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Introduction 
 

Pineapple (Ananas comosus L. Merr), locally 

called “Kihom”, is an important fruit crop 

suitably cultivated over the hill slopes in the 

state of Manipur. Kew (Syn. Smooth 

Cayenne) is a preferred variety on account of 

its nutritive as well as commercial feasibility. 

Kew has shy suckering habit, incapable of 

producing enough planting material for large 

scale production. Cost effective and timely 

production of planting material is the 

highlighted objective in the state‟s area of 

Kew production. Micro propagation serves the 

best alternative method over the traditional 

suckers, leading to production of large 

numbers of disease free, uniform planting 

materials in a relatively short period of time. 

 

Micro propagation of shoot tip has been 

successfully carried out in pineapple (Hamad 

and Taha, 2008a). Many authors reported 

micro propagation of pineapple through 

enhanced axillary bud development and 

organogenesis (Zuraida et al., 2011; Yapo et 

al., 2011 Danso et al., 2008). Shoot 

regeneration and development were positively 

influenced by MS basal medium 

incoorporated with hormonal combination of 

BA and NAA in many cases (Usman et al., 
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A study on influence of different doses of Benzyl Adenine (BA) combined with constant 

level of Naphthalin acetic acid (NAA) on callus induction, shoot multiplication, and 

rooting of Kew pineapple was conducted. Early callus response was observed in treatment 

concentrations of 2mg/l BA with 2mg/l NAA and 3mg/l BA with 2mg/l NAA. Treatment 

2mg/l BA with 2mg/l NAA was resulted to replicate the maximum number of shoots 

(22.71 at 90 days) significantly among the treatments. Shoot length was most enhanced by 

0.5 mg/l BA with 2 mg/l NAA (8.09 cm at 90 days) dose. Shoots in control condition 

developed to be shorter in all the culture periods. On sub culturing in fresh and same media 

of all the treatments, root initiation was observed 30 days after culture. 0.1 mg/l BA with 2 

mg/l NAA was found to be significantly efficient with the number (6.33 at 90 days) and 

length (2.08 cm at 90 days) of roots developed among the treatments. The plantlets were 

acclimatised at a satisfactory rate.  
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2013; Nikumbhe et al., 2014; Al-Saif et al., 

2011; Kothawale et al., 2015). Akbar et al., 

2003 found an effective mode of in vitro 

pineapple regeneration through callus using 

supplements of cytokinin and auxin. Also, 

there have been many records on better 

rooting of micro-plantlets with 

auxin:cytokinin combination in different 

concentrations (Nikumbhe et al., 2014; 

Waseem et al., 2011).  

 

Pineapple micropropagation is well 

established and technically applied in many 

pineapple growing regions. But, Manipur state 

is solely dependent on the conventional 

method of propagation and no record of 

commercialised micropropagation of Kew 

pineapple is found in the state. So, the present 

study was focused on finding an applicable in 

vitro protocol by examining the influence of 

different levels of Benzyl Adenine (BA) 

combined with constant level of Napthalin 

acetic acid (NAA) on callus induction, shoot 

multiplication, and rooting of Kew pineapple. 

 

Materials and Methods 

 

Crowns of Kew pineapple were used as the 

source of explant. The material was collected 

from the Horticulture Research Farm, Andro, 

CAU, Imphal. For explant preparation, the 

leaves from the crowns were first removed 

carefully and were washed under running 

water for 5-10 mins. The terminal growing 

point of 1.5 cm diameter, was removed from 

the crown and placed in a beaker after 

washing thoroughly in distilled water.  

 

Media preparation 
 

One liter Murashige Scoog media (HI media) 

pack was dissolved in 600 ml double distilled 

water in a beaker. After maintaining pH at 5.7-

5.8, water volume was made upto 1 litre. 

Thereafter, the media was autoclaved at 121
0
C 

and 1.5 kgcm
-2

 for 20 mins. After cooling 

down, the hormone supplements were added 

as required for different treatments viz., 

Control, 0.1mg/l BA+2mg/l NAA, 0.5mg/l 

BA + 2mg/lNAA,1mg/l BA + 2mg/lNAA, 

1.5mg/l BA + 2mg/l NAA, 2mg/l BA + 2mg/l 

NAA, 2.5mg/l BA+ 2mg/l NAA and 3mg/l 

BA + 2mg/l NAA. The media were poured 

into sterilized culture jars (20ml each).  

 

In vitro explant sterilization, inoculation 

and culture conditions 

 

The explants were washed thoroughly under 

running tap water to remove any field dirt. 

Under laminar airflow chamber, the explants 

were soaked in Bavistin for 15 mins, then 

washed thoroughly with water for 3-4times. 

The explants were then treated with 0.1% 

HgCl2 (Nikumbhe et al., 2014) for 5 mins 

followed by rinsing thoroughly in distilled 

water for 3-4 times. The explants were 

trimmed down to 5mm
3
 and inoculated into 

culture jars containing the media. Sub-

culturing was done at 15 days interval, on 

fresh media for every treatment. A total of 240 

crowns were inoculated, 30/treatment and 

10/replication. The cultures were incubated 

under a constant temperature of 25
0
C, relative 

humidity of 60-70% and photoperiodic regime 

of 16 h/day provided by fluorescent light 

(2800 lux intensity). Data was collected every 

30 days interval. Rooted plantlets from each 

treatment were planted in sterilised river sand 

soil medium. The potted plantlets were kept 

first in Greenhouse, then in shadehouse for 15 

days each and finally transplanted in the field. 

Survival rate was checked after 15 days from 

the final transplant. 

 

Statistical analysis 

 

The experimental data was analyzed under 

complete randomized block design. The data 

were subjected to analysis of variance as 

suggested by Gomez and Gomez (1984). The 

significance of calculated variance was 

determined by “F” test. 



Int.J.Curr.Microbiol.App.Sci (2018) 7(7): 136-142 

138 

 

Results and Discussion 

 

Influence of different doses of BA with 

constant NAA on callus induction  

 

The shortest period for callus initiation (22.68 

DAI and 23.53 days) were observed with 

2mg/ml BA + 2mg/ml NAA and 3mg/ml BA 

+ 2mg/ml NAA respectively, which were 

found to be at par (Fig. 1A). Whereas, the 

longest period (40.57 days) was obtained 

against 0.5mg/ml BA + 2mg/ml NAA. There 

were no callus formations on media without 

growth hormone and with 0.1mg/ml BA + 

2mg/ml NAA. The results are in accordance 

with the findings of (Hussain et al., 2012) and 

Akbar et al., (2003). 

 

Influence of different doses of BA with 

constant NAA on shoot multiplication 

(shoots/explant) and length of shoots (cm) 

 

Treatment 2mg/ml BA + 2mg/ml NAA 

replicated the maximum number of shoots at 

all the intervals of observations (Table 1). 

According to Usman et al., (2013), both 

cytokinin and auxin influences differentiation 

pattern in plants. BA and NAA interaction had 

significant effect on number of plantlets at 

multiplication. Barboza et al., (2004) showed 

similar hormonal combination of 2mg/l BAP+ 

2mg/l NAA as the best for Smooth Cayenne 

multiplication. At 60 days, 2mg/ml BA + 

2mg/ml NAA at par with 3mg/ml BA + 

2mg/ml NAA produced highest number of 

shoots. The combination of auxins and 

cytokinins is found to be essential for shoot 

induction and multiplication, depending on the 

plant genotype (Zuraida et al., 2011). Be and 

Deberg (2006) reported production of better 

axillary shoots at higher cytokinin 

concentration. 

 

Media incorporated with 0.5 mg/ml BA + 

2mg/ml NAA hormonal combination was 

observed to give better shoot length, although 

the response was at par with 2mg/ml BA + 

2mg/ml NAA in the beginning. However at 60 

days, 1.5 mg/ml BA + 2mg/ml NAA and 0.5 

mg/ml BA + 2mg/ml NAA led to longest 

shoots. But, at the end of 90 days, all 

treatments gave similar shoot length except 

the untreated and 0.1 mg/ml BA + 2mg/ml 

NAA, where the shoots appeared shorter. 

From the investigation, the longer shoots at 

the initial stages of culture may be due to early 

growth response and development of the 

treatments with higher BAP levels. As the 

culture progressed, there developed an 

alteration in which lower level of BAP 

resulted in formation of shoots with longer 

shoots compared to those with higher BAP 

concentrations.

 

Fig.2

 

 A. Callus induction in explants, B. Shoot multiplication, C. Rooting of plantlets, D. Acclimatization of in vitro plantlets 



Int.J.Curr.Microbiol.App.Sci (2018) 7(7): 136-142 

139 

 

Fig.1 

 

Table.1 Influence of different doses of BA with constant NAA on shoot multiplication 

(shoots/explant) and length of shoot (cm) 

 
Treatments 30 days after innoculation 60 days after innoculation 90 days after innoculation 

Shoot 

multiplication 

(shoots/explant) 

Length of 

shoot (cm) 

Shoot 

multiplication 

(shoots/explant) 

Length of 

shoot (cm) 

Shoot 

multiplication 

(shoots/explant) 

Length of 

shoot (cm) 

Control 0.89 

(1.18) 

0.19 

(0.83) 

1.63 

(1.46) 

1.77 

(1.51) 

2.53 

(1.74) 

5.42 

(2.43) 

0.1mg/l BA + 2mg/l NAA  1.32 

(1.35) 

0.32 

(0.90) 

2.70 

(1.79) 

2.20 

(1.64) 

4.87 

(2.32) 

5.43 

(2.44) 

0.5mg/l BA + 2mg/l NAA  2.04 

(1.59) 

0.64 

(1.07) 

4.15 

(2.16) 

4.56 

(2.25) 

7.30 

(2.79) 

8.09 

(2.93) 

1mg/l BA + 2mg/l NAA  2.77 

(1.8) 

0.96 

(1.21) 

6.98 

(2.74) 

4.18 

(2.16) 

15.45 

(3.99) 

7.96 

(2.91) 

1.5mg/l BA + 2mg/l NAA  2.55 

(1.74) 

1.07 

(1.25) 

8.14 

(2.94) 

4.36 

(2.20) 

15.53 

(4.00) 

7.55 

(2.84) 

2mg/l BA + 2mg/l NAA  4.70 

(2.28) 

1.53 

(1.42) 

12.51 

(3.61) 

3.53 

(2.01) 

22.71 

(4.82) 

7.96 

(2.91) 

2.5mg/l BA + 2mg/l NAA  3.61 

(2.02) 

1.23 

(1.32) 

10.71 

(3.35) 

3.96 

(2.11) 

15.90 

(4.05) 

7.40 

(2.81) 

3mg/l BA + 2mg/l NAA  3.53 

(2.00) 

1.08 

(1.26) 

12.22 

(3.57) 

4.16 

(2.16) 

20.83 

(4.62) 

7.51 

(2.83) 

SE (d) +  0.09 0.05 0.05 0.04 0.05 0.03 

CD0.05 0.20 0.1 0.12 0.09 0.11 0.07 

Note: Number of explants inoculated in each treatments=30. (Square root transformed values in parenthesis). 
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Increase in proliferation over time could 

easily mask the treatment effect on shoot 

length, as according to Hamad and Taha 

(2008b). Moreover, it might be because 

higher cytokinin level overcomes apical 

dominance which releases lateral buds from 

dormancy (Staden et al., 2008). Hence, 

treatments enhancing shoot proliferation 

produced shorter shoots. This is supported by 

the results of Rao et al., (1993) and Macedo et 

al., (2003).  

 

Influence of different doses of BA with 

constant NAA on root growth and 

development (Number and length of 

roots/shoot) 

 

Different levels of BA had significant 

influence on production of micro-roots per 

shoot among the treatments, led by 0.1mg/ml 

BA + 2mg/ml NAA at every culture periods 

(Fig. 1B). Minimum number of roots was 

obtained in 2.5mg/ml BA + 2mg/ml NAA at 

30 days. It can be observed from the present 

findings that number of micro-roots was 

observed to be reducing with higher BAP 

concentration. Higher auxin level enhances 

better root initiation and development, 

contrary to the shoot development enhanced 

by lower auxin and higher cytokinin. Macedo 

et al., (2003), reported that there was better 

rooting in media with lower BAP: NAA 

concentration in the cultures of pineapple cv. 

Peroira. Moreover, Bhatia and Ashwath 

(2002) observed that repeated sub-culturing in 

the same medium resulted in root initiation 

which could serve as both multiplication and 

rooting medium. They figured out that the 

protocol eliminates the extra step required for 

root initiation.  

 

Treatment 0.1mg/ml BA + 2mg/ml NAA 

developed the maximum root lengths in all 

the culture periods (Fig. 1C). While, 

2.5mg/ml BA + 2mg/ml NAA produced the 

shortest roots at 30 days (0.1). As discussed 

above, media supplemented with higher auxin 

content compared to cytokinin promotes root 

initiation and development, it also enhances 

elongation of the roots. Al-Amin et al., (2009) 

reported maximum length of roots in the same 

treatment that produced maximum number of 

roots.  

 

Acclimatization 

 

Rooted plantlets of each treatment were 

transplanted in sterilised river sand medium. 

Fig.1D exhibited good survival rate of 

plantlets with no significant difference among 

the treatments. Usman et al., 2013 reported 

the use of riverside sand as a cost effective 

substrate for hardening in vitro pineapple 

plantlets. Success of plantlets acclimatization 

using sand medium was reported by Jose et 

al., (1996). Similar result was also found by 

Sharma et al., (1997) in hardening of Dwarf 

Cavendish plantlets in sand culture.  

 

The observations concluded with treatment 

combination 2mg/ml BA + 2mg/ml NAA as 

most potential for Kew pineapple 

multiplication shoot regeneration and good 

crop vigor after hardening in river sand 

medium. 
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