürinin rejenerasyona etkisini karşılaştırmak, (ii) farklı sükroz düzeylerinin (0, 

5, 7,5, 10 ve 15 g) çimlenme üzerine etkisini incelemek, (iv) farklı zaman 

aralıklarında (5, 10, 15 dakika) %2 NaOCl’in optimizasyonu ve (v) farklı düzeylerde 

(0, 50, 100 ve 150 mM) NaCl kullanılarak ön tuz uygulanmış fidelerden alınan 

kotiledon ve hipokotil eksplantlarının rejenerasyonunu optimize etmek. 0.5 mg/l'deki 

GA3, kontrol ortamına kıyasla daha yüksek bir çimlenme oranı vermiştir. Elde edilen 

sonuçlara göre 0,5 mg/l KIN susam rejenerasyonunda kullanılmaya daha uygundur. 

BAP takviyeli ortamda büyütülen eksplantların en uzun kök uzunluğuna sahip 

olmalarına rağmen (8,5 cm), en yüksek sürgün boyu (2,15 cm) ve sürgün sayısı 

(8,17) KIN takviyeli ortamda yetiştirilen eksplantlarda gözlenmiştir. Bu da bitkilerin 

BAP ile besinleri iyi almadıklarını gösterebilir. Test edilen tüm sükroz 

konsantrasyonları dikkate alındığında, kontrol ortamında susam tohumlarının 

çimlenme ve kontaminasyon oranlarının azaldığı gözlenmiştir. Ortamdaki sükroz, 

kontaminasyon oranı ile doğru orantılı olmuştur. Sterilizasyon için, 5 dakika süreyle 

%2 NaOCl konsantrasyonu, S. indicum L.'nin tohumlarının kontaminasyonunu 

azaltmada etkili olmuştur. Daha uzun süreli (10-15 dakika) sterlizasyonda tohum 

çimlenmesi ve fide büyümesi olumsuz etkilenmiştir. Veri analizleri, susamın büyüme 

hızının 50 mM NaCl'de yavaşladığını ve 100 mM ile 150 mM'de çimlenme ve 

büyümenin engellendiğini, özetle tohumların ön tuz muamelesinin gelişme ve 

büyümeyi engellediğini veya azalttığını göstermiştir. İki susam çeşidinin kotiledon 

ve hipokotil eksplantlarında rejenerasyon yeteneğine bakıldığında, kallus 

indüksiyonu başarısız olmuş, ancak tüm bitki rejenerasyonu her iki çeşitte de 

gözlenmiştir; en yüksek bitki rejenerasyonu Baydar-2001 çeşidinde kotiledon 

explantlarında (%75), Muganlı-57 çeşidinde ise hipokotil explantlarından (%67) elde 

edilmiştir.  
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1. INTRODUCTION 

There is an over-increasing need for sesame in Turkey caused by the increase in 

consumption and high import/export demands. However, as a result of infertile and 

small marginal areas that its grown in, and lack of improved cultivars used by 

farmers, in vitro studies and the use of improved sesame cultivars is limited putting 

the plant at agricultural and economical risks. It is crowned the “queen of oil” 

because its seed contains 50-60 percent oil that has great stability. Sesame is a 

valuable herbaceous annual plant from the Pediliaceae family whose plant parts can 

also be used as food, feed and other health issues and its natural antioxidants are 

reported to have health promoting effect such as lowering cholesterol levels and 

hypertension in humans (Noguchi et al., 2001; Sankar et al., 2005). The antioxidants 

sesamolin, sesamin and sesamol are neutritionally and medicinally beneficial and 

hence the increasing demand for it. Sesame is used globally with top producing 

countries being Tanzania, India, China, Nigeria, Myanmar and Sudan (Figure 1). 

Regardless of the it being a globally used product/crop and the many advantages it 

has compared to other seed crops and other agricultural crops, such as economic 

advantages, low irrigation requirement, adaptation to a variety of soil and climates, 

none labor intensive, and high oil content, which makes it the ideal crop to replace 

other crops especially with the effect global warming has on crops, It has been 

neglected by the science field, which results to the lack of in vitro and regeneration 

study interest regarding sesame compared to other major crops. 

1.1 The Sesame Plant  

S. indicum L. (sesame) is a diploid species (2n=2x=26) that is annually grown 

for its seeds. It is from the Pediliaceae family which consist of 36 species in which 

22 are found in Africa, 5 in Asia and 7 commonly found in both continents. It is an 

erect plant that grows up to 1.5 to 2 meters with a deep taproot of approximately 1m 

and a well distributed secondary root system (Figure 2). The stem, leaves and shape 

of the crop varies according to the seed type and is affected by soil type, rainfall and 

day length. Sesame produces bell-shaped white to pale-rose flowers that begin to 

develop at the leaf axils and is a self-pollinated crop, insect pollination is, however, 

common. It originates from Africa with traces of domestication found in Asia. The 
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crop is drought tolerant and is cultivated in tropical and subtropical climates but has 

been grown in temperate climates as a summer crop (Bedigian, 1985, 1998, 2000, 

2004; Bedigian and Harlon, 1986; Weiss, 1983), but is not tolerant to water logging 

and excessive rainfall. However, with climate change comes lots of rainfall 

combined with infertility of the small areas which leads to soil salinity that in-turn 

affect sesame yield. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Sesame seed production in 2018 (measured in tonnes) (UN Food and Agriculture 

Organization, FAO). 

1.1.1 Sesame in Turkey  

Globally known as “the globe sesame” Turkish sesame is used in bakery 

products, like bagel known as “simit” and confectionery. Sesame is grown in 32 

provinces in Turkey, with most of it grown near the southern and western costal 

region, and in the south east of Turkey with Antalya and Şanlıurfa as the lead sesame 

production cities (Table 1), and the varieties, (Table 2) used are grown under a 

range of ecological conditions (Baydar et al., 1999; Bedigian et al., 1986; Demir, 
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1962; Hiltebrandt, 1932). The crop is grown as a summer crop and thrives in high 

temperature. However, the annual sesame production is between 17k-20k and 

domestic consumption is 130k-150k, which indicates that Turkey is not a 

self-sufficient country for sesame. Therefore, scientific solutions applied to increase 

crop yield and battle abiotic stress tolerance are a necessity that will lead to the 

economical and agricultural benefit of the country. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. General overlook of S. indicum (sesame). a) seeds, b) microscopical view of sesame 

seeds, c) sesame seed capsule, d) flower (Waynes, 2011). 
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Table 1. Harvested area, production and yield of sesame in Turkey (DIE, State Institute of 

Statistics, 2002). 

 

 
 

 

 

 

 

 

 

 

 

 

 

Provinces
Harvested 

area (ha)

Yield 

(kg/ha)

Productio

n(T)

Adana
Adıyaman
Afyon
Antalya
Aydın
Balıkesir
Burdur

Çanakkale
Denizli
Diyarbakır
Edirne
Elâzığ
Gaziantep
Hakkâri
Hatay
Isparta

Konya
Kütahya
Manisa
Kahraman­maraş
Mardin
Muğla
Siirt
Şanlıurfa
Uşak
Karaman
Batman
Kilis
Osmaniye

33.3 294 96
3.084 127 392

198 470 93
10.814 689 7449

83 446 37
1.008 407 410

20 350 7
Bursa 55 491 27

2.829 491 1389
539 468 252
642 435 279
205 541 111
105 600 63
232 384 89

16 750 12
54 222 12
21 619 13

Mersin 1.154 782 903
Izmir 123 431 53

403 370 149
43 488 21

1.519 452 686
132 341 45
178 180 32

6.599 594 3917
18 667 12

14.263 297 4243
1.89 346 653

20 1200 24
11 455 5

461 430 198
948 344 326
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Table 2. Characteristics of Turkish sesame cultivars (Akdeniz University and the Akdeniz 

Agricultural Research Institute; Uzun et al. 2008; Furat and Uzun 2010). 

 

 

Cultivar 

 

Description 

 

Year released 

Muganlı-57 

Plant height is 80–150 cm  

Maturity at 95–120 days  

Yellow seed, two carpels, shattering pod  

1000-seed weight is 3–5 g, 50–60% oil  

Average yield of 600–1500 kg/ha 

1986 by the West 

Mediterranean Agricultural 

Research Institute, Antalya  

Özberk-82 

Plant height is 90–140 cm  

Maturity at 95–120 days 

Yellow seed, two carpels, shattering pod  

1000-seed weight is 3–5 g, 45–60% oil  

Average yield of 600–1500 kg/ha 

1986 by the West 

Mediterranean Agricultural  

Research Institute, Antalya  

Gölmarmara 

Plant height is 80–135 cm  

Maturity at 95–120 days 

White seed, two carpels, shattering pod  

1000–seed weight is 2.5–4 g, 47–61% oil  

Average yield of 600–1500 kg/ha. 

1986 by the West 

Mediterranean Agricultural  

Research Institute, Antalya  

Kepsut-99 

Plant height is 126–157 cm  

Maturity at 109–115 days  

White seed, two carpels, shattering pod  

1000-seed weight is 3.3–3.52 g, 55.5% oil  

Average yield of 1300 kg/ha 

1999 by the Aegean 

Agricultural Research 

Institute, İzmir  

Cumhuriyet-99 

Plant height is 107–114 cm  

Maturity at 109–119 days  

White seed, two carpels, shattering pod  

1000-seed weight is 3.13–3.57 g, 55.5% oil  

Average yield of 1100 kg/ha 

1999 by the Aegean 

Agricultural Research 

Institute, İzmir  

Osmanlı-99 

Plant height is 112–120 cm  

Maturity at 104–111 days 

White seed, two carpels, shattering pod  

1000-seed weight is 3.03–3.45 g, 55.9% oil  

Average yield of 1150 kg/ha 

1999 by the Aegean 

Agricultural Research 

Institute, İzmir  

Tan-99 

Plant height is 112–118 cm  

Maturity at 106–115 days  

White seed, two carpels, shattering pod  

1000-seed weight is 3.18–3.57 g, 55.3% oil  

Average yield of 1200 kg/ha 

1999 by the Aegean 

Agricultural Research 

Institute, İzmir  
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Orhangazi-99 

Plant height is 113–157 cm  

Maturity at 105–117 days 

White seed, two carpels, shattering pod  

1000-seed weight is 3.48–3.68 g, 56.5% oil  

Average yield of 1348 kg/ha 

1999 by the Aegean 

Agricultural Research 

Institute, İzmir  

Baydar-2001 

Plant height is 120–130 cm  

Maturity at 90–120 days 

Pale brown seed, two carpels, shattering pod  

1000-seed weight is 2.5–4 g, 59.8% oil  

Average yield of 1000–1600 kg/ha 

2001 by the West 

Mediterranean Agricultural  

Research Institute, Antalya 

1.2 Salt Stress 

Salinity is the most common stress factor in agricultural areas as a result of 

extensive irrigation and fertilizers application. It occurs when the excess of minerals, 

[cations: Na (Sodium), K (Potassium), Mg (Magnesium), Ca (Calcium), and anions: 

NO (Nitrate), HCO (Bicarbonate), SO (Sulfate)], are at high levels in soil and water. 

This results in osmotic plants stress and reduction in plant growth and production. 

Saline soil is found at different altitudes and in all climatic regions. Salinity 

originates from mineral weathering, inorganic fertilizers, soil amendments and 

irrigation water (Kotuby-Amacher et al., 2000). All soil type(s) contain salt(s), a 

common necessary component(s) of soil, and many salts such as nitrate and 

potassium and others are essential plant nutrients (Table 3). Calcium (Ca), 

magnesium (Mg) and sodium (Na) are found in irrigation water, and the precipitation 

of Ca and Mg leaves Na dominating in the soil (Serrano et al.,1999). Soil dominated 

by NaCl is a major stress that limits crop production (Deinlein et al., 2014). Sodium 

and chloride can potentially affect plant enzyme and cause plant swelling, resulting 

in energy production and other physiological changes (Larcher, 1980). Crops can 

either be glycophytes, which are most crop plants and do not grow in high salt 

concentration and are severely inhibited or killed by 100-200 mM NaCl, or 

halophytes which can survive at 300-400 mM salinity. Crop yields are merely or not 

affected at low salt concentration (Maggio et al., 2001), but high salinity can affect 

plant mainly in two manners, high salt concentration disturbs water extraction 

capacity of root and concentration of salt within the plant, resulting in the inhibition 

of many physiological and biochemical processes such as nutrient uptake and 
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assimilation (Hasegawa et al., 2000; Munns, 2002; Munns et al., 1995; Munns and 

Tester, 2008) , this, in turn, reduces plant growth and development (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Scheme of the two-phase growth response to salinity (adapted from Munns and Tester, 

2008). 
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Table 3. Form, source, mode of uptake and major function of the 16 plant essential 

nutrients (Provin and McFarland, https://agrilifeextension.tamu.edu 

/library/gardening/essential-nutrients-for-plants). 

 

Nutrient 

Family 

Nutrient Percentage 

of Plant 

(dryweight) 

Form Taken up 

by Plant (ion) 

Mode of 

Uptake 

Major Functions 

in Plants 

Primary Carbon 45 Carbon dioxide 

(CO₂) 
bicarbonate 

(HCO₃) 

Open 

somata 

Plant structure 

Oxygen  45 Water (H2O) Mass flow Respiration, energy 

production, plant 

structure 

Hydrogen 6.0  Water (H2O) Mass flow pH regulation, 

water retention, 

synthesis of 

carbohydrates 

Nitrogen 1.75 Nitrate (NO3-)       

Ammonium 

(NH₄⁺) 

Mass flow Protein/amino acid, 

chlorophyll, cell 

formation 

Phosphorus 0.25 Dihydrogen 

phosphate        

([H₂PO₄]⁻ , 
[PO₂(OH)₂]⁻) 
phosphate 

(PO₄³⁻) 

Root 

interception  

Cell formation, 

protein synthesis, 

fat and 

carbohydrate 

metabolism 

Potassium 1.5 potassium(K
+
) Mass flow Water regulation, 

enzyme activity  

Secondary  Calcium 0.50  Calcium ion 

(Ca
2+

) 

Mass flow Root permeability, 

enzyme activity 

Magnesium 0.20  Magnesium 

(Mg
2+

) 

Mass flow Chlorophyll, fat 

formation and 

metabolism 

Sulfur 0.03 Sulfate Mass flow Protein, amino 

acids, vitamin and 

oil formation  

Micro Chlorine 0.01 Chloride (Cl-) Root 

interception  

Chlorophyll 

formation, enzyme 

activity, cellular 

development  

Iron  0.01 Iron ion (Fe
2+

, 

Fe
3+

) 

Root 

interception  

Enzyme 

development and 

activity  

Zinc 0.002 Zinc ion (Zn
2+

) Root 

interception  

Enzyme activity 

Manganese 0.005 Manganese ion Root Enzyme activity 
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1.3 Tissue Culture Studies  

Drought and salt stress are one of the few factors that challenge sesame 

production and cell and tissue culture are conventional techniques that can be used to 

improve the crop. In vitro culture is one of the key tool of plant biotechnology that 

exploits the totipotency, nature of a plant cell, a concept presented by Haberlandt 

(1902) and undoubtedly executed for the first time by Steward et al. (1958). The first 

sesame reported tissue culture was by Lee et al. (1985) and George et al. (1987) and 

thus far, significant improvement in sesame have been made. However, attempts 

made to regenerate sesame in vitro proved S. indicum L. to be a difficult crop to 

regenerate (Were et al., 2006), which further limits genetic engineering of this crop 

(Figure 4). Explants such as shoot tips, nodes, cotyledons and hypocotyls have been 

used in the attempts to regenerate sesame in tissue culture. Hypocotyl explants has 

gained attention in recent years and have proved to be an excellent source for callus 

induction and subsequent regeneration (George et al., 1987; Jayamary and 

Jayabbalan, 1997; Rajender Rao et al., 2002 and Seo et al., 2007). Callus 

achievement is the most basic step in indirect organogenesis where shoot 

regeneration precedes callus induction. The best in vitro shoot regeneration in 

sesame globally reached 46% in Japan and 66% in India (Shashindhara, 2005). 

However, Seo et al. (2006) reported a higher regeneration percentage of 

de-embryonated cotyledon explants. 

(Mn
2
+) interception  and pigmentation 

Boron 0.0001 Boric acid 

(H3BO3) 

Borate(BO3
3
-) 

tetraborate(B4O7) 

Root 

interception  

Enzyme activity 

Copper 0.0001 Copper ion 

(Cu
2
+) 

Mass flow Enzyme activity 

Molybdenum 0.00001 Molybdenum ion 

( MoO4
2
−) 

Mass flow Enzyme activity 

and nitrogen 

function in legumes 
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Figure 4. In vitro grown sesame plant. 

1.3.1 Plant growth regulators 

In biological research, tissue culture refers to a method in which a fragment of 

tissue (plant or animal) is introduced into a new artificial environment, where they 

continue to function and grow due to the nutrients it supplies. The success of plant 

tissue culture as means of plant propagation is greatly influenced by the nature of 

culture media used. The most commonly used medium in plant tissue culture 

experiment in laboratories is MS media (Murashige and Skoog, 1962) (Table 4). 
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Table 4. Composition and preparation of stock solution for MS basal medium. 

 

Stock 

Solutions Ingredients 

Concentration of 

Ingredient in 

MS Medium 

(mg/l) 

Stock 

Solution 

(mg/l) 

Volume to 

be Taken/ 

Liter of 

Medium 

Inorganic Macronutrients (20x) 

A NH4NO3 

KNO3      

MgSO4 

H2PO4 

1650                

1900                 

370              

169 

33000  

38000   

7400   

3400 

50 

B CaCl2.2H2O 440 8800 50 

Macronutrients (50x) 

C MnSO4.4H2O        

ZnSO4.7H2O        

H3BO3      

Kl              

Na2MoO4.2H2O 

22.3        

8.6          

6.0 

0.83          

0.25 

1115   

430     

310      

41.5     

12.25 

20 

D CuSO4.5H2O   

CoCl2. 6H2O 

0.025     

0.025 

 

1.25 20 

Micronutrients (10x) 

E Na2EDTA.2H2O    

FeSO4.7H2O 

37.3            

27.3 

373   

278 

10 

Organics 

F Thyamine HCI     

Pyridoxine      

HCI            

Nicotinic acid        

Myo-inositol     

Glycine 

0.1 

0.5    

0.5     

100   

2 

10   

50   

50   

10000   

200 

10 

1.3.1.1 Gibberellins 

Gibberellins (GAs) were discovered in a rice disease study conducted by 

scientist and farmers in Japan 1930s. GAs are composed of a 20-carbon atom 

skeleton or 19 carbon skeletons, in which all biologically active GAs possess 19 

carbon atoms (Tarkowská et al., 2014). GA synthesis occurs via the terpenes route 

from the geranylgeranyl diphosphate by plants and fungus. An estimate of 140 
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known GA molecules have been isolated from plant and microorganism (MacMillan, 

2001; Kawaide, 2006), and the ones with the highest biological properties and are 

commercially available are GA3, GA4 and GA7. 

GA3 (gibberellic acid) is a tetracyclic dihydroxy-y-lactone acid containing 

C1-C2 double bound, C10 y-lactone ring and an OH group in C13 (Figure 5). It is a 

white crystalline powder that is soluble in alcohol, acetone, ethyl acetate and butyl 

acetate and has a melting point of 233-235 
o
C. It decomposes at high temperature, 

alkaline pH values and aqueous solutions and is stable in dry conditions. GAs are 

plant hormones that participate in regulation of many growth and developmental 

process in various plants but because it can inhibit callus growth and auxin-induced 

adventitious root formation, GA3 is infrequently used in plant cell cultures (Van 

Bragt and Pierik, 1971). It is however useful in studies on morphogenesis. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Chemical structures of giberellins. 
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1.3.1.2 Cytokinins 

The first cytokinins were discovered by Haberlandt (1913) in a phloem 

compound but the first natural occurring cytokinin to be identified was zeatin in 

immature maize endosperm (Letham, 1973), which is also found abundantly in 

coconut milk. Cytokinins that occur naturally are adenine derivatives with a distinct 

substitutions attached to the N6 position of the adenine ring (Figure 6) and a typical 

cytokinin has isoprenoid side chains. Cytokinins can also be found in plants as a 

riboside or a ribotide (Brzobohaty et al., 1994; Mok and Mok, 2001). They are found 

in meristematic regions and growing tissue, and are synthesized in the roots and 

trans-located via the xylem to the shoot. Cytokinin biosynthesis happens through the 

biochemical modification of adenine (McGaw, 1995; Salisbury and Ross, 1992). 

There are more than 200 natural and synthetic cytokinin combined and BAP and KIN 

are synthetic cytokinins. Adenine is the parent compound of natural occurring 

cytokinins. 
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Figure 6. Chemical structures of cytokinins. Adenine is the parent compound of natural 

occurring cytokinins. 

1.3.2 Sucrose 

The most commonly used carbon source in plant cell, tissue and organ culture is 

sucrose. Three percent sucrose containing media has been used since Murashige and 

Skoog (1962). It acts as a carbon source, sustains photomixotrophic metabolism, 

maintains osmotic potential and converts water in cells to ensure optimal 

development. High sucrose concentration in media restricts photosynthetic efficiency 

(Hazarila et al., 2006) and studies have also shown that plantlets grown under culture 

conditions cannot/do not fix sufficient carbon dioxide in sucrose absence (Gautheret 

et al., 1955; Joe et al., 2009).  

1.3.3 Aseptic techniques 

Cell culture achievement highly depends on keeping cells free from 

contamination by microorganisms (Figure 7). Aseptic techniques are a set of 

procedures that are designed to provide a barrier between microorganism in the 

environment and sterile cell cultures to reduce contamination probability. Most 

plants have microbial contamination within the vascular system, some seeds 

(Donnarumma et al., 2011), and intercellular spaces in leaf mesophyll, xylem vessels 

lumen and intercellular spaces of callus (Miyazaki et al., 2011). 

Disinfectant agents such as ethanol (EtOH), sodium hypochlorite (NaOCl), 

calcium hypochlorite (Ca(OCl)2), mercuric chloride (HgCl2) and others are used to 

sterilize explants. Sodium hypochlorite is the most commonly used chemical for 

sterilization due to its strong oxidizing property and is high effectiveness against 

microorganisms. Proper sterilization using NaOCl depends on the concentration, 

application period and temperature as it has hazardous effects on tissue health.  

In a study on sterilization on seed germination and growth in Lathyrus 

chrysanthus Boiss, 3.75% NaOCl at 15 min produces the best results (Telci et al., 

2011) and contamination occurred with decreased concentration and time interval 

lesser than 15 minutes. In the study we focus on NaOCl concentration and time 

interval factors on germination and growth of sesame. 
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Figure 7. Different types of contamination on in vitro grown sesame explants. 
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2. AIMS AND SCOPE OF THE STUDY 

This study investigates responses of in vitro-grown plantlets in regards to salt 

stress, sucrose, plant growth regulators and sterilization methods with the main 

objectives being;  

a) To study the effect of different sucrose concentrations on germination and 

determine the suitable condition for sesame growth and development under in 

vitro conditions, 

b) To investigate the effect the of plant growth regulator GA3 on germination and 

the different responds between BAP and KIN on root induction under in vitro 

conditions, 

c) To investigate salinity levels and attempt sesame’s regeneration capacity after 

being exposed to salinity stress under in vitro conditions, 

d) To investigate the optimal time interval best effective for seed and tissue 

sterilization.  

It is anticipated that the results obtained in this study will contribute or assist 

other researchers or projects aimed at solving abiotic stress regarding sesame, as it is 

the major stress that limits crop production, thus resulting in severe losses in the 

agricultural, economical and scientific growth of this crop. 
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3. MATERIALS AND METHODS 

3.1   Materials  

3.1.1 Plant materials 

S. indicum L. seeds from two cultivars, Muganlı-57 and Baydar-2001, obtained 

from TTSM (Ministry of Agriculture and Forestry, Variety Registration and Seed 

Certification Center, Turkey) were used as genetic material for this study.  

3.1.2 Culture media 

The basal media used in all the experiments was Murashige and Skoog (1962) 

supplemented with sucrose and growth regulators. Its PH is balanced to 5.8 and 

autoclaved at 105 kpa and 121 
o
C for 15 minutes.   

3.1.3 Growth regulators  

The plant growth regulators used in this study are as follows: 0.5 mg/l KIN, 0.5 

mg/l 6-benzylaminopurine (BAP) was used individually on in vitro derived shoots 

for shoot elongation and rooting after 14 days of germination. 0.5 mg/l gibberellic 

acid (GA3) was used on seedling for germination. 

3.2 Method 

3.2.1 Test run 

20 seeds from the each of the two cultivars were placed in pots filled with soil 

and 20 seeds on filter paper in petri plates, moisturized with water and placed in 

room temperature for germination and growth control purposes. Seeds were not 

surfaced sterilized as a test run.  

3.2.2 Sterilization 

Regular sterilization method entails seeds placed in a beaker containing 5% 

NaOCl with 3-4 drops of tween for 15 minutes. Seeds are then thoroughly rinsed 

with distilled water until the NaOCl is washed off, then sterilized with 70% ethanol 
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for 5-6 minutes before being placed on MS media. In the case of this experiment, 

seeds were just surface sterilized with just 70% ethanol for 5-6 minutes before being 

placed on MS media.   

3.2.3 Tissue culture  

3.2.3.1  Plant growth regulators vs control media  

Sterilized seeds were placed on two types of MS media (Murashige and Skoog, 

1962) supplemented with 30 g/L sucrose and 8 g/L agar, and MS media containing 

30 g/L sucrose with 8 g/L and 0.5mg/l GA3. The pH for both medium were adjusted 

to 5.8 and autoclaved at 105 kpa and 121 
o
C for 15 minutes before seed culture. 

Samples were incubated at room temperature under light conditions for growth 

observation. 

3.2.3.2  Subculture of shoots for root induction  

Plantlets were subculture 14 days after germination into two different MS media 

for root induction. The first MS media contained 30 g/L sucrose, 8 g/L agar and 0.5 

mg/l BAP with the other was supplemented with 30 g/L sucrose, 8 g/L agar and 0.5 

mg/l KIN  

3.2.3.3   Sucrose concentration treatments  

MS media containing 8 g/L agar and different sucrose concentrations, (0 g, 5 g, 

7.5 g, 10 g and 15 g) whose pH was adjusted to 5.8 and autoclaved at 105 kpa and 

121 
o
C for 15 minutes was used to culture surfaced sterilized seeds. Cultured seeds 

were incubated at temperature 25 
o
C for 7-14 days. 

3.2.4 Salt pre-treatment  

3.2.4.1  Sterilization and salt-pre treatment  

2% sodium hypochlorite was used to sterilize seeds at different time intervals, 5, 

10 and 15 minutes, and then rinsed with distilled water (dH20) 6 times. Seeds were 

then sterilized with 70% ethanol for 3 minutes, placed on filter paper in petri dishes 

and moisturized with 3 mL solution containing different salt concentrations, 50 mM, 
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100 mM, 150 mM and salt free solution was used as a control. Samples were placed 

in light and dark conditions at temperature 25 
o
C. Number of germinated seeds, 

developed roots, regenerated shoots and total length of the plantlets were recorded.  

3.2.4.2 Regeneration from cotyledon and hypocotyl explants 

Three- or four-day old cotyledons obtained from seedlings pretreated with salt 

solutions at different concentrations and hypocotyl explants obtained from 14-day 

old seedlings pretreated with salt solutions at different concentrations were cultured 

on MS media containing 30 g/L sucrose, 8 g/L agar and 0.5mg/l KIN. The pH of the 

media was adjusted to 5.8 and autoclaved at 105 kpa and 121 
o
C for 15 minutes for 

pre-culture. Samples were incubated in dark conditions for 3 days and then moved to 

light condition at room temperature (25 
o
C). 

3.2.4.3 Subculture of shoots for root induction  

Explants excised from control (salt-free) and salt-treated 14 day old seedlings 

were subcultured on media containing 30 g/l sucrose, 8 g/l agar and 0.5 mg/l KIN, 

and incubated at culture room in dark condition for 3 days and then moved to the 

light condition. 

3.2.4.4 Data evaluation  

All experiments were repeated three times and a total of 60 replicates per 

treatment were used. Mean values with standard errors were calculated for each 

treatment and indicated in the tables and graphs accordingly.  
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4.  RESULTS AND DISCUSSION 

4.1 Test Run 

After day 6 of potting and being placed in petri dishes, germination rate for 

seeds cultured in light was observed with 90% with a 2.5% contamination rate. 

Plants were healthy, moist and had a green color. Seeds placed in dark conditions has 

95% germination rate with no contamination. An average shoot height of between 

1-1.5 cm and 2-2.5 cm root was recorded in seeds placed in light and dark 

conditions. Seeds placed in pots produced a 100% germination rate, with plantlets of 

3-4 cm shoot length (Figure 8). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Pot grown Muganlı-57 (D) and Baydar-2001 (C) Sesame plant. a) day 14 Baydar-2001 

plant grown in soil b) total plant height measurement c) plant leaf measurement and d) 

comparison of Baydar-2001 (C) and Muganlı-57 (D) growth. 
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The high germination rate of potted seeds is due to the nutrient found in the soil 

it was placed as compared to the seeds placed in the petri dishes, that had to use its 

stored nutrient for germination. Based on the results obtained; it can be concluded 

that light and dark conditions does not affect seed germination as there is no 

significant difference between the treatments.  

Culturing the seeds in a complete dark condition seems to promote germination 

performance of several plant species (Rasmussen, 1995). Different suggestions could 

be withdrawn between these two parameters but most accepted one is that the effect 

of light in determining the success ratio of the germination process may not be so 

critical for the most of the plant species. Similar phenomena is also valid for 

vegetative growth of the plants in large plantations, especially under forest 

conditions as many terrestrial plants grow better under shaded environments than 

their light-grown counterparts due to less access of the light over the habitat floor 

(Rasmussen and Rasmussen, 1991). It was also reported that a significant reduction 

in germination ratio was evident when Spiranthes odorata seeds were kept, even for 

a short period of time, under light conditions Zettler and Hofer, 1997). In their 

studies, germination under full darkness for 3 weeks was found more effective than 

under conditions of different dark/light regimes, like one week of 8/16 h or 14/10 h 

photoperiod, which was followed by a transfer to darkness for 2 more weeks (Zettler 

and Hofer, 1997). 

4.2 Effects of Plant Growth Regulators  

Explants in media without hormone produced 88% germination rate in the first 

control and 92% germination rate in the second control at day 7 with a 29% and 19% 

shoot and root formation, respectively. The mean germination rate is 90±2,56% for 

seeds cultured in hormone free medium. Explants in hormone containing media 

produced a 95% germination rate in the first control and 92% germination rate in the 

second control with a 21% and 20% root formation, respectively. Cultured seeds on 

GA3 containing medium produced a 94±1,69% mean germination rate (Figure 9). 

Leaves of explants in control media exhibited a darker green pigmentation. 

Root formation at day 23 after germination was higher in control media explants 

and exhibited root length of 10-30 cm while explants in GA3 containing media 



22 

 

produced lengths between 2-4 cm. Although GA3 hormone produced a higher 

germination rate in explants compared to control media, the higher plant growth rate 

was observed in the control media. Therefore, we can conclude that GA3 increases 

the seed germination rate but slows the growth of sesame shoots. 

According to literature GA3 plays a role in seed germination, leaf expansion, 

stem elongation flowering and flower development (Yanmaguchi and Kamiya, 

2002). Aké et al. (2006) reported in his study that GA3 not only promoted the 

frequency but also accelerated germination when compared with the control and a 

similar deduction was reported with seeds of other palm species such as Aiphanes 

erosa, Arenga microcarpa, Hyphaene schatan, Sabal palmetto, and Phoenicoforium 

borsiqianum (29–72 μM, Odetola 1987) and Howea forsteriana (290 μM, Chin et al., 

1988). GA3 also promoted germination of non-palm species such as Zea mays (seeds, 

10–100 μM, White and Rivin, 2000) and Panax ginseng (somatic embryos, 2.9 μM, 

Kwang-Tae et al., 2000). In general, GA3 treatment results in a higher seed 

germination and our results are in agreement due to the obtained results.  
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Figure 9. Germinated seeds on hormone free (control) (A) and on GA3 (0.5 mg/l) containing 

medium (B). The effect of GA3 on germination of sesame seeds (C). Error bars represent 

standard errors.       

Subculturing: 

Explants in both BAP- and KIN-containing media had a respond and the data 

was collected on day 7, 10 and 14 (Figure 10; Table 5). Explants in BAP containing 

media exhibited a higher growth rate/reaction rate in root formation at 45%, 88% and 

64%, while KIN exhibited a 28%, 72% and 59%, respectively (data not provided). 

The number of shoots formed in explants in KIN containing media was higher at 

pigmentation in the two controls. 

While the number of mean shoots obtained per explant was 8.17 in media 

containing KIN (0.5 mg/l), the number of shoots obtained in media containing BAP 

(0.5 mg/l) was 6.67. Shoots cultured on media containing produced longer roots 

TOTAL 

SHOOT 
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(8.50 cm) then roots (3.50 cm) obtained from shoots on media containing KIN. The 

difference was statistically significant for the shoot number and root length in terms 

of BAP and KIN. The shoot length obtained from both KIN (2.15 cm) and BAP 

(2.20 cm) containing medium were not significantly different (Figure 10; Table 5).     

The successful establishment of regenerated plants in soil in in vitro depends on 

the production of plantlets with profuse rooting. Cytokinins has a major role in plant 

development and growth, including shoot formation and multiplication (Kieber and 

Schaller, 2014; Mok and Mok, 2001). Consistent with our findings many studies 

have reported the positive effect of cytokinins on multiple shoot induction (Faiss et 

al., 1997; Asghari et al., 2012; Amer et al., 2017). Even though BAP is considered to 

be the most effective cytokinin for stimulating efficient shoot induction in sesame 

(Yadav et al., 2010; Baskaran et al., 2006; Were et al., 2006; Taskin and Turgut, 

1997), it is in contrast with the findings in our experiment and this can be due to 

genotype and plant regulator concentration among other factors which resulted in 

different response of shoot induction medium, and according to literature different 

cultivars elicit different regeneration efficiency (Seo et al., 2007; Were et al., 2006). 
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Figure 10. The effect of BAP (A, C) and KIN (B, D) on shoot regeneration and root formation 

after 14 days of subculture. The comparison of number of shoots per explant, shoot and root 

length (cm) for BAP and KIN at 0.5 mg/l concentration. Error bars represent standard errors.    
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Table 5.The effect of BAP and KIN on shoot number, shoot and root lenght of subcultured 

sesame plantlets. 

 

TREATMENT 
 EXPLANT 
NUMBER 

SHOOT 
NUMBER 

SHOOT 
LENGTH 

(cm) 

 ROOT 
LENGTH 

(cm) 

BAP (0.5 mg/l) 

1 6 2 8 

2 6 2 12 

3 8 3 1 

4 6 2 13 

5 6 2 12 

6 6 2 5 

7 8 2 8 

8 8 2 5 

9 6 2 5 

10 6 3 11 

11 8 3 20 

12 6 2 2 

Mean±SE 6,67 ± 0,28 2,20 ± 0,13 8,50 ± 1,55 

KIN (0.5 mg/l) 

1 10 3 0 

2 9 2 0 

3 8 2 6 

4 9 2 5 

5 10 2 10 

6 8 1 6 

7 8 2 3 

8 8 2 2 

9 8 3 0 

10 6 2 3 

11 6 2 2 

12 8 2 5 

Mean±SE 8,17 ± 0,36 2,15 ± 0,15 3,50 ± 0,87 
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4.3 Sucrose Treatment  

This experiment includes treatments in which seeds are placed in different 

sucrose concentration to study the effect on germination and growth of the plant 

(Figure 11; Table 6). Data for germination was collected on the day 7. An increase 

in germination is observed with an increase of sucrose until 7.5 and germination rate 

drops at a concentration greater than 7.5 g (10 g and 15 g). The contamination rate 

increased with the increasing sugar concentrations. The lowest contamination rate 

(7%) was obtained in control medium. Highest germination rate (37%) was obtained 

at 5 g and lowest (26%) at 15 g. Contamination rate was highest at 10 g (27%) and in 

the control treatment (7%). For growth, a linear graph indicates that an increase in 

sugar decreases the rate of growth and contamination. 

This study validated that the absence of sucrose in culture medium improves 

the morphology and physiology of a plant, in fact the positive eff ect a sucrose-free 

medium in plants have been extensively studied by Kozai (2010). Kozai and Kubota 

(2005) who reported several advantages of the photoautotrophic systems, such as the 

promotion of growth and photosynthesis. An increase of the shoot length, leaf 

number and leaf area per plant was observed in a sucrose-free medium in Solanum 

tuberosum L. (Badr et al., 2011; Hoang et al., 2017). An increase in sesame growth 

was evident in the treatment of sucrose-free (control) and the opposite negative 

results of an increase sucrose concentration Yaseen et al. (2013) reported that a 

negative response of shoots cultivated in sucrose treatment is possibly associated 

with the increased sugar concentration, which induces osmotic stress, which can 

affect in vitro plant growth. Low chlorophyll content in shoots is one of the most 

common physiological response induced by high concentrations of sucrose (Regueira 

et al., 2018). Studies made in Billbergia zebrina (Herbert) Lindley, also showed that 

elevated sucrose concentration decreased the chlorophyll content, which aff ected the 

physiological response of the plants (Martins et al., 2016). 
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Figure 11. Mean number of germinated and contaminated seeds cultured in vitro. Error bars 

represent standard errors.    
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Table 6. The effects of different sucrose concentrations on germination and contamination of 

sesame seeds cultured in vitro (data recorded 7 days after culture). Datas were given as mean 

values ± standard error. 

 

 

16 10 3±0,10 62,5 18,8

16 4±0,11 1±0,06 25,0 6,3

16 5±0,12 0±0,00 31,3 0,0

16 8±0,13 2±0,09 50,0 12,5

16 3±0,10 0±0,00 18,8 0,0

16 4±0,11 2±0,09 25,0 12,5

16 3±0,10 0±0,00 18,8 0,0

16 6±0,13 1±0,06 37,5 6,3

Total 128 43±0,89 9±0,40 Mean 33,6±5,56 7,03±2,55

16 10 0±0,00 62,5 0,0

16 6±0,13 0±0,00 37,5 0,0

16 4±0,11 2±0,09 25,0 12,5

16 6±0,13 3±0,10 37,5 18,8

16 6±0,13 2±0,09 37,5 12,5

16 8±0,13 5±0,12 50,0 31,3

16 3±0,10 6±0,13 18,8 37,5

16 4±0,11 4±0,11 25,0 25,0

Total 128 47±0,81 22±0,77 Mean 36,7±5,11 17,2±2,55

16 4±0,11 0±0,00 25,0 0,0

16 4±0,11 0±0,00 25,0 0,0

16 8±0,13 3±0,10 50,0 18,8

16 4±0,11 5±0,12 25,0 31,3

16 5±0,12 1±0,06 31,3 6,3

16 5±0,12 2±0,09 31,3 12,5

16 4±0,11 4±0,11 25,0 25,0

16 8±0,13 3±0,10 50,0 18,8

Total 128 42±0,62 18±0,65 Mean 32,81±3,88 14,1±4,05

16 5±0,12 2±0,09 31,3 12,5

16 4±0,11 9±0,13 25,0 56,3

16 2±0,09 5±0,12 12,5 31,3

16 2±0,09 4±0,11 12,5 25,0

16 7±0,13 3±0,10 43,8 18,8

16 3±0,10 3±0,10 18,8 18,8

16 8±0,13 2±0,09 50,0 12,5

16 3±0,10 7±0,13 18,8 43,8

Total 128 34±0,80 35±0,89 Mean 26,56±4,92 27,34±5,46

16 4±0,11 2±0,09 25,0 12,5

16 4±0,11 2±0,09 25,0 12,5

16 0±0,00 2±0,09 0,0 12,5

16 3±0,10 2±0,09 18,8 12,5

16 4±0,11 2±0,09 25,0 12,5

16 6±0,13 4±0,11 37,5 25,0

16 6±0,13 1±0,06 37,5 6,25

16 6±0,13 1±0,06 37,5 6,25

Total 128 33±0,72 16±0,33 Mean 25,8±4,55 12,5±2,08

15

Contamination 

Rate (%)

7,5

10
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5

Number of 

Contaminated 
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Germination 
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Sucrose 
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 Number of  
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4.4 Effects of NaOCl Exposure on Seeds Germination and Plant Growth 

The most vital treatment prior to culture initiation is the sterilization process. 

There is a wide range of literature on the effect of NaOCl concentration and 

temperature on germination (Badoni and Chauhan, 2010; Maina et al., 2010; 

Colgecen et al., 2011), but in this study, NaOCl exposure period sterilization time 

interval was tested. 70% ethanol was used as a control. Controls were placed in light 

and dark condition to also test the effect of light on germination after sterilization in 

part A of the experiment different NaOCl concentrations (5%,10% and 15%) at 

different time intervals (5, 10 and 15 minutes) were tested. Germination and seeds 

for both Muganlı-57 and Baydar-2001 were negatively affected by NaOCl as no 

germination of seeds was observed for 5%, 10% and 15% NaOCl concentration at all 

time intervals. Day 14 of control produced an 85% germination of seed at light 

condition and 70% in dark conditions for Muganlı-57. Baydar-2001 exhibited a 

100% seed germination in both light and dark condition and therefore leads as the 

highest (Figure 13). 2% NaOCl at all time intervals produced the best response of 

100% for germination in sesame seeds for both Baydar-2001 and Muganlı-57, the 

rate of survival of seeds was good and no contamination was observed (Figure 12). 

The highest shoot number (8,35) for Baydar-2001 were obtained from 5 min 

treatment and followed by 15 min (8.18) and 10 min (7.55) treatments. The shoot 

length were between 1.70-2.05 cm for 5, 10 and 15 min durations, respectively. The 

difference was not significant for the shoot number and shoot length. 5 min (6.38 

cm) and 15 min (6.43 cm) treatments resulted in longer roots when compared to 10 

min (5.50 cm). The Muganlı-57 variety gave the highest shoot number (9.0) and root 

length (6.37 cm) at 5 min treatment. There was no seed germination on 15 min 

sterilization (Figure 12).     

The most widely used surface sterilization of plant explants from different 

sources is sodium hypochlorite (Badoni and Chauhan, 2010; Maina et al., 2010; 

Colgecen et al., 2011). Research shows a cumulative germination percentage of 

conifer seeds increased by sterilizing with bleach (Wenny and Dumroese, 1987). 

Hsiao et al. (1984) deduced that sodium hypochlorite (NaOCl) at high concentration 

negatively affect seed germination, seedling growth, and the viability of the tissue in 
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in vitro while it was ineffective for sterilization of tissues at low concentration. Other 

reports on different sodium hypochlorite concentration for sterilization of F. 

religiosa explants indicate the highest rate of sterilization (80%) for fruit of F. 

religiosa when the treatment contained 2% sodium hypochlorite for 30 min 

(Parasharami et al., 2014; Deshpande et al., 1998; Gill and Siwach, 2009). 

Parasharami et al. (2014) and Pierik (1987) also added that not only did 

regeneration capacity of tissue gets negatively affected by higher concentrations but 

also longer application periods of disinfectants and, therefore, advisable to aim for 

lowest concentration of disinfectant for the shortest time in sterilization process 

under in vitro conditions. In validation with our study, Telci et al. (2011) reported 

that seed-borne contamination increased gradually by decreasing concentrations and 

application periods of NaOCl below 3.75% and 15 min. The best results were 

obtained from 3.75% NaOCl concentration and 15 min application period. 

  

 

 

Figure 12. The effect of different sterilization durations at 2 % NaOCl treatment on  shoot 

number, shoot and root length of sesame seedlings germinated in vitro. 

 

 

 



32 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 13. Germinated sesame varieties under different in vitro sterilization for 5, 10 and 15 

minutes. 
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4.5 Salt Pre-treatment  

In this experiment, 20 seeds per petri were exposed to different NaCl 

concentrations (0 mM, 50 mM, 100 mM and 150 mM) for 3-4 days in sterile 

conditions for germination purposes (Figure 14, Figure 15, Figure 16). 2% bleach 

at different time intervals (5, 10 and 15 minutes) was used to sterilize the seeds in 

order to identify the best result producing protocol. Of all the NaCl exposed samples, 

control and 50 mM treatment had the highest responsive rate in all two cultivars at 

both light and dark conditions. A 100% germination rate in control was observed for 

the two cultivars. Germination was inhibited starting from 100 mM to 150 mM or 

was very low at 100 mM. It was noted by the results obtained that sterilization period 

combined with NaCl exposure affects in plant growth. Seeds sterilized for 5 minutes 

produced stable amount of germinated seed for both cultivars in both light and dark 

conditions and both had a 10% germination rate at 100 mM in dark condition. For 

seeds sterilized for 10 minutes inhibition was observed at 100 mM or very low at 5% 

in light condition for Muganlı-57 and dark condition for Baydar-2001. Germination 

rate was 40% at 50 mM in all conditions for Muganlı-57 while Baydar-2001 

produced a 75% germination in dark conditions. There was no reaction 

rate/germination for Muganlı-57 seeds sterilized using the 15 minutes protocol. 

Comparing the two cultivars, Muganlı-57 had the highest and best results using the 5 

minutes sterilization protocol but inhibition was observed at 50 mM NaCl using the 

15 minutes protocol. From this we can deduce that an increase in the duration of 

sterilization using bleach and increase in NaCl concentration is inversely 

proportional to germination rate. From this result, we can also conclude that 

genotype (cultivar) also plays a role in sesame salt tolerance. 
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Figure 14(a). Germination and growth ability of the cultivar Baydar-2001 plants under salt 

stress, following by sterilising with 2% NaOCl for 5 min. 
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Figure 14(b). Germination and growth ability of the cultivar Baydar-2001 plants under salt 

stress, following by sterilising with 2% NaOCl for 10 min. 
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Figure 14(c). Germination and growth ability of the cultivar Baydar-2001 plants under salt 

stress, following by sterilising with 2% NaOCl for 15 min. 
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Genetic potential for salt tolerance of a seed is its ability to germinate and 

emerge under salt stress (Tejovathi et al., 1988), and because NaCl hinders normal 

metabolic pathways, it causes osmotic changes in ion toxic effect (Tafouo et al., 

2010), which leads to a lower rate of absorption and/or ion toxicity that result in 

reduced germination rate (Huang and Redmann, 1995). The data obtained in this 

experiment corresponds with El-Harfi et al. (2016)’s findings on reduction of 

germination rate by increased salinity and Bahrami and Razmjoo (2012)’s who 

identified salinity adverse effects on sesame seed. Similar to our study, sesame seeds 

exposed to 100 mM NaCl obtained limited reduction in germination rate (Gehlot et 

al., 2005). A number of studies in other species such as safflower (Khodadad, 2011), 

wheat (Hampson and Simpson, 1990) and chickpea (Murillo-Amador et al., 2002) 

shows that NaCl stress reduces germination rate. 
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Figure 15(a). Germination and growth ability of the cultivar Muganlı-57 plants under salt 

stress, following by sterilising with 2% NaOCl for 5 min. 
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Figure 15(b). Germination and growth ability of the cultivar Muganlı-57 plants under salt 

stress, following by sterilising with 2% NaOCl for 10 min. 
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Figure 15(c). Germination and growth ability of the cultivar Muganlı-57 plants under salt stress, 

following by sterilising with 2% NaOCl for 15 min. 
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Figure 16. Germination ability of sesame seeds under salt stress for different lengths of time. 

4.6 Regeneration from Cotyledons and Hypocotyl Explants  

The initial aim of this study was to induce callus from sesame hypocotyl and 

cotyledons of different cultivars in which the seed they were obtained from 

underwent salt stress treatment. No cotyledon and hypocotyl were obtained from 

seeds that were treated with 100 mM and 150 mM salt concentration as no response 

from seeds were observed. The data provided in Table 7 and Table 8 represents the 
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results obtained from those of salt-free (control) and 50 mM treatment of the 

different sesame cultivars. No callus induction was observed in all hypocotyl and 

cotyledon of both Baydar-2001 and Muganlı-57 from the 0 mM and 50 mM 

treatments. However, root and shoot regeneration were observed in both cultivars 

(Figure 17). A 75% response rate was obtained on Baydar-2001 hypocotyl in both 

light and dark condition for control and 50% response rate in light conditions and 

58% response rate in dark conditions for Muganlı-57. 50 mM Baydar-2001 explants 

produced an 25% response rate for light conditions at 5 min while Muganlı-57 didn’t 

show any response in both light and dark conditions. All the responded hypocotyl of 

both cultivars formed roots at day 14 and growth into a plant was very slow. Control 

(salt-free) treatment resulted in a 58% mean response rate for the 5, 10 and 15 min 

salt treatment on Muganlı-57 cotyledon in both light and dark conditions whereas 

Baydar-2001 produced a 67% for all the treatment durations in light and 25% for 5 

min treatment in dark conditions. Both Baydar-2001 and Muganlı-57 resulted in 33,3 

% cotyledone response rate in light condition for 50 mM but differentiated in dark 

conditions with Muganlı-57 results at 25% and Baydar-2001 at 0% for all treatment 

durations. Some cotyledons in both cultivars formed roots at day 14 and progressed 

to grow shoots which then later became whole plants while others produced leaves 

first at day 14 then progressed to shoot and whole plants.  

In order to achieve a high regeneration ability for the induction of shoots in 

sesame and other oil seed crops (more precisely groundnut), de-embryonated 

cotyledons, single or sliced or both can be used (Seo et al., 2007; Lokesha et al., 

2012; Shafeay et al., 2011). There are very few literatures on direct hypocotyl 

regeneration but there are reports that only cotyledon explants were responsive to 

organogenesis in the variety Mtwara-2 (Beatrice et al., 2006; Gupta et al., 1990), in 

other 10 different varieties (Taskin and Turgut, 1997). However, regeneration could 

be achieved only from the hypocotyl explant on lower KIN concentration on the 

other hand cotyledon explant completely failed to regenerate in all cytokinin 

concentrations and combinations tested (Rao and Honnale, 2011), they also reported 

that hypocotyl explants proved to be better explants for the induction of multiple 

shoot and cotyledon explants resulted in inducing callus. Reports on shoot 

regeneration only from cotyledons (Rao and Vaidyanath, 1997; Taskin and Turgut, 
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1997; Younghee, 2001) which was achieved using cotyledons that were 3-4 days old 

(Were et al., 2006), 8-10 days old (George et al., 1987; Rao and Vaidyanath, 1997) 

and 1-2 weeks old (Seo et al., 2007), while regeneration from cotyledons obtained 

from germinated seeds drastically declined (Seo et al., 2007). 

 

Table 7. Regeneration of cotyledon and hypocotyl explants isolated from salt pre-treated 

germinated sesame seeds of cultivar Baydar-2001. 

 

Cultivar  

Salt 

Concen-tr

ation  Duration  

No. of Hypocotyl 

Explants Used 

Response 

Rate (%) 

No. of Cotyledons 

Explants Used 

Response 

Rate (%) 

Light  Dark  Light  Dark  

Baydar-2

001 

0 mM 

5 min 12 75 50 12 100 25 

10 min 12 100 75 12 50 0 

15 min  
12 

50 100 
12 

50 0 

50 mM 

5 min  
12 

25 _ 
12 

100 _ 

10 min  
12 

_ 25 
12 

_ _ 

15 min  

12 

_ _ 

12 

_ _ 

 

Table 8. Regeneration of cotyledon and hypocotyl explants isolated from salt pre-treated 

germinated sesame seeds of cultivar Muganlı-57. 

 

Cultivar  

Salt 

Concen-tration  Duration  

No. of 

Hypocotyl 

Explants 

Used 

Response 

Rate (%) 
No. of 

Cotyledons 

Explants 

Used 

Response 

Rate (%) 

Light  Dark  Light  Dark  

Muganlı-57 

0 Mm 

5 min 12 50 0 12 50 0 

10 min 12 75 100 12 75 75 

15 min  
12 

25 75 
12 

50 100 

50 Mm 

5 min  
12 

0 0 
12 

100 75 

10 min  
12 

_ _ 
12 

_ _ 

15 min  

12 

_ _ 

12 

_ _ 



44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. Regeneration from cotyledon and hypocotyl explants of cultivars Baydar-2001 and 

Muganlı-57 after pre-salt stress treatments. A) Muganlı-57 cotyledon explants with root 

formation (top-left), Muganlı-57 hypocotyl explants with root formation (top-right), Baydar-2001 

cotyledon explants with root, shoot and leaf formation (bottom-left), D) Baydar-2001 hypocotyl 

explants with root formation (bottom-right). 
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5. CONCLUSSIONS 

In accordance to this study;  

 Sucrose-free medium is sufficient for sesame seed germination. Sucrose 

in medium is directly proportional to the contamination rate. 

 GA3 at 0.5 mg/l produces roots and promotes growth in sesame.  

 The best plant growth regulator for sesame subculture and regeneration is 

KIN at 0.5 mg/l as compared to 0.5 mg/l BAP  

 2% NaOCl concentration for 5 minutes is effective at reducing 

contamination of S. indicum L. Concentration for a longer time interval 

(10-15 minutes) inhibits seed germination. 

 Growth rate slows down at 50 mM salt, and germination and seedling 

growth is inhibited at 100 mM-150 mM. 

 Regeneration of hypocotyl and cotyledons was achieved using KIN (0.5 

mg/l) and was more responsive with hypocotyl explants producing roots 

and cotyledons forming shoots. 

 Pre-salt treatment inhibits or reduces regeneration in sesame, therefore, 

we can conclude that salt concentration in a plant is directly proportional 

sesame regeneration and that light plays no role in affecting regeneration 

capacity.  

 Experiments was done on two different cultivars to test their responses 

based on the published literature and we can conclude that indeed sesame 

growth and germination is highly genotype-dependent as Muganlı-57 

produced higher rates in all experiments when compared to Baydar-2001, 

but Baydar-2001 had higher regeneration ability as compared to 

Muganlı-57. 
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