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INTRODUCTION 

 

Ginger (Zingiber officinale Rosco) belonging to the family Zingiberaceae is one 

of the world’s most important spices and produces a pungent, aromatic rhizome 

that is valuable all over the world not only as a spice but also as herbal medicine 
for its health promoting properties. Based on several reports (Rout et al., 2001, 

Guo and Zhang, 2005, Ma and Gang, 2006, Guo et al., 2007, Guan et al., 2008 
and Zheng et al., 2008) ginger, is constrained severely can summarized as 

following: (1) ginger normally propagates by its rhizome, with a low proliferation 

rate, and the reproducing part (the rhizome) is also the economically used part of 
the ginger plant, which restricts the availability of ginger seeds needed for 

cultivation, (2) easily infected by soil-born pathogens such as bacterial wilt 

(Pseudomonas solanacearum), soft rot (Pythium aphanidermatum), and 
nematodes (Meloidogyne spp.), which cause heavy losses in yield.  

Ginger micro-rhizomes were induced by few authors i.e. Sharma and Singh 

(1995) who found that, MS medium supplemented with 8 mg/L BAP produced 
the microrhizomes. However, Bhat et al. (1994) and Zheng et al. (2008) they 

indicated that, ginger rhizome formation in vitro is affected by many factors, 

including photoperiod, mineral nutrition, culture methods (liquid or solid 
culture), and carbon source. In addition, Rout et al. (2001) concluded that, the 

indication under 24-h photoperiod helped in production of ginger rhizomes and 

Roh et al. (1996) who reported that young plantlets of ginger formed rhizomes 
when cultured on MS medium containing sucrose 90 g/L. on other hand, 

Archana et al. (2013) developed ginger microrhizome protocol for large scale 

production using MS medium supplemented with externally added NH4NO3 

The advantages of in vitro micro-rhizomes production of ginger can be 

summarized in the following points; (i) microrhizomes production in vitro in a 

sterile conditions during any season, (ii) using microrhizomes has commercial 
potential for micro-propagation, (iii) microrhizomes can be used as pathogen free 

seed rhizomes specially in regions with high disease pressures and (iv) 

microrhizomes are easily storage, transport and can used in germplasm 

conservation. Therefore, the present investigation was carried out to highlight an 

effective, reliable and reproducible protocol for in vitro production of ginger 

microrhizomes.  

 

MATERIALS AND METHODS 

 

In vitro micro-rhizomes production 

 

Four to five centimeter long of the in vitro derived shootlets (Abbas, et al. 2011) 
were separated from the initial culture and transferred to solid MS medium 

(Murashige and Skoog 1962 ) supplemented with different concentrations of 

sucrose (30, 60 and 90 g/L), BAP (3, 6 and 9 mg/L) and 0.7% agar. Each 

treatment consisted of 5 replicates in addition to the control treatment as follows: 
 

  Sucrose (g/L) Growth regulator 

HC MS basal free sucrose 

H1 MS + 30 + 3 mg/L BAP 

H2 MS + 30 + 6 mg/L BAP 

H3 MS + 30 + 9 mg/L BAP 

H4 MS + 60 + 3 mg/L BAP 

H5 MS + 60 + 6 mg/L BAP 

H6 MS + 60 + 9 mg/L BAP 

H7 MS + 90 + 3 mg/L BAP 

H8 MS + 90 + 6 mg/L BAP 

H9 MS + 90 + 9 mg/L BAP 

 

The solidified MS cultures media were divided into two groups the first group 
was incubated under a 16-h/day photoperiod at intensity of 3000 Lux from cool 

light fluorescent lamps for 10 weeks (two subcultures). The second was 

maintained in darkness conditions for 10 weeks (two subcultures). All cultures 

were incubated at 25 1° C. For each combination of previous media, three 

experiments were carried out consisting of 30 treatments for each 5 replicates 

under light and darkness conditions. The following measurements were 
considered as follow: number of rhizomes formation, number of buds, rhizomes 

fresh weight / jar (g), rhizomes dry weight / jar (g), dry matter content (%) the 

percentage of dry matter contents was estimated according the following 
equation: dry matter content (%) = (dry weight x100)/fresh weight, average 

number of buds/rhizome was estimated as follows: the total number of buds 

divided by the total number of rhizomes formation and average weight of micro-
rhizome (g) was estimated as follows: the total rhizomes fresh weight (g) divided 

by the total number of rhizomes formation.  

 

Statistical analysis  
 

The resulted data were subjected to statistical analysis, employing F-test for 
significance at P ≤ 0.05 using MSTAT C program and computing of "Least 

Significant Difference (L.S.D.)" values to separate means in different statistical 

groups according to described method by Gomez and Gomez (1984). 

 

 

 

 

 

The present investigation was carried out to highlight an effective protocol for in vitro production of ginger microrhizomes. 

Microrhizomes were induced at the base of the in vitro derived shoots upon transfer to MS medium containing various concentrations of 

(30, 60 and 90 g/L), BAP: 6-benzylaminopurine (3, 6 and 9 mg/L) and grown under varying photoperiodism in addition to the MS 

medium supplemented with 9 mg/L BAP and 60-90 g/L sucrose under 16-h photoperiod within 10 weeks of cultivation were the best 

conditions for microrhizomes induction. Ginger microrhizomes formation in vitro was found to be controlled by many factors, including 

the concentrations of BAP and sucrose as well as photoperiodism during culturing period. 
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RESULTS AND DISCUSSION 

 

Number of rhizomes formation 

 
Data tabulated in Table (1) and illustrated in Figures (1, 2 and 3) showed that, the 

overall results of this experiment. The effects of three different concentrations of 

sucrose and BAP on microrhizomes produced were tested under light (16-h/day) 
and darkness (24-h/day). Basal part of the shoots started swelling within 1- to 2-

months-old culture, which was a signal for a process of rhizomes formation then 

rhizomes had characteristic yellow-orange color and possessed a fresh aromatic 
odor when cut. Lineally functional storage organs, rhizomes, had formed in vitro. 

Generally, significant difference was observed in number of rhizomes/ 
concentrations of sucrose, BAP and photoperiodism incubation.  

Initially, induction of rhizomes was influenced significantly by photoperiodism 

exposure. However, under both photoperiodism conditions in continuous 
darkness, the lower number of rhizomes initiation was recorded comparing with 

light condition.   

Photoperiod was reported to play a key role in induction of in vitro storage 
organs by Nayak (2000) who found that, 8-h photoperiod was the optimum for 

induction of microrhizomes of Curcuma aromatica. Moreover, Rout et al. (2001) 

concluded that, the indication under 24-h photoperiod helped in production of 
maximum number of ginger rhizomes as compared to 8- or 16-h photoperiod. In 

addition, Zheng et al. (2008) cleared that, the best condition for maximum ginger 

microrhizome production, was incubation of cultures under complete 
illumination of 24-h continuous light. 

On other hand, Shirgurkar et al. (2001) found that incubation under dark at 

25±1°C was optimal condition for microrhizome production of Curcuma longa 
L. (Zingeberaceae). However, Tyagi et al. (2006) indicated that, rhizome 

formation occurred under all the three treatments of light, and no significant 
effect of light treatments (16-h, 24-h, and darkness) was observed on induction of 

rhizomes in ginger. 

Impact of sucrose on number of rhizomes formation: the in vitro rhizome 
formation was significantly influenced by sucrose level (Table 1). Further, it 

could be noticed that when sucrose concentration was low in rhizome induction 

medium the number of rhizomes will be decreased under light condition. High 
amount of sucrose promoted formation a high number of rhizome formation. In 

this respect, the highest number of rhizomes production was recorded with MS 

medium treated with 90 and 30 g/l sucrose under light and darkness conditions, 
respectively. The obtained data suggest a simple direct relationship between 

carbohydrate availability and rhizomes formation. Superficially, the presence of 
adequate sugar appears to trigger rhizomes genesis. The enhanced rate of in vitro 

microrhizome formation with increasing concentration of sucrose may be 

attributed to the presence of high carbon energy in sucrose since rhizomes mostly 
contain carbohydrates and sucrose (Nayak, 2000). The stimulation of tuber, 

bulbs and rhizomes formation by increasing sucrose concentrations in the 

medium has been reported by Rout et al. (2001) they cleared that, at a higher 
concentration of sucrose (3-8%) there was an increase in the percentage of 

rhizome formation of ginger and number of rhizomes per plant. Further, the 

maximum rhizome formation was observed in medium containing 6-8% of 
sucrose. Furthermore, Martin (2003) found that, the bulbs were formed at the 

base of each shoot on medium supplemented with 6 or 8% sucrose exhibited an 

increased tendency to develop into rhizomes of Ipsea Malabarica. Moreover, 
Ebrahim (2004) cleared that, superior Calla rhizome formation was obtained on 

MS-basal medium containing sucrose (70 g /L).  

 

 

Table 1 Effect of MS medium supplemented with different concentrations of sucrose and BAP on number of rhizomes formation, number of buds, fresh and dry 
weights (g/jar) of Zingiber officinale after 10 weeks of cultivation under light (L) or darkness (D) conditions at 25±1°C. 

Code Sucrose (g/L) 
BAP 

(mg/L) 

Number of rhizomes Number of buds 
Fresh weight 

(g/jar) 

Dry weight 

(g/jar) 

L D L D L D L D 

HC MS basal free sucrose 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 

H1 30 3 3.33 4.67 3.67 5.67 1.03 0.66 0.06 0.069 

H2 30 6 9.67 13.67 33.67 39.33 5.07 4.90 0.27 0.300 

H3 30 9 4.33 7.67 37.33 50.67 7.48 5.80 0.37 0.291 

H4 60 3 9.67 9.00 34.33 32.00 5.73 3.40 0.55 0.412 

H5 60 6 7.67 9.00 51.33 42.33 6.99 5.14 0.64 0.497 

H6 60 9 10.00 4.67 66.00 14.00 9.45 1.58 0.74 0.149 

H7 90 3 14.00 10.67 51.33 37.00 5.33 4.19 0.92 0.712 

H8 90 6 14.67 11.33 43.00 31.67 4.31 3.32 0.93 0.564 

H9 90 9 15.33 11.33 51.67 34.33 7.20 3.87 1.01 0.688 

LSD0.05 
A, B 0.86 1.33 1.60 1.62 0.13 0.32 0.03 0.011 

AB 1.49 2.30 2.78 2.80 0.23 0.05 0.05 0.020 

Legend: A - Concentration of sucrose, B - BAP levels, AB – Interaction 

 

 
Figure 1 Morphological characters of Zingiber officinale inductive micro-

rhizomes plantlets growing on MS medium fortified with 60g/l sucrose and 9 

mg/l BAP after 10 weeks of cultivation under light and darkness conditions at 

25±1°C. 
 

 

 
 

 

 
 

 

 
Figure 2 In vitro production of Zingiber officinale microrhizomes. A&B: 

represent shoots showing swollen bases on microrhizome induction medium and 

C: Microrhizomes of different sizes harvested after 10 weeks of incubation under 

light condition at 25±1°C. 

Darkness 

Light 

Light 
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Figure 3 In vitro production of Zingiber officinale microrhizomes. A: Plantlet, 

B: represent shoots showing swollen bases on microrhizome induction medium 

and C: Microrhizomes of different sizes harvested after 10 weeks of incubation 
under darkness condition at 25±1°C. 

 

In addition, Chirangini and Sharma (2005) examined induction of 
microrhizome in Zingiber cassumunar and found that the best responses in terms 

of microrhizomes number (up to 6 microrhizomes per culture tube) were obtained 

with MS media supplemented with 7 and 9% sucrose. Whereas, Jo et al. (2009) 

cleared that, sucrose may be essential as an osmoticum, as an energy source and 

at higher concentration it may have a role as a signal for microtubers formation. 

Impact of cytokinin level on number of rhizomes: the BAP level had significantly 
influenced the in vitro number of rhizomes formation (Table 1). Data displayed 

that MS medium supplemented with 9 mg/l BAP indicated the best results of in 

vitro rhizomes formation under light conditions while supplementation of MS 
medium with 6 mg/l BAP was more favorable for microrhizomes induction under 

darkness.  

The effect of cytokinin level on growth and development in vitro rhizomes was 
supported by Bhat et al. (1994) and Zheng et al. (2008) they indicated that, 

ginger rhizome formation in vitro is affected by many factors, including 

photoperiod, mineral nutrition, culture methods (liquid or solid culture), and 
carbon source. In addition, Kapoor and Rao (2006) they indicated that, plant 

growth regulators are known to affect normal shoot organogenesis, which can be 

modified to generate tubers, rhizomes and corms.  
Figure (4) show that the significant interaction between sucrose, BAP and 

photoperiodism on number of rhizomes produced per culture. Cultures treated 

with 90 g/L sucrose and 3, 6 and 9 m/L BAP under light conditions gave the 

highest number of micro-rhizomes 14, 14.67 and 15.33, respectively. While 

cultures incubated under darkness and treated with 30 g/L sucrose and 6 m/L 

BAP gave the highest number of rhizomes (13.67) without significant differences 
between them. 

 

Number of buds formation 

 

Sucrose, BAP and photoperiodism treatments significantly affected on number of 

buds formation at the 5% level. The effects of light and darkness conditions on 
number of buds formation of ginger cultures incubation at 25°C were 

investigated. The obtained results are presented in Table (1) and Figures (1, 2 and 
3), which showed that, the number of buds formation under 16-h photoperiod was 

significantly better than that produced under darkness. Similarly, Mantell and 

Hugo (1989) who indicated that, photoperiod had a strong effect on microtuber 
induction, with 8-h photoperiods being more effective for higher microtuber 

induction frequencies in Dioscorea alata and D. bulbifera. In addition, Pruski et 

al. (2002) indicated that, eight hours photoperiod was far the best treatment for 

the production of high-quality uniform microtubers of potato.  

Concerning, the effect of sucrose concentrations on in vitro micro-rhizomes 

production: In order to develop an optimized standard protocol, effects of 
different concentrations of sucrose were investigated under fully darkness and 

16-h photoperiod (Table 1). It was observed that sucrose plays a significant role 

in number of buds formation however; the moderate concentration of sucrose (60 
g/L) produced the maximum number of buds under 16-h photoperiod. While, the 

maximum number of buds formation was observed with low or high 

concentrations of sucrose (30 and 90 g/L) under darkness condition. These results 
were in accordance with those obtained by Roh et al. (1996) who reported that 

young plantlets of Zingiber officinale Rosco formed rhizomes when cultured on 
MS medium containing sucrose 90 g/L. 

Regarding, the effects of the presence of a different levels of BAP (3, 6 and 9 

m/L) on number of buds formation were investigated and the obtained results are 
presented in Table (1). Among the different concentrations of BAP, MS medium 

supplemented with 9 mg/L BAP was exhibited a better response in terms of mean 

number of buds formation. However, the average number of buds formation was 
30, 43 and 52 buds from 3, 6 and 9 mg/L BAP, respectively. These results are in 

accordance with those obtained by Sharma and Singh (1995) who found that, 

MS medium supplemented with 8 mg/L BAP produced the maximum buds 
number of microrhizomes in ginger. On other hand, Kapoor and Rao (2006) 

found that, increase in the concentration of BAP led to a reduction in percentage 
of cultures forming rhizomes in Bambusa bambos cultures 

With respect to the influences of photoperiodism, sucrose, and BAP on number 

of buds formation, the relative effects of these characters are summarized in 
Figure (5). The maximum number of buds formation was produced from MS 

medium included 60 g/l sucrose and 9 mg/l BAP under light condition with 

significant difference comparing with other treatments. 
  

Rhizomes fresh weight (g) 

 
All tested factors, sucrose, BAP and photoperiodism significantly affected on 

rhizome fresh weights. The difference between two photoperiodism treatments on 

rhizome fresh weights was significant. However, careful observations of data in 
Table (1) and Figures (1, 2 and 3) clearly show that, the highest rhizome fresh 

weights was obtained in cultures incubated under light condition 16-h/day with 

average 5.8 (g/jar). While, incubation under darkness condition produce lowest 
rhizome fresh weights with average yield 3.7 (g/jar) that may be due to the 

incubation under light condition the increase in the productivity of the plants can 

be attributed to increase in the photosynthetic rate comparing with darkness 
conditions that caused increasing in amounts of produced energy in storage part 

(rhizome). In contrary, the incubation under darkness conditions; the respiration 

rate was higher than photosynthesis rate and this destroyed the storage energy in 
plant (Figure 5). These results are in harmony with those reported by Slimmon et 

al. (1989) they found that, photosynthate translocation to a microtuber, which 

acts as a sink, could account for the increase in fresh weight of microtubers 

produced under the light regime. Moreover, Jean and Cappadocia (1992) found 

that, the largest Dioscorea alata tuber biomass was formed on MS medium under 

8-h photoperiod. In addition, Das et al. (1999) reported that, the formation of 
tuber in vitro was attributed to active photosynthesis, which supplied additional 

energy necessary for tubers formation. 

 

 
Figure 4 Influence of the interaction between sucrose, BAP and photoperiodism 

on number of rhizomes formation. Error bars are ±SE. Treatments that are not 

significantly different at the 5% level are indicated by the same letters. 
 

 
Figure 5 Influence of the interaction between sucrose, BAP and photoperiodism 
on number of buds formation. Error bars are ±SE. Treatments that are not 

significantly different at the 5% level are indicated by the same letters. 

 
Concerning the influences of sucrose on rhizomes fresh weight: sucrose 

concentrations were significantly different (P ≤ 0.05) among the different 
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treatments. It is evident from the obtained data (Table 1) that, cultures incubated 
under light conditions were more benefit of presence of sucrose in culture 

medium comparing with cultures incubated under fully dark condition. However, 

the moderate and high concentrations of sucrose (60-90g/l) produced the highest 
mass production of rhizomes. In contrast, the limited effects of sucrose under 

darkness condition may be due to utilizations of sucrose in photosynthesis 

processes to produce energy by green plantlets under light conditions.  
The obtained results of the present investigation support to Lauzer et al. (1992) 

they reported that, in Dioscorea mangenotiana, no tubers were obtained on media 

containing either 20 or 80 g/ l sucrose, under all the light conditions tested. On 
media containing 40-60g/L sucrose in vitro produced the biggest tuber. However, 

Islam et al. (2004) found that, nine percent sucrose was found to be the most 
suitable for microrhizome production and gave the largest microrhizome of 

Curcuma longa in vitro. In addition, Chithra et al. (2005) found that, sucrose at 

6–8% added to the optimal medium was most favorable for rhizome formation of 
Kaempferia galangal and the rhizomes were >100 mg after 70 days of culture. 

Moreover, Ondo Ovono et al. (2009) reported that, for mass production of 

microtubers in yam, the bigger tubers were obtained on high sucrose media 
which could be containing more carbohydrate reserves.  

The influences of BAP at different concentrations on rhizome fresh weight are 

shown in Table (1). Overall results cleared that, there are a positive relationship 
between increasing of BAP concentrations (3, 6 to 9 mg/L) and rhizome fresh 

weight under light conditions with average 4.03, 5.45 and 8.04 g, respectively. At 

the contrary, no relationship was observed between increasing of BAP 
concentrations (3, 6 to 9 mg/L) and fresh rhizome weights under fully darkness 

condition with average of 2.75, 4.45 and 3.75 g, respectively. Similar 

observations had been described by Medina et al. (2009) who reported that, BAP 
addition to the culture medium promoted root tubers formation in Habenaria 

bractescens and they found that MS medium with 87.6 mM sucrose plus 4.4 μM 

BAP was one of the most effective for stimulating root tubers.  
On the other hand, Ghosh et al. (2007) indicated that, cytokinins were showed 

strong inhibitory effect on secondary tuber production; BA showed inhibitory 

effect and Kin failed to promote tuber growth of Gloriosa superb. In additions, 
Sarkar et al. (2006) indicated that, unambiguously proved that exogenous 

cytokinins did not have any stimulatory role in tuber growth of potato after 

induction. 

There were significant interactions between sucrose, BAP and photoperiodism on 

fresh weight of rhizomes as shown in Figure (6) a greatest total rhizome mass 

was produced from MS medium included 60 g/L sucrose and 9 mg/L BAP under 
light conditions with significant difference as compared with other treatments.  

 

Rhizomes dry weight (g) 

 

Overall results showed significant differences between two photoperiodism 

treatments applied at the 5% level. However, data in Table (1) revealed that, the 
highest dry weight of rhizomes had been obtained in cultures incubated under 

light condition (16-h/day) as compared with that produced under darkness 

conditions. That pointed to the positive effect of light on accumulation of 
microrhizomes dry weight of ginger. Our results were in accordance with those 

reported by Ng (1988) who reported that, the most favorable day length for tuber 

induction was that of 12-h and 16-h day length. Short day length and continuous 
light were not suitable for tuber induction in tuberization of white yam 

Effects of sucrose: sucrose concentrations affected significantly (P ≤ 0.05) among 

the different treatments (Table 1). Careful observation revealed that, there was a 
direct relationship between increasing sucrose concentrations and rhizome dry 

weights in cultures incubated under different photoperiodism. The obtained 

values of rhizomes dry weights were obtained from cultures treated with 30, 60 
and 90 g/L sucrose giving 0.23, 0.64 and 0.95, respectively under light 

conditions. While, incubation under fully darkness condition MS medium 
supplemented with 30, 60 and 90 g/L sucrose produced 0.22, 0.35 and 0.65 g dry 

weights/jar. 

The impact of BAP levels on rhizomes dry weight: most of the obtained results 
showed significant effect of different concentrations of BAP on dry weight of 

rhizomes at 5% level. Data in Table (1) show that, the presence of high 

concentration of BAP enhanced rhizomes dry weight under 16-h light and the 
highest value of dry weight (1.01 g) was recorded with MS medium 

supplemented with 9 mg/L BAP. On the contrary to our expectations, the 

moderate concentration of BAP (6 mg/L) was more favorable under darkness 
condition and gave 0.45 g of rhizomes dry weight/jar. These results were in line 

with that concluded by Omokolo et al. (2003) who reported that, BAP is well 

known that exogenous growth regulators control the orientation of soluble 
carbohydrate flux and thus intervene in the development of tubers. The same 

authors indicated that, presence of growth regulators in the medium can influence 

or mask certain physiological and/or biochemical parameters linked to the 
tuberization of the plant. 

In view of the possible interactions between three studied factors (sucrose, BAP 

and photoperiodism) are shown in Figure (7). The highest value of rhizome dry 
weight was produced from MS medium contained 90 g/L sucrose and 9 mg/L 

BAP under light conditions with significant difference comparing with other 

treatments.  
 

Dry matter content (%): 
 

Results in Table (2) indicate that, sucrose, BAP and photoperiodism had 

significant effect on percentage of dry matter content at 5% level. Generally, the 

effects of photoperiodic regime on dry matter content were evaluated in Table 
(2). The percentage of dry matter content was higher with rhizomes obtained at 

darkness conditions as compared to rhizome obtained under light condition. 

Effects of exposure cultures to light and dark was studied by Dobránszki and 

Tábori (2010) who cleared that,  tuberization of potato was induced by adding an 

8% sucrose solution to 4-week old plantlets and keeping them 2 weeks under 

short or long days (8 and 16 h /day, respectively) followed by darkness for 9 
weeks. 

 

 

Table 2 Influence of MS medium supplemented with different concentrations of sucrose and BAP on dry matter content (%), average number of buds/rhizome and 

average weight of microrhizome (g) of Zingiber officinale after 10 weeks of cultivation under light (L) or darkness (D) conditions at 25±1°C 

Code Sucrose (g/L) 
BAP 

(mg/L) 

Dry matter content (%) 
Average number of 

buds/rhizome 

Average weight of 

microrhizome (g) 

L D L D L D 

HC MS basal free sucrose 0.00 0.00 0.00 0.00 0.00 0.00 

H1 30 3 6.21 10.38 1.14 1.22 0.32 0.14 

H2 30 6 5.39 6.13 3.49 2.88 0.53 0.36 

H3 30 9 4.96 5.02 8.65 6.63 1.74 0.76 

H4 60 3 9.52 12.11 3.55 3.59 0.59 0.38 

H5 60 6 9.19 9.66 6.71 4.84 0.92 0.59 

H6 60 9 7.79 9.43 6.65 3.02 0.95 0.34 

H7 90 3 17.34 16.99 3.67 3.52 0.38 0.40 

H8 90 6 21.63 17.00 2.93 2.80 0.30 0.29 

H9 90 9 14.00 17.76 3.38 3.09 0.47 0.35 

LSD0.05 
A, B 0.44 0.33 0.40 0.49 0.07 0.06 

AB 0.77 0.57 0.70 0.86 0.13 0.11 

Legend: A - Concentration of sucrose, B - BAP levels, AB - Interaction 
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Figure 6 Effect of the interaction between sucrose, BAP and photoperiodism on 
rhizomes fresh weight (g). Error bars are ±SE. Treatments that are not 

significantly different at the 5% level are indicated by the same letters. 

 

 
Figure 7 Effect of the interaction between sucrose, BAP and photoperiodism on 

rhizomes dry weight (g). Error bars are ±SE. Treatments that are not significantly 

different at the 5% level are indicated by the same letters. 
 

Regarding, the effect of sucrose on dry matter content (%): sucrose concentration 

in the culture media had a significant effect on dry matter content (%) as shown 
in Table (2). Careful observation revealed that, there was a direct relationship 

between increasing of sucrose concentrations and the percentage of dry matter 
content. Increase of sucrose concentration in the culture medium increased the 

dry matter content. A sucrose concentration of 90 g /l in the culture medium was 

considered optimal for accumulation of dry matter content (%) in rhizomes of 
ginger under the photoperiod regime. Similarly result was reported by Gamburg 

et al. (1999) who found that, dry  matter content of Jerusalem artichoke 

microtubers was observed to be unusually high (up to 30% at 8–10% sucrose). 
The effects of the presence of a different concentrations of BAP (3, 6 and 9 m/l) 

on percentage of dry matter content were tested and the obtained results are 

presented in Table (2). A significant difference can be noted between treatments 

had different concentrations of BAP. Increasing the BAP concentrations in the 

medium did not promote the accumulation of dry matter content of rhizomes and 

high contents of BAP in culture medium caused a significant decrease in dry 
matter content. The highest percentage of dry matter content (13.16 %) was 

recorded MS medium treated with 3 mg/L BAP under fully darkness conditions. 

In contrast, the lowest percentage of dry matter contents (8.91 %) was recorded 
with 9 mg/L BAP under light conditions. Moreover, Aksenova et al. (2009) 

indicate that cytokinins play a dual role in the control of potato tuberization: 

increased cytokinins content in the leaves and growing potato shoots inhibits 
tuberization, whereas local enrichment with cytokinins the zones capable of tuber 

formation stimulates this process. 

There were significant interactions between sucrose, BAP and photoperiodism on 
percentage of dry matter content as presented in Figure (8) the highest percentage 

of dry matter content was produced from MS medium included 90 g/L sucrose 

and 6 mg/L BAP under light conditions with significant difference comparing 
with other treatments.  

 

Average number of buds formation/rhizome 

 

Average number of buds formation/rhizome was significantly influenced by 

different photoperiodism. The response of the rhizomes, in terms of average 
number of buds formed per rhizome, was much greater in cultures incubated 

under light conditions than those cultures incubated under darkness conditions. 

The effects of different concentrations of sucrose on average number of 
buds/rhizome formation were investigated under fully darkness and 16 h 

photoperiod. It was observed that number of buds formed per rhizome 

significantly changed at the 5% level between different cultures treated with 
different concentrations of sucrose. Data in Table (2) show that, the moderate 

concentrations of sucrose (60 g/L) produced the maximum number of buds 
formed per rhizome under two photoperiods regime.  

 

 
Figure 8 Effect of the interaction between sucrose, BAP and photoperiodism on 
percentage of dry matter content. Error bars are ±SE. Treatments that are not 

significantly different at the 5% level are indicated by the same letters.  

 
The influences of the presence of a different concentrations of BAP (3, 6 and 9 

m/l) on number of buds formed per rhizome were tested and the obtained results 

are presented in Table (2). A significant difference can be noted between 
treatments had different concentrations of BAP. A direct relationship between 

increasing the concentrations of BAP and number of buds formation/rhizome was 

observed. Similarly, Roy and Banerjee (2002) concluded that, exogenous plant 
growth regulators were crucial for improved induction and growth rhizomes of 

Geodorum densiflorum.  

The highest number of buds formed per rhizome was recorded with MS medium 
treated with 3 mg/L BAP in presence of 30 g/L sucrose (Figure 9) with 

significant difference comparing with other treatments that may be due to 

previous treatment gave the biggest rhizomes. 

 

Average fresh weight of microrhizome (g) 

 
Microrhizomes produced under 16-h light/day treatment had a significantly 

higher average microrhizome fresh weight than those produced in total darkness. 

However, the effects of different concentration of sucrose on average of 
microrhizome fresh weight were investigated under fully darkness and 16-h 

photoperiod. It is evident from the obtained data (Table 2) that, there is a reverse 

relationship between increasing of sucrose concentrations and average of 
microrhizome fresh weight under light conditions. While, it seems; from 

regenerated data that no relationship had been formed between sucrose 

concentrations and average of microrhizome fresh weight under fully darkness 
condition. Data also show that, the highest value of microrhizome fresh weight 

was recorded with 90 and 60 g/L of sucrose under light and darkness conditions, 

respectively. Present results are in agreement with those reported by 
Chirangini and Sharma (2005) who studied the induction of microrhizome in 

Zingiber cassumunar and found that, average fresh weight of (0.81 g) was 

observed with MS medium supplemented with 5% sucrose. While, El-Sawy et al. 

(2007) reported that sucrose was an important factor for micro-tubers formation 

and the highest tuber formation was achieved when 12% sucrose was added to 

culture medium of potato. 
The influence of different concentrations of BAP (3, 6 and 9 m/l) on average 

fresh weight of microrhizome was tested and the regenerated results are 

presented in Table (2). Average fresh weight of microrhizome was significantly 
influenced by adding of exogenous plant growth regulator (BAP). A direct 

relationship between increasing the concentrations of BAP and average fresh 

weight of microrhizome was observed under different photoperiodism. This 
result goes in line with those found by Zhang et al. (2005) who confirmed that, 

cytokinins including BAP promote cell division, bud formation and stem 

branching and BAP played a key role for the potato microtuberization. In 
addition, Ondo Ovono et al. (2010) reported that, polyamine endogenous level 

and metabolism can be significantly affected by exogenous polyamines, but 
modifications of endogenous free polyamines could not be directly correlated to 

the tuber formation process of yam. 

In view of the possible interactions between three studied factors are shown in 
Figure (10). The highest value of rhizome average fresh weight (g) was produced 

from MS medium contained 30 g/L sucrose and 9 mg/L BAP under light 

condition with significant difference as compared with other treatments. 
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Figure 9 Effect the interaction between sucrose, BAP and photoperiodism on 
average number of buds formation/rhizome. Error bars are ±SE. Treatments that 

are not significantly different at the 5% level are indicated by the same letters. 

 

 
Figure 10 Influence the interaction between sucrose, BAP and photoperiodism 

on average fresh weight of microrhizome (g). Error bars are ±SE. Treatments that 
are not significantly different at the 5% level are indicated by the same letters.   

 

Regarding, sprouting of rhizomes; the obtained rhizomes derived from different 
treatments were planted on multiplication medium (MS +4.5 m/l BAP) for 

sprouting, the sprouted shoots were healthy and normal in morphology as shown 
in Figure (11). 

 

 
Figure 11 Sprouting in vitro micro-rhizomes of Zingiber officinale growing on 
MS medium fortified with 4.5 mg/l BAP under light conditions at 25±1°C. 

 

CONCLUSION 

 

We can concluded that MS medium supplemented with 9 mg/L BAP and 60-90 

g/L sucrose under 16-h photoperiod within 10 weeks of cultivation were the best 
conditions for ginger microrhizomes induction. However, ginger microrhizomes 

formation in vitro was found to be controlled by many factors, including the 

concentrations of BAP and sucrose as well as photoperiodism during culturing 
period. 
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