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ABSTRACT

This study was conducted to determine the effect of full and half strength
Murashige and Skoog (MS) medium in combination with different levels of Indole-3-
butyric acid (IBA) on rooting of Hylocereus polyrhizus under in vitro condition. In vitro
shoots obtained from previous study were taken and cultured into vials for rooting until
week 11. In the experiment, different levels of IBA (0.0, 0.5, 1.0, 1.5 and 2.0 mg/L)
were added into full and half strength MS media. Each treatment consisted of 12
replications and each replication contained a single explant. Based on the number of
roots produced and the percentage of shoot producing roots, treatment consisting of 1.5
mg/L IBA was the best for rooting of H. polyrhizus shoots in both full and half strength

MS media.



ABSTRAK

Kajian ini dijalankan untuk menentukan keberkesanan media MS penuh dan
separuh dengan kombinasi hormon IBA yang berbeza pada pertumbuhan akar
Hylocereus polyrhizus dalam keadaan in vitro. Bahan tanaman in vitro diperolehi
daripada kajian yang lepas pada pertumbuhan pucuk H. polyrhizus dan dikulturkan ke
dalam vial selama 11 minggu. Eksperimen menggunakan media MS penuh dan separuh
yang ditambahkan dengan kombinasi hormon IBA. Lima rawatan dengan kepekatan
IBA dari 0 hingga 2 mg/L (0.0, 0.5, 1.0, 1.5 and 2.0 mg/L) telah diuji. Rawatan kawalan
bagi kajian ini tidak mengandungi sebarang hormon. Setiap rawatan terdiri daripada 12
replikasi dan setiap replikasi dalam rawatan mengandungi satu eksplan. Berdasarkan
bilangan akar dan peratus pucuk yang mengeluarkan akar, 1.5 mg/L IBA merupakan
rawatan yang terbaik untuk pertumbuhan akar pokok buah naga apabila dikulturkan pada

media MS penuh dan separuh.



CHAPTER 1

INTRODUCTION

1.1. Dragon fruit

The dragon fruit is a tropical climbing cactus with triangular fleshy stems
growing to a height of 1-3 meters or more and has perennial flowers (Jacobs, 1999).
Dragon fruit is also known as pitaya or pitahaya in Latin America, strawberry pear
and night blooming cereus in English and mata naga in Malaysia (Masyahit et al.,

2009D).

Dragon fruit has gained popularity in many countries especially in Asia.
Commercial cultivation of dragon fruit is expanding in several parts of Asia such as
Vietnam, Taiwan, Philippines, Thailand and Malaysia (Mizrahi et al., 1997
Liaotrakoonet al,. 2013). The white-flesh (Hylocereus undatus) and red-flesh
(Hylocereus polyrhizus) dragon fruits are commercially planted in Malaysia
(Liaotrakoon et al., 2013). Those varieties have been brought in by the former
Malaysian Prime Minister, Tun Dr. Mahathir from Colombia to be propagated in
Malaysia (Zuraida et. al., 2008). In Malaysia, dragon fruit cultivation shows great
expansion due to the high market demand since 2006 (Ridzuan and Adnan,2012).
The fruit has gained much interest in the society because of its exotic features,

attractive colours, nutritional value and pleasant taste (Le Bellec et al., 2006).
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This exotic fruit is utilized as fruit beverages, jam, jellies, ice cream and other
dairy products (Ridzuan and Adnan, 2012; Lee et al., 2013). The fruit can also be
turned into wine in the downstream process. Dragon fruit is rich in vitamin C
(http//www.ilovepitaya.com, 2013). According to Liaotrakoon et al. (2013), dragon

fruit is rich in Vitamin E, which can be considered as a natural antioxidant.

Dragon fruit comes in a number of varieties (Figure 1), and each can be
distinguished from another by either the color of the pulp skin (exocarp) and the
colour of the soft fleshy centre (mesocarp or endocarp) which contains the seed
(Masyahit et. al., 2009a; (Ariffin et al., 2009)). Dragon fruit is commonly propagated
by using stem cutting. By stem cutting, fruiting occurs as early as six month.
Through stem cutting, the genetic constituents transferred from the mother plant are
preserved and produces uniform plants. However, planting materials through cutting

are limited in production (http://www.ilovepitaya.com, 2013)

Dragon fruit plant is known to be a long day plant (LDP) which needs a long
period of light, and it is also categorized as Crassulacean Acid Metabolic (CAM)
plant which produces food at night (Zainudin, 2006). Dragon fruit is a large, oblong
fruit with a red peel and large green scales. The scales turn yellow upon ripening.
The skin color begins to change 25 to 30 days from flowering in both H. undatus and

H. polyrhizus (Paull, 2007).


file:///C:\Users\Mine\Desktop\FYP\print%20paper\full%20print.docx%23_ENREF_2
file:///C:\Users\Mine\Desktop\FYP\print%20paper\full%20print.docx%23_ENREF_3
file:///C:\Users\Mine\Desktop\FYP\print%20paper\full%20print.docx%23_ENREF_1
http://www.ilovepitaya.com/

Figure 1: Types of dragon fruit (a) Hylocereus polyrhizus (red-skinned fruit with dark

red flesh), (b) H.undatus (red-skinned fruit with white flesh), (c) H. costaricensis (red-
skinned fruit with red flesh) and (c) H. megalanthus (yellow-skinned fruit with white

flesh).



1.2. Justification

H. polyrhizus is usually propagated vegetatively using stem. This is a popular
method, however, this method limits the number of planting materials and unable to
fulfill the commercial demand. Besides that, the seeds of H. polyrhizus are difficult
to obtain especially in West Malaysia since H. polyrhizus are commercially grown in
Sarawak. Moreover, stem cuttings are bulky, and difficult to transport from one place

to another, which may be located far away.

In vitro propagation is a well-known method which enables the production of
pathogen free plants, allows rapid multiplication and allows international exchange
of germplasm (Savita et al., 2010). In vitro propagation of H. polyrhizus is expected
to increase the number of planting materials, in fulfilling the demand especially for
West Malaysia as well as to reduce the difficulty related with the transportation
issue. In vitro shoots have been succssfully produced in a previous Bachelor of
Agricultural Science final year project carried out in the Agrobiotechnology
Laboratory of the Department of Agriculture Technology. This study was therefore
focused on inducing roots on the shoots to enable them to be acclimatized and later

transferred to the field.

1.3. Objectives

The objective of this study was to determine the most effective IBA
concentration in full and half strength MS media for rooting of in vitro shoots of H.

polyrhizus.



1.4. Hypothesis

The null hypothesis (Ho): There is no significant difference between the
various IBA concentrationsin full and half strength MS medium on rooting of H.

polyrhizus shoots.

The alternative hypothesis (Ha): There is a significant difference between the
various IBA concentrationsin full and half strength MS medium on rooting of H.

polyrhizus shoots.



BIBILIOGRAPHY

Ariffin, A. A, Bakar, J., Tan, C. P., Rahman, R. A., Karim, R. and Loi, C. C. (2009).
Essential fatty acids of pitaya (dragon fruit) seed oil. Food Chemistry, 114(2),

561-564. doi: http://dx.doi.org/10.1016/j.foodchem.2008.09.108.

AriniShofiana,Y. S. R. and Budipramana, S. (2013). Pengaruh pemberian berbagai
konsentrasi hormon IBA (Indole-3-butyric Acid) terhadap pertumbuhan akar

pada stek batang tanaman buah naga (Hylocereus undatus). Lentera Bio, 2(1).

Ault, J. R. and Blackmon, W. J. (1987). In vitro propagation of Ferocactus

acanthodes (Cactacea). Horticultural Science, 22:126-127.

Benega Garcia, R., Schneider, B. and Tel-Zul, N. (2009). Androgenesis in the vine
cacti Selenicereus and Hylocereus (Cactaceae). Plant Cell, Tissue and Organ

Culture, 96(2): 191-199.

Bidarigh, S. and Azarpour, E. (2013). Evaluation on the effect of MS medium levels

on rooting in micro cuttings of tea (Camellia sinensis L.) under in vitro

culture condition. Journal of Agriculture and BiologicalScience, 8(1), 24-28.

Bhojwani, S. S. and Dantu, P. K. (2013). Micropropagation. Plant Tissue Culture:

An Introductory Text, 245-308. Springer India.

34



Bhojwani, S. S. and Razdan M. K. (1983). Clonal propagation. Plant tissue culture:

theory and practice. The Netherlands: Elsevier Science Publishers, 313-372.

Bonga, J. M. and Aderkas, P. V. (1992). In vitro culture of trees.Forestry Science,

38: 40-44. Kluwer Academic Publishers.

Choffe, K. L., Victor, J. M., Murch, S. J. and Saxena, P. K. (2000). In vitro
regeneration of Echinacea purpurea L. Direct somatic embryogenesis and
indirect shoot organogenesis in petiole culture. In Vitro Cellular and

Developmental Biology-Plant, 36(1), 30-36.

Cisneros, A. and Tel-Zur, N. (2010). Embryo rescue and plant regeneration
following interspecific crosses in the genus Hylocereus (Cactaceae).

Euphytica, 174(1), 73-82.

Clayton, P. W., Hubstenberger, J. F., Phillips G. C. and Butler-Nance, S. A. (1990).
Micropropagation of members of the Cactaceae subtribe Cactinae. Journal of

the American Society for Horticultural Science, 115(2): 337-343.

Ding, P., Chew, M. K., Abdul Aziz, S., Lai, O. M. and Abdullah, J. O. (2009). Red-
fleshed pitaya (Hylocereus polyrhizus) fruit colour and betacyanin content

depend on maturity. International Food Research Journal, 16, 233-242.

Drew, R. A. and Azimi, M. (2002). Micropropagation of Red Pitaya (Hylocereus

undatus). SIHS Acta Horticulture, 575: 93-98.

35



Escobar, H. A., Villalobos, V. M. and Villegas, A. (1986). Opuntia micropropagation

by axillary proliferation. Plant Cell, Tissue and Organ Culture, 7: 269-277.

Fadel, D., Kintzios, S., Economou, A. S., Moschopoulou, G. and Constantinidou, H.
I. A. (2010). Effect of different strength of medium on organogenesis,
phenolic accumulation and antioxidant activity of spearmint (Mentha spicata

L.). The Open Horticulture Journal, 3, 31-35.

Gamborg, O. L., Murashige, T., Thorpe, T. A. and Vasil, I. K. (1976). Plant tissue
culture media. In Vitro Cellular and Developmental Biology-Plant, 12(7),

473-478.

Hashtroudi, M. S., Ghassempour, A., Riahi, H., Shariatmadari, Z. and Khanjir, M.
(2013). Endogenous auxins in plant growth-promoting Cyanobacteria-
Anabaena vaginicola and Nostoc calcicola. Journal of Applied Phycology, 1-

8.

http://ilovepitaya.com (2013). A research and Development Center for Pitaya
(Dragon Fruit). Copyright by Cerise Fruit (Malaysia) Sdn. Bhd. Retrieved on

September 26, 2013.

http://pitaya.foodlywise.com, (2007). Dragon Fruit health benefits and nutrition.

Copyright 2007 Foodlywise.com on September 14, 2013.

http://www.droganfruit.com.my/nutri.html, (2003). September 14, 2013.

36



Hubstenberger. J. F., Clayton, P. W. and Phillips, G. C. (1992). Micropropagation of
cacti (Cactaceae). In: Biotechnology in Agriculture and Forestry. High Tech
and Micropropagation 1V. Ed: Bajaj, Y. P. S. Springer-Verlag, Berlin

International Horticulture Congress, 20: 49-68.

Huetteman, C. A. and Preece, J. E. (1993). Thidiazuron: a potent cytokinin for

woody plant tissue culture. Plant Cell, Tissue and Organ Culture, 33(2), 105-

119.

Jabatan Pertanian Sarawak.(2012). Nilai Eksport Hasil Pertanian 2000-20009.
Retrieved 23 Mei 2012, from
http://www.doa.sarawak.gov.my/modules/web/page.php?id=

102.

Jacobs, D. (1999). Pitaya (Hylocereus undatus).A potential new crop for Australia.

The Australian New Crops Newsletter, 22, 11-19.

Khalili, R. M. A., Norhayati, A. H., Rokiah, M. Y., Asmah, R., Muskinah, M. S. and
Manaf, A. A. (2009). Hypocholesterolemic effect of red pitaya (Hylocereus

sp.) on hypercholesterolemia induced rats. International Food Research

Journal, 16, 431-440.

Lazarte, J. E., Gaiser M. S. and Brown O. R. (1982). In vitro propagation of

Ephiphyllum charysocardium. Horticultural Science, 17(1): 84.

37


http://www.doa.sarawak.gov.my/modules/web/page.php?id

Le Bellec, F., Vaillant, F. and Imbert, E. (2006). Pitahaya (Hylocereus spp.): A new

fruit crop, a market with a future. Fruits. EDP Sciences, 61(4), 237-250.

Lee, V. T. (2002). Current status of the Vietnamese rural economy and measures for
its vitalation and improving farmer’s income. 9™ JIRCES International

Symposium-value addition to agriculture products. 42-48.

Liaotrakoon, W., Clercq, N., Hoed, V. and Dewettinck, K. (2013). Dragon Fruit
(Hylocereus spp.). Seed oils: Their characterization and stability under
storage conditions. Journal of the American Oil Chemists' Society, 90(2):

207-215. doi: 10.1007/s11746-012-215-6.

Masyahit, M., Kamaruzaman, S., Yahya, A. and MohdGhazali, M. S. (2009a). First
report on bacterial soft rot disease on dragon fruit (Hylocereus spp.) caused
by Enterobacter cloacae in Peninsular Malaysia. International Journal of

Agriculture and Biology, 11(6): 659-666.

Masyahit, M., Kamaruzaman, S., Yahya, A. and MohdGhazali, M. S. (2009b). First
report of the occurrence of antharacnose disease caused by Colletotrichum
gloeosporioides (penz.) Penz.andSacc. On dragon fruit (Hylocereus spp.) in

Peninsular Malaysia. American Journal of Applied Sciences, 6(5), 902-912.

Mederos-molina, S. (2004). In vitro callus induction and plants from stem and petiole

explants of Salvia canariensis L. Plant Tissue Culture, 14(2), 167-172.

38



Mizrahi, Y., Nerd, A. and Nobel, P. S. (1997). Cacti as Crops. Horticultural Reviews,

18, 291-319.

Mohamed-Yasseen, Y. (2002). Micropropagation of Pitaya (Hylocereus undatus
Briton. Et Rose). In Vitro Cellular and Developmental Biology-Plant, 38(5),

427-429.

Murashige, T. (1977). Plant cell and organ cultures as horticultural practices. In

Symposium on Tissue Culture for Horticultural Purposes, 78, 17-30.

Murashige, T. (1997). Clonal crops through tissue culture. In plant tissue culture and
its Biotechnological Application, edited by W. Barz, 392-403. Springer-

verlag, Berlin.

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

assays with tobacco tissue cultures. PhysiologiaPlantarum, 15(3), 473-497.

Nerd, A. and Mizrahi, Y. (1997). Reproductive biology of cactus fruit crops.

Horticulture Reviews, 18, 321-346.

Nissen S. J. and Sutter E. G. (1990). Stability of IAA and IBA in nutrient medium to

several tissue culture procedures. Department of Pomology, University of

California, Davis, 25(7), 800-802.

39



Paull, R. E. (2002). Dragon Fruit.Department of Tropical Plant and Soil Sciences

University of Hawaii at Manoa, Honolulu.

Paull, R. E. (2002). Dragon Fruit. htpp://www.ba.ars.gov/hb66/058dragon.Pdf.

Retrieved on October 5, 2013.

Pelah, D., Kaushik, R. A., Mizrahi, Y. and Sitrit, Y. (2002). Organogenesis in the

vine cactus Selenicereus megalanthus using thiadizuron.Plant Cell, Tissue

and Organ Culture, 71, 81-84.

Pierik, R. L. M. (2000). In vitro culture of higher plants. In Vitro Culture of Higher

Plants, 344. Kluwer Academic Publishers.

Rafique, R., Fatima, B., Mushtaqg, S., Igbal, M. S., Rasheed, M., Ali, M. and Hasan,

S. Z. U. (2012). Effect of indole-3-butyric acid (IBA) on in vitro root

induction in dendrobium orchid (Dendrobium sabin H.). African Journal of

Biotechnology, 11(20), 4673-4675.

Razak, A. B. (2007). Potensi buah naga. Dewan Kosmik, 36-37.

Ridzuan, R. and Adnan, M. R. (2012). Birthing the dragon. Nature’s Yield and

Wonders of Art, 50-51.

Robert, E. P. (2007). Dragon fruit. Department of Tropical Plant and Soil Sciences.

40



Rodziah, K., Lukman, A. L., Rokiah, Z. and Hafsah, J. (2010). Basal media for in
vitro germination of red-purple dragon fruit Hylocereus polyrhizus. Journal

of Agrobiotechnology, 1:87-93.

Saad, A. I. and Elshahed, A. M. (2012). Plant Tissue Culture Media, (2):29-38

Saha, S., Dey, T. &Ghosh, P. (2010). Micropropagation of Ocimum
kilimandscharicum Guerke (Labiatae). Acta Biologica Cracoviensia Series

Botanica 52(2): 50-58, 2010

Savita, Vijay, Virk, G. S. and Nagpal, A. (2010). Effect of explant type and different
plant growth regulators on callus induction and plantlet regeneration in Citrus
jambhiri Lush. Environment & We An International Journal of Science &

Technology, 97-106.

Sawsan, S. S., Abou-Dahab, T. A. and Youssef, E. M. A. (2005). In vitro
propagation of cactus (Cereus peruvianus L.). Arab Journal of

Biotechnology, 8(1):169-176.

Siddiqui, M. I. and Hussain, S. A. (2007). Effect of indole butyric acid and types of
cuttings on root initiation of Ficus Hawaii. Sarhad Journal of Agriculture,

23(4), 919.

Singh, M. P. and Kumar, S. (2009). Principles and methodology in plant tissue

culture. Plant Tissue Culture, 9-56. APH Publishing.

41



Smith, R. H., Burdick, J. P., Anthony, J. and Reilley, A. A. (1991). In vitro

propagation of Coryphantha macromeris. Horticulture Science, 26(3):315.

Zainudin, M. (2006).Buah naga tanaman berpotensi tinggi. Agromedia, 19(5):4-9.

Zee, F., Yen, C. R. and Nishina, M. (2004). Pitaya (Dragon fruit, strawberry pear).

Cooperative Extension Service, College of Tropical Agriculture and Human

Resources, University of Hawaii at Manoa, Honolulu, Hawaii.

Zuraida, A. R., Hamidah, G., Naziah, B. and Umi Kalsom, A. B. (2008).

Penggandaan pucuk pokok buah naga melalui kaedah in vitro. Agromedia,

25:44-45,

42





