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Carica papaya cv. Eksotika is one of the most popular papaya varieties with high 

economic value in Malaysia. Generally, papaya is propagated by seeds. Being a 

dioecious species, bearing exclusively either male or female flowers on separate plants, 

seed propagation yields a mixture of male, female, and hermaphrodite papayas, each 

type bears variations of fruiting capabilities and fruit qualities. Micropropagation has 

been labelled as the most reliable system of propagation producing true-to-type 

hermaphrodites suitable for large-scale cultivation of papaya. However, at the onset of 

the procedure, micropropagation is often hampered, among others, by slow explant 
initiation and multiplication, as well as production of abnormalities in shoot and root 

structures. The present study was conducted to establish a reliable set of procedures in 

the production hermaphrodite papaya, Eksotika through selection of various explants' 

maturity stages, culture media manipulations by optimizing requirements for plant 

growth regulators (PGR), procedures in subculture, pretreatments in root initiation, in 

vitro root media substrates and plantlet performance in ex vitro environment. Shoot 

initiation with different explants maturity were conducted on 3-, 6-, 9- and 12-weeks old 

explants sourced from verified hermaphrodite papaya seedlings on Murashige & Skoog 

(MS) and De Fossard (DF) media, each supplemented with 1-Naphthaleneacetic acid 

(NAA) and 6-benzylaminopurine (BAP) in a complete randomized design (CRD) with 

four replications. Six-week-old explants recorded the highest rate of survival and number 

of shoots and leaves when cultured on DF medium supplemented with 0.1 and 0.5 mg/L 
NAA and BAP respectively. Shoot length was highest on DF medium supplemented 

with 0.1 and 0.25 mg/L NAA and BAP respectively. Multiplication rate on subculturing 

of adventitious buds increased gradually until the eight subcultures, but declined after 

the ninth. In rooting, indole-3-butyric acid (IBA) at 2.0 mg/L significantly stimulated 

root growth, and increased root number and length. In acclimatization, growing medium 

of mixture of peat moss, sand, and vermiculite in a ratio of 2:1:1 (v/v) showed significant 

positive effects on survival percentages, plant height, leave number, and stem diameter. 

Vermiculite in half-strength DF liquid medium promoted root development, producing 

higher root formation, number of roots, and root length. Plantlets treated with zeolite in 
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the same medium or sterile water yielded lower rate of growth and abnormal roots 

development. Anatomical observations revealed that length of root hairs became 

significantly shorter and scattered in distribution with unicellular root hairs on the 

epidermal cell surfaces. In ex vitro conditions, rooted plantlets grown in vermiculite 

substrate showed highest survivability after transplantation in a mixture of peat moss, 

sand, and vermiculite in a ratio of 2:1:1 (v/v) compared to those plantlets grown in 
perlite, rock wool and zeolite substrates. Overall, the results proved the efficiency of 

micropropagation procedure to produce in vitro hermaphrodite Carica papaya L. cv. 

Eksotika. Papaya using shoot tips as a potential region for shoot initiation and 

proliferation of explants to ascertain an effective protocol for the multiplication of 

planting materials. Additionally, the high potential to improve the rooting phase with 

these findings suggests that the rooting substrate may induce considerable changes in 

root quality which in turn affects plantlets survival during acclimatization. Solving these 

issues, it can help improve the protocol that will produce a high success rate in the mass 

production of true-to-type hermaphrodite Carica papaya cv. Eksotika and high-quality 

plants  
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Carica papaya cv. Eksotika adalah satu daripada variti betik yang popular dengan nilai 

ekonomi yang tinggi di Malaysia. Secara amnya, pembiakan betik adalah melalui biji 

benih. Oleh kerana betik adalah spesis dioecious iaitu mengeluarkan bunga jantan atau 

betina pada pokok yang berasingan, pembiakan dengan menggunakan biji benih 

menghasilkan betik jantan, betina atau hermafrodit yang masing-masing mengeluarkan 

hasil dan kualiti buah yang berbeza.  Kaedah pembiakan mikro merupakan kaedah yang 

berupaya mengeluarkan tanaman hermafrodit sesuai untuk penanaman betik dalam skala 
besar-besaran. Walau bagaimanapun, pada permulaan prosidur, pembiakan mikro sering 

terhalang, antara lain, oleh masalah permulaan dan pendaraban kultur, serta pengeluaran 

kelainan struktur pucuk dan akar. Kajian ini dijalankan untuk membangunkan satu set 

prosedur dalam pengeluaran betik hermafrodit cv. Eksotika melalui pemilihan 

kematangan eksplan, manipulasi media kultur dengan pengoptimuman keperluan bahan 

penggalak pertumbuhan (PGR), prosidur sub-kultur, prarawatan bagi pengakaran, 

substrat pengakaran secara in vitro dan prestasi pertumbuhan di persekitaran ex vitro. 

Kajian bagi menggalakkan pertumbuhan pucuk telah dijalankan ke atas eksplan pada 

peringkat 3, 6, 9, dan 12 minggu dari sumber hermafrodit yang telah diuji di atas media 

Murashige & Skoog (MS) and De Fossard (DF) masing-masing dengan penambahan 1-

asid naftalenasetik (NAA) and 6-benzylaminopurine (BAP) dalam rekabentuk penuh 

rawak (CRD) dengan empat replikasi. Eksplan di peringkat enam minggu pertumbuhan 
telah merekodkan kadar hidup dan bilangan pucuk yang tertinggi apabila dikultur di atas 

media DF yang diperkaya, masing-masing dengan 0.1 and 0.5 mg/L NAA and BAP. 

Kadar pembiakan tunas adventitious bertambah sehingga lapan minggu pertama 

subkultur tetapi merosot selepas subkultur yang ke sembilan. Bagi pengakaran, asid 

butirik (IBA) pada 2.0 mg/L menggalakkan pertumbuhan akar dan pertambahan 

bilangan dan panjang akar dengan ketara. Di peringkat penyesuaian pertumbuhan, media 

campuran gambut, pasir dan vermiculite dalam nisbah 2:1:1 (v/v) menunjukkan kesan 

positif ke atas peratusan hidup, ketinggian, bilangan daun dan diameter batang. 

Vermiculite dalam media cair DF menggalakkan pertumbuhan akar dengan 
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menghasilkan pembentukan, bilangan dan panjang akar yang tinggi. Anak pokok yang 

dirawat dengan media yang sama atau air steril menghasilkan kadar pengakaran yang 

rendah dan pembentukan akar yang tidak normal. Pemerhatian anatomi menunjukkan 

pemendekan ukuran akar rambut yang ketara dan bertaburan bersama akar rambut satu 

sel di permukaan sel epidermis. Dalam persekitaran ex vitro anak pokok dari substrat 

vermiculite menunjukkan kadar boleh hidup lebih tertinggi selepas penanaman semula 
di dalam media gambut, pasir dan vermiculite dalam nisbah 2:1:1(v/v) diikuti oleh anak 

pokok yang ditanam dalam substrat perlite, rock wool dan zeolite. Secara keseluruhan, 

keputusan membuktikan kecekapan prosedur pembiakan mikro untuk menghasilkan in 

vitro hermaphrodite Carica papaya L. cv. Eksotika. Betik menggunakan hujung pucuk 

sebagai kawasan yang berpotensi untuk permulaan pucuk dan pembiakan eksplan untuk 

memastikan protokol yang berkesan untuk pendaraban bahan tanaman. Selain itu, 

potensi tinggi untuk memperbaiki fasa pengakaran dengan penemuan ini menunjukkan 

bahawa substrat pengakaran boleh menyebabkan perubahan besar dalam kualiti akar 

yang seterusnya menjejaskan kemandirian tumbuhan semasa penyesuaian. 

Menyelesaikan isu-isu ini ia boleh membantu meningkatkan protokol yang akan 

menghasilkan kadar kejayaan yang tinggi dalam pengeluaran besar-besaran Carica 

papaya cv. Eksotika hermaphrodite dan tumbuhan berkualiti tinggi 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

v 

ACKNOWLEDGEMENTS 

Alhamdulilahi Rabbil ‘alamin. First of all I would like to express my gratitude to 

Almighty Allah SWT for His blessings and providing me with peace and health in 

completing this thesis. My Selawat and Salam to His messenger, Prophet Muhammad 
SAW. 

I would also like to extend my heartfelt appreciation and gratitude to my supervisor, 

Prof. Dr. Uma Rani Sinniah of Department of Crop Science, Faculty of Agriculture, 

Universiti Putra Malaysia (UPM) for her guidance, supervision, wisdom, patience and 

continuous support that helped me tremendously in overcoming obstacles faced when 

completing this study. My sincere thanks are also extended to my co-supervisors, Dr. 

Mohd Hakiman Awang Mansor of the same department and Dr. Rogayah Sekeli of 

Malaysian Agricultural Research and Development Institure (MARDI) for their 

encouragement, insightful comments and much useful advice.  

I would like to express my appreciation to Mr. Yusoff Mohd Yassin from the 

Cropreservation Laboratory, MARDI for his assistance and providing me with advice on 

use of research facilities and equipment. My heartfelt gratitude and thanks to the staffs 

of Crop Science Department, for their assistance in conducting my experiments. I would 

like to thank my friends (Muhammad Najib, Zaiti Alia, Syarif, Atilia, Dr. Mohd 

Norfaizal and Nora’ini) for their unconditional and genuine friendship and for the great 

times that we shared together. To my colleagues from Crop Industrial Reseacrch Centre 

and Biotechnology Research Centre MARDI, thank you for your support and advice. 

My deepest appreciation is dedicated to all my family members especially my father, 

Hashim Harun, my mother, Noraida Dawi and my siblings (Mohd Khairul Hashim and 
Muhammad Khairani Hashim) for their love, support, understanding, blessings and 

prayers that accompanied me through this journey.  

Last but not least, I would like to acknowledge and thank MARDI, Government of 

Malaysia for awarding me a scholarship to pursue my master degree.  

Halimah binti Hashim 

Serdang.  

February, 2022 



© C
OPYRIG

HT U
PM

 

vii 

This thesis was submitted to the Senate of the Universiti Putra Malaysia and has been 

accepted as fulfilment of the requirement for the degree of Master of Science. The 

members of the Supervisory Committee were as follows: 

 

 

Uma Rani a/p Sinniah, PhD 
Professor 

Faculty of Agriculture 

Universiti Putra Malaysia  

(Chairman) 

 
Mohd Hakiman bin Awang @ Mansor, PhD 

Senior Lecturer 
Faculty of Agriculture 

Universiti Putra Malaysia  

(Member) 

 
Rogayah Sekeli, PhD 

Principal Research Officer 

Biotechnology and Nanotechnology Research Centre 
Malaysian Agricultural Research and Development Institute (MARDI) 

(Member) 

 

 

 

 

 

 

 

 

 

ZALILAH MOHD SHARIFF, PhD  

Professor and Dean 

School of Graduate Studies  

Universiti Putra Malaysia 

 
Date: 9 March 2023 

 
 

 

 

 

 

 

 

 

 

 

 
 



© C
OPYRIG

HT U
PM

viii 

Declaration by graduate student 

I hereby confirm that: 

 this thesis is my original work;

 quotations, illustrations and citations have been duly referenced;

 this thesis has not been submitted previously or concurrently for any other degree at

any institutions;

 intellectual property from the thesis and copyright of thesis are fully-owned by

Universiti Putra Malaysia, as according to the Universiti Putra Malaysia (Research)

Rules 2012;

 written permission must be obtained from supervisor and the office of Deputy Vice-

Chancellor (Research and innovation) before thesis is published (in the form of

written, printed or in electronic form) including books, journals, modules,

proceedings, popular writings, seminar papers, manuscripts, posters, reports, lecture

notes, learning modules or any other materials as stated in the Universiti Putra

Malaysia (Research) Rules 2012;

 there is no plagiarism or data falsification/fabrication in the thesis, and scholarly

integrity is upheld as according to the Universiti Putra Malaysia (Graduate Studies)

Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia (Research)

Rules 2012. The thesis has undergone plagiarism detection software

Signature: Date: 

Name and Matric No: Halimah binti Hashim



© C
OPYRIG

HT U
PM

 

ix 

Declaration by Members of Supervisory Committee 

 

 

This is to confirm that: 

 the research conducted and the writing of this thesis was under our supervision; 

 supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate 
Studies) Rules 2003 (Revision 2012-2013) are adhered to. 

 

 

 

Signature:   

Name of Chairman  

of Supervisory 

Committee: 

 

 

Professor Dr. Uma Rani a/p Sinniah 

 

 

 

 

Signature: 

  

Name of Member 

of Supervisory 
Committee: 

 

 
Dr. Mohd Hakiman bin Awang @ Mansor 

 

 

 

 

Signature: 

  

Name of Member 

of Supervisory 

Committee: 

 

 

Dr. Rogayah Sekeli 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

x 

TABLE OF CONTENTS 

 

 

Page 

 

ABSTRACT      i 

ABSTRAK iii 

ACKNOWLEDGEMENTS v 

APPROVAL vi 

DECLARATION viii 

LIST OF TABLES                                                                                                        xii 

LIST OF FIGURES                                                                                                     xiii 

LIST OF APPENDICES xvi 

LIST OF ABBREVIATIONS xvii 

  

CHAPTER 

 

 

1 INTRODUCTION 1 
1.1 Background of study 1 
1.2 Aim and Objectives of Study 2 

 

2 LITERATURE REVIEW 4 
2.1 Botanical Description of Papaya 4 
2.2 Importance of Papaya 4 
2.3 Papaya Variety Eksotika 5 
2.4 Conventional Propagation of Papaya 6 
2.5 Micropropagation of Papaya 6 
2.6 Stages in Micropropagation of Papaya 9 

2.6.1 Establishment of Explant and Initiation of Aseptic 
Culture 9 

2.6.2 Plant Growth Regulators Requirements for 

Micropropagation of Papaya 10 
2.6.2 In vitro Shoot Induction 12 
2.6.3 In Vitro Shoot Proliferation 12 
2.6.4 Root Induction 13 

2.7 Anatomical Studies on Root Development 14 
2.8 Acclimatization 15 
2.9 Concluding statement 15 

 

3 SHOOT REGENERATION THROUGH SHOOT TIP 

CULTURE 17 
3.1 Introduction 17 
3.2 Materials and Methods 17 

3.2.1 Source of Plant Materials 17 
3.2.2 Explant Sterilization 19 
3.2.3 Culture Media 21 

3.3 Experiment 2: Effect of BAP and NAA on shoot 

multiplication 21 
3.4 Results 22 

3.4.1 Experiment 1: Shoot Induction 22 



© C
OPYRIG

HT U
PM

 

xi 

3.4.2 Experiment 2: Shoot Multiplication and 

Elongation 27 
3.5 Discussions 30 

3.5.1 Shoot Induction 30 
3.5.2 Shoot Multiplication and Elongation 32 

3.6 Conclusion 34 
 

4 In Vitro ROOT INDUCTION AND GROWTH 

DEVELOPMENT IN MICROPROPAGATED PAPAYA 

PLANTETS 35 
4.1 Introduction 35 
4.2 Materials and Methods 35 

4.2.1 Experiment 1: Effect of pretreatment duration 

with different concentrations of IBA on root 

induction 35 
4.2.2 Experiment 2: Acclimatization of regenerated 

plantlets in different potting media 36 
4.2.3 Experiment 3: Effects of different rooting 

substrates on root development of regenerated of 

papaya shoots 36 
4.3 Results 38 

4.3.1 Experiment 1: Effect of pretreatment durations 

with different concentrations of IBA on root 

induction 38 
4.3.2 Experiment 2: Acclimatization of regenerated 

plantlets in different potting media 44 
4.3.3 Experiment 3: Effects of different rooting 

substrates on root development  of regenerated of 

papaya shoots 47 
4.4 Disscusion 64 

4.4.1 Experiment 1: Effect of pretreatment duration of 

different concentrations IBA for root induction 64 
4.4.2 Experiment 2: Acclimatization of regenerated 

plantlets with different potting media 65 
4.4.3 Experiment 3: Effect of different rooting substrate 

on root development of papaya shoots cultured in 

sterile half strength DF liquid medium and 

distilled water 66 
4.4.4 Structural analysis the effect of rooting substrate 

on morphological of papaya rooting 68 
4.4.5 Acclimatization of regenerated plantlets from 

different rooting substrates 69 
4.5 Conclusion 70 

 

5 GENERAL CONCLUSION AND RECOMMENDATIONS 72 

 

REFERENCES 74 
APPENDICES 89 
BIODATA OF STUDENT 98 
PUBLICATION 99 



© C
OPYRIG

HT U
PM

 

xii 

LIST OF TABLES 

 

 

Table Page 

 

2.1  An overview of micropropagation Carica Papaya 7 

3.1  Main and interaction effects of different ages and types of media on 

number shoots, leaves and percentage of survival of explants as 

induction responses of Carica papaya at 6 weeks after culture 22 

3.2  Main and interaction effects of different combinations of BAP and 

NAA on number of shoots and shoot length per explant at 8th 

subculture of Carica papaya 28 

4.1  Effects of pretreatment durations on different concentration of IBA on 

root percentage (%), number of roots and root length in root    

induction 39 

4.2 Main and interaction effects of two media and four substrates on plant 

height, percentage of root, number of roots, root length, root diameter 

and number of leaves of Carica papaya 48 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 



© C
OPYRIG

HT U
PM

 

xiii 

LIS OF FIGURES 

 

 

Figure Page 

 

3.1  Papaya seedlings at Agrotechnology Unit greenhouse, Universiti Putra 
Malaysia, Serdang, Selangor 18 

3.2 PCR product of each sample based on 96 well plate format (vertical) 18 

3.3  Explants (shoot tips) of different maturity (ages) excised from mother 

plants. Each shoot tip consisted of 4-5 nodes excised from (A) 3-week; 

(B) 6-week; (C) 9-week; (D) 12-week-old source plants. 20 

3.4 Effect of age of explants (weeks) and types of media on number of 

shoots per explant 23 

3.5  Effect of age of explant and types of media on number of leaves per 

explant 24 

3.6 Effect of age of explants on survival rate (%) 25 

3.7  Effect types of media on survival rate of explants 25 

3.8  Effect of explant maturity and types of media on shoot induction after 
6 weeks of inoculation 26 

3.9  Comparison of shoot multiplication efficiency among subcultures 27 

3.10  Effects of different levels of BAP and NAA on number of shoots 29 

3.11 Effects of different levels of BAP and NAA concentration on shoot 

length of Carica papaya 29 

3.12  Images of papaya cv Eksotika showing effects of BAP in combination 

with NAA on shoot multiplication and shoot elongation at eighth 

subculture 30 

4.1  Acclimatization of plantlets. Each plantlet was covered with a clear 

plastic cup punched with 20 holes to create high relative humidity 

environment, maintained for 2 weeks in the green house 38 

4.2  Effect of IBA in half- strength DF medium in different durations of 

pre-treatment on rooting percentage of micropropagated plantlets of 

Carica papaya 39 

4.3  Effect of IBA in half-strength DF medium in different durations of 

pre-treatment on number of roots of micropropogated seedlings of 

Carica papaya 40 



© C
OPYRIG

HT U
PM

 

xiv 

4.4  Effects of IBA concentrations in half-strength DF medium and 

duration of pre-treatment on root length (cm) of micropropogated 

seedlings of Carica papaya 41 

4.5  Images of papaya cv. Eksotika showing effects of IBA in half-strength 

DF agar medium from different pretreatments on root development 42 

4.6  Papaya roots formed in agar substrate 43 

4.7 Effect of different potting media on survival rate attained at week 8 of 

acclimatization. P1: peat moss + vermiculite (2:1 v/v), P2: peat moss 

+ sand + vermiculite (2:1:1 v/v/v), P3: top soil + vermiculite + coconut 

husk (3:2:1 v/v/v) 44 

4.8  Effect of different potting media on plant height recorded at week 8 of 

acclimatization. P1) peat moss + vermiculite (2:1 v/v), P2) peat moss 

+ sand + vermiculite (2:1:1 v/v/v), P3) top soil + vermiculite + coconut 

husk (3:2:1 v/v/v) 45 

4.9  Effect of different potting media on number of leaves per plant 

recorded at Week 8 of acclimatization 45 

4.10  Effects of potting media on stem diameter  of regenerated plantlets 

after eight weeks of acclimatization 46 

4.11  Corresponding images on effects of potting media on growth 

performance of regenerated plantlets after eight weeks of 

acclimatization 47 

4.12  Relationship between plant height (cm) and types of media 48 

4.13  Relationships between plant height (cm) and types of substrates 49 

4.14  Relationship between rooting percentage and types of substrate in 

dH2O and half strength DF medium 49 

4.15  Relationship between number of roots and types of substrate in 

distilled water and half strength DF medium 50 

4.16 Relationship between root length (cm) and types of substrates in dH2O 

and half strength DF medium 51 

4.17  Relationship between root diameter (cm) and types of medium 51 

4.18  Relationship between root diameter (cm) and types of substrate 52 

4.19  Relationship between number of leaves and types of substrates in 

dH2O and half strength DF medium 52 



© C
OPYRIG

HT U
PM

 

xv 

4.20  Responses of papaya cv. Eksotika shoots on half-strength DF liquid 

medium with different rooting substrates on root development after 4 

weeks 54 

4.21  Response of papaya cv Eksotika shoots on sterile distiller water 

(dH2O) with different rooting substrate on root development after 4 

weeks 55 

4.22  Papaya roots formed in vermiculite substrate 57 

4.23  Papaya roots formed in rock wool substrate 58 

4.24 Papaya roots formed in perlite substrate 59 

4.25  Papaya roots formed in zeolite substrate 60 

4.26  Effect of different substrate media on percentage of survival (%) at 

week 8 of acclimatization in peat moss + sand + vermiculite (2:1:1 

v/v/v) potting media 61 

4.27  Effect of different substrate on number of leaves per plant at week 8 

of acclimatization in peat moss + sand + vermiculite (2:1:1 v/v/v) 

potting media 62 

4.28  Effect of different substrates on plant height (cm) at week 8 of 

acclimatization in peat moss + sand + vermiculite (2:1:1 v/v/v) potting 
media 62 

4.29  Images of plantlets at week 8 acclimatized in peat moss: sand: 

vermiculite (2:1:1 v/v/v) 63 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

xvi 

LIST OF APPENDICES 

 

 

Appendix Page 

 

A  Murashige and Skoog (MS) Medium Formulation 89 

B  De Fossard (DF) Medium Formulation 90 

C1 ANOVA for for the effects of explant maturity in different media types 

on number of shoots, leaves and percentage of survival of explants 

(Experiment 1) 91 

C2  ANOVA for number of shoots following10th subculture 92 

C3  ANOVA for number of shoots and shoot length on 8th subculture 92 
 

D1  ANOVA for percentage of root, number of roots and root length for 

Experiment 1 93 

D2 ANOVA for percentage of survival, plant height, number of leaves 

and stem diameter for Experiment 2. 94 

D3  ANOVA for plant height. number of roots, percentage of root, root 
length, root diameter and number of leaves for Experiment 3 95 

D4  ANOVA for percentage of survival, number of leaves, plant height 

and stem diameter for Experiment 4 97 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 



© C
OPYRIG

HT U
PM

 

xvii 

LIST OF ABBREVIATIONS 

 

 

%   Percentage  

°C   Degree Celsius  

µL   micro liter  

BAP  Benzyl aminopurine 

cm   centimetre  

dH2O  Distilled water  

DF  De Fossard Medium 

g/L  gram per liter 

HCL  Hydrochloric acid 

IBA   Indole-3-butryic acid 

 mg/L  milligram perliter 

mm   millimeter  

MS  Murashige and Skoog 

NaOH  Natrium hydroxide 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

1 

CHAPTER 1 

1 INTRODUCTION 

1.1 Background of study 

Papaya (Carica papaya L.) is a member of the Caricaceace family which comprises of 

twenty-two species in four genera, three of which from America (Carica, Jacaritia and 

Jarilla) and one genus from equatorial Africa (Cylicomorpha). Papaya is believed to be 
native to southern Mexico and neighbouring Central America. Presently, it is cultivated 

in most tropical and subtropical countries using seeds for propagation.  

Its wide and extensive production scale reflects papaya's importance in agriculture and 

the world’s economy. In 2020, total world production was recorded at approximately 
13.9 million metric tons (FAOSTAT, 2021). India was the largest producer, accounting 

for nearly 43% of global production (FAOSTAT, 2021). Malaysia ranked two one in 

world production in the same year with approximately 0.45% production (Fruit Crops 

Statistics, 2021).  

Locally, the most popularly grown papaya variety is Eksotika. The variety is a cross 

pollination of Subang 6 and Hawaiian Sunrise Solo and it was released by Malaysia 

Agriculture Research and Development Institute (MARDI), Serdang, in 1987 (Chan, 

1987). It has vigorous growth features with production more than 60 tonnes hectares 

every year and can grow in multiple soil types provided with suitable drainage systems. 

Eksotika fruit is relatively small to medium-sized, weighing around 400 to 800 g with 

orange-red flesh and it has pleasing aroma with high of sucrose content (13–15°Brix) 

which suitable for consumption. These appealing characteristics together with high yield 

and aesthetic values makes the variety to be chosen variety grown either for commercial 

as well as export purposes, especially to East Asian countries, Singapore, Middle East, 

and Europe (Sew et al., 2011).  

Papaya is polygamous with three sex forms: male, female and hermaphrodite (Salinas et 

al., 2018), differentiated by their inflorescences and fruit shapes (Ming et al., 2012). 

Male and female plants produce staminate and pistillate flowers, respectively. Whereas 

hermaphrodite plants produce bisexual flowers. Due to its high yield and pear-shaped 
fruits with a lower ovarian cavity, hermaphrodite papaya is the major type for 

commercial cultivation in tropical regions (Chávez-Pesqueira et al., 2014). Female plants 

are grown primarily for papain production (Reddy et al., 2012). which are commonly 

used in meat marinating, productions of cosmetics products, tannin hides, and many 

others (Ming et al., 2012), while male plants has no significant economic purposes 

(Urasaki et al., 2002).  

In Malaysia, papaya is grown from seeds due to the non-availability of hermaphrodite 

planting materials. Studies have shown that the sex type of papaya plant is only 

recognizable only after 4 to 5 months when planted by seeds or once plant starts to 
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produce flowers.  Since that period is relatively long, it would be beneficial for the 

growers to know the sex type at the seedling stage. In the export market, hermaphrodite 

papaya fruit has higher commercial value. A setback in the cultivation of papaya occurs 

when plants are propagated from seeds due to the production of non-true-to-type planting 

materials resulting from segregation of offsprings at the second filial generation. 

Identification of papaya sex type before the flowering stage would be helpful as it is cost 
saving especially in manpower and time allocated in removing plants with unsought sex 

types (male and female). Clonal propagation of selected hermaphroditic plant offers an 

efficient and valuable alternative in papaya field planting, ensuring 100% production of 

hermaphrodite plants. Propagation via tissue culture has been proposed for the rapid and 

large-scale production of planting materials. Tissue culture or micropropagation has 

been cited as the only cost-effective procedure to constantly produce desirable planting 

materials with suitable sex type in papaya (Salinas et al., 2018). 

Although various studies on the micropropagation of papaya have been documented, 

information on the specific subject matter is still lacking, and protocols are still being 

perfected. Yie and Liaw (1977) first reported on induction of callus from stem section 

of papaya seedling using semi-solid culture medium. The most common 

micropropagation procedures used include by callus or somatic embryogenesis 

(Anandan et al., 2012; Kabir et al., 2016) and culture of shoot tips, axillary buds or shoot 

buds (Rohman et al., 2007, Hidaka et al., 2008; Bindu., 2017). Although a few protocols 

have been used as routine procedures, there are no suitable for extensive commercial 
production because of issues and challenges such as microbial contaminations by 

endogenic microbes, especially when matured papaya plant at the field is being use as 

explants sources. Low proliferation rates of matured materials have also been 

documented. These problems are further amplified by the lower rooting efficacy in 

regenerated shoots as well as lower survival rate of rooted papaya plants during 

acclimatization (Wu et al., 2012). Additional significant trait of responses of this plant 

to tissue culture is the genotype, which has been considered sensitive to plant growth 

regulators (Setargie et al., 2015). 

Thus, a study was conducted to investigate the efficiency of papaya shoot tips as a 

potential region for shoot initiation and proliferation of explants to ascertain an effective 

protocol for the multiplication of planting materials. The study also aimed to demonstrate 

that shoots produced from this system could be successfully rooted and acclimatized by 

optimising various auxin concentrations, substrates, and potting media.  

1.2 Aim and Objectives of Study 

The general goal of this study was to establish an effective micropropagation procedure 

to produce in vitro hermaphrodite Carica papaya L. cv. Eksotika with specific objectives 

of the study were as follows: 

 

a. To identify the potential of shoot tips sourced at different stages of explants' 

maturity for shoot induction in Carica papaya L.cv. Eksotika; 

b. To determine the effects of different concentrations of 6-benzylaminopurine 

(BAP) on shoot proliferation; 
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c. To investigate the effects of different concentrations of indolebutyric acid 

(IBA) and substrates on rooting potentials of differentiated materials produced;  

d. To determine the best potting medium for acclimatization of plantlets.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

74 

6 REFERENCES 

Adam, D. C., and Kheng, T. C. (2016). Micropropagation of Hermaphrodite Carica 

papaya L. “Rainbow” Seedlings via Axillary Bud Pathway. College of 

Tropical Agriculture and Human Resources 

www.ctahr.hawaii.edu/freepubs. 

Adigo, S., Mekbib, F., and Abraha, E. (2015). In vitro propagation of papaya (Carica 
papaya L.). World Journal of Agricultural Sciences 11(2): 84–88. 

https://doi.org/10.5829/idosi.wjas.2015.11.2.12619 

Afreen, F., Zobayed, S. M. A., and Kozai, T. (2002). Photoautotrophic culture of 

Coffea arabusta somatic embryos II: Development of a bioreactor for the 

large-scale plantlet conversion from cotyledonary embryos Annals of 

Botany. 9: 20–29. 

Agnihotri, S., Singh, S.K, Jain, M., Sharma, M., Sharma, A.K., and Chaturvedi, H.C. 

(2004). In vitro cloning of female and male Carica papaya through tips of 

shoots and inflorescences. Indian Journal of Biotechnology 3: 235-240. 

Akbar, M.A., and Roy, S.K. (2006). Effects of liquid medium on rooting and 

acclimation of regenerated microshoots of banana (Musa sapientum L.) cv. 

Sagar. Plant Tissue. Culture and. Biotechnology 16(1): 11-18. 

Altamura, M. M. (1996). Root histogenesis in herbaceous and woody explants 

cultured in vitro. A critical review. Agronomie 16(10): 589–602. 

https://doi.org/10.1051/agro:19961001 

Anandan, R., Thirugnanakumar, S., Sudhakar, D., and Balasubramanian, P. (2011). 

In vitro organogenesis and plantlet regeneration of Carica papaya L. Journal 

of Agricultural Technology 7(5): 1339-1348 http://www.ijat-aatsea.com 

Anonymous (2002). Indian Tissue Culture Industry Part-I Dalal Consultants and 

Engineers Ltd Floriculture Today June India.  

Aravind, D. B., and Duraivel, H. (2013). Traditional and medicinal uses of Carica 

papaya. Journal of Medicinal Plants Studies 1(1):7-15 

www.plantsjournal.comwww.plantsjournal.com 

Badillo, V. M. (2000). Vasconcella St.-Hil. (Caricaceae) con la rehabilitacion de este 

ultimo. Ernstia, 10:74–79. 

Baraldi, R., Rossi, F. and Lercari, B. (1988). In vitro shoot development of Prunus 

GF655-2: interaction between light and benzyladenine. Physiol. Plant., 74: 

440-443 

Bellini, C., Pacurar, D.I., Perrone, I. (2014). Adventitious roots and lateral roots: 

similarities and differences. Annual Review of Plant Biology 65, 639–666. 

http://www.ctahr.hawaii.edu/freepubs
https://doi.org/10.5829/idosi.wjas.2015.11.2.12619
https://doi.org/10.1051/agro:19961001
http://www.ijat-aatsea.com/


© C
OPYRIG

HT U
PM

 

75 

Beniwal, V. S., Sehrawat, S. K., Dahiya, D. S. Benival, L. S. and Singh, S. (2006). 

Effect of season on in vitro regeneration of papaya. Haryana Journal of 

Horticultural Science, 53 (1 & 2): 35-37. 

Bhattacharya, J., Khuspe, S. S., Renukdas, N. N., and Rawal, S. K. (2002). Somatic 

embryogenesis and plant regeneration from immature embryo explant of 

papaya (Carica papaya L. cv. Washington and Honey dew). Indian Journal 

Experimental Biology, 40(5): 624-627. 

Bhattacharya, J., Renukdas, N., and Khuspe, S. et al. (2003). Multiple shoot 

regeneration from immature embryo explants of papaya. Biologia Plantarum 

47: 327–331. https://doi.org/10.1023/B:BIOP.0000023873.55327 

Bhattacharyya, R. and Bhattacharya, S. (2002). High frequency in vitro propagation 

of Phyllanthus amarus Schum. & Thonn. by shoot tip culture. Indian Journal 

Experimental Biology, 39:1184 -1187. 

Bhowmik, D. (2013). Traditional and medicinal uses of Carica papaya 
charecterization of Ayurvedic nanomedicine. Journal of Medicinal Plants 

Studies, 1(1). www.plantsjournal.comwww.plantsjournal.com 

Bhuyain, M.S.A. and M.A.Y. Akond. (2000). In vitro regeneration of papaya (Carica 

papaya L.). Bangladesh Journal of Plant Breed and Genetic, 13: 13-17. 

Bindu, B., and Podikunju, B. (2017). Tissue culture protocol for in-vitro propagation 

of papaya (Carica papaya L.). Journal of Krishi Vigyan, 6(1): 205. 

https://doi.org/10.5958/2349-4433.2017.00081.2 

Bitar, A.D. and Mohamed, F.H. (2009). Effect of different substrate types on the 

growth of micropropagated banana transplant. Agricultural Research 

Journal. Suez Canal University.  9(1): 75-80. 

Bonga, J.M. and von Aderkas, P (1992). In vitro culture of trees. Kluwer Academic 

Publishers, Dordrecht, The Netherlands, pp 72—125. 

Caldas L.S., Haridasan, P. and Ferreira M.E. (1990) Meios Nutritivos. In: Torres, A.C. 

& Caldas, L.S. (Eds) Técnicas E Aplicações Da Cultura De Tecidos De 

Plantas (Pp 37–70). Abctp/Embrapa-Cnph, Brasília 

Caple, A.D., and Fira, A.K., (2008). The use of perlite as support in liquid media for 

the in vitro rooting of some horticultural species. Bulletin of the University 

of Agricultural Sciences and Veterinary Medicine Cluj-Napoca Agriculture 

65(1):460. 

Caple, A. D., and Cheah, K. T. (2016). College of Tropical Agriculture and Human 

Resources Micropropagation of Hermaphrodite Carica papaya L. 

“Rainbow” Seedlings via Axillary Bud Pathway. 

www.ctahr.hawaii.edu/freepubs. 



© C
OPYRIG

HT U
PM

 

76 

Carvalho, F. A., and Renner, S. S. (2014). The phylogeny of the Caricaceae. In 

Genetics and Genomics of Papaya (pp. 81–92). Springer New York. 

https://doi.org/10.1007/978-1-4614-8087-7_5 

Céccoli, G., Panigo, E. S., and Favaro, J. C. (2013). Fruit yield and growth parameters 

of several Carica papaya L. genotypes in a temperate climate. 

https://www.researchgate.net/publication/260837350 

Chan, L.K. (1996) Characterization of papaya (Carica papaya L.) varieties and in 

vitro culture for increasing productivity and short-term tissue storage. PhD 

Thesis, Universiti Sains Malaysia, Penang, Malaysia.  

Chan, L.K., and Teo, C.K.H. (1993). In vitro production of multiple shoots in papaya 

as affected by plant tissue maturity and genotype. MARDI Research Journal 

21: 105-111. 

Chan, Y. K. (1987). Backcross method in improvement of papaya (Carica papaya 

L.). Malaysian Applied. Biology. 16, 95–100. 

Cheah, K. T., and Caple, A. D. (2016). College of Tropical Agriculture and Human 

Resources Micropropagation of Hermaphrodite Carica papaya L. 

“Rainbow” Seedlings via Axillary Bud Pathway. 

www.ctahr.hawaii.edu/freepubs. 

Clarindo, W.R., Carvalho, C.R., Araújo, F.S., Abreu, I.S., and Otoni, W.C. (2008). 

Recovering polyploid papaya in vitro regenerants as screened by flow 

cytometry. Plant Cell Tisssue and. Organ Culture. 92: 207-214. 

Cubbin, M. J., and Staden, J. V. (2003) A modified technique for in vitro propagation 

of papaya (Carica papaya L.) South African Journal of Botany 2003, 69(3): 

287–291 

Davis, J.M. and D.E. Keathley. (1987). Differential responses to in vitro bud culture 

in mature Robinia pseudoacacia L. (black locust). Plant Cell Report. 6:431-

434. 

De Fossard, R.A., Myint, A. and Lee E.C.M. (1974). A broad-spectrum tissue culture 

experiment with tobacco (Nicotiana tabacum) pith tissue callus. Physiologia 
Plantarum, 31(2): 125-130. https://doi.org/10.1111/j.1399-

3054.1974.tb03116.x 

De Klerk, G.J., van der Krieken, W. and de Jong, J.C. (1999). Review the formation 

of adventitious roots: New concepts, new possibilities. In vitro Cellular & 

Developmental Biology, 35: 189–199. https://doi.org/10.1007/s11627-999-

0076-z 

De Winnaar, W. (1988). Clonal propagation of papaya in vitro. Plant Cell Tissue 

Organ Culture. 12: 305-310. 

Deb, C. R., and Imchen, T. (2010). An efficient in vitro hardening technique of tissue 

culture raised plants. Biotechnology. 9(1): 79-83. 



© C
OPYRIG

HT U
PM

 

77 

Dello Ioio, R., et al. (2008). A genetic framework for the control of cell division and 

differentiation in the root meristem. Science, 322: 1380–1384. 

Dinesh Babu, Sathiamoorthy and Chezhiyan (2000). Rooting in vitro and hardening 

of papaya (Carica papaya L.) plantelets. South Indian Journal of. 

Horticulture., 48(1-6): 23-25. 

Drew, R.A, and Vogler, J.N. (1993) Field evaluation of tissue-cultured papaya clones 

in Queensland, Australia. Journal of Experimental Agriculture, 33: 475-479. 

Drew, R.A. and Miller, R.M. (1989) Nutritional and cultural factors affecting rooting 

of papaya (Carica papaya L.) in vitro. Journal of Horticultural. Science, 64: 

767–773 

Drew, R.A., McComb, J.A., and Considine, J.A. (1993) Rhizogenesis and root growth 

of Carica papaya L. in vitro in relation to auxin sensitive phases and use of 

riboflavin. Plant Cell Tissue and Organ Culture, 33: 1–7. 

Drew, R.A., O’Brien, C.M., and Magdalita, P.M. (1998) Development of interspecific 

Carica hybrids. Acta Horticulturae 461: 285-292 

Druart, P. (1997). Optimization of culture media for in vitro rooting of Malus 

domestica Borkh. cv. Compact Spartan. Biologia Plantarum 39: 67–77 

(1997). https://doi.org/10.1023/A:1000309023415 

Duong Tan, N., Sivakumar, D., and Teixeira Souza Junior, M. (2007). Papaya (Carica 

papaya L.) Biology and Biotechnology. 

https://www.researchgate.net/publication/283515065 

FAOSTAT Database (2021). Food and Agricultural Organization, United Nations, 

Roma. http://www.fao.org/faostat/en/#data/QC 

Farzana, A. R. F., Palkadapala, P. G. V. N., Meddegoda, K. M. M. N., Samarajeewa, 

P. K., and Eeswara, J. P. (2008). Somatic embryogenesis in Carica papaya 

L. cv. Ratha 41. Journal of the National Science Foundation of Sri Lanka 

36(1). 

Feyissa, T., Welander, M., and Negash, L. (2007). Genetic stability, ex vitro rooting 

and gene expression studies in Hagenia abyssinica. Biologia Plantarum, 

51(1): 15–21. https://doi.org/10.1007/s10535-007-0004-1y 

Firoozabady E, and Gutterson N (2003). Cost effective in vitro propagation methods 

for pineapple. Plant Cell. Reports 21: 844-850 

Fujiwara, K., Kira, S., and Kozai, T. (1995). Contribution of photosynthesis to dry 

weight increase of in vitro potato cultures under different CO2 

concentrations. ActaHortic 393:119-126. 

Gabriel, B.L., Nelson, L.F., and Gérson, R.D.L.F. (2002). Use of vermiculite as a 

substrate and effect of light on in vitro rooting of pears, cv. Bartlett and clone 
OH´F97. Ciênc Agrotec 26: 977-82. 



© C
OPYRIG

HT U
PM

 

78 

Gamborg, O.L. (2002) Plant Tissue Culture. Biotechnology. Milestones. In Vitro 

Cellular and Developmental Biology Plant 38: 84-92. 

http://dx.doi.org/10.1079/IVP2001281 

George, E. F., Hall, M. A., and Klerk, G. J. de. (2008). The components of plant tissue 

culture media I: Macro- and micro-nutrients. In Plant Propagation by Tissue 

Culture 3rd Edition (Vol. 1, pp. 65–113). Springer Netherlands. 

https://doi.org/10.1007/978-1-4020-5005-3_3 

George, E.F. (1993) Plant Propagation by Tissue Culture, Part 1, the Technology. 

2nd Edition, Exegetics Limited, Edington. 

Gitonga, L. N., Gichuki, S. T., Ngamau, K., Muigai, A. W. T., Kahangi, , E. M., 

Wasilwa, L. A., Wepukhulu, S.,  and Njogu, S. (2010). Effect of explant type, 

source and genotype on in vitro shoot regeneration in Macadamia 

(Macadamia spp.). Journal of Agricultural Biotechnology and Sustainable 

Development,  Vol. 2(7), pp. 129-135 

Glocke, P., Collins, G., and Sedgley. (2006). M. 6-Benzylamino purine stimulates in 

vitro shoot organogenesis in Eucalyptus erythronema, E. stricklandii and 

their interspectific hybrids. Scientia Horticulturae, 109: 339-344. 

Hameed, M., Batool, S., Naz, N.T., and Ashraf, M. (2012). Leaf structural 

modifications for drought tolerance in some differentially adapted ecotypes 

of blue panic (Panicum antidotale Retz.). Acta Physiol Plantarum 34:1479-

1491. 

Hari Prakash, Tiwari, J. P. and Prakash, H. (1996). Micropropagation of guava 

(Psidum gujava L.). Journal of Applied Horticulture., 2:98-101. 

Harris, R.A. and Mantell, S.H. (1991). Effect of stage II sub-culture duration on the 

multiplication rate and rooting capacity of micropropagated shoot of Paeony 
(Paeonia suffruticosa Ander.). Journal of Horticultural Science, 66: 95-102. 

Hassanen, S. A., and Khalil, R. M. A. (2013). Biotechnological studies for improving 

of stevia (Stevia rebaudiana Bertoni) in vitro plantlets. Middle East Journal 

of Scientific Research, 14(1): 93–106. 

https://doi.org/10.5829/idosi.mejsr.2013.14.1.1948 

Hazarika, B. N., Singh, I. P., Nagaraju, V. and Parthasarathy, V.A. (1998). An 

efficient method of acclimatization of micropropagated plantlets of citrus. 

Annual Review of Plant Physiology., 12:47-51. 

Hazarika, B.N. (2003). Acclimatization of tissue-cultured plants. Current Science. 

India 85: 1704-1712. 

Hidaka, T., Komori S., Yamada, M. and Fukamachi, H. (2008). Mass production of 

papaya (Carica papaya L.) saplings using shoot tip culture for commercial 

use. South Paciic Studies 28: 44-49. 



© C
OPYRIG

HT U
PM

 

79 

Hoesen, D.S.H., Witjaksono, and Sukamto, L.A. (2008). Induksi kalus dan 

organogenesis kultur in vitro Dendrobium lineale Rolfe. Berita Biologi, 9 

(3): 333-341. 

Humayun Kabir, Md. (2016). Somatic embryogenesis and plant regeneration from 

zygotic embryo in Carica papaya L., cv. Red-Lady. Plant, 4(6): 45. 

https://doi.org/10.11648/j.plant.20160406.11 

Hussain, A., Ahmed, I., Nazir, H., and Ullah, I. (2012). Plant tissue culture: Current 

status and opportunities. Recent Advances in Plant In Vitro Culture. InTech. 

https://doi.org/10.5772/50568 

Hutchinson, J.F., (1984). Factors affecting shoot proliferation and root initiation in 

organ cultures of the apple ‘Northern Spy’. Scientia Horticulturae., 22(4): 

347-358. 

Ibrahim, R., and Debergh, P.C. (2001). Factors controlling high efficiency 

adventitious bud formation and plant regeneration from in vitro leaf explants 
of roses (Rosa hybrida L.). Scientia Horticulturae 88, 41-57 

Islam, M., (2001). In vitro plant regeneration and improvement of Carica papaya L. 

through somaclonal variation. Ph.D. Thesis. Plant Breeding and 

Biotechnology Laboratory, Department of Botany, University of Rajshahi, 

Bangladesh. 

Islam, R., Rahman, S.M., M. Hossain, M., and. Joarder, O.I. (1993). In vitro clonal 

propagation of papaya through culture of lateral buds from mature field-

grown plants. Plant Tissue Culture, 3: 47-50 

Jahan, M. T., Islam, M. R., Khan, R., Mamun, A. N. K., Ahmed, G., and Hakim, L. 

(2009). In vitro clonal propagation of Anthurium (Anthurium andraeanum 

L.) using callus culture. Plant Tissue Culture & Biotechnology, 19 (1).  

James, D.J., and Thurbon, I.J. (1979). Rapid in vitro rooting of the apple rootstock 

M.9. Journal of Horticultural Science 54: 309-311. 

James, D.J., and Thurbon, I.J. (1981) Shoot and root initiation in vitro in the apple 

rootstock M9 and the promotive effects of phloroglucinol. Journal of 
Horticultural Science 56: 15-2 

Javed B., Farhhatullath, S. H. Shah and Ali, I. (2012). In vitro analysis of callus 

induction in interspecifically hybridized F4-5 populations of Brassica. 

Pakistan Journal of Botany 44(2): 789-790. 

Jiao, Z., Deng, J., Li, G., Zhang, Z., and Cai, Z. (2010). Study on the compositional 

differences between transgenic and non-transgenic papaya (Carica papaya 

L.). Journal of Food Composition and Analysis, 23(6): 640–647. 

https://doi.org/10.1016/j.jfca.2010.03.004 



© C
OPYRIG

HT U
PM

 

80 

Jiménez, V. M. (2001). Regulation of in vitro somatic embryogenesis with emphasis 

on to the role of endogenous hormones. Revista Brasileira de Fisiologia 

Vegetal, 13(2) https://doi.org/10.1590/S0103-31312001000200008 

Jin, S., Mushke, R., Zhu, H., Tu, L., Lin, Z., Zhang, Y. and Zhang, X. (2008). 

Detection of somaclonal variation of cotton (Gossypium hirsutum) using 

cytogenetics, flow cytometry and molecular markers. Plant Cell Reports. 27: 

1303–1316. 

Kabir, A. H., Bari, M. A., Huda, A. K. M. N., Rezvy, M. A., & Mahfuz, I. (2007). 

Effect of growth regulators and carbon sources on axillary shoot proliferation 

from shoot-tip explant and successful transplantation of papaya (Carica 
papaya L.). Biotechnology, 6(2): 268–272. 

https://doi.org/10.3923/biotech.2007.268.272 

Kaity, A., Parisi, A.M., Ashmore, S.A. and Drew, R.A. (2009). Root initiation and 

acclimatization of papaya plants. Acta Hortulturae, 812: 387-394. 

Kampf, A.N., Calvete, E.O. and Bellé, S. (1998). Rooting media and plant 

acclimatization ex vitro. In: Combined Proceedings-International Plant 

Propagators Society. Univ. Washington. Int. Plant Propagation Soc., 48: 

709-714. 

Kataoka, I. (1994). Influence of rooting substrates on morphology of papaya root. 

Japanese Journal of Tropical Agriculture 38:251-257. 

Kataoka, I., and Inoue, H. (1991) Rooting of tissue cultured papaya shoots under ex 

vitro conditions. Japanese Journal of Tropical Agriculture 35: 127-129 

Keatmetha, W., and Suksa-Ard, P. (2004). Effects of rooting substrates on in vitro 

rooting of Anthurium andraeanum L. cv. Avanti.  Walailak J. of Sci. and 

Tech 1(2): 49-55. 

Kim, C.K., Oh, J.Y., Jee, S.O., and Chung, J.D. (2003). In vitro micropropagation of 

Rosa hybrid L. Journal of Plant Biotechnology 5: 115-119. 

Krishna, K.L., Paridhavi, M., and Jagruti, A.P. (2008). Review on nutritional, 

medicinal and pharmacological properties of papaya (Carica papaya Linn.). 
Natural Product Radiance 7(4): 364-373. 

Ambasta, K. S. and Kumari, S. (2013). Efficient procedure for clonal propagation of 

Carica papaya L. via shoot tip explant. An Online International Journal, (Vol. 

2, Issue 1). http://www.cibtech.org/jps.htm 

Kumar, N., Reddy, M. P., and Reddy, M. P. (2011). In vitro plant propagation: A 

Review large-scale production of date palm plantlets through 

micropropagation. Journal of Forest Science 27(2): 61-72.  

https://www.researchgate.net/publication/263638941 

Korasick, D.A., Enders, T.A., Strader, L.C. (2013). Auxin biosynthesis and storage 

forms. Journal of Experimental Botany 64, 2541–2555. 

https://www.scielo.br/j/rbfv/a/Kvmp4v5FQ8dYQpL7H6QhzTg/?lang=en
https://www.scielo.br/j/rbfv/a/Kvmp4v5FQ8dYQpL7H6QhzTg/?lang=en


© C
OPYRIG

HT U
PM

 

81 

Lai, C.-C., Yeh, S.-D., and Yang, J.-S. (2000). Enhancement of papaya axillary shoot 

proliferation in vitro by controlling the available ethylene. Bot. Bull. Acad. 

Singapore.  Acad. Sin. 41:203- 212. 

Libault, M., Brechenmacher, L., Cheng, J., Xu, D., and Stacey, G. (2010). Root hair 

systems biology. Trends in Plant Science. 15(11): 641–650. doi: 

10.1016/j.tplants.2010.08.010 

Litz, R.E. and R.A. Conover. (1981). Effect of sex type season and other factors on in 

vitro establishment and culture of Carica papaya L. Explants., Journal 

American Society for Horticultural Science 106: 792-794. 

Liu J.F., Xing D., Shen X.Y., and Zhu D.B. (2004): Detection of genetically modified 

organisms by electrochemiluminescence PCR method. Biosensors & 

Bioelectronics, 20: 436–441. 

Loiseau, J., Marche, C., and LeDeunff, Y. (1995). Effects of auxins, cytokinins, 

carbohydrates and amino acids on somatic embryogenesis induction from 
shoot apices of pea. Plant Cell Tiss Org. 41: 267-275. 

Mackay, W.A. and S.L. Kitto. (1988). Factors affecting in vitro shoot proliferation of 

French tarragon. Journal American Society for Horticultural Science 113: 

282-287. 

Malabadi, R. B., Vijaya Kumar, S., Mulgund, G. S., and Nataraja, K. (2011). 

Induction of somatic embryogenesis in Papaya (Carica papaya). Research 

in Biotechnology 2(5):40-55. www.researchinbiotechnology.com 

Malamug, J.J.F., H. Inden, and T. Asahira. (1991). Plantlet regeneration and 

propagation from ginger callus. Scientia Horticulturae. 48: 89–97 

McClelland, M. T., Smith, M. A. L., and Carothers, Z. B. (1990). The effects of in 

vitro and ex vitro root initiation on subsequent microcutting root quality in 

three woody plants. Plant Cell Tissue Organ Culture. 23: 115-123. 

McCubbin, M. J., and and an Staden, J. (2003). A modified technique for in vitro 

propagation of papaya (Carica papaya L.). South African Journal of Botany, 

69(3), 287–291. https://doi.org/10.1016/S0254-6299(15)30315-X 

Mellerowicz E.J., Baucher M., Sundberg, B., and Boerjan, W. (2001). Unravelling 

cell wall formation in the woody dicot stem. Plant Molecular Biology 47(1-

2): 239-274. 

Ming, R., Hou, S., Feng, Y., Yu, Q., Dionne-Laporte, A., Saw, J. H., Senin, P., Wang, 
W., Ly, B. v., Lewis, K. L. T., Salzberg, S. L., Feng, L., Jones, M. R., 

Skelton, R. L., Murray, J. E., Chen, C., Qian, W., Shen, J., Du, P., and Alam, 

M. (2008). The draft genome of the transgenic tropical fruit tree papaya 

(Carica papaya Linnaeus). Nature, 452(7190), 991–996. 

https://doi.org/10.1038/nature06856 

 



© C
OPYRIG

HT U
PM

 

82 

Mishra, M., Shukla, N., and Chandra, R. (2007). Micropropagation of papaya (L.). In 

Protocols for Micropropagation of Woody Trees and Fruits (pp. Carica 

papaya 437–441). Springer Netherlands. https://doi.org/10.1007/978-1-

4020-6352-7_40 

Mao, J.P., Zhang, D., Meng, Y., Li. K., Wang, H., Ha, M.Y. (2018). Inhibition of 

adventitious root development in apple rootstocks by cytokinin is based on 

its suppression of adventitious root primordia formation. Physiol Plant. 

https://doi.org/10.1111/ppl.12817 

Modgil, M., Gupta, R., and Thakur, M. (2010). In vitro rooting and hardening in apple 

rootstock EMLA111 - Influence of some factors. Acta Horticulturae, 865, 
339–344. https://doi.org/10.17660/ActaHortic.2010.865.47 

Mondal, T., Bhattacharya, A., Laxmikumaran, M. and Singh Ahuja, P. (2004). Recent 

Advances of Tea (Camellia sinensis) Biotechnology. Plant Cell, Tissue and 

Organ Culture, 76(3): 195- 254. 

Monmarson, S., Michaux-Ferriere, N., and Teisson, C. (1995). Production of high-

frequency embryogenic calli from integuments of immature seeds of Carica 

papaya L. Journal of Horticultural Science 70(1): 57 – 64. 

Moreira, M., Carvalho, J. G-Pasqual, M., Borges, F.C. and. Bortolotto, A. Da. S. 

(2006). Acclimatization of micropropagated pineapple plants cv. "Pearl" 

substrate effect. Science. and Agrotecnologia, 30(5): 875-879. 

Morton, J.F. and Miami, F.L. (1987) Papaya. In: Morton, J., Ed., Fruits of Warm 

Climates, Miami, 336-346. 

Muller, D., and Leyser, O. (2011). Auxin, cytokinin and the control of shoot 

branching. Annals of Botany 107(7): 1203–1212. 

https://doi.org/10.1093/aob/mcr069 

Mumo, N. N., Rimberia, K., Mamati, G. E., and Kihurani, A. W. (2013). In vitro 

regeneration of selected Kenyan papaya (Carica papaya L.) lines through 

shoot tip culture. African Journal of Biotechnology 12(49), 6826–6832. 

https://doi.org/10.5897/AJB2013.12902 

Murashige, T. and Tucker, D.P.H. (1969). Growth factor requirements of citrus tissue 

culture. pp. 1155-1161 in Chapman H. D. (ed.) Proc. 1st Int. Citrus Symp. 

Vol. 3, Univ. Calif., Riverside Publication. 

Murashige, T; Skoog, F. (1962). A revised medium for rapid growth and bio assays 

with tobacco tissue cultures. Physiologia Plantarum. 15 (3): 473–497. 

doi:10.1111/j.1399-3054. 1962.tb08052. 

Nakasone HY, Paull RE (1998). Papaya. In: Tropical fruits. CAB International, 

Wallingford. Oxon. UK. pp. 239-269. 

 

 

https://doi.org/10.1007/978-1-4020-6352-7_40
https://doi.org/10.1007/978-1-4020-6352-7_40


© C
OPYRIG

HT U
PM

 

83 

Nath Hazarika, B., Teixeira da Silva, J. A., and Talukdar, A. (2006). Effective 

acclimatization of in vitro cultured plants: Methods, Physiology and 

Genetics. In: Floriculture Ornamental and Plant Biotechnology: Advances 

and Topical Issues, Silva JA (Ed.), Global Science Books, Ltd., Japan, pp. 

427-438. 

Navatel, J.C. and L. Bourrain. (1994). Influence of the physical structure of the 

medium on in vitro rooting. Advances in Horticultural Science. 8:57–59. 

Nguyen, Q. T., Kozai, T., and Nguyen, U. van. (1999). Effects of sucrose 

concentration, supporting material and number of air exchanges of the vessel 

on the growth of in vitro coffee plantlets. In Plant Cell, Tissue and Organ 
Culture. 58, 51-57. https://doi.org/10.1023/A:1006310328743 

Nguyen, V. H., Yen, C. R., and Hsieh, C. H. (2018). Effect of nutritional and growth 

hormonal factors on in vitro regeneration of papaya (Carica papaya L. cv. 

Red Lady). Journal of the National Science Foundation of Sri Lanka, 46(4): 

559–568. https://doi.org/10.4038/JNSFSR.V46I4.8631 

Oakes, A. D., Desmarais, T., Powell, W. A., and Maynard, C. A. (2016). Improving 

rooting and shoot tip survival of micropropagated transgenic American 

chestnut shoots. HortScience, 51(2), 171–176. 

https://doi.org/10.21273/hortsci.51.2.171 

Ola, H. A. E., Reham, E. F., Eisa, S. S., and Habib, S. A. (2012). Morpho-anatomical 

changes in salt stressed kallar grass (Leptochloa fusca L.Kunth) Research 
Journal of Agriculture and Biological Sciences 8, 158–166. 

Oruade-Dimaro, E.A., OmamorI, B., and Eziashi, E.I. (2010) Histopathology of 

Raphia hookeri leaf infected with Glomerella cingulata causing seedling 

blight. Journal of Agricultural Biotechnology Sustainable Development 

2:47-50 

Panjaitan, S. B., Aziz, M. A., Rashid, A. A., and Saleh, N. M. (2007). In-vitro plantlet 

regeneration from shoot tip of field-grown hermaphrodite papaya (Carica 

papaya L. cv. Eksotika). In International Journal of Agriculture & Biology. 

http://www.fspublishers.org 

Parasnis, A., Ramakrishna, W., and Chowdari, K. (1999). Microsatellite (GATA)n 

reveals sex-specific differences in papaya. Theoretical and Applied Genetics 

99: 1047–1052 https://doi.org/10.1007/s001220051413 

Patel, J. R., Patel, R. M., Shah, R. R., and Shinde, K. A. (2010). Proliferation, rooting 

and acclimatization of micropropagated papaya cv. RED LADY. 

International Journal of Plant Sciences. 5(2): 459–462. 

Patel, J.R., Patel, R.M., Patel, S.R., and Singh, V. (2013). In vitro micropropagation 
of papaya cv. Red Lady. International Journal of Plant Protection, 6(2): 

449–456. 

 

https://doi.org/10.1023/A:1006310328743
https://www.cabi.org/isc/search/index?q=do:%22Research%20Journal%20of%20Agriculture%20and%20Biological%20Sciences%22
https://www.cabi.org/isc/search/index?q=do:%22Research%20Journal%20of%20Agriculture%20and%20Biological%20Sciences%22


© C
OPYRIG

HT U
PM

 

84 

Pérez, L. P., Montesinos, Y. P., Olmedo, J. G., Rodriguez, R. B., Sánchez, R. R., 

Montenegro, O. N., Escriba, R. C. R., Daniels, D., and Gómez-Kosky, R. 

(2016). Effect of phloroglucinol on rooting and in vitro acclimatization of 

papaya (Carica papaya L. cv. Maradol Roja). In Vitro Cellular and 

Developmental Biology - Plant, 52(2): 196–203. 

https://doi.org/10.1007/s11627-015-9733-6 

Pinto, F. O., Pereira, M. G., Luz, L. N., Cardozo, D. L., Ramos, H. C. C., and Macedo, 

C. M. P. (2013). Use of microsatellite markers in molecular analysis of 

segregating populations of papaya (Carica papaya L.) derived from 

backcrossing. Genetics and Molecular Research, 12(3): 2248–2259. 

https://doi.org/10.4238/2013.July.8.6 

Prakash Patil, Neeta Vastrad, M. R. Dinesh and A. R. Bantwal. (2007). A revised 

protocol for in vitro propagation of Carica papaya using lateral buds from 

field-grown trees. Journal of Horticultural. Science, 2(2): 99-103. 

Priede, G., and Kļaviņa, D. (2011). In vitro cultivation and root initiation of the 

endangered plant Pulsatilla patens.  Environmental and Experimental 

Biology, 9:71−74. 

Protul, K. R., Shyamal, K. R., and Lokman, D. H. (2012). Propagation of papaya 

(Carica papaya L.) cv. Shahi through in vitro culture. Bangladesh Journal 

of Botany 41(2): 191-195. 

Quraishi, A., V, Koche, P. Sharma, and S.K. Mishra. (2004). In vitro clonal 
propagation of neem (Azadirachta indica). Plant Cell Tissue Organ Culture 

78:281–284. 

Reddy, S.R., R.B. Krishna and K.J. Reddy, (2012). Sex determination of Papaya 

(Carica papaya) at seedling stage through RAPD Markers. Research in 

Biotechnology, 3: 21-28 

Reddy. JM, Bopaiah. AK, Abhilash. M, (2011). In Vitro micropropagation of 

Anthurium digitatum using leaf as explant. Asian Journal of Pharmaceutical 

and Health Sciences, 2 (1):70-74. 

Renau-Morata B, Nebauer SG, Arrillaga et al (2005) Assessments of somaclonal 

variation in micropropagated shoots of Cedrus: consequences of axillary bud 

breaking. Tree Genetic Genomes 1:3- 10 

Reuveni, O., Shlesinger, D.R. and Lavi, U. (2004). In vitro clonal propagation of 

dioecious Carica papaya. Plant. Cell Tissue Organ Culture., 20(1): 41-46. 

Rimberia, F.K., Adaniya, S. and Etoh, T. (2006). Sex and ploidy of anther culture 

derived papaya (Carica papaya L.) plants. Euphytica 149: 53–59. 

https://doi.org/10.1007/s10681-005-9051-x 

Rogers SMD (1993) Optimization of plant regeneration and rooting from leaf explants 

of fve rare Haworthia. Scientia Horticulturae 56:157–161. 



© C
OPYRIG

HT U
PM

 

85 

Rohman, M.M., Md. Nazrul Islam, Md. Shameul Alam, Munshi Rashid Ahmad and 

Tapan Kumar Paul. (2007). Lateral bud culture of papaya (Carica papaya) 

for clonal propagation. Biotechnology, 6: 339-343. 

Rohman, M.M., Md.N. Islam, Md.S. Alam, M.R. Ahmad and K. Paul, 2007. Lateral 

bud culture of papaya (Carica papaya L.) for clonal propagation 

Biotechnology, 6(3): 339-343. 

Romyanon, K., Boonthum, M., & Attathom, S. (2007) Revised protocols for highly 

efficient transformation and regeneration of somatic embryos of papaya 

(Carica papaya L.). Acta Horticulturae, 740, 147- 152. 

Roy, P. K., Roy, S. K., Hakim, L., and Mamun, A. N. K. (2016). Somatic 

embryogenesis and plant regeneration of papaya (Carica papaya L. cv. 

Shahi). Nuclear Science and Applications, 25(2): 23-26. 

Sadat Farsad, A., Malekzadeh-Shafaroudi, S., Moshtaghi, N., Fotouhi, F., and Zibaee, 

S. (2016). Effect of growth regulators on direct organogenesis and rooting in 
cotyledonary explant of Lettuce (Lactuca sativa L.  ̒ TN96-39̓) landrace. 

Jordan Journal of Agricultural Sciences 12(2).   

Salinas I, Salehi M, Hueso J J and Cuevas S (2018) Assesment of two sexdetermining 

procedures in “BH-65” papaya from an economical and developmental point 

of view. Fruits 73: 184-197. 

Sandal, I., Bhattacharya, A., and Ahuja, P.S. (2001) An efficient liquid culture system 

for tea shoot proliferation. Plant Cell, Tissue and Organ Culture 63: 75–80 

Sanjee, S., and Seema, I.Z. (2013). Rapid in vitro plant regeneration from nodal 

explants of Withania somnifera (L.) Dunal: a valuable medicinal plant. Int J 

Sci Res 4:1649–1652 

Schaller, G. E., Bishopp, A., and Kieber, J. J. (2015). The yin-yang of hormones: 

Cytokinin and auxin interactions in plant development. Plant Cell, 27(1), 

44–63. https://doi.org/10.1105/tpc.114.133595 

Sekeli, R., Hamid, M. H., Razak, R. A., Wee, C. Y., and Ong-Abdullah, J. (2018). 

Malaysian Carica papaya L. cv. eksotika: current research strategies 
fronting challenges. In Frontiers in Plant Science (Vol. 9). Frontiers Media 

S.A. https://doi.org/10.3389/fpls.2018.01380 

Sertagie, A., Mekbib, F., and Abraha, E. (2015) In vitro propagation of papaya 

(Carica papaya L.). World Journal of Agricultural Sciences, Belihuloya, 

11(2):84-88. 

Sew, Y. S., Sarip, J., Vellupillai, M., and Abu Bakar, U. K. (2011). Isolation of fruit 

ripening genes from Carica papaya cv. Eksotika 1 cDNA Libraries. Journal 

of Tropical Agriculture and Food Science 39, 203–211. 



© C
OPYRIG

HT U
PM

 

86 

Sharma, T., Modgil, M., and Thakur, M. (2007). Factors affecting induction and 

development of in vitro rooting in apple rootstocks. Indian Journal of 

Experimental Biology, 45:824-829. 

Shin, K., Park, S. and Paek, K. (2014). Physiological and biochemical changes during 

acclimatization in a Doritaenopsis hybrid cultivated in different 

microenvironments in vitro. Environmental and Experimental Botany, 100, 

26–33. 

Shivayogi R, Malabasari, T.A., Shantappa T., Uppar, D.S., Biradar, B.D., and Mantur 

S.M., (2019) Micropropagation studies in papaya (Carica papaya L.) cv. 

‘Surya’ International Journal of Current Microbiology and Applied. 
Science, 8: 2362-2367. 

Shoyama, Y., Zhu, X.X, Matsushita, H. and Kishira, H. 1995. Somatic embryogenesis 

in ginseng (Panax species), In: P.D.Y.P.S. Bajaj (ed.). Somatic 

embryogenesis and synthetic seed II. Springer Verlag, Berlin, Heidelberg 

(Biotechnology in Agriculture and Forestry). 

Silva, J. A. T. da. (1970). Short Communication: In vitro response of papaya (Carica 

papaya) to plant growth regulators. Nusantara Bioscience, 8(1). 

https://doi.org/10.13057/nusbiosci/n080114 

Simon, S. and Petrášek, J. (2011). Why plants need more than one type of auxin. Plant 

Science. 180(3): 454-60. doi: 10.1016/j.plantsci.2010.12.007.  

Smith, R.H. (1992) Plant tissue culture. Techniques and experiments, Academic 

Press, Inc., San Diego. 

Snir, I., and Erez, A. (1980). In vitro propagation of Malling Merton apple rootstocks. 

HortScience, 15: 597-598. 

Soni, F. I. (2005). Simplified method for rooting of apple cultivars in vitro. J. Amer. 

Soc. Hort. Sci. 110:34–38.  

Su, Y. H., Liu, Y. B., and Zhang, X. S. (2011). Auxin-cytokinin interaction regulates 

meristem development. Molecular Plant 4(4):616–625. Oxford University 

Press. https://doi.org/10.1093/mp/ssr007 

Suksa-Ard, P., Kataoka, I., Beppu, K., Fujime, Y., and Subhadrabandhu, S. (1998). 

Root development of tissue-cultured papaya shoots in several rooting 

substrates. In Short Communication Environmental Control in Biology 

36(2). 

Suksa-Ard, P., Kataoka, I., Fujime, Y., Beppu, K. and Subhadrabandhu, S. (1998). 

Development of rooting system for tissue cultured papaya shoots using 

rockwool blocks. Japan Journal of Tropical Agriculture 42: 119-21. 

Suthamathi, S.J., Haripya, K. and Kamalakannan, S. (2002). Micropropagation cv. 

CO-5. Indian Journal of Horticulture 59(1): 13-16. 



© C
OPYRIG

HT U
PM

 

87 

Suthar, R.K., Habibi, N., and Purohit, S. D. (2011). Influence of agar concentration 

and liquid medium on in vitro propagation of Boswellia serrata Roxb. 

Indian Journal of Biotechnology 10: 224-227. 

https://www.researchgate.net/publication/279693700 

Strader, L.C., Bartel, B. (2011). Transport and metabolism of the endogenous auxin 

precursor indole-3-butyric acid. Molecular Plant 4, 477–486. 

Tao Y, Chen F, Wan K, Li X, Li J (2009) The structural adaptation of aerial parts of 

invasive Alternanthera philoxeroides to water regime. Journal of Plant 

Biology, 52:403-410. 

Tecson Mendoza, E. M., C. Laurena, A., & Botella, J. R. (2008). Recent advances in 

the development of transgenic papaya technology. Biotechnology Annual 

Review, 14:423–462. https://doi.org/10.1016/S1387-2656(08)00019-7 

Teixeira da Silva Ja, Rashid 2, Nhut Dt, Sivakumar D, Gera A, Teixeira Sourza Jr. M, 

Tennant PF. (2007). Papaya (Carica papaya L.) biology and biotechnology 
Three and Forestry Science and Biotechnology 1(1), 47-73. 

Teo, C.KH, and Chan L-K (1994) The effects of agar content, nutrient concentration, 

genotype and light intensity on the in vitro rooting of papaya microcuttings. 

Journal of Horticultural Science 69, 267-273. 

Tetsumura, T., A. Ishimura, Y. Aikou, N. Eguchi, Y. Kai, K. Tashiro, and C. Honsho. 

2011. Vermiculite-containing and gellan gumsolidified medium improves 

rooting of microcuttings of Japanese pear cultivars. Acta Horticulturae, 

923:59–64. 

Thomas, P.; Kumari, S. (2011). Inconspicuous endophytic bacteria mimicking latex 

exudates in shoot-tip cultures of papaya. Scientia Horticulturae, 124:469-

474. 

Thorpe, T. A. (2007). History of plant tissue culture. Molecular Biotechnology, 

37(2):169–180.  https://doi.org/10.1007/s12033-007-0031-3 

Torres, A.C.; Barbosa, N.V.R.; Willadino, L.; Guerra, M.P.; Ferreira, C.F.; Paiva, 

S.A.V. (2001) Meios e Condições de Incubação para a Cultura de Tecidos 

de Plantas – Formulações de Meios para a Cultura de Tecidos de Plantas. 

(Culture media and cultural conditions for plant tissue culture) Brasília: 

EMBRAPA, Circular Técnica, 24 

Urasaki, N., Tokumoto, M., Tarora, K., Ban, Y., Kayano, T., Tanaka, H., Oku, H., 

Chinen, I., & Terauchi, R. (2002). A male and hermaphrodite specific RAPD 

marker for papaya (Carica papaya L.). Theoretical and Applied Genetics, 

104(2–3), 281–285. https://doi.org/10.1007/s001220100693 

Vahdati, K., C. Leslie, Z. Zamani, and G. McGranahan. 2004. Rooting and 

acclimatization of in vitro-grown shoots from mature trees of three persian 

walnut cultivars. HortScience 39:324–327 

https://www.researchgate.net/publication/279693700


© C
OPYRIG

HT U
PM

 

88 

Vardja, R., & Vardja, T. (2001). The effect of cytokinin type and concentration and 

the number of subcultures on the multiplication rate of some decorative 

plants. Proceedings of the Estonian Academy of Sciences. Biology. Ecology, 

50(1), 22. https://doi.org/10.3176/biol.ecol.2001.1.03 

Vigyan Kendra, K. (2015). Micropropagation of Papaya Variety CO-5 Bindu B. 

International Journal of Research in Agriculture and Forestry, 2(2), 49. 

Vilasini P, Latipah Z, Salasiah A (2000). Induction of somatic embryogenesis and 

plant regeneration from immature embryos of Eksotika papaya (Carica 

papaya). Journal of Tropical and Food Sciences. 28(2): 121-126. 

Wadl, P. A., Dattilo, A. J., Vito, L. M., & Trigiano, R. N. (2011). Shoot organogenesis 

and plant regeneration in Pityopsis ruthii. Plant Cell, Tissue and Organ 

Culture, 106(3), 513–516. https://doi.org/10.1007/s11240-011-9930-x 

Wu, K., Zeng, S., Chen, Z., & Duan, J. (2012). In vitro mass propagation of 

hermaphroditic Carica papaya cv. Meizhonghong. Pakistan. Journal of 
Botany, 44(5). 

Yepes, L.M. and H.S. Aldwinckle. (1994). Micropropagation of thirteen Malus 

cultivars and rootstocks, and effect of antibiotics on proliferation. Plant 

Growth Regulators. 15:55–67 

Yie, ST., Liaw, S.I. (1977) Plant regeneration from shoot tips and callus of papaya. In 

Vitro 13, 564–568. https://doi.org/10.1007/BF02627852 

Yildiz, M. (2012). The prerequisite of the success in plant tissue culture: high 

frequency shoot regeneration. Recent Advances in Plant in vitro Culture. 

InTech. https://doi.org/10.5772/51097 

Yu, TA., Yeh, SD. and Cheng, YH. (2000). Efficient rooting for establishment of 

papaya plantlets by micropropagation. Plant Cell, Tissue and Organ Culture 

61:29–35.  https://doi.org/10.1023/A:1006475901439 

Zanol, G.C., Fortes, G.R., Compos, A.D., Silva, J.B. da and Centellas, A.Q. (1998). 

In vitro rooting and peroxidase activity of apple rootstock cv. ‘Marubakaido’ 

treated with IBA and phloroglucinol. Rev. Bra. de Fis. Veg. 10:65–68. Ada 

Ziv M, Chen J (2008). The anatomy and morphology of tissue cultured plants. In: Hall 

MA, De Klerk GJ (eds). 3rd edn. Springer, Dordrecht. Plant Propag Tissue 

Cult. pp. 465-478. 

Zobayed, S. M. A., Afreen, F., & Kozai, T. (2001). Physiology of Eucalyptus plantlets 
grown photoautotrophically. In: A Scaled-Up Vessel. 

https://doi.org/10.1079/IVP2001215 

 

 

 

 

 




