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ABSTRACT 

MICROPROPAGATION OF CALENDULA ARVENSIS L. IN VITRO AND 

DETERMINATION OF THE BIOLOGICALLY ACTIVE CONSTITUTES 

MSC THESIS 

MAHABAT TAHER TAWFEEQ 

BOLU ABANT IZZET BAYSAL UNIVERSITY  

INSTITUTE OF GRADUATE STUDIES 

DEPARTMENT OF BIOLOGY 

(SUPERVISOR: PROF. DR. EKREM GÜREL) 

(CO-SUPERVISOR: ASSIST. PROF. DR. NADHIM SALIM GHANIM ) 

BOLU, AUGUST 2022 

 (XIII+ 66)  

 

This work involves the plant reproduction of Calendula arvensis using tissue 

culture technology outside the living body by plant parts, top and growing nodes in 

the field, and from the target plants. These experiments also study the impact of 

growth regulators BA and KIN with different concentrations on growth, 

duplication, and the creation of callus resulting from planting part of the leaves in 

media with different concentrations of 2, 4-D. The effectiveness of alcohol was 

tested with different sodium hypochlorite (NaClO) concentrations to sterilize plant 

parts. The results showed that the effectiveness of sterilization using ethanol at 70% 

concentration for 30 seconds with the use of NaClO at 10% concentration for 20 

minutes was the best method of sterilization and growth. The branch upgrowth 2.2 

cm branch/plant parts resulting from growing nodes in a field equipped with an 0.5 

mg/L BA after 8 weeks was the highest rate. The number of branches 5.5 branch/ 

plant parts resulting branch end cultivation from the tissues plants on the medium 

MS equipped with 0.5 mg/L BA after 8 weeks was the highest. Planting of nodes 

was produced by tissue mothers in the medium of an 0.5 mg /L BA formed the 

highest number of 2.8 branches/plant part after two months. The number of 

branches 4.4 branch/plant part - branch end cultivation resulting from the planting 

of tissues on the medium MS equipped with 2.0 mg/L KIN after 8 weeks was the 

highest. Planting of nodes is produced by tissue mothers in the medium of a 2.0 

mg/L KIN formed the highest number of branches 4.7 branches/plant part after two 

months. Planting part of the leaf is produced from growing plants in the field on a 

medium equipped with 1.0 mg/L 2,4-D and creating the highest wet weight of a 

callus 1.427 g after 4 weeks of planting. The highest wet weight of callus 1.323 g 

is gained by planting part of leaf consisting of tissues from mothers on a medium 

that is equipped with 1.5 mg/L 2,4-D, 30 days later planting. Addition of different 

levels of brassino acid had effect on the growth and multiplication of callus, as it 

gave the highest dry weight of callus at a concentration of 0.05 mg/L, which 

amounted to 0.163 g. The prepared medium with a concentration of 2 mg/L of 

brassino surpassed it in its salicylic content, which amounted to 45.1 ppm. The 

results showed that there was an increase in the amount of rutin when including the 

food medium with a concentration of 2 mg/L of brassino stimulant. 

 

 

KEYWORDS: Calendula arvensis, Brassino acid, Callus, Salicylic acid, Rutin 
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ÖZET 

CALENDULA ARVENSİS L.'NİN İN VİTRO MİKROÇOĞALTIMI VE 

BİYOLOJİK OLARAK AKTİF BİLEŞENLERİN BELİRLENMESİ 

YÜKSEK LİSANS TEZİ 

MAHABAT TAHER TAWFEEQ 

BOLU ABANT İZZET BAYSAL ÜNİVERSİTESİ 

LİSANSÜSTÜ EĞİTİM ENSTİTÜSÜ 

BİYOLOJİ ANABİLİM DALI 

(TEZ DANIŞMANI: PROF. DR. EKREM GÜREL) 

(İKİNCİ DANIŞMAN: ASSIST. PROF. DR. NADHIM SALIM GHANIM) 

BOLU, AĞUSTOS- 2022 

 (XIII+ 66) 
 

Bu çalışma Calendula arvensis bitki bölümleri arazide yetişen bitkilerin tepe 
noktaları, büyüme nodları doku kültürü teknolojisi kullanılarak hedef bitkiden 
üretmeyi içermektedir. Ayrıca büyüme düzenleyicileri olan 6-Benzylaminopurine 

(BA) ve kinetin (KIN)'nin farklı konsantrasyonlarda bitki büyümesine, hücre 
çoğalmasına etkileri ve farklı 2,4-D konsantrasyonlarında yapraklardan kallus elde 
edilmesini incelemektedir. Sterizilasyon için alkol ve sodyum hipoklorit (NaClO) 

ile testler yapılmıştır. Sonuç olarak, 230 dakika boyunca %70’lik etanol ve 20 
dakika boyunca %10’luk NaClO kullanımı etkili bir sterilizasyon için uygun 
bulunmuştur. 8 hafta sonrasında 0,5 mg/L BA ile muamele edilmiş nodlardan 
büyüyen bitkilerin dal/bitki kısımlarındaki dal büyümesi 2.2 cm olarak en yüksek 
oranda ölçümlenmiştir. 0.5 mg/L BA ile muamele edilmiş MS ortamındaki doku 
kültürlerinden elde edilen bitkilerde 8 hafta sonra dal/bitki parçası sayısı 5.5 
olmuştur. Hedef bitkilerden 0.5 mg/L içeren besiyerine nod ekimi sonrasında 
dal/bitki oranı 2.8 olmuştur. 0.2 mg/L KIN eklenmiş MS ortamına ekimi yapılan 
dokuların dal sayılarının dal/bitki oranı 4.4 olarak en yüksek 8 haftalık bitkilerde 
saptanmıştır. 2.0 mg/L KIN içeren besiyerinde büyütülen nodlarda 2 ay sonra en 
yüksek dallanma 4.7 oranı alınmıştır. Arazide yetişen bitkilerin yapraklarından 1.0 
mg/L 2,4-D içeren besiyerinde büyütülen kallusların yaş ağırlığı 1.427’dir. En 
yüksek kallus yaş ağırlığı ise 30 gün sonra 1.5 mg/L 2,4-D içeren besiyerlerine 
yapraklardan elde edilen dokulardan 1.323 g olarak elde edilmiştir. Farklı 
seviyelerde brassino asit ilavesi sonrasında 0.05 mg/L olacak şekilde besiyerine 
eklenen brassino asit kallus büyümesine ve gelişmesinde etkili olmuştur, bu 
denemede 0.163 g kuru kallus ağırlığı elde edilmiştir. 2 mg/L brassino asit ile 
hazırlanan ortamda salisilik asit miktarının arttığı 45.1 ppm gözlemlenmiştir. 
Sonuçlar 2 mg/L brassino uyarıcı konsantrasyonuna sahip besi ortamlarında rutin 
miktarında artış olduğunu göstermiştir. 
 

 

ANAHTAR KELİMELER: Calendula arvensis, Brassino asit, Salisilik asit, 

Rutin 
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1.  INTRODUCTION 

Medicinal plants have very important role in the today world due to its uses 

in pharmacy industry. It is preferable to use natural products in the pharmaceutical 

industry instead of using chemically manufactured products. As the active 

substances in plant products are much better than chemically made products, 

because they are characterized by high quality and effectiveness, require less time 

and effort, without side effects, as well as future damages (Mahesh, 2008). 80% of 

the population use plant products as a main source of treatment because the 

developed countries revealed the future side effects of chemically manufactured 

medicines, and as the World Health Organization (WHO) indicated that 20% of the 

population of the third world countries are able to buy medicines to treat diseases 

(Sasson, 1991). In general, natural products have a major role in the development 

of pharmaceutical industries (Bharathi et al., 2010). Some bacteria have the ability 

to acquire resistance to chemically synthesized drugs used as therapeutic agents 

(Towers et al., 2001). Many researchers have confirmed the significant effect of 

plant extracts on bacteria (Reddy et al., 2001). 

Due to the importance of medicinal plants, researchers study them to learn 

about their uses and benefits, prevent them from losing plant diversity, discover 

their damages, and know the active substances through the growth of part of the 

plant (the top, node, stem, leaf) by using tissue culture and precise duplication 

techniques. These techniques are very important because they are responsible for 

providing the right conditions for the plant to grow in each season of the year, which 

gives the researcher the opportunity to study a particular plant in any time. As well 

as producing healthy, disease-free plants and evaluating the effect of growth 

regulators on plant growth. During tissue culture, we can observe that the plant has 

an extrinsic ability to self-division, and the mother plant coincides with the defined 

growth regulators used that affect secondary metabolites as well as play a major 

role in the production of primary metabolites (Yadav, 2012).  

Calendula arvensis, belonging to the family Asteraceae, is a medicinal herb 

that contains chemical molecules that have beneficial therapeutic effects that can 

be used in health care, but in medically prescribed and scientifically determined 

quantities. This plant has a sweet smell and is highly effective due to its essential 

oils. It is worth noting that its hexalytic extracts are used as a fungicide, and its 
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methanolic extracts are resistant to germs and its organic extracts are anti-germs 

(Abudunia et al., 2014). 

1.1 Calendula arvensis 

1.1.1 Plant Description 

It is a species of Calendula and is an annual medicinal herbaceous plant with 

ornamental features that grow alongside the edges of roads and orchards tall (10-

100 cm) (Heyn et al., 1983).   It has velvety yellow and orange or yellow vertically 

rounded flowers that bloom between March and July of each year, which can be 

used as a spice, food, and tea dye, as well as in the manufacture of cosmetic creams 

or mirror (Rejšková et al., 2010). It reproduces by seeds, in which the shape of the 

seeds is relatively large, whimsical, resembling a small crescent, with a high 

botanical capacity, growing at the beginning of spring, the leaves of which are 

spear-like, round-tinged with fine hairs with a width of 5 - 20 mm. It has a flat or 

creeping stem on the ground and has a height of 5-60 cm (Ruiz de Clavijo, 2005). 

A series of investigations or studies have shown that the external parts of this 

species contain a high percentage of Siskiterpine glycosides, due to their great 

Udismani, Luromadendrin, and Copepan (De Tommasi et al., 1990). Numerous 

chemical studies have proven that this species contains various compounds such as 

flavonoids, phenolic acid, and linolenic acid, as well as consists of the following 

components: saponins, sesquiterpene glycoside, triterpenoids, flavonoids, phenols, 

and saponins (Ahmed et al., 1993, Paolini et al., 2010). 

1.1.2 Scientific Classification 

 The scientific classification of Calendula arvensis is given in Table 1.1.  

 

Table 1.1. The scientific classification of Calendula arvensis. 

Kingdom Plantae 

Clade: Tracheophytes 

Clade: Angiosperms 

Clade: Eudicots 

Clade: Asterids 

Order: Asterales 

Family: Asteraceae 

Genus: Calendula 

Species: C. arvensis 
 

 

 



3 

 

1.1.3 Regions and Plant Distribution 

Scientific sources indicate that the origin of Calendula arvensis is the 

southern European regions, which include Turkey, Portugal, Malta, Italy, Spain, 

and Greece (Rejšková et al., 2010). Also, it is expanded in the Mediterranean basin 

of the Levant, the Maghreb, and the Caucasus, and so far it is distributed in many 

temperate regions of the world based on the commercial value. (Muley et al., 2009). 

This genus includes about 12-20 species (Coste, 1937). The common name for 

Calendula arvensis is field cutter and is widespread in central and southern Europe, 

southwest Asia, northern Africa, and the Macrotriaz region (Heyn et al., 1983). 

1.1.4 Medical Uses 

The parts used in the medicinal treatment of Calendula arvensis are the 

leaves and flowers. Previous studies indicated that the extract of n-hexane and 

methanol contained in the flowers are highly effective and antibacterial. Their 

extracts can also be used as a preservative for processed foods, as well as in 

medicinal and pharmaceutical treatments for infectious diseases. (Aboudonia et al., 

2014). In addition, plant extracts can be used as antispasmodics, antiseptics, and 

diuretics (Tiwari, 2008). The leaf extract has demonstrated antibacterial properties 

(Jamal et al., 2014), and has been used to treat burns (Passalacqua et al., 2007). 

Previous studies on anti-inflammatory, antioxidant, and anti-mutagenic activities 

have also been reported (Arora et al., 2013; Tosun et al., 2012; Ercetin et al., 2012). 

Previous study also indicated that ethyl acetate extract obtained from Calendula 

arvenesis flowers had cytotoxic activity against breast cancer cells. By its effect on 

concentration-dependent cell shrinkage, cell detachment, nuclear fragmentation, 

and chromatin condensation (Abutaha et al., 2019). 

1.2 Phytochemical Compounds 

The process of metabolism includes anabolic and/or catabolic processes as 

the chemical changes that occur to the plant within its living cells, structural 

metabolism processes include the formation of complex organic secondary 

materials from simple raw materials. In demolitions, complex compounds are 

broken down and analyzed into simple raw materials (Irchhaiya et al., 2015).  

 

 

 

 



4 

 

Two Types of Metabolic Compounds are Present: 

- The first type of compound is produced by plants: Primary metabolic 

compounds assist in the processes of plant growth, development and reproduction 

which are the basic physiological processes of the plant life cycle. Chemical 

compounds such as carbohydrates, fats, and proteins produced by plant cells in 

large quantities that directly participate in metabolic processes and plant growth 

and building the various components of the cell. These compounds are produced by 

plant cells through the process of respiration and photosynthesis, and compounds 

such as fatty acids and vegetable oils are used as food and industrial materials in 

the manufacture of detergents, soaps, dyes, and carbohydrates such as starch, 

pectin, sucrose and cellulose (Vanisreel et al., 2004). 

- As for the second type of plant-produced compounds know as 

secondary metabolites or complex phytochemical compounds that have an indirect 

effect in growth, development, and reproduction processes (Shohji et al., 2002). 

They are a broad group of low molecular weight organic complexes that 

have a primary effect on the plant but are not important for plant survival. Natural 

end products of primary metabolism do not participate in primary metabolic 

activity, such as phenols, alkaloids, and oils (Kabera et al., 2014). The production 

of secondary metabolites depends on the developmental stage of the plant, the part 

of the plant used, and the environmental conditions to which it is exposed, and the 

process of extraction and purification of secondary compounds is more difficult 

compared to primary products. The metabolism of these compounds is produced by 

the leaves of the plant in low concentrations (Dhanarasu, 2012). 

 

1.3 Active Chemical Compounds in the Calendula arvensis Plant 

1.3.1 Salicyclic Acid 

It is one of the important phenolic compounds 2-hydroxybenzoic acid 

(Dempsey et al., 2011; Lefevere et al., 2020). Phenolic compounds contain an 

aromatic benzene ring with one or more hydroxide groups produced by plants and 

a few living microorganisms. As secondary metabolites in nature (Van Hung, 2016; 

Cheynier, 2012), plants and microorganisms (bacteria and fungi in particular) 

produce phenols, but in different proportions (Mandal et al., 2010). Phenols in 

plants play a crucial role in various physiological and biochemical processes 

(Wallis and Galarneau, 2020), and differences in basal levels up to a hundredfold 
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between the same types of plants (Raskin, 1992; Seyfferth and Tsuda, 2014). In the 

late nineties, salicylic compound was accepted as the sixth major plant hormone 

(Raskin, 1992) and it has different physiological roles (Dempsey and Klessig, 2017; 

Klessig et al., 2018; Gu et al., 2020), where salicylic acid affects plant growth such 

as vegetative growth, seed germination, flowering, photosynthesis and respiration 

(Rivas-San Vicente and Plasencia, 2011; Van Butselaar and Van den Ackerveken, 

2020) and it is an important for medical uses (Weissmann, 1991). It was used in the 

treatment of heart diseases, fever, and vascular diseases (Weissmann, 1991; 

Dachineni et al., 2017). It is also used in dermatological conditions such as itchy 

acne and pimples treatment (Arif, 2015) and it is produced as natural product 

(Grobelak and Hiller, 2017). Salicylic is used as an analgesic (Buchner, 1828) and 

in 1987 a report on salicylic signals in plants was first published. Also, production 

was improved when spectral analysis of calla lily flowers (Raskin et al., 1987; Vlot, 

2009), and a group of studies showed that high levels of salicylic acid activate genes 

associated with systemic acquired resistance in some plant species (Métraux et al, 

1990; Klessig, 2018). Salicylic acid reduces the stress and toxicity of heavy metals 

such as copper for its role in abiotic stress (Strobel and Kuc, 1995). It increases the 

biomass of some plants by decreasing oxidative damage caused by cadmium 

(Metwally et al., 2003) and acts as an antioxidant (Buchner, 1828). Salicylic plays 

a major role in activating the immune system of some plants, and it reduces 

biological stress through genetic response with the partial and biological synthesis 

of the salicylic compound (Shi et al., 2019). 

 

 

Figure 1.1. The structure of salicylic acid (Lee et al.,1995) 
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1.3.2 Rutin 

Rutin is one of the flavonoid compounds that exhibits a wide range of 

biological effects (Santos-Buelga and Williamson, 2003) and is one of the most 

biologically active flavonoid compounds (Mauludin et al., 2009). Flavonoids are 

naturally found in the form of diphenylpropanoid, which is one of the components 

of the food system that is available in all places plant foods (Lin et al., 2001) are 

natural compounds with medicinal properties, rutin is a common flavonoid found 

in various fruits, seeds, vegetables, nuts, and red wine (Hertog et al., 1993a; 1993b; 

Formica and Regelson, 1995; Beecher et al., 1999) and rutin acts as antiviral (Davis 

et al., 2008) and antioxidant (Kumar et al., 2008; Yao et al., 2010; Gupta et al., 

2010). Through this property, it can reduce the damage caused by hemi, a highly 

toxic product that breaks down hemoglobin and excretes hemoglobin. During 

hemolysis of erythrocytes in hemorrhagic stroke (Yang et al., 2008; Yang et al., 

2014; Basu and Kumar, 2014). It is better to use antioxidants than synthetic ones 

because synthetic antioxidants may cause health problems in the future (Hou, 2003; 

Prior, 2004). In the laboratory, the antioxidant activity of rutin is similar to that of 

ascorbic acid (Yang et al., 2008) or higher than that of the alpha to copherd 

compound (Frankel and Meyer, 2000; Guardia et al., 2001). 

It is used in the treatment of heart diseases (Laemmel et al., 1998; Erlund et 

al., 2000; Nakamura et al., 2001) because rutin acts by blocking arachidonic acid, 

which reduces capillary permeability and increases its resistance (Alvarez et al., 

2003) and has other biological activities. It is anti-cancer and neuroprotective (Kim 

et al., 2005; Gullón et al., 2017) and reduces cytotoxicity that is associated with 

chronic disease and cell aging (Bravo, 1998). It prevents human lymphocytes from 

being damage by protecting cells against mutagens (Duthie et al., 1997). It has other 

therapeutic effects such as antispasmodics and hypolipidemia (Mauludin et al., 

2009), and rutin enhances the solubility of insoluble substances, as well as 

stabilizing substances, against oxidation, heat, and light, modifying taste by 

masking flavors, controlling volatility and sublimation, and controlling the 

production of flavors and drugs (Del Valle, 2004). Several patients use natural 

medicinal plant products as alternative medicines to supplement medical care for 

therapeutic purposes (Reis and Mariot, 1999). Alkaloids are extracted from 

different types of plants and then introduced into clinical treatments due to their low 
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toxicity and antitumor effects (Huang et al., 2004). Because of their effect on the 

stability of mast cells, it was used in the treatment of asthma (Geetha et al., 1981). 

 

 

Figure 1.2. The structure of rutin. 

 

1.4 Tissue Culture Techniques or Growing up outside a Living 

Body 

Tissue culture techniques are an important method for the propagation of 

many species of plants through explants such as leaf, coleoptile, nodes or branches 

creating new callus through any part of the plant, the growth, and differentiation of 

calves into branches, and the production of plants through rooting branches. The 

interest in plant tissue culture has increased in recent decades because it is an 

important technique for breeding, improvement of plant species, and solution of 

genetic problems (Ioannou, 1989; Hartmann et al., 1997). 

Hormonal control is also an important step in the production of tissue 

transplants in terms of protoplast integration, increased flour, and production of 

binary and mono-chromosomal plants. Auxin and cytokinin growth regulators also 

play an important role in the growth, reproduction, and rooting of branches 

(Muhammad and Mubashir, 1990). Tissue culture has been very successful in the 

past 50 years (Gamborg, 2002). Fragments are reserved under strict standard 

conditions which are provide by climate chamber. Sucrose and plant agar are used 

for carbon source and solidification of the media, respectively (George et al., 2008; 

Kumar and Singh, 2009). This technology supports tissue culture on the basis that 

the ability of living plant cells to divide and produce complete plants identical to 

the mother plant by cultivating one of the parts of the mother plant if the special 
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conditions are suitable for organic matter, heat, growth, and humidity, light. In some 

countries of the world, interest in tissue culture technology has increased because 

genetic and spontaneous changes can be generated to produce some types of 

secondary metabolic compounds or increase production through aesthetic changes 

(Nalawade and Tsay, 2004). Tissue culture is an important method that helps to 

produce and accumulate chemical compounds such as phenol, alkaloid, soap, 

glucoside, antibiotic, and resin throughout the year under any environmental 

conditions and in all geographical locations. As well as establishing tissue culture 

farms free from fungal and insect injuries, pollution and high purity formative 

substances. For this reason, this medium is used to extract medicinally effective 

chemical compounds (Hopkins and Huner, 1995; Lila, 2005). Through tissue 

culture, sterile, disease-free, and contaminated plants are produced in the laboratory 

rather than in the field. Embryos may be produced instead of using seeds through 

protoplast fusion, and hybrid plants may be propagated instead of pollination and 

feeding (Al-hadidi, 2002; Karuppusamy, 2009). In recent years, researchers have 

developed several strategies that have a very significant impact on cell production 

outside the living plant body by selecting the optimal nutrient medium, 

manipulating the environment, concentration and type of growth regulators as a 

medium used for some primers using stimuli of specific concentrations and 

appropriate concentrations utilize of bioreactors (Namdeo and Abraham, 2008). 

1.5 Sterilization Stage 

It is the first and important step in tissue culture where the plant parts, used 

tools, and culture media are sterilized after preparation and then the plant parts are 

grown under suitable and sterile conditions (Salman,1988). Successful, sterile 

tissue cultures can be obtained after removing the microorganisms and pathogens 

that cause major problems to the transplanted plant parts by releasing their toxins 

that harm plant cells, as well as consuming components necessary for plant growth 

and development causing unsuccessful and damaged tissue cultures (Ramawat, 

2004). 

In 2005, Grzegorczyk et al. companions sterilized the seeds of Salvia 

oficinalis mermaids by sterilizing 1% sodium hypochlorite (NaClO) for 15 minutes. 

In 2009, Thirukkumaran and colleagues were able to decontaminate the seeds of 

Petunia hybrida by sterilizing them with 70% ethanol for 30 seconds, then 

immersing them in 1% NaClO using 20 drops of Tween-20 for 10 minutes, and then 



9 

 

washing them with sterile water. In another previous study, Jaze (2013) confirmed 

that leaves of Nerium oleander sterilized with NaClO, at a concentration of 6.5% 

for 5 minutes and 10 minutes then washed with sterile distilled water. Al-Hasani 

(2013) and Al-Fatlawi (2014) obtained sterile seeds of the eyeball plant when 

sterilized with 1.5% NaClO solution for 15 min. Also, Al-Zuhairi (2016) showed 

in his study, that obtaining the pollution-free seeds of the cat's eye plant by 

sterilizing them with 4.5% NaClO solution for 20 minutes and washing them with 

distilled water 4 times for 5 minutes, and then leaving the plant in distilled water 

for a period of 20 minutes to ensure that the sterile effect has been removed. Kazemi 

and Kaviani (2017) indicated that Petunia hybrida can be sterilized by washing the 

seeds under running water with droplets of hand detergent liquid and then 

immersing those seeds in a 30% H2O2 peroxide solution with the addition of 20 

drops Tween20 for 10 minutes and then washing them with sterile distilled water 

three times. Al-Musawi (2017) showed that the best concentration of NaClO 

solution in sterilizing Tanacetum parthenium seeds was 1.2% for 15 minutes with 

two droplets of Tween-20 dispersing agent, then washing the sterile distillate three 

times to remove the seed surface from the sterilizer to prevent damage. Habib et al. 

(2018) confirmed that Petunia hydrida was sterilized with running water to remove 

soil and microorganisms and then washed with Lapolene solution (which is used to 

clean laboratory instruments) followed by washing with sterile distilled water 

several times to remove the effect of cleaning materials, then NaClO was added at 

a concentration of 2% for 5 minutes and then washed with sterile distilled water 

several times. Mehri et al. (2018) showed through their study of Petunia hybrida, 

'Opera Super Pink Morn', that sterile and contamination-free seeds can be obtained 

by washing them under running water with some drops of washing up liquid for 20 

minutes and then submerging them at 30% hydrogen peroxide, then adding one or 

two drops of Tween-20 for 10 minutes followed by washing with sterile distilled 

water three times 1,3,5 minutes respectively, then immersing in a solution of 20% 

NaClO by adding a few droplets Tween20 - for 20 minutes. Then wash them with 

distilled water three times, 1,3,5 minute, respectively. Habas et al. (2019) were able 

to sterilize Petunia hybrida and obtained optimum growth of 90% using 8% NaClO 

solution for 5 minutes and then washed with sterile distilled water to remove traces 

of the complex sterilizer. Tawfik and Taha (2019) obtained a sterile Petunia hydrida 

using 50% ethanol alcohol for five minutes and then washed them with sterile 
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distilled water three times for five minutes each, respectively. Vakili et al. (2019) 

reported that it is possible to obtain contamination-free seeds upon immersion - 

Petunia hybrida seeds in 70% ethanol, for half a minute, 1% NaClO for 10 min, 

and washed with sterile distilled water three times. 

1.6 Gibberellins 

Gibberellins (GAs) were discovered in Japan in 1930 when scientists and 

farmers studied rice disease. The skeleton of Gibberellins is made up of 20 or 19 

carbon particles (Stirk et al., 2014). The formation of GA is produced by plants and 

fungi from Geranyl Diphosphate by reproduction. 140 species of Gibberellins have 

been isolated (Kawaide, 2006), but only three are commercially available and have 

biological properties; GA4, GA7, and GA3.  

GA3 is a tetracyclic C1-C2 Hydroxy Lactone double acid with an OH at C13 

and containing a double C10Y-lactone group. It is a white crystalline powder 

soluble in alcohol, ethyl, acetone and butyl ores. Its melting point is 235-233 °C, it 

decomposes at high temperatures, and it has an alkaline pH. It is stable in dry 

conditions. It is involved in the growth and development processes of many plants 

(Lovegrove et al., 1998).  

 

Figure 1.3. The structures of gibberellins (Han et al., 2018) . 
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1.7 Effect of Cytokinins on Evolution and Multiplication of 

Branches 

Cytokinins are plant hormones that terminate the plant's static phase, and 

they are nitrogenous bases with high partial weights that have a role in determining 

the persistence or cessation of plant growth (Dello loio, 2007). They are produced 

by a plant in a very small amount in most of its parts, such as the roots, leaves, buds, 

and fruits. Its effect appears in the same parts of the plant as it occurred or in any 

part of the plant. Cytokinins vary in response to duplication and adenine is one of 

the most active and most frequently used cytokines for plant parts transcription 

(Attia and Judua, 1999). On the other hand, they activate cell division, production 

of new cells, and development of armpit buds by ending the top sovereignty of 

branches, breaking seed dormancy, and stimulating the formation of broad branches 

from the chalice tissues (Al-Rifai and Al-Shobaki, 2002, Ramawat et al., 2004). An 

important stage that plays a major role in the process of plant reproduction is the 

stage of development, which is the highest rate of growth and duplication with the 

use of an appropriate nutrient medium.  

Several scientific studies have confirmed that the source of cytokinins is 

either a natural plant such as zeatin, which consists of N; D. ribos substrate for 

phosphoric acid, or chemically synthesized in laboratory Thidiazuronuriabenzel 

Adenine (TDZ) (George et al., 2008). The success of duplication depends on the 

type of cytokinin, and the plant part used. Qassab Bashi and Yahya (2017) found 

that planting the limps of branches of Calendula oficinalis, a lemon kingdom class 

in the middle of Murashige and Skoog medium, 1962 (MS) equipped with different 

groups of 6-Benzylaminopurine (BA) resulted in the highest branch rate 7.8 

branches/plant parts, 2.7 cm long and leaf rate for longest branch 7.7 leaf/plant. 

Branch when planting on 1.5 mg/L BA medium 8 weeks after planting. When 

transplanting nodes on MS medium prepared with 1.0 mg/L BA resulted in the 

highest branch rate of 3.6 branches/plant, length of 2.8 cm, and leaf rate of longest 

branch 7.9 leaves/branch after 8 weeks of cultivation. 

Karim et al. (2002) reported a maximum rate of 4.2 substrate/plant part 

when growing 5.8 cm long Daoudi (Chrysanthemum morifolium) branch tips, 5.3 

cm/branch contract rate when growing in mid-MS equipped with 1.0 mg/L BAP 

and the highest reaction rate of 91%. While the maximum number of branches/plant 

part was 3.5, with an average of 4.2 cm and a length of 4.1 nodes implanted on MS 
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medium with 0.5 mg/L kinetin (KIN) and the highest 60% response after 6-8 weeks 

of culture. 

Therefore, during the growth of the same plant nodes in the middle of MS, 

equipped with 1.0 mg/L BAP, it obtained the maximum number of branches, 5.3 

branches/plant part, 7.0 cm long, nodes/branch 7.5 cm, and generated the highest 

95% response rate. It had the highest number of branches 2.8 plant branches/parts, 

the highest number of branches 2.8 plant branches/parts, an average of 3.5 cm, and 

a contracting rate of 4.0 knots/branch when grown on prepared MS medium 

equipped with 1.0 mg/L KIN and gave the highest response rate of 66% after 6-8 

weeks of cultivation. According to Abu – Qaoud et al. (2010), the peripheries of 

Petunia hybrida branches obtained from culture mounted on MS medium with 0.8 

mg/L BA yielded the maximum number of branches (7.8 branches/plant). Four 

weeks after planting, the maximum number of leaves was 25.0 leaves/plant and 

parts was 3.8 cm long. Qassab Bashi and Al-Mamari (2010) investigated the 

replicating of two species of Dianthus caryophyllus and Jeanne Doinis Blano. 

Where Yellow Flower Marie Chaboud Jaune reacted with Sibean agriculture 

guaranteed plant and got the best doubling of the limbs of white species in MS 

center equipped with 8.0 mg/L of KIN, with 16.90 branches/plant parts. After 8 

weeks of culture, the yellow half gave 14.40 branches/plant fractions with a KIN 

concentration of 6.0 mg/L. In 2011, researchers demonstrated that branch limb 

doubling of Dianthus caryophyllus reacted with 100% tissue culture for both classes 

and at an average of 23.10 branches/plant as part of yellow branch cultivation. On 

MS medium equipped with 3.0 mg/L BA, white branch parts yielded 21.0 plant 

branches/part of those grown on medium supplied with 1.0 mg/L BA after 8 weeks 

of cultivation. As Qassab Bashi and Al-Mamari (2011) reported from their motifs 

on the carnivorous Dianthus caryophyllus that the white-flowered Jeanne Doinis 

Blano class, and the yellow-flowered Mary Chapaud Jaune class, increasing the 

nodes of the white species at 4.0 mg/L KIN gave the mean the largest number of 

branches 12.40 vegetative branch/parts, while the highest number of branches was 

12.70 branches/parts of zero-type nodes that grew on the medium of 8.0 mg/L KIN 

after 8 weeks of cultivation. According to the researchers (2011), the nodes of 

Dianthus caryophyllus broccoli responded to tissue culture 100% for both classes, 

with the largest branch rate being 20.30 plant branches/parts of the nodes of the 

white species cultured on medium MS equipped with 1.5 mg/L BA. While the 
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largest number of branches/parts of plants grown with yellow contract was 18.30, 

on the same medium after 8 weeks of planting. During 17 days of culture, Nalini 

and Nagar (2012) had the best branch development response with 67.82 percent 

endocytosis of chrysanthemum myrophila, on medium MS equipped with 3.0 mg/L 

KIN overlapping with 2.0 mg/L Indole-3-acetic acid (IAA). 

Abbasi and Qassab Bashi (2013) were able to develop the limbs of Digitalis 

purpurea branches obtained from tissue culture on MSALs medium with 0.75 mg/L 

BA, yielding the largest number of branches 8.6 branches/cm long with a length of 

3.04 cm. The largest proportion of branches was 6.1 plant branches/parts, with an 

average length of 2.33 cm when grown on a medium equipped with 4.0 mg/L KIN 

after 8 weeks of cultivation. They also discovered that the cultivation of digitalis 

purpurea nodes from a textured culture in the middle of MS with 0.75 mg/L BA 

resulted in the largest number of branches 18.8 branches with a length rate of 2.64 

cm and a leaf rate of 121.3 cm. The greatest number of branches was 7.1 plant 

branches when grown in mid MS at 1.0 and 4.0 mg/L KIN 8 weeks after planting. 

According to Al-Mamari (2014), implantation branches limbs of Catharanthus 

roseus on prepared MS medium: 0.75 mg/L BA resulted in the highest branch ratio 

of 2.70 branches/part, the average height of 1.70 cm, and the average number of 

leaves 8.40 leaves/branch. After 8 weeks of culturing, the number of branches 

growing in the center of MS equipped with 4.0 mg/L KIN increased to 4.80 

branches/parts and an average length of 2.65 cm. 

Al-Mamari (2014) discovered that growing Catharanthus Roseus at medium 

MS with 1.0 mg/L BA resulted in the largest number of branches (2.90 

branches/plant part), an average length of 2.75 cm, and an average number of 9.40 

leaves /branch.  It exhibited the highest rate of 4.20 branches/plant parts and the 

best doubling of its culture on 4.0 mg/L KIN medium. It is 2.70 cm long and 

averages 8.60 leaves/branch after 8 weeks of planting. 

 Al-Badrany (2014) investigated the possibility of doubling the ends of the 

branches of the Daoudi plant. Chrysanthemum morifolium, Yellow Princess Anne, 

as a tissue plant, when grown on MS medium containing 1.0 mg/L BA, showed the 

highest branch rate (15.11 branches/plant part) and the longest length (5.66 cm). 

The average number of leaves was 73.0 leaves/plant part, while the highest rate was 

2.90 branches/plant part and 5.90 cm in cultivation on a medium of 3.0 mg/L KIN 

after 8 weeks of cultivation. 
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Growing of Chrysanthemum morifolium class, Yellow Princess Anne from 

tissue culture on MS medium equipped with 2.0 mg/L BA produced a maximum 

multiplication rate of 5.53 branches/plant part and 6.16 cm in length, according to 

Al-Badrany (2014). The total number of leaves was 32.26, with a maximum 

multiplication rate was 4.40 branches/plant part, the length was 5.45 cm and the 

average number of leaves was 33.20 leaves/plant part when grown on MS medium   

was equipped with 4.0 mg/L KIN after 8 weeks of cultivation. According to Al 

Hayani (2014), the edges of Dahlia variabilis L. branches after 4 weeks of culture, 

average MS with 3.0 mg/L BA produced a maximum number of 4.0 branches/parts.  

Al-Hayani (2014) indicated that the highest number of branches was 4.26 

branches/plant parts of Dahlia variabilis L. In the medium, MS was equipped with 

1.0 mg/L BA, while the highest number of branches was 5.57 branches/ton from 

cultivation and MS was equipped the middle was 7.0 mg/L KIN 4 weeks after 

cultivation. 

According to Aminnejad et al. (2015), branch end culture of Hyoscyamus 

reticulatus L, obtained from fields from textured cultivation on MS medium 

prepared with 5.0 mg/L BA with 0.1 mg/L IAA after 9 weeks of cultivation, plant 

branches produced 10.14 branches plant part. 

Aminnejad et al. (2015) showed that tissue culture on the medium MS with 

1.0 mg/L BA and 0.1 mg/L IAA resulted in the cultivation of the Hyoscyamus 

reticulatus L. plant contract collected from paddies. After 9 weeks of cultivation, 

the plant branches produced 8.56 branches/plant parts. 

Ibrahim and Daraj (2015) discovered that the edges of the branches of 

Dahlia variabilis, obtained from textural paddies and grown on MS medium with 

2.0 mg/L BA, overlapped with 2.0 mg/L NAA. After 8 weeks of culture, NAA 

yielded the largest branch rate of 5.0 branches/plant part with an average length of 

3.33 cm and an average leaf count of 5.33 leaves/branch. 

According to Abed Elmaksood et al. (2016), cultivation of Hyoscyamus 

moticus L. plant contract, taken from paddies in MS medium equipped with 1.0 

mg/L of KIN, resulted in the highest tissue culture response rate of 100% and the 

highest rate of 8, plant branch/ portion, 1.37 cm long 4 weeks after planting. The 

number of branches formed in each plant fraction increased gradually by re-seeding 

on the same medium, with 100% of branches formed, 12467 branches/plant parts 

of 2.298 cm in length 4 weeks after replanting. 
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Growth of the growing apex with the phylogenetic part of Withania 

somnifera L. which is used from paddies from cultivation grown on MS medium 

prepared with 1.0 mg/L BA, gave the highest branching rate 4.22 branches/plant 

parts after 30 days of cultivation according to (Hamood and Majeed, 2017).  

According to Marcinek et al. (2019), the peripheries of Dahlia (pirat) 

branches grown on MS medium equipped with 0.25 mg/L BA had the highest 

number of branches 3.8 plant branches/part, while MS medium contained the 

largest number of branches 2.4 branches/plant part. After 6 weeks of cultivation, it 

was equipped with 2.0 mg/L KIN. 

According to Al-Mukhtar et al. (2019), the development of bazon-eye 

branches Catharanthus roses limbs on medium MS with 3.0 mg/L BA overlapping 

with 0.5 mg/L IAA resulted in the highest rate of 21.66 branches/plant parts with a 

length of 7.0 cm and most branches (15.66 branches/plant parts). At a length of 5.66 

cm when cultured on 3.0 mg/L KIN medium overlapping with 0.5 mg/L IAA one 

month after cultivation.  

After 6 weeks of cultivation, Marcinek et al. (2019) found that growing 

dahlia (pirat) on MS medium equipped with 0.25 and 2.0 mg/L BA resulted in the 

highest branch rate of 4.3 plant branches/part, while growth on MS medium 

equipped with 1.0 and 4.0 mg/L Kin resulted in the highest branch rate of 1.8 

branches/plant fraction. 

Bashi (2020) discovered that after 8 weeks of cultivation, planting branches 

generated by tissue culture on MS medium equipped with 2.0 mg/L BA had the 

greatest branching rate of 9.3 branches/plant part. While tissue culture on middle 

MS equipped with 1.0 mg/L BA yielded the most branches 10.2 branches/plant part 

of nodes) 8 weeks after cultivation. 

Almemary et al. (2020) reported that growing Dalia hydridae in MS 

medium at a dose of 2.0 mg/L BA resulted in the highest branch rate of 2.50 

branches/plant part, with a length rate of 1.15 cm and an average number of leaves 

of 9.12 leaves/plant part, and the highest percentage of branches was 2.25 

branches/plant parts, with a length rate of 1.48 cm and an average leaf count of 6.50 

leaves/plant parts, of their cultivation on a 4.0 mg/L KIN medium after 8 weeks of 

cultivation.  

On the 0.5 mg/L BA media, Almemary et al. (2020) produced the best 

doubles for the Dahlia hydrida nodes, which stopped at 2.87 branches/plant part, 
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1091 cm in length, and 11.75 leaves/plant part.  On a 4.0 mg/L KIN medium, the 

maximum number of branches was 4.0 plant branches/parts at a length rate of 1.73 

cm and a leaf count rate of 8.87 leaves/plant parts after 8 weeks of cultivation.  

According to Al-Dabagh and Salih (2020), the most important component 

of branch development was 80% of the branch-end culture of the plant. Salvia 

hispanica L. harvested from textured cultured paddies on MS medium with 1.0 

mg/L BAP. Most of the branches produced 3.20 branches/plant parts with an 

average length of 3.26 cm. While the maximum percentage of branches was 40% 

of those grown in MS medium equipped with 1.0 mg/L KIN and the number of 

branches/plant parts was 1.0 with an average length of 1.86 cm after 8 weeks of 

culture. 

Rokosa and Kulpa (2020) confirmed that Stevia rebaudiana plant nodes 

grown from paddies from tissue culture on MS medium supplemented with 1.0 

mg/L BAP were successful. This resulted in the highest branch rate of 3.38 plant 

branches/parts when grown on 5.0 mg/L KIN medium, and the highest branch rate 

of 2500 plant branches/parts when grown on 5.0 mg/L KIN medium. 

1.8 Growth Regulators in Callus Formation 

The callus tissue is a mass of unspecialized, irregularly shaped 

Brenchemical cells that are strongly opposed to each other. They are fragile and 

vary in callus activity and growth depending on the type and concentration of the 

growth regulator, that is, the type of plant part used. 

  The callus was developed using growth regulators, which include oxygen 

and cytokinins added to the nutrient environment for growing plants in tissue 

culture, as well as estimates of the use of active substances in the plant (Al-Kinani, 

1987; Hartmann et al., 2002). 

Al-Badrany (2014) cultured leaf parts of Chrysanthemum morifolium class 

Anne yellow princess on MS nutrient medium supplemented with 1.5 mg/L 2,4-

dichlorophenoxyacetic acid (2,4-D) with 0.1 mg/L Indole-3-butyric acid (IBA) 56 

days after cultivation. Al-Mamari (2014) received the highest wet calcification rate 

of 1.749 g by growing a leaf part of Catharanthus roseus on MS nutrient medium 

at 0.75 mg/L 2,4-D after 24 days of cultivation. Khater and Elashtokhy (2015) leaf 

culture of Hyoscyamus aureus L. had the highest callus production rate of 88.6% 

when leaf was grown on MS medium using 1.0 mg/L 2,4-D. 
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Elshorbagy et al. (2018) were able to grow a callus-sized Atropa belladonna 

leaf when the leaf was grown in 1.0 and 2.0 mg/L 2,4-D medium 21 days after 

cultivation. 

Whereas, Al-Akedi and Qassab Bashi (2018) were able to obtain from a 

growing portion of the leaf produced by St. atropappilladonal mothers on a medium 

supplemented with 1.0 mg/L 2,4-D , a proportion of the introduction of 100% calves 

and the highest average wet weight of 0.97 g after 28 days of cultivation. They 

showed the differentiation potential of the developed calyx when replanted on MS 

medium with 1.0 mg/L 2,4-D. The highest percentage of branches was 1.0 

branches/plant part and 10% after 56 days of cultivation. 

1.9 The Role of Plant Tissue Culture Technology in the 

Production of Secondary Metabolites 

In the seventies of the last century 1975, it was thought to produce plant 

secondary metabolites through tissue cultures, and the percentage of achievement 

was very small in this field, and rapid work began for this technology on different 

types of plants, including Panax ginseng and Rauwolfia Serpntina (Al-Rifai and 

Al-Shobaki, 2002). 

The tissue culture technique has been used to increase the production of the 

necessary secondary metabolic compounds produced from the different explant 

types. These explants grow on sterile nutrient media supplemented with plant 

growth regulators and to obtain them in the required quantities in an economical 

way that cannot be obtained by the usual methods of cultivation. For suspended cell 

cultures or callus cells, from which compounds are extracted, this technique has 

provided opportunities to produce several secondary metabolites at any time of the 

year without being restricted to a particular season. In the possibility of increasing 

the accumulation and production of secondary metabolic compounds, and a lot of 

effort has been made to develop advanced protocols for enhancing plant cell 

productivity, such as ways to change the nutritional environment and the 

environment, using different types and concentrations of plant growth regulators 

and appropriate concentrations of stimuli, and many researchers have confirmed 

that these strategies have an effect in the productivity of plant cells under specific 

environmental conditions outside the in vivo, for example, stimuli that accelerate 

the production of active compounds, the development of genetic mutations, 

selection of tissue cells from high- productivity strains, the use of primers as support 
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for the nutritional medium, one of the basic substances for the synthesis of 

secondary metabolites , as well as the use of bioreactors and the selection of strains 

with high productivity or the development of low-productivity species, also the use 

of different types of lighting (Namdeo, 2007; Abraham, 2008). 

1.10 Factors Affecting the Production of Secondary Metabolites 

1.10.1 The Effect of Chemical Stimuli on the Production of 

Secondary Compounds  

Through the study of several researchers on the production of secondary 

metabolites, it was found that it is possible to stimulate the plant to increase the 

production and accumulation of secondary metabolites by controlling the factors 

that affect its growth such as physical factors that include (temperature, light, type, 

composition of the nutrient medium user, and aeration) and nutrients (nitrate or 

ammonium, nitrogen source, carbon source, phosphate, mineral elements, initiator 

molecules). They alter plant productivity of secondary metabolites when 

transplanted cells are treated with external stress (tensile), which varies according 

to the developmental and physiological stage of the plant. 

Several scientific studies and recent developments have shown that organic 

and inorganic molecules can stimulate plant by-products with regard to secondary 

metabolism (Zhao et al., 2001a; Zhao et al., 2001b) two steps are taken to achieve 

an increase the productivity of secondary metabolic compounds, the first by 

increasing the biomass, and the second by controlling nutrients as the mediator of 

production. When growth stopped in the production medium, the production 

resulted from raising the level of sucrose (10.4%) and reducing nitrogen and 

phosphate (Ramawat, 2004). The researchers also found that the substance is 

affected when added in low concentrations to the living cell system, which 

decreases or increases the biological structure of a specific compound known as a 

catalyst. Depending on their nature, catalysts can be divided into biotic and abiotic 

stimuli, and depending on their source, stimuli are divided into endogenous and 

exogenous (Park et al., 2008). 

Among the most important catalysts that affect or stimulate the production 

of secondary metabolic compounds: 

1.10.1.1  Brassino 

They are plant hormones that have important roles in physiological 

processes such as plant development and growth, cell division and elongation, 
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protein and enzyme activation, photosynthesis, and DNA synthesis (Sasse, 2003).  

Remarkable changes are caused by low level of concentrations on growth and 

differentiation (Mitchell et al., 1970) showed that brassino not only stimulates stem 

elongation and cell division, but also increases the total biomass and yield 

(Nemhauser et al., 2004) and also participates in the development, reproduction and 

homeostasis of plants (Lösel and Wehlıngö, 2003) increases fertility and seed 

germination (Taiz and Zeiger, 2003) xylem formation (Zurek et al., 1994), that is, 

it regulates a number of genes involved in the development of xylem (Gomes, 2011) 

and plant resistance and prevention of various stresses, i.e. withstand the stress 

caused by Floods, droughts, salinity, high temperature, oxidative stress, heavy 

metals (Hayat et al., 2010; Bajguz and Piotrowska- Niczyporuk, 2014; Asha and 

Lingakumar, 2015) and the ability to confer plant resistance to stress Temperature 

(Fariduddin et al., 2011, Gomes, 2011) and its lack of effect on healthy cells in 

addition to preventing the growth and development of cancer cells (Malikova et al., 

2008) protects humans from health risks (Thakur and Sohal, 2013) and reduces the 

effects of pesticides and fungi on plants, and thus reduce the toxic effects of 

pesticides on plants (Sasse, 2003; Xia et al., 2006) and brassino acid is considered 

as one of the catalysts for the production of secondary metabolites in plants (Hayat 

et al. 2010; Johnson and Lingakumar, 2011). Brassino had a significant effect on 

model plants of economic importance (Lieselotte et al., 2014). It is used plant and 

agriculture studies. It increases productivity and improves crop quality and stress 

tolerance of crops (Vriet et al., 2012). 

 

 

Figure 1.4. The structure of brassino. (AL-Khafaji, 2014) 
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2. AIM AND SCOPE OF THE STUDY 

1- Determination the most suitable explant type for plant formation from the 

wild Calendula arvensis. 

2- Determination the most effective growth regulator in the growth of 

branches and their duplication. 

3- Determination of the growth regulator that stimulates callus formation 

from true leaves explant. 
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3. MATERIALS AND METHODS 

The experiments were conducted on Calendula arvensis in Transplantation 

Tissue and Plant Cells lab attached to the Department of Horticulture and Garden 

Engineering, College of Agriculture, Tikrit University in the State of Iraq for a 

period from November 2020 to February 2022. 

3.1 Sterilization and Use of Tools 

The following laboratory instruments: beakers, colander, Petri dishes, 

pipettes, scalpels, and distilled water were placed in the autoclave for 20 minutes at  

121 °C and pressure of 15 kg/cm2, and ethyl alcohol at a concentration of 70% was 

used to sterilize the surgical blades and glues existing inside the hood before 

exposure to the heat of the flame, and using the Laminar-air Flow Cabinet also 

hands and glass ends were sanitized before getting into the wood. 

3.2 Nutritional Medium Preparation and Sterilization 

For all stages of cultivation, which included seed planting, Calendula 

arvensis growth, and chalice development, one quality of ready-made MS was used 

for experiments. The source of MS and the organic salts and vitamins needed for 

plant growth are given in Table 2 and the nutrient medium is prepared with the 

manufacturer's guidance. To prepare one for medium nutritional, irrigation 400 mL 

of distilled water was placed in the flask over a hot purple stirrer, to which 4.9 g/L 

MS was added, and an amount of sucrose was added to 30 g/L until the sugar was 

completely dissolved. In another flask, 400 ml of distilled water was added, and 

then 7 g Agar was added. The heater was placed in a continuous movement until it 

melted, then the two medium solutions were mixed with the acre solution and the 

volume was completed to 1000 ml with a slender medium, then it was placed on 

the rotary heater again until boiling and homogeneity of the solution. A growth 

regulator was added according to the type of study, then the pH of the hydrogen ace 

was measured and adjusted to 5.7 ± 0.1 by measuring the pH scale by either adding 

droplets of NaOH if the pH was less than 5.7 or adding droplets of HCl if the pH 

was higher than 5.8. The medium was distributed into glass bottles and pieces of 

aluminum foil were used to cover the flaps of the bottles, then the implants were 

stacked by autoclave at 15 kg. pressure/cm2 and temperature 121°C for 20 minutes, 

and after the middle sterilization stage was completed, the floors of the apparatus 

were taken out and the medium was then left to solidify and was ready to grow after 
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the temperature of the chamber has been cooled. The nutrient media was then 

transferred to a Laminar-air Flow hood and all tissue culture experiments were done 

under sterile conditions. 

 

Table 3.1. Components of the MS nutrient medium. 

Ingredients Chemical formula 
Concentration 

(mg/L) 

Macronutrients 

Ammonium nitrate NH4NO3 1650 

Potassium nitrate KNO3 1900 

Calcium chloride hydrate CaCl2. 2H2O 440 

Magnesium sulfate hydrate MgSO4.7H2O 370 

Potassiu dihydrogen phosphate KH2PO4 170 

Micronutrients 

Boric acid H3BO3 6.2 

Hydrated manganese sulfate MnSO4.4H2O 22.3 

Hydrated zinc sulfate ZnSO4.7H2O 8.6 

Hydrated sodium molybdate Na2MoO4.2H2O 0.25 

Potassium iodide KI 0.83 

Hydrated copper sulfate CuSO4.5H2O 0.025 

Hydrated cobalt chloride CoCl2.6 H2O 0.025 

Hydrated ferrous sulfate FeSO4.7H2O  27.8 

Ethylene Diamine Tetrasodium 

Salt 

Na2 EDTA 37.25 

Vitamins and amino acids 

Thymine hydrochloric acid Thiamine – HCl 0.1 

Nicotinic acid Nicotinic acid 0.5 

Pyridoxine hydrochloric acid Pyridoxine – HCl 0.5 

Claicin Glycine 2 

Mayo Inositol Myo – Inositol 100 

Sucrose Sucrose 30000 

Agar Agar – Agar 6000 

pH  PH 5.7-5.8 
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Distilled water Distilled water is sufficient to supplement the 

volume of the nutritional medium to one liter 

0.1 

 

3.3 Source of Plant Parts 

Two sources of plant parts were used, the first was maternal tissue formed 

by growing seeds in the laboratory on nutrient media that did not contain a growth 

regulator, and parts of the plant were used for study. These parts were free from 

contamination and pathogens and for this reason there was no need for sterilization 

(Fig. 3.1A). As for the second source, it was the plant parts from the field, which 

was obtained from the garden of the College of Agriculture, but this source was 

sterilized before using it (Fig. 3.2B). 

 

Figure 3.1. A) The plant that grows in the lab, B) The plant from the field.  

 

3.4 Plant Parts Used in Tissue Culture Experiments 

Plant parts were synthesized by the tissue mothers. 

Node: 1 cm long node was used after cutting the leaves to double. 

Buds: 1 cm long bud was used after cutting the leaves attached to the buds 

for duplication. 

Leaf: A part of the leaf with a length of 1 cm and a width of 0.5 cm was used 

after cutting its edges to increase the area of callus formation. 

3.5 Plant Parts Formed from Plants Growing in the Field 

A
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Node: 1 cm long node was used after cutting the related leaves to double. 

Apex: 1 cm long bud was used after cutting the leaves attached to the bud 

for multiplication. 

Leaf: A part of the leaf with a length of 1 cm and a width of 0.5 cm was used 

after cutting its edges to increase the area of callus formation. 

 

Figure 3.2. The cutting of the plant parts. 

 

3.6 Preparation, Sterilization, and Germination of Seeds 

The whole procedure for this part is given step by step, 

- The seeds were washed with running water for 30 minutes to remove 

suspended dust and impurities. 

- Then seeds were then soaked with gibberellin at a concentration of 50% 

for half an hour. 

- 70% ethanol was used for 30 seconds and then the seeds were washed 

with sterile distilled water once for five minutes. 
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- The seeds were washed with a 10% solution of NaClO for 20 minutes. 

- The seeds were washed with sterile water three times for six minutes 

each time to remove the damage of the sterile material. 

- The sterilized seeds were grown in MS nutrient medium free from 

adding any growth regulator at a rate of 100 refiners each time and several seeds 

were sown for each refiner. 

- The seed was incubated in the growth room at a 25 °C and 8 hours in 

the dark, followed by 16 hours in the light and the intensity of illumination at 1000 

lux. 

- The plants were monitored continuously, with notes and results 

recorded. 

3.7 Preparation and Sterilization of The Surface of Plant Parts 

The node and apex plant parts were taken from newly grown plants in the 

field that were free of disease and insect infestation. These parts were then washed 

under running water for 30 minutes to remove microorganisms and dust, then 

transferred to the inside of the hood, and then the plant parts were placed in a glass 

tube with a cap. Then 70% ethanol was added to it for 30 seconds, and then it was 

emptied of ethanol with the addition of sterile distilled water with continuous 

stirring for 5 minutes and for one time to remove the effect of alcohol on the plant 

parts. 10% NaClO was added under constant stirring for 20 minutes (for minor use 

containing 6% NaClO) as a source of sodium hypochlorite. The plant parts were 

washed with distilled water 3 times for 5 min each time to remove the effect and 

damage of sodium hypochlorite and. After the sterilization process, the previously 

used petri dishes were sterilized and the immobilized plant parts were placed on 

them. The forceps and the surgical blade were used to cut the plant parts about 1 

cm long, cut off the ends of the limbs in contact with the chemicals (sterilization 

solution), and then the plant parts were ready for cultivation. 

3.8 Surface Sterilization of the Leaf and Preparing it for 

Cultivation 

The fully- bloomed, fresh-grown leaves were taken from plants that were 

growing in the field and free from disease and these parts were placed under running 

water for 30 minutes to remove suspended matter, dust, and contaminants, then they 

were transferred to the inside of the hood, and then they were placed in a glass tube 

with a cover. Then ethanol was added at a concentration of 70% for 30 seconds, 
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then the parts were washed with sterile distilled water to eliminate the effect of 

ethanol for one minute and once, then sodium hypochlorite solution NaClO was 

added at a rate of 10% with continuous stirring for 20 minutes. The plant parts were 

drained of NaOCI solution and then washed with sterile distilled water 3 times for 

5 min each time to eliminate the effect of sodium hypochlorite and to prevent 

damage to the plant parts. All this was carried out in a sterile medium and under 

aseptic conditions. 

3.9 Extraction of Salicylic Acid from the Calendula arvensis Plant 

All samples (callus) were placed at room temperature after drying. The dried 

samples were ground and weighed 0.3 g of sample was carefully ground into a 50 

ml tube and cooled 20 ml of methanol was added to it 2 ml of phosphoric acid after 

the procedure. The speed of centrifugation reached 5000 rpm for 10 minutes, then 

he organic layer was taken and 10 ml of ethyl acetate was added to it, then 0.6 g of 

primary secondary amine (PSA) was added and placed on the vortex for 2 minutes 

and then centrifuged again at speed 8000 rpm for 5 minutes, after which the 

supernatant was collected and evaporated to dryness, then 2 ml of methanol was 

added to it and injected into HPLC (Bhuyian et al., 2015; Huang et al., 2015). A 

chromatography method was applied to determine the concentration of salicylic in 

callus using an HPLC device. Type SYKAM-Germany, UV-280nm reagent, and 

using a C18-ODS column (25 cm*4.6 mm), mobile phase, consisting of 

((acetonitrile): MeOH ml (60): 35:5) with a flow rate of 1.0 ml/ Accurate: Sample 

concentration = area of sample/area of standard solution x concentration of standard 

solution x number of dilutions. 

 

 

                Figure 3-3: Standard curve of salicylic compound in Calendula                   

              arvenesis callus. 

Table 3.2. Result Table (Uncal - F:\salicylic acid 10 ppm - U-PAD2 - 1). 

 

 
Reten. 

Time 

[min] 

Area 

[mV.s] 

Height 

[mV] 

Area 

[%] 

Height 

[%] 

W05 

[min] 

Compound 

Name 

1 3.460 227.567 69.875 100.0 100.0 0.06  

 Total 227.567 69.875 100.0 100.0   
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3.10 Extraction of Phenolic Compounds (routine) in the Calendula 

arvensis Plant 

According to Radovanovic et al. (2015), the phenolic compound (rutin) was 

extracted from dry and homogeneous powder of a callus (3 mg) using an 

ethanol/water solvent (30/70), and the extraction process was carried out using an 

ultrasonic bath for a period of time. 

One hour at room temperature, after filtration 5 ml of the liquid extract was 

used to determine the extraction yield of solvent evaporation to dryness until the 

temperature reached 40°C to a constant mass by rotary evaporator and raw and dry 

were obtained. Dry extracts were stored in containers. Routine quantification was 

performed by reverse-phase HPLC using a SYKAMN HPLC chromatography 

system (with UV detector) Chemstation, Zorbax Eclipse Plus-C18-OSD 0.25 cm, 

4.6 mm column. The column temperature was 30 °C. The gradient elution method, 

using eluent A (methanol) and eluent B (1% formic acid in water (v/v)), was 

performed as follows: 0-4 min, 40% B; 4-10 minutes, 50% B; and the flow rate is 

0.7 ml/min. The volume of injected samples was 100 μl and the standard was 100 

μl and this was done automatically using the automatic sampler. Spectra were 

acquired at 280 nm. According to the concentration of the compound according to 

the equation: Sample concentration = area of sample/area of standard solution x 

concentration of standard solution x number of dilutions. 

Figure 3-4: Standard curve of phenolic compounds (routine) in the callus of the 

Calendula arvenesis plant.  
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 Table 3-3: Result Table (Uncal - F:\rutin 20 ppm - Detector 1). 

 

 Reten. 
Time 
[min] 

Area 
[mAU.s] 

Height 
[mAU] 

Area 
[%] 

Height 
[%] 

W05 
[min] 

Compound 
Name 

1 5.177 313.832 84.475 100.0 100.0 0.07  

 Total 313.832 84.475 100.0 100.0   
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4. RESULTS AND DISCUSSION 

4.1 Sterilization  

Single nodes were taken from plant parts grown in the field and sterilized 

with three different concentrations of NaClO for different immersion duration, then 

grown on MS media to test the effect of the sterilized substance and period on the 

percentage of survival and contamination of plant. As the figure 4.1 shows the 

highest survival rate was 61% and the least contamination rate was 39% at the 

concentration of NaClO 10% at the immersion period of 20 minutes. 

 

 

In order to obtain a good percentage of healthy plant parts, the following 

protocols were done: 

The single nodes of plant parts taken from the field were immersed in 

ethanol at a concentration of 70% for 30 seconds, then washed with sterile distilled 

water once, then immersed in three different concentrations in NaCIO solution for 

a different duration of immersion, and then grown on a MS to see their effect on the 

percentage of survival and contamination. As figure 4.2 shows that the highest 

survival rate was 91% when using ethanol at 70% concentration for 30 seconds and 

using NaCIO solution at 10% concentration for 20 minutes immersion. The table 
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Figure 4.1 Percentage of healthy plant parts (free of contamination). 
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also shows that the percentage of contamination decreased by using ethanol and 

increasing the concentrations of NaCIO. The concentration was 10% for 20 minutes 

as the best concentration for sterilization and was used in all experiments. 

 

 

Figure 4.2. Percentage of healthy plant parts (free of contamination). 

 

4.2 Germination Stage 

Germination of Calendula arvensis seeds was obtained from tissue mothers 

when superficially sterilized seeds were grown on MS free medium and 

germination rate was 100%. 
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Figure 4.3. A) Seed growth two weeks after planting, B) Seed growth after a 

month of planting. 

 

4.3 Developmental Stage  

Plant parts taken from the field or made up of in vitro seed cultures (tissue 

mothers) were grown on MS medium at different concentrations of KIN and BA to 

test their effects on the development process. 

4.3.1 The Effect of BA on the Development of Nodules Taken 

from Plants Grown in the Field 

Figure 4.4 shows the effect of treatments with different concentrations of 

BA on the growth of the Calendula arvensis node, which had the highest rate of 

number of 4.7 leaves/part of a plant at a concentration of 0.5 mg/L BA and plant 

height 1.56 cm at a concentration of 1.0 mg/L BA and above the average number 

of branches 2.8 branches/plant part at a concentration of 0.5 mg/L after 4 weeks of 

culturing. Figure 4.4 explains that the addition of BA with different concentrations 

to the MS medium and after balancing them with the endogenous plant hormones 

led to an increase in the number of branches (Hopkins and Huner, 1995). 

 

BA
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Figure 4.4. The effect of treatments different concentrations of BA on the average 

number of leaves (leaves/plant part), average length (cm), and average number of 

branches (branches/plant part). 

 

4.3.2 Effect of BA on the Development of Apex and Nodes Taken 

from Tissue Mothers 

4.3.2.1 Apex 

Figure 4.5 shows the effect of different concentrations of BA on the growth 

of the apical Calendula arvensis, where it obtained an average number of leaves 4.6 

leaves/plant part at a concentration of 0.5 mg/L BA, and the highest rate of plant 

was height 5.2 cm at 2 mg/L BA and the highest rate of branching was 2.4 at 0.5 

mg/L BA after 4 weeks of planting. The results of the figure 4.5 in growth and 

development are explained on the basis that BA is one of the most important 

cytokines that play a major role in controlling the apical dominance and then 

increasing the number of branches and obtaining the highest values after the result 

of obtaining a state of balance between the endogenous plant hormones and the used 

and added growth regulators (Smith, 2000). 

 

0.8

4.7

3.5

4.4

2.7

1.07 1.16

1.56 1.65

1.11
65

56

39 1.5

1.1

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 0.5 1 1.5 2

Concentration BA 

leaves

length

branches



33 

 

 

Figure 4.5. The effect of treatments (different concentrations) of BA on the 

average number of leave (leaves/plant part)s, average length (cm), and the average 

number of branches (branches/plant part). 

 

4.3.2.2 Nodes 

Figure 4.6 shows the effect of different concentrations of BA on the 

evolution of Calendula arvensis nodule, where the highest rate of number of leaves 

was 7.4 leaves/plant part at concentration 1.0 mg/L BA and the average plant height 

was 5.68 cm. The highest rate of plant height was at a concentration of  mg/L BA, 

while the highest average number of branches 5.2 branches/part of a plant was at a 

concentration of 0.5 mg/L BA after 4 weeks of culturing. The results of figure 4.6 

explain that the formation of branches and leaves of the cultivated parts in treatment 

without addition in the emerging stage may be caused by the internal content in the 

tissues of the plant part of plant hormones (Murashige and Shoog, 1962). 
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Figure 4.6. The effect of treatments (different concentrations) of BA on the 

average number of leaves (leaves/plant part), average length(cm), and average 

number of branches (branches/plant part). 

 

4.3.3 The Effect of KIN on the Development of Apex and Nodes 

Taken from Tissue Mothers 

4.3.3.1 Apex 

Figure 4.7 shows the effect of different concentrations of KIN on the growth 

of the apex of Calendula arvensis, where the average number of leaves was 3.0 

leaves/plant part at the concentrations 4.0 and 8.0 mg/L KIN and the highest rate of 

the height of the plant was 2.88 cm at a concentration of 4.0 and 8.0 mg/L KIN and 

the highest rate of the number of branches 3.1 on the plant part was at a 

concentration of 2.0 mg/L KIN after 4 weeks of culturing. 
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Figure 4.7. The effect of treatments (different concentrations) of kin on the 

average number of leaves (leaves/plant part), average length(cm), and the average 

number of branches (branches/plant part). 

 

4.3.3.2 Nodes 

Figure 4.8 shows the effect of different concentrations of KIN on the growth 

of the ganglia of Calendula arvensis, where the highest number of leaves was 6.6 

leaves/plant part at a concentration of 4.0 mg/L KIN and an average of plant height 

4.2 cm at a concentration of 4.0 mg/L KIN, while the highest rate of the number of 

branches was 4.7 branch/plant part at a concentration of 2.0 mg/L KIN after 4 weeks 

of planting. 
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Figure 4.8. The effect of treatments (different concentrations) of KIN on the 

average number of leaves (leaves/plant part), average length (cm), and the average 

number of branches (branches/plant part). 

 

The results of figures 4.7 and 4.8 are explained in the emergence of the apex 

and the node on the basis that KIN is one of the growth regulators that belongs to 

the group of cytokinins, which in turn plays a major role in eliminating apical 

dominance and then increasing the number of branches to reach an optimal 

concentration. An increase in concentration led to a decrease in the number of 

branches because its effect became in reverse (Smith, 2000). 

4.4 Multiplication Phase 

4.4.1 Effect of BA on the Doubling of Plant Parts Resulting from 

the Incipient Stage of Field Plants (non-textile) 

Figure 4.9 shows the effect of different concentrations of BA on the 

doubling of plant parts resulting from the incipient stage. The best dose for number 

of leaves and plant height was at 1.0 mg/L BA. The values were 5.4 leaves/plant 

and 2.24 cm, respectively. The highest rate of the number of branches 2.2 

branch/plant part at a concentration of 0.5 mg/L BA after two months of planting. 

 The results of figure 4.9 explain that the reason for using cytokinins in many 

tissue culture techniques is that they have clear effects on the multiplication of 

vegetative branches (George et al., 2008). As benzyl adenine is one of the most 

active cytokinins used in the multiplication of plant parts (Attia and Judua, 1999). 
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Figure 4.9. The effect of different concentrations of BA on the multiplication of 

plant parts on the average number of leaves (leaves/plant part), average 

length(cm), and the average number of branches (branches/plant part). 

 

4.4.2 Effect of BA on the Multiplication of Plant Parts Resulting 

from the Nascent Stage of Tissue Plants 

4.4.2.1 Apex 

Figure 4.10 shows the effect of different concentrations of BA on the 

doubling of the plant parts resulting from the emerging stage, which obtained the 

highest rate of the number of leaves 7.5 leaves/plant part at a concentration of 0.5 

mg/L BA and the highest rate of plant height was 5.14 cm at concentration 0.5 mg/L 

BA. The highest rate of the number of branches observed 5.5 branch/plant part for 

a concentration of 0.5 mg/L after two months of planting.  

The results of figure 4.10 in the multiplication of the top explains that the 

increase in the number of leaves and plant length for different BA concentrations 

treatments leads to the effect of cytokinins in mitosis and cell elongation, which in 

turn reflects the special growth characteristics as well as the effect of building 

nucleic acids (Wasfi, 1995). 
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Figure 4.10. The effect of different concentrations of BA on the multiplication of 

plant parts on the average number of leaves (leaves/plant part), average 

length(cm), and average number of branches (branches/plant part). 

 

4.4.2.2 Nodes 

Figure 4.11 shows the effect of different concentrations of BA on the 

multiplication of the plant parts resulting from the emerging stage. 0.5 mg/L BA 

was the best concentration for the number of and value was the 3.7 leaves/plant 

leaves. 1.53 cm was the highest value for plant height at the concentrations of 1 

mg/L and 2 mg/L BA. The highest rate of the number of branches was 2.8 

branches/plant part at a concentration of 0.5 mg/L after two months of planting.  

The results of the figure 4.11 in the multiplication of the nodes are explained 

in the light of what was mentioned in the interpretation of the results of the figure 

4.10 and this corresponds to (Almemary et al., 2020) when it obtained the best 

multiplication of the nodes of the dahlia plant on the medium prepared with 0.5 

mg/L BA. 
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Figure 4.11. The effect of different concentrations of BA on the multiplication of 

plant parts on the average number of leaves (leaves/plant part), average 

length(cm), and the average number of branches (branches/plant part). 

 

4.4.3 The Effect of KIN on the Multiplication of Plant Parts 

Resulting from the Involution Stage of Tissue Plants 

4.4.3.1 Apex 

Figure 4.12 shows the effect of different concentrations of KIN on the 

multiplication of the plant parts resulting from the emergence stage, which obtained 

the highest rate of the number of leaves 8.6 leaves/plant part at a concentration of 

2.0 mg/L and the highest rate of plant height was 3.79 cm at the concentration 4.0 

mg/L and the highest rate of the number of branches was 4.4 branch/plant part at a 

concentration of 2.0 mg/L after two months of culturing. 
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Figure 4.12. The effect of different concentrations of kin on the multiplication of 

plant parts on the average number of leaves (leaves/plant part), average 

length(cm), and the average number of branches (branches/plant part). 

 

4.4.3.2 Nodes 

Figure 4.13 shows the effect of different concentrations of KIN on the 

multiplication of the plant parts resulting from the emergence stage, which obtained 

the highest rate of the number of leaves 6.6 leaves/plant part at a concentration of 

4.0 mg/L KIN and the highest rate of plant height was 4.2 cm at a concentration of 

4.0 mg/L KIN and the highest rate of the number of branches 4.7 branch/plant part 

at a concentration of 2.0 mg/L after two months of planting. 
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Figure 4.13. The effect of different concentrations of kin on the multiplication of 

plant parts on the average number of leaves (leaves/plant part), average 

length(cm), and the average number of branches (branches/plant part). 

 

The results of the figures 4.12 and 4.13 explain that the KIN helps with cell 

division (Muhammad, 2003), and as a result of its ability to draw nutrients to the 

growing tops and leaves, it maintains chlorophyll pigment and prevents its loss thus 

leaves retain their greenness for a long time (Brenner et al., 2005). Regulating the 

enzymes activity, reducing nitrates and carrying sugars, as well as increasing the 

number of leaves, number of branches and dry weight of the vegetative group 

(Sohair et al., 2006). 

4.4.4 Effect of Different Concentrations of 2,4-D on the mean Fresh 

Weight of Callus Induced from Calendula arvensis Leaves 

Taken from Histological Mothers 

The significant effect of different concentrations of 2,4-D on callus 

formation from leaf explant according to average fresh weight of the callus was 

shown in Figure 4.14. The concentration of 1.5 mg/L 2,4-D was superior by the 

highest mean fresh weight of callus 1.3230 g which was significantly highest from 

the concentration of 0.0 mg/L for 2,4-D which gave a 0% generation rate. 

The results of figure 4.14 explain the auxins greatly encouraged the growth 

of the callus, and this may be due to the availability of a certain level of many 

divisions in the cells of some of them, and they can continue to divide and expand 

forming the callus tissue (Dodds and Roberts, 1985). And an increase in the wet 
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weight of the callus is reflections of the changes in the different contents such as on 

their growth on the medium used, which depends on the growth regulators, carbon 

source, vitamins etc. and there is an increase in the contents necessary to sustain 

division and growth in addition to the division of callus cells such as amino acids 

and proteins (Wiesman et al, 1989). Tissue culture depends on the ability of cells 

to divide and form new cells, and this is estimated by the increase in cell 

components and their fresh and dry weight (1989, Abood and Mohamud). This is 

consistent with Chaitali t al. (2014) that adding to medium at different levels of 2,4-

D, where concentrations 1.5 mg/L 2,4-D gave superiority in the soft weight of the 

callus. 

 

 

Figure 4.14. Significant difference between the concentrations of 2,4-D in the 

average fresh weight of callus (g). 
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Figure 4.15. The size of callus at 1.5 (mg/L) concentration. 
 

4.4.5 Effect of Different Concentrations of 2,4-D on the mean Fresh 

Weight of Fresh Callus from Leaves of Calendula arvensis Plant 

Taken from Mothers Grown in the Field 

The results at the figure 4.16 shows a significant difference between 2,4-D 

concentrations in the average fresh weight of the callus that was from the leaf 

explant. The concentration of 1.0 mg/L 2,4-D was superior by the highest mean 

fresh weight of callus 1.4270 g which was significantly highest from the 

concentration of 0.0 mg/L for 2,4-D which gave a 0% generation rate. 

 The results of Figure 4.16 explain that auxins are used in many techniques 

of plant tissue culture because of their clear and important effect on the growth and 

induction of callus tissue (George et al, 2008), which confirms that essential factors 

for the success of the tissue culture process are growth regulators and that the 

process of callus formation. On the basis of the potential energy of cells and 

combined with the presence of internal factors related to the genetic composition of 

plant cells and the level of vitamins and hormones as well as the compatibility of 

the nutrient medium and growth regulators used in appropriate concentrations that 
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promote cell division of different explant types may vary their ability depending on 

their source (Margl et al., 2002). 

 

Figure 4.16. Significant difference between the concentrations of 2,4-D in the 

average fresh weight of the callus(g). 

 

 

Figure 4.17. The callus size is shown at 1.0 mg/L 2,4-D concentration. 
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4.4.6 Effect of Adding Brassino acid Catalyst with Different 

Concentrations on the Average Fresh and Dry Weight of (g) Induced 

Callus from the Leaves of Calendula arvensis Plant 

Table 4.1 showed that adding brassino acid with different concentrations to 

the callus induction medium of Calendula arvensis plants led to a decrease in the 

doubling of the growth of callus compared to the untreated media, which means 

that the untreated medium gave the highest fresh weight, which amounted to 6.040 

g, which differs significantly from the rest of the concentrations. The medium 

without addition brassino acid to medium had the greatest effect on cell division 

and gave the highest fresh weight of callus. The fresh weights of the rest of the 

concentration did not differ significantly from each other and gave a concentration 

of 0.05 above the dry weight of callus, which amounted to 0.163 g, which was not 

significantly different from the rest of the concentrations. We concluded from this 

results, high concentrations of the additive brassino may reduce the callus response 

in weight gain, which may be attributed to the fact that high concentrations of 

catalysts work against the action of the catalyst, thus slowing the growth of cells 

and possibly stopping division process. 

 

Table 4.1. Effect of brassino acid concentrations on average fresh and dry weight 

(g) of induced callus from ex vivo leaves of Calendula arvensis plants after four 

weeks of cultivation. 

Brassino Acid 

Concentration (mg/L) 

Fresh weight (g) Dry weight (g) 

0.0 6.040 0.141 

0.05 5.650 0.163 

0.1 5.029 0.131 

0.2 5.002 0.125 
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Figure 4.18. Brassino acid concentrations of 0 and 0.05 mg/L. 
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Figure 4.19. Brassino acid concentrations of 0.1 and 0.2 mg/L 
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4.4.7 The Catalyst Effect of Brassino Acid on the Production of 

Active Compounds from ex vivo Callus of Calendula arvensis 

Plants 

4.4.7.1 Effect of Brassino Acid on the Production of Salicylic 

Compound 

It was observed through the results shown in the table 4.2 that there was an 

increase in the production of salicylic compound extracted from callus tissue in 

response to different levels of brassino acid added to the nutrient medium. Where 

it differed significantly from the treatment without brassino acid, as the value of the 

compound reached 16.566 (ppm), and the concentration 0.2 was more effective in 

stimulating the callus tissue in the production of active compounds. That is, 

brassino stimulated to cell division, development, and growth (Clouse and Zurek, 

1991; Oh and Clause, 1998) and activated genes that code for proteins (Felner. 2003), 

but when used in the right and appropriate doses, it stimulated the plant to grow 

into the plant growth stage (Swamy and Rao 2008; Hayat, 2010; Eskandari and 

Eskandari, 2013; Çoban and Baydar, 2017). Brassino has also facilitated 

photosynthesis by promoting chlorophyll (Duthie et al., 1997); it can alter the 

content and quality of compounds through its effect on physiological and 

biochemical pathways and thus alter plant metabolites, but it depends on the plant 

species (Farooq and Sharma, 1988; Santoro et al., 2013) and its effects on the plant 

are positive (Naeem et al. 2012). 

 

Table 4.2. The effect of adding different concentrations of brassino acid(mg) on 

the production of salicylic compound to Calendula arvensis plants after four 

weeks of planting. 

Concentrations Br (mg/L) 
Salicylic active compound 

concentration (ppm) 

0 16.566 

0.05 19.733 

0.1 31.933 

0.2 45.1 
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Figure 4.20. Result Table (Uncal - F:\Br (0) R 1 - Detector 4). 

 

Table 4.3. Result Table (Uncal - F:\Br (0) R 1 - Detector 4). 

 

Reten. 

Time 

[min] 

Area 

[mAU.s] 

Height 

[mAU] 

Area 

[%] 

Height 

[%] 

W05 

[min] 

Compound 

Name 

1 2.007 396.145 72.903 48.9 32.2 0.11  

2 3.503 414.376 153.559 51.1 67.8 0.05  

 Total 810.522 226.462 100.0 100.0   

 

 

Figure 4.21. Result Table (Uncal - F:\Br (0.05) R 2 - Detector 4). 

] min

 

[ Tim

 

0 2 4 6 8 10 12 14 

] [ AU 

0.0 

0.5 

1.0 

1.5 

2.0 
F:\Br (0) R 1 - Detector 4 

[ A 2 U . 0 ]   

  
  
  

1.5   
  
  
  

1.0   
  
  
  

0.5   
  
  
  

0.0     
0   2   4   6   8   10   12   14   

Time   

  
  

] [ min.   

F: \   Br   (   0.05   )   R   2   -   Det ect or   4   



50 

 

Table 4.4. Result Table (Uncal - F:\Br (0.05) R 2 - Detector 4). 

 

Reten. 

Time 

[min] 

Area 

[mAU.s] 

Height 

[mAU] 

Area 

[%] 

Height 

[%] 

W 05 

[min] 

Compound 

Name 

1 2.110 2847.021 265.231 62.2 42.0 0.19  

2 3.572 1689.625 355.142 37.8 58.0 0.09  

 Total 4536.646 624.356 100.0 100.0   

 

 

Figure 4.22. Result Table (Uncal - F:\Br (0.1) R 1 - Detector 4). 

Table 4.5. Result Table (Uncal - F:\Br (0.1) R 1 - Detector 4). 

 

Reten. 

Time 

[min] 

Area 

[mAU.s] 

Height 

[mAU] 

Area 

[%] 

Height 

[%] 

W05 

[min] 

Compound 

Name 

1 2.007 7391.165 443.156 73.6 50.9 0.29  

2 3.503 2651.845 427.815 26.4 49.1 0.11  

 Total 10043.009 870.970 100.0 100.0   
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Figure 4.23. Result Table (Uncal - F:\Br (0.2) R 3 - Detector 4). 

Table 4.6. Result Table (Uncal - F:\Br (0.2) R 3 - Detector 4). 

 

Reten. 

Time 

[min] 

Area 

[mAU.s] 

Height 

[mAU] 

Area 

[%] 

Height 

[%] 

W 05 

[min] 

Compound 

Name 

1 2.110 8823 .214 262.015 59.4 34.5 0.15  

2 3.592 3263.258 451.256 40.6 65.5 0.13  

 Total 12033.058 725.023 100.0 100.0   

 

4.4.7.2 The Effect of Brassino Acid on the Production of 

Phenolic Compounds (rutin) 

The results presented in Tables 4.7 indicated an increase in morale among 

the average of the active compounds depending on the concentrations of brassino 

acid used and added to the nutrient medium. The highest concentration of rutin was 

reached 80.53 ppm, as it significantly different in the treatment mutrient medium 

without brassino acid, as the compound value reached 31.233 ppm. Also, adding 

brassino acid at a concentration of 0.2 to the nutrient medium increased the 

production of rutin, and this confirms that the acid stimulates gene expression of 

secondary metabolites and the ability to increase photosynthesis and increase the 

uptake of water, minerals and nutrients under stress conditions. This compound 

prevents DNA damage, i.e. prevents geno-toxicity in human lymphocytes in 

addition to providing protection for a large number of genes against mutations 

(Duthie et al., 1997), and rutin acts on B-cell hybridoma cells in combination with 

spleen cells to make an antibody A specific antagonist, which means that the tumor 
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enhances the cell's ability to grow to constantly secrete immuno-globulins (Alkan, 

2004). 

Table 4.7. Effect of brassino acid on the production of phenolic compounds 

(routine) (ppm) for Calendula arvensis plants. 

Concentration Br(mg/L)  Active Compound Rutine Con (ppm) 

0 31.233 

0.05 60.1 

0.1 74.233 

0.2 80.53 

 

 

Figure 4.24. Result Table (Uncal - F:\Br (0) R 1 - Detector 1). 

 

Table 4.8. Result Table (Uncal – F:\Br (0) R 1 – Detector 1). 

 

Reten. 

Time 

[min] 

Area 

[mAU.s] 

Height 

[mAU] 

Area 

[%] 

Height 

[%] 

W 05 

[min] 

Compound 

Name 

1 1.970 258.878 36.130 38.2 34.1 0.11  

2 2.460 157.079 28.978 23.1 27.3 0.09  

3 5.077 262.608 40.872 38.7 38.6 0.11  

 Total 678.565 105.981 100.0 100.0   
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Figure 4.25. Result Table (Uncal - F:\Br (0.05) R 2 - Detector 1). 

 

Table 4.9. Result Table (Uncal – F:\Br (0.05) R 2 – Detector 1). 

 

Reten. 

Time 

[min] 

Area 

[mAU.s] 

Height 

[mAU] 

Area 

[%] 

Height 

[%] 

W 05 

[min] 

Compound 

Name 

1 1.860 1621.248 120.145 50.2 43.5 0.23  

2 2.384 621.425 70.655 17.5 23.6 0.14  

3 5.102 1099.325 90.256 33.0 31.8 0.18  

 Total 3341.996 280.215 100.0 100.0   

 

 

Figure 4.26. Result Table (Uncal - F:\Br (0.1) R 2 - Detector 1). 
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Table 4.10. Result Table (Uncal – F:\Br (0.1) R 2 – Detector 1). 

 

Reten. 

Time 

[min] 

Area 

[mAU.s] 

Height 

[mAU] 

Area 

[%] 

Height 

[%] 

W 05 

[min] 

Compound 

Name 

1 2.011 1425.236 120.589 55.4 48.9 0.22  

2 2.554 535.647 62.658 23.2 26.5 0.15  

3 5.205 1599.258 60.254 22.2 23.9 0.19  

 Total 3560.141 246.258 100.0 100.0   

 

 

Figure 4.27. Result Table (Uncal - F:\Br (0.2) R 2 - Detector 1). 

 

Table 4.11. Result Table (Uncal – F:\Br (0.2) R 2 – Detector 1). 

 

Reten. 

Time 

[min] 

Area 

[mAU.s] 

Height 

[mAU] 

Area 

[%] 

Height 

[%] 

W 05 

[min] 

Compound 

Name 

1 2.105 1802.258 180.569 30.9 31.5 0.17  

2 2.509 941.325 166.214 21.7 28.5 0.14  

3 5.184 2498.658 196.258 47.2 40.6 0.20  

 Total 5241.256 544.125 100.0 100.0   
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5. CONCLUSIONS AND RECOMMENDATIONS 

1. The numbers of branches resulting from the cultivation of nodes taken 

from histological mothers were more than the numbers of branches resulting from 

the cultivation of nodes taken from plants grown in the field.  

2. The cultivation of the leaves resulting from plants grown in the field 

and tissue plants on the medium treated without addition did not produce any 

response to the development of callus. 

3. The wet weight of the callus formed from planting the leaves obtained 

from histological mothers was fewer than the wet weight of the callus formed from 

cultivating the leaves obtained from plants grown in the field on MS medium with 

the same concentrations. 

4. The highest wet weight of callus 1.427 g was obtained after 4 weeks of 

culturing a part of the resulting leaf from plants grown in the field on medium 

supplemented with 1.0)mg/L 2,4-D. 

5. The average number of branches resulting from planting nodes on MS 

medium supplemented with different concentrations of BA was greater than the 

numbers of branches resulting from planting nodes on MS medium supplemented 

with different concentrations of KIN. 

6. Leaves taken from textile plants were better at producing callus than 

leaves taken from plants grown in the field. 

7. The development of callus from planting part of the leaf taken from 

tissue or non-textile plants in the field. 

8. The sterilization method with sodium hypochlorite (Fez commercial) at 

concentration (10%) and for 20 minutes was determined as the best way to sterilize 

the seeds of the Calendula arvensis plant. 

9. There was a gradual increase in the content of secondary compounds 

with the increase in concentrations of brassino, as the concentrations of 0.2 mg/L 

and 0.1 mg/L recorded the highest amount of salicylic and rutin compounds 

sequentially, while the lowest amount was in the treatment (without the addition). 

It is possible to include the medium with initiators and other growth regulators and 

chemical stimuli at various other levels. These stimuli have a role in the 

accumulation of active compounds determining the appropriate concentration that 

is reflected negatively or positively in the accumulation of those compounds.
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