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Promoting effects of melatonin supplements on the embryogenic callus maintainance in alfalfa 

(Medicago sativa L.) 

İsmail BEZİRGANOGLU1* 

ABSTRACT: The goal of this study was to determine melatonin impacts on the embryogenic callus 

formation and callus necrosis recovering of alfalfa (Medicago sativa L). Calluses, obtained from leaf 

explants, were cultivated on Murashige and Skoog (MS) medium supplemented with 0.0125 mg mL-1 

melatonin + 1 mg mL-1 2,4-D or 0.0125 mg mL-1 kinetin + 1 mg mL-1 melatonin. Melatonin reduced the 

embryogenic callus formation in both concentrations. It was detected that the weight of fresh callus in 

genotypes was strongly related with hormones under in vitro conditions and the lowest fresh callus 

weight was detected in presence of 0.0125 mg mL-1 kinetin and 1 mg mL-1 melatonin. Based on the 

callus necrosis recovery, the highest callus necrosis weight (0.843 g) were recorded in embryogenic 

calluses cultivated in 0.0125 mg mL-1 melatonin + 1 mg mL-1 2,4-D melatonin-supplemented medium, 

compared with the calluses activited with MS alone (0.587 g). In conclusion, it was detected in this 

study that in vitro melatonin could be used in callus necrosis recovered in tissue cultures of alfalfa.  
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INTRODUCTION 

Melatonin (N-acetyl-5-methoxytryptamine) is an indolic complex that has various functions in 

animals and plants. Melatonin has many significant biochemical roles in many plant species, where it 

seems to support an increasing plant's response to stress conditions. Many studies have been conducted 

and indicated a relationship between melatonin amount in cells and external environments (Hernández- 

Ruiz and Arnao 2008; Kim et al., 2016) The melatonin involves different physiological functions 

including ion absorption, nutrient transfer, gas exchange, stomatal balance, free radical scavenger and 

antioxidant (Erdal 2016; Murch and Saxena 2002; Reiter et al., 2002). Additionally, It also may act as a 

growth regulator and stimulate the formation of callus in vitro (Erland and Saxena 2017). It has 

previously been reported that alters in the basal levels of melatonin impact cell division and the formation 

of the mitotic spindle (Murch and Saxena 2002). The endogenous levels of melatonin influences various 

cytological processes including mitosis and the formation of the mitotic spindle (Murch and 

Saxena 2002; Turk et al., 2014). Although various impacts of melatonin in plants have been studied to 

date, studies about its impact on in vitro embryogenic callus maintaincae and plant regeneration are very 

limited. Moreover, to be able to increase callus formation and proliferate callus cultures in tissue 

cultures, suitable methods and growth regulators necessary to be developed and work efficiently. Not 

only is it needed to effectively induce and regeneration cultures, but also to efficiently synthesize 

compounds (Ullah et al., 2019). Nowadays, in vitro cultures have gained much importance compared to 

exogenous applications because of their to be a suitable and quick method to evaluate the quality and 

quantity of the melatonin and the other metabolites by stimulating the factors inducing their synthesis 

and/or accumulation. Alfalfa is the main forage crop for dairy producers of many agricultural regions 

due to its high feeding value. Alfalfa is cultivated for its high yield and potential for environment 

adaptation, wide disease tolerance, and nutritional feeding quality as well as its role on N fixation, 

wildlife habitat, soil conservation, and bioremediation (Pelagio-Flores et al., 2012; Hardeland et al., 

2013). The medium components of tissue culture systems also play an main role in alfalfa in vitro 

culture. Leaf explants are well-known to be the best resources for efficient regeneration from callus 

cultures of alfalfa. The aims of this study was to determine the callus necrosis recover for alfalfa by 

investigating different melatonin concentrations embriyogenic callus medium.  

MATERIALS AND METHODS 

Plant material and callus induction  

In our report, a cultivar and an ecotype (Sazova and Muş) were used as the material for the response 

to callus initiation. The mature seeds were sterilized with 22% NaOCl for 20 min, washed two times 

with autoclaved water. Coytledons or leaves were explanted to in vitro medium from two weeks old 

plants onto hormone-free MS medium (Murashige and Skoog 1962). For the melatonin treatment, 

cotyledons or leaves were explanted to in vitro medium containing MS basal medium (pH 5.7) and 0.8 

% agar supplemented with 1 mg mL-1 of 2,4-D in the presence of 0.0125 mg mL-1 melatonin for a month. 

The callus were also obtained from leaf explants used for embryogenic callus initiation in the same 

melatonin concentration. The cotyledon and leaf explants were incubated in total darkness at 25 ± 1 °C 

temperature for a month. After a month, callus formation was assessed and used for embriyogenic callus 

studies. 
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Embryogenic callus initiation and maintainance 

Callus was obtained from embryogenic callus initiation, such as control and melatonin treatment 

in terms of two different embryogenic callus maintaince medium. In the control treatment, intact callus 

were placed to the embryogenic callus initiation medium containing MS basal medium (pH 5.7) and 0.8 

% agar supplemented with 1 mg mL-1 of 2,4-D and 0.0125 mg mL-1 of kinetin without melatonin for 1 

months in a growth cabinet at 28 °C, under a 16/8-h photoperiod condition. For the melatonin treatment, 

callus was transferred medium containing MS basal medium (pH 5.7) and 0.8 % agar supplemented with 

1 mg mL-1 of 2,4-D in the presence of 0.0125 mg mL-1 melatonin for first medium. Callus was 

transferred medium containing MS basal medium (pH 5.7) and 0.8 % agar supplemented with 0.0125 

mg mL-1 of kinetin in the presence of 1 mg mL-1 melatonin for second medium. The callus were sub-

cultured for each 3 weeks in the same medium. Total duration was 3 months. The embryogenic callus 

weight was evaluated at the end of 3 months. 

Statistical Analysis 

Each analysis was repeated three replicate. Analysis of variance was conducted using one-way 

ANOVA test using SPSS 13 software and means were evaluated by Duncan test at the 0.05 confidence 

level.  

RESULTS AND DISCUSSION 

Embryogenic callus development capacity 

The fresh callus weight of Sazova and Muş genotypes was shown to reduce remarkably in response 

to melatonin treatment. Two different levels of melatonin were detected to cause great decreases in 

melatonin medium and the highest fresh callus weight was observed in all genotypes exposed to control 

treatments (Table 1). It was observed that the weight of fresh callus in genotypes was highly related with 

plant growth regulation under in vitro conditions and the lowest fresh callus weight was detected in 

presence of 0.0125 mg mL-1 kinetin and 1 mg mL-1melatonin (Table 1). Embryogenic callus 

development was influenced not only by genotype and plant gowth regulation but also by genotype × 

plant growth regulation interaction (Table 1). Among the two genotypes tested, ‘Muş’ (1.414 g) indicated 

the higher mean callus weight after 1 months incubation of the callus on the control media, followed by 

containing melatonin media but at same values both media whereas ‘Sazova’ (1.375 g) indicated the 

highest mean callus weight than Muş genotype after 1 months of incubation of the callus on control 

media, followed by ‘Sazova’ (0.378 g), after 2 months of incubation of the callus on 0.0125 mg mL-1 

kinetin + media. Overall, the main impact of melatonin on embryogenic callus formation was not 

significant; however, embryogenic callus formation was significantly affected by melatonin 

concentration (P < 0.05). Besides, there was no significant interaction between melatonin and dosages 

(Table 1).  

Effects of melatonin supplements on callus necrosis 

In terms of callus necrosis, two concentrations of melatonin were tested to provide the suitable 

concentration and times for healthy callus development. It was found that a combination of melatonin-

2,4-D had the tendency to decrease for callus necrosis of Sazova genotypes (Table 1). The calli produced 

at a combination of melatonin-2,4-D were compact, healthy, and fluffy whereas control callus was 

detected by black color and a watery appearance (Figure 1). The callus necrosis number of embryogenic 

callus was affected by the hormone concentration, type and their interaction. The callus necrosis of 

embryogenic callus ranged from 0.843g to 0.032g based on melatonin concentration and period (Table 

1; Figure 2).  
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Table 1. Changes in embryogenic callus maintaince in alfalfa genotypes combination auxin-melatonin 

Genotypes Embryogenic callus weight (g) Callus necrosis weight (g) Fresh callus weight(g) 

Months    

1.month of Sazova    

Control 1.375±0.059a 0.587±0.019a 0.787±0.036a 

Melatonin/2.4D 0.291±0.059b 0.843±0.019b 0.231±0.036b 

Kinetin /melatonin 0.202±0.059b 0.091±0.019b 0.110±0.036b 

2. months of Sazova    

Control 0.320±0.075a 0.063±0.042a 0.239±0.031a 

Melatonin/2.4D 0.221±0.075a 0.055±0.042a 0.199±0.031a 

Kinetin /melatonin 0.378±0.075a 0.152±0.042a 0.259±0.031a 

1.month of Muş    

Control 1.414±0.079a 0.607±0.036a 0.807±0.052a 

Melatonin/2.4D 0.293±0.079b 0.077±0.036b 0.226±0.052b 

Kinetin /melatonin 0.293±0.079b 0.063±0.036b 0.230±0.052b 

2.months of Muş    

Control 0.258±0.036a 0.041±0.012a 0.807±0.024a 

Melatonin/2.4D 0.131±0.036b 0.055±0.012a 0.076±0.024b 

Kinetin /melatonin 0.085±0.036b 0.032±0.012a 0.052±0.024b 

  a,bMeans in the same column with various superscript letters differ significantly (P ≤ 0.05)  

 
Figure 1: a: 2. Months of Muş control, b: Muş, 0,0125 mg mL-1 melatonin + 1 mg mL-1 2,4-D c: Muş, 0,0125 mg mL-1 

kinetin+ 1 mg mL-1 melatonin d: 2. months of Sazova control e: Sazova, 0,0125 mg mL-1 melatonin + 1 mg mL-1 2,4-D f: 

Sazova, 0,0125 mg mL-1 kinetin+ 1 mg mL-1 melatonin 

 
Figure 2: 1. control, 2.  0,0125 mg mL-1 melatonin + 1 mg mL-1 2,4-D 3.  0,0125 mg mL-1 kinetin+ 1 mg mL-1 melatonin. 

a,bMeans in the same column with different superscript letters differ significantly (P ≤ 0.05)  
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Despite the importance of alfalfa as a forage plant, the research on this plant is difficult due to 

allogamy, perennial and cross-fertilization as well as polyploidy (Şakiroğlu et al., 2010). Therefore the 

application of in vitro technique can be useful for genetic improving of alfalfa. The culture medium 

optimization can be affected by many traits, such as explant sources, genotype, growth conditions and 

medium composition (Yazıcılar et al., 2021). The combination of cytokinins and auxins promoted callus 

induction in a number plant species (Chaudhry et al., 2014). Melatonin has been demonstrated as playing 

a main functions in callus induction and somatic embryogenesis. The impacts of melatonin on in vitro 

culture have been studied by several researchers (Chaudhry et al., 2014), who proposed that melatonin 

activity as hormone regulators of callus formation. Ramakrishna et al., (2011, 2012) showed that 

melatonin has an promoted impact during the late stages of embryogenic callus growth in terms of the 

number of somatic embryos in Coffea canephora. It was found that melatonin treatment promoted 

responded callus necrosis rate in short-term period and embryogenic callus efficiency during long-term 

period in our study (Table 1). Our results are in consistent with those published by Duran et al., (2019) 

in the study on Ocimum basilicum the addition of melatonin at 100.0 μM and 200.0 μM dosages in the 

tissue culture medium. Their results demonstrate that melatonin reduced the frequency of callus 

formation compared with the control medium without melatonin. However, at 100.0 μM of melatonin 

in the medium, the differentiation frequency of adventitious buds from callus appeared to increase. This 

can be explained that callus formation is strongly related to hormone combination and concentration. 

According to our results, increases in necrosis recovering in melatonin-treated callus may be related to 

synergistic role of melatonin as direct or indirect due to was found to inhibit or promote callus necrosis 

and embryogenic callus formation dependent genotypes (Figure 2). Similar observations were also 

obtained in Hypericum perforatum L. (Murch et al,. 2001), Punica granatum L. (Sarrou et al., 2014), A. 

thaliana (Koyama et al., 2013), and Withania somnifera (L.) Dunal (Adil et al., 2015). For example: 1 

μM melatonin application in cherry considerably inhibit the promotion effects of in vitro culture, 

whereas 8.6 μM melatonin still found a enhancing effect in P. Granatum.  

CONCLUSION 

Herein, we showed that melatonin can be used as a good auxin-cytokinin for the callus and 

embryogenic tissue culture. Moreover, It was detected in this study that in vitro melatonin could be used 

in callus necrosis recovered in tissue cultures of alfalfa. Besides it is still necessary for suitable hormone 

concentration requiring more detailed studies. 
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