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ABSTRACT 

The basic factors affecting the success of tissue culture are the origin and size of the explants. 
Therefore this work was conducted at commercial tissue culture Laboratory), Belbis City, Sharkia 
Governorate, Egypt since 2016 till 2018, to evaluate two different explants sources Local Explants (LE) 
and Imported Germaplasm(IG) and three explants sizes (small, medium, large explants) of bananas cv 
Grand Nine through tissue culture technique. Four stages were carried out (starting, multiplication, 
rooting, and acclimatization stages). The obtained results indicated that LE with large sizes had higher 
and significant number of shoots length and diameter at the end of multiplication stage in comparison 
with IG; also LE with small or medium sizes had higher rooting characteristics than IG, moreover at 
the end of acclimatization stage LE with large size of explant had significant length, girth, and number 
of leaves per plant, with low number of mutant plants in comparison with IG. Therefore LE could be 
used for banana Grand Nine cv micropropagation with higher growth and rooting characteristics with 
low number of mutant plants and with low coast of preparation instead of IG. 
 
Keywords: Tissue culture, explant size, explant source, Grand Nine, Banana.   
 
Introduction 

Bananas and plantains are propagated vegetatively because almost all cultivated banana cultivars 
are triploid, seedless, or seed sterile. Banana plants are usually propagated by suckers (Robinson and 
De Villiers, 2007). The main negative impact of this method is slow rate of multiplication and 
transmission of diseases (Hussein, 2012). The traditional clonal or vegetative propagation method 
appears to be unable to supply the increasing demand for disease free and healthy planting materials of 
banana. To reduce the aforementioned problems, in vitro micropropagation or tissue culture technique 
could be alternative method for banana production.  

Banana micropropagation, or in vitro propagation, consists of growing explants in artificial 
medium under specific conditions of luminosity, temperature and photoperiod. The main advantages of 
this method are: high multiplication rate compared to traditional methods and high phytosanitary quality 
of seedlings (Costa et al., 2009). In vitro propagation has been reported by several studies using different 
explants (Strosse et al., 2006; Resmi and Nair, 2007; Shirani et al. 2009; Ferdous et al. 2015 and Kishor 
et. al., 2017). Furthermore, meristem culture could be an efficient protocol for virus free banana 
production and rapid propagation. Tissue culture derived plantlets of banana performed better than the 
conventional methods (Faisal et al., 1998). 

The influence of explant on growth and development of organs depends on several factors, 
including size of explants, source of explants, the genotype and the age of explant. El-Farash et al. 
(1993) found an interaction between genotype, explant size, and the age of explant on shoot regeneration 
rate and the number of shoots produced per explant. The size of explants used not only to determine the 
proportion of explants, which show organogenesis, but also the number of shoots produced per explant. 
Also the age of explant influences the success of tissue culture. The optimal size of explant is vital for 
achieving good regeneration. Very small structures such as individual are in general considered much 
more difficult for the induction of growth than are entire structures such as shoot tip, or stems explants 
(Chandel and Katiyar, 2000).  

Due to the existence of many problems of banana micropropagation related with imported 
germaplasm although its high price as many tissue culture laboratories produced bananas plantlets of 
imported germaplas with a lot of mutations, and most importantly after cultivating those plantlets in the 



Middle East J. Appl. Sci., 9(1): 201-209, 2019 
ISSN 2077-4613 

202 

open field they gave only vegetative growth without any fruits production. Therefore, nowadays there 
a great interest to use local explants in bananas tissue culture labs to overcome the imported germaplasm 
problems and high price. Doung et al. (2003) reported that the basic factor underlying the success of 
the tissue culture, large-scale micropropagation and genetic transformation of any plant species is 
regeneration. This has been achieved over the years through the use of various-sized explants ranging 
from protoplasts (small scale) to entire organs (large scale).        

Moreover the effect of the explants size on the formation of shoots, under in vitro micro 
propagation system, has not been studied well to date. Our work intends to examine the outcome of the 
variation of source and sizes of explants and on average shoot formation, shoot length, root formation, 
the cost of single shoot and rooted plantlets, and to evaluate the expected consequences that may have 
on its rate of multiplication. Also to reduce the mutant plantlets produced by imported germaplasm by 
using local explants.  
 
Materials and Methods 

This work was carried out during the period from October 2016 to February 2018 for a period of 
(17 months in commercial tissue culture Laboratory), Belbis City, Sharkia Governorate, Egypt, to 
evaluate two different ecotypes explants of bananas cv Grand Nine (local explants and imported 
germaplasm) by using different sizes of explants through tissue culture technique. For local explants 
preparation healthy and vigorously growing suckers of banana cv. Grand Nine (3-4 month), grown in a 
private orchard in El Behera Governorate, Egypt, suckers were free from disease were selected as a 
source of local explants. While imported germaplasm were obtained from commercial tissue culture 
Laboratory of Costa Rica in screwed caped jars and used as a stock for micropropagation process to 
produce the generated plantlets.  
 
Sterilization of local explants  

The plant material obtained from the field was thoroughly washed in running tap water followed 
by washing with a detergent solution to remove adhering soil particles and the outer leaf bases of the 
suckers were removed until the suckers reached about 3 cm of the base followed by removing the outer 
parts of the corm until the diameter of the corm reached 3 cm followed by soaking in citric acid for 2 
hr followed by surface sterilization by alcohol 95% for 5 min followed by 60% chlorox (5.25% sodium 
hypochlorite) for 20 min and cultured aseptically on culture initiation medium after removing parts that 
are affected by alcohol. 
 
Media preparation and composition:  

Full strength (3.3g/l) Murashige and Skoog (MS) Murashige, and Skoog (1962)  medium was 
used in this experiment. Sucrose at 3% (30g/l) was added into the mixture and the growth regulators 
have been added before pH adjustment. The pH of the medium adjusted before autoclaving to 5.7±0.1 
using 0.1 M HCl and 0.1 M KaOH followed by addition of 1.5g/l gelrite.  Then the media was 
autoclaved at 121ºC for 15 min. A total of 50mL of the sterile media were poured into sterilized screwed 
jars in the laminar flow and allowed for solidification to be used.  
 
Starting stage  

Since October 2016 till February 2017, explants of the two ecotypes were cultured on MS medium 
supplemented with 5 mg/l of Benzyl Adenine (BA) and incubated in dark at 27oC for 15 days and then 
incubated in normal culture conditions (16 hr light and 8hr dark).  
 
Multiplication stage 

 This stage started in March 2017 till July 2017 in four subcultures, as the plantlets of the two 
ecotypes were cultured on MS medium supplemented with 3 mg/l BA, and Kinetin 2 mg/l, cultures 
were incubated at 27oC and 16hr light and 8hr dark under aseptic condition and again incubated. Every 
one month shoots were transferred into fresh media for four subcultures.  
 
Rooting stage 

This stage started in July 2017 till September 2017, as newly formed shoots measuring 5-7cm in 
length were excised individually from the parent explants and transferred to MS medium supplemented 
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with 0.5 mg/l Nafthaline Acetic Acid (NAA),  Kinetin 2 mg/l and 0.5 mg/l Paclobutrazol and incubated 
on the same conditions as multiplication stage and this stage has been extended up to 50 days. 
 
Acclimatization stage   

Rooted plantlets were shifted for acclimatization in September 2017 till end of February 2018. 
Small pots (6 cm width) were kept ready filled with peat moss, sand (1:1) the plantlets were washed in 
water containing antifungal and were transplanted into pots with special care. The plants were incubated 
under closed plastic tunnel for 50 days. The plants exposed to outer environment gradually. The 
successful plants were removed and transplanted individually in 15 cm diameter plastic bags containing 
mixture of sand and organic fertilizer (1:1) and then incubated in plastic green house with gradual 
fertilizing and irrigation. In hardening stage, plant length plant girth and number of leaves per plant 
were measured at the start and at the end of this stage for a period of 6 months.  
 
Treatments design: 

Two ecotypes explants with three different sizes of Grand Nine banana were used for this 
experiment as next: 
Two explants sources Local Explants (LE) and Imported Germplasm (IG) with three different sizes   
1. Small explants size (1 - 2cm)  
2. Medium explants size (over 2 - 3cm) 
3. Large explants size (over 3- 4cm) 
Nine replicates were used for each size and all treatments were arranged in a randomized complete 
block design.  
 
Measurements 

At the end of starting stage average number of buds meristem weight (g), contamination 
percentage, and survival percentage per explants were measured in nine replicates for every size. 

At multiplication stage number of shoots, length and diameter of shoots (cm) at the collar region 
(cm) were measured by using a measuring tape and digital vernier caliper; respectively and average 
number of leaves per shoot for every size were recorded for nine replicates for every size. 

Number of roots, roots length (cm), roots weight (gm), plantlets length (cm), number of leaves, 
and plantlets girth (mm) were recorded at the end of rooting stage.  

In acclimatization stage plants length (cm) plants girth (cm) and number of leaves per plant were 
measured at the last month of acclimatization. 
 
Statistical analysis 

The present study included two explant sources with three different sizes, all treatments contain 
of nine replicates for each replicate consisted of two jars and one explant per jar, thus the experiments 
were analyzed as factorial experiment by using SPSS program to determine the significance of 
differences between cultivars and media. 
 
Results  

At starting stage the results indicated that Imported Germaplas (IG) had significantly higher 
number of buds (4.56) than Local Explant (LE) 2.78, while LE were significantly heavier than IG, 
moreover both IG and LE 100% survival plants with zero contamination as in (Table 1). Also large 
explants had significant number of buds 4.61 and explant weight 7.32g more than all sizes as in (Table 
1 and figure 1). The interaction between them demonstrated that significantly higher number of buds 
and heavier explants in IG and LE respectively with large explants. 

 At the first subculture of multiplication stage IG had higher and significant number of shoots 
4.56 in comparison with LE (table 2), while no significant differences were found between IG and LE 
in shoot length, shoot diameter, and number of leaves. Also no significant differences were found 
between number of shoots, shoot length, shoot diameter, and number of leaves in the relation with 
explants sizes. At the interaction effects IG gave the higher number of shoots with different explant 
sizes, while LE recorded the best results regards to shoot diameter with different sizes. 
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Table 1. Effect of sources and sizes of explants and the interaction between them on starting stage 
parameters of Grand Nine banana cultivar 

Studied factors 
No of 

buds/explant  
Explant weight (g) 

Contamination percentage 
(%) 

Survival 
percentage/ 
explant (%) 

Explants sources (A) 
LE 2.78±1.05 b 7.20±1.46 a 0.00 100 
IG 4.56±1.40 a 5.39±1.66 b 0.00 100 

Explant size (B) 
Small 2.67±1.28 c 5.16±1.49 c 0.00 100 

Medium 3.72±1.36 b 6.41±1.78 b 0.00 100 
Large 4.61±1.29 a 7.32±1.48 a 0.00 100 

Interaction effects (A×B) 
LE Small 1.78±0.67 d 6.18±1.23 bc 0.00 100 

Medium 2.89±0.93 c 7.32±1.56 ab 0.00 100 
Large 3.67± 0.50 bc 8.08±0.99 a 0.00 100 

IG Small 3.56±1.13 c 4.13±0.94 d 0.00 100 
Medium 4.56±1.24 b 5.49±1.54 c 0.00 100 

Large 5.56±1.13 a 6.56±1.53 bc 0.00 100 
     Values within a column of similar letters are not significantly different. 

Table 2: Effect of sources and sizes of explants and the interaction between them on the first subculture 
of multiplication stage parameters of Grand Nine banana 

Studied factors 

No of 

shoots/explant 

Shoots length (cm) Shoots diameter 

(cm) 

No of leaves/ shoot 

Explants sources (A) 
LE 4.59 b 2.75 a 0.67 a 3.15 a 
IG 6.59 a 2.52 a 0.43 b 3.15 a 

Explants sizes (B) 
Small 5.39 a 2.44 a 0.56 a 3.00 a 

Medium 5.67 a 2.58 a 0.53 a 3.17 a 
Large 5.72 a 2.86 a 0.56 a 3.28 a 

Interaction effects (A×B) 

LE 
Small 3.89 d 2.50 a 0.72 a 3.00 a 

Medium 5.00 bcd 2.78 a 0.60 a 3.11 a 
Large 4.89 cd 2.94 a 0.68 a 3.33 a 

IG 
Small 6.89 a 2.39 a 0.39 b 3.00 a 

Medium 6.33 abc 2.39a 0.46 b 3.22 a 
Large 6.56 ab 2.78 a 0.44 b 3.22 a 

     Values within a column of similar letters are not significantly different. 

The results in the second subculture of multiplication stage LE had significantly higher shoots 
diameter 0.75cm than IG, and no significant differences were found between LE and IG in number of 
shoots, shoot length, and number of leaves per shoot. Moreover large explants had significant number 
of shoots, shoot diameter, and number of leaves per shoot compared with small and medium ones, and 
no significant differences were found between the three sizes in shoots length (table.3). The interactions 
between explants sources and sizes indicated that large explants had higher values of number of shoots; 
shoot length, shoots diameter and number of leaves per shoot in both LE and IG compared with the 
others sizes. 

At the end of multiplication stage after four subcultures LE had significant number of shoots 
26.92 and shoots diameter 0.83cm compared with IG, while no significant differences were found 
between LE and IG in shoots length and number of leaves per bunch. Moreover large explants sizes had 
higher shoots number and shoots diameter than medium and small sizes, and small size had lower shoots 
length 4.69cm compared with large and medium sizes. On the other hand the interaction between LE 
and large explants was higher than all sizes and sources in all parameters as in (table. 4)    

In rooting stage results indicated that LE had higher number of roots, roots length roots weight 
plantlets length, number of leaves per plantlets  and plantlets girth than IG (Table 5). Small sizes had 
higher number of roots than all sizes, while large explants had higher plantlets length and girth than all 
sizes. Moreover medium explants had higher roots weight.  The interaction between explants sources 
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and sizes indicated that no significant differences were found plantlets length, leaves and girth in LE 
and IG, while medium explants in LE had higher roots length and weight than all sizes. 

The results of acclimatization stage revealed that LE had higher and significant plants length 
92.76cm, plants girth 4.34cm and number of leaves per plants than IG, and moreover LE had lower 
percentage of mutant plants than IG as in (table 6 and figure 2). Using large explant in LE gave the 
highest values of plant length, girth, and number of leaves/ plant, moreover it recorded the lowest 
percentage of mutant plants.   
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Fig. 1: Starting and multiplication stages, A. starting of Imported Explants, B. Starting of Local 
Explants, C. Banana shoots of IG in multiplication stage, D. Banana shoots of LE in 
multiplication stage. 

 
Table 3: Effect of sources and sizes of explants and the interaction between them on the second 

subculture of multiplication stage parameters of Grand Nine banana cultivar  

Studied factors 
No of 

shoots/explant 
Shoots length 

(cm) 
Shoots diameter 

(cm) 
No of leaves/ 

shoot 
Explants sources (A) 

LE 17.78 a 2.43 a 0.75 a 3.00 a 
IG 17.96 a 2.72 a 0.66 b 3.04 a 

Explant sizes (B) 
Small 16.11 b 2.31 a 0.67 b 2.83 b 

Medium 17.39 b 2.67 a 0.71 ab 3.17 a 
Large 20.11 a 2.75 a 0.74 a 3.06 ab 

Interaction effects (A×B) 

LE 
Small 16.00 c 2.28 b 0.72 a 3.00 ab 

Medium 17.33 bc 2.44 ab 0.76 a 3.00 ab 
Large 20.00 ab 2.56 ab 0.77 a 3.00 ab 

IG 
Small 16.22 c 2.33 ab 0.61 b 2.67 b 

Medium 17.44 bc 2.89 ab 0.67 ab 3.33 a 
Large 20.22 a 2.94 a 0.71 ab 3.11 ab 

  Values within a column of similar letters are not significantly different. 

     

A B 

C D 
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Table 4:  Effect of explants sources and sizes and interaction between them on fourth subculture of 
multiplication stage parameters of Grand Nine banana 

Studied factors 
No of shoots Shoots length (cm) Shoots diameter (cm) No of leaves/ shoot 

Explants sources (A) 
LE 26.92 a 5.79 a 0.83 a 3.92 a 
IG 23.33 b 5.21 a 0.66 b 3.58 a 

Explants sizes (B) 
Small 10.25 c 4.69 b 0.49 c 3.63 a 

Medium 30.88 b 5.75 a 0.80 b 3.63 a 
Large 32.25 a 6.06 a 0.95 a 4.00 a 

Interaction effects (A×B) 

LE 
Small 11.25 d 4.88 bc 0.55 d 3.75 a 

Medium 33.15 b 6.00 a 0.90 b 3.75 a 
Large 35.25 a 6.50 a 1.05 a 4.25 a 

IG 
Small 9.25 d 4.50 c 0.43 d 3.50 a 

Medium 31.50 b 5.50 abc 0.70 c 3.50 a 
Large 29.25 c 5.63 ab 0.85 b 3.75 a 

     Values within a column of similar letters are not significantly different. 

Table 5: Effect of sources and sizes of explants and the interaction between them on rooting stage 
parameters of Grand Nine banana cultivar 

Studied factors 
No of roots 

Roots length 

 (cm) 

Roots weight  

(g) 

No of 

leaves/ 

plantlets 

Plantlets 

length (cm) 

Plantlets girth  

(cm) 

Explants sources (A) 
LE 9.58±2.68 a 14.17±1.80 a 0.99±0.24 a 6.17±0.72 a 6.08±0.36 a 0.89±0.09 a 
IG 9.42±2.87 a 10.33±1.96 b 0.95±0.33 a 6.13±0.78 a 5.92±0.42 a 0.86±0.12 b 

Explants sizes (B) 
Small 11.75±2.12 a 11.25±3.23 b 0.87±0.10 a 6.00±0.53 a 6.00±0.53 a 0.81±0.14 a 

Medium 8.80±1.66 b 13.50±1.85 a 1.01±0.34 a 6.50±0.76 a 5.94±0.32 a 0.86±0.09 a 
Large 7.90±1.06 c 12.00±2.61 ab 1.03±0.35 a 6.25±0.89 a 6.06±0.32 a 0.88±0.07 a 

Interaction effects (A×B) 

LE 
Small 11.50±2.45 ab 13.75±2.06 ab 0.88±0.09 abc 5.75±0.50 a 6.25±0.29 a 0.87±0.10 a 

Medium 8.75±1.26 bc 15.00±0.00 a 1.24±0.27 a 6.50±0.58 a 5.75±0.29 a 0.90±0.08 a 
Large 8.50±0.50 d 13.75±2.50 ab 0.86±0.10 bc 6.25±0.96 a 6.25±0.29 a 0.88±0.06 a 

IG 
Small 12.50±1.73 a 8.75±1.85 d 0.86±0.13 bc 6.25±0.20 a 5.75±0.65 a 0.85±0.17 a 

Medium 8.75±2.22 bc 12.00±1.41 bc 0.78±0.24 c 6.50±1.00 a 6.13±0.25 a 0.83±0.10 a 
Large 7.00±1.15 cd 10.25±1.26 cd 1.20±0.44 ab 6.25±0.96 a 5.88±0.25 a 0.90±0.08 a 

Values within a column of similar letters are not significantly different. 

Table 6: Effect of sources and sizes of explants and the interaction between them on acclimatization 
parameters of Grand Nine banana cultivar 

Studied factors 

Plants length (cm) Plants girth (cm) Numberof 

leaves/plants 

Percentage of 

Mutant plants (%) 

Explant source (A) 
LE 92.76 a 4.34 a 5.00 a 1.75 b 
IG 90.55 b 4.16 b 3.42 b 5.83 a 

Explant sizes (B) 
Small 90.01 c 4.05 c 3.88 a 3.75 a 

Medium 91.56 b 4.24 b 4.25 a 3.75 a 
Large 93.40 a 4.46 a 4.50 a 3.80 a 

Interaction effects (A×B) 

LE 
Small 91.28 c 4.05 c 4.50 b 1.80 b 

Medium 93.00 ab 4.30 b 5.00 ab 1.75 b 
Large 94.00 a 4.68 a 5.50 a 1.70 b 

IG 
Small 88.74 e 4.05 c 3.25 c 5.70 a 

Medium 90.11 d 4.18 bc 3.50 c 5.75 a 
Large 92.80 b 4.25 b 3.50 c 6.00 a 

  Values within a column of similar letters are not significantly different. 
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 Fig. 2: Rooting and hardening stage, A. Rooted plants of Imported Explants, B. Rooted plants of Local 
Explants, C. Banana plants of IG under greenhouse conditions, D. Banana plants of LM in 
greenhouse  ready for planting in open field.  

 

Discussion 

The results of this work showed that during the first days of incubations, the Local Explants (LE) 
did not express any visible change. This month would correspond to the period of their adaptation to 
the new living conditions (artificial culture media) to which they had not been accustomed. The 
appearance of the first morphological changes in the second month of incubation explains the capacity 
of each ecotype to adapt itself to the culture media and the speed of their in vitro multiplication. In 
general Imported Germaplasm (IG) in starting stage had better adaptation than LE it may be related 
with higher content of cytokinins stored in IG tissues than LE. While in the first subcultures of 
multiplication no differences were found in the morphological characteristics between LE and IG as 
they had the same quantity of cytokinins in their tissues.   Pandey and Jaiswal (2002) reported that 
cytokinins are responsible of the reduction of apical meristems and induce axillary as well as 
adventitious shoot formation from meristematic explants. Amongst the cytokinins BA is widely used, 
as it most effective and affordable cytokinin for proliferation of multiple shoots (Johnson and Manickam 
2003). 

The results of this investigation also confirmed that explant size is very important factor affecting 
the success of banana tissue culture as in our case large explants had significant effect on number, 
length, diameter of shoots and number of leaves in starting and multiplication stages, also in rooting 
stage plantlets of large explants were bitter than medium and small explants, it may be related with 
shoot and root primordia on large explants more than both medium and small explants.  These results 
were in line with Doung et al (2003) as they confirmed that the basic factor underlying the success of 
the tissue culture, large-scale is regeneration, and it has been achieved by using of various-sized explants 
ranging from protoplasts (small scale) to entire organs (large scale).  

Although the regeneration of plantlets from cell suspension and protoplasts has been achieved in 
Musa cultivars belonging to ABB genotypes, a reliable regeneration system applicable based on explant 

A B 

C D 
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origin and size to all Musa (banana and plantain) cultivars belonging to AAA, AAB, and ABB 
genotypes has not yet been reported. Okole and Schulz (1996).  
      Carimi et al. (1999) carried out a series of investigations about the influence of explant type and 
culture medium on callus formation and embryo regeneration in six different species of citrus and they 
concluded that somatic embryogenesis and plant regeneration in the genus Citrus could be induced from 
pistil thin cell layer culture. 
On the other hand, our data indicated that the origin of the explant had significant effect on all shoots 
growth and root characteristics of Grand Nine plantlets as LE highly significant shoots and roots with 
low number of mutant plants than IG. These results were confirmed by Doung et al (2003) as the showed 
that the origin of the explant and the developmental nature of the mother plant are highly significant 
factors, influencing the success of tissue culture technique. 

Also the coast of IG is considered very high in comparison with LE as nowadays the coast of one 
IG jar about 14 Dollar, while the coast of one jar of LM with the same characteristics costs 6 Dollar, 
therefore by using LM we can save a lot of money in comparison with IG.    
   
Conclusion 

Within the results of this work it could be concluded that local explants with large sizes are 
considered a reliable technique for micropropagation of Grand Nine banana cv with significant growth 
and root characteristics with low mutant plantlets and low coast of the single shoot in comparison with 
imported germaplasm.  Therefore, the technique based on explant size and origin, in combination with 
other controllable factors such as media and environmental conditions, could be used as a reliable 
technique for banana tissue culture.   
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