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Introduction

There is an imperative role of plant growth 
regulators to develop a specific mode of growth 

in the cultured tissues that might be due to increase 
of particular biochemicals in them. Application of 
single or mixture of various hormones in the media 
causes specific maintenance and keeps balance 
between inorganic and organic contents in the 
developing tissues. This leads the tissues to produce 
either into roots/or shoots or even death (Ikram-
ul-Haq and Dahot, 2007). Growth regulators are 
applied in various combinations or proportions 
to enhance shoots growth or formation and break 
dormancy (Madhulatha et al., 2004). The auxins and 
cytokinins have significant value in in vitro culture 

as the later are used to develop or initiate shoot 
development and buds formation while the former 
are used in the media for root formation (North 
et al., 2007). These growth hormones are needed 
in suitable combination in growth media and the 
difference in their concentration can effectively alter 
the behavior of plant growth in the culture (Dixon 
and Gonzales, 1994). Benzyl aminopurine (BAP) 
belongs to cytokinin family and is known to induce 
axiliary and adventitious shoot initiation from 
meristematic explants in banana. It also decreases the 
apical meristem dominance in banana ( Jafari et al., 
2011) However, higher concentration of BAP can 
inhibit the adventitious meristems elongation and 
transformation into complete plant (Buising et al., 
1994). Likewise, indole acetic acid (IAA) is the best 
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auxins and plays essential functions in growth of plants 
and cell differentiation (Bohidar et al., 2008). IAA 
has been documented to induce and enhance rooting 
in plants during in vitro propagation (Hussein, 2012). 

Hamide and Pekmezei (2004) revealed that BAP 
below 20 μM plus 1 μM TDZ (Thidiazuron) had no 
effect on shoot length while BAP + TDZ greater than 
20 and 2 μM, respectively, suppressed elongation of 
shoot. The exogenous concentration of hormones in 
in vitro is the main factor that influences regeneration 
and elongation. Gubbuk and Pekmzci (2004) stated 
that BAP with moderate concentration improved the 
shoot growth rate however very high concentration 
reduced multiplication and reduced shoot elongation. 
Alike, Arinaitwe et al. (1999) and Buah et al. (2010) 
revealed that use of high dose of auxin in growth 
medium decreased the shoot growth rate in different 
cultivars of banana. Low auxin/cytokinin ratios 
(16.8/1.2 and 16.8/1.0) produced single shoot in 
banana due to apical dominance (Buah et al., 2010). 
Similarly, mobility, stability, rate of fusion and 
oxidation of hormones also affect the shoot initiation 
during in vitro propagation. Therefore for successful 
in vitro propagation of banana, suitable concentration 
of growth regulators is very essential. In this regard, 
an experiment was conducted to determine the most 
suitable combination of BAP and IAA for banana 
under micropropagation technique.

Materials and Methods

The experiment was started at plant genetic resource 
institute (PGRI), National Agriculture Research 
Center (NARC) Islamabad, Pakistan during 2015. 
The treatments of experiment were as; T0 = 0 +0 (IAA 
+ BAP mg L-1), T1= 0.5 + 1 (IAA + BAP mg L-1), 
T2 = 0.5 + 2.5 (IAA + BAP mg L-1), T3 = 0.5 + 5 
(IAA + BAP mg L-1), T4 = 1+1 (IAA + BAP mg L-1), 
T5 =1 + 2.5 (IAA + BAP mg L-1) and T6 = 1+ 5.0 
(IAA + BAP mg L-1). The explants (3.5 cm length 
× 2.4 cm width ) were obtained from diseased free, 
vigorous suckers of three banana cultivars (Brazilian, 
Pisang and William-8818 hybrid). The young suckers 
were taken from district Thatta, Sindh, a sub center 
of NARC. The explants were washed with autoclaved 
distilled water for 10 minutes. The meristem with 
shoot primordia were cultured as per treatment 
mentioned above along with MS medium. The 
temperature of growth room was kept at 27±2oC with 
16 hr light. Data regarding shoots of explants, shoot 
length, number of leaves, roots and fresh weight were 

recorded.

Statistical analysis
Data were analyzed through Statistix 8.1 version and 
mean comparison was checked through LSD at 5% 
significance level.

Results and Discussion

Growth traits
The highest shoots per explants (6.53) was recorded 
for 2.5 mg L-1 BAP + 1 mg L-1 IAA followed by 5.0 
mg L-1 BAP + 1 mg L-1 IAA while the minimum 
shoots per plant (1.5) were depicted for control 
treatments (Table 1). Among different varieties, 
Wiallium-8818 hybrid produced more shoots (4.94) 
followed by Brazillian (4.31) while least shoots (3.38) 
were noted for Pisang. Interaction effect showed that 
Wiallium-8818 hybrid produced maximum shoots 
(7.33) at 2.5 mg L-1 BAP + 1 mg L-1 IAA. The least 
number of shoots per plant was depicted for control 
treatments in all banana varieties (Table 1). Alike, 
BAP and IAA had significant effect on shoot length 
of banana varieties as shown in Table 2. Maximum 
shoot length (8.95 cm) was measured for BAP + 
IAA each at 1 mg L-1 while minimum shoot length 
(3.07 cm) was noted for control treatments. Similarly, 
varieties differed for shoot lengths. Wiallium-8818 
hybrid had greater shoot length (8.52 cm) followed 
by Brazillian (5.18 cm) whereas Pisang had least 
shoot length (4.50 cm). Likewise, Wiallium-8818 
hybrid supplemented with BAP + IAA each at 1 mg 
L-1 attained more shoot length (12.20 cm) followed 
by same variety (11.44 cm) at 2.5 mg L-1 BAP + 1 mg 
L-1 IAA (Table 2). 

Table 1: Effect of BAP and IAA on number of shoots of 
banana plants in in vitro condition.
Treatments Banana varieties
BAP mg L-1 + 
IAA mg L-1

Brazil-
ian

Pisang Wiallium-8818 
hybrid

Means

0 1.54 jk 1.31 k 1.82 ij 1.56 F
1.0 + 0.5 2.80 h 2.03 i 3.44 g 2.76 E
2.5 + 0.5 3.35 g 2.71 h 3.91f 3.32 D
5.0 + 0.5 4.54 e 3.26 g 5.15 d 4.32 C
1.0 + 1.0 5.62 c 4.27 e 6.41 b 5.43 B
2.5 + 1.0 6.60 b 5.62 c 7.33 a 6.53 A
5.0 + 1.0 5.70 c 4.41 e 6.50 b 5.54 B
Means 4.31 B 3.38 C 4.94 A
LSD at 5% Hormones = 0.18, Varieties = 0.12, Interaction 

= 0.31
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Table 2: Effect of BAP and IAA on shoot length (cm) of 
banana plants in in vitro condition.
Treatments Banana varieties
BAP mg L-1 
+IAA mg L-1

Brazilian Pisang Wiallium-8818 
hybrid

Means

0 2.57 n 3.38 lm 3.26 m 3.07 G
1.0 + 0.5 3.84 k 3.59 kl 5.31 h 4.25 F
2.5 + 0.5 4.72 i 4.21 j 6.82 e 5.25 E
5.0 + 0.5 6.99 e 5.69 g 10.39 c 7.69 B
1.0 + 1.0 8.27 d 6.37 f 12.20 a 8.95 A
2.5 + 1.0 5.36 h 4.61 i 11.44 b 7.14 C
5.0 + 1.0 4.55 i 3.65 kl 10.23 c 6.14 D
Means 5.18 B 4.50 C 8.52 A
LSD at 5% Hormones = 0.17, Varieties = 0.11, Interaction 

= 0.29

In case of fresh weight, BAP and IAA greatly 
increased the fresh weight of banana plants. Maximum 
improvement (12.96 g) was recorded for BAP (5 mg 
L-1) + IAA (1 mg L-1) followed by 2.5 mg L-1 of BAP 
+ 1 mg L-1 IAA (Table 3). Control treatments showed 
minimum fresh weight (2.95 g) during study. Banana 
varieties also showed significant difference regarding 
fresh weight. Pisang variety with BAP + IAA at 5 and 
1 mg L-1, respectively showed maximum fresh weight 
(15.45 g) followed by Wiallium-8818 hybrid (14.39 
g). All the varieties without growth regulators had 
minimum fresh weight and there was no difference 
among them.

Table 3: Effect of BAP and IAA on fresh weight (g) of 
banana plants in in vitro condition.
Treatments Banana varieties
BAP mg L-1 + 
IAA mg L-1

Brazil-
ian

Pisang Wiallium-8818 
hybrid

Means

0 3.53 n 2.82 p 2.49 q 2.95 G
1.0 + 0.5 3.76 n 3.72 n 3.27 o 3.58 F
2.5 + 0.5 4.20 m 5.78 k 4.16 m 4.71 E
5.0 + 0.5 5.48 l 10.06 f 5.61 kl 7.05 D
1.0 + 1.0 6.40 j 11.06 e 8.77 h 8.74 C
2.5 + 1.0 8.17 i 13.74 c 13.08 d 11.66 B
5.0 + 1.0 9.05 g 15.45 a 14.39 b 12.96 A
Means 5.80 C 8.95 A 7.40 B
LSD at 5% Hormones =0.15, Varieties =0.09, Interaction 

= 0.25

Alike, maximum leaves per explants (5.70) were 
noted at 1 mg L-1 of BAP + 1 mg L-1 of IAA. Among 
varieties, Wiallium-8818 hybrid at 1 mg L-1 of BAP 

+ 1 mg L-1 of IAA produced more number of leaves 
(4.47) followed by Pisang (Table 4). Similarly, BAP 
and IAA significantly influenced number of roots in 
explants. Maximum roots per plant were noted (4.67) 
when BAP + IAA concentration was 5.0 and 0.5 mg 
L-1, respectively. Pisang variety produced more roots 
(5.50) when 5.0 mg L-1 of BAP and 0.5 mg L-1 of 
IAA was used (Table 5).

Table 4: Effect of BAP and IAA on number of leaves of 
banana plants in in vitro condition.
Treatments Banana varieties
BAP mg L-1 + 
IAA mg L-1

Brazilian Pisang Wiallium-8818 
hybrid

Means

0 2.50 i 2.60 hi 2.57 hi 2.56 E
1.0 + 0.5 2.93 gh 3.23 fg 3.47 f 3.21 D
2.5 + 0.5 3.87 e 4.07 e 4.53 d 4.16 C
5.0 + 0.5 4.57 d 4.90 cd 5.53 b 5.00 B
1.0 + 1.0 5.27 bc 5.60 b 6.23 a 5.70 A
2.5 + 1.0 2.50 i 2.60 hi 2.57 hi 2.56 E
5.0 + 1.0 2.93 gh 3.23 fg 3.47 f 3.21 D
Means 3.83 C 4.08 B 4.47 A
LSD at 5% Hormones =0.22, Varieties =0.17, Interaction 

= 0.38 

Table 5: Effect of BAP and IAA on number of roots of 
banana plants in in vitro condition.
Treatments Banana varieties
BAP mg L-1 + 
IAA mg L-1

Brazilian Pisang Wiallium-8818 
hybrid

Means

0 2.40 g 2.57 fg 2.17 g 2.38 E
1.0 + 0.5 2.93 ef 3.23 e 2.37 g 2.84 D
2.5 + 0.5 3.83 d 4.60 b 3.10 e 3.84 C
5.0 + 0.5 4.57 b 5.50 a 3.93 cd 4.67 A
1.0 + 1.0 4.30 bc 4.67 b 3.70 d 4.22 B
2.5 + 1.0 2.40 g 2.57 fg 2.17 g 2.38 E
5.0 + 1.0 2.93 ef 3.23 e 2.37 g 2.84 D
Means 3.61 B 4.11 A 3.05 C
LSD at 5% Hormones =0.11, Varieties =0.08, Interaction 

= 0.19 

All the three banana varieties showed significant 
differences as Wiallium-8818 variety produced 
maximum shoots (7.33) at BAP + IAA (2.5 + 1 mg 
L-1) and had greater shoot length (12.20 cm) at BAP + 
IAA (each at 1 mg L-1). Alike, Wiallium-8818 variety 
produced more number of leaves (6.23) at BAP + IAA 
(1+1 mg L-1). But Pisang variety showed the highest 
fresh weight (15.45 g) and more number of roots at 
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BAP (5 mg L-1) + IAA (1 mg L-1), 5.0 mg L-1 of BAP 
+ 0.5 mg L-1 of IAA, respectively. Ngomuo et al. (2013) 
also depicted that various mixtures or combinations 
of BAP with IAA showed significant positive effects 
for in vitro banana multiplication and plantains. 
Improvement in shoot length leaves and fresh weight 
may also be presumed due to enhanced cytosolic 
calcium levels resulting from higher absorbance or 
uptake from media at suitable combination of BAP 
and IAA. BAP and IAA in improving banana growth 
during tissue cultured trials is also documented 
by Hussein (2012). Alike, Al-Amin et al. (2009) 
documented that MS media along with BAP and 
NAA exhibited an improvement in growth of banana. 
Similarly, Rahman et al. (2013) conducted tissue 
culture experiment and documented that that greater 
root length (3.69 cm) was depicted at 1.0 mg L-1 IBA 
for explants of banana. Kadota and Niimi (2003) also 
revealed that BAP had very important role in inducing 
and increasing number of shoots in banana genotypes. 
BAP is widely used and significantly affects the 
shoot induction in plants. Kalimutha et al. (2007) 
noted that 2.0 mg L-1 BAP with 0.1 mg L-1 NAA 
exhibited greater response in induction of buds in 
banana. Sreeramanan et al. (2008) depicted that 8 mg 
L-1 of BAP produced more shoots while less shoots 
were noted at 4 mg L-1 of BAP. Habib et al. (2016) 
noted more number of shoot when 3.0 mg L-1 BAP 
was applied in liquid medium. Rahman et al. (2004) 
observed maximum shoot (51.17) at 6 mg L-1of BAP. 
Alike, Shah et al. (2020) depicted maximum roots per 
plant (9.25 ±2.08) in banana at IAA (2.0 mg L-1) and 
BAP (0.5 mg L-1) along with MS media. However, 
they reported that MS basal media with IAA (3.0 
mg L-1) and BAP (1.0 mg L-1) exhibited more shoots 
per plant (7.81±1.03). Khatun et al. (2017) reported 
that application of sole BAP at 5.0 mg L-1 recorded 
highest number of shoots (3.4) in banana variety Sabri 
during in vitro condition.

Conclusions and Recommendations

The use of BAP with IAA was found to enhance 
number of shoots, leaves, roots and fresh weight 
if different banana varieties. Due to the genotype 
specificity, it is suggested that 1 mg L-1 of BAP and 1 
mg L-1 of IAA may be used for in vitro propagation 
for these banana varieties. 

Acknowledgements

Authors acknowledge the support from Bio-resource 
conservation Institute and National Institute of 
Genomics and Advanced Bio-Technology of National 
Agriculture Research Centre, Islamabad, Pakistan.

Novelty Statement

This protocol optimization would be helpful for mass 
scale production of high yielding and disease-free 
banana plants in future.

Author’s Contribution 

Arifa Khan, principal author, prepared the 1st  draft. 
Jabar Zaman Khan Khatak planned and supervised 
the research and experiments. Shazia Erum, co-
supervised the research. Aish Muhammad guide and 
reviewed the manuscript. Arsalan Bashir help in data 
recording and generation of the tables, All authors 
have read and agreed to this version of the manuscript. 

Conflict of interest

The authors have declared no conflict of interest.

References

Al-Amin, M.D., M.R. Karim, M.R. Amin, S.A. 
Rahman and N.M. Manun. 2009. In vitro micro 
propagation of banana. Bangladesh J. Agric. 
Res. 34: 645-659. https://doi.org/10.3329/bjar.
v34i4.5840

Arinaitwe, G., P.R. Rubaihayo and M.J.S. 
Magambo. 1999. Effects of Auxin/Cytokinin 
combinations on shoot proliferation in banana 
cultivars. Afr. Crop Sci. J., 7: 605-611. https://
doi.org/10.4314/acsj.v7i4.27755

Bohidar, S., M. Thirunavoukkarasu and T.V. Roa. 
2008. Effect of plant growth regulators on in 
vitro micropropagation of Garden Rue’ (R. 
graveolens L.). Int. J. Integ. Biol., 3: 36-43.

Buah, G.N., E. Danso, K.J. Taah, E.A. Abole, E.A. 
Be- diako, J. Asiedu and R. Baidoo. 2010. The 
effects of different concentrations cytokinins 
on the in vitro multiplication of plantain (Musa 
sp.). Biotechnology, 9: 343-347. https://doi.
org/10.3923/biotech.2010.343.347

Buising, C.M., R.C. Shoemaker and R.M. Benbow. 
1994. Early events of multiple bud formation and 

https://doi.org/10.3329/bjar.v34i4.5840
https://doi.org/10.3329/bjar.v34i4.5840
https://doi.org/10.4314/acsj.v7i4.27755
https://doi.org/10.4314/acsj.v7i4.27755
https://doi.org/10.3923/biotech.2010.343.347
https://doi.org/10.3923/biotech.2010.343.347


March 2021 | Volume 37 | Issue 1 | Page 13

Sarhad Journal of Agriculture
shoot development in soybean embryonic axes 
treated with the cytokinin, 6-benzylaminopurine. 
Am. J. Bot., 81: 1435-1448. https://doi.
org/10.1002/j.1537-2197.1994.tb15630.x

Dixon, R.A. and R.A. Gonzales. 1994. Plant 
cell culture: A practical approach. 2nd edition, 
Oxford University Press, Oxford, 1994.

Gubbuk, H. and M. Pekmezci. 2004. In vitro 
propagation of some new banana types (Musa 
spp.). Turk. J. Agric. For., 28: 55-361.

Habib, S.E., S.M. Mohamed, E.M. Ali and I. Allam. 
2016. Effect of medium and cytokinin types on 
banana micropropagation during multiplication 
stage. Hortsc. J. Suez Canal Univ., 5: 1-7. 
https://doi.org/10.21608/hjsc.2016.6399

Hamide, G. and M. Pekmezci. 2004. In vitro 
propagation of some new banana types (Musa 
spp.). Turkish J. Agric. Forest., 28(5): 355-361.

Hussein, N., 2012. Effects of nutrient media 
constituents on growth and development of 
banana (Musa spp.) shoot tips cultured in vitro. 
Afr. J. Biotechnol., 11: 9001-9006. https://doi.
org/10.5897/AJB11.4173

Ikram-ul-Haq and M.U. Dahot. 2007. Morpho-
physiological aspects of micro-propagating 
banana under different hormonal conditions. 
Asian J. Plant Sci., 6: 496-501. https://doi.
org/10.3923/ajps.2007.496.501

Jafari, N., R.Y. Othman and N. Khalid. 2011. 
Effect of ben zylaminopurine (BAP) pulsing on 
in vitro shoot multiplication of Musa acuminata 
(Banana) cv. Berangan. Afr. J. Biotechnol., 10: 
2446-2450.

Kadota, M. and Y. Niimi. 2003. Effects of 
cytokinin types and their concentrations 
on shoot proliferation and hyperhydricity 
in in vitro pear cultivar shoots. Plant Cell 
Tissue Org. Cult., 72: 261-265. https://doi.
org/10.1023/A:1022378511659

Kalimutha, K., M. Saravanakumar and R. 
Senthilkumar. 2007. In vitro micro propagation 
of Musa sapientum L. (Cavendish dwarf ). Afr. J. 
Biotech., 6: 1106-1109.

Khatun, F., M.E. Hoque, H. Huq, M. Adil, K. 

Ashraf-Uz-Zaman and M.H. Rabin. 2017. 
Effect of BAP and IBA on in vitro regeneration 
of local banana variety of Sabri. Biotechnol. 
J. Int., 18: 1-10. https://doi.org/10.9734/
BJI/2017/31592

Madhulatha, P., M. Anbalagan, S. Jayachandran 
and N. Sakthivel. 2004. Influence of liquid pulse 
treatment with growth regulators on in vitro 
propagation of banana (Musa spp. AAA). Plant 
Cell Tissue Org. Cult. 76: 189-192. https://doi.
org/10.1023/B:TICU.0000007291.31439.6c

 Ngomuo, M., E. Mneney and P. Ndakidemi. 2013. 
The effects of auxins and cytokinin on growth 
and development of (Musa sp.) Var. “Yangambi” 
explants in tissue culture. Am. J. Plant Sci., 
4: 2174-2180. https://doi.org/10.4236/
ajps.2013.411269

North, J., P. Ndakidemi and C. Laubscher. 2012. 
Effects of antioxidants, plant growth regulators 
and wounding on phenolic compound excretion 
during micropropagation of strelitzia reginae. 
Int. J. Physical Sci., 7: 638-646. https://doi.
org/10.5897/IJPS11.786

Rahman, M.Z., K.M. Nasiruddin, M.A. Amin and 
M.N. Islam. 2004. In vitro response and shoot 
multiplication of banana with BAP and NAA. 
Asian J. Plant Sci., 3: 406-409. https://doi.
org/10.3923/ajps.2004.406.409

 Rahman, S., N. Biswas, M.M. Hassan, M.G. 
Ahmed, A. Mamun and M.R. Islam. 2013. 
Micropropagation of banana (Musa sp.) cv. 
Agnishwar by in vitro shoot tip culture. Int. 
Res. J. Biotechnol., 4: 83-88.

  Shah, S.H., N. Khan, S.Q. Memon, M. Latif, 
M.A. Zia, A. Muhammad and K. Nasir. 2020. 
Effects of auxins and cytokinins on in vitro 
multiplication of banana (musa spp.) variety ‘w-
11’ in Pakistan. J. Anim. Plant Sci., 30: 98-106.

Sreeramanan, S., X. Rathinam, R. Poobathy and U. 
Sinniah. 2008. In vitro production of multiple 
bud clumps (Mbcs) from Cavendish banana 
cultivar, Brasilian (AAA). Am. Euros. J. Sus. 
Agric., 2: 300-307.

https://doi.org/10.1002/j.1537-2197.1994.tb15630.x
https://doi.org/10.1002/j.1537-2197.1994.tb15630.x
https://doi.org/10.21608/hjsc.2016.6399
https://doi.org/10.5897/AJB11.4173
https://doi.org/10.5897/AJB11.4173
https://doi.org/10.3923/ajps.2007.496.501
https://doi.org/10.3923/ajps.2007.496.501
https://doi.org/10.1023/A:1022378511659
https://doi.org/10.1023/A:1022378511659
https://doi.org/10.9734/BJI/2017/31592
https://doi.org/10.9734/BJI/2017/31592
https://doi.org/10.1023/B:TICU.0000007291.31439.6c
https://doi.org/10.1023/B:TICU.0000007291.31439.6c
https://doi.org/10.4236/ajps.2013.411269
https://doi.org/10.4236/ajps.2013.411269
https://doi.org/10.5897/IJPS11.786
https://doi.org/10.5897/IJPS11.786
https://doi.org/10.3923/ajps.2004.406.409
https://doi.org/10.3923/ajps.2004.406.409

