


International Society for Horticultural Science 
Societe lnternationale de Ia Science Horticole 

ACTA HORTICULTURAE® is a peer reviewed publication of 
ISHS. Information about Acta Horticulturae® and ISHS is 
given at the end of this book. 

Check out www.actahort.org for details on our latest titles. 

Editorial Advisory Board of Acta Horticulturae® 

Yves Desjardins, Faculty of Agriculture, Department of Plant 
Science, Horticulture Research Centre, Laval University, 
Quebec, Canada, Chair of the Editorial Advisory Board 

Jorge Retamales, Universidad de Talca, Escuela de Agronomia, 
Talca, Chile 

Sadanori Sase, National Institute for Rural Engineering, 
Tsukuba, Japan 

Paulo Inglese, Dipartimento di Colture Arboree, Universita 
degli Studi di Palermo, Palermo, Italy 

Yuksel Tuzel, Department of Horticulture, Agriculture Faculty, 
Ege University, lzmir, Turkey 

Julian Heyes, Institute of Food, Nutrition & Human Health, 
Massey University, Palmerston North , New Zealand 

Janet Cubey, Science Department, Royal Horticultural Society, 
Wisley, United Kingdom 

Isaac Ore Aiyelaagbe, Department of Horticulture, University 
of Agriculture, Abeokuta, Ogun State, Nigeria 

Executive Director of ISHS 
lr. J. Van Assche 

Secretariat of ISHS 
PO Box 500 
3001 Leuven 1 
Belgium 

Phone: 
Fax: 
E-mail: 
Internet: 

+32.16.22 94 27 
+32.16.22 94 50 
info@ishs.org 
www.ishs.org 



LIST OF CONTENTS 

Opening Remark 
Preface 
List of Contents 
List of Authors 
List of Participants 

Breeding and Biotechnology 

Promising Cultivars of Indonesian Grapes 
A. Andrini and E. Budiyati 

Genetic Estimation and Correlation between Yield and Some Quantitative 
Characters of Accessions of the Pineapple (Ananas comosus L. Merr) 
Germ plasm Collection at the Center for Tropical Fruit Studies Bogor 
Agricultural University {IPB) 
M.A. Nasution, P Poerwanto, Sobir; M. Surahman and 
Trikoesoemaningtyas v 

The National Plant Gerrnplasm System: the Subtropical and Tropical Fruit 
Gene Banks 
T.A. Silva, R. Schnell, R. Goenaga, F Zee and B. Irish 

New Mango Hybrids from Australia 
I.S.E. Bally 

In Vitro Propagation and Cellular Behaviour Studies of Severinia buxifolia 
(Poir.) Tenore 
H. Elias, R.M. Taha, N.A. Hasbullah, N. Mohamed and S. Abdullah 

Evaluation of Genetic Diversity among and within Mangosteen (Garcinia 
mangostana L.) Trees 
E. Mansyah, PJ. Santoso, f. Muas and Sobir 

Characterization and Evaluation of Some Superior Lesser-Known Cultivars 
of Mango 
S. Kundu, N. Sonya/, D. Mazumdar. P Dalla and B. Ghosh 

Studies of the Main Characters of the Macadamia Cultivar 'Jkaika' (333) 
L.Q. Du, H. Zeng, M.H Zou and C.Z. Lu 

Genetic Diversity of Local Cultivars of Dimocarpus Iongan in Indonesia: 
Preliminary Study Based on ISSR Markers 
B.D. Mariana, A. Sugiyatno and A. Supriyanto 

Characterization of Indonesian Tangerine Cultivar by Morphological and 
ISSR Markers 
C. Martasari, D. Agisimanto, Karsinah and Rejlinur 

Tissue Culture, Anatomical and Morphological Studies of Triphasia trifolia 
(Burm. f.) P. Wilson 
S. Abdullah, R.M. Taha, N.A. Hasbullah, N. Mohamed, H. Elias and 
N.W Naron 

7 
8 
9 

17 
21 

31 

37 v 

43 

55 

63 

73 

81 

89 

97 

103 

Ill 

9 



Characterization of Leaf Morphogenesis in Mulberry Mutants 
(Morus spp.) 
T Sopian, Y. Hirata and F Jiao 

Perfonnance of a Durian Gennplasm Collection in a Peninsular Malaysian 
Fruit Orchard 
TK. Hoe and S. Pa/aniappan 

Alteration of Leaf Anatomy Structure in Mangosteen Regenerants In Vitro 
Caused by Gamma Ray Irradiation 
W.A. Qosim, R. Poerwanto, GA. Wattimena and Witjaksono 

The Advancement of Research on Banana Germplasm Resources in China 
Y.L. Wu, GJ. Yi, B.Z. Huang, Y.R. Wei, C. Y. Li, C. H. Hu and Y.H. 1/uang 

Genetic Variability of Mangosteen, an Apomictic Garcinia 
Sobir, R. Poerwanto, E. Santosa, S. Sinaga and E. Mans yah 

Pest and Disease Management 

Integrated Disease Control Strategies for Lengthening the Storage Life 

119 

127 

139 

147 

155 ../ 

of Papaya Cultivars 'Red Lady' and ' Rathna ' 167 
K. Abeywickrama, C. Wijerathna, N. Rajapaksha, S. Kannangara 
and K. Sarananda 

Control of Fusarium Wilt of Banana by Using Trichoderma harzianum and 
Resistant Banana Cultivars 173 
A. Wibowo, A. T Santosa, S. Subandiyah, C. Hermanto and MFP Taylor 

Screening of Banana Cultivars to Biotic Stresses 179 
M.A. Hasan, R.R. Choudhury, B. Ghosh, K.K. Manda/ and S. Jha 

The Occurrence of Anthracnose Disease Caused by Colletotrichum 
gloeosporioides on Dragon Fruit (Hylocereus spp.) in Peninsular Malaysia 187 
M. Masyahit, K. Sijam, Y. Awang and M. Ghazali 

In Vitro Antifungal Activity ofNeem Oil against Banana Pathogens 197 
W Sagoua, M.N. Ducamp and G Loiseau 

Col/etotrichum: Host Specificity and Pathogenicity on Selected Tropical and 
Subtropical Crops 209 
S. Freeman, S. 1/orowitz-Brown, L. Afanador-Kafuri, M. Mayman 
and D. Minz 

Alk(en)ylresorcinol Concentrations in 'Kensington Pride' Mango Peel and 
Antifungal Activity against Colletotrichum gloeosporioides 217 
Zainuri, D. E. Irving, E.K. Donn, L.M. Coates and A./-1. Wearing 

Mycobiota of Apple Fruit: Effects on Bitter Rot Caused by Colletotrichum 
acutatum 223 
O.S. Dharmaputra, A.S.R. Putri andA.U. Dewi 

Enhancing Soi l Suppressiveness Using Fonnulated Glioc!adium to Control 
Banana Fusarium Wilt Disease 231 
C. Hermanto, Eliza and D. Emilda 

10 



Production Technology and Physiology 

High Density Orchard Systems for 'Himsagar' Mango in the New Alluvial 
Zone ofWest Bengal 241 
B.C. Banik. P.K. Maity, M.A. Hasan and S.N. Ghosh 

Effects of Ethylene on Rudimentary Leaf and Panicle Primordium in Litchi: 
Antioxidant Enzymes, Hydrogen Peroxide and Nitric Oxide 247 
B. Zhou, X. 1/uang, H. Chen, W Shu, Z. Hu, W Liu, 
C. Xiong and S. Zhang 

Evaluation of Coconut Cultivars for Tender Nut Water 255 
N. Challopadhyay, M.K. Samanta, J.K. Hore and K. A/am 

Flowering Pattern and Fruitful Capacity of'Fino de Jete ' Cherimoya Shoots 263 
M. Gonzalez and J. Cuevas 

Foliar Application of Urea Advances Bud Break, Bloom and Harvest in 
Cherimoya (Annona cherimola Mill.) 269 
M. Gonzalez, J.J. Hueso, F Alonso and J. Cuevas 

The Combination of Pre-and Post-Harvest Deficit Irrigation Improves 
Loquat Fruits Earliness and Performance at Packing Houses 275 
J.J. Hueso, F Alonso, M.L. Caiiete, M. Gonzalez, V Pinillos and J. Cuevas 

Conditions for Seed Germination in Pitaya 281 
Kataoka, S. Fukuda, N. Kozai, K. Beppu and Y. Yonemoto 

Effects of Water Stress on Quantitative and Qualitative Fruit Characteristics 
of Date Palm (Phoenix dacty/ifera L.) 287 
M. Ali houri and A. Torahi 

Salinity and Physiology of Passiflora edulis 293 
T.E. Marler 

Delaying the Ripening of' Bombai' Litchi 299 
S.K. Mitra, A. Sarkar, D. Manda/ and P.K. Pathak 

Organic Tropical and Subtropical Fruit Production in India - Prospects and 
Challenges 303 
S.K. Mitra 

Tropical and Subtropical Fruit Production in West Bengal, India 309 
S.K. Mitra and P.K. Pathak 

Tissue Culture Studies on Fortunella po/yandra 'Nagami' and 'Meiwa' 3 15 
N. Mohamed, R.M. Taha, H. Elias, S. Abdullah and N.A. Hasbullah 

Flower and Fruit ABA, lAA and Carbohydrate Contents in Relation to 
Flower and Fruit Drop on Mangosteen Trees 323 
f. Nyoman Rai, R. Poerwanto, L.K. Darusman and B.S. Purwoko 

Factors Affecting Uneven Fruit Ripening in 'Mon-Thong' Durian 329 
A. Pakcharoen, R. Tisarum and J. Siriphanich 

II 



Fruit Development and Maturation Phenology of'Fino de Jete' Cherimoya 335 
V. Pinillos, S. Peinado and M. Gonzalez 

Influence of San Julian GF 655/2, MRS 2/5, Julior Ferdor and Cuaresmillo 
Rootstocks on the Plum Cultivar 'Ozark Premier' 343 
M.D.A. Romero and M.l. Urrutia 

Effect of Rootstock Age and Time of Softwood Grafting on Grafting 
Success in Aonla (Emblica officina/is) 347 
R.K. Roshan. N. Pebam and D.M. Panhabhai 

Physico-Chemical Analysis of Polyembryonic Mango Cultivars under North 
India Conditions 351 
R.K. Roshan, N. Pebam and D. B. Singh 

Study ofthc Establishment, Productivity and Quality of'Deglct Noor ' Date 
Palm in Southwest Iran 355 
S. Hajian 

Associationship of Weather Parameters on the Floral Characteristics of 
Coconut 365 
M.K. Samanta, N. Chattopadhyay, J.K. Hore and K. A lam 

The Impact of Summer Rainfall on Alternate Bearing of Mangosteen 
(Garcinia mangostana L.) in Southern Thailand 373 
S. Sdoodee and N. Sakdiseata 

Cherimoya Dormancy and Base Temperature Determination in Excised 
'Fino de Jete' Shoots 379 
L. Soler and J. Cuevas 

Preliminary Assessment of a Rapid LeafNitrogen Test in Mango 385 
L.A. Still and I.S.E. Bally 

Effects of Night-Heating of Fruit on Cell Size Regulation and Sucrose 
Accumulation in the Outer Portion of Watermelon (Citrul/us lanatus 
Matsum. et Nakai) 393 
Y. Kano, Y. lkeshita, Y. Kanamori and N. Fukuoka 

Effect of Intermittent Method of Deep Sea Water Treatment on Fruit 
Properties in Multi-Trusses Cultivation of Tomato 403 
Y Chadirin, H. Suhardiyanto and T Matsuoka 

Pineapple Sugar Metabolism and Accumulation during Fruit Development 409 
X Zhang, G Sun, J.H. Xie, L. Du, Z. Liu and J. Li 

Leaf Photosynthesis and Fruit Quality of Mango Growing under Field or 
Plastic Roof Condition 415 
K. Juntamanee, S. Onnom, S. Yingjajaval and S. Sangchote 

Growth and Postharvest Quality of Mandarin (Citrus reticulata 'Fremont') 
Fruit Harvested from Different Altitudes 42 1 
S. Susanto, A. Abdila and D. Sulistyaningrum 

12 



Strangulation Improves Flowering and Fruiting of 'Nambangan' Pummelo 
Trees 427 
.A Rahayu, S. Susanto and Setyono 

Change in Carbohydrate in Branches and Its Relation to Flowering in 
An:rrhoa carambola 433 
P. IJu. B. Zhou and J. Chen 

Feasibility Study to Alleviate the Translucent Flesh and Gamboge Disorders 
of Mangosteen ( Garcinia mangos/ana L.) by Spraying with Calcium 
Chloride 441 
S. Pechkeo, C. Nilnond and S. Sdoodee 

The Control of Yellow Latex in Mangosteen Fruit through Irrigation and 
Fenilizer Application 449 
MJ.A. Syah, E. Mansyah, Ajfandi, T Purnama and D. Fatria 

Postharvest, Processing Technology and Food Safety 

Citric Acid Inhibits the Physicochemical Changes of Unpasteurized Duku 
Puree 
_t Yanuriati 

Changes in Antioxidant Activity of Citrus Iankan Rind and Extracted Juice 
during Storage 
F Vely, S. Kawasaki. T Akinaga and Kusumiyati 

Postharvest Storage of Citrus Iankan Fruit under Normal Condition and 
Cold Storage 
Kusumiyati, N. Fany, T Akinaga and S. Kawasaki 

Current Postharvest Handling Practices of Salak and Mango Fruits in 
Indonesia 
.'vf.S. Mahendra, I.N. Rai and J. Janes 

Effect of Hot Water Treatment on the Inhibition of Anthracnose, PG, PME 
Activity and PG IP Gene Expression in l larvested Papaya Fruits 
N. Zhao, X Li, W. Chen and J. Shi 

Preliminary Study on Microbial Quality of Fresh-Cut Honeydew Stored at 
Refrigerated Temperature 
MP.N. Aida, M. 1/airiyah, M.N. !/ida and A.S. Asiah 

Effect ofTimc and Temperature on the Quality and Stability of Ascorbic 
Acid in Processed Kinnow Mandarin Juice 
N. Pebam, V.M. Prasad, R.K. Roshan and D. B. Singh 

Non-Destructive Technique for Determining Mango Maturity 
S. Sa/engke and Mursalim 

Processing the Indonesian Tangerine (Citrus nobilis Lour.) 
Setyadjit, E. Sukasih and Yulianingsih 

• 

457 

465 

473 

479 

487 

495 

501 

505 

513 

13 



Effect of Wax Treatment on the Quality and Postharvest Physiology of 
Pineapple Fruits 519 
X Lin, X Li and W Chen 

Feasibility Study on Evaluation of Internal Quality of Red Pitaya Using 
Near Infrared Spectroscopy 527 
Y. Y. Yaguchi, T. Yamamoto and T. Akinaga 

Activity and Gene Expression of Ethylene Biosynthetic Enzymes of'lrwin' 
Mango during Fruit Ripening 535 
T. T. Soe, K. Koshio, H. Takahashi, S. lwahori. S. Sugaya and H. Gemma 

Temperature Management of Tropical and Subtropical Fruits in Japan 54 1 
T. Akinaga 

Non-Destructive Quality and Maturity Evaluation of the Papaya Fruit 
Cultivar ' IPS I' (Carica papaya L.) 547 
E. Syaefullah, H.K. Purwadaria, Sutrisno, Suroso and Y.A. Puwanto 

Economics and Marketing 

Trends in Production and Trade of Tropical Fruits in ASEAN Countries 
I. Ahmad and PC. Chua 

Potential of Minor Tropical Fruits to Become Important Fruit Crops 
V Galim Smico 

Productivity and Efficiency of Watermelon Farms in Malaysia 
R.M. Lin 

High Density Loquat Orchards Increase Profits and Shorten the Time for 
Investment Returns 
S. Parra, .J.J. Hueso and J. Cuevas 

Contribution to Mango Value Chain Development in Ben in - a Producer 
Perception Survey 
C. Van Melle, D. Arinloye, 0. Coulibaly, J.F Vayssieres and K. Hell 

European Market Environment for Selected Latin American Tropical Fruit 
Species 
S. Sabbe, P Van Dam me and W Verbeke 

Research on Preparation of ' Dodo I' Durian to Increase Added Value of 
Durian Fruit and Cow's Milk in the Tutur District, Pasuruan Regency 
Yuniarti, N. AminJdin and P Santoso 

The Assessment of Supply Chain Management on ' Pontianak' Tangerine in 
West Kalimantan, Indonesia 
A. Supriyanto, L. Zamzami and A. Musyafak 

14 

559 

581 

593 

60 1 

607 

615 

625 

633 



Education, Extension and Technology Transfer 

Farmer Extension Approach to Rehabilitate Smallholder Fruit Agroforestry 
Systems: the "Nurseries of Excellence (NOEL)" Program in Aceh, 
Indonesia 
J.M. Roshetko, N. ldris, P Purnomosidhi, T. Zulfadhli and J. Tarigan 

Fruit Germplasm Resources and Demands for Small Scale Farmers Post
Tsunami and Conflicts in Nanggroe Aceh Darussalam Province, Indonesia 
E. Martini, J.M. Roshetko, P. Purnomosidhi, J. Tarigan, 
N. ldris and T. Zu((adhli 

Vil lage-Agroindustry Characteristics of Banana Chips ('Agung Semeru') in 
Lumajang Regency, East Java 
Yuniarti, P. Santoso and P.E.R. Prahardini 

Smallholder Agroforestry Fruit Production in Lampung, Indonesia: 
Horticultural Strategies for Smallholder Livelihood Enhancement 
J.M. Roshetko and P Purnomosidhi 

649 

657 

665 

671 

15 



Genetic Variability of Mangosteen, an Apomictic Garcinia 
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Abstract 
Mangosteen (Garcinia mangostana) is native to South East Asia, including 

Indonesia. Due to its apomictic reproduction pattern, it is assumed that all 
mangosteen trees have the same genetic properties. However, field evaluation has 
identified variability in several morphological characters, such as tree shape, fruit 
hape, and petal color. Further studies using RAPD, AFLP, and ISSR markers 

confirmed that there is genetic variability among the mangosteen populations in 
Indonesia. This variation may have arisen from accumulation of natural mutations, or 
multi-events of natural hybridization. Observations using ISSR markers on mango
steen and close relatives indicated the possibility of G. malaccensis and G. ce/ebica as 
the common ancestors of mangosteen. Crop improvement has been conducted by 
selection of superior trees which has resulted in four new cultivars. Genetic variation 
has also been successfully obtained using mutation breeding through application of 
gamma ray irradiation to seed. For further crop improvement, specific primers for 
important traits have been developed. 

INTRODUCTION 
The mangosteen (Garcinia mangostana L.) has been hailed as the "queen of 

tropical fruits" (Fairchild, 1915), due to its exotic visual appearance and taste appeal, and 
has recently been popularized for its medicinal benefits (Sakagami et al., 2005; 
Mahabusarakam et a l. . 2006). Indonesia is one of the most important mangostccn 
producing countries and growing areas are spread across the archipelago. This fruit grows 
well on lowland as well as on highland sites (up to 800 m above sea level) with diverse 
environmental conditions. Mangosteen is also the most important export commodity in 
Indonesia, constituting 46.5% of total fresh fruit exports (Ministry of Agriculture, 2009). 
However, most of the mangosteen fruit are derived from forests or backyards without any 
intensive cultura l practices. 

According to the Ministry of Agriculture (2009), the main production areas of 
mangosteen are Karo (North Sumatera), Sawah lunto and Padang Pariaman (West 
Sumatera), Bengkalis (Riau), Wanayasa, Tasikmalaya, and Bogor (West Java), 
Banjamcgara (Central Java), Blitar, Teranggalck and Banyuwangi (East Java), and 
Tabanan (Bali ). However, despite growing market demand, mangosteen exports from 
Indonesia have not risen, primary due to inconsistent supply and low fruit quality, 
especially caused by yellow latex (gummosis), translucent flesh , and fruit scars. Less than 
30% of the mangosteen produced meet export quality standards. Obstacles to quality 
improvement arise from on-fann practices and postharvest handling. An integrated effort 
is needed, therefore, to improve the quality of mangostcen produced in Indonesia, 
undertaken simultaneously with a program of genetic improvement. 

Crop improvement of mangostcen needs special approaches due to the very long 
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juvenile phase, and an apomixis reproductive mode (Hom, 1940; Richards, 1997) i.e., 
mangosteen is propagated with apomictic seed, in which embryo is formed without 
reduction of the chromosome number and fertilization of the egg (den ijs and van Dijk, 
1993). This apomictic characteristic implies that the same genetic properties of parent 
spread to the progenies (Koltunow et at., 1995). Based on this assumption, mangosteen is 
claimed to be a fruit species w ith narrow genetic variability and is generally considered to 
be a single clone. However, our field observations identified morphological variation 
among mangosteen trees which, therefore, provides an opportunity for genetic 
improvement. 

An understanding of genetic diversity and its phylogeny among cultivated plant 
accessions significantly influences approaches to quality enhancement and improves the 
management of germplasm conservation. Plant genetic improvement highly depends on 
available genetic resources. Wide genetic di versity w ill give greater opportunities in the 
selection processes for the best characters. Research on genetic diversity using markers 
could explain the phylogeny within and among populations (Fajardo et a t. , 2002; Hurtado 
et at. , 2002). Genetic variability analysis can be done by using any number of markers, 
such as those for morphology (Talhinhas et at., 2006), isoenzymes (Ayana et at., 200 I), 
and molecular markers (Assefa et a t. , 2003; Cavagnaro et at., 2006), such as AFLP 
markers (Vos et at., 1995). Recently, due to the rapid growth in biotechnological 
techniques, molecular markers have been widely used to elucidate genetic info rmation in 
the molecular level. 

Important steps of crop improvement in mangosteen are identifying genetic 
variabi lity, and the development of DNA markers for important traits such as production 
consistency, fruit quality, and low gummosis incidence. Since conventional hybridization 
is impossible for mangosteen, we conducted irradiation experiments to enhance genetic 
variability, and developed DNA markers to assist important tra it selection. 

OBJECTIVES 
The long-term objective of this research is to improve competitiveness of 

mangosteen production and business in Indonesia through crop improvement and 
improved scientific information regarding the genetics of mangosteen as a tropical fru it 
native to Indonesia. 

Short term objectives consist o f: 
1. Genetic variability analysis of Indonesian mangosteen based on morphological 

characters. 
2. Uti lization of DNA markers (RAPD, AFLP and ISSR) to e lucidate genetic variabi lity 

among the mangosteen population . 
3. Application of DNA markers to reveal phylogenetic relationships of mangosteen and 

several close relatives (Garcinia spp.). 
4. Genetic variability establishment and selection method improvement. 

LITERATURE REVIEW 
Mangosteen belongs to the Gulliferae famil y, genus Garcinia (Verheij , 1991 ). 

Garcinia is a large genus that consists of about 400 species (Campbell, 1966; Richards, 
1990). Based on morphological and cytological studies, Yaacob and Tindal ( 1995) 
proposed that mangosteen originated from South East Asia, and is an allotetraploid 
derivate of Garcinia hombrioniana (2n=48) and Garcinia ma/accensis (2n=42). This 
suggestion has been confirmed on our recent finding using isozymes and Amplified 
Fragment Length Polymorphism (AFLP) markers (unpublished data). Almeyda and 
Martin ( 1976) proposed that mangosteen is a native of Indonesia. In Indonesia, 
mangosteen is distributed almost throughout the archipelago, with the main populations 
occurring in Sumatra and Kalimantan (Mansyah et at., 1999). llowever, the production 
centers of mangosteen are in West Sumatra, West Java, Central Java, East Java, and Bali . 
Commercial production has been limited by slow tree g rowth and long juvenile periods 
(10-15 years). 
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Some species of Garcinia, including G. mangostana, produce fruit without 
pollination a phenomenon referred to as agamospenny, which is the production of seed 
without fusion of gametes (Thomas, 1997). The process of embryo formation in 
G. mangos/ana was first studied by Treub ( 1911) who reported that the early development 
of woodiness in the endocarp soon after anthesis made observation of embryo 
development difficult. However, Lan ( 1989) provided a detailed account of mangosteen 
embryology and reported that the embryo of G. mangostana is derived from tissue from 
the integument instead of from the egg. Based on its reproductive mode, mangostecn has 
been classified as an apomictic plant (Horn, 1940; Richards, 1997). Such plants propagate 
through apomictic seed, which is embryo and seed formation without reduction of the 
chromosome number and fertilization of the egg (den Nijs and van Dijk, 1993). Apomixis 
in mangostcen implies that the same genetic properties of a parent should be in its 
progeny (Koltunow et al., 1995). 

Apomixis occurs throughout the plant kingdom, from algae to angiosperms (Asker 
and Jerling, 1992). Apomictic processes occur in the ovule, resulting in progeny that arc 
exact copies of the female plant. The apomictic embryo is formed via two fundamentally 
different pathways, gametophytic or sporophytic (Asker and Jerling, 1992; Koltunow et 
al., 1995). In gametophytic apomixis, the embryo sac is formed from nucelar cells or 
megaspore mother cells ( Koltunow et al., 1995). and in sporophytic apomixis, the embryo 
arises directly from the nucellus or the integument of the ovule in a process generally 
called adventitious embryony. Apomictic seed formation in mangosteen, as well as in 
orchids, Citrus and mangoes is classified as adventitious embryony (Naumova, 1992). 

The mangosteen flowers arise from the tip of young shoots (terminals), mostly 
single to three in number (van Steenis. 1981 ). However, several trees produce flowers in 
clusters of up to 12 (Rai, 2004). The flower size is 4-6 em in diameter (Morton, 1999) and 
fleshy. Richard ( 1990) reported that mangosteen trees produce perfect flowers that are 
functionally female due to infertile staminodes. Observation indicated that mangostccn 
produces 14-18 stamens 5-6 mm in length; however, they do not bear fertile pollen. 
Anthers consist of four (Mansyah, 2002) to eight compartments (van Steen is, 1981 ), and 
anther color changes to brown after anthesis when they tum dry. Subsequently visual 
observation and potassium iodide treatment revealed that mangosteen anthers have no 
viable pollen (Mansyah, 2002). This was reported earlier by Hom (I 940). The failure of 
mangosteen flowers to produce fertile pollen supports the theory of apomictic 
reproduction (Hom, 1940; Richard, 1990). 

It takes 30 to 35 days for mangosteen flowers to develop to anthesis (Mansyah, 
2002). Rai (2004) through microscopic observation reported that from flower induction to 
anthesis required 40 days. Flower initiation (Stage l) is indicated by enlargement of the 
shoot base 40 days prior to anthesis. In Stage II , four days after initiation (DAJ), flower 
primordia emerged as a compact mass of 0.2 mm diameter. Stage lll is denoted by flower 
primordia and calyx development at 8 DAI. Subsequently Stage IV is indicated by sepal 
primordia development at 12 DAL At Stage Vat 16 DAI, pistil and stamen primordia 
have already developed, and the flower stalk has been extended. Stage II to V are 
classified as flower differentiation (Bernier et al., 1985) which started with initiation of 
flower primordia, followed by sepal and petal primordia, and development of the stamens 
and pistil. Stage VI at 22 DAI is indicated by pistil and stamen development, followed by 
Stage Vll at 28 DAI, denoted by enlargement of the pistil; but stamens remain stunted. At 
Stage Vlll at 34 DA1, development of the edible pulp primordia begins. Stage IX is 
anthesis, occurring at 40 DAI (Rai, 2004). 

Microscopic observation also revealed that fruit and seed development were 
initiated by the development of edible pulp at Stage VI II of flower development, and seed 
primordia were developed prior to anthesis (Rai, 2004). Since staminodcs fail to reach the 
pistil, it was predicted that viable seed was produced without fertilization of the egg. 
These observations confirmed previous finding that mangosteen seed is apomictic (Asker 
and Jerling, 1992). Bicknell and Koltunow (2004) summarized that apomixis has been 
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described in more than 400 flowering plant taxa, including representatives of more tllan 
40 families. 

DISCUSSION 
Due to its reproductive manner, mangosteen trees are essentially clonal. While this 

species is almost exclusively propagated by seed, the resulting trees have little variability 
because the seed is not zygotic but vegetative, being maternal in origin. Variation of 
mangosteen in the field has been considered to be due to differences in environmental 
conditions. However, several studies have revealed that populations from apomictic 
reproduction do not always carry the same genetic properties, even in obligate apomixis 
(Asker and Jerling, 1992). Variability in progeny of an obligate apomixis plant has been 
reported in the genus Taraxacum (Ford and Richards, 1985). 

Genetic studies on apomictic plants generally are conducted through two 
approaches: analysis of parental plants and the variation in their progeny or by molecular 
analysis (Koltunow, 1993). Since mangosteen has a long juveni le phase, it is difficult to 
carry out progeny analysis. Genetic variability analysis of mangosteen was carried out 
through evaluation of morphological characters of several mangosteen populations, and 
studies on seedling characters of seedlings grown in the same location to eliminate 
environmental influence, as well as by utilization of molecular tools. 

Morphological Variability 
Some distinct variations in morphological characters have been reported. Two 

types of mangosteen have been identified in terms of shape of fruit, one type producing a 
round shape with a semi-flat bottom end and the other type with an oblong shaped fruit 
which cannot stand on its distal end (van Steen is, 1981 ). A wild form containing only four 
carpels with fully developed seed was also found in north Borneo (Morton, 1987). In Yan 
Bukit Pinang, Malaysia a tree bearing seedless fruits was reported (Thomas, 1997). 
Mans yah et al. ( 1999) found that mangosteen in West Sumatra show wide variability in 
leaf length, fruit weight and rind thickness. Mangosteen found in Tembilahan, Sumatera 
Island, exhibit a flattened fruit shape, very short peduncles, and an elliptic stigma lobe 
( Mansyah et al., 20 I 0). 

In our studies (Prabowo, 2002; Purwanti, 2002; Mansyah, 2002; Suhaeri, 2003), 
morphological characters were observed from four mangosteen populations in Java 
Island. They were at Leuwiliang, West Java (300 m above sea level}, Wanayasa, West 
Java (610 m a.s.l.}, Watulimo, Center Java (350 m a.s.l.) and Kaligesing, East Java 
(450 m a.s.l.). In each population 20 plant samples were chosen randomly for further 
morphological studies. Observation was conducted on two groups of parameters, (I) 
vegetative characters consisting of canopy diameter, leaf weight, individual leaf area, leaf 
length, leaf width, trunk circumference; and (2) fruit characters consisting of locule 
number, fruit weight, peduncle length, fruit length, fruit diameter, rind thickness, total 
soluble solids concentration, seed/ fruit and fruit sap. 

Based on field observations, variation occurred in canopy shape either oblong or 
pyramidical. In both Wanayasa and Watulimo, only one tree exhibited an oblong canopy 
out of 20 trees, in Leuwiliang five trees had an oblong canopy, but in Kaligesing II trees 
out of 20 trees had an oblong canopy. Statistical analysis on vegetative characters showed 
that homogeneity of variance was found in leaf weight, individual leaf area, leaf 
length/width ratio and trunk circumference, but canopy diameter and chlorophyll contents 
were variable. These results indicate that variability in most observed variables was 
mainly due to variation in environment. Variability in canopy diameter suggested that it 
was from differences in canopy type. tree age, and plant spacing. The observed trees 
ranged from ±25 years to more than 50 years old, and grew in a very dense population 
(Leuwiliang), in mixed-culture with other trees (Kaligesing, Watulimo), or intercroppcd 
with tea plants (Wanayasa). Tukcy's Studentized Range Test on vegetative characters 
revealed that trees observed from Watulimo showed better vegetative performance than 
trees of populations from Leuwiliang, Wanayasa and Kaligesing. 
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Fruit morphology variation was found in weight, length, diameter, length/diameter 
ratio, rind thickness and peduncle length, and also in total soluble solids concentration 
(TSS), and presence of fruit latex. Numbers of locules and seed per fruit did not differ 
significantly. Correlation analysis showed that TSS was correlated negatively with fruit 
diameter, fruit weight, fruit length, peduncle length, and rind thickness, whereas fruit 
diameter was positively correlated with fruit weight, fruit length, rind thickness, and 
number of seed/fruit. Analysis of variance revealed that among four populations, the fruits 
from Kaligesing were superior for larger fruit size and seed number/fruit, and the fruits 
from Watulimo for superior sweetness and lower yellow latex occurrence. 

In recent exploration we found a distinctive new type of mangosteen in 
Kalimantan (Borneo) that produces fruit with insignificant seed size (less than l em in 
length), and has bigger fruit size without thicker rind, a more acidic taste, and a larger leaf 
size (twice that of common mangosteen). Variation of sepal color was also found in two 
populations on Java Island, with white and pale orange color of petals compared to color 
petal of common mangos teen. 

Genetic Variability 
Genetic studies on apomictic plants are generally conducted through two 

approaches: analysis of variation in parental plants and their progeny or by molecular 
analysis (Koltunow, 1993). Since mangosteen has a long juvenile phase, it is difficult to 
carry out progeny analysis so genetic variability analysis of mangosteen was carried out 
using molecular tools. Recently, rapid developments in biotechnology have made it 
possible to elaborate genetic variabi li ty at the DNA level. DNA markers provide a quick 
and reliable method for estimating genetic relationships among genotypes of any 
organism (Thorrnann et al., 1994). 

Each marker system has advantages and disadvantages, so an assessment of the 
marker system is an important step in deciding the most suitable marker for a specific 
research purpose. A comparative study of some PCR-based molecular markers has been 
carried out, for example, by Palombi and Damiano (2002) who compared RAPD and SSR 
markers to detect genetic variability of kiwifruit plants, and Ferdinandez and Coulman 
(2002) who compared the efficiency of RAPD, SSR, and AFLP to identify plant 
genotypes. Saker et al. (2005) used different markers to characterize barley. Other 
potential markers include PCR primers based the microsatellite sequences, where repeat 
motifs are anchored either at the 5' or 3' end with one or a few specific nucleotides that 
are amplified in sequences between two microsatellite loci, referred to as inter simple 
sequence repeat (ISSR) markers. In addition, ISSRs can be targeted towards particular 
sequences, which are reported to be abundant in the genome and can overcome the 
technical difficulties of RFLP and RAPD (Rajesh et al., 2002; Petros et al., 2007). 
1. RAPD Analysis. ln order to reveal the genetic variability within the mangosteen 
population on Java Island, we utilized RAPD analysis (Prabowo, 2002; Mansyah, 2002) 
on genomic DNA extracted from leaves of 2 1 trees: I 0 from Wanayasa, 5 from 
Leuwiliang, 4 from Kaligesing and 2 from Watulimo. Primer screening was done on 
40 decamers primers and resulted in 39 primers that were successful in amplifying bands 
from the genomic DNA of mangosteen. Based on the number of amplified bands, five 
primers were chosen for further RAPD analysis. They were SB 13, SB 19, OPH 12, OPH 13 
and OPH 18. RAPD analysis revealed that five primers produced 51 bands or 
5.1 bands/primer on average, and 42 bands (82.4%) were polymorphic or 8.4 bands/primer 
in average. 

A dendogram based on the UPGMA-link method using Nei and Li similarity 
( 1979) was generated to separate and examine the relationships among the trees by using 
a computer program NTSYS-pc, version 1.80 (Exeter software, New York). The 
mangosteen trees were separated into two main clusters at a similarity level of 0.73, the 
first of which was dominated by genetically identical trees and the second consisted of 
trees which showed genetic variabi li ty. This variabi lity was higher than genetic variability 
in five agamospecies of Taraxacum which was on average 19% under isozyme analysis 
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(Ford and Richards, 1985). Taraxacum was known as an apomixis obligate, as is 
G. mangos/ana. 
2. AFLP Analysis. AFLP analysis of I 0 accessions of mangosteen using three primer 
combinations of ACC_CAG, ACT_CAA and ACT_CAC produced 220 polymorphic 
bands and the band size ranged between 50-500 bp. The number of bands that resulted 
from each primer combination varied between 19-94 bands or an average 73.3 bands for 
each primer combination. Cluster analysis results, based on AFLP markers, showed that 
genetic diversity among I 0 accessions of mangos teen ranged from 0.59-0.85 coefficient 
of similarity. The value r=0.977, meaning that the dendrogram resulted in a "goodness of 
fit" that was very suitable for depicting the grouping (Sinaga, 2008). This result 
confirmed the results of genetic variability within the mangosteen population revealed by 
morphological and RAPD markers. 
3. ISSR Analysis. ln order to reveal the genetic variability within mangosteen, we 
employed 7 ISSR dinucleotide primer systems on 28 mangosteen accessions from four 
islands in Indonesia (Sumatra, Java, Kalimantan and Lombok). TSSR analysis 
successfully ampli fied 43 bands having on average 6.1 fragments for each primer system, 
and all these fragments were polymorphic (Sobir et al., 20 II). Based on ISSR primer 
amplified bands, a dendogram was generated by VPGMA-Iink method using Nei and Li 
similarity ( 1979), suggesting a 0. 78 coefficient of similarity or a 0.22 coefficient of 
dissimilarity. 

Clustering patterns among the mangosteen accessions that were evaluated, 
however, did not match their origin. Mangosteen accessions from East Java (JE-1) shared 
the same ISSR banding panem with accessions from West Nusa Tenggara (NW-1 ). Two 
accessions from Bengkulu-Sumatra (SB- 1 and SB-2), and accessions from North Sumatra 
(SN-2) shared the same ISSR banding pattern with KS-1 from South Kalimantan and JE-2 
from East Java. However, two accessions from same location in Wanayasa, West Java, 
JW-2 and JW-4 were separated at 0.22 coefficient of dissimilarity. These results are 
supported by previous results, using RAPD markers on 92 Garcinia mangostana 
accessions from the Indonesian Archipelago, that indicated that the clustering patterns did 
not represent their origin (Sinaga, 2008). 
4. Source of Variability. High genetic variability was not common for mangosteen, since 
mangosteen is considered as an apomictic obligate plant that performs clonally seed 
reproduction, independent of fert ilization (Koltunow et al., 1995). The variation may have 
arisen from accumulation of natural mutations. Spontaneous somatic mutations have 
played an essential role in the speciation and domestication of vegetatively propagated 
crops such as banana and plantain. This assumption is supported by our research on 
several mangosteen trees with different planting times, which indicated that older 
mangosteen tree showed higher genetic variability among branches, as detected by 
Enhanced-RAPD (E-RA PO) analysis (Noorochmah, 2009). 

Another possibility of genetic variability in mangosteen could be in ploidy 
development processes. Our research on three groups of parents and progenies of 
mangosteen indicated genetic variabi lity among the progenies, where their genetic 
similarity to parent trees ranged from 0.59 to 1.0. This result, therefore, supports the 
recent finding concerning the existence of genetic variation in apomictic mangosteen 
(Mansyah et al., 2007). In a previous study (Mansyah et al., 2004), genetic variation 
occurred between mangosteen mother plants and their offspring. Many forms of genetic 
variation may have arisen after hybridization of sexual ancestors with divergent 
reproductive traits (Spillane et al., 200 I). 

Phylogenetic Relationship of Garcinia spp. 
Mangosteen (Garcinia mangos/ana L.) belongs to the Guu!ferae fami ly and the 

genus Garcinia (Verheij, 1991 ). Garcinia is a large genus that consists of about 
400 species (Campbell, 1966) and, based on examination of herbatium collections and the 
literature, there are 64 species of Garcinia encountered in Indonesia. Twenty-five species 
were found in Kalimantan, 22 species in both Sumatra and Sulawesi, 17 species in both 
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Moluccas and Papua, 8 species in Java, and 5 species in Lesser Sunda Island. Six of those 
species are cultivated plants (Garcinia atroviridis, G. beccari, G. dulcis, G. mangos/ana, 
G. nigrolineata and G. parviflora), 58 species are wild plants, 22 species have edible 
fruits, and 21 species are timber plants (Uji, 2007). 

In order to e lucidate phylogenetic relationships in mangosteen and several close 
relatives (Garcinia spp.), morphological, anatomical and molecular ISSR (Inter Simple 
Sequence Repeat) markers were employed on 5 accessions of G. mangostana and 14 of 
their close relatives (G. celebica; G. hombroniana-1; G. hombroniana-2; G. ma/accensis-
1; G. ma/accensis-2; G. ma/accensis-3; G. celebica C17; G. ce/ebica Cl8; G. ce/ebicaAJ; 
G. celebica AD; G. porrecta; G. forbesii; G. subelliptica; and Ca/ophyllum inophylum). 
Analys is using 35 morphological and anatomical characters, obtained 91 loci that 
consisted of 86 (94.50%) polymorphic loci and 5 (5.49%) monomorphic loci. A 
dendogram generated by the UPGMA-Iink method resulted in a clustering pattern where 
genetic distance ranged between 0.45-1.00 coefficients of similarity. Subsequently, ISSR 
analysis using II primers, generated 134 loci that could be observed to include 129 
(99.23%) polymorphic loci and I (0.77%) monomorphic loci, resulting in a dendogram 
where genetic distance ranged between 0.40-1.00 coefficient of similarity. Further 
analysis , using phenotypic and genetic markers, revealed that G. malaccensis and 
G. celebica have a close genetic distance to G. mangostana (Sulasih, 20 I 0). 

This result was contrary to the hypothesis of Richards ( 1990), based on 13 
morphological characters, who suggested that mangosteen (G. mangos/ana) was an 
allotetraploid of G. malaccensis and G. hombroniana. We can propose that 
G. malaccensis and G. ce/ebica may be the allotetraploid ancestor of G. mangos/ana, 
since we used more accurate tools. Moreover, anatomical analysis of epidennis cells 
surrounding the stomata guard cells indicated that mangosteen cell shape is intermediate 
between the cell shapes of G. malaccensis and G. ce/ebica (Sulasih, 20 I 0). 

Genetic Improvement 
Since the diversity in mangosteen is limited, selection of trees w ith oustanding 

characteristic is also limited. However, based on their morphological characteristic and 
confirmed by RAPD analysis, The Center for Tropical Fruit Studies of Bogor Agricultural 
University in cooperation with local government, has selected four potential parental trees 
and released them as new cultivars named ' Wanayasa' (with Purwakarta District), 
'Puspahiang' (with Tasikmalaya District), ' Marc! ' (with Rejang Lcbong District), and 
' Raya ' (with Bogor District). However, it appears that if new cultivars with distinctive 
and superior characters are to be developed then some drastic measures w ill have to be 
employed, such as treating seed or budwood with chemical mutagens or subjecting them 
to irradiation. 

In order to increase genetic variabi lity of mangosteen, gamma ray irradiation with 
doses of 0, 20, 25, 30, 35 and 40 Gy was applied to mangosteen seed. Based on 
morpholog ical observation, the irradiation treatment successfully increased variability in 
mangosteen by 30%. The highest increase of diversity was obtained in plants w ith : (i) a 
dose of25 Gy irradiation, ( ii ) w ith the seed cut into two equal sizes, and (iii) when cutting 
of the seeds was done after the gamma ray irradiation treatment. The highest increase in 
variability of mangosteen was obtained by irradiation treatment where seeds received a 
dose of 25 Gy and were then cut into two equal sizes. The density of stomata has a 
positive correlation with the height of plants of 90% so the density of stomata can be used 
as a criterium to estimate the growth of mangosteen. To get a mangosteen with greater 
diversity, it has been suggested that different research material should be irradiated with a 
dose of25 Gy (Widiastuti et a l. , 2010). 

Since mangosteen has a re latively long juvenile stage (more than I 0 years), 
breeding of mangosteen is very slow and potentially has a very low success rate. In order 
to increase the possibility of success, marker assisted selection (MAS) should be used on 
seedling that result from irradiation treatment, especially for important traits such as 
tolerance to gummosis, green calyx, and consistent productivity. 
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[n this regard we have established research to develop SCAR (Sequenced 
Characterized Amplified Region) markers that link to important traits based on DNA 
sequences that are already k:.11own to encode for important traits, such as CWS (cell wan 
sirength) for tolerance to gummosis, ANM (anthocyanin biosynthesis) for green calyx 
UFGTM (floral transcription) for consistent productivity, APETALA2, LPMX (ligni~ 
synthesis) for tolerance to gummosis, and UGT197 (apomixis) for consistent productivity. 

Recent results indicate that a specific fragment has already been obtained for a 
CWS primer of 1200, I 000 and 600 bp; ANM primer of 600 bp, UFGTM primer of 700 
600, and 450 bp, FTM primer 900: 600, and 300 bp, AP2 primer of 400 bp; LPMX prime; 
of 250 bp; and UGT197 primer of 500 bp. However, these specific fragments need more 
validation, and converted to pairs of primers for specific target fragments. 

CONCLUSIONS 
Mangosteen (Garcinia mangostana) is a member of the large genus of Garcinia 

that is native to South East Asia, including Indonesia. Mangosteen is reproduced from 
adventitious embryos, from which the seed develops without fertilization, i.e. 
agarnospermy or apomixis. Apomictic reproduction leads to the assumption that ad 
mangosteen trees have the same genetic properties. However, field evaluation showed 
variability in several morphological cl~aracters, such as tree shape, fruit shape, and petal 
color. Further studies using isozyme, RAPD, AFLP, and ISSR markers confirmed the 
existence of genetic variability among ·mangosteen populations in Indonesia. The use of 
ISSR markers on mangosteen and close relatives, indicated the possibility of 
G. ma/accensis and G. celebica being the common ancestor of mangosteen, as suported 
by anatomical evidence. Crop improvement has been conducted through the selection of 
superior trees resulting in four new cultivars. Genetic variation has succesfully been 
obtained using mutation breeding through application of gamma ray irradiation to seed. 
For further crop improvement, specific primers for important traits have been developed. 
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