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Introduction 

Cannabis sativa L. (family Cannabaceae) is an 

importnt plant species that has been cultivated in 

many Asian and European countries as annual 

herbaceous, multi-purpose plant species used in 

medicinal or palliative care systems since 2700’s 

years before the Common Era (BCE) (Schäfer, 

2005, Schumacher, et al., 2020). Cannabidiol and 

Cannabidiolic acid are the important and abundant 

phytocannabinoids in C. sativa cultivars in general, 

but some of them biosynthesize cannabigerol as the 

major constituent compounds (Hanuš, et al., 2016) 

that are evaluated as non-psychotropic compounds 

with potential therapeutic uses. They are considered 

neuroprotective, anti-rheumatoid anxiolytic, anti-

nausea, anti-spasmodic and used for the treatment 

of arthritis (Bonini, et al., 2018, Hanuš, et al., 

2016,) and cancer (Sánchez et al., 2001, Blázquez 

et al., 2004, Śledziński, et al., 2018), appetite loss 

and prevent vomiting (Abrams, 2016). 

The stem is herbaceous in the first development 

period, with high sap, and takes a corrugated 

arthritis body appearance in the later stages of 

growth. The plants contain 70% cellulose (with 

~22% hemicellulose and ~45% carbon). Its fiber is 

used to make a durable and cost-effective thread 

(Seher et al., 2020). It is also a rich source of raw 

material in paper, medicinal or pharmacological 

products (e.g., phytocannabinoids, terpenes, and 

phenolic compounds) (Bonini, et al., 2018, Hanuš, 

et al., 2016).  

It is allelopathic and could be used in soil 

phytoremediation, with the ability to prevent or 

suppress both weeds and soil pathogens (Adesina, 

et al., 2020).  

Its cultivation in many countries of the world 

including Turkey remained banned for many years 

in accordance with global trends because of 

psychoactive contents. However, its cultivation has 

been allowed in 20 out of 81 provinces according to 

the “Regulation on Cannabis Growing and 

Control.” (Official Gazette, 2016, 2021). C. sativa 

plants are produced industrially in 36 countries in 

the world (Aydogan, 2020). The global market US 

$ 4 billion in 2017, US $ 4.7 billion in 2018, for C. 

sativa is expected to reach US $ 11 billion in 2025 

(FAO, 2019). 

When the data of TUİK for 1998-2018 is 

reviewed, there is a decline in C. sativa production, 

 

Cannabis sativa L. is an important medicinal plant species that grow under natural conditions and has been 

legalized in 20 out of 81 Turkish provinces. The female inflorescence is a highly branched compound raceme 

with indeterminate habit of growth. This results in different maturing of seeds on the inflorescence and 
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mechanism seed dormancy in C. sativa. Further studies using other plant growth regulator concentrations will 

improve shoot regeneration and aid in utilizing the methods for breeding purpose. 
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which reached to total production of 160 tons in 

2001(TSI, 2020). 

C. sativa is a dichotomous plant with male and 

female floral organs on different plants with an 

indeterminate type of growth habit. The most 

important step in production of Cannabis is 

understanding mechanism of seed germination,  

plant survival and its harvest of seeds, alkaloids and 

fibre from the plants at economic level. The 

Inflorescence is highly branched with a compound 

raceme and pistillate flowers (Spitzer-Rimon,  et al. 

2019, Bernstein et al. 2019). The development of 

the inflorescence is acropetal and lateral racemes 

are produced prior to terminal flower differentiation 

(Spitzer-Rimon,  et al. 2019, Hall et al., 2012).   

The most important step in production of 

Cannabis is understanding mechanism of floral and 

pollination biology along with seed germination 

(Spitzer-Rimon,  et al. 2019, Strzelczyk et al. 

2021). The Cannabis or hemp seed germination 

testing protocols are mentioned in ISTA rules 

(ISTA 2021),  Quality plants and seed production is 

very difficult in Cannbis due to unavailability of 

registered cultivars and varieities world over in 

general.    
Therefore, seed germination percentage and 

germination performance depends on the 

environment and varies from plant to plant. This 

ends up in several types of dormancies that could 

be released using various phytohormones or 

chemical treatments (Ewel, et al., 2019, Jovičić, et 

al. 2019, Green, et al., 2016, Geneve, 2016) that 

could end up in variable results. Therefore, there is 

need to establish simplest methods for successful 

germination and cultivation (Sera, et al.2017). 

Chemical pre germination treatments help to 

stimulate and increase seed germination and quality 

(Walck, et al., 2005). Therefore, it is necessary to 

evaluate chemical treatments to improve its seed 

germination to enhance production and yields 

(Chahtane, et al., 2017). Hence, there is a need to 

design experiments for increased seed germination 

considering the ever-increasing need for plant 

biomass and pharmacological products, the World 

over.  

The current study was conducted to break seed 

dormancy and evaluate the effect of different osmo 

and hydro priming treatments to successful 

germination of Samsun Vezirköprü and Uşak 

populations under in vitro conditions.  

Materıals and Methods 

Seed Material 

Seeds belonging to the Uşak and Samsun 

Vezirköprü populations used in the study were 

obtained from the Department of Field Crops, 

Faculty of Agriculture, Uşak University, Turkey. 

Methods 

Sterilization of Equipment 

All laboratory equipment made of glass used in 

the study were sterilized by keeping them in the 

oven at 160 ° C for 2 hours. The rest of the material 

including culture boxes and culture media used in 

the study were sterilized using autoclave under 4.5 

kPa atmospheric pressure and 121 °C for 20 

minutes. The forceps and scalpels were cleaned 

with 70% (v / h) alcohol and then sterilized at 250 

°C with a steril 250 sterilizer device in a laminar 

airflow cabinet. 

Surface Sterilization of Seeds 

The seeds were shaken in a laminar flow cabinet 

under sterile conditions on a magnetic stirrer for 15 

minutes by dipping and shaking them in 50, 70, and 

90% commercial bleach (ACE - Turkey containing 

5% sodium hypochlorite-NaOCl) at room 

temperature. Thereafter, the seeds were rinsed for 3 

× 3 min with sterile distilled water at room 

temperature. 

Contamination in the culture medium or over 

explants was monitored for one week after planting 

the seeds in the culture medium. The serilized 

mature seeds were rinsed 3 × 3 min and used as 

control treatment. The experiments were repeated 3 

times. 

Germination of Seeds and Regeneration of C. 

sativa Seeds 

Sterilized C. sativa seeds were cultured in 3 
replications with 5 seeds in each Petri dish, and 

they were kept in the growth cabinet for 10 days to 

form seedlings. These experiments were also 

repeated 3 times. 

The optimal concentration of bleach was 

determined after the sterilization and was used in 

the rest of the studies. 

Following treatments were given to break seed 

dormancy and seed germination 

Seed Dormancy Break 

i. Treatment with MS medium containing 0.2, 

0.4, 0.6, 0.8, 1, 1.2 mg/l gibberellic acid (GA₃) (6 

treatments)   

ii. Treatment with MS medium containing 0.4 

mg/l GA₃ +  0.5, 0.8, 1 mg/l BAP (4 treatments)  

iii. Treatment with water and solidified with 

agar. 

iv. Treatment with MS or Gamborg B5 

medium. 

Regeneration 

Upper portion of the leaf, central portion of the 

leaf, the lower portion of the leaf,  petiole, Stem 

node, and internode explants of 10 days-old C. 

sativa plantlets were treated with ½ ×Gamborg B5 

containing 0.1, 0.2, 0.3, 0.4, 0.5 mg/l TDZ 

solidified with 3.5, 5 g/l agar supplemented with 10 

g/l sucrose. 

The pH of the nutrient medium was adjusted to 

5.7 ± 0.1 using 1 N NaOH or 1 N HCl. 

Subsequently, sterilization was provided by keeping 

the respective culture medium under 4.5 kPa 

pressure and at 121° C for 20 minutes. 

The seeds were cultured in a dark in a growth 

chamber for 12 days at 25 ± 1 °C. Thereafter, the 

explants were taken from these plantlets as 

described above. 
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The cultures were transferred to a chamber with 

16 hours light and 8 hours dark photoperiod at 24°C 

temperature. 

Acclimatisation 

The growing plants were acclimatised in 

seedling trays covered with two vented covers. The 

plantlets continued to grow in these vented trays 

until they showed the sighns of growth (15 days). 

Thereafter, the plants were transferred to one litre 

plastic pots filled with peat moss and transferred to 

the greenhouse. 

Evaluation of Data for Statistical Analysis 

The experimental pattern consisted of 3 

replications for each treatment using 100 × 10 mm 

Petri dishes. IBM SPSS 26 computer program was 

used for the analysis of variance. The results of 

each experiment were compared with One Way 

ANOVA. LSD or Duncan test was performed to 

separate statistically different means in each 

experiment unless otherwise mentioned. The arcsin 

transformation was applied to the percent values 

before statistical analysis (Snedecor, & Cochran, 

1967). 

Results and Discussion  

Effect of Sterilization Treatments on C. 

Sativa Seeds  

Effect of Sterilization treatments on C. Sativa 

seeds  

Sodium hypochlorite often purchased as bleach, 

is the most commonly used chemical for the surface 

sterilization of seeds. Commercial bleach is 5-

5.25% sodium hypochlorite. Seed material is often 

immersed/mixed in this solution singly or with a 

magnetic stirrer for 10 - 20 minutes or more. 

Optimization studies are carried out to 

experimentally determine a balance between 

concentration and time due to phytotoxicity for 

each explant type. The results showed that all 

concentrations of commercial bleach were 

appropriate for seed sterilization. However, the 

percentage of seed germination varied using 50, 70, 

and 90% concentration of commercial bleach 

showing a range of 33.333-42.222% and 35.556-

53.33 for population Uşak and Samsun Vezirköprü 

respectively (Figure 1). The maximum germination 

percentage was determined as 53.33%. Similarly, 

the use of bleach has been found appropriate in 

many previous sterilization studies of other plants 

(Kai, et al., 2007,  Daud et al., 2012, Hesami, et al., 

2019, Ines, et al., 2013, Bello, et al., 2018). 

 
Figure 1.  Effect of different concentrations of commercial bleach on C. sativa seeds germination percentage 

 

Seed Germination 

Effect of GA₃ Doses on Germination 

Apart from these possible causes of dormancy, 

which directly or indirectly affect seed metabolism 

of carbohydrates, proteins, and other reserves in the 

germination process, dormancy can also be 

attributed to a balance between growth-regulating 

hormones that play a fundamental role in the seed 

germination process. The results indicated a 

germination percentage of 13.333-40.000% in 

population Uşak and 20.000-53.333% in population 

Samsun Vezirköprü. The highest germination in 

both populations was noted after treatment with 0.4 

mg/l GA₃ (Figure 2).  
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Figure 2.  C. sativa seeds germinating using different concentrations of GA₃ 

 

Gibberellic acid plays a role in overcoming 

dormancy as well as in controlling the hydrolysis of 

reserves. The presence of sufficient levels of this 

acid in seeds stimulates the synthesis, activation, 

and secretion of hydrolytic enzymes, especially α-

amylase, releasing reducing sugars and amino acids 

necessary for embryo growth (Khan, 1971). 

External application of Gibberellic acid (GA₃) is 

one of the hormones suggested to control and break 

seed dormancy and induce germination (Ritchie, & 

Gilroy, 1998, Greipsson, 2001). 

Effect of GA₃ and different BAP 

Concentrations on Seed Germination; 

The previous experiment showed the highest 

germination percentage of C. sativa seeds of two 

populations using 0.40 mg/l GA₃. Using this 

concentration as control, this study compared the 

effects of 0.40 mg/l GA₃ Control treatment, 0.50 

mg/l BAP+0.40 mg/l BAP, 0.40 mg/l GA₃ + 0.80, 

1mg / L BAP (Figure 3). 

 

 
Figure 3. Determination of the effect of different concentrations of BAP+GA₃ on seed germination of C. Sativa 

 

Plant hormones have been found to play an 

important role in the germination process (Nadjafia, 

et al., 2006). The experimental results showed that 

BAP+GA₃ combinations had significant inhibitory 

effects on seed germination percentage and were 

not as effective, as when GA₃ was used singly. The 

germination rate varied between 20-33.333% on the 

Uşak population. The seed germination percentage 

of the Samsun Vezirköprü population ranged 
between 26.667-46.667%. The highest seed 

germination percentage did not show an 

improvement over control treatment using 0.40 

mg/l GA₃ singly. 

 

Effect of Pure Sterile Water on Germination; 

Hydro-priming and osmopriming seed 

pretreatment techniques have been applied to 

enhance the germination of C. sativa populations 

(Ashraf, et al., 2005, Paparella, et al., 2015).  

This experiment compared the effects of water 

and water solidified with agar on seed germination. 

It was observed that seed germination percentage 

using water singly was superior compared to the 
using water solidified with agar. It showed 

germination of 50% in Uşak and 63.33% in S. 

Vezirköprü population (Figure 4). Agar was 

inhibitory ending up with a germination percentage 

of 24.67% in the Uşak and 26.67% in the 
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VezirköprüSamsun Vezirköprü population. The 

results of this study show that hydro-priming 

application is effective in overcoming dormancy in 

C. sativa seeds compared to osmopriming using 

water solidified with agar. It was found that C. 

sativa seeds have physical dormancy due to hard 

seed coats. 

 

 

 
Figure 4. Determination of the effect of sterile pure water on germination in C. Sativa plants 

 

Effects MS and Gamborg B5 Medium on 

Seed Germination; 

MS medium is the most widely used medium 

for plant tissue cultures. It was developed for 

tobacco tissue culture by Murashige and Skoog 

(MS) (Sattar, et al., 2010, Owen, et al., 1991, 

Sarwar, et al., 2009, Khan, et al., 1999). The key 

feature of MS medium is the very high 

concentration of nitrate, potassium, and ammonia. 

Glycine, one of the vitamins, is present in MS 

medium, which is not present in Gamborg B5 

medium (Gamborg, et al., 1976). Inorganic nutrient 

levels in Gamborg B5 medium are lower compared 

to the MS medium. Nicotinic Acid, Pyridoxine 

HCl, and Thiamine HCl are present at a higher 

percentage compared to MS medium. Inhibition 

was detected in MS medium containing high 

nitrogen and K and small amounts of vitamins 

compared to Gamborg B5 medium. 

C. sativa showed seed germination of 26,666% 

and 33,333% using Uşak and Samsun Vezirköprü 

population on MS medium (Figure 5). However, an 

improved seed germination percentage of 66.666% 

in Uşak and 73.33% in S. Vezirköprü population 

was noted using Gamborg B5 medium. The results 

of this study showed that Gamborg B5 medium was 

more effective in seed germination compared to the 

MS medium. Thereafter, all seeds were germinated 

using this methodology. 

 

 

 
Figure 5. A comparison between Germination percentage on MS and Gamborg B5 medium 

 

Micropropagation Studies 

TDZ concentrations have been found to be 

beneficial in shoot proliferation in a number of 

explants taken from several plant species. TDZ can 

inhibit shoot elongation and regeneration (Mok, & 

Mok, 1985, Gribaudo, & Fronda, 1991, Mok, et al., 

1982, Khawar, 2004). Callus formation was noted 

on all explants but they did not induce any 
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adventitious shoots except on calli induced on stem 

nodes. Shoot induction was noted on stem node 

explants only (Figure 6). Either callus formation or 

shoot induction was noted on the Uşak population. 

Callus induction was noted on the upper portion of 

the leaf, central portion of the leaf, lower portion of 

leaf, petiole, internode, and stem nodes explants of 

Samsun Vezirköprü population showing the 

percentage of 33.333-66.67%, 33.333-50%, 25-

66.667%, 0.667-21.667%, 66.67-83.333%, 25.00-

66.667% respectively (Table 1). 

Minimum and maximum callus formation was 

noted on 0.1 and 0.5 mg/l TDZ with the exception 

of petiole and stem node explant; where maximum 

callus formation was noted on 0.4 mg/l TDZ. Each 

increase in the concentration of TDZ from 0.1 mg/l 

to 0.3 mg/l showed promotory effect on callus 

induction from stem node explants with shoot 

regeneration of 75.335% and 4.593 shoots per 

explant (Figure 6 a,b,c,d,e, f, g, h) Samsun 

Vezirköprü population. 

 

 

 
Figure 6. Observing the effect of TDZ doses on different explants (a), upper portion of leaf,  (b), central portion 

of leaf, (c), lower portion of leaf, (d), petiol, (e), stem node (f) ınternode explants Fig a, b, c, d, f, g, h 
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Table 1. Duncan test results to determine the effects of varying TDZ doses on different explants of C. Sativa 

plants 

Explant type 0.1 mg/l TDZ 0.2 mg/l TDZ 

Swelling 

percentage 

(%) 

Shoot 

regeneratio

n 

percentage 

(%) 

Number 

of shoots 

per 

explant  

Swelling/prec

allusing 

percentage 

(%) 

Shoot 

regeneratio

n 

percentage 

(%) 

Number 

of shoots 

per 

explant  

Upper portion of leaf  33,333b* 0.000 0.000 41,667ab 0.000 0.000 

Central portion of leaf 33,333b 0.000 0.000 41,667ab 0.000 0.000 

Lower portion of leaf,   25,000b 0.000 0.000 50,000ab 0.000 0.000 

Petiol  0,667b 0.000 0.000 8,333b 0.000 0.000 

Internode explants 25,000b 0.000 0.000 41,667b 0.000 0.000 

Stem node 66,667b 0.000 0.000 58,333b 0.000 0.000 

 0.3 mg/l TDZ 0.4 mg/l TDZ 

Explant type Swelling/pr

ecallusing 

percentage 

(%) 

Shoot 

regeneratio

n 

percentage 

(%) 

Number 

of shoots 

per 

explant  

Swelling/prec

allusing 

percentage 

(%) 

Shoot 

regeneratio

n 

percentage 

(%) 

Number 

of shoots 

per 

explant 

Upper portion of leaf  66,667a 0.000 0.000 58,333ab 0.000 0.000 

Central portion of leaf 66,667a 0.000 0.000 50,000ab 0.000 0.000 

Lower portion of leaf,   50,000ab 0.000 0.000 41,667ab 0.000 0.000 

Petiol  66,667a 0.000 0.000 21,667a 0.000 0.000 

Internode explants 66,667b 0.000 0.000 25,000b 0.000 0.000 

Stem node 16,667a 0.000 0.000 83,333a 75.334 0.000 

Explant type 0.5 mg/l TDZ  

Swelling 

percentage 

(%) 

Shoot 

regeneratio

n 

percentage 

(%) 

Number 

of shoots 

per 

explant  

   

Upper portion of leaf  33,333b 0.000 0.000    

Central portion of leaf 33,333b 0.000 0.000    

Lower portion of leaf,   33,333b 0.000 0.000    

Petiol  8,333b 0.000 0.000    

Internode explants 25,000b 0.000 0.000    

Stem node 
58,333b 75.335 

4.593  

 

  

*All nean values given in a column are significantly different using Duncan’s Multiple Range Test at 0.05 level of 

signifcance 

 

Rooting and Acclimatisation 

Adaptation of plants obtained from laboratory 

studies to external conditions is important for 

ensuring sustainability. All developing shoots on 

stem node explants rooted in the regeneration 

medium. Therefore no separate medium containing 

auxins were used for rooting. These plants were 

transferred to transparent plastic pots for 

acclimatization in the growth room (Figure 7). 

The C. sativa has high adaptability and has 

spread from the subtropical zone to the temperate 

zone climate line. C. sativa grows naturally or is 

grown on a limited scale. The amount of moisture 

in the soil is important before planting. The plant 

has a high water requirement and the rainfall 

requirement is high. Since the C. sativa plant is 

very sensitive to temperatures below 0°C, it is 

badly damaged at temperatures lower than -5 ° C, it 

needs at least 150 days of maturity not lower than 

0°C degrees for seed production and 120 days for 

quality fiber production (Merve and Orhan, 2020). 

The most suitable soils for C. sativa plants are 

medium-heavy, well-drained, airy, deep, fertile in 

nutrients, soil pH between 6-7.5, loose, loamy and 

rich in organic matter, calcareous, alluvial soils. 

Sandy soils, slightly acidic, slightly arid, loamy, 

and heavy soils, and soils with low permeability 

and poor drainage are not suitable for C. sativa 

cultivation (Merve and Orhan, 2020).  However, 

when the climatic conditions are evaluated (Figure 

8), the C. sativa plant, which has a very low 

resistance to temperatures below 0°C, is completely 
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damaged at temperatures lower than -5 ° C (Merve, 

& Orhan, 2020). Therefore it was determined that 

the plants that acclimatized well during October 

could not withstand the colds of December when 

the temperature drops below 5°C and it was 

damaged. 

 

 
Figure 7. The acclimatization of the plants of In vitro cultured plantlets of (a, b, c) Samsun Vezirköprü population 

to external conditions in the growth cabinet before transfer to external conditions 

 

 

 
Figure 8. Temperature, precipitation and wind data of the trial site for 2020 

(https://www.meteoblue.com/tr/hava/historyclimate/weatherarchive/ankara_t%c3%bcrkiye_323786?fcstlength=1y&year=2020&month=2) 
 

 

 

Conclusion 

The Uşak and Samsun Vezirköprü populations 

of C. sativa were used in the study. The results of 

this study optimized conditions for seed germination 

of two C. sativa populations.  Samsun Vezirköprü 

population was found vigorous compared to the 

Uşak population. The results indicated that the C. 

sativa is suitable for spring sowing under hot humid 

continental climate of Ankara. It was indicated that 

further studies should be addressed to the 

phytochemical behavior of these populations. These 

studies will be of significant importance for further 

studies related to the breeding of new cultivars from 

these populations. 
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