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Abstract 

 
The responses of Chrysanthemum hortorum Hort. cv. dwarf callus which initiated from leaf bases of different concentration of 

two agent, polyethylene glycol (PEG) Mw8000 0.0, 30.0, 40.0, 60.0 gm L-1 and sucrose 20.0, 30.0, 40.0, 60.0 gm L-1 with 8 mg 

L-1 BA+1.0 mg L-1 NAA to induce osmotic stress including callus growth (fresh, dry weight), water content percentage and 

regeneration of micro-shoots. Results of this present study revealed that increasing the water stress which was initiated by 

increasing PEG concentration in MS medium caused gradual decrease in all characteristics, where as, a significant increase in 

fresh weight , dry weight, water content percentage and regeneration of adventitious shoots were noticed in 0.0 treatment reach 

7.25gm, 0.70 gm, 90.24%, 9.60 micro shoot per 100 mg callus, 3.00 cm length, 6.80 leaf per branch and 0.28 cm of width leaf 

respectively. Result also showed that increasing sucrose concentrations in cultured media to 60.0 gm L-1 caused increase fresh, 

dry weight of callus reach 6.38 gm, 2.35 gm respectively where as inhabited the water content percentage of callus to 63.28%. 

this treatment also increased regeneration of adventitious micro-shoots and gave the highest shoot and leaf numbers, length of 

shoots and leaf width reach 10.00 micro-shoot per 100 mg callus, 8.20 leaf per branch, 4.10 cm and 0.76 cm respectively.  

Keywords : Callus, PEG8000, Sucrose, adventitious, micro shoots, (Chrysanthemum hortorum Hort.).  

Introduction 

Drought is an environmental stress which is a major 

barrier to productivity of agricultural crops throughout the 

world. Crops exposed to this stressful environment are 

observed initially to have reduced growth rates (Rains, 1989). 

Drought severely disturbs water balance of plant body causes 

alterations in water uptake patterns of plant (Imran et al., 

2012; Waraich et al., 2011). Chrysanthemum 

(Chrysanthemum hortorum) belongs to Compositae 

(Asteraceae) family of plant (Chakravarty, 1976).Which is an 

important cut flower and pot plant throughout the world, The 

main problems faced by the Chrysanthemum grower are the 

different ranges of biotic and abiotic stress (Da silva, 2003; 

Song et al., 2014). Regarding abiotic stresses, one major 

issue that hampers the production And quality of the cut 

flowers of Chrysanthemum is drought, which makes water 

unavailable to the Chrysanthemum plants, this condition 

produces stunted plant growth, a low number of flower buds, 

a small flower size, a low number of fully bloomed flowers 

and flower sticks with a short shelf life (Li et al., 2015). In 

vitro selection technique has been used to improve abiotic 

environmental stresses such as drought tolerance (Gawande 

et al., 2005). Also in vitro technique used to obtain drought-

tolerance plant assuming that there is a correlation between 

cellular and in vivo plant response (Mohamed et al., 2000). 

For in vitro drought stress condition, two of the most popular 

approaches are used with high molecular weight osmatic 

substances, like poly ethylene glycol (PEG), this substance 

cannot cross membrane and cannot get in to the cell to 

change its osmotic potential (Dragiiska et al., 1996), Also 

PEG is nontoxic osmotic substance which is used to lower 

potential at the culture medium and it has been used to 

simulate drought stress in cultured plant tissues (Muhammad 

et al., 2010). The other osmotic substance, sugar which is not 

only provides the required carbon sources for plant growth, 

but in its original form, it also influences the osmotic 

potential in the culture medium (Shajahan et al., 2016). The 

aim of this study was to assess the changes in growth and 

osmatic potential of calli and in vitro shoot regeneration of 

Chrysanthemum hortorum. Hort. cv. dwarf Which is affected 

by PEG and sucrose, to induce water stress. 

Materials and Methods 

 The study was carried out in the plant tissue culture 

laboratory, college of Agriculture, University of Basra 

southern Iraq. Callus of (Chrysanthemum hortorum Hort. cv. 

dwarf) Plant which inducted from Leaf bases, (Fig. 1- A,B,C) 

100 mg of callus (16 weeks age) were cultured in test tube in 

the prepared MS medium (Murashag and skoog, 1962), 

obtained from American Coisson Labs Company. Which 

added of 4.33 gm L-1 of MS salt, Thiamine-HCl, Glycine, 

Nicotinic acid, pyridoxine were added at a concentration of 1 

mg L-1 for each of them,170 mg L-1 of sodium hydrogen 

orthophosphate, 40 mg L-1 adenine sulfate and added growth 

regulators, benzyl adenine at a concentration of 8 mg L-1 

combination with 1.0 mg L-1 naphthalene acetic acid. In first 

experiment drought was simulated by addition the osmotic 

agent with polyethylene glycol (PEG)8000 at concentrations 

0.0, 30.0, 40.0, 60.0 gm L-1 and the second experiment was 

supplemented with sucrose at concentrations 20.0, 30.0, 40.0, 

60.0 gm L-1. Two of osmotic agent were added to the MS 

medium prepared for the callus growth experiment and to 

induce adventitious micro-shoots in the second experiment. 

pH of each medium was adjusted at 5.7±0.1 using HCl and 

NaOH at one normality concentration before adding of 6-7 

gm L-1 Agar, and then MS medium was heated to 90Co using 

the hotplate magnetic stirrer. About 20 ml of MS media was 

added to culture tube and autoclaved at pressure of 1.0 

k.g.cm-2 for 20 min at 121Co. All cultures were maintained in 

an incubator at 25±2Co (24h light) for callus growth, The 



 
348 

following callus characteristics were measured under stress 

conditions after 8 weeks which included. 

1- Fresh weight of Growth callus by the following formula:  

 FWGC = W1-W0 / W0 (Chen et al., 2006) 

Where W0 is the weight of callus before treatment and W1 is 

the final weight of callus after 8 weeks.  

2- Dry weight of callus (DWC):  

 Fresh weight of callus in all concentrations of 

experiments was kept at 67C o for 24h and then 

weighted. 

3- Water content percentage: was Calculated by the 

following formula: 

WC% =[FW-DW/FW]* 100 where FW and DW are the 

fresh and dry weight of callus respectively.  

 Parts of test tubes contain grown callus in all 

treatments of PEG and sucrose were incubated under light 

condition to initiate micro-shoots for another 8 weeks under 

stress condition and number of micro-shoots formed per 100 

mg callus, Length of shoot (cm) number leaf/branch and 

width of leaf/cm were calculated. 

Experimental design and statistical analysis: 

Simple experiments were designed for study according 

to complete Randomized Design. An analysis of Variance 

was per formed and significant difference among treatment 

means were Calculated by the Least significant difference 

(LSD) test at a probability level of 0.01(Al-Rawi and Khalaf 

Allah, 2000). Each experimental treatment repeated 10 times. 

 

 

 

Results and Discussion 

Effect of osmotic stress by PEG on the characteristics of 

callus: 

100 mg of the callus tissue was initiated from leaf bases 

segments of chrysanthemum hortorum Hort. cv. dwarf. was 

cultured on MS medium supplemented with different 

concentration of water stress by PEG 0.0, 30.0, 40.0, 60.0 gm 

L-1, with BA 8 mg L-1 and 0.2 mg L-1 NAA, after eight weeks 

of culture under light. Results of this study table.1 indicate 

that increasing of PEG8000 concentration from 0.0 to 60.0 gm 

L-1 in to MS medium culture caused gradually decreases in 

callus FW, DW and WC percentage, it means there is a 

significant difference between examined treatments of 

drought by PEG8000 and control in all characteristics all 

values, The MS medium of 0.0 gm L-1 PEG8000 (control) gave 

the highest FW, DW and WC percentage 7.25 gm, 0.70 gm, 

90.24% respectively, while the lowest callus values was 

observed in MS medium supplemented with 60.0 gm L-1 

PEG8000 which reached to 1.32 gm, 0.48 gm, 63.50% 

respectively (Fig. 1, D) The reduction in callus growth may 

be related to the presence of PEG in the growth medium 

which in turn had an effect on the amount of endogenous 

growth regulators that response for cell division and cause 

reduced callus growth (FW, DW) (Aliyah et al., 2017). Or 

might be due that cells grown under stress may have more 

metabolic energy than those grown in the absence of stress, 

the extra energy is probably used up in regulating osmotic 

adjustment resulting in declined callus growth (Babu et al., 

2007). The effect of water stress by PEG has been widely 

reported (Hassan et al., 2004; Al- Taha, 2013 and Berhan et 

al., 2016) in sunflower, sour orange and cactus pear 

respectively. They reported that, callus induction decreased 

under higher PEG level. 

Table 1: Effect of different concentrations of PEG8000 gm L-1 on characteristics of callus Chrysanthemum hortorum. Hort. cv. 

dwarf. 

Water content persentag % Dry weight of gm/callus 
Fresh weight growth callus 

gm/ 
Treatment PEG8000 

gmL
-1

 

90.24 0.70 7.25 0.0 

85.31 0.61 4.14 30.0 

73.76 0.58 2.35 40.0 

63.50 0.48 1.32 60.0 

8.60 0.16 1.67 L.S.D≤ 0.01 

 

Effect of osmotic stress by PEG on regeneration 

adventitious micro-shoots 

Results in table 2 showed that calli regenerating micro 

shoots revealed a highly significant variation among the 

tested between different level of PEG8000 when added at 

concentrations 0.0, 30.0, 40.0 and 60.0 gm L-1 in MS medium 

which started after 8 weeks of callus experiments. 

At control (0.0 PEG8000) the highest value of numbers 

of micro-shoot per 100 mg callus, Length of micro-shoots per 

cm, number of leaves per branch and leaf width. Per cm were 

recorded 9.60 micro-shoot per 100 mg callus, 3.00 cm, 6.80 

leaves per branch, 0.28 cm respectively, This treatment 

showed highly significant values as compared with other 

levels of PEG8000 which were lowest regenerated micro-

shoots gradually when increased PEG8000 in MS medium 

from 30.0 to 60.0 gm L-1 which reached 6.40 /per 100mg 

callus, 2.04cm, 5.40 /branch, 0.22 cm and 2.60 per 100 mg 

callus, 0.22 cm, 2.40 branch, 0.10 cm respectively (Fig. 1- 

E). 

The typical decrease in plant regeneration in callus cells 

of crop plants in response to water stress is due to water short 

age in the cells which leads to a decrease in cell turgor and 

eventually cell growth, In addition PEG in the medium 

causes cell dehydration by reducing water availability to 

cells, which leads to a loss of cell turgor and tience a loss of 

growth (Heyser and Nabors, 1981). Similar this findings in 

(Wani et al., 2010; Begum et al., 2011 and Mengesha et al., 

2016) who reported that an increased PEG stress level in MS 

medium caused reduction in plant regeneration percent in 

Rice, Sugarcane, and Cactus pear respectively and also 

Kulkarui and Deshpande, 2007 reported that decrease in 

shoot length at tomato has been observed with increasing 

PEG concentrations. 
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Table 2: Effect of different concentrations of PEG8000 gm L-1 on adventitious shoot formation from callus of Chrysanthemum 

hortorum. Hort. cv. dwarf. 

Width of the cm /leaf 
Number of leaf 

branch/ 
Length of micro-

shoots cm/  

Numbers of micro-

shoot per100 mg 

callus 

Treatment PEG8000 

gmL-1 

0.28 6.80 3.00 9.60 0.0 

0.22 5.40 2.04 6.40 30.0 

0.14 3.60 0.38 4.80 40.0 

0.10 2.40 0.22 2.60 60.0 

0.10 1.17 0.66 1.34 L.S.D≤ 0.01 

 

 

Effect of osmotic stress by sucrose on characteristics of 

callus  

 The results of variance analysis related to effect of 

different level of sucrose 20.0, 30.0, 40.0, 60.0 gm L-1 on 

FW, DW and WC percentage callus were shown in Table 3. 

A significant callus growth in all values characteristics was 

observed when the concentration of sucrose in MS medium 

was increased from 20.0 gm L-1 to 60.0 gm L-1, The highest 

FW , DW and WC percentage of callus was obtained in MS 

medium supplemented with 60.0 gm L-1 sucrose and this 

level was significant as compared with the other treatments 

which reached to 6.38 gm, 2.35 gm, 63.28% respectively, but 

the lowest values of callus and water content percentage were 

observed in MS medium containing a least amount of sucrose 

(20.0 gm L-1) which reached to 3.71 gm, 0.33 gm, 90.98% 

respectively (Fig. 1- F). Carbohydrate concentration have 

been found to play important roles in different stages at the 

tissue culture processes, because plant cell, tissue or organ 

culture normally requires a Carbohydrate supply in order to 

satisfy energy demands (Amiri and Kazemitabar, 2011). 

Similar to this finding results were obtained by another 

worker (Al–Khayri and Al–Bahrany, 2001; Mandal and 

Datta, 2005; Abdul mujib et al., 2009; Ibrahim et al., 2012), 

on plants (Citrus aurantifolia, Chrysanthemum morifolium, 

Digitalis lanata, Citrus sinensis L. Osbeck) respectively they 

reported that callus growth when concentration of sucrose in 

MS medium was increased. 

 
Table 3: Effect of different concentrations of sucrose gm L-1 on characteristics of callus Chrysanthemum hortorum. Hort. cv. 

dwarf. 

Water content persentag 

% 
Dry weight of gm /callus 

Fresh weight growth callus 
gm/ 

Treatment Sucrose gm L
-1

 

90.98 0.33 3.71 20.0 

83.27 0.76 4.46 30.0 

75.90 1.29 5.37 40.0 

63.28 2.35 6.38 60.0 

2.77 0.36 1.16 L.S.D≤ 0.01 

 

 

Effect of osmotic stress by Sucrose on regeneration 

adventitious micro shoots:-  

Results in table 4 showed the effects of MS medium 

supplemented with vary levels of sucrose 20.0, 30.0, 40.0, 

60.0 gm L-1 which started after 8 weeks of callus experiment. 

A many new adventitious micro-shoots were regenerated at 

the upper and around of the callus in all treatments of 

osmotic stress by Sucrose (Fig.1- G, H, I, J). However, a 

significant difference increases in number of indirect 

adventitious micro-shoots per 100 mg of callus, length of 

micro shoots, number of leaf/branch and leaf width were 

observed in MS medium supplemented with 60.0 gm L-1 

sucrose 10.00 micro-shoot per100 mg callus, 4.10 cm, 8.20 

per branch, 0.76 cm respectively. The lowest average in new 

shoots per 100 mg callus, length of micro shoot and number 

of leaves per branch were found in medium supplemented 

with low level of sucrose 20.0 gm L-1 which reached to 1.60 

micro-shoot per100 mg callus, 0.28cm, 2.60 per branch, 0.16 

cm respectively (Fig.1- K). It means that the regeneration of 

adventitious micro shoot per 100 mg callus and the other 

characteristics were increased due to increase in the level of 

osmotic stress by Sucrose in MS medium. Sucrose is widely 

used as a standard carbon source for plant tissue culture, In 

living plant cells, carbohydrates are necessary as a source of 

energy and a carbon substrate for biosynthesis. A continuous 

supply of carbohydrates to plants cultured in vitro is 

essential, since photosynthetic activity of in vitro growth 

tissue is usually reduced. These compounds are also 

necessary in media to influences the osmotic potential, For 

all these reasons, sugar have great potential effect on the 

physiology, growth and differentiation of cell (Gibson, 

2000). This study is in agreement with Amutha et al., (2003) 

who reported that sucrose evoked maximum regeneration 

frequency and increased the number of regenerating shoots, 

Nowak et al. (2004) reported that sucrose was a better carbon 

than glucose for organogenesis of Wegierka zwykla. Jala 

(2012) reported that 6% sugar gave the highest average new 

shoots and leaves per bunch of curcuma plant. 

 

 

 

Huda A.A. Al-Taha and Lamiaa H.M. Mazine 



 
350 

Table 4: Effect of different concentrations of sucrose gm L-1 on adventitious shoot formation from callus of Chrysanthemum 

hortorum. Hort. cv. dwarf. 

Width of the cm /leaf Number of Leaves 
branch/ 

Length of micro-
shoots cm/   

Numbers of micro-

shoot per100 mg 

callus 

Treatment 

Sucrose gmL-1 

0.16 2.60 0.28 1.60 20.0 

0.26 3.80 0.94 2.40 30.0 

0.44 5.00 1.20 5.00 40.0 

0.76 8.20 4.10 10.00 60.0 

0.10 1.37 0.60 1.17 L.S.D≤ 0.01 

 

Conclusions 

This study has characterized the responses of callus 

which induced from base of leaf and regeneration 

adventitious micro-shoots of Chrysanthemum hortorum Hort. 

cv. dwarf to osmotic stress by PEG8000 and Sucrose. Results 

showed that increasing the PEG8000 in MS media, inhibited 

FW, DW, WC percentage and regenerated adventitious 

micro-shoot, where as increasing Sucrose in MS media 

encourage FW, DW, while inhibited WC percentage of callus 

and increased regenerated of adventitious micro-shoots. 

 
Fig. 1) Indirect organogenesis under osmotic stress. (  

 (A)base of leaf segment 0.4-0.6 cm(B) Intiated callus from base of segment on MS medium+BA at 0.0, 5.0, 6.0, 7.0, 0.8 mg L-1 +1.0 mg L-1 

NAA after 8 weeks.(c)Reculture of callus on MS medium with 8 mg L-l BA +1.0 mg L-1 NAA after 8 weeks (D)callus and (E) adventitious 

shoot grown on MS medium with PEG at 0.0, 30.0, 40.0, 60.0 gm L-1 . (F) callus grown on MS medium with sucrose at 20.0, 30.0, 40.0, 60.0 
gm L-1. (G) intiated small micro-shoot from callus on MS with 60.0 gm L-1 sucrose (microscope picture) . (H, I, J) micro-shoots grown on 

MS + 60.0 gm L-1. (K) adventitions shoots grown on MS + sucrose at 20.0, 30.0, 40.0, 60.0 gm L-1 after 8 weeks. 

 

Abbreviations:  
BA: 6-Benzyl adenine  NAA: α-Naphthalene acetic acid  MS: Murashige and Skoog salts 
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