
Alex. J. Agric. Sci.                                                                                        Vol. 66, No.5, pp. 123-132, 2021 

 123 

Establishment of Callus Cultures of Chrysanthemum 

(Dendranthema × grandiflorum) var. ‘Zembla yellow’  

Babiker, Y. F.,1 Eltorky, M. G.,1 Elmokadem, H. E.,1 El-Naggar, H. M.,1 and Meheissen, M. A. M.2 
1Dept. of Floriculture, Ornamental Horticulture and Landscape Gardening, Faculty of Agriculture,                

Alexandria University, Egypt. 
2Clinical Oncology Department, Alexandria University, Egypt. 

ABSTRACT 

Dendranthema x grandiflorum is an important species of the genus Dendranthema, and for the development of callus 

cultures. In this study, explants such as leaves and internodes were used to evaluate the effects of different types of 

explants, plant growth regulating agents in various concentrations on callus production. The results showed that, the leaf 

explant was significantly enhanced callus production than internode explant according to the percentage of callus 

formation, fresh and dry weight parameters. MS supplemented with 0.2 mg/l-1 BAP and 0.5 mg/l-1 2,4-D yielded the 

highest efficiency of callus formation after 2 month of culture. The BAP 0.2 mg/l-1 was significantly enhanced callus 

production in the both fresh and dry weight parameters than BAP 0.1 mg/l-1. The use of 0.5 mg/l-1 2,4-D excelled all other 

treatments for fresh weight although, there is no significant differences from the 1 mg/l-1 2,4-D treatment, the high 2,4-D 

concentrations 2 mg/l-1 also performed better than the lower concentrations for dry weight. Similarly, the least fresh and 

dry weight were obtained from the control which was devoid of 2,4-D. Using 0.5 mg/l-1 2,4-D leaf explant excelled all 

other treatments for fresh weight than internode explant, but using 2 mg/l-1 2,4-D leaf explant excelled all other treatments 

for dry weight than internode explant. Similarly, the control of leaf and internode explant in the both concentrations (0 and 

0.5 mg/l-1) yielded the lowest fresh weight, but in dry weight the least was obtained from the control of leaf explant. Using 

0.1 mg/l-1 BAP with 0.5 mg/l-1 2,4-D and 0.2 mg/l-1 BAP with (0.5, 1, and 1.5 mg/l-1) 2,4-D excelled all other treatments 

for fresh weight, but the best is using 0.1 mg/l-1 BAP with 0.5 mg/l-1 2,4-D. The least fresh weight was obtained from the 

control which devoids of plant growth regulators. Using 0.1 mg/l-1 BAP with 2 mg/l-1 2,4-D leaf explant excelled all other 

treatments with espect to dry weight. The least dry weight was obtained from the control which devoids of plant growth 

regulators. 

Keywords: Dendranthema x grandiflorum, explants, plant growth regulators, in vitro, callus induction 

cultures, callus formation

INTRODUCTION 

Chrysanthemum (Dendranthema x 

grandiflorum (Ramat.) Kitam, previously 

Chrysanthemum morifolium Ramat.) (Shinoyama et 

al., 2006), is an important genus within the 

Asteraceae family which is comprised of about 40 

species, including some economically valuable 

species, mostly used as ornamentals and insecticides 

(Kumar et al., 2006). The plant is native to China 

and Northern Japan (Padmadevi and Jawaharlal, 

2011), cultivars are hexaploids, with 2n = 6x = 54 

chromosomes (Nazeer and Khoshoo, 1983). It is an 

extremely attractive and charming short-day plant 

that serves both as an annual herb and as a perennial 

herb (Arora, 1990). It is ranked second after roses in 

terms of its market value (Guan et al., 2017). It is 

one of the most commonly grown ornamental plants 

in the world. Due to its wide range of colors and 

forms, this flower is one of the most significant cut 

and pot flowers in the world (Shafiei et al., 2019).  

Conventional methods for propagating 

chrysanthemums, such as root suckers or terminal 

cuttings, are slow processes (Teixeira da Silva et al., 

2013). Tissue culture techniques can improve plant 

propagation efficiency, allowing for more efficient 

reproduction and the development of superior 

genotypes (Shahzad, 2017). Tissue culture is also an 

important tool of chrysanthemum biotechnology 

(Teixeira da Silva and Kulus, 2014). 

Callus (or tissue) cultures are a type of culture 

that involves the growth and maintenance of mostly 

unorganized cell masses resulting from the 

uncoordinated and disorganized proliferation of 

small plant organs, plant tissue, or previously 

cultivated cells. Tissue cultures are formed from 

entire plant parts. The small organs or pieces of 

tissue that are used are called explants (Cassells, 

1997). Explants can be placed on a growth-

supporting media under sterile conditions to induce 

callus formation in vitro. Although many 

components of a plant have the capacity to multiply 

in vitro, it is usually discovered that callus cultures 

are easier to produce from certain organs than 

others. Young meristematic tissues are best; 

however callus can form in meristematic sites in 

older portions of a plant, such as the cambium. 

Callus growth can be achieved from zygotic 

embryos, germinating seeds, seed endosperm or the 

seedling mesocotyl, and very young leaves or leaf 

sheaths in most cereals, but never from mature leaf 

tissue (Green and Phillips, 1975; and Dunstan et al., 

1978). 'Primary callus' is the callus that forms on an 

original explant. Pieces of tissue removed from 

primary callus are used to start secondary callus 

cultures. Subculture can then be sustained for 
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several years, although the longer the callus is kept, 

the greater the chance of genetic alteration in the 

cells. When a callus is produced from an explant 

that contains multiple types of cells, variability is 

more likely. For this reason there is often merit in 

selecting small explants from only morphologically 

homogenous tissue, keeping in mind that callus 

production usually required a minimum size of 

explant (George et al., 2008). 

Numerous explants have been successfully 

induced to produce callus. The success of callus 

initiation, on the other hand, is determined by the 

explant source and the culture medium's 

composition. Especially, culture medium which 

supplemented with auxins induces quickly cell 

division. Callus development is influenced by the 

size of the explants and, in some situations, the 

mode of culture or polarity of the explants in the 

media. Smaller explants are more likely to form 

callus while the larger ones maintain greater 

morphogenetic potential (David et al., 1981). A 

callus is an amorphous mass of loosely organized 

thin-walled parenchyma cells that develops from the 

parent tissue's proliferating cells (Dodds and 

Roberts, 1985). 

The aims of the present investigation were to 

optimize the type of explants and concentrations of 

growth regulators in culture media for callus 

induction on chrysanthemum (Dendranthema × 

grandiflorum). 

MATERIALS AND METHODS 

Plant material and culture establishment 

Plants of Dendranthema x grandiflorum 

cultivar ‘Zembla yellow’ were obtained from a 

private nursery in Dakahlia, Egypt. They were then 

grown in the nursery of the Floriculture, Ornamental 

Horticulture and Landscape Gardening, Faculty of 

Agriculture, Alexandria University. They were used 

as primary explant source in the plant tissue culture 

laboratory. For primary culture initiation nodal buds 

were taken from the middle portion of the 

chrysanthemum shoots, washed in running tap water 

for 30 min and immersed in 15% sodium 

hypochlorite with 2 drops/100 ml of Tween 20 for 

15 min with continuous shaking. They were then 

rinsed 3 times with autoclaved distilled water, 

explants were sectioned to 2 cm segments 

containing two to the three nodes and cultured in 

jars, each containing (250-ml and 375-ml), jars 

containing 25 ml and 50 ml of MS media 

(Murashige and Skoog,1962) with 3% (w/v) sucrose 

and 2 mg/l-1 6-benzylaminopurine (BAP) and 0.1 

mg/l-1 ἀ-naphthalene acetic acid (NAA) and 7 g/l-1 

agar to induce axillary buds to from new axillary 

shoots. The pH of all tested media was adjusted to 

5.7 before autoclaving at 121°C and 118 kPa, a 

pressure of 15 psi for 20 minutes. Explants were 

cultured in 250 ml jars containing 25 ml of the 

tested media. All cultures were incubated between 

4-8 weeks at 25±1°C under continuous fluorescent 

light (1000 lux) with (16 h/8 h/d) light/dark cycle.  

Callus Induction 

Internodes and leaves, established from plantlet 

of D. x grandiflorum, were used for induction of 

callus. The internodes were sectioned from the small 

sections each section was 1 cm segments. Five 

explants were cultured in 250-ml jars containing 25 

ml of the tested media. MS media (Murashige and 

Skoog, 1962) supplemented with 30 g/l-1 sucrose, 

0.1 mg/l-1 NAA and solidified with 7 g/l-1 agar. 

Different concentrations of BAP (0, 0.1, and 0.2 

mg/l-1) and 2,4-D (0, 0.5, 1, 1.5, and 2 mg/l-1) with 

NAA 0.1 mg/l-1 were added to the media before 

autoclaving. MS basal media without plant growth 

regulators (PGRs) was used as a control. Five 

replicates were used per each treatment. The 

internodes and leaves cultured were incubated at 

25±1°C under continuous fluorescent light (1000 

lux) with (16 h/8 h/d) light/dark cycle. The fresh and 

dry weight (g) was recorded after 60 days of culture.  

Experimental design and data analysis 

Experiment was set up split-plot in randomized 

complete block design (RCBD) and each treatment 

had five replications. Each replicate was represented 

by culture jars containing one segment rendering a 

group of five segments per treatment. The means 

and ANOVA were calculated using SAS program, 

version 6 (1985) statistical software. The mean 

comparison was carried out using least significant 

difference tests (LSD) and significance was 

determined alpha= 0.05 level of significance. 

RESULTS AND DISCUSSION 

1. Effect of type of explants on performance of 

in vitro callus induction cultures of 

Dendranthema x grandiflorum after 8 weeks 

in culture: 
Leaf and internode explants were cultured on 

MS basal medium (Murashige and Skoog, 1962) 

supplemented with different concentrations of BAP 

(0, 0.1, and 0.2 mg/l-1) and 2,4-D (0, 0.5, 1, 1.5, and 

2 mg/l-1) with NAA 0.1 mg/1-1. The effect of explant 

type on chrysanthemum performance of in vitro 

callus induction cultures was tested. Callus 

induction cultures were significantly influenced by 

type of explants. Analysis of variance presented in 

(Table 1 and Fig. 1) clearly indicated that, type of 

explants had significant effect on callus induction in 

both fresh and dry weight parameters. Callus tissues 

derived from leaf explant produced highest callus in 

both fresh (3.41g) and dry weight (0.18 g) 

parameters. Generally, callus tissues derived from 

leaves origin recorded highest callus in both fresh 

biomass and dry weight parameters compared to 

which derived from internode explant on all 

parameters.  
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Table 1: Effect of type of explants on performance of in vitro callus induction cultures of Dendranthema 

x grandiflorum after 8 weeks in culture. 

Type of explants Fresh weight (g) Dry weight (g) 

Leaf 3.41a 0.18a 

Internode 1.88b 0.15a 

LSD 0.27 0.03 

*Means within column with the same letter(s) are not significantly different at P= 0.05 according to t-test. 

 

                                    

Fig 1: a. Callus formation from Leaf explant;                 b. Callus formation from Internode explant. 

 

The results are in correlation with the work of Sutter 

and Langhans (1981) who, compared 9 years old 

leaf callus of Chrysanthemum morifolium with those 

of one month old callus derived from leaf explants 

to assess the regeneration ability of long term 

cultures. Some related research indicated that, callus 

induction in chrysanthemum cultivar ‘Zipri’ 

exhibited greater callus induction than cv. ‘Shyamal 

Dark Pink’. In both cultivars, leaf disc explants 

produced more calluses than stem disc explants 

(Wankhede et al., 2000). Jin et al., (2017) observed 

that the effects of several plant growth regulating 

compounds on different concentrations callus 

induction were explored using stem segments, 

leaves, and petioles as explants in Dendranthema 

indicum var. aromaticum. The results showed that, 

the percentage of callus formation, callus hardness, 

growth potential and shoot differentiation was the 

highest with the leaf as explants. The results also are 

in correlation with the work of (Hassan et al., 2019) 

who reported that the callus derived from leaf 

explant on MS medium containing 0.25 mg/l-1 2,4-D 

gained the highest fresh weight in Ocimum 

basilicum.  

 

 

 

2. Effect of BAP concentrations on performance 

of in vitro callus induction cultures of 

Dendranthema x grandiflorum after 8 weeks 

in culture: 

Leaf and internode explants were cultured on MS 

basal medium (Murashige and Skoog, 1962) 

supplemented with different concentrations of BAP 

(0, 0.1, and 0.2 mg/l-1) and 2,4-D (0, 0.5, 1, 1.5, and 

2 mg/l-1) with NAA 0.1 mg/l-1to figure out the 

optimum conditions for callus induction cultures. 

The effect of BAP concentrations on 

chrysanthemum performance of in vitro callus 

induction cultures was tested. Callus induction 

cultures were significantly influenced by different 

BAP concentrations. Analysis of variance presented 

in Table (2). Results summarized that; callus in both 

fresh and dry weight parameters was significantly 

variable according to BAP concentrations. The 

highest means in the both fresh (2.80 g) and dry 

weight (0.18 g) parameters collected on BAP 

concentration 0.2 mg/l-1, whereas, the lowest fresh 

and dry weight parameters were obtained at low 

BAP concentrations. These results related with the 

results obtained by Xue et al., (2003) who stated 

that, in Chrysanthemum morifolium the media 

supplemented with NAA 0.1 mg/l-1 and 6- BAP 

(0.1-1.0 mg/l-1) were much better than others when 

callus were induced. 

Table 2: Effect of BAP concentrations on performance of in vitro callus induction cultures of 

Dendranthema x grandiflorum after 8 weeks in culture. 

BAP conc. (mg/l-1) Fresh weight (g) Dry weight (g) 

0.1 2.49b 0.15b 

0.2 2.80a 0.18a 

LSD 0.17 0.02 
*Means within column with the same letter(s) are not significantly different at P= 0.05according to t-test. 

 

a b 
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3. Effect of 2,4-D concentrations on 

performance of in vitro callus induction 

cultures of Dendranthema x grandiflorum 

after 8 weeks in culture: 

Leaf and internode explants were cultured on MS 

basal medium (Murashige and Skoog, 1962) 

supplemented with different concentrations of BAP 

(0, 0.1, and 0.2 mg/l-1) and 2,4-D (0, 0.5, 1, 1.5, and 

2 mg/l-1) with NAA 0.1 mg/l-1 to figure out the 

optimum conditions for callus induction cultures. 

The effect of 2,4-D concentrations on 

chrysanthemum performance of in vitro callus 

induction cultures was tested. Callus induction 

cultures were significantly influenced by different 

2,4-D concentrations. Analysis of variance 

presented in Table (3). Results clearly demonstrated 

that, callus in the same fresh and dry weight 

parameters was significantly variable according to 

2,4-Dconcentrations. The use of MS medium 

containing 0.5 mg/l-1 2,4-D produced the highest 

callus induction for fresh weight (3.40 g) although it 

did not differ significantly from the 1 mg/l-1 2,4-D 

concentration (3.16 g), the high 2,4-D 

concentrations 2 mg/l-1 also performed better for dry 

weight (0.21 g) although it did not differ 

significantly from the 1 and 1.5 mg/l-1 2,4-D 

concentration . Similarly, the least fresh (1.42 g) and 

dry weight (0.10 g) were obtained from the control 

which was devoid of 2,4-D. The results are in 

correlation with the work of Sherman et al., (1998) 

they noticed that, when leaf explants were cultured 

on an embryogenesis-type medium containing a 

high concentration of 2,4-D, promoted callus 

formation. Obukosia et al., (2004) they discovered 

that, MS medium supplemented with 2 mg/l-1 2,4-D 

was best for chrysanthemum callus induction. 

Thomas and Maseena (2006) they investigated that, 

a given range of 2,4-D concentrations (0.1-2.0 mg/l-

1) is essential for embryogenic callus formation 

from leaf and nodal explants in Cardiospermum 

halicacabum. Also these results are in correlation 

with the work of (Wongsen et al., 2015) who 

reported that the concentration of 2,4-D particularly 

0.5 mg/l-1 in the medium of callus culture of sweet 

basil was very important for callus proliferation and 

antioxidant activity that mainly may be due to 

Rosmarinic acid content. On the other hand, Jin et 

al., (2017) observed that in Dendranthema indicum 

var. aromaticum the optimal induction mediums 

were MS supplemented with 1.0 mg/l-1 2.4-D and 

0.2 mg/l-1 6-BAP. The results also showed that, the 

suitable inoculum size was 2 g and the suitable cell 

suspension culture medium was MS supplemented 

with 0.2 mg/l-1 BAP and 0.5 mg/l-1 2,4-D.  

4. Effect of type of explant and BAP 

concentrations on performance of in vitro 

callus induction cultures of Dendranthema x 

grandiflorum after 8 weeks in culture: 

Leaf and internode explants were cultured on 

MS basal medium (Murashige and Skoog, 1962) 

supplemented with different concentrations of BAP 

(0, 0.1, and 0.2 mg/l-1) and 2,4-D (0, 0.5, 1, 1.5, and 

2 mg/l-1) with NAA 0.1 mg/l-1to figure out the 

optimum conditions for callus induction cultures. 

The effect of type of explant and BAP 

concentrations on chrysanthemum performance of 

in vitro callus induction cultures was tested. 

Application of type of explant and BAP 

concentrations resulted in not significant differences 

in the measured parameters. Analysis of variance 

presented in Table (4).  

Table 3: Effect of 2,4-D concentrations on performance of in vitro callus induction cultures of 

Dendranthema x grandiflorum after 8 weeks in culture. 

2,4-D conc. (mg/l-1) Fresh weight (g) Dry weight (g) 

0 1.42d 0.10c 

0.5 3.40a 0.16b 

1 3.16ab 0.18ab 

1.5 2.90b 0.18ab 

2 2.34c 0.21a 

LSD 0.27 0.04 
*Means within column with the same letter(s) are not significantly different at P= 0.05according to t-test. 

Table 4: Effect of type of explant and BAP concentrations on performance of in vitro callus induction 

cultures of Dendranthema x grandiflorum after 8 weeks in culture. 

Dry weight (g) Fresh weight (g) BAP conc. (mg/l-1) Type of explants 

0.16 3.30 0.1 Leaf 

0.20 3.52 0.2 Leaf 

0.15 1.68 0.1 Internode 

0.16 2.08 0.2 Internode 

n.s. LSD 

*Means within column with the same letter(s) are not significantly different at P= 0.05 according to DMRT. 

n.s: non-significant. 
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The results are in contrast with the results obtained 

by Xue et al., (2003) they reported that, to 

determine the best conditions for Chrysanthemum 

morifolium leaf tissue culture in Anhui Province. All 

of the media used were capable of inducing callus, 

but the effects of callus redifferentiation were very 

different. When callus was induced, the media with 

NAA 0.1 mg/l-1 + BAP (0.1-1 mg/l-1) performed 

significantly better than the others. This contrast 

may due to the auxin: cytokinin concentration. 

5. Effect of type of explant and 2,4-D 

concentrations on performance of in vitro 

callus induction cultures of Dendranthema x 

grandiflorum after 8 weeks in culture: 

Leaf and internode explants were cultured on 

MS basal medium (Murashige and Skoog, 1962) 

supplemented with different concentrations of BAP 

(0, 0.1, and 0.2 mg/l-1) and 2,4-D (0, 0.5, 1, 1.5, and 

2 mg/l-1) with NAA 0.1 mg/l-1 to figure out the 

optimum conditions for callus induction cultures. 

The effect of type of explant and 2,4-D 

concentrations on chrysanthemum performance of 

in vitro callus induction cultures was tested. Callus 

induction cultures were significantly influenced by 

type of explant and 2,4-D concentrations. Analysis 

of variance presented in (Table 5). In case of callus 

induction culture, Results of analysis of variance 

were clearly demonstrated that type and 2,4-D 

concentrations have a great influenced on the same 

fresh and dry weight parameters. The use of leaf 

explant and 0.5 mg/l-1 2,4-D excelled on all 2,4-D 

concentrations for fresh weight (5.31 g) than 

internode explant, while the use of leaf explant and 

2 mg/l-1 2,4-D excelled on all 2,4-D concentrations 

with respect to dry weight (0.27 g) than internode 

explant. Similarly, the least fresh weight (1.53 g) 

was obtained from the control which was devoid of 

2,4-D of leaf and control of internode explants (1.31 

g) and 0.5 mg/l-1 2,4-D (1.50 g) in the both 

concentrations (0 and 0.5 mg/l-1) 2,4-D, while in dry 

weight the least was obtained from the control 

which was devoid of 2,4-D of leaf explant. Thomas 

and Maseena (2006) they investigated a given 

concentrations of 2,4-D in a wide range (0.1-2.0 

mg/l-1) is essential for embryogenic callus formation 

from leaf and nodal explants in Cardiospermum 

halicacabum. 

6. Effect of type of plant growth regulators and 

concentrations on performance of in vitro 

callus induction cultures of Dendranthema x 

grandiflorum after 8 weeks in culture: 

Leaf and internode explants were cultured on 

MS basal medium (Murashige and Skoog, 1962) 

supplemented with different concentrations of BAP 

(0, 0.1, and 0.2 mg/l-1) and 2,4-D (0, 0.5, 1, 1.5, and 

2 mg/l-1) with NAA 0.1 mg/l-1 to figure out the 

optimum conditions for callus induction cultures. 

The effect of type of explant and 2,4-D 

concentrations on chrysanthemum performance of 

in vitro callus induction cultures was tested. 

Application of different types of plant growth 

regulators and concentrations resulted in significant 

differences in fresh weight parameters but in dry 

weight parameters proved to be not significant 

differences. Results in (Table 6) clearly 

demonstrated that, similarly, the use to 0.1 mg/l-1 

BAP with 0.5 mg/l-1 2,4-D (3.51 g) and 0.2 mg/l-1 

BAP with (0.5, 1, and 1.5 mg/l-1) 2,4-D (3.30, 3,34, 

and 3.18 g respectily) excelled all other treatments 

with respect to fresh weight, while the best is to use 

0.1 mg/l-1 BAP with 0.5 mg/l-1 2,4-D. The least 

fresh weight (1.42 g) was obtained from the control 

which was devoid of plant growth regulators. The 

previous studies indicated that, the best response for 

induction of callus was produced by combining BA 

and 2,4-D, which was likely owing to a difference in 

endogenous levels of growth regulators in 

chrysanthemum plants or a difference in sensitivity. 

(Trewavas and Cleland, 1983). On the other hand, 

Aribaud et al., (1994) who found also that, BA plus 

2,4-D caused callus formation and proliferation in 

leaf explant of chrysanthemum.  

Table 5: Effect of type of explant and 2,4-D concentrations on performance of in vitro callus induction 

cultures of Dendranthema x grandiflorum after 8 weeks in culture. 

Dry weight (g) Fresh weight (g) 2,4-D conc. (mg/l-1) Type of explants 

0.05e 1.53e 0 Leaf 

0.20b 5.31a 0.5  

0.19bc 3.92b 1  

0.20b 3.62b 1.5  

0.27a 2.67c 2  

0.15cd 1.31e 0 Internode 

0.12d 1.50e 0.5  

0.18bc 2.40cd 1  

0.17bc 2.18d 1.5  

0.15cd 2.02d 2  

0.04 0.38 LSD 
*Means within column with the same letter(s) are not significantly different at P= 0.05 according to DMRT. 
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Table 6: Effect of type of plant growth regulators and concentrations on performance of in vitro callus 

induction cultures of Dendranthema x grandiflorum after 8 weeks in culture. 

Dry weight (g) Fresh weight (g) 2,4-D conc. (mg/l-1) BAP conc. (mg/l-1) 

0.10 1.42e 0 0.1 

0.14 3.51a 0.5  

0.16 2.98bc 1  

0.15 2.61c 1.5  

0.23 1.92d 2  

0.10 1.42e 0 0.2 

0.18 3.30ab 0.5  

0.20 3.34ab 1  

0.22 3.18ab 1.5  

0.20 2.77c 2  

n.s. 0.38 LSD 

*Means within column with the same letter(s) are not significantly different at P= 0.05 according to DMRT. 

n.s: non-significant. 

 

Wankhede et al., (2000) who reported that, the 

callus induction and growth in chrysanthemum were 

most pronounced in cv. ‘Zipri’ grown in the MS 

medium containing either 1 mg/l-1 2,4-D, 0.2 mg/l-1 

BAP plus 0.2 mg/l-1 NAA, or 0.5 mg/l-1 BAP, and in 

cv. ‘Shyamal Dark Pink’ grown in the MS medium 

containing either 2 mg/l-1 2,4-D, 0.1 mg/l-1 BAP 

plus 0.1 mg/l-1 NAA, or 0.25 mg/l-1 BAP. In both 

cultivars, leaf disc explants produced more calluses 

than stem disc explants.  

7. Effect of type of explants, plant growth 

regulators and concentrations on 

performance of in vitro callus induction 

cultures on fresh weight (g) of Dendranthema 

x grandiflorum after 8 weeks in culture: 

Leaf and internode explants were cultured on 

MS basal medium (Murashige and Skoog, 1962) 

supplemented with different concentrations of BAP 

(0, 0.1, and 0.2 mg/l-1) and 2,4-D (0, 0.5, 1, 1.5, and 

2 mg/l-1) with NAA 0.1 mg/l-1to figure out the 

optimum conditions for callus induction cultures. 

The effect of type of explant, plant growth 

regulators and concentrations on chrysanthemum 

performance of in vitro callus induction cultures 

was tested. Application of type of explants, plant 

growth regulators and concentrations resulted in not 

significant differences in the measured parameters. 

Analysis of variance presented in Table (7). The 

results are in contrast with the results obtained by 

Bhattacharya et al., (1990) within two weeks of 

culture, they obtained good green calluses from both 

leaf and stem segments on MS basal salts 

supplemented with 2 mg/l-1 2,4-D. They also found 

that a mixture of 0.1 mg/l-1 IAA and 0.2 mg/l-1 BAP 

was best for callus formation from nodal segments, 

shoot apices, and leaf, as well as for shoot 

regeneration from callus. On the other hand, Gul 

(2001) reported that, in chrysanthemum on MS 

medium supplemented with BAP and 2,4-D callus 

was induced. Callus was obtained from the nodal 

segments of the stem as well as shoot tips. A single 

flask containing callus produced up to 60 plantlets. 

This contrast may due to the type of explant. 

8. Effect of type of explants, plant growth 

regulators and concentrations on 

performance of in vitro callus induction 

cultures on dry weight (g) of Dendranthema x 

grandiflorum after 8 weeks in culture: 

Leaf and internode explants were cultured on 

MS basal medium (Murashige and Skoog, 1962) 

supplemented with different concentrations of BAP 

(0, 0.1, and 0.2 mg/l-1) and 2,4-D (0, 0.5, 1, 1.5, and 

2 mg/l-1) with NAA 0.1 mg/l-1 to figure out the 

optimum conditions for callus induction cultures. 

The effect of type of explant plant growth regulators 

and concentrations on chrysanthemum performance 

of in vitro callus induction cultures was tested. 

Application of different type of explants, plant 

growth regulators and concentrations of resulted in 

significant differences in dry weight. Analysis of 

variance presented in (Table 8). Data showed that, 

the use to leaf explant to 0.1 mg/l-1 BAP with 2 

mg/l-1 2,4-D excelled on all other treatments for dry 

weight (0.35 g). The least dry weight (0.05 g) was 

obtained from leaf explant control which was 

devoid of plant growth regulators (Table 8 and Fig. 

2). The results are in contrast with the results 

obtained by Kumari and Varghese (2003) 

investigated that, the effects of 2,4-D (1 or 2 mg/l-1), 

NAA (1 or 2 mg/l-1) and Kinetin (0.5 and 1 mg/l-1) 

on callus of node, young leaves and inter-nodal 

explant of chrysanthemum. Nodal explants had the 

highest fresh weight in two combinations, and 

internode and young leaf explants had the highest 

fresh weight in one combination. Dry matter 

accumulation was higher in nodal explant followed 

by young leaves and inter-node in both cultivars. 

Out of different media combinations, MS 
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supplemented with 2 mg/l-1 2,4-D and 1.0 mg/l-1 

Kinetin was superior in terms of fresh weight and 

dry matter accumulation in all explants. This 

contrast may due to the different type of explants 

and auxin concentrations. 

 

 

 

 

 

 
Fig. 2: a: Leaf explants grown in media contain different concentrations of 2,4-D with BAP 0.1 mg/l-1; 

b: Leaf explants grown in media contain different concentrations of 2,4-D  with BAP 0.2 mg/l-1; 

c: Internode explants grown in media contain different concentrations of 2,4-D with BAP 0.1 mg/l-1; 

d: Internode explants grown in media contain different concentrations of 2,4-D  with BAP 0.2 mg/l-1. 
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Table 7: Effect of type of explants, plant growth regulators and concentrations on performance of in 

vitro callus induction cultures on fresh weight (g) of Dendranthema x grandiflorum after 8 weeks in 

culture. 

2,4-D conc. (mg/l-1) BAP conc. (mg/l-1) Type of explants 

2 1.5 1 0.5 0 

2.36 3.40 3.70 5.50 1.53 0.1 Leaf 

2.98 3.83 4.13 5.12 1.53 0.2 Leaf 

1.48 1.82 2.26 1.52 1.31 0.1 Internode 

2.55 2.53 2.55 1.48 1.31 0.2 Internode 

n.s. LSD 
*Means within column with the same letter(s) are not significantly different at P= 0.05 according to DMRT. 

  n.s: non-significant. 

Table 8: Effect of type of explants, plant growth regulators and concentrations on performance of in 

vitro callus induction cultures on dry weight (g) of Dendranthema x grandiflorum after 8 weeks in 

culture. 

2,4-D conc. (mg/l-1) BAP conc. (mg/l-1) Type of explants 

2 1.5 1 0.5 0 

0.35a 0.16de 0.13ef 0.15def 0.05g 0.1 Leaf 

0.19d 0.25bcd 0.24bcd 0.26bc 0.05g 0.2 Leaf 

0.11f 0.15def 0.19d 0.13ef 0.15def 0.1 Internode 

0.20d 0.18de 0.16de 0.11f 0.15def 0.2 Internode 

0.05 LSD 

*Means within column with the same letter(s) are not significantly different at P= 0.05 according to DMRT.  
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