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Systematic initiatives in evaluation of Hevea germplasm are imperative in the 

development of improved cultivars with desirable characters. The main objective of the 

present study was to evaluate genetic diversity of the Amazonian Hevea germplasm in 

efforts to establish a breeding population consisting of selected genotypes with desirable 

traits for their utilisation in future rubber breeding programme. A total of 4,545 wild 

Hevea brasiliensis genotypes from eight Amazonas and Para populations, constituted 

the base materials for the present study. Evaluation on genetic diversity revealed 

significant variations in latex yield and vegetative traits among the genotypes. Majority 

of the wild genotypes produced considerably low amount of latex yield. Higher 

phenotypic coefficient of variations was observed for all traits compared to genotypic 

coefficient of variations, suggesting major effects of environmental factors on the 

expression of vegetative and yield traits. Latex yield recorded the highest magnitude of 

heritability and genetic advance, indicating that selection of genotypes based on this trait 

would give good selection response. The highest genetic distance was recorded between 

G95_MA and G95_ADN populations, while the lowest was between G95_BC and 

G95_ADN populations. Cluster analysis based on quantitative traits divided the eight 

populations into three clusters. The first two components in the principal component 

analysis accounted for approximately 86.90% of total variations. A total of 505 potential 

genotypes with desired characteristic were initially selected using multiple traits 

selection index and the relationship between latex yield, and morphological and bark 

structural traits were further evaluated. Latex yield showed significant and positive 

phenotypic correlations with plant girth, total number of latex vessel rings, total bark 

thickness and total leaf area. Plant girth recorded the highest direct positive effects on 

latex yield advocating its use as an indirect selection criterion towards increasing yield. 

Based on the principal component scores, Shannon-Weaver diversity index and Gower 

metric coefficient, a total of 128 genotypes were included in the final core collection. 

Furthermore, 78 genotypes were evaluated for resistance to two virulent isolates of 

Corynespora cassiicola (isolates CSB 16 and CLN 16) under both laboratory and 



© C
OPYRIG

HT U
PM

 

ii 

greenhouse conditions. Significant differences were observed. Three genotypes had high 

level of resistance to both isolates in both conditions which could serve as good source 

of materials in breeding programmes. Results of the study present the genetic potential 

of the Amazonian Hevea germplasm for utilisation in future development of superior 

latex timber clones. 
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Usaha yang sistematik dalam penilaian germplasma Hevea adalah penting bagi 

membangunkan kultivar yang ditambah baik dengan kecirian yang diingini. Objektif 

utama kajian adalah untuk menilai kepelbagaian genetik germplasma Hevea Amazonia 

dalam usaha membentuk satu populasi pembiakbakaan yang mengandungi genotip 

terpilih dengan kecirian yang diingini bagi kegunaan dalam program pembiakbakaan 

getah di masa depan. Sejumlah 4,545 genotip liar Hevea brasiliensis daripada populasi 

Amazonas dan Para telah dijadikan bahan asas kajian. Penilaian terhadap kepelbagaian 

genetik menunjukkan variasi ketara untuk ciri hasil lateks dan vegetatif di kalangan 

genotip. Kebanyakan genotip liar memberi hasil lateks yang rendah. Pekali variasi 

fenotip yang tinggi telah direkodkan bagi kesemua kecirian berbanding pekali variasi 

genotip, menunjukkan kesan utama faktor persekitaran ke atas ekspresi kecirian 

vegetatif dan hasil lateks. Hasil lateks merekodkan nilai heritabiliti dan kemajuan 

genetik yang tertinggi memberi makna bahawa pemilihan genotip berdasarkan kecirian 

ini akan memberikan tindakbalas yang baik. Jarak genetik yang tertinggi telah 

direkodkan antara populasi G95_MA dan G95_ADN, sementara jarak terendah adalah 

antara populasi G95_BC dan G95_ADN. Analisis kluster berdasarkan kecirian 

kuantitatif membahagikan lapan populasi kepada tiga kluster. Dua komponen pertama 

di dalam analisis komponen utama menyumbang kepada anggaran 86.90% daripada 

jumlah variasi. Sejumlah 505 genotip berpotensi tinggi dengan kecirian diingini telah 

dipilih pada awalnya menggunakan indeks pemilihan pelbagai kecirian dan hubungan 

antara hasil lateks dan sifat morfologi serta struktur kulit seterusnya telah dinilai. Hasil 

lateks menunjukkan korelasi fenotip yang ketara dan positif bagi lilitan tanaman, jumlah 

bilangan gelung saluran lateks, jumlah ketebalan kulit dan jumlah keluasan daun. Lilitan 

tanaman merekodkan kesan langsung yang positif ke atas hasil lateks mengukuhkan 

kegunaannya sebagai kriteria pemilihan tidak langsung ke arah peningkatan hasil. 

Berdasarkan skor komponen utama, indeks kepelbagaian Shannon-Weaver dan pekali 

metrik Gower, sejumlah 128 genotip telah dimasukkan sebagai koleksi teras akhir. 

Selanjutnya, 78 genotip telah dinilai terhadap ketahanan kepada dua isolat virulen dari 
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dua strain Corynespora cassiicola (isolat CSB 16 and CLN 16) di bawah persekitaran 

makmal dan rumah hijau. Perbezaan yang ketara telah direkodkan. Tiga genotip 

mempamerkan tahap rintangan yang tinggi terhadap kedua isolat virulen tersebut dan 

boleh dijadikan sebagai bahan sumber bagi program pembiakbakaan yang baik. Hasil 

kajian telah menunjukkan potensi genetik germplasma Hevea Amazonia bagi kegunaan 

dalam membangunkan klon lateks balak yang unggul di masa hadapan. 
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1 

CHAPTER 1 

1 INTRODUCTION 

1.1 General Introduction 

Rubber tree, Hevea brasiliensis (Muell. Arg.), is one of the most important plantation 

crops in the world producing an undeniably worldwide beneficial commodity for the 

past 100 years. Latex, produced from the rubber tree, has been the major contributor to 

natural rubber industry in the development of various rubber and rubber-based products.  

Rubber itself is a hydrocarbon polymer made up of isoprene units. It is a secondary 

metabolite (1, 4-polyisoprene) primarily originating in the secondary phloem of the tree 

(Priyadarshan, 2017a). It is known that there is no synthetic substitute which has the 

elasticity, resilience and high temperature resistance comparable to natural rubber 

(Davies, 1997).  

In 2018, world rubber production and consumption stood at about 13.88 and 13.77 

million tonnes, respectively (IRSG, 2019). Approximately 91% of the total global 

natural rubber production is produced in Asia, followed distantly by Africa at 6.5% and 

Latin America at 2.5% (IRSG, 2019). At present, the world’s leading producers of 

natural rubber include Thailand, Indonesia, Vietnam, China, India, Cote D’Ivoire and 

Malaysia (MRB, 2019). In Malaysia, natural rubber has played and will continue to play 

a dominant role in the country’s economy. In the 1930s, she produced half of the world’s 

natural rubber production, but presently, stands as the seventh largest producing country 

with a production of 603,000 tonnes and a total area of 1.08 million hectares (MRB, 

2019). The setback was primarily due to the country’s transformation from agricultural-

based or resource-based to industrialization economy (Akhbar and Embong, 2012). 

Nevertheless, the industry has provided the foundation upon which other industries have 

developed, grown, and prospered. 

It has been cited that the present state of the rubber industry in Malaysia owes much to 

a number of important scientific advances in the fields of breeding and selection of high 

yielding clones, tapping and stimulation methods, and efficient agro-management 

practices including fertiliser applications, planting systems and disease control (Abdul 

Aziz, 2002). The Rubber Research Institute of Malaysia (RRIM), established in 1925, 

had and continues to play a key role in research and development efforts in the industry. 

Breeding and selection programmes in RRIM have been instrumental in the development 

of high yielding clonal materials. The success of rubber breeding and selection 

programmes is marked by the increase in latex yield from a mere 496 kg/ha/year from 

unselected plants to more than 2,500 kg/ha/year from recent clones (Dijkman, 1951; Tan, 

1987; MRB, 2009). 
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Although achievement and realisation of yield potential in the field have been 

remarkable, several problems and concerns associated with the processes of breeding 

and selection have been recognised as factors or issues hampering future progress in 

rubber breeding.  According to Ho (1979) and Tan (1987), these problems included 

narrow genetic base, long breeding and selection cycle, choice of suitable parents, 

selection of multiple desirable characters, disease resistance, genetic by environment 

interaction, non-synchronization of flowering as well as low fruit sets. Among these, the 

problem associated with narrow genetic base has become a major concern in rubber 

breeding.  

Realising the importance of broadening the genetic base of Hevea, efforts have been 

taken by rubber breeders to address the issue through introduction of new genetic 

materials from South America, the native habitat of the genus Hevea. In Malaysia, a 

number of initiatives have been made to broaden the genetic base through introductions 

of genetic materials undertaken in 1950’s, 1966, 1981 and 1995 (Ong et al., 1983; Ong 

and Tan, 1987; Masahuling and Ramli, 1995). In addition, exchanges of genetic 

materials have been carried out among rubber growing countries, notably in 1954 and 

1974 (RRIM, 1959; Tan, 1987). These efforts have resulted in the improvement of latex 

yield and other secondary desired traits with the utilisation of parents from diverse 

genetic resources and geographical origin. 

The last expedition to the Amazon basin in 1995, RRIM together with their Brazilian 

counterparts, Empresa Brasileira de Pesquisa Agropecuária (EMBRAPA), succeeded in 

collecting seeds from various species of Hevea genus in the states of Amazonas and 

Para, Brazil (RRIM, 1997; MRB, 1999). The expedition was with the objective of 

safeguarding valuable genetic resources and to broaden the genetic base of Hevea. The 

numerous seeds collected were split between Malaysia and Brazil. In Malaysia, a total 

of 50,231 wild genotypes, mainly being H. brasiliensis were successfully cultivated for 

evaluation and utilisation in the rubber breeding programme (Masahuling and Ramli, 

1995; MRB, 1999). To date, the Amazonian Hevea germplasm collection is the largest 

ex-situ conservation of Hevea genetic materials currently available in Asia.  

1.2 Problem Statements 

Despite the availability of Amazonian Hevea germplasm in the country, the potential of 

these materials remains relatively unexplored. Since the establishment of the germplasm, 

none of the genotypes has been incorporated into a breeding programme due to lack of 

evaluation and characterization of the genotypes. There was no information on latex 

yield, growth potential, and disease resistance as well as genetic variability of the 

germplasm. Limited evaluation and characterization have hindered their rapid and 

effective utilisation. Hence, identification and selection of a collection of genotypes with 

reduced sample size and enhanced characters are considered as a prerequisite for 

ultimate utilisation of the germplasm. 
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1.3 Objectives 

The present investigation was carried out to form a breeding population consisting of 

selected genotypes with desired characteristics for further exploitation and accelerate 

their utilisation in rubber breeding programme. Specifically, the objectives of the present 

study were: 

i. To quantify phenotypic variability and estimate genetic variances of 

quantitative traits in the wild Hevea germplasm; 

 

ii. To identify potential genotypes with desired characteristics of high latex 

yield, clear bole volume and vigorous growth; 

 

iii. To ascertain the degree of associations between the different traits with the 

latex yield and their inter-correlations; 

 

iv. To identify genotypes resistant against virulent Corynespora cassiicola 

isolates; 

 

v. To select superior genotypes for the development of commercial rubber 

clones. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

100 

7 REFERENCES 

Abdul Aziz, S.A.K. (1994). Advances in natural rubber production. Rubber Chemistry 

and Technology 67(3): 537-548. 

 

Abdul Aziz, S.A.K. (2002). R&D: Past contributions and future challenges. Proceeding 

of Rubber Planters’ Conference, India 2002 pp. 48-62. 

 

Abraham, S.T. (2001). Genetic parameters and divergence in certain wild genotypes of 

Hevea brasiliensis (Willd. ex Adr. de. Juss.) Muell. Arg. PhD Thesis, Mahtma 

Gandhi University. 

 

Achuo, E.A., Ebai, M.M and Mokoko-Gobina, S. (2001). In-vitro evaluation of exotic 

Hevea genotypes for resistance to Corynespora cassiicola. Journal of Rubber 

Research 4(4):255-269. 

 

Acquaah, G. (2012). Principles of Plant Genetics and Breeding (2nd edn). Hoboken, NJ: 

Wiley. 

 

Adhikari, B.N., Joshi, B.P., Shrestha, J. and Bhatta, N.R. (2018). Genetic variability, 

heritability, genetic advance and correlation among yield and yield components 

of rice (Oryza sativa L.). Journal of Agriculture and Natural Resources 1(1):149-

160. 

 

Aguiar, A.T.E., Martins, A.L.M., Gonçalves, E.C.P., Júnior, E.J.S. and Branco, R.B.F. 

(2010). Correlations and path analysis in rubber tree clones. Rev. Ceres, Viçosa 

57(5):602-607 

 

Aidi, D., Sekar, W. and Irwan, S. (2002). Report on the evaluation and utilization of the 

1981 IRRDB Hevea germplasm in Indonesia. IRRDB Joint Workshop on 

Breeding, Agronomy and Socioeconomy, Malaysia and Indonesia. 

 

Akbar, M.M.S. and Embong, A.G. (2012). R&D transformation programme for the 

natural rubber industry. International Planters Conference, Kuala Lumpur, 

Malaysia. 

 

Allard, R.W. (1960). Principle of Plant Breeding. New York: John Wiley and Sons Inc.  

 

Annama, V.Y., John, A., Premakumari, D., Panikka, A.O.N. and Sethuraj, M.R. (1993). 

Early evaluation in Hevea: growth and yield at the juvenile phase. Indian Journal 

of Natural Rubber Research 6(1&2):19-23. 

 

Antony, P.D., Priyadarshan, P.M., Das, K. and Dey, S.K. (2018). Yield-growth 

dynamics of Hevea hybrid clones in Tripura. Journal of Rubber Research 

21(1):46-61. 

 

 



© C
OPYRIG

HT U
PM

 

101 

Aregbesola, E., Ortega-Beltran, A., Falade, T., Jonathan, G., Hearne, S. and 

Bandyopadhyay, R. (2020). A detached leaf assay to rapidly screen for resistance 

of maize to Bipolaris maydis, the causal agent of southern corn leaf blight. 

European Journal of Plant Pathology, 156(1), 133-145.  

 

Ariyo, O.J., Akenova, M.E. and Fatokun C.A. (1987). Plant character correlations and 

path analysis of pod yield in Okra (Abelmoschus esculentus). Euphytica 36,677-

686. 

 

Atan, S., Derapi, S., Ismail, L. and Shukor, N.A.A. (2011) Screening susceptibility of 

Hevea progenies from PB 5/51 × IAN 873 to two race of Corynespora cassiicola. 

Journal of Rubber Research 14:110-122. 

 

Barthe, P., Pujade-Renaud, V., Breton, F., Gargani, D., Thai, R., Roumestand, C. and 

Lamotte, F. (2007). Structural analysis of cassiicolin, a host-selective protein 

toxin from Corynespora cassiicola. Journal of Molecular Biology 367 (1): 89-

101. 

 

Balakrishnan, R., Nair, N. and Sreenivasan, T.V. (2000). A method for establishing a 

core collection of Saccharum officianarum L. germplasm based on quantitative 

morphological data. Genetic Resources and Crop Evolution 47(1):1-9. 

 

Balfourier, F., Prosperi, J.M., Charmet, G., Goulard, M. and Monestiez, P. (1999). Using 

spatial patterns of diversity to develop core collections. In Core collections for 

today and tomorrow eds. Johnson, R.C. and Hodgkin, T. pp 37-48. International 

Plant Genetic Resources Institute, Italy. 

 

Bhatia, S. (2015). Application of plant biotechnology. In Modern Applications of Plant 

Biotechnology in Pharmaceutical Sciences, eds. Bhatia, S., Sharma, K., Dahiya, 

R., Bera, T. pp. 157-207. Massachusetts: Academic Press. 

 

Baulkwill W.J. (1989). The history of natural rubber production. In Rubber, eds. 

Webster, C.C. and Baulkwill, W.J. pp. 1-56. London: Longman Scientific and 

Technical. 

 

Besse, P., Seguin, M., Lebrun, P., Chevallier, M. H., Nicholas, D. and Lanaud, C. (1994). 

Genetic diversity among wild and cultivated populations of Hevea brasiliensis 

assessed by nuclear RFLP analysis. Theoretical and Applied Genetics 88:199-

207. 

 

Bombonato, A.L., Gouvêa, L.R.L., Verardi, C.K., Silva, G.A.P. and Gonçalves, P.S. 

(2015). Rubber tree ortet-ramet genetic correlation and early selection efficiency 

to reduce rubber tree breeding cycle. Industrial Crops and Product 2015:855-860. 

 

Boock, M.V., Gonçalves, P.S., Bortoletto, N., Martins, A.L.M. and Souza, d.G.P. 

(1995). Heritability, genetic variability and genetic gain for yield and 

morphological characters in young progenies of rubber trees. Pesquisa 

Agropecuaria Brasileira 30(5):673-681. 

 



© C
OPYRIG

HT U
PM

 

102 

Brookson, C.W. (1956). Importation and development of new strains of Hevea 

brasiliensis by the Rubber Research Institute of Malaya. Journal of Rubber 

Research Institute of Malaya 14:423-448. 

 

Brown, A.H.D. (1989). Core collections: a practical approach to genetic resources 

management. Genome 31:818-824. 

 

Brown, A.H.D. (1995). The core collection at the crossroads. In Core collections of plant 

genetic resources eds. Hodgkin, T., Brown, A.H.D., Hintum, T.J.L. and Morales 

E.A.V. pp 3-19. UK: John Wiley & Sons. 

 

Brown, J., Caligari, P.D.S. and Campos, H.A. (2014). Plant Breeding, (2nd edn). 

Hoboken, NJ: Wiley. 

 

Burton, G.W. and De Vane, E. (1953). Estimating heritability in tall fescue (Festua 

arundinacea) from replicated clonal material. Agronomy Journal 45(10):478-

481. 

 

Chandra, U., Reju, M.J., Singh, R.P., Das, G., Panda, D. and Mydin, K.K. (2016). 

Studies on the evaluation of the half-sib progenies to identify the prepotency of 

the mother clones of Hevea brasiliensis in Meghalaya. International Journal of 

Bio-resource and Stress Management 2016, 7(5):1063-1067.  

 

Chandrasekhar, T.R., Nazeer, M.A., Marattukalam, J.G. and Premakumari, D. (1995). 

Studies on the nature of variation and covariation for some quantitative traits in 

Hevea brasiliensis. Indian Journal of Natural Rubber Research 8(1):54-56. 

 

Chandrasekhar, T.R., Marattukalam, J.G., Mercykutty, V.C. and Priyadarshan, P.M. 

(2007). Age of yield stabilization and its implications for optimising selection and 

shortening breeding cycle in rubber (Hevea brasiliensis Muell. Arg.). Euphytica 

156:67-75. Doi: 10.1007/s10681-006-9352-8. 

 

Chandrasekhar, T.R. and Gireesh, T. (2008). Latex as yield may be better than rubber 

yield in juvenile screening for selection in rubber (Hevea brasiliensis Muell. 

Arg.). Journal of Natural Rubber Research 11(1):52-58. 

 

Charmet, G. and Balfourier, F. (1995). The use of geostatistics for sampling a core 

collection of perennial ryegrass populations. Genetic Resources and Crop 

Evolution 42(4):303-309. 

 

Chee, K.H. (1988). Corynespora leaf spot. RRIM Planter’s Bulletin. Rubber Research 

Institute of Malaysia. Kuala Lumpur, 194. pp 3-7. 

 

Chee, K.H. (1990) Present status of rubber disease and their control. Review on Plant 

Pathology 69: 423-430. 

 

Chevallier, M.H. (1988). Genetic variability of Hevea brasiliensis germplasm using 

isozyme markers. Journal of Natural Rubber Research 3(1):42-53. 

 



© C
OPYRIG

HT U
PM

 

103 

Chiang, K.S., Liu, H.I. and Bock, C.H. 2017. A discussion on disease severity index 

values. Part I: Warning on inherent errors and suggestions to maximise accuracy. 

Annals of Applied Biology 171: 139-154. 

 

Clement-Demange, A., Legnate, H., Chapuset T., Pinard, F. and Seguin, M. (1997). 

Characterization and use of the IRRDB germplasm in Ivory Coast and French 

Guyana: Status in 1997. In Proceeding of the IRRDB Symposium on Natural 

Rubber 14-15th October 1997 Ho Chi Minh City, pp 71-88.  

 

Clement-Demange, A., Legnate, H., Seguin, M., Carron, M.P., Guen V.Le. and Chapuset 

T. (2000). Rubber tree. In Tropical Plant Breeding, eds. Charrier, A., Jacquot, M., 

Hamon, S. and Nicolas, D. pp. 455-480. Montpellier: Collection Reperes.  

 

Clement-Demange, A., Chapuset, T. and Seguin, M. (2002). Report on the IRRDB 1981 

Hevea germplasm by CIRAD (France) Year 2002. IRRDB Joint Workshop on 

Breeding, Agronomy and Socioeconomy, Malaysia and Indonesia. 

 

Comstock, R E, and Robinson, H F. (1952). Estimation of the average dominance of 

genes. In Heterosis, ed. Cowen, J.W. pp. 494-516. Ames, Iowa, Iowa State 

College Press.  

 

Cornish, K., Siler, D.J., Grosjean, O. and Goodman, N. (1993). Fundamental similarities 

in rubber particle architecture and function in three evolutionarily divergent plant 

species. Journal of Natural Rubber Research 8:275–285. 

 

Cowley, R. B., Luckett, D. J., Harper, J. D. I. and Ash, G. J. (2012). Development of a 

reliable and rapid detached leaf assay to detect resistance to the fungal disease 

phomopsis leaf blight, caused by Diaporthe toxica, in Lupinus albus. Canadian 

Journal of Plant Pathology, 34(3), 401-409. 

 

Davies, W. (1997). The rubber industry’s biological nightmare. Fortune, 136(3): 32-39. 

 

Deon, M., Bourre, Y., Gimenez, S., Berger, A., Bieysse, D., de Lamotte, F., Poncet, J., 

Roussel, V., Bonnot, F., Oliver, G., Franchel, J., Seguin, M., Leroy, T., Roeckel-

Drevet, P. and Pujade-Renaud, V. (2012a). Characterization of a cassiicolin-

encoding gene from Corynespora cassiicola, pathogen of rubber tree (Hevea 

brasiliensis). Plant Science 185-186: 227e237. 

 

Deon, M., Scomparin, A., Tixier, A., Mattos, C., Leroy, T., Seguin, M., Roeckel-Drevet, 

P. and Pujade-Renaud, V. (2012b). First characterization of endophytic 

Corynespora cassiicola isolates with variant cassiicolin genes recovered from 

rubber trees in Brazil. Fungal Diversity 54: 87e99. 

 

Deon, M., Fumanal, B., Gimenez, S., Bieysse, D., Oliveira, R.R., Siti Shuhada, S., 

Breton, F., Sunderasan, E., Vida, J.B., Seguin, M., Leroy, T., Patricia, R.D. and 

Pujade-Renaud, V. (2014). Diversity of the cassiicolin gene in Corynespora 

cassiicola and relation with the pathogenicity in Hevea brasiliensis. Fungal 

Biology 118(1): 32-47. 

 



© C
OPYRIG

HT U
PM

 

104 

Deshmukh, S.N., Basu, M.S. and Reddy, P.S. (1986). Genetic variability, character 

association and path coefficient analysis of quantitative traits in Viginia bunch 

varieties of ground nut. Indian Journal of Agricultural Sciences 56:515-518. 

 

Dewey, D.R. and Lu, K.H. (1959). A correlation and path coefficient analysis of 

components of crested wheat grass seed production. Agronomy Journal 51:515-

518. 

 

Dey, S. K., Sobhana, P., Sethuraj, M.R. and Vijayakumar, K.R. (1995). Photosynthetic 

rate and its relation with leaf characteristics in seedlings of Hevea brasiliensis. 

Indian Journal of Natural Rubber Research 8(1): 66–69. 

 

de Lamotte, F., Marie-Pierre, D., Sanier, C., Thai, R., Poncet, J., Bieysse, D., Frédéric, 

B. and Pujade-Renaud, V. (2007). Purification and characterization of cassiicolin, 

the toxin produced by Corynespora cassiicola, causal agent of the leaf fall disease 

of rubber tree. Journal of Chromatography B 849 (1-2): 357-362. 

 

de Souza, G.A. de Oliveira, L.E.M., Alvarenga, A.D.P., Pires, R.M.D.O., Pires, M.M. 

and Cardoso, A.A. (2014). Anatomical characteristics of rubber tree bark related 

to the production of natural rubber. Australian Journal of Basic and Applied 

Sciences 8(16): 79-84. 

 

de Souza, L.M., Le Guen, V., Cerqueira-Silva, C.B.M., Silva, C.C., Mantello, C.C., 

Conson, A.R.O., et al. (2015). Genetic diversity strategy for the management and 

use of rubber genetic resources: More than 1,000 wild and cultivated accessions 

in a 100-Genotype core collection. PLoS ONE 10(7): e0134607. 

 

Dijkman, M.J. (1951). Hevea, Thirty years of research in the Far East. Florida: 

University of Miami Press, 329 p. 

 

Dung, P.T. and Hoan, N.T. (2000) Current status of Corynespora Leaf Fall on rubber in 

Vietnam, IRRDB Workshop on Corynespora Leaf Fall of Rubber, 6-14 June 

2000, Kuala Lumpur, Malaysia and Medan, Indonesia. 

 

Dwivedi, S., Upadhyaya, H. and Hegde, D.M. (2005). Development of core collection 

using geographic information and morphological descriptors in safflower 

(Carthamus tinctorius L.) germplasm. Genetic Resources and Crop Evolution 

52(7):821-830. 

 

Edgar, A.T. (1973). In Manual of Rubber Planting. Kuala Lumpur: Incorporated Society 

of Planters, 705 p.  

 

Fairchild, D. (1928). Dr. Ridley of Singapore and the beginnings of the rubber industry. 

Journal of Heredity 19: 193-204. 

 

Falconer, D.S. (1989). An introduction to Quantitative Genetics, (3rd edn). London: 

Longman. 

 

Falconer, D.S. and Mackay, T.F.C. (1996). Introduction to Quantitative Genetics, (4th 

edn). Harlow, UK: Longman.   



© C
OPYRIG

HT U
PM

 

105 

Farr, D.F. and Rossman, A.Y. (2013). Fungal Databases, Systematic Mycology and 

Microbiology Laboratory, ARS, USDA.  

 

Fasahat, P., Rajabi, A., Rad, J.M. and Derera, J. (2016). Principles and utilization of 

combining ability in plant breeding. Biometrics & Biostatistics International 

Journal 4(1):00085. Doi: 10.15406/bbij.2016.04.00085 

 

Federer, W.T. (1961). Augmented designs with one-way elimination of heterogeneity. 

Biometrics, 17: 447-73. 

 

Federer, W.T. and Searle, S.R. (1976). Model considerations and variance component 

estimation in augmented completely randomized and randomized complete 

blocks designs-Preliminary Version. 

 

Fernando, T.H.P.S., Jayasinghe, C.K., Wijesundera, R.L.C. and Siriwardana, D. (2009). 

Variability of Hevea isolates of Corynespora cassiicola from Sri Lanka. Journal 

of Plant Diseases and Protection 116(3): 115-117. 

 

Fernando, T.H.P.S., Jayasinghe, C.K., Wijesundera, R.L.C., Silva, W.P.K. and 

Nishantha, E.A.D.N. (2010). Evaluation of screening methods against 

Corynespora leaf fall disease of rubber (Hevea brasiliensis). Journal of Plant 

Diseases and Protection, 117(1), 24-29. 

 

Frankel, O.H. (1984). Genetic perspectives of germplasm conservation. In Genetic 

manipulation: Impact on man and society, eds. Arber, W.K., Llimensee, K., 

Peacock, W.J. and Starlinger, P. pp 161-170. UK: Cambridge University Press. 

 

Frankel, O. H. and Brown, A.H.D. (1984). Plant genetic resources today: a critical 

appraisal. In Crop genetic resources: conservation & evaluation, eds. Holden, 

J.H.W and Williams, J.T. pp. 249-257. London: George Allen & Unwin Ltd.  

 

Garcia, D., Guen, V.L., Mattos, C.R.R., Gonçalves, P.S. and Clément-Demange, A. 

(2002). Relationships between yield and some structural traits of the laticiferous 

system in Hevea clones resistant to South American leaf blight. Crop Breeding 

and Applied Biotechnology 2(2):307-318.  

 

Gilbert, N.E., Dodds, K.S. and Subramaniam, S. (1973). Progress of breeding 

investigations with Hevea brasiliensis. V. Analysis of data from earlier Crosses. 

Journal of Rubber Research Institute of Malaya 23(5):365-380. 

 

Gireesh, T., Meenakumari, T. and Mydin, K.K. (2017). Fast track evaluation and 

selection of Hevea brasiliensis clones from a clonal nursery. Industrial Crops and 

Product 103:195-201.  

 

Gomez, J.B. (1982). Anatomy of Hevea and its influence on latex production. Kuala 

Lumpur: Malaysian Rubber Board. 

 

Gonçalves, P.S., Cardoso, M. and Bortoletto, N. (1988). Reduction of the breeding cycle 

and selection in obtaining rubber tree cultivars (Hevea sp.). Agronomy 40:112-

130. 



© C
OPYRIG

HT U
PM

 

106 

Gonçalves, P.S., Martins, A.M.M., Bortoletto, N., Ortolani, A.A. and Bermond, G. 

(1994). Vigour evaluation of six different populations of Hevea rootstocks. 

Pesquisa Agropecuaria Brasileira 29(4):543-552. 

 

Gonçalves, P.S., Martins, A.M.M., Bortoletto, N. and Saes, L.A. (2004). Selection and 

genetic gains for juvenile traits in progenies of Hevea in São Paulo State, Brazil. 

Genetics and Molecular Biology 27(2):207-214.  

 

Gonçalves, P.S., Cardinal, A.B.B., Costa, R.B., Bortoletto, N. and Gouvêa, L.R.L. 

(2005). Genetic variability and selection for laticiferous system characters in 

Hevea brasiliensis. Genetics and Molecular Biology 28(3):414-422. 

 

Gouvêa, L.R.L., Chioratto, A.F. and Gonçalves, P.S. (2010a). Divergence and genetic 

variability among superior rubber tree genotypes. Pesquisa Agropecuária 

Brasileira 45(2):163-170. 

 

Gouvêa, L.R.L., Rubiano, L.B., Chioratto, A.F., Zucchi, M.I. and Gonçalves, P.S. 

(2010b). Genetic divergence of rubber tree estimated by multivariate techniques 

and microsatellite markers. Genetics and Molecular Biology 33(2):308-318. 

 

Gouvêa, L.R.L., Silva, G.A.P., Verardi, C.K., Oliveira, A.L.B. and Gonçalves, P.S. 

(2013). Simultaneous selection of rubber yield and girth growth in young rubber 

trees. Industrial Crops and Products 50:39-43. 

 

Harch, B.D., Basford, K.E., Delacy, I.H., Lawrence, P.K. and Cruickshank, A. (1996). 

Mixed data types and the use of pattern analysis on the Australian groundnut 

germplasm data. Genetic Resources and Crop Evolution 43(4):363-376. 

 

Hénon, J.M. and Nicolas, D. (1989). Relation between anatomical organization of the 

latex yield: search for early selection criteria. In Physiology of rubber tree latex, 

eds. d’Auzac, Jacob, J.L. and Chrestin, H. pp. 32-51. Florida: CRC Press. 

 

Ho, C.Y. (1972). Investigations on shortening the generative cycle for yield 

improvement in Hevea brasiliensis. Msc Thesis, Cornell University, USA.  

 

Ho, C.Y. (1979). Contributions to improve the effectiveness of breeding, selection and 

planting recommendations of Hevea brasiliensis Muell. Arg, PhD Thesis, 

University of Ghent.  

 

Ho, C.Y., Narayanan, R. and Chen, K.T. (1973). Clonal nursery studies in Hevea I. 

Nursery yields and associated structural characteristics and their variations. 

Journal of Rubber Research Institute Malaya 23(4): 305-316.   

 

Ho, C.K. (1986). Rubber, Hevea brasiliensis. In Breeding for durable resistance in 

perennial crops, Plant Production and Protection Paper No.70. Rome: FAO: 85-

114. 

 

Huang, H., Yu, D., and Zhou, J. (2002). Studies of the 1981 IRRDB Hevea germplasm 

in China. In IRRDB Joint Workshop on Breeding, Agronomy and Socioeconomy. 

 



© C
OPYRIG

HT U
PM

 

107 

International Rubber Study Group. (2019). Rubber Statistical Bulletin April- June 2019 

edition. Kuala Lumpur: IRGS. 

 

Ishii, R. (1998). Leaf/canopy photosynthesis and crop productivity. In: Photosynthesis - 

A Comprehensive Treatise, ed. Raghavendra, A.S. pp. 215-216. Cambridge 

University Press. 

 

Ismail, H. and Jeyanayagi, I. (1999). Occurrence and identification of physiological 

races of Corynespora cassiicola of Hevea. Proceedings of IRRDB Symposium, 

1999, Hainan, China, pp.263-272. 

 

Jinji, P., Xin, Z., Yangxian, Q., Yixian, X., Huiqiang, Z. and He, Z (2007). First record 

of Corynespora Leaf Fall Disease of Hevea rubber tree in China. Australasian 

Plant Disease Notes 2: 35-36. 

 

John, A., Nazeer, M.A., Idicula, S.P., Thomas, V. and Varghese, A. (2013). Potential 

new primary clones of Hevea evolved by ortet selection in India. Journal of 

Rubber Research 16(2):134-146. 

 

Johnson, H.W., Robinson, H. and Comstock, R. (1955). Estimates of genetic and 

environmental variability in soybeans. Agronomy Journal 47:314-318. 

 

Kajornchaiakul, P. (1987). Corynespora disease of Hevea in Thailand. Proceedings of 

IRRDB Symposium on Diseases of Hevea, Cochin, India, pp. 16-22. 

 

Kamar, S.S.A. (1994). Distribution and disease severity of rubber diseases in Malaysia. 

Proceedings of IRRDB Symposium on Diseases of Hevea, Cochin, India pp. 16-

22. 

 

Kamar, A.S.S. and Shamsuri, M.H. (1996). Current status of Corynespora leaf fall in 

Malaysia. Workshop on Corynespora Leaf Fall Disease of Hevea Rubber, 1996, 

Medan, Indonesia, pp. 21-28. 

 

Kang, M.S. (1994). Applied Quantitative Genetics, ed. Kang, M.S. Louisiana: Baton 

Rouge. 

 

Karunaratne, P.M.A.S., Wijeratne, A.W. and Kumara, J.B.D.A.P. (2005). Linear 

estimation of girth as a covariate on yield parameters of rubber (Hevea 

brasiliensis Muell.Arg.): correlation of girth with latex volume and weight. 

Journal of Agricultural Science 1(1):7-11. 

 

Khin, A.M., Mohd Din, A., Rafii, M.Y., Yusoff, M.A.S., Ramlee, S.I., Yaakub, Z. and 

Oladosu, Y. (2019). Genetic diversity and selection criteria of MPOB-Senegal oil 

palm (Elaeis guineensis Jacq.) germplasm by quantitative traits. Industrial Crops 

& Product, 139(2019)111558. 

 

Khoo, S.K., Yoon, P.K., Meignanaratnam, K., Gopalan, A. and Ho, C.Y. (1982). Early 

results of mother-tree (ortet) selection. Planters’ Bulletin Rubber Research 

Institute of Malaysia 171:33-49.  

 



© C
OPYRIG

HT U
PM

 

108 

Lam, L.V. (1995). Studies on agronomic and genetic potential of the IRRDB’81 Hevea 

germplasm in Vietnam. MSc Thesis, Universiti Pertanian Malaysia. 

 

Lam, L.V., Tan, H., Ghizan, H. and Hoa, T.T.T. (1996). Physiological characteristics of 

latex of the IRRDB 1981 Hevea germplasm. Journal of Natural Rubber Research 

11(4):256-264. 

 

Lam, L.V., Lam, H.B., Hoa, T.T.T. and Trang, L.T.T. (2002). Status report of the 

IRRDB’81 Hevea germplasm in Vietnam. IRRDB Joint Workshop on Breeding, 

Agronomy and Socioeconomy, Malaysia and Indonesia. 

 

Lam, L.V., Thanh, T., Chi, V.T.Q. and Tuy, L.M. (2009). Genetic diversity of Hevea 

IRRDB’81 collection assessed by RAPD markers. Molecular Biotechnology 

42:292-298. 

 

Lam, L.V, Thanh, T., Trang, L.T.T., Truong, V.V., Lam, H.B., and Tuy, L.M. (2012). 

Hevea Germplasm in Vietnam: Conservation, characterization, evaluation and 

utilisation. In Genetic Diversity in Plants, eds. Caliskan, M. pp. 433-456. Crotia: 

Intech. 

 

Larik, A.S., Malik, S.I., Kakar, A.A. and Naz, M.A. (2000). Assessment of heritability 

and genetic advance for yield components in Gossypium hirsutum L. Scientific 

Khyber 13(1):39-44. 

 

Le Guen, V., Garcia, D., Mattos, C.R.R. and Clément-Demange, A. (2002). Evaluation 

of field resistance to Microcyclus ulei of a collection of Amazonian rubber tree 

(Hevea brasiliensis) germplasm. Crop Breeding and Applied Biotechnology 

2:141-148. 

 

Le Guen, V., Doaré, F., Weber, C. and Seguin, M. (2009). Genetic structure of 

Amazonian populations of Hevea brasiliensis is shaped by hydrographical 

network and isolation by distance. Tree Genetics & Genomes 5:673-683. 

 

Lekawipat, N., Teerawatanasuk, K., Rodier-Goud, M., Seguin, M., Vanavichit, A., 

Toojinda, T. and Tragoonrung, S. (2003). Genetic diversity analysis of wild 

germplasm and cultivated clones of Hevea brasiliensis Muell. Arg. by using 

microsatellite markers. Journal of Rubber Research 6(1):36-47. 

 

Li, Y., Cao, Y.S. and Zhung, X. (1996). A phenotype diversity analysis of foxtail millet 

(Seturia italic L.P.Beauv.) landraces of Chinese origin. Genetic Resources and 

Crop Evolution 43(4):377-384. 

 

Li, Y., Shi, Y., Cao, Y., Wang, T. (2004). Establishment of a core collection for maize 

germplasm preserved in Chinese national gene bank using geographic distribution 

and characterization data. Genetic Resources and Crop Evolution 51(8):845-852. 

 

Licy, J. and Premakumari, D. (1988). Association of characters in hand pollinated 

progenies of Hevea brasiliensis (Willd. ex. Adr. de Juss.) Muell Arg. Indian 

Journal of Natural Rubber Research 1(1):18-21.  

 



© C
OPYRIG

HT U
PM

 

109 

Licy, J., Panikkar, A.O.N., Premakumari, D., Varghese, Y.A. and Nazeer, M.A. (1992). 

Genetic parameters and heterosis in Hevea brasiliensis. I. Hybrid clones of RRII 

105 x RRIC 100. Indian Journal of Natural Rubber Research 5(1&2):51-56. 

 

Licy, J., Panikkar, A.O.N., Premakumari, D., Nazeer, M.A., Varghese, Y.A., 

Saraswathyamma, C.K. and Sethuraj, M.R. (1993). Genetic parameter and 

heterosis in rubber (Hevea brasiliensis Muell. Arg.) III. Variability and hybrid 

vigour for yield and certain yield attributes. Golden Jubilee Symposium, 

Horticultural Research: Changing Scenario. Bangalore, India.  

 

Lim, T.M. (1973). A rapid laboratory method of assessing susceptibility of Hevea clones 

to Oidium heveae. Experimental Agriculture. 9: 275. 

 

Liyanage, A. de S., Jayasinghe, C.K., Liyanage, N.I.S. and Jayarathne, A.H.R. (1986) 

Corynespora leaf spot of rubber (Hevea brasiliensis): A New Record. Journal of 

Rubber Research Institute of Sri Lanka 65: 47-50. 

 

Liyanage, K.K., Sumanasinghe, V.A., Attanayake, D.P.T.G.S. and Baddewithana, 

B.W.A.N. (2013). Phenotypic diversity of rubber clones grown in Sri Lanka at 

their immature stage based on the available morphological descriptors. Tropical 

Agricultural Research 24(2): 112- 127. 

 

Low, F.C., Safiah, A., Hafsah, J. and Tan, H. (1996). Recent advances in the 

development of molecular markers for Hevea studies. Journal of Natural Rubber 

Research 11(1):32-44. 

 

Malaysian Rubber Board. (1999). Annual Report 1999. Kuala Lumpur: MRB. 

 

Malaysian Rubber Board. (2001). Milestones in Rubber Research: 75th anniversary of 

Rubber Research Institute of Malaysia (1925-2000). Kuala Lumpur: MRB. 

 

Malaysian Rubber Board. (2009). Rubber Plantation & Technologies. Kuala Lumpur: 

MRB. 

 

Malaysian Rubber Board. (2019). Natural Rubber Statistics 2019. Kuala Lumpur: MRB. 

 

Manju, M. J., Vinod, K. K., Idicula, S. P., Kuruvilla, J. C., Nazeer, M. A. and Benagi, 

V.I. (2010). Susceptibility of Hevea brasiliensis clones to Corynespora leaf fall 

disease. Journal of Mycology and Plant Pathology 40(4): 603-609. 

 

Masahuling, B. and Ramli, O. (1995). Introduction and ex situ conservation of Hevea 

genetic resources. International Symposium Workshop of Conservational 

Biology, Kuching, Sarawak.  

 

Masahuling, B., Ramli, O., Mohd. Aris, M.N. and Zarawi, A.G. (1999). Genetic 

enhancement of the 1981 Hevea germplasm. International Rubber Research 

Development Board Annual Meeting Symposium, Hainan, China. 

 



© C
OPYRIG

HT U
PM

 

110 

Masahuling, B., Ramli, O. and Zarawi A.G. (2005). Progress in designing future clones 

through utilisation of new germplasm. Proceedings of Rubber Planters’ 

Conference 2005, Kuala Lumpur, Malaysia. 

 

McLachlan, G. J. (1999). Mahalanobis distance. Resonance, 4(6), 20-26. 

 

Mercy, M. A. (2001). Genotypic evaluation and screening for drought tolerance in wild 

Hevea germplasm. PhD Thesis, Kerala Agriculture University.   

 

Mercy, M. A., Abraham, S.T., George, P.J. and Potty, S.N., Sethuraj, M.R. and 

Saraswathy, P. (1993). Preliminary observations of the 1981 IRRDB Hevea 

germplasm. II. Variability, dry matter and morphological characters. Journal of 

Plantation Crops 21:268-274.   

 

Mercy, M. A., Abraham, S.T., George, P.J. and Potty, S.N. (1995). Evaluation of Hevea 

germplasm: Observations on certain prominent traits in a conservatory. Indian 

Journal of Plant Genetic Resources 8(1): 35-39. 

 

Mercykutty, V. C., Marattukalam, J. G., Saraswathyamma, C. K. and Meenakumari, T. 

(2002). Identification of Hevea clones: A manual. Division of Botany, Rubber 

Research Institute of India, Kottayam. 

 

Murnita, M.M. (2011). Major leaf diseases distribution, severity and clonal susceptibility 

in Peninsular Malaysia. Michelin-IRRDB Plant Breeding Seminar 2011, Bahia, 

Brazil. 

 

Mohd. Noor, A.G. (1980). Selection procedures from hand pollination to large-scale 

testing. In RRIM Hevea breeding course pp. 1-8. Kuala Lumpur: RRIM. 

 

Mohd. Noor, A.G. (1983). Kemasukan germplasma Hevea baru dari Brazil. Jurnal Sains 

Institut Penyelidikan Getah Malaysia 7(1), 8-13. 

 

Mohd. Zain, A.A., Ramli, O., Masahuling, B. and Ong, S.H. (1997). RRIM 2000 series 

clones characteristics and description. Kuala Lumpur: Malaysian Rubber Board. 

 

Moreti, D., Gonçalves, P.S., Gorgulho, E.P., Martin, A.L.M., Bortoletto, N. and de 

Souza Gonçalves P. (1994). Estimates of genetic parameters and gains expected 

from selection of juvenile characters in rubber trees progenies. Pesquisa 

Agropecuaria Brasileira 29(7):1099-1109. 

 

Mydin, K.K., Nair, V.G., Sethuraj, M.R., Panikkar, A.O.N., Nazeer, M.A. and 

Sarawathy, P. (1996). Prepotency in rubber. II. Seedlings progeny analysis for 

yield and certain yield attributes. Indian Journal of Natural Rubber Research 

9(1):63-66. 

 

Mydin, K.K., Licy, J., Varghese, Y.A., John, A., Nair, R.B. and Saraswathyamma, C.K. 

(2004). Clonal nursery evaluation for shortening the breeding cycle in Hevea 

brasiliensis. Natural Rubber Research 17(1):60-66. 

 



© C
OPYRIG

HT U
PM

 

111 

Mydin, K.K., Thomas, V. and Mercykutty, V.C. (2011). Yield and related attributes of 

certain new generation clones of Hevea brasiliensis under large scale evaluation. 

Journal of Rubber Research 14(3):167-183. 

 

Mydin, K.K., Reju, M.J., Narayanan, C. and Abraham, T. (2012). Incorporation of the 

1981 IRRDB wild Amazonian germplasm in Hevea breeding in India. The 

IRRDB-IRRI International Seminar on Rubber Plant Breeding, Medan, 

Indonesia. 

 

Mydin, K.K., John, A and Narayanan, C. (2015). Long term yield and timber in some 

promising Prang Besar clones in India. Journal of Plantation Crops 43(2):97-104.  

 

Nair, B.R. (2014). Modified statistical procedures for field experiments in natural 

rubber, Hevea brasiliensis. PhD Thesis, Mahatma Gandhi University. 

 

Narayanan, R. and Ho, C.Y. (1973). Clonal nursery studies in Hevea II. Relationship 

between yield and girth. Journal of Rubber Research Institute of Malaya 

23(5):332-338.   

 

Narayanan, R., Ho., C.Y. and Chen, K.T. (1974). Clonal nursery studies in Hevea III. 

Correlations between yield, structural characters, latex constituents and plugging 

index. Journal of the Rubber Research Institute of Malaya 24(1): 1-14. 

 

Narayanan, C. and Mydin, K.K. (2011). Heritability of yield and secondary traits in two 

populations of Para rubber tree (Hevea brasiliensis). Silvae Genetica 60(3):132-

139. 

 

Narayanan, C. and Mydin, K.K. (2012). Breeding for disease resistance in Hevea spp. - 

status, potential threats, and possible strategies. In Proceedings of the fourth 

international workshop on the genetics of host-parasite interactions in forestry: 

Disease and insect resistance in forest trees, eds. Sniezko. Richard, et al. pp 240-

251. Albany, CA: Pacific Southwest Research Station, Forest Service, U.S. 

 

Newsam, A. (1961) Pathological Division. Annual Report of Rubber Research Institute 

of Malaysia 1961. pp 63-70. 

 

Nga, B.H. and Subramaniam, S. (1974). Variation in Hevea brasiliensis I. Yield and 

girth data of the 1937 Hand Pollinated Seedlings. Journal of Rubber Research 

Institute of Malaysia 24(2):69-74. 

 

Nghia, N.A., Jugah, K., Sunderasan, E., Mohd. Puad, A., Adam., M. and Suhaimi, N. 

(2008) Morphological and inter simple sequence repeat (ISSR) markers analyses 

of Corynespora cassiicola isolates from rubber plantations in Malaysia. 

Mycopathologia. 166, 189-201. 

 

Noirot, M., Hamon. and Anthony, F. (1996) The principal component scoring: A new 

method of constituting a core collection using quantitative data. Genetic 

Resources and Crop Evolution 43(1):1-6. 

 



© C
OPYRIG

HT U
PM

 

112 

Oliveira, F.J.D., Anunciação Filho, C.J.D., Bastos, G.Q. and Reis, O.V.D. (2003). 

Genetic divergence between cowpea cultivars. Brazilian Agricultural Research, 

38(5):605-611. 

 

Oliveira, A.L.B., Gouvêa, L.R.L., Verardi, C.K., Silva, G.A.P. and Gonçalves, P.S. 

(2015). Genetic variability and predicted genetic gains for yield and laticifer 

system traits of rubber tree families. Euphytica 203, 285-293. 

 

Omokhafe, K.O. and Alika, J.E. (2003). Correlation and path coefficients of seed and 

juvenile characters with respect to latex yield in Hevea brasiliensis Muell. Arg. 

Tropicultura 21(4):173-178. 

 

Ong, S.H. (1977). Investigations of clones derived from seedlings of various Hevea 

species introduced in 1966 by the Rubber Research Institute of Malaya. Workshop 

on International Collaboration in Hevea Breeding and the Collection and 

Establishment of Materials from the Neo-tropics, Kuala Lumpur.  

 

Ong, S.H. (1978). Production of improved cultivars. In RRIM Short Course on Rubber 

Planting and Nursery Techniques pp. 1-7. Kuala Lumpur: RRIM. 

 

Ong, S.H. (1979). Cytotaxonomic investigation of the genus Hevea. PhD Thesis, 

University of California. 

 

Ong, S.H. and Tan, A.M. (1976). Performance of Ford, FX and IAN series clones in 

RRIM trial. International Rubber Research Development Board Symposium, 

Bogor, Indonesia. 

 

Ong, S.H. and Naimah, I. (1979). Practical approach to the development of new 

cultivars. In RRIM Training Manual on Rubber Planting and Nursery Techniques 

pp. 1-7. Kuala Lumpur: RRIM. 

 

Ong, S.H., Mohd Noor, A. G., Tan, A.M. and Tan, H. (1983). New Hevea germplasm- 

Its introduction and potential. Proceeding of the RRIM Planters’ Conference 

Kuala Lumpur, pp 3-7. 

 

Ong, S.H., Tan, H., Khoo, S.K. and Sultan, M.O. (1985). Selection of promising clones 

through accelerated evaluation of Hevea. Proceedings of the International Rubber 

Conference 1985 Kuala Lumpur, pp 157-174 

 

Ong, S.H. and Tan, H. (1987). Utilisation of Hevea genetic resources in the RRIM. 

Malaysian Applied Biology 16(1):145-155. 

 

Ong, S.H. and Mohd. Aris, M.N. (1993). Multilateral exchange clone trials. Planters’ 

Bulletin Rubber Research Institute of Malaysia 1993 (4):107-113. 

 

Ong, S.H., Ramli, O., Masahuling, B. and Naimah, I. (1994). Rubber breeding, progress 

and strategies to meet future needs of the plantation industry. International 

Planters Conference pp 53-69. 

 



© C
OPYRIG

HT U
PM

 

113 

Othman, R., Benong, M., Ong, S.H. and Hashim, I. (1996) Strategies and development 

of resistant Hevea clones against Corynespora leaf fall. Proceedings of the 

Workshop on CLF Disease of Hevea rubber, 16-17th December 1996. Medan, 

Indonesia, pp. 177-193. 

 

Pardekooper, E.C. (1965). Clones of Hevea brasiliensis of commercial interest in 

Malaya. Planting Manual, Rubber Research Institute of Malaya, 11, 135p.  

 

Patial, M., Kumar, J., and Pal, D. (2017). Detached leaf assay for evaluating resistance 

to leaf rust Pst. 104-2 in wheat (Triticum aestivum L.). Indian Journal of 

Experimental Biology, 55(11), 789-794. 

 

Polhamus, L.G. (1962). Rubber. Leonard Hill Ltd., London. pp 62-90. 

 

Pollinere, J.P. (1966). Introduction to the study of genetical selection of Hevea 

brasiliensis. Tropical Abstract 21:6. 

 

Prabhakara, R.G., Suma, K., Madhavan, J. and Varghese, Y.A. (2013). Variability in 

wild germplasm of natural rubber (Hevea brasiliensis Muell. Arg.). Silvae 

Genetica 62(3):81-86. 

 

Premakumari, D. and Panikkar, A.O.N. (1992). Anatomy and ultracytology of latex 

vessel. In Natural rubber: Biology, Cultivation and Technology, eds. Sethuraj, 

M.R. and Mathew, N.M. pp. 67-87. Amsterdam: Elsevier Science Publishers. 

 

Priyadarshan, P.M. (2003). Breeding Hevea brasiliensis for environmental constraints. 

Advances in Agronomy 79:351-400. 

 

Priyadarshan, P.M. (2017a). Refinements to Hevea rubber breeding. Tree Genetics & 

Genomes 13:20. Doi:10.1007/s11295-017-1101-8. 

 

Priyadarshan, P.M. (2017b). Heterozygosis and Breeding. In Biology of Hevea Rubber. 

Springer, Cham. Doi:10.1007/978-3-319-54506-6_7. 

 

Priyadarshan, P.M. and Gonçalves, P.S. (2003). Hevea gene pool for breeding. Genetic 

Resources and Crop Evolution 50:101-114. 

 

Priyadarshan, P.M. and Clément-Demange, A. (2004). Breeding Hevea rubber: Formal 

and molecular genetics. Advances in Genetics 52:51-115. 

 

Priyadarshan, P.M., Gonçalves, P.S. and Omokhafe, K.O. (2009). Breeding Hevea 

rubber. In Breeding Plantation Tree Crops: Tropical Species, eds. Jain, S.M. and 

Priyadarshan, P.M. pp. 469-522. New York: Springer. 

 

Pushparajah, E. (1995). RRIM’s achievements in production research and development 

from 1925 to 1995. The Planter 71(837):571-587.  

 

Ramakrisnan, T.S. and Pillay, P.N.R. (1961) Leaf spot of rubber caused by Corynespora 

cassiicola (Berk & Curt) Wei. Rubber Board Bulletin 5: 32-35. 

 



© C
OPYRIG

HT U
PM

 

114 

Ramli, O., Najib. Lutfy, A., Ong, S.H., Othman, H., Masahuling, B., Mohd Ghouse, W., 

Mohd. Zain, A.A., Zarawi, A.G. and Mohd. Noor, A.G. (1995). Potential Hevea 

genotypes for timber production. Proceedings Rubber Growers' Conference 1995 

pp. 340-360.  

 

Rao, B.S. (1961). Pollination of Hevea in Malaya. Journal of Rubber Research Institute 

of Malaya 17(1):14-18. 

 

Rao, G.P., Reghu, C.P. and George, P.J. (1999). Evaluation of Hevea germplasm. VIII. 

Variability of certain juvenile characters of wild Hevea germplasm. Journal of 

Cytology and Genetics 34(2):183-186.  

 

Reghu, C.P., Rao, G.P. and Mercy, M.A. (2011). Progress and future strategies of the 

breeding programme involving the 1981 IRRDB Hevea germplasm collection in 

India. IRRDB-RRIT Plant Breeders’ Seminar, Koh Samui, Thailand. 

 

Riches, J.P. and Gooding, E.G.B. (1952). Studies in the physiology of latex. I. Latex 

flow on tapping-theoretical considerations. New Phytologist 51(1): 1-10. 

 

Rojas, W. (2003). Multivariate analysis of genetic diversity of Bolivian quinoa 

germplasm. Food Reviews International 19 (1-2):9-23. 

 

Romruensukharom, P., Tragoonrung, S., Vanavichit, A. and Toojinda, T. (2005). 

Genetic variability of Corynespora cassiicola population in Thailand. Journal of 

Rubber Research 8(1): 38-49. 

 

Ross, J.M. and Brookson, C.W. 1966. Progress of breeding investigations with Hevea 

brasiliensis III. Further data on the crosses made in the years 1937-1941. Journal 

of Rubber Research of Malaya 19(3):158-172. 

 

Rubber Research Institute of Malaysia. (1959). Foreign exchange clones-1954 

collection. Planters’ Bulletin of Rubber Research Institute of Malaysia 42:59-62.  

 

Rubber Research Institute of Malaysia. (1975). Corynespora leaf spot. Planter’s Bulletin 

of Rubber Research Institute of Malaysia 139: 84-86. 

 

Rubber Research Institute of Malaysia. (1997). Rubber Research Institute Malaysia 

Annual Report 1997. Kuala Lumpur: RRIM. 

 

Safiah, A. and Noor Hashim, H. (2003). Differentiating Races of Corynespora cassiicola 

using RAPD and internal transcribed spacer markers. Journal Rubber Research 

6:58-64. 

 

Saha, T., Kumar, A., Sreena, S., Joseph, A., Kuruvilla Jacob, C., Kothandaraman, R. and 

Nazeer, M.A. (2000) Genetic variability of Corynespora cassiicola infecting 

Hevea brasiliensis isolated from the traditional rubber growing areas in India. 

Indian Journal of Natural Rubber Research 13(1&2): 1-10. 

 

Sanderson, A.R. and Sutcliffe, H. (1929). Vegetative characters and yield of Hevea.  

Journal of Rubber Research Institute of Malaya 1(3): 151-200.   



© C
OPYRIG

HT U
PM

 

115 

Sant’Anna, I.d.C., Gouvêa, L.R.L. and Gonçalves, P.S. (2020). Relationships between 

yield and some anatomical and morphological traits in rubber tree progenies. 

Industrial Crops and Products 147: 112221. 

 

Samsuddin, Z., Tan, H. and Yoon, P.K. (1986). Variations, heritabilities and correlations 

of photosynthetic rates, yield and vigour in young Hevea seedling progenies. 

Proceeding of International Rubber Conference, Kuala Lumpur 3:137-153. 

 

Sankariammal, L., Mydin, K.K., Thomas, V. and Varghese, Y.A. (2011). Heterosis for 

yield and growth in Wickham x Amazonian hybrids of Hevea brasiliensis (Willd. 

ex Adr. de Juss. Muell. Arg.). Natural Rubber Research 24(2): 187-196. 

 

Sanni, K. A., Fawole, I., Ogunbayo, A., Tia, D., Somado, E. A., Futakuchi, K. and Guei, 

R. G. (2012). Multivariate analysis of diversity of landrace rice germplasm. Crop 

science 52(2): 494-504. 

 

Schultes, R.E. (1977). A new infrageneric classification of Hevea. Botanical Museum 

Leaflets of Harvard University 25:243-257. 

 

Schultes, R.E. (1987). Studies in the genus Hevea VIII. Notes on intrageneric variants 

of Hevea brasiliensis (Euphorbiaceae). Economic Botany 41:125-147. 

 

Schultes, R.E. (1990). A brief taxonomic view of the genus Hevea. Malaysian Rubber 

Research Development Board Monograph. 

 

Searle, S.R. (1961). Phenotypic, genetic and environmental correlations. Biometrics, 

17:474 480. 

 

Sekhar, B.C. (1984). The impact of science and technology the Malaysian experience in 

plantation crop. The Rubber Industry 1-14. 

 

Sethuraj, M.R. (1985). Physiology of growth and yield in Hevea brasiliensis. 

Proceedings of the International Rubber Conference, 1985, Kuala Lumpur pp. 3-

19. 

 

Shannon, C.E. and Weaver, W. (1963). The mathematical theory of communication. 

University of Illinois Press, Urbana, Illinois, USA 

 

Sharp, C.C.T. (1940). Progress of breeding investigations with Hevea brasiliensis. The 

Pilmoor crosses 1928-1931 series. Journal of Rubber Research Institute of 

Malaya 10:34-66. 

 

Sharp, C.C.T. (1951). Progress of breeding investigations with Hevea brasiliensis II. 

The crosses made in the years 1937-1941. Journal of Rubber Research Institute 

of Malaya 13:73-99. 

 

Shepherd, R. (1969). Aspects of Hevea Breeding and Selection Investigations 

Undertaken on Prang Besar Estate. Planters’ Bulletin of Rubber Research 

Institute of Malaysia 104:206-219.  

 



© C
OPYRIG

HT U
PM

 

116 

Silva, C.A.de and Satchuthananthavale, R. (1961). History and description of promising 

RRIC clones. Journal of Rubber Research Institute of Ceylon 37(2):112-128. 

 

Silva W.P.K, Deverall, B.J. and Lyon, B.R. (1998) Molecular, physiological and 

pathological characterization of Corynespora Leaf Spot fungi from rubber 

plantations in Sri Lanka. Plant Pathology, 47, 267-277. 

 

Silva, W.P.K., Karunanayake, E. H., Wijesundera, R.L.C. and Priyanka, U.M.S. (2003). 

Genetic variation in Corynespora cassiicola: A possible relationship between 

host origin and virulence. Mycological Research 107(5): 567-71. 

 

Silva, G.A.P., Gouvêa, L.R.L., Verardi, C.K., Resende, M.d.V., Scaloppi Junior, E.J. 

and Gonçalves, P.S. (2013). Genetic parameters and correlation in early 

measurement cycles in rubber trees. Euphytica 189, 343-350. 

 

Silva, G.A.P., Gezan, S.A., de Carvalho, M.P., Gouvêa, L.R.L., Verardi, C.K., de 

Oliveira, A.L.B. and Gonçalves, P.S. (2014). Genetic parameters in a rubber tree 

population: heritabilities, genotype-by-environment interactions and multi-trait 

correlations. Tree Genetics & Genomes. Doi:10.1007/s11295-014-0766-5. 

 

Simko, I. and Piepho, H.P. (2012). The area under the disease progress stairs: 

calculation, advantage, and application. Phytopathology, 102(4), 381-389. 

 

Simmonds, N.W. (1969). Genetical bases of plant breeding. Journal of Rubber Research 

Institute of Malaya 21(1):1-10.  

 

Simmonds, N.W. (1985). A plant breeder's perspective of durable resistance. FAO Plant 

Protection Bulletin. 33:13-17. 

 

Simmonds, N.W. (1987). Rubber Breeding. In Rubber, eds. Webster, C.C. and 

Baulkwill, W.J. pp. 57-84. Essex, England: Longman Scientific and Technical. 

 

Simmonds, N.W. 1990. Breeding horizontal resistance to South American leaf blight of 

rubber. Journal of Natural Rubber Research 5(2): 102-113. 

 

Siva, P.Y.V.N., Krishna, M.S.R. and Venkateswarlu, Y. (2013). Correlation, path 

analysis and genetic variability for economical characteristics in F2 and F3 

generations of the cross AVT 3×TC 25 in Sesame (Sesamum indicum L.). Journal 

of Environmental and Applied Bioresearch 1:14-18. 

 

Smith, J.S.C. and Smith, O.S. (1989). The description and assessment of distance 

between inbred lines of maize. 2: The utility of morphological-biochemical-and 

genetic descriptors and a scheme for the testing of distinctiveness between inbred 

lines. Maydica, 34. 

 

Soepena, H. (1983) Gugur daun Corynespora pada tanaman karet di Sumatra Utara 

Kumpulan Makalah Kongress. National Perhimpunan Fitopatologi Indonesia ke 

VII di Medan, 23-24 September 1983. 

 



© C
OPYRIG

HT U
PM

 

117 

Sprague, G.F. and Tatum, L.A. (1942). General versus specific combining ability in 

single crosses of corn. Journal of the American Society of Agronomy 34:923-932. 

 

Subramaniam, S. (1969). Performance of recent introductions of Hevea in Malaya. 

Journal of Rubber Research Institute of Malaya 21(1):11-18. 

 

Subramaniam, S. (1970). Performance of Dothidella-resistant Hevea clones in Malaya. 

Journal of Rubber Research Institute of Malaya 23(1):39-46. 

 

Subramaniam, S. (1974). Recent trends in the breeding of Hevea. Indian Journal of 

Genetics & Plant Breeding 34:132-140. 

 

Subramaniam, S. (1980). Outline of Hevea Breeding and Its Objective. In RRIM Hevea 

breeding course pp. 1-8. Kuala Lumpur: RRIM. 

 

Subramaniam, S., Ong, S.H. and Sultan, M.O. (1972). Hevea breeding and selection in 

the Rubber Research Institute of Malaya: An outline of the methods. SABRAO 

Newsletters 4(1):59-65. 

 

Suzana, M., Zulkifli, Y., Marhalil, M., Rajanaidu, N., and Ong-Abdullah, M. (2020). 

Principal component and cluster analyses on Tanzania oil palm Elaeis guineensis 

Jacq. germplasm. Journal of Oil Palm Research 32(1), 24-33. 

 

Tan, A.M. (1990) Survey on Corynespora leaf fall disease. Planter’s Bulletin Rubber 

Research Institute of Malaysia 204:82-85. 

 

Tan, A.M., Loo, T.P., Vadivel, G., Bachik, M.R. and Yoon, K.F. (1992). Survey of major 

leaf diseases of rubber in peninsular Malaysia. Planters’ Bulletin, 211:51-62. 

 

Tan, H. (1977). Estimates of general combining ability in Hevea breeding at the Rubber 

Research Institute of Malaysia: I. Phases II and III A. Theoretical and Applied 

Genetics 50(1):29-34. 

 

Tan, H. (1978a). Estimates of parental combining abilities in rubber (Hevea brasiliensis) 

based on young seedling progeny. Euphytica 27(1978):817-823. 

 

Tan, H. (1978b). Assessment of parental performance for yield in Hevea breeding. 

Euphytica 27(1978):521-528. 

 

Tan, H. (1979). Heritabilities of six biometrical characters of single pair mating families 

in Hevea brasiliensis. Journal of Natural Rubber Research 27(3):127-131. 

 

Tan, H. (1987). Strategies in rubber tree breeding. In Improving Vegetatively Propagated 

Crops, eds. Abbott, A.J. and Atkin, R.K. pp. 28-54. London: Academic Press 

Limited.   

 

Tan, H. (1998). A study on nursery selection in Hevea breeding. Journal of Rubber 

Research 1(4):253-262. 

 



© C
OPYRIG

HT U
PM

 

118 

Tan, H., Mukherjee, T.K. and Subramaniam, S. (1975). Estimates of genetic parameters 

of certain characters in Hevea brasiliensis. Theoretical and Applied Genetics 

46:181-190. 

 

Tan, H. and Tan, A.M. (1996). Genetic studies of leaf disease resistance in Hevea. 

Journal of Natural Rubber Research 11(2):108-114.  

 

Tan, A.M., Loo, T.P., Vadivel, G. Bachik, M.R. and Yoon, K.F. (1992). Survey of major 

leaf disease of rubber in Peninsular Malaysia. Planters Bulletin. 211: 51-62. 

 

Tan, H., Khoo, S.K. and Ong, S.H. (1996). Selection of advanced polycross progenies 

in Hevea improvement. Journal of Natural Rubber Research 11(3):215-225. 

 

Thanh, T., Tuy, L. M and Lam, V.L. (2016). Genotype × environment interaction of 

Hevea clones in traditional and non-traditional rubber growing regions of 

Vietnam. Journal of Plant Interactions 11(1):20-29. 

 

Upadhyaya, H. D. and Gowda, C. L. (2009). Managing and enhancing the use of 

germplasm–strategies and methodologies. International Crops Research Institute 

for the Semi-Arid Tropics. 

 

Usman, M.G., Rafii, M.Y., Ismail, M.R., Malek, M.A. and Latif, M.A. (2014). 

Heritability and genetic advance among chili pepper genotypes for heat tolerance 

and morphophysiological characteristics. The Scientific World Journal. 

http://dx.doi.org/ 10.1155/2014/308042. 

 

Van Hintum, T.H.J.L., Brown, A.H.D., Spillane, C. and Hodgkin, T. (2000). Core 

collections of plant genetic resources. IPGRI Technical Bulletin No. 3. 

International Plant Genetic Resources Institute, Rome, Italy. 

 

Varghese, Y.A. (1992). Germplasm resources and genetic improvement. In Natural 

Rubber: Biology, Cultivation and Technology, eds. Sethuraj, M.R. and Mathew, 

N.M. pp. 88-116. Amsterdam: Elsevier Science Publisher.  

 

Varghese, Y.A., Marattukalam, J.G., George, P.D. and Panikkar, A.O.N. (1989). 

Nursery evaluation of some exotic genotypes of Hevea brasiliensis Muell. Arg. 

Placrosym VII. Journal of Plantation Crops 16:335-342.  

 

Varghese, Y.A., John, A., Premakumari, D., Panikkar, A.O.N. and Sethuraj, M.R. 

(1993). Early evaluation in Hevea: Growth and yield at juvenile phase. Indian 

Journal of Natural Rubber Research 6(1&2):19-23. 

 

Varghese, Y.A., Knaak, C., Sethuraj, M.R. and Ecke, W. (1997). Evaluation of Random 

Amplified Polymorphic DNA (RAPD) markers in Hevea brasilinesis. Plant 

Breeding 116:47-52. 

 

Varghese, Y.A., Abraham, S.T., Mercy, M.A., Madhavan, J., Reghu, C.P., Rao, G.P., 

Ammal, S.L., Idicula, S.P. and Joseph, A. (2002). Management of the 1981 

Germplasm collection in India. In IRRDB Joint Workshop on Breeding, 

Agronomy and Socioeconomy.  

http://dx.doi.org/


© C
OPYRIG

HT U
PM

 

119 

Verardi, C.K., Resende, M.D.V., Costa, R.B., Gonçalves, P.S. (2012). Estimation of 

genetic parameters in rubber progenies. Crop Breeding and Applied 

Biotechnology 12:185-190. 

 

Wang, Y.P., Jarvis, P.G. and Taylor, C.M.A. (1991). PAR absorption and its relation to 

above ground dry matter production of Sitka spruce. Journal of Applied Ecology 

28:547-560. 

 

Wastie, R.L. (1973). Nursery screening of Hevea for resistance to Gloeosporium leaf 

disease. Journal of Rubber Research Institute of Malaysia 23:339-350. 

 

Webster, C.C. and Paardekooper, E.C. (1989). Botany of the rubber tree. In Rubber, eds. 

Webster, C.C. and Baulkwill, W.J. pp. 57-84. Essex, England: Longman 

Scientific and Technical. 

 

Whitby, G.S. (1919). Variation in Hevea brasiliensis. Annals of Botany 33:313-321. 

 

Withanage, S.P., Attanayake, D.P.S.T.G., Jayasekara, N.E.M., Liyanage, K.K., 

Karunasekara, K.B. and Sarath Kumara. (2015). Evaluation and utilization of the 

Hevea germplasm collected from 1981 IRRDB expedition to the Amazon; a 

review. Journal of the Rubber Research Institute of Sri Lanka 95:24-38. 

 

Wongsiri, S., Pyramarn, K., Leepitakrat, S. and Aemprapa, S. (1999). Rubber: a potential 

major honey plant in Thailand, Bee World 80:4, 187-190. 

 

Wright, S. (1921). Correlation and causation. Journal of Agricultural Research (20)7: 

557-585. 

 

Wycherley, P.R. (1968). Introduction of Hevea to the orient. The Planter 4:1-11. 

 

Wycherley, P.R. (1969). Breeding of Hevea. Journal of Rubber Research Institute of 

Malaya 21:38-55. 

 

Wycherley, P.R. (1971). Hevea seed. Part I. Planter, Kuala Lumpur 47:291-298. 

 

Wycherley, P.R. (1992). The genus Hevea: botanical aspects. In Natural Rubber: 

Biology, Cultivation and Technology, eds. Sethhuraj, M.R. and Mathew, N.M. pp. 

50-66. Netherlands: Elsevier. 

 

Yonezawa, K., Nomura, T. and Morishma, H. (1995) Sampling strategies for use in 

stratified germplasm collections, In Core collections of plant genetic resources 

eds. Hodgkin. T., Brown, A.H.D., Hintum, T.J.L. and Morales, E.A.V. pp 35-53. 

Chichester, UK: John Wiley & Sons. 

 

Zainol, M.E. and Ramli, O. (1998). Multilateral exchange clones. Planters’ Bulletin 

Rubber Research Institute of Malaysia 1998 (1):1-2. 

 

Zhou, Z., Huang, X., Zhan, S., Chen, C., Yuan, X., Guo, Q. and Lu, X. (1984). 

Relationship between Hevea latex vessel system and yield prediction at nursery 

stage. Chinese Journal of Tropical Crops 5(1):29-35.  



© C
OPYRIG

HT U
PM

 

149 

9 BIODATA OF STUDENT 

Mohd Adi Faiz bin Ahmad Fauzi was born in Alor Setar, Kedah on 18th September 1986. 

He had his early education at Mara Junior Science College (MRSM) Jeli, Kelantan. He 

graduated with a Bachelor’s degree in Industrial Statistics (Hons.) in 2009 from 

Universiti Utara Malaysia. He further earned his Master’s degree in Applied Statistics 

from Universiti Putra Malaysia in 2013. He began his career in 2011 as a Research 

Officer in Plant Improvement Programme, Biotechnology Division, Forest Research 

Institute Malaysia (FRIM). While there, he was responsible for conducting research 

related to breeding of several forest species. He later joined the Malaysian Rubber Board 

(MRB) in 2013 under the Crop Improvement and Protection Unit, Production 

Development Division as a Research Officer. He is presently attached to the Genetic 

Resources and Improvement Unit at MRB. His work in the MRB involves selection, 

utilization and improvement of Hevea genetic resources. He is currently active in 

conducting research on several Hevea species. His work has led to the identification and 

selection of potential genotypes possessing desired characteristics of high yielding in 

both latex and timber to be incorporated into breeding programme for future 

development of superior planting materials. He is also working on identification of 

genotypes with tolerance to several major diseases in Hevea. He has been an active 

member of the Malaysian Institute of Statistics since 2011 and has recently joined the 

Malaysian Genetics Association. He has published and presented several scientific 

papers in journals, international conferences, and workshops. He enjoyed outdoor 

activities such as jungle trekking and 4 × 4 off-road adventure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

150 

10 LIST OF PUBLICATIONS 

Journals 

 

Adifaiz, A.F., Maiden, N.A., Aizat Shamin, N., Zarawi, A.G. and Rafii, M.Y. (2017). 

Potential genotypes of the 1995 RRIM Hevea germplasm for future rubber 

breeding and selection programme. Journal of Rubber Research 20(4), 242-260.  

 

Adifaiz, A.F., Maiden, N.A., Aizat Shamin, N., Roslinda, S., Sulaiman, Z. and Rafii, 

M.Y. (2018). Genetic diversity of the 1995 RRIM Hevea germplasm collection 

for utilisation in the rubber breeding programme. Journal of Rubber Research 

21(2), 153-164.  

 

Adifaiz, A.F., Maiden, N.A., Roslinda, S., Sulaiman, Z. and Rafii, M.Y. (2020). Core 

collection of Hevea brasiliensis from the 1995 RRIM Hevea germplasm for 

effective utilisation in the rubber breeding programme. Journal of Rubber 

Research 23(1), 33-40. 

 

Adifaiz, A.F., Maiden, N.A., Nusaibah, S.A., Sulaiman, Z. and Rafii, M.Y. (2020). 

Character association and path-coefficient analysis in the 1995 RRIM Hevea 

germplasm core collection. Journal of Rubber Research (Under review). 

 

 

Proceedings 

 

Adifaiz, A.F., Maiden, N.A., Aizat Shamin, N., Zarawi, A.G. and Rafii, M.Y. (2017). 

Potential genotypes with high timber volume from six species in the 1995 RRIM 

Hevea germplasm collection. Paper presented at International Rubber 

Conference and IRRDB Annual Meetings 2017, 18th -22nd October 2017, Jakarta, 

Indonesia. 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM


	Blank Page



