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Abstract of thesis submitted to the Senate of Universiti Putra Malaysia in fulfilment 

of the requirements for the degree of Master of Science 

 

INFLUENCE OF FERTILIZER RATES ON GROWTH OF SELECTED 

IMMATURE RUBBER (Hevea brasiliensis MUELL. ARG) CLONES GROWN 

ON TWO SOIL SERIES 

 

By 

SALISU MONSURU ADEKUNLE 

January 2014  

 

Chairman: Associate Professor Wan Mohamed Noordin Wan Daud, DSc 

Faculty: Agriculture 

 

Knowledge of fertilizer required for (Hevea brasilieinsis) latex timber clones (LTC) 

is necessary to evaluate how fertilizer levels influence the growth and yield 

performance of young rubber under micro-environmental conditions. This will 

enable rubber industry to meet the increasing global demand of natural rubber. This 

study aims at evaluating the influence of fertilizer rates currently recommended by 

Rubber Industry Smallholders Development Authority (RISDA 1) for rubber growers 

in Malaysia. It is a compound fertilizer with the following composition (N10.7, P 

16.6, K 9.5, Mg 2.4). This study identifies the fertilizer level that could be used in 

planning nutritional program for latex timber clones (LTC) Hevea brasiliensis at 

immature stage. Factorial experimental design (with two factors) was used to study 

forty five seedlings from three selected rubber clones planted in polybag on two 

different soil series (Munchong and Holyrood) each. These rubber clones (RRIM 

2001, RRIM 2025 and RRIM 3001) were collected from Malaysia Rubber Board and 

planted in 15 x 33 cm polybags size filled with 15 kg soil.  The seedlings, planted on 

two soils, Munchong and Holyrood (classified as Ultisols and Oxisol soils) are 

placed under rain shelter. The treatments consist of four fertilizer rates and a control. 

F1 0 g/plant (Control), F2 (78 g/plant), F3 (156 g/plant), F4 (234 g/plant) and F5 
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(312 g/plant) are used as treatments for each clone. Data on physiological and 

morphological traits such as plant height, girth size, and chlorophyll content were 

collected for one year. Roots image analysis for root length, root volume, average 

diameter and surface area were measured using WinRHIZO root scanning machine.  

Foliar analysis was conducted to determine nutrient acquisition of these clones. Plant 

growth parameters showed that, RRIM 3001 and RRIM 2001 clones significantly 

responded to fertilizer rates in terms of plant girth size. In the case of RRIM 3001 

increased girth size on both soils was seen when fertilizer reached maximum level of 

224 g/plant. This showed that clone RRIM 3001 performed best followed by 

RRIM2001 and RRIM 2025. Considering the importance of girth size in rubber 

cultivation, fertilizer rate 224 g/plant could be recommended as optimum level for 

plant growth in nursery program. Foliar analysis showed that different clones require 

different nutrient concentrations. The clones significantly responded to increasing N, 

P, K and Mg. It can be deduced from the study that RRIM 3001 judiciously utilized 

nutrient followed by RRIM 2001. Although, all the clones except RRIM 2001 may 

require more P concentration when planted on both soils in order to meet its 

nutritional requirement. The root analysis showed that fertilizer had significant 

influence on the root morphological traits. It was observed that RRIM 3001 

significantly responded based on all the root morphological traits measured except 

root surface area and root length on both soil followed by RRIM 2025. It can be 

concluded that RRIM 3001 had performed best in root morphological traits 

compared to other clones. Fertilizer recommendation by RISDA could be adopted 

because it facilitate root growth which help nutrients uptakes. With thorough 

monitoring and measurement of plants growth performance, nutrient concentration 

and root growth, it can be concluded that fertilizer recommendation should be based 

on the genetic background, soil type in a given area and other growing factors. The 

seedlings of latex timber clones (LTC) RRIM 3001 could be recommended on 

Munchong and Holyrood soil with balanced fertilizer recommendation. From this 

study, fertilizer rate 224 g/plant could be recommended as optimum level. However, 

further trial (field) needs to be to be carried on RRIM 2001, RRIM 2025 and RRIM 

3001 to validate the output of this study. Finally, fertilizer rates recommended by 

RISDA could be adopted in nursery practices with continuous evaluation so as to 
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meet the growth and nutritional needs of Hevea for both new and existing clones. 

This will help the industry to successfully raise advanced planting materials of 

natural rubber. 
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KESAN KADAR BAJAH KEATAS PERTUMBUHAN ANAK KLON GETAH 

(Hevea brasiliensis Muell. Arg) TERPILIH DITANAM DI DUA SIRI TANAH 

 

Oleh 

SALISU MONSURU ADEKUNLE 

Januari 2014 

 

Pengerusi:   Professor Madya Wan Mohamed Noordin Wan Daud, DSc 

Fakulti: Pertanian 

 

Pengetahuan baja yang diperlukan untuk (Hevea brasilieinsis) klon lateks balak 

(LTC) adalah perlu untuk menilai bagaimana tahap baja mempengaruhi pertumbuhan 

dan hasil prestasi getah muda di bawah syarat-syarat mikro alam sekitar. Ini akan 

membolehkan industri getah bagi memenuhi permintaan global yang semakin 

meningkat bagi getah asli. Kajian ini bertujuan untuk menilai pengaruh kadar baja 

pada masa yang disyorkan oleh Industri Berkuasa Kemajuan Pekebun Kecil Getah 

(RISDA 1) bagi penanam getah di Malaysia. Ia adalah suatu baja sebatian dengan 

komposisi berikut (N10.7, P 16.6, K 9.5, Mg 2.4). Kajian ini mengenal pasti tahap 

baja yang boleh digunakan dalam merancang program pemakanan untuk klon lateks 

balak (LTC) Hevea brasiliensis pada peringkat belum matang. Reka bentuk 

eksperimen faktorial (dengan dua faktor) telah digunakan untuk mengkaji empat 

puluh lima benih dari tiga klon getah terpilih ditanam di polibeg pada dua siri tanah 

yang berbeza (Apek dan Holyrood) setiap satu. Klon getah (RRIM 2001, RRIM 2025 

dan RRIM 3001) telah diambil dari Lembaga Getah Malaysia dan ditanam di 15 x 33 

cm saiz polibeg diisi dengan 15 kg tanah. Anak benih, ditanam di dua tanah, Apek 

dan Holyrood (diklasifikasikan sebagai ultisol dan Oxisol tanah) diletakkan di bawah 

perlindungan hujan. Rawatan yang terdiri daripada empat kadar baja dan kawalan. F1 
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0 g / pokok (Kawalan), F2 (78 g / pokok), F3 (156 g / pokok), F4 (234 g / pokok) dan 

F5 (312 g / pokok) digunakan sebagai rawatan untuk setiap klon. Data mengenai 

sifat-sifat fisiologi dan morfologi seperti ketinggian tumbuhan, saiz ukur lilit, dan 

kandungan klorofil yang dikumpul selama satu tahun. Analisis akar imej untuk 

panjang akar, jumlah akar, diameter purata dan kawasan permukaan diukur dengan 

menggunakan mesin pengimbas WinRHIZO akar.  

Makro telah dijalankan untuk menentukan pengambilan nutrien klon-klon ini. 

Parameter pertumbuhan tumbuhan menunjukkan bahawa, RRIM 3001 dan RRIM 

2001 klon ketara balas kepada kadar baja dari segi tumbuhan saiz ukur lilit. Dalam 

kes RRIM 3001 meningkat saiz lilitan di kedua-dua tanah dapat dilihat apabila baja 

mencapai tahap maksimum 224 g / pokok. Ini menunjukkan bahawa klon RRIM 

3001 mencatatkan prestasi terbaik diikuti oleh RRIM2001 dan RRIM 2025. 

Memandangkan kepentingan saiz lilitan dalam penanaman getah, kadar baja 224 g / 

pokok boleh disyorkan sebagai tahap optimum untuk pertumbuhan tumbuhan dalam 

program nurseri. Makro menunjukkan bahawa klon berbeza memerlukan kepekatan 

nutrien yang berbeza. Klon ketara balas kepada peningkatan N, P, K dan Mg. Ia 

boleh disimpulkan daripada kajian ini bahawa RRIM 3001 nutrien bijaksana 

digunakan diikuti oleh RRIM 2001. Walaupun, semua mungkin memerlukan K 

penumpuan lebih apabila ditanam di Holyrood siri tanah untuk memenuhi keperluan 

nutrisinya. Analisis menunjukkan bahawa akar baja mempunyai pengaruh besar ke 

atas akar sifat-sifat morfologi. Diperhatikan bahawa RRIM 3001 dengan ketara balas 

berdasarkan semua akar sifat-sifat morfologi diukur kecuali kawasan permukaan akar 

di kedua-dua tanah diikuti dengan RRIM 2025. Ia boleh membuat kesimpulan 

bahawa RRIM 3001 telah dilakukan terbaik di akar ciri-ciri morfologi berbanding 

dengan klon lain. Cadangan Baja RISDA boleh diguna pakai kerana ia memudahkan 

pertumbuhan akar yang membantu nutrien uptakes. Dengan pemantauan yang teliti 

dan pengukuran prestasi pertumbuhan tumbuh-tumbuhan, kepekatan nutrien dan akar 

pertumbuhan, ia boleh membuat kesimpulan bahawa cadangan baja perlu 

berdasarkan latar belakang genetik, jenis tanah di kawasan tertentu dan faktor-faktor 

lain yang semakin meningkat. Anak benih klon lateks balak (LTC) RRIM 3001 boleh 

disyorkan pada Apek dan Holyrood tanah dengan cadangan baja seimbang. Daripada 

kajian ini, kadar baja 224 g / pokok boleh disyorkan sebagai tahap optimum. Walau 
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bagaimanapun, percubaan lagi (bidang) perlu yang akan dibawa di RRIM 2001, 

RRIM 2025 dan RRIM 3001 untuk mengesahkan output kajian ini. Akhir sekali, 

kadar baja yang disyorkan oleh RISDA boleh diguna pakai dalam amalan nurseri 

dengan penilaian berterusan bagi memenuhi pertumbuhan dan keperluan pemakanan 

Hevea bagi kedua-dua klon baru dan sedia ada. Ini akan membantu industri untuk 

berjaya meningkatkan bahan tanaman maju getah asli.  
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CHAPTER 1 

INTRODUCTION 

 

1.1 Introduction 

 

Natural rubber (Hevea brasilieinsis) originated from Brazil. It could be found in the 

family of Euphobiaceae and well known for its milk substances (latex), which 

releases as a result of control wounding. Meanwhile, Hevea could not be successfully 

planted and commercialized in Brazil due to incessant diseases outbreak and other 

growing factors (Dean, 1987). This disease is popularly referred to as Southern 

American leaf Blight (SALB) caused by Microcyclus ulei (Singh, 2010). Its English 

name ‘rubber’ was given by a great scientist, Joseph Priestly in 1770 as a result of its 

ability to rub off pencil marks (Mokhatar et al., 2012). In addition, its latex can be 

used for the production of more than 40,000 products, with at least 400 medical 

devices (Mooibroek and Cornish, 2000).  

 

Natural rubber is predominantly found in the tropical regions of Asia, Africa and 

America, while the leading producing countries now are Thailand, Indonesia, 

Malaysia, Vietnam which produced  nearly 73.87% in 2010, while Malaysia in 2010 

account for 1.0 million tonnes ( (Salam and Wahid,1993; Noordin, 2011). Natural 

rubber is an essential commodity with yearly consumption increase of 5.8% since 

1900 (Fox and Castella, 2010). The demand for natural rubber will continue till the 

end of decade due to the increasing demand for tyres in the automobile industries. He 

however, narrated the scenario in 2010 when consumption of natural rubber has been 

about 10.7 million tonnes for all markets (tyre and non-tyre), which was predicted to 

increase to 15.2 million tonnes by 2020 Evans, (2011).  

      

 

                Figure 1.1. Global Projection natural rubber production by 2020 
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There are outstanding challenges which need to be addressed if natural rubber is to 

catch up with the global demand. Malaysia which has been the third largest 

producing country has mapped out different strategy by which increase in production 

could be achieved. To meet the set target in Malaysia rubber industry, effort on 

nurseries must be doubled; with enough planting materials of high yielding clones, 

which could meet the replanting target of 40,000 ha from the current 20,000 ha/year 

with the cooperation of other relevant agencies (Salmiah, 2012a).  

 

Continuous production of natural rubber such as latex timber  clones (LTC) could be 

sustained with adequate and appropriate agronomic inputs which will help to reduce 

the immaturity period and meet industrial demand (Nurul Atiqah et al., 2010). 

Interestingly, natural rubber achieves optimum yield on appropriate soil types with 

balanced fertilizer recommendation (Noordin et al., 1988). Replanting of natural 

rubber including newly developed clones requires highly weathered soils such as 

Ultisols and Oxisols, and fertilizer management (Yaacob et al., 1992). These soils 

occupy about 24 million ha or 72% of the total land area in Malaysia, and they have 

low Cation Exchange Capacity C.E.C, high aluminium and low in most essential 

nutrients.  

 

The two soil types (Ultisols and Oxisols) have been adopted and widely used in 

Malaysia for rubber cultivation (Mokhatar and Noordin, 2011). The soils require 

essential plant nutrient and good soil structure due to lack of organic matter which 

can supply them nutrients for plant growth (Shamshuddin and Daud, 2010). In view 

of this, in 1980’s Malaysia Rubber Board (MRB) and Rubber Industry Smallholders 

and Development Authority (RISDA) that is responsible for monitoring and supply 

of fertilizer to rubber smallholders came up with fertilizer recommendations for 

rubber growers (Noordin, 2011). After this period, there were few studies that 

evaluated the fertilizer requirement of latex timber clones, which are newly 

developed (Shima et al., 2007). RISDA 1 is a compound fertilizer and categorized as 

homogeneous product which compose (N10.7: P16.6: K9.5: Mg2.4). It is formulated 

in the form of pellets, granules, prills or crystals.   

 

Different fertilizer rates are formulated by RISDA to give adequate amount of 

fertilizer in favour of optimum growth as well as cut the amount spent on fertilizer. 

Natural rubber clones require different nutrient in order to be highly productive in 

form of latex flow and withstand stress (Pushparajah and Tan, 1972). Adequate 

nutrients are needed to improve planting materials of natural rubber in order to 

achieve maximum yield (Yaacob et al., 1992). Fertilizer is essential for rubber in the 

vegetative development stage (first 6 years). The country (Malaysia) must continue 

to improve crop yield per area with agronomic practices and soil fertility in the 

proper way for plantation groups and smallholders (Sabri, 2009). 
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1.2 Problem statement  

 

The clones (RRIM 2001, RRIM 2025 and RRIM 3001) were chosen for this study 

because they are suitable and generously utilize fertilizer which favours early growth 

and tapping but they are still under evaluation as some of the clones cannot grow in 

certain types of soil series without adequate nutrient. For instance RRIM 3001 was 

found to suffer from bark burst when planted in lateritic soil. On the other hand, the 

performance of RRIM 2025 in different micro climates, soils and environments are 

not yet known. In addition, Munchong soil series (Oxisols) and Holyrood soil series 

(Ultisols) are reported to require more nutrients for growth and yield performance of 

tree crops in the tropics. Also there is the need to reduce the amount spent on 

fertilizer by rubber industry by determining the appropriate rate requires at the 

immature stage. Therefore, it is pertinent to investigate the performance of the clone 

regarding their response to fertilizer rates required for their optimum growth in the 

nurseries and in rubber estates.  

  

1.2 Objectives 

 

The study is set to achieve the general objective which is to examine the growth 

response of RRIM 2001, RRIM 2025 and RRIM 3001 on Ultisols and Oxisols soil 

series and different fertilizer rates (RISDA 1) required.  The specific objectives are;  

i. To evaluate the growth response of RRIM 2001, RRIM 2025 and RRIM 3001 

clones in two soil series and at different fertilizer rates.  

ii. To assess the effect of RISDA1 fertilizer rates recommended for rubber 

smallholders on different soil series.  

iii. The impact of the fertilizer rates on the root morphological traits and other 

plant biomass of the clones. 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

57 

 

REFERENCES 

 

Anda, M., Shamshuddin, J., Fauziah, C.I. and Syed Omar, S.R (2008). Mineralogy 

and factors controlling charge development of three Oxisols developed from 

different parent materials. Geoderma. 143: 153-167.  

 

Anda, M., and Kurnia, U. (2010). Restoring properties of artificially degraded 

ultisols and oxisols and the effect on crop yields under tropical conditions. 

Communications in Soil Science and Plant Analysis, 41: 553-570.  

 

Ariff, E. E., Suratman, M. N., and Abdullah, S. (2012). Height-related changes in 

stomatal conductance, chlorophyll Content index and diameter of rubber tree 

(Hevea brasiliensis) saplings. Paper presented at the Business, Engineering 

and Industrial Applications (ISBEIA), 2012 IEEE Symposium. 

 

Association of Natural Rubber Producing Countries. 2012. ANRPC scales down 

natural rubber growth. Rubber Asia Magazine Accessed: October 8, 2012. 

 

Abubakr , A., and Rosley, B.A. (1994). Industri Getah Asli Malaysia. In: Teknologi 

Perladangan Dan Pemprosesan Getah (eds). Mohd Sharif B. Kudin, Institut 

Penyelidikan Getah Malaysia. Kuala Lumpur. pp 23 – 83. 

 

Baharudin, M., (2007). Climate Change – Its effects on the agricultural sector in 

Malaysia. Paper presented at the National Seminar on Socio-Economic 

Impacts of Extreme Weather and Climate Change.  

 

Basir, K.M.  (2007). Future direction of the Malaysian Rubber Industry. In: (eds.). 

Rubber Planters’ Conference, Malaysian Rubber Board, Kuala Lumpur.  pp. 

13 – 19.  

Barrera-Bassols, N., Zinck, J. A., and Van Ranst, E. (2006). Local soil classification 

and comparison of indigenous and technical soil maps in a Mesoamerican 

community using spatial analysis. Geoderma, 135:140-162. 

http://dx.doi.org/10.1016/j.geoderma.2005.11.010 

 

Barber, S., and Silberbush, M. (1984). Plant root morphology and nutrient uptake. 

Roots, Nutrient and Water Influx, and Plant Growth (roots nutrientan) pp. 65-

87.  

 

Broughton, W. (1976). Effect of various covers on soil fertility under Hevea 

brasiliensis muell. arg. and on growth of the tree. Agro-Ecosystems, 3: 147-

170.  

 

Bolton, J. (1960). The effective of fertilizer on pH and exchangeable cation of some 

Malaysian soils. In: National Rubber Research Conference. Kuala Lumpur, 

pp. 70.  

 

Cassel, K., and Alegre, J. C. (1994). Land clearing and reclamation of ultisols and 

oxisols. Soil management CRSP bulletin Other Information: PBD, pp. 44 . 

http://dx.doi.org/10.1016/j.geoderma.2005.11.010


© C
OPYRIG

HT U
PM

 

58 

 

Comerford, N B., (1998). Soil P bioavailability. In: Lynch JP, Deikman J (eds) 

Phosphorus in plant biology: regulatory roles in molecullar, cellular, 

organismic, and ecosystem processes. American Society of Plant 

Physiologists, Rockville, Maryland. 

 

Chen, B., Cao, J., Wang, J., Wu, Z., and Xie, G. (2011). Development and 

Implementation of Site-Specific Fertilizer Recommendation Model Based on 

Nutrient Balance for Rubber Plantation. Agronomy Journal, 103: 464 - 471.  

 

Clément-Demange, A., Priyadarshan, P., Hoa, T. T. T., and Venkatachalam, P. 

(2007). Hevea rubber breeding and genetics. Plant breeding reviews, 29, 177.  

 

Costa, C., Dwyer, L. M., Hamilton, R. I., Hamel, C., Nantais, L., and Smith, D. L. 

(2000). A sampling method for measurement of large root systems with 

scanner-based image analysis. Agronomy Journal. 92: 621-627.  

 

Daud, N. W., Mokhatar, S. J., and Ishak, C. F. (2012). Assessment of selected Hevea 

brasiliensis (RRIM 2000 Series) seeds for rootstocks production. African 

Journal of Agricultural Research, 7(21), 3209-3216.  

 

Dean, W. (1987). Brazil and the struggle for rubber: a study in environmental 

history: Cambridge University Press. 

 

Dreyfus B, Diem H G., Freire, J., Keya, S., and  Dommergues, Y. (1987) Nitrogen 

fixation in tropical agriculture and forestry. Microbial technology in the 

developping world. Oxford University Press, Oxford, pp. 7- 50 

Dharmakeerthi, R. S., Chandrasiri, J. A. S., and Edirimanne, V. U. (2012). Effect of 

rubber wood biochar on nutrition and growth of nursery plants of Hevea 

brasiliensis established in an Ultisol. SpringerPlus. 1(1): 1-12.  

 

Eswaran, H., Beinroth, F., Kimble, J., and Cook, T. (1992). Soil diversity in the 

tropics: Implications for agricultural development. SSSA Special publication. 

29: 1-1. 

 

Evans, S. (2011) International Rubber Study Group predicts decade of strong tyre 

demand.  Tyrepress Magazine, (9), 1. Accessed: November 19,  2012. 

Forde, B., and Lorenzo, H. (2001). The nutritional control of root development. Plant 

and Soil. 232(1): 51-68.  

 

Furlani, J. (2005). Nitrogen application in Rubber tree and its effects on nutrients and 

chlorophyll content. Cultura Agronômica. 14(1): 76-92.  

 

Fox, J., and Castella, J. C. (2010). Expansion of rubber (Hevea brasiliensis) in 

Mainland Southeast Asia: What are the prospects for small holders? Paper 

presented at the RCSD International Conference on Revisiting Agrarian 

Transformations. Accessed: February 6,  2013. 

 



© C
OPYRIG

HT U
PM

 

59 

 

Fikry, M., and Yatimah S (2007). Reviewing Rubber: Are we loosing our grips?. 

Department of Statistics, Malaysia. Accessed on 15 May, 2013. 

 

Fitter, A.H., (1991). Characteristics and function of root systems, in: Y. Waisel, A. 

Eshel and U. Kafkafi (eds) Plant Roots: The Hidden Half. Marcel Dekker, 

Inc., New – York, 3-25. 

 

Himmelbauer, M., Loiskandl, A., and Kastanek, A. (2004). Estimating length, 

average diameter and surface area of roots using two different image analyses 

systems. Plant and Soil. 260 : 111-120.  

 

Hinsinger, P., Brauman, A. Devau, N. Gérard, F. Jourdan, C. Laclau, J. P. and 

Plassard, C. (2011). Acquisition of phosphorus and other poorly mobile 

nutrients by roots. Where do plant nutrition models fail? Plant and Soil, 348 : 

29-61.  

 

International Rubber Study Group. (2012). Future of natural rubber: High prices, 

tough challanges. Rubber Asia Magazine .www.rubberasia.com. Accessed on 

October 25, 2012  

Internatinal Atomic Energy Agency. (1999). Managemnet and conservation of 

tropical acid soils for sustainable crop production. Proc. FAO/IAEA Division 

of nuclear techniques in food and Agriculture. 1 – 3 March. 1999, Vienna, 

Austria. Accessed on April 25, 2013 

Indian Rubber Board. (2002). Immature Rubber. Accessed on January 15 2013. 

Retreived from: http://rubberboard.org.in/ManageCultivation.asp?Id=96  

Ismail, A. ( 2007). Rubber Industry of Malaysia. In Five years of Malaysian 

Agriculture transformational issues challenges and direction: UPM Press. pp 

401 – 403. 

Jacobsen, J S.,  Jasper, C.D. (1991). Diagnosis of Nutrient Deficiencies in Alfalfa 

and Wheat: Montana State University, Extension Service 

Jessy, M. (2011). Potassium management in plantation crops with special reference 

to tea, coffee and rubber. Karnataka Journal of Agricultural Science. 24 

(1):67-74 

Jessy, M D., Mathew, M., and Punnoose, K.I. (1994). Comparative evaluation of 

basin and drip systems of irrigation in rubber. Indian Journal of Rubber 

Research 7: 51 – 56. 

Jungk, A. (2001). Root hairs and the acquisition of plant nutrients from soil. Journal 

of Plant Nutrition and Soil Science. 164(2): 121-129.  

 

Jusoff, K. (1988). Influence of sheep grazing on soil chemical properties and growth 

of rubber (Hevea brasiliensis) in Malaysia. Agroforestry systems, 7(2): 115-

120.  

 

http://rubberboard.org.in/ManageCultivation.asp?Id=96


© C
OPYRIG

HT U
PM

 

60 

 

Krishnakumar, A.K. (1989). Soil under Hevea in India: A physical chemical and 

mineralogical study with a reference to soil moisture cation influence on yield 

of Hevea brasiliensis. PhD Thesis, Indian Institute of Technology, Kharagpur. 

 

Jusoh, S., and Tessens, E. (1983). Potentiometric titration of acid soils from 

Peninsular Malaysia. Pertanika, 6.  

 

Lau, C., Wong, C., and Chin, H. (1990). A modified procedure for foliar sampling of 

Hevea brasiliensis. Journal of Natural Rubber Research, 5 (3), 224-230. 

 

Leong, S.K., Yoon, P.K and P’ng, T.C 1985. (1985). Use of young budding for 

improved Hevea cultivation. In (eds). International Rubber Conference, Kuala 

Lumpur, Malaysia. 3: 555- 577  

Malaysia Rubber Board. (2009). Fertilizer application and field maintenance. In: 

MRB  (eds) Rubber plantation and processing technologies. MRB Press 

Kuala Lumpur, pp.26- 31 

Mathers H.M., Lowe S.B., Scagel C., Struve D.K and Case L.T (2007). Abiotic 

factors influencing root growth of woody nursery plants in containers. 

Horticulture Technology 17: 151-162.  

Malaysia Rubber Board. (2012). Rubber industry gains traction in Malaysia. 

Retrieved on 13, August, 2013. 

 

Malaysia Rubber Export Promotion Council (2012). Why source from Malaysia. 

Retrieved on 10, May, 2013.  

MakalewA, A. M., Sunarminto, B. H., Mangoendidjojo, W., and Indradewa B, D. 

(2010). Soil quality assessment of Oxisols and Ultisols: The roles of site-

specific factors. Paper presented at the XVIII Congreso Latinoamericano de 

la Ciencia del Suelo. Costa Rica. Accessed on January 4,  2013. 

 

Maynard, S. J., Price G R. (1973). The logic of animal conflict. Nature 246 – 290. 

 

Market Watch.(2012). The rubber sector in Malaysia. In Malaysia Rubber Industry 

Accessed on 20  December, 2012. 

http://www.malaysia.ahk.de/fileadmin/ahk_malaysia/Market_reports/The_Rubber_S

ector_in_Malaysia.pdf.  

 

Mikkelsen, R., .(2009). Tissue testing can save your crops.In: International Plant 

Nutrition Institute (eds) Plant nutrition today. IPNI Publishing.  Accessed on 

November 22, 2012. 

Mokany, K., Raison, R., and Prokushkin, A. S. (2006). Critical analysis of root: 

shoot ratios in terrestrial biomes. Global Change Biology. 12(1): 84-96.  

 

Mokhatar, S. J., Daud, N. W., and Ishak, C. F. (2012). Response of Hevea 

brasiliensis (RRIM 2001) Planted on an Oxisol to Different Rates of 

Fertilizer Application. Malaysian Journal of Soil Science. 16: 57- 69.  

http://www.malaysia.ahk.de/fileadmin/ahk_malaysia/Market_reports/The_Rubber_Sector_in_Malaysia.pdf
http://www.malaysia.ahk.de/fileadmin/ahk_malaysia/Market_reports/The_Rubber_Sector_in_Malaysia.pdf


© C
OPYRIG

HT U
PM

 

61 

 

 

Mokhatar, S. J., and Noordin, W. D. (2011). Performance of Hevea brasiliensis on 

Haplic Acrisol Soil as Affected by Different Source of Fertilizer. 

International Journal of Applied, 1(1).  

 

Mokhatar, S. J., Daud, N. W., and Arbain, N. (2011). Performance of Hevea 

brasiliensis on Haplic Ferralsol as Affected by Different Water Regimes. 

American Journal of Applied Sciences. 8 (3): 206.  

 

Mokhatar, S. J., Daud, N. W., and Zamri, N. M. (2011). Evaluation of Different 

Water Regimes on Hevea brasiliensis Grown on Haplic Ferralsol Soil at 

Nursery Stage. International Journal of Applied, 1(3).  

 

Mooibroek, H., and Cornish, K. (2000). Alternative sources of natural rubber. 

Applied microbiology and biotechnology. 53 (4): 355-365.  

 

Mohammed Zain,  A., Ramli, O., Masahuling, B., Ong, S. H. (1997).Clone RRIM 

2001. RRIM 2000 Series Clones characteristics and description. pp. 1 – 3.   

 

Mollier, A., and Pellerin, S. (1999). Maize root system growth and development as 

influenced by phosphorus deficiency. Journal of Experimental Botany, 

50(333), 487-497.  

 

Munt, O., Arias, M., Hernandez, M., Ritter, E., Schulze Gronover, C., and Prüfer, D. 

(2012). Fertilizer and planting strategies to increase biomass and improve 

root morphology in the natural rubber producer Taraxacum 

brevicorniculatum. Industrial Crops and Products. 36 (1): 289-293.  

 

Nair, K. P.(2010). Rubber (Hevea brasiliensis) The Agronomy and Economy of 

Important Tree Crops of the Developing World. London: Elsevier. pp. 237-

273. 

 

Nurul Atiqah, M., Tsan, F., and Razali, A. (2010). Growth Performance of Latex 

Timber Clones. The Role Of Plant Physiology In Climate Change Adaptation 

In Climate Change Adaptation And Mitigation And Mitigation, 2. 

 

Nugawela, A, and Jom, J. (2011). Future of natural rubber: High prices, tough 

challanges. Rubber Asia Magazine. Accessed on  October 25 , 2012  

Nye, P. H., and Tinker, P. B. (1977). Solute movement in the soil-root system (Vol. 

4): Univ of California Press. 

 

Noordin, W., Zainol, M., and Lau, C. (1988). Nuutrients categories in immature 

rubber. In: Rubber Research Institute of Malaysia (eds) Management of soils 

and nutrition of Hevea. RRIM Press, Kuala Lumpur, pp. 7- 8 

Noordin, W.D. (1993). Getah: Daripada Pertanian Ke Industri. Isu-isu semasa Sains 

dan Teknologi, pp 19-33. Publication of Ministry of Science, Technology and 

Environment, Kuala Lumpur. 



© C
OPYRIG

HT U
PM

 

62 

 

Noordin, W.D. (2005). Land use planning – Identification of rubber zones using soil 

attributes, remote sensing and GIS. In: Proceedings Soil Science Conference 

Malaysia. The et al (Eds.). 12-13 April 2005, Sg. Petani, Kedah. 

Noordin, W.D. 2012. Personal Communication   

Noordin, W.D. (2013). Rubber Plantation: Soil Management and Nutritional 

Requirements. Universiti Putra Malaysia Press, pp. 34  

Noordin, W.D. (1975). Pedological Study of Some Shale Derived Soils of Pennisular 

Malaysia. M.Sc. Thesis, I.T.C., State University of Ghent, Belgium. 

Noordin, W.D. (1987). Jenis – jenis baja dan kesannya terhadap pokok getah. Siaran 

Pekebun, Vol. 105. Kuala Lumpur: Rubber Research Institute of Malaysia.  

Onuwaje, O., and Uzu, F. (1982). Growth response of rubber seedlings to N, P, and 

K fertilizer in Nigeria. Nutrient Cycling in Agroecosystems. 3(2): 169-175.  

 

Osunade, M. A. (1992). The significance of colour in indigenous soil studies. 

International journal of environmental studies, 40(2-3): 185-193. 

 

 Ooi, C. B., Leong, S. K., Yoon, P. K., (1978). Production of advanced scion/stock 

plants as polybag planting materials In Rubber Research Institute of Malaysia 

Planters' Conference. Kuala Lumpur. 

 

Othman, H., Leong, S. K., and Samsuddin, Z. (1991). Root-Shoot Balance of Hevea 

Planting Materials. In B. L. McMichael and P. H (Eds.), Developments in 

Agricultural and Managed Forest Ecology. Elsevier. 24: 248-256.  

 

Pagès, L., Serra, V., Draye, X., Doussan, C., and Pierret, A. (2010). Estimating root 

elongation rates from morphological measurements of the root tip. Plant and 

Soil, 328(1-2), 35-44.  

 

Pervez, H., Ashraf, M., and Makhdum, M.I. (2004). Relationships of vegetative 

growth characteristics and yield attributes of four cotton cultivars as 

influenced by pottasium nutrition. Malaysia Journal of Soil Science. 8: 63- 

74. 

 

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

Advances in Agronomy, 79: 351- 400.  

 

Priyadarshan, P. (2011). Biology of hevea rubber: CABI. 

Pushparajah, E. And Tan, K.T (1972). In Factors Influencing Leaf Nutrient Levels in 

Rubber, Proceedings of RRIM Planter’s Conference, Kuala Lumpur, 

Malaysia, 1972, Kuala Lumpur: Rubber Research Institute of Malaysia. 

 

Pushparajah, E., Cnah, F., and Magat, S. (1990). Phosphorus requirements and 

management of oil palm, coconut and rubber. Phosphorus requirements for 

sustainable agriculture in Asia and Oceania, 399-425. 

 



© C
OPYRIG

HT U
PM

 

63 

 

Pushparajah E (1994) Leaf analysis and soil testing for plantation tree crops: Asian 

Studies on the Pacific Coast (ASPAC) and Fertilizer and food technology 

centre (FFTC), Extension Bulletin. pp. 35 – 42. 

 

Pushparajah, E. (1970). Weed control in rubber cultivation. In: Malaysian Crop 

Protection Conference (eds). 

Rantala, L. (2006). Rubber plantation performance in the Northeast and East of 

Thailand in relation to environmental conditions. M. Sc. Thesis. University of 

Helsinki, Finland. 

 

Raper, Jr, C. D., Osmond, D. L., Wann, M., and Weeks, W. W. (1978). 

Interdependence of root and shoot activities in determining nitrogen uptake 

rate of roots. Botanical Gazette, 289-294. 

  

RISDA (2008). Manual Teknologi Penanaman dan Pengurusan Getah. Kuala 

Lumpur: RISDA. 

 

Rubber Asia Magazine (2012). Future of Natural Rubber: High prices, tough 

challenges. Accessed on April 6 2013. 

  

Rubber Research Institute of Malaysia (1971). In: R.R.I.M Planter’s Conference. 

Kuala Lumpur. 12 – 14 July, 1971.  

Sabri, M. A. (2009). Evolution of fertilizer use by crops in Malaysia: recent trends 

and prospects. Paper presented at the IFA Crossroads Asia-Pacific 2009 

conference. 

 

Shamshuddin, J. Fauziah, C.I. (2010). Fertilizer requirement and management. 

Weathered tropical soils: The Ultisols and Oxisols. Universiti Putra Malaysia 

Press, pp 9: 134 

Shafar, J.M. (2012). Seed Germination of selected Hevea brasiliensis (Wild. Ex 

A.JUSS.) MULL.ARG.( Latex Timber Clone) and Influence of fertilizer and 

water deficit on seedling performance. M.Sc. Thesis, Universiti Putra 

Malaysia. 

Shiqiang, L. (2012). Malaysia Future of NR: High prices, tough challenges. Rubber 

Asia magazine. Accessed: February 25, 2013. 

Saichai Suchartgul, S. M. a. M. I. (2012). Establishment of standard values for 

nutritional diagnosis in soil and leaves of immature rubber tree. Rubber Thai 

Journal, 1: 19-31.  

 

Saifuddin, M., N. Osman and M.M. Rahman, 2013. Influence of different cutting 

positions and rooting hormones on root initiation and root-soil matrix of two 

tree species. Int. J. Agric. Biol., 15: 427- 434 

 

Salam, M.A., and P.A Wahid. (1993). Rooting patterns of tropical crops. Tata 

McGraw-Hill Publishing Company Limited, New Delhi, Indian: pp. 232. 



© C
OPYRIG

HT U
PM

 

64 

 

 

Salmiah, A. (2012). Malaysia on the road to pumping up the Malaysia rubber sector, 

Rubber Asia magazine. Accessed:October 25, 2012. 

Salmiah A. (2012) Future of NR: High prices, tough challenges. Rubberasia 

Magazine. Retrived   from 

http://rubberasia.com/v2/index.php?option=com_content&view=article&id=3

20:future-of-nr-high-prices-tough-challenges&catid=4:web-exclusive  

 

Slavich, A.P., Tam BHM, Thinh BNT (2010) Managing water and nutrients in sandy 

soils for tree crop production in Central Coastal Vietnam.In: 19th World 

Congress of Soil Science: Soil solutions for a changing world, Brisbane, 

Australia, 1st - 6th August, 2010. 

Samarappuli, L. (1996). Root development in Hevea brasiliensis in relation to 

management practices.  

 

Schultes, R. E. (1970). The history of taxonomic studies in Hevea. The Botanical 

Review, 36(3), 197-276.  

 

Senevirathna, A., Stirling, C., & Rodrigo, V. (2003). Growth, photosynthetic 

performance and shade adaptation of rubber (Hevea brasiliensis) grown in 

natural shade. Tree Physiology, 23(10), 705-712.  

 

Sethuraj, M. R., and Mathew, N. T. (1992). Natural rubber: biology, cultivation and 

technology. In: (eds.).  Elsevier Science: Amsterdam. Volume 23, pp. 156 – 

162. 

 

Sethuraj, M. R. (1992). Yield Components in Hevea Brasiliensis. In M. R. Sethuraj 

and N. M. Mathew (Eds.), Developments in Crop Science. Elsevier Science. 

Volume 23, pp. 137-163. 

 

Shamshuddin, J., and Auxtero, E. (1991). Soil solution compositions and mineralogy 

of some active acid sulfate soils in Malaysia as affected by laboratory 

incubation with lime. Soil Science, 152: 365-376.  

 

Shamshuddin, J., and Daud, N. W. (2011). Classification and Management of Highly 

Weathered Soils in Malaysia for Production of Plantation Crops. Intech open 

Sci. 4:75 – 86. 

Suarni, S. (2011). Future of natural rubber: High prices, tough challanges. Rubber 

Asia Magazine. Accessed on  October 25 , 2012 

Shima, N., Yew, F.K., Hashima, I. and Mohd. Akbar, M.S (2007). In Sustainability 

of various Plant Tissues to Assess Nutritional Status of Modern Latex Timber 

Clones, In: (eds) Soil Peat and Other Soil Factors in Crop Production, 

Sarawak, Malaysia Society of Soil Science: Selangor April 17 – 19, 2007. 

 

http://rubberasia.com/v2/index.php?option=com_content&view=article&id=320:future-of-nr-high-prices-tough-challenges&catid=4:web-exclusive
http://rubberasia.com/v2/index.php?option=com_content&view=article&id=320:future-of-nr-high-prices-tough-challenges&catid=4:web-exclusive


© C
OPYRIG

HT U
PM

 

65 

 

Shiqiang Li (2012). Future of NR: High prices, tough challenges. Rubberasia 

Magazine. Retrived   from 

http://rubberasia.com/v2/index.php?option=com_content&view=article&id=3

20:future-of-nr-high-prices-tough-challenges&catid=4:web-exclusive 

Shorrocks, V.M. (1964). Mineral Deficiencies in Hevea and Associated Cover 

Plants. Kuala Lumpur: Rubber Research Institute of Malaysia 

 

Singh, B. P. (2010). Industrial crops and uses: 1st edn CABI, Wallingford, U.K, pp. 

23 – 25. 

 

Sivakumaran, S. (2012) Future of NR: High prices, tough challenges. Rubberasia 

Magazine. Retrived   from 

http://rubberasia.com/v2/index.php?option=com_content&view=article&id=3

20:future-of-nr-high-prices-tough-challenges&catid=4:web-exclusive  

 

Tripathl, B. R., and Psychas, P. J. (1993). The AFNETA alley farming training 

manual-Volume 2: Source book for alley farming research.   

 

Thai, H. (2011). Future of NR: High prices, tough challenges. Rubberasia Magazine. 

Retrieved on 7, August, 2012.  

 

Unger, P. W.,  Kaspar, T. C. (1994). Soil compaction and root growth: a review. 

Agronomy Journal. 86: 759-766.  

 

Umar, H., Giroh, D., Agbonkpolor, N., and Mesike, C. (2011). An Overview of 

World Natural Rubber Production and Consumption: An Implication for 

Economic Empowerment and Poverty Alleviation in Nigeria. Journal of 

Human Ecology-New Delhi, 33(1), 53.  

 

Van Beilen, J. B., and Poirier, Y. (2007). Establishment of new crops for the 

production of natural rubber. Trends in Biotechnology. 25(11): 522-529.  

 

Van Noordwijk., M., Heinen, M., and Hairiah, K. (1991). Old tree root channels in 

acid soils in the humid tropics: Important for crop root penetration, water 

infiltration and nitrogen management, Plant-Soil Interactions at Low pH. 

Springer Netherlands. 47: 423-430. 

 

Van Noordwijk, M., Martikainen, P., Bottner, P., Cuevas, E., Rouland, C., and 

Dhillion, S. S. (1998). Global change and root function. Global change 

biology, 4 (7), 759-772. 

 

Vincent, T.L.S, Vincent, T.L. (1996). Using the ESS maximum principle to explore 

root-shoot allocation, competition and coexistence. Journal of Theory 

Biological 180:111 – 120.   

  

 

 

http://rubberasia.com/v2/index.php?option=com_content&view=article&id=320:future-of-nr-high-prices-tough-challenges&catid=4:web-exclusive
http://rubberasia.com/v2/index.php?option=com_content&view=article&id=320:future-of-nr-high-prices-tough-challenges&catid=4:web-exclusive
http://rubberasia.com/v2/index.php?option=com_content&view=article&id=320:future-of-nr-high-prices-tough-challenges&catid=4:web-exclusive
http://rubberasia.com/v2/index.php?option=com_content&view=article&id=320:future-of-nr-high-prices-tough-challenges&catid=4:web-exclusive


© C
OPYRIG

HT U
PM

 

66 

 

Verheye, W. (2010). Growth and production of rubber. In: Verheye, W (eds) Land 

use, land cover and soil sciences. Encyclopedia of life support systems 

(EOLSS), UNESCO – EOLSS Oxford, United Kindom, http:www.eolss. pp 1-

23. Accessed on 13 May, 2013 

Wahid, P. A. (2001). Radioisotope studies of root activity and root-level interactions 

in tree-based production systems: a review. Applied Radiation and Isotopes. 

54(5): 715-736.  

 

Webster, C. C., and Baulkwill, W. J. (1989). Rubber: New York: Longman Scientific 

and Technical, pp. 217. 

 

Yaacob, O., Sulaiman, W. H. W., and Karama, A. S. (1992). The management of 

soils and fertilizers for sustainable crop production in Malaysia: ASPAC, 

Food and Fertilizer Technology Center. Accessed on 13 December, 2012. 

 

Yusoff, M.N. (1988). Essential Nutrients: Role and Deficiency Symptoms. In: (eds) 

Jalil A. RRIM Training Manual on soils, Management of Soils and Nutrition 

of Hevea. Kuala Lumpur. Rubber Research Institute of Malaysia, pp. 101 – 

107. 

 

Yogaratnam, N., and Weerasuriya, S. (1984). Ferilizer responses in mature Hevea 

under Sri Lankan conditions. Journal of Rubber Research Institute of Sri 

Lanka. 62: 19 - 37 

Yew, (1988). Soil criterial for Hevea brasiliensis. In: Rubber Research Institute of 

Malaysia (eds) Training manual on soils, management of soils and nutrition 

of Hevea. RRIM Press, Kuala Lumpur, pp. 21-23   

  

Teng T. (1972) RRIM Course on soils nutrition and management of soils and rubber: 

lecture notes in UPM Lib 

 

Malaysia Rubber Export Promotion Council (2012). World Production, Consumption 

and Exports of Rubber. Http://www.mrepc.com/industry/industry/, 2006-

2012. Accessed on March, 23 2013 

 

Zainal, Abidin, M. (2007). Which strategy? To exit or defend? A dilemma for the 

Malaysian Rubber Industry in Facing Globalization. In (eds) 5o years of 

Malaysian Transformational issues Challenges and Direction. Universiti Putra 

Malaysia Press pp. 412 – 413.   

Zhang, B.G., Chen, Q.X., Yang, Q., and Liu, K.D. (2012). Effects of NPK 

Deficiencies on Root Architecture and Growth of Cucumber. International of 

Journal of Agriculture and Biology. 14: 145 – 148. 

 

 

 

 

 


	INFLUENCE OF FERTILIZER RATES ON GROWTH OF SELECTEDIMMATURE RUBBER (Hevea brasiliensis Muell. Arg) CLONES GROWN ONTWO SOIL SERIES
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES

