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Abstract :To achieve an effective and reliable shoot organogenesis protocol in Helianthus annuus L., 
effect of ethylene inhibitors including AgNO3 and CoCl2 were investigated. Cotyledonary explants of two 
cultivars including CMS19 and Progress were cultured in MS medium with 2.0 mg L-1 BAP and 1.0 mg 
L-1 IAA supplemented with different concentrations of AgNO3 (0, 1.5 and 3 mg L-1) and CoCl2 (3 and 6 
mg L-1). Statistical analysis of data showed a significant difference among cultivars and ethylene 
inhibitors concentrations for organogenesis parameters including shoot regeneration and number of shoots 
per explant. Addition of ethylene inhibitors to culture medium improved regeneration frequency and 
number of shoots per explant. Shoot generation was improved with increasing concentrations of CoCl2 
but in the case of AgNO3, increasing the concentration gave adverse results. Treatment of explants with 
AgNO3 in low concentration (1.5 mg L-1) improved organogenesis in Helianthus annuus. The highest 
shoot regeneration was obtained in media supplemented with 6 mg L-1 CoCl2 (R/E= 63% and S/RE= 3) 
and 1.5 mg L-1 AgNO3 (R/E= 73% and S/RE= 2).This study suggests that ethylene inhibitors, particularly 
CoCl2, could be used to improve the efficiency of in vitro shoot regeneration and plant transformation 
protocols of sunflower. 
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Ayçiçeği (Helianthus annuus L.)’nin in vitro Organogenezi Üzerine Etilen İnhibitörleri 
Olarak AgNO3 ve CoCl2’nin Uyarıcı Etkisi 

 
Özet: Ayçiçeğinde (Helianthus annuus L.) etkili ve güvenilir bir organogenez protokoluna ulaşmak için, 
etilen inhibitörleri olarak AgNO3 ve CoCl2‘nin etkisi araştırılmıştır. CMS19 ve Progress çeşitlerinden 
elde edilen kotiledon eksplantları 2.0 mg/L BAP ve 1.0 mg/L IAA içeren MS ortamına farklı 
konsantrasyonlarda AgNO3 (0, 1.5 ve 3 mg/L) ve CoCl2(3 ve 6 mg/L) ilave edilerek kültüre alınmıştır. 
Yapılan istatistik analizine göre; eksplant başına sürgün sayısı ve sürgün rejenerasyonunu içeren 
organogenez parametrelerinde etilen inhibitörlerinin konsantrasyonu ve çeşitler arasında istatistiksel 
olarak önemli farklılıklar bulunmuştur. Kültür ortamına etilen inhibitörlerinin eklenmesi, eksplant başına 
sürgün sayısını ve rejenerasyon frekansını artırmıştır. Sürgün rejenerasyonu CoCl2 konsantrasyonun 
artışıyla artmış, ancak AgNO3 konsantrasyonunun artışına bağlı olarak azalmıştır. Düşük konsantrasyonda 
(1.5 mg/L) AgNO3 uygulaması ayçiçeğinde (Helianthus annuus) organogenez artırmıştır. En yüksek 
sürgün rejenerasyonu  ortama 6 mg/l CoCl2 (R/E=% 63 ve S/RE= 3) ve 1.5 mg/L AgNO3 (R/E=% 73 ve 
S/RE= 2) eklendiğinde elde edilmiştir. Bu araştırmada etilen inhibitörlerinin, özellikle CoCl2’nın 
ayçiçeğinde bitki transformasyon protokolu ve in vitro sürgün rejenerasyon etkinliğinin iyileştirilmesinde 
kullanılabileceği önerilmiştir.  
 
Anahtar kelimeler: Kotiledon, Gümüş nitrat, Kobalt klorür, Helianthus annuus L., Ayçiçeği, Bitki  
                                  rejenerasyonu 
 
Introduction 
 
Sunflower (Helianthus annuus L.) is one of the most important oil seed crops and has a potential value as 
a source of oil, protein, vitamin and energy. The use of biotechnological methods for breeding of 
sunflower is limited due to lack of an efficient and reproducible protechols for plant regeneration from 
transformed cells (Ceriani et al., 1992). Like all spicese regeneration frequency in sunflower strongly 
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depends on genotype, interaction genotype with culture conditions (Sarrafi et al. 1996) and environmental 
and physiological factors (Paterson and Everett 1985; Power 1987;Sarrafi et al. 2000). Accumulation of 
ethylene is one of important limiting factor in in vitro regeneration of plants (Biddington 1992). Ethylene 
(C2H4) plays an important role in plant growth and development (Yang and Hoffman 1984) and also 
inhibits plant growth and morphogenesis depending upon the species and culture stage (Kumar et al. 
1998). Ethylene can affect callus growth; shoot organogenesis and somatic embryogenesis (Biddington 
1992; Huang et al. 2001; Jha et al. 2007; Chatfield and Raizada 2008). Ethylene has certain positive 
effects on callus culture and root growth but it inhibit in-vitro differentiation and growth of the shoots. 
Hence, ethylene inhibitors can be added to culture medium to prevent the negative effects of it (Chae et 
al. 2012; Park et al. 2012). 
 
AgNO3 and CoCl2 are known as effective ethylene inhibitors that promote shoot growth when added to 
the media (Biddington 1992). AgNO3 has been known to inhibit ethylene action (Beyer 1976a) and 
cobaltous ions are known to inhibit ethylene synthesis (Lau and Yang 1976). So the addition of certain 
chemicals such as cobalt chloride or silver nitrate to the culture medium can inhibit ethylene production 
or its function by blocking certain steps in the biosynthesis or signaling pathways respectivily (Pua and 
Chi 1993) and increases in-vitro regeneration in monocots (Purnhauseret al. 1987; Songstad et al. 1988) 
and dicots (Chi et al. 1991; Roustan et al. 1989). In the present study the effect of ethylene inhibitors on 
the efficiency of shoot organogenesis in sunflower is reported. 
 
Material and Methods 
 
Plant material and prepering the explants 
 
Seeds of H. annuus (CMS19 and Progres) were prepared from Seed and Plant Improvement Institute 
(Karaj, Iran) and stored at 4°C. The seeds without pericarps were surface-sterilized with 70% (v/v) 
ethanol for 30 s and 3% (v/v) sodium hypochlorite solution for 10 min, then rinsed three times in 
sterilized water. Ten seeds were placed on 30 mL of agar-solidified culture medium in Petri dishes. The 
basal medium consisted of  hormone free half strength MS medium (Murashige and Skoog, 1962), 
supplemented with 3% sucrose, B5 vitamins and solidified with 0.7% (w/v) agar. The pH of  medium was 
adjusted to 5.7 before adding agar, and then sterilized by autoclaving at 121ºC for 20 min. Cultures were 
maintained at 25±1ºC under 16 h light/ 8 h dark cycle with a light flux of 80 μmol m-2 s-1. 
 
In vitro shoot organogenesis 
 
Two days seedlings cotyledons were excised by using sharp scalpel. Seeds were cut twice perpendicular 
to the long axis of the seeds. The first cut include 2 mm of the proximal end of cotyledon. This part 
harboring the entire embryo, which was discarded. Across the middle of the cotyledons cuted in the 
second step. Explants of proximal sections were placed abaxial side down onto the regeneration medium 
in Petri dishes. Each Petri dish, sealed with a Parafilm strip to prevent desiccation, contained five explants 
of cotyledons. Regeneration medium consisted of full strength MS medium supplemented with 3% 
sucrose, 2 mg L-1 BAP and 1 mg L-1 IAA. To determine the effects of ethylene inhibitors the regeneration 
medium was supplemented with 0, 1.5 and 3mg L-1 silver nitrate (AgNO3) and 3 and 6 mg L-1 cobalt 
chloride (CoCl2). 
 
The experiment was done in a randomized completely design with three repeat, two genotypes and five 
treatments. When Shoots were achieved 4 mm or longer in length, the regeneration ability of genotypes 
was scored by assessing percentage of explants forming shoots (%R/E) and average number of shoots per 
regenerated explants (S/RE). Statistical analysis performed using SPSS for Windows release 16.0 (SPSS, 
Chicago, IL, USA). Differences between means were scored with Duncan's multiple range tests.  
 
Rooting of in vitro produced shoots 
 
For root induction, regenerated shoots (2-3 cm in length) were transferred to rooting media consist of half 
strength MS medium supplemented with 2 and 4 mg L-1 of Naphthalene Acetic Acid (NAA), Indole 
Acetic Acid (IAA) and Indole Butric Acid (IBA). The medium was solidified with 7 g L-1 Agar. One 
shoot were cultured in each culture vessel. Three repetitions were performed for each treatment. 
Regenerated shoots were incubated at 25 ± 1 °C in a growth chamber with a 16-h photoperiod under 
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standard cool white fluorescent tubes (35 μmol s-1·m-2) for 3 weeks. After 3 weeks, Root quality was 
evaluated. The rooted plants were carefully washed with water to remove agar, transferred to pots 
containing mixture of autoclaved soil and Perlite, and covered with plastic bag to maintain high humidity 
and were kept under culture room conditions for one week. The plants were then transferred to the 
greenhouse. 
 
Results and Discussion 
 
Analysis of variance shows that there was not any significant difference between genotypes on percentage 
of explants forming shoots (%R/E), but the average number of shoots per regenerated explant (S/RE) had 
significant difference at 1% level. Use of ethylene inhibitors had significant effect on %R/E at the 5% 
level and on S/RE at 1% level. The interaction between genotype and ethylene inhibitors was not 
significant for the organogenesis traits which indicate that these two factors are acting independently. 
 
The average number of shoot per regenerated explant at the Progress (2.43) was more than CMS19 that 
show organogenesis is dependent on the genotype. Percentage of regeneration significantly increased in 
media containing3 mg L-1 cobalt chloride and 1.5 mg L-1 silver nitrate. The average number of shoots per 
regenerated explant in presence of 6 mg L-1 cobalt chloride significantly increased, but decreased at 3 mg 
L-1silver nitrate containing medium. Effect of other concentrations of ethylene inhibitors were not 
significant whit control (Table 1). 
 
The shoot growth was increased with increasing concentrations of CoCl2 and was declined with 
increasing concentrations of AgNO3. The opposite was seen in the case of regeneration frequency. The 
greatest shoot growth was found when the regeneration medium was supplemented with 6 mg L-1 CoCl2, 
obtaining 63% regeneration frequency with the largest number of shoots (3.03) in each explant. 
Treatment with 6 mg L-1 CoCl2 produced 44% more shoots per explant compared to the control. 
Regeneration frequency was also 13% higher in compared to the control (Table 1). Treatment with 
AgNO3 did not give good result in shoot growth but increased regeneration frequency. 
 
Table 1. Effect of genotypes and different concentrations of ethylene inhibitors on shoot regeneration of  
              sunflower after 4  in regeneration medium (Murashige and Skoog medium with 2.0 mg/L BAP   
              and 1.0 mg/L IAA) 
Ethylene inhibitors (mg/L) Regeneration % No of shoot/Explant (Mean ± SE) 
Control 56.66 b* 2.1 ± 0.1 b 
CoCl2 
       3 
       6 

 
76.66 a 
63.33ab 

 
2.37 ± .01 b 
3.03 ± 0.1 a 

AgNO3 
     1.5 
       3 

 
76.66 a 
60.00 b 

 
2.04 ± 0.1 b 
1.52 ± 0.1 c 

*Mean values with the same letter are not significantly different at the 0.05 probability level (Duncan's test) 
 
Positive effects of silver nitrate and cobalt chloride on plant regeneration and number of shoots per 
explant have been reported in some plants, including Helianthus annuus, Papaya axillary,  Lycopersicon 
esculentum and Capsicum frutescens (Chraibi et al.,1991; Biddington, 1992; Lai et al., 2000; Sharma et 
al., 2008; Osman and Khalafalla, 2010). The growth and development of tissue cultures can be controlled 
to a certain extent by regulating the production or action of ethylene (Beyer, 1976b; Purnhauser et al. 
1987; Songstad et al. 1988; Chi and Pua, 1989; Bais et al. 2000; Giridhar et al. 2003). However in this 
experiment silver nitrate increased explants forming shoots compared to the control but did not have any 
significant effect on number of shoots per explant and caused abnormal shoots. It is assume that use of 
AgNO3 in high concentration have negative effects on shoot regeneration (Fig. 2E). These results are 
consistent with the results of Baker et al (1999). They reported when silver nitrate added to development 
media at 0.4 – 1.7 mg L-1, callus induction, regeneration capacity and number of shoots per explant were 
not affected. Although shoot verification occurred slightly, but there was no improvement in rooting or 
survival and higher concentrations of AgNO3 was produced pale green, over-elongated or malformed 
shoots. In contrast, increase the concentration of cobalt chloride increases number of shoots and it has 
better effect than silver nitrate to obtain shoots with normal morphogenesis. For reduction of shoots 
hyperhydricity silvernitrate had better effect than cobalt chloride.  
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Figure 2. Effects of ethylene inhibitors on shoot regeneration from cotyledonary explants in medium  
                supplemented with: (A) 6 mg L-1 CoCl2; (B)3 mg L-1 CoCl2; (C) 1.5 mg L-1 AgNO3; (D) 3  
                mg L-1 AgNO3. (E) 5 mg L-1 AgNO3; (F) control medium without ethylene inhibitors. 
 
For in vitro rooting, shoot of Progress subjected to rooting in MS medium supplemented with 2 and 4 mg 
L-1 of NAA, IAA and IBA. After a few days callus and root buds appeared on cut end of shoots. Fig. 2 
shows the effect of different concentration of the tested auxins on rooting after three weeks. All shoots in 
all auxins in both concentrations give raise the roots but there was phenotypically difference between 
treatments according to type of ouxins and its concentrations (Fig.3). Shoots on media containing NAA 
had less root growth than others. Quality of roots obtained from IAA and IBA containing medium was 
better than NAA. Roots obtained from NAA were short, thick and with increasing concentration of NAA 
amount of callus-like roots was increased. Thick and thin roots were induced in IBA containing medium 
but thin and long roots were produced in IAA supplemented medium. The shoot rooted in IBA containing 
medium showed better compatibility with the soil. 
 

 
                        Figure 3. In-vitro rooting quality of sunflower shoots on medium containing  
                                        different auxin in tow concentrations. 
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