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Palm oil industry is continuously making significant contribution to Malaysia’s 

economy and oil palm cultivation area is expanding especially in Sarawak. Thus 

research on the condition of plantation soil is needed to ensure its sustainability. In this 

research, soil ciliates (Protozoa: Ciliophora) was studied because they are potential 

bioindicators soil health and quality. Soil ciliates diversity at oil palm plantation and  

two secondary forests (biodiversity strip 1 and biodiversity strip 2) were studied using 

the semi-nested polymerase chain reaction reaction-denaturing gradient gel 

electrophoresis (PCR-DGGE) approach targeting for the small subunit ribosomal DNA 

(18S rDNA). A total of 480 soil samples were collected from December 2010 to July 

2012. Microorganisms total DNA was extracted from all soil samples and ciliate 18S 

rDNA was amplified in semi-nested PCR using primer pairs EukA/CilDGGE-r and 

GC-CilF/CilDGGE-r. Amplified sequences were separated on polyacrylamide gel using 

DGGE approach. A total of 290 predominant DGGE bands were excised and subjected 

to sequencing. These sequences matched with ciliates in NCBI GenBank database with 

similarity between 91% to 100%. Phylogenetic analysis revealed 73 species which 

affiliated to seven classes, 17 orders, 27 families and 34 genera. Classes Spirotrichea, 

Litostomatea and Colpodea were the top three dominant groups followed by 

Oligohymenophorea, Nassophorea, Armophorea and Heterotrichea. Four ciliate classes 

were found in biodiversity strip 1 while six classes were found in both biodiversity strip 

2 and oil palm plantation. Statistical analyses revealed that community structure and 

diversity of soil ciliates in three study sites showed spatial and temporal variations. 

Community structure of soil ciliates in plantation was more similar to biodiversity strip 

2 than biodiversity strip 1. Meanwhile, the diversity indices in the plantation were 

moderately diverse as compared to biodiversity strips 1 and 2. Moreover, the diversity 

indices among the sites were statistically indistinguishable after two years of study. 

There was no obvious correlation of the spatio-temporal changes of soil ciliate diversity 

indices with the environmental variables studied herein. Only Simpson index of soil 

ciliates diversity at plantation was significantly negatively correlated to rainfall. This 

research provides an overview of the composition, diversity and community structures 

of soil ciliates at oil palm plantation and forests in Sungai Asap, Sarawak. These have 

resulted in an increased knowledge of the diversity of soil ciliates and are then expected 

leading towards knowing the soil quality especially at oil palm plantation and provide 
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valuable knowledge for the development of sustainable oil palm plantation 

management.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



iii 

 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia  

sebagai memenuhi keperluan untuk Ijazah Master Sains 

 

 

KEPELBAGAIAN CILIATA TANAH DI LADANG KELAPA SAWIT DI 

SUNGAI ASAP, SARAWAK, MALAYSIA 

 

By 

 

LEE TING TING 

 

Oktober 2015 

 

 

Pengerusi :  Wong Sing King, PhD 

Fakulti :  Sains Pertanian dan Makanan (Bintulu) 

 

 

Industri minyak sawit memberi sumbangan yang penting secara berterusan kepada 

ekonomi negara Malaysia dan kawasan penanaman kelapa sawit semakin meningkat 

terutamanya di negeri Sarawak. Maka, penyelidikan terhadap keadaan tanah ladang 

kelapa sawit perlu dijalankan untuk menjamin kelestariannya. Dalam penyelidikan ini, 

ciliata tanah (Protozoa: Ciliophora) telah dikaji kerana mereka merupakan penunjuk 

biologi yang berpotensi terhadap kesihatan dan kualiti tanah. Kepelbagaian ciliata tanah 

di ladang kelapa sawit dan hutan-hutan sekunder (jalur biodiversiti 1 dan jalur 

biodiversiti 2) telah dikaji dengan menggunakan kaedah tindak balas rantai polimerase-

elektroforesis gel gradien nyahasli (PCR-DGGE) yang bersasar pada 18S rDNA. 

Sejumlah 480 sampel tanah telah dikumpul dari Disember 2010 hingga Julai 2012. 

DNA mikroorganisma telah diekstrak daripada semua sampel tanah dan 18S rDNA 

ciliate diamplifikasikan dalam ‘semi-nested PCR’ yang melibatkan dua pasangan 

primer EukA/CilDGGE-r dan GC-CilF/CilDGGE-r. Kemudian, jujukan DNA 

dipisahkan dalam gel poliakrilamid dengan menggunakan teknik DGGE. Sejumlah 290 

jalur dominan DGGE telah dipotong dari gel dan diproses dengan menggunakan teknik 

penjujukan DNA. Jujukan-jujukan DNA ini berpadanan dengan ciliata dalam bank gen 

NCBI dengan peratusan keserupaan dalam lingkungan 91%-100%. Sebanyak 73 

spesies yang tergolong kepada tujuh kelas, 17 order, 27 famili dan 34 genera telah 

ditemui menerusi analisis filogenetik. Spirotrichea, Litostomatea dan Colpodea 

merupakan tiga kelas dominan yang utama dan diikuti oleh Oligohymenophorea, 

Nassophorea, Armophorea dan Heterotrichea. Sebanyak empat kelas ciliata telah 

dijumpai di jalur biodiversiti 1 sementara enam kelas telah dijumpai di kedua-dua jalur 

biodiversiti 2 dan ladang kelapa sawit. Analisis statistik mendedahkan bahawa struktur 

komuniti dan kepelbagaian ciliata tanah di ketiga-tiga kawasan kajian menunjukkan 

variasi ruang dan masa. Struktur komuniti ciliata tanah di ladang kelapa sawit didapati 

lebih menyerupai struktur komuniti ciliata tanah di jalur biodiversiti 2 berbanding 

dengan jalur biodiversiti 1. Sementara itu, indeks kepelbagaian menunjukkan bahawa 

kepelbagaian ciliata tanah di ladang kelapa sawait adalah sederhana berbanding dengan 

jalur-jalur biodiversiti 1 dan 2. Tambahan pula, indeks kepelbagaian di antara ketiga-

tiga kawasan kajian tidak dapat dibezakan secara statistik selepas dua tahun kajian. 

Selain itu, tiada korelasi yang jelas yang mengaitkan perubahan ruang dan masa bagi 

indeks kepelbagaian ciliata tanah dengan pembolehubah persekitaran. Hanya terdapat 

satu kekecualian dimana indeks Simpson di ladang kelapa sawit mempunyai korelasi 
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yang negatif secara signifikan dengan taburan hujan. Penyelidikan ini memberi satu 

gambaran keseluruhan untuk komposisi, kepelbagaian dan struktur komuniti ciliata 

tanah di ladang kelapa sawit dan hutan di Sungai Asap, Sarawak. Ini telah 

meningkatkan pengetahuan kepelbagaian ciliata tanah dan dijangka akan menerajui ke 

arah mengetahui kualiti tanah terutamanya di ladang kelapa sawit. Dengan adanya 

pengetahuan yang berharga ini, pembangunan pengurusan ladang kelapa sawit yang 

lestari dapat dilaksanakan. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background 

 

Oil palm industry is an economic backbone of Malaysia. It had contributed RM52.7 

billion of Malaysian Gross National Income (GNI) in 2009 and is seeking an increment 

of about 237% by 2020 (Jabatan Perdana Menteri, 2010). Currently, Sarawak is the 

second largest oil palm planted state and is expected to double the plantation area in 

coming years (Jasmine, 2011). As palm oil industry is progressing, it has received 

negative perception as environmentally damaging industry and is unwelcomed by the 

environmental organizations. Although the industry itself has identified the adverse 

impacts of the industry on the environment but there is always solutions for problems 

and room for improvement (Khor, 2013).  

 

In palm oil industry, healthy soils are not only able to sustain oil palm cultivation but 

also to increase oil palm yields and reduce the production costs. However, intensive 

land use for oil palm cultivation and unsustainable soil management practices will 

result in soil degradation. Degraded soil causes decline in productivity, deterioration of 

water and air quality, migration and food insecurity (FAO, 2008). Therefore, soils need 

to be managed sustainably in order to perform their functions and to meet the growing 

world demand of oil palm products. At the same time, it is important to carry out 

research on oil palm plantation soils to know the condition of soils and to assess soil 

health and quality throughout time to protect soil resources and to ensure the 

sustainability of soils.  

 

Soil Protozoa, known as ubiquitous single-celled protists, are one of the major 

microorganisms found in soils which play key roles in soil food webs and processes. 

Due to their importance in soils and unique physiological characteristics, protozoa have 

been proposed as ideal bioindicators of ecosystem changes. Furthermore, there was 

evidence of using protozoa as indicators of water and soil quality (Dopheide et al., 

2009; Lara et al., 2007a). Thus, studies of protozoan diversity can be powerful 

indicators for assessing and monitoring environmental changes (Foissner, 1999).    

 

Denaturing gradient gel electrophoresis (DGGE) is a powerful molecular method in 

assessing protozoan diversity and community structure. DGGE not only can overcome 

the limits of traditional morphology-based method but also able to provide new insights 

into protozoan diversity and community structure (Lara and Acosta-Mercado, 2012; 

Shimano et al., 2012). DGGE has been applied successfully in assessing protozoan 

diversity in various environments such as animal rumens, freshwater, marine and soils. 

For the application of molecular method, molecular marker 18S rDNA has been 

frequently used in the study of protozoa and was proven to be a suitable and excellent 

molecular marker in studying protozoan diversity. 

 

Thus in the present study, diversity of soil protozoa (ciliates) was investigated by 

studying the molecular marker gene (18S rDNA) of ciliates using a semi-nested 

polymerase chain reaction – denaturing gradient gel electrophoresis (PCR-DGGE) 

method. Through this research, the diversity of soil ciliates in oil palm plantation was 
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compared to the secondary forests to reveal the effect of land use towards the diversity 

of soil ciliates. The diversity of ciliates also might serves as an indicator to reflect the 

condition of managed agriculture soil in oil palm plantation. Information gained from 

this study enable the planters and policy makers in understanding the current status of 

soil in oil palm plantation, implementing the policy frameworks for sustainable 

plantation soil and also contributing in future development of sustainable oil palm 

plantation management.  

 

 

1.2 Objectives of the Study 

 

1. To characterize the composition of soil ciliates based on the partial 18S rDNA 

sequences using a semi-nested PCR-DGGE method.  

2. To compare the diversity of soil ciliates between oil palm plantation and 

secondary forests. 

 

© C
OPYRIG

HT U
PM



66 

 

REFERENCES 

 

 

Abdullah, R. 2011. World palm oil supply, demand, price and prospects: focus on 

Malaysian and Indonesian palm oil industries [Electronic version]. Oil Palm 

Industry Economic Journal 11: 13-25. 

 

Acosta-Mercado, D. and Lynn, D.H. 2002. A preliminary assessment of spatial patterns 

of soil ciliate diversity in two subtropical forests in Puerto Rico and its 

implications for designing an appropriate sampling approach [Electronic 

version]. Soil Biology & Biochemistry 34: 1517-1520.  

 

Acton, D.F. and Gregorich, L.J. 1995. Understanding soil health [Electronic version]. 

In The Health of Our Soils – toward sustainable agriculture in Canada, ed. 

D.F. Acton and L.J. Gregorich, pp. 5-10. Ottawa: Agriculture and Agri-Food 

Canada. 

 

Acton, D.F. and Padbury, G.A. 1994. A conceptual framework for soil quality 

assessment and monitoring [Electronic version]. In A Program to Assess and 

Monitor Soil Quality in Canada – soil quality evaluation program summary 

report, ed. D.F. Acton, pp. 2-1 – 2-10. Ottawa: Centre for Land and Biological 

Resources Research.  

 

Adeniyi, A. S. 2010. Effects of slash and burning on soil microbial diversity and 

abundance in the tropical rainforest ecosystem, Ondo State, Nigeria. African 

Journal of Plant Science 4(9): 322-329. 

 

Agnelli, A., Ascher, J., Corti, G., Ceccherini, M.T., Nannipieri, P. and Pietramellara, G. 

2004. Distribution of microbial communities in a forest soil profile 

investigated by microbial biomass, soil respiration and DGGE of total and 

extracellular DNA [Electronic version]. Soil Biology and Biochemistry 36: 

859-868. 

 

American Palm Oil Council (APOC), 2004. Sustainable Palm Oil Practices in Malaysia. 

Retrieved 23 November 2012 from http://www.americanpalmoil. 

com/pdf/enviromental/Sustainbility%20PO%20Practices%20in%20Malaysia.

pdf 

 

Anderson, I.C. and Caimey, J.W.G. 2004. Diversity and ecology of soil fungal 

communities: increased understanding through the application of molecular 

techniques [Electronic version]. Environmental Microbiology 6: 769-779. 

 

Araya, R., Tani, K., Takagi, T., Yamaguchi, N. and Nasu, M. 2003. Bacterial activity 

and community composition in stream water and biofilm from an urban river 

determined by fluorescent in situ hybridization and DGGE analysis 

[Electronic version]. FEMS Microbiology Ecology 43: 111-119.  

 

Arifin, A., Md. Zaidey, A.K., Zahari, I., Mohd Zaki, H., Hazandy, A.H., Affendy, H., 

Mohd Effendi, W., Khairul H.Y., Shamshuddin, J. and Nik, M.M. 2010. 

Properties of soils in the rehabilitated degraded tropical lowland and hill 

dipterocarp forests in Peninsular Malaysia [Electronic version]. Proceedings of 

© C
OPYRIG

HT U
PM



67 

 

the 19
th

 World Congress of Soil Science; Bribane, Australia. Brisbane 

(Australia): International Union of Soil Sciences.  

 

Arnasan, I.Ö., Sigurdardottir, S., Kristmundsson, A., Svansson, V. and Gurmundsdottir, 

S. 2013. Evaluation of a semi-nested PCR for detection of Renibacterium 

salmoninarum in samples from kidney, gill and ovarian fluid of Atlantic 

salmon broodfish [Electronic version]. Icelandic Agricultural Sciences 26: 49-

57. 

 

Arup, U. 2002. PCR techniques and automated sequencing in lichens [Electronic 

version]. In Protocols in Lichenology: culturing, biochemistry, ecophysiology 

and use in biomonitoring, ed. I.C. Kranner, A.K. Varma and R.P. Beckett, pp. 

392-411. Germany: Springer-Verlag.  

 

Asteraki, E.J., Lum, K.Y. and Khairudin, H. 2005. Soil microbial diversity and 

sustainability of oil palm ecosystems [Electronic version]. Proceedings of 

Roundtable Meetings on Sustainable Palm Oil 2005; 2005 Nov 22; Kuala 

Lumpur.  

 

Bamforth, S.S. 1995. Interpreting soil ciliate biodiversity [Electronic version]. Plant 

and Soil 170: 159-164.  

 

Bamforth, S.S. 2001. Proportions of active ciliate taxa in soils [Electronic version]. 

Biology and Fertility of Soils 33: 197-203. 

 

Bamforth, S.S. 2006. Diversity of soil protozoa [Electronic version]. In Biodiversity in 

Agricultural Production Systems, ed. G. Benckiser and S. Schnell, pp. 206-212. 

Boca Raton: Taylor & Francis.  

 

Bamforth, S.S. 2007. Protozoa from aboveground and ground soils of a tropical rain 

forest in Puerto Rico [Electronic version]. Pedobiologia 50: 515-525.  

 

Bamforth, S. S. 2010. Distribution of and insights from soil protozoa of the Olympic 

coniferous rain forest [Electronic version]. Pedobiologia 53: 361-367. 

 

Basri, M.W. 2009. Sustainable palm oil developments in Malaysia. Retrieved 23 May 

2011 from http://www.soci.org/News/Lipids/~/media/Files/Conference%20 

Downloads/2009/Paml%20Oil%20Mar%2009/Basri.ashx 

 

Basri, M.W., Chan, K.W. and Rubaah, M. 2009. Palm Oil: Nature’s Gift to Malaysia 

and Malaysia’s Gift to the World [Electronic version]. Oil Palm Industry 

Economic Journal 9 (1): 1-13.  

 

Berglund, J., Jürgens, K., Bruchmüller, I., Wedin, M. and Andersson, A. 2005. Use of 

group-specific PCR primers for identification of chrysophytes by denaturing 

gradient gel electrophoresis [Electronic version]. Aquatic Microbial Ecology 

39: 171-182.  

 

 

 

© C
OPYRIG

HT U
PM

http://www.soci.org/News/Lipids/~/media/Files/Conference


68 

 

Bhandari, J.C. and Nikam, S.V. 2013. Astomatus ciliate Anoplophrya chakrawartii and 

Anoplophrya krishnamurthii n. sp. from intestine of earthworm (Perionys 

excavatus and Pheretima posthuma) in Jalna district (M.S.) India [Electronic 

version]. International Journal of Scientific and Research Publications 3: 1-3. 

 

Bishaw, B. 2001. Deforestation and land degradation in the Ethiopian highlands: a 

strategy for physical recovery [Electronic version]. Northeast African Studies 

8: 7-26. 

Boon, N., de Windt, W., Verstraete, W. and Top, E.M. 2002. Evaluation of nested 

PCR-DGGE (denaturing gradient gel electrophoresis) with group-specific 16S 

rRNA primers for the analysis of bacterial communities from different 

wastewater treatment plants [Electronic version]. FEMS Microbiology 

Ecology 39: 101-112. 

 

Brown, E. and Jacobson, M.F. 2005. Cruel Oil – how oil palm harms health, rainforest 

and wildlife [Electronic version]. Washington, DC: Center for Science in the 

Public Interest.  

 

Bryon, N. and Shepherd, G. 1998. Indonesia and the 1997-98 El Nino: fire problems 

and long-term solutionsm [Electronic version]. Natural Resource Perspectives 

28: 1-7.  

 

Camp, W.G. and Heath-Camp, B. 2008. Concept in natural resources management 

[Electronic version]. In Managing Our Natural Resources, 4
th

 ed., pp. 29. 

USA: Delmar.    

 

Carter, M.R., Gregorich, E.G., Anderson, D.W., Doran, J.W., Janzen, H.H. and Pierce, 

F.J. 1997. Concepts of soil quality and their significance [Electronic version]. 

In Soil Quality for Crop Production and Ecosystem Health, ed. E.G. 

Gregorich and M.R. Carter, pp. 1-20. Amsterdam: Elsevier Science.  

 

Cenciani, K., Lambais, M.R., Cerri, C.C., Basílio de Azevedo, L.C. and Feigl, B.J. 

2009. Bacteria diversity and microbial biomass in forest, pasture and fallow 

soils in the southwestern amazon basin [Electronic version]. Revista Brasileira 

de Ciência do Solo 33: 907-916. 

 

Chan, K.W. 2005. Best-developed practices and sustainable development of the oil 

palm industry [Electronic version]. Journal of Oil Palm Research 17: 124-135.  

 

Cho, H.B., Lee, J.K. and Choi, Y.K. 2003. The genetic diversity analysis of the 

bacterial community in groundwater by denaturing gradient gel 

electrophoresis (DGGE) [Electronic version]. The Journal of Microbiology 

41(4): 327-334.  

 

Cirad, 2010. Agri-environmental impacts of the oil palm: indicators for sustainable 

production. Retrieved 18 May 2012 from 

http://www.cirad.fr/en/content/download/5482/63554/version/2/file/F12+jP.+

Caliman.Ang.pdf 

 

© C
OPYRIG

HT U
PM



69 

 

Clarholm, M., Bonkowski, M. and Griffiths, B. 2007. Protozoa and other protista in soil. 

In Modern Soil Microbiology (2
nd

 ed), ed. J.D. Van Elsas, J.K. Jansson and J.T. 

Trevors, pp. 147-175. USA: CRC Press. 

 

Clay, J.W. 2004. World Agriculture and the Environment: a commodity-by-commodity 

guide to impacts and practices [Electronic version]. Washington, DC: Island 

Press.  

Coleman, D.C. and Wall, D.H. 2007. Fauna: the engine for microbial activity and 

transport [Electronic version]. In Soil Microbiology and Biochemistry (3
rd

 ed), 

ed. E.A. Paul, pp. 163-194. USA: Academic Press.  

 

Coûteaux, M and Darbyshire, J.F. 1998. Functional diversity amongst soil protozoan 

[Electronic version]. Applied Soil Ecology 10: 229-237. 

 

Crecchio, C., Gelsomino, A., Ambrosoli, R., Minati, J.L. and Ruggiero, P. 2004. 

Functional and molecular responses of soil microbial communities under 

differing soil management practices [Electronic version]. Soil Biolology & 

Biochemistry 36: 1873-1883. 

 

Da Silva, A.J. and Pieniazek, N.J. 2003. Latest advances and trends in PCR-based 

diagnostic methods [Electronic version]. In Textbook-Atlas of Intestinal 

Infections in AIDS, ed. D. Dionisio, pp. 397-412. Italy: Springer-Verlag.  

 

Dash, M.C. and Dash, S.P. 2009. Systems concept in ecology [Electronic version]. In 

Fundamentals of Ecology (3
rd

 ed), pp. 43-44. New Delhi: Tata McGraw Hill 

Education Private Limited.  

 

David. S. 2013 Jun 21. Singapore haze hits record high from Indonesia fires. BBC 

News. Retrieved 29 December 2013 from http://www.bbc.com/news/world-

asia-22998592 

 

De Quadros, P.D., Zhalnina, K., Davis-Richardson, A., Fagen, J.R., Drew, J., Bayer, C., 

Camargo, F.A.O. and Triplett, E.W. 2012. The effect of tillage system and 

crop rotation on soil microbial diversity and composition in a subtropical 

acrisol [Electronic version]. Diversity 4: 375-395. 

 

Díez, B., Pedrós-Alió, C., Marsh, T.L. and Massana, R. 2001. Application of 

denaturing gradient gel electrophoresis (DGGE) to study the diversity of 

marine picoeukaryotic assemblages and comparison of DGGE with other 

molecular techniques [Electronic version]. Applied and Environmental 

Microbiology 67: 2942-2951. 

 

Dilly, O., Bloem, J., Vos, A. and Munch, J.C. 2004. Bacterial diversity in agricultural 

soils during litter decomposition [Electronic version]. Applied and 

Environmental Microbiology 70: 468-474.  

 

Dopheide, A., Lear, G., Stott, R. and Lewis, G. 2008. Molecular characterization of 

ciliate diversity in stream biofilms [Electronic version]. Applied and 

Environmental Microbiology 74: 1740-1747. 

 

© C
OPYRIG

HT U
PM



70 

 

Dopheide, A., Lear, G., Stott, R. and Lewis, G. 2009. Relative diversity and community 

structure of ciliates in stream biofilms according to molecular and microscopy 

methods [Electronic version]. Applied and Environmental Microbiology 75: 

5261-5272. 

 

Doran, J.W. and Parkin, T.B. 1995. Defining and assessing soil quality [Electronic 

version]. In The Health of Our Soils – toward sustainable agriculture in 

Canada, ed. D.F. Acton and L.J. Gregorich, pp. 6-10. Ottawa: Agriculture and 

Agri-Food Canada. 

 

Doran, J.W., Sarrantonio, M. and Liebig, M.A. 1996. Soil health and sustainability 

[Electronic version]. Advances in Agronomy 56: 1-54.  

 

Doran, J.W. and Zeiss, M.R. 2000. Soil health and sustainability: managing the biotic 

component of soil quality [Electronic version]. Applied Soil Ecology 15: 3-11. 

Duarte, S., F. Cassio, and C. Pascoal. 2012. Denaturing gradient gel electrophoresis 

(DGGE) in microbial ecology – insights from freshwaters [Electronic version]. 

In Gel Electrophoresis – Principles and Basics, ed. S. Magdeldin, pp. 173-196. 

Croatia: In Tech.   

 

Edland, L.E. 2002. Soil Survey of Ransom County, North Dakota [Electronic version], 

pp. 139-152. Washington, DC.: NRCS.  

 

Ekelund, F., Frederiksen, H.B. and Rønn, R. 2002. Population dynamics of active and 

total ciliate populations in arable soil amended with wheat [Electronic version]. 

Applied and Environmental Microbiology 68: 1096-1101. 

 

Esteban, G.F., Clarke, K.J., Olmo, J.L. and Finlay, B.J. 2006. Soil protozoa – an 

intensive study of population dynamics and community structure in an upland 

grassland [Electronic version]. Applied Soil Ecology 33: 137-151. 

 

Eyers, L., Agathos, S.N. and El Fantroussi, S. 2004. Denaturing gradient gel 

electrophoresis (DGGE) as a fingerprinting tool for analyzing microbial 

communities in contaminated environments [Electronic version]. In 

Environmental Microbiology: methods and protocols, ed. J.M. Walker, J.F.T. 

Spencer and A.L.R. de Spencer, pp. 407-417. New Jersey: Humana Press. 

 

The Environmental Conservation Department (ECD). 2002. Environmental Impact 

Assessment (EIA) Guidelines for Oil Palm Plantation Development, Sabah, 

Malaysia [Electronic version]. ECD: Kota Kinabalu. 

 

Fischer, S.G. and Lerman, L.S. 1983. DNA fragments differing by single base-pair 

substitutions are separated in denaturing gradient gels: corresponding with 

melting theory [Electronic version]. Proceedings of the National Academy of 

Sciences 80: 1579-1583. 

 

Fitzherbert, E.B., Struebig, M.J., Morel, A., Danielsen, F., Bruhl, C.A., Donald, P.F. 

and Phalan, B. 2008. How will oil palm expansion affect biodiversity? 

[Electronic version] Trends in Ecology and Evolution 23: 538-545.  

 

© C
OPYRIG

HT U
PM



71 

 

Fokam, Z., Ngassam, P., Strüder-Kypke, M.C. and Lynn, D.H. 2011. Genetic diversity 

and phylogenetic position of the subclass Astomatia (Ciliophora) based on a 

sampling of six genera from West African oligochaetes (Glossoscolecidae, 

Megascolecidae), including description of the new genus Paraclausilocola n. 

gen. [Electronic version]. European Journal of Protistology 47: 161-171.    

 

Foissner, W. 1997. Global soil ciliate (protozoa, ciliophora) diversity: a probability-

based approach using large sample collections from Africa, Australia and 

Antartica [Electronic version]. Biodiversity and Conservation 6: 1627-1638. 

 

Foissner, W. 1998. Review: an updated compilation of world soil ciliates (Protozoa, 

Ciliophora), with ecological notes, new records and descriptions of new 

species [Electronic version]. European Journal of Protistology 34: 195-235.  

 

Foissner, W. 1999. Soil protozoa as bioindicators: pros and cons, methods, diversity, 

representative examples [Electronic version]. Agriculture, Ecosystems and 

Environment 74: 95-112. 

 

Foissner, W., Berger, H., Xu, K. and Zechmeister-Boltenstern, S. 2005. A huge, 

undescribed soil ciliate (Protozoa: Ciliophora) diversity in natural forest stands 

of Central Europe [Electronic version]. Biodiversity and Conservation 14: 

617-701. 

 

Food and Agriculture Organization of United Nations (FAO), 2008. Land degradation 

on the rise. Retrieved 2 April 2012 from http://www.fao.org/ newsroom/en/ 

news/2008/1000874/index.html 

 

Food and Agriculture Organization of United Nations (FAO), 2010. Global Forest 

Resources Assessment 2010: country report – Malaysia [Electronic version]. 

FAO Forestry Paper No. 163: Rome. 

 

Food and Agriculture Organization of United Nations (FAO), 2011. Global soil 

partnership for food security launched at fao: new effort to assure soils future 

generations. Retrieved 16 July 2013 from http://www.fao.org/news/story/en/ 

item/89277/icode/  

 

Foong, C.P., Wong, C.M.V.L. and González, M. 2010. Metagenomic analyses of the 

dominant bacterial community in the Fildes Peninsula, King George Island 

(South Shetland Islands). Polar Science 4: 263-273. 

 

Friend, J.A. 1992. Achieving soil sustainability [Electronic version]. Journal of Soil 

and Water Conservation 47 (2): 156-157. 

 

Fromin, N., J. Hamelin, S. Tarnawski, D. Roesti, K. Jourdain-Miserez, N. Forestier, S. 

Teyssier-Cuvelle, F. Gillet, M. Aragno, and P. Rossi. 2002. Statistical analysis 

of denaturing gel electrophoresis (DGE) fingerprinting patterns [Electronic 

version]. Environmental Microbiology 4: 634-643. 

 

Gafan, G.P., Lucas, V.S., Roberts, G.J., Petrie, A., Wilson, M. and Spratt, D.A. 2005. 

Statistical analyses of complex denaturing gradient gel electrophoresis profiles 

[Electronic version]. Journal of Clinical Microbiology 43: 3971-3978. 

© C
OPYRIG

HT U
PM



72 

 

Garbeva, P., van Veen, J.A. and van Elsas, J.D. 2004. Microbial diversity in soil: 

selection of microbial populations by plant and soil type and implications for 

disease suppressiveness [Electronic version]. Annual Review of 

Phytopathology 42: 243. 

Gardner, C.M.K., Laryea, K.B. and Unger, P.W. 1999. Soil Physical Constraints to 

Plant Growth and Crop Production [Electronic version]. FAO: Rome. 

 

Griffiths, B.S. 2002. Spatial distribution of soil protozoa in an upland [Electronic 

version]. European Journal of Protistology 37: 371-373.  

 

Guntiñas, M.E., Gil-Sotres, F., Leirós, M.C and Trasar-Cepeda, C. 2013. Sensitivity of 

soil respiration to moisture and temperature. Journal of Soil Science and Plant 

Nutrition 13: 445-461.  

 

Halsall, I.L. 2011. Towards a sustainable energy economy – the role of palm 

[Electronic version]. Journal of Oil Palm & The Environment 2: 8-14. 

 

Hedrick, D.B., Peacock, A., Stephan, J.R., Macnaughton, S.J., Brüggemann, J. and 

White, D.C. 2000. Measuring soil microbial community diversity using polar 

lipid fatty acid and denaturing gradient gel electrophoresis data [Electronic 

version]. Journal of Microbiological Methods 41: 235-248.  

 

Heip, C.H.R., Herman, P.M.J. and Soetaert, K. 1998. Indices of diversity and evenness 

[Electronic version]. Océanis 24: 61-87.  

 

Hejazi, M.A., Barzegari, A., Gharajeh, N.H. and Hejazi, M.S. 2010. Introduction of a 

novel 18S rDNA gene arrangement along with distinct ITS region in the saline 

water microalga Dunaliella [Electronic version]. Saline Systems 6: 4. 

 

Hill, G.T., Mitkowski, N.A., Aldrich-Wolfe, L., Emele, L.R., Jurkonie, D.D., Ficke, A., 

Maldonado-Ramirez, S., Lynch, S.T. and Nelson, E.B. 2000. Methods for 

assessing the composition and diversity of soil microbial communities 

[Electronic version]. Applied Soil Ecology 15: 25-36. 

 

Hillis, D.M. and Dixon, M.T. 1991. Ribosomal DNA: molecular evolution and 

phylogenetic inference [Electronic version]. The Quarterly Review of Biology 

66: 411-453. 

 

Hoorman, J.J. 2011. The role of soil protozoa and nematodes. Retrieved 18 Januari 

2014 from 

http://pnwboces.schoolwires.net/cms/lib03/NY24000991/Centricity/ 

Domain/10/the%20role%20of%20soil%20nemotodes%20and%20protozoa%2

0%20OSU%20fact%20sheet.pdf  

 

Hoorman, J.J. and Islam, R. 2010. Understanding soil microbes and nutrient recycling. 

Retrieved 22 December 2012 from http://ohioline.osu.edu/sag-

fact/pdf/0016.pdf 

 

 

 

© C
OPYRIG

HT U
PM



73 

 

Hoshino, Y.T. and Morimoto, S. 2008. Comparison of 18S rDNA primers for 

estimating fungal diversity in agricultural soils using polymerase chain 

reaction-denaturing gradient gel electrophoresis [Electronic version]. Soil 

Science and Plant Nutrition 54: 701-710. 

 

Huber, S., Syed, B., Freudenschuβ, A., Ernstsen, V. and Loveland, P. 2001. Proposal 

for a European Soil Monitoring and Assessment Framework [Electronic 

version]. EEA: Copenhagen.  

 

Jabatan Perdana Menteri. 2010.  Deepening Malaysia’s palm oil advantage [Electronic 

version]. In Economic Transformation Programme: A Roadmap For Malaysia, 

pp. 281-314. Putrajaya: Pemandu.  

 

Jacquot, E., van Tuinen, D., Gianinazzi, S. and Gianinazzi-Pearson, V. 2000. 

Monitoring species of arbuscular mycorrhizal fungi in planta and in soil by 

nested PCR: application to the study of the impact of sewage sludge 

[Electronic version]. Plant and Soil 226: 179-188. 

 

Janse, I., Bok, J. and Zwart, G. 2004. A sinple remedy against artifactual double bands 

in denaturing gradient gel electrophoresis [Electronic version]. Journal of 

Microbiological Methods 57: 279-281. 

 

Jasmine, C. 2011 Sept 18. Sarawak’s palm oil industry: the next catalyst for growth. 

Borneo Post Online. Retrieved 27 November 2013 from 

http://www.theborneopost.com/2011/09/18/sarawaks-palm-oil-industry-the-

next-catalyst-for-growth/ 

 

Jeewon, R. and Hyde, K.D. 2007. Detection and diversity of fungi from environmental 

samples: traditional versus molecular approaches [Electronic version]. In 

Advanced Techniques in Soil Microbiology, ed. A. Varma and R. Oelmüller, 

pp. 181-197. Heidelberg: Springer-Verlag. 

 

Jousset, A., Lara, E., Nikolausz, M., Harms, H. and Chatzinotas, A. 2010. Application 

of the denaturing gradient gel electrophoresis (DGGE) technique as an 

efficient diagnostic tool for ciliate communities in soil [Electronic version]. 

Science of the Total Environment 408: 1221-1225. 

 

Karlen, D.L., Andrews, S.S. and Doran, J.W. 2001. Soil quality: current concepts and 

applications [Electronic version]. Advances in Agronomy 74: 1-40. 

 

Karlen, D.L., Mausbach, M.J., Doran, J.W., Cline, R.G., Harris, R.F. and Schuman, 

G.E., 1997. Soil quality: a concept, definition, and framework for evaluation 

[Electronic version]. Soil Science Society of America Journal 61: 4–10. 

 

Karnati, S.K.R., Yu, Z., Sylvester, J.T., Dehority, B.A., Morrison, M. and Firkins, J.L. 

2003. Technical note: specific PCR amplification of protozoal 18S rDNA 

sequences from DNA extracted from ruminal samples of cows [Electronic 

version]. Journal of Animal Science 81: 812-815.  

 

Kennedy, A.C. and Smith, K.L. 1995. Soil microbial diversity and the sustainability of 

agricultural soils [Electronic version]. Plant and Soil 170: 75-86. 

© C
OPYRIG

HT U
PM



74 

 

Kennedy, A.C. and Stubbs, T.L. 2006. Soil microbial communities as indicators of soil 

health [Electronic version]. Annals of Arid Zone 45: 287-308. 

 

Kennedy, A.C., Stubbs, T.L. and Schillinger, W.F. 2004. Soil and crop management 

effects on soil microbiology [Electronic version]. In Soil Organic Matter in 

Sustainable Agriculture, ed. F. Magdoff and R.R. Weil, pp. 295-316. Boca 

Raton: CRC Press. 

 

Kent, A.D. and Triplett, E.W. 2002. Microbial communities and their interactions in 

soil and rhizosphere ecosystems [Electronic version]. Annual Review of 

Microbiology 56: 211-236. 

 

Khor, Y.L. 2013. Sustainability is Heating Up: Facing and fighting an Anti-palm Oil 

Campaign, pp.2.  Segi Enam Advisors Pte Ltd: Singapore.  

 

Kirk, J.L., Beaudette, L.A., Hart, M., Moutoglis, P., Klironomos, J.N., Lee, H. and 

Trevors, J.T. 2004. Review: methods of studying soil microbial diversity 

[Electronic version]. Journal of Microbiological Methods 58: 169-188. 

 

Kittelmann, S. and Janssen, P.H. 2011. Characterization of rumen ciliate community 

composition in domestic sheep, deer, and cattle, feeding on varying diets, by 

means of PCR-DGGE and clone libraries [Electronic version]. FEMS 

Microbiology Ecology 75: 468-481. 

 

Koh, L.P. and Wilcove, D.S. 2008. Is oil palm agriculture really destroying tropical 

biodiversity? [Electonic version] Conservation Letters 1: 60-64.  

 

Kongsager, R. and Reenberg, A. 2012. Contemporary Land-use Transitions: the global 

oil palm expansion [Electronic version]. The Global Land Project (GLP): 

Copenhagen. 

 

Kozlov, M.V., Zvereva, E.L. and Zverev, V.E. 2009. Impacts of Points Polluters on 

Terrestrial Biota: comparative analysis of 18 contaminated areas, pp. 107-

131 [Electronic version]. Dordrecht: Springer. 

 

Kwok, J. and Feng, Z. 2013 Jun 20. Haze Update: palm oil companies listed in 

Singapore deny using fire to clear land. The Straits Times. Retrieved 15 

December 2013 from http://www.straitstimes.com/breaking-

news/singapore/story/ haze-update-palm-oil-companies-listed-singapore-deny-

using-fire-clear- 

 

Lara, E. and Acosta-Mercado, D. 2012. A molecular perspective on ciliates as soil 

bioindicators [Electronic version]. European Journal of Soil Biology 49: 107-

111. 

 

Lara, E., Berney, C., Ekelund, F., Harms, H. and Chatzinotas, A. 2007b. Molecular 

comparison of cultivable protozoa from a pristine and a polycyclic aromatic 

hydrocarbon polluted site [Electronic version]. Soil Biology and Biochemistry 

39: 139-148. 

 

© C
OPYRIG

HT U
PM



75 

 

Lara, E., Berney, C., Harms, H. and Chatzinotas, A. 2007a. A Cultivation-independent 

analysis reveals a shift in ciliate 18r RNA gene diversity in a polycyclic 

aromatic hydrocarbon-polluted soil [Electronic version]. FEMS Microbiology 

Ecology 62: 365-373. 

 

Lauber, C.L., Ramirez, K.S., Aanderud, Z., Lennon, J and Fierer, N. 2013. Temporal 

variability in soil microbial communities across land-use types [Electronic 

version}. The ISME Journal 7: 1641-1650.  

 

Lee, Y.P., Teh, C.B.S., Goh, K.J. and Abolfath, M. 2012. Effects of four soil 

conservation methods on soil aggregate stability [Electronic version]. 

Malaysian Journal of Soil Science 16: 43-56.  

 

Lewandowski, A., Zumwinkle, M. and Fish, A. 1999. Assessing the soil system: a soil 

quality literature review, [Electronic version], pp. 1-68. Minnesota: Minnesota 

Department of Agriculture. 

 

Li, J., Li, M.G., Yang, J., Ai, Y. and Xu, R.L. 2010a. Community characteristics of soil 

ciliates at Baiyun mountain, Guangzhou, China [Electronic version]. 

Zoological Studies 49: 713-723. 

 

Li, J., Liao, Q., Li, M., Zhang, J., Tam, N.F. and Xu, R. 2010b. Community structure 

and biodiversity of soil ciliates at Dongzhaigang mangrove forest in Hainan 

Island, China [Electronic version]. Applied and Environmental Soil Science 

2010: 1-8.  

 

Liang, Z., Drijber, R.A., Lee, D.J., Dwiekat, I.M., Harris, S.D. and Wedin, D.A. 2008. 

A DGGE-cloning method to characterize arbuscular mycorrhizal community 

structure in soil [Electronic version]. Soil Biology and Biochemistry 40: 956-

966. 

 

Liebig, M.A., Doran, J.W. and Gardner, J.C. 1996. Evaluation of a field test kit for 

measuring selected soil quality indicators [Electronic version]. Agronomy 

Journal 88: 683-686. 

 

Lim, K.C. and Zaharah, A.R. 2002. The effects oil palm empty fruit bunches on oil 

palm nutrition and yield and soil chemical properties [Electronic version]. 

Journal of Oil Palm Research 14: 1-9.  

 

Lord, S. and Clay, J. 2006. Environmental impacts of oil palm – practical 

considerations in defining sustainability for impacts on the air, land and water. 

Retrieved 25 February 2012 from http://www.nbpol.com.pg/wp-

content/uploads/downloads/ 2011/02/EnvironmentalImpactOfOilPalm.pdf 

 

Lynn, D.H. 2003. Morphology or molecules: How do we identify the major lineages of 

ciliates (Phylum Ciliophora)? [Electronic verion]. European Journal of 

Protistology 39: 356-364. 

 

Lynn, D.H. 2008. The Ciliated Protozoa: Characterization, Classification, and Guide to 

the Literature (3
rd

 ed) [Electronic version]. New York: Springer. 

 

© C
OPYRIG

HT U
PM



76 

 

Mahmoudi, N., Slater, G.F. and Fulthorpe, R.R. 2011. Comparison of commercial 

DNA extraction kits for isolation and purification of bacterial and eukaryotic 

DNA from PAH-contaminated soils [Electronic version]. Canada Journal of 

Microbiology 57: 623-628. 

 

Malaysian Meteorological Department (MetMalaysia). 2013. General climate of 

Malaysia. Retrieved 28 July 2014 from http://www.met.gov.my/index.php? 

option= com_content&task=view&id=75&Itemid=1089 

 

Malaysian Palm Oil Board (MPOB). 2001. Oil Palm Statistics (21
st
 ed), pp. 131. Bangi: 

MPOB. 

 

Malaysian Palm Oil Board (MPOB). 2014a. Oil palm planted area as at December 2013. 

Retrieved 5 October 2014 from http://bepi.mpob.gov.my/index.php/ 

statistics/area/ 114-area-2013/639-oil-palm-planted-area-dec-2013.html 

 

Malaysian Palm Oil Board (MPOB). 2014b. Overview of the Malaysian oil palm 

industry 2013. Retrieved 5 October 2014 from 

http://bepi.mpob.gov.my/images/ overview/Overview_of_Industry_2013. pdf 

 

Malaysian Palm Oil Board and American Palm Oil Council (MPOB and APOC). 2010. 

Palm oil development and performance in Malaysia. Retrieved 10 May 2012 

from http://www.americanpalmoil.com/pdf/USITCpre-PublicHearing-V2.pdf 

 

Malaysian Palm Oil Council (MPOC). 2006. Oil palm: tree of life. Retrieved 21 April 

2012 from http://www.mpoc. org.my/More_Publications.aspx.  

 

Malaysian Palm Oil Council (MPOC). 2012. Malaysian Palm Oil Wildlife 

Conservation Fund (MPOWCF). Retrieved 9 July 2012 from 

http://www.mpoc.org.my/Malaysian_Palm_Oil_Wildlife_Conservation_Fund

_%28MPOWCF%29_.aspx 

 

Malaysian Palm Oil Council (MPOC). 2013. The oil palm – the orang-utan. Retrieved 

9 July 2013 from http://theoilpalm.org/malaysias-story/conservation-

commitment/the-orang-utan/ 

 

Marschner, P. 2007. Soil microbial community structure and function assessed by 

FAME, PLFA and DGGE – advantages and limitations [Electronic version]. 

In Advanced Techniques in Soil Microbiology, ed. A. Varma and R. Oelmüller, 

pp. 181-197. Heidelberg: Springer-Verlag.  

 

Martinez-Salgado, M.M., Gutiérrez-Romero, V., Jannsens, M., Ortega-Blu, R. 2010. 

Biological soil quality indicators: a review [Electronic version]. In Current 

Research, Technology and Education Topics in Applied Microbiology and 

Microbial Biotechnology, ed. A. Mendez-Vilas, pp. 319-328. Badajoz: 

Formatex Research Center.  

 

Marzorati, M., Wittebolle, L., Boon, N., Daffonchio, D. and Verstraete, W. 2008. How 

to get more out of molecular fingerprints: practical tools for microbial ecology 

[Electronic version]. Environmental Microbiology 10: 1571-1581.   

 

© C
OPYRIG

HT U
PM

http://bepi.mpob.gov.my/images/%20overview/Overview_of_Industry_2013


77 

 

McGarry, D. 2006. A methodology of a visual soil - field assessment tool: to support, 

enhance and contribute to the LADA program. Retrieved 24 July 2013 from 

ftp://ftp.fao.org/agl/agll/lada/vsfast_methodology.pdf 

 

Medlin, L., Elwood, H.J., Stickel.S. and Sogin. M.L. 1988. The characterization of 

enzymatically amplified eukaryotic 16S-like rRNA coding regions [Electronic 

version]. Gene 71: 491-499. 

 

Meyer, A., Todt, C., Mikkelsen, N.T. and Lieb, B. 2010. Fast evolving 18S rRNA 

sequences from Solenogastres (Mollusca) resist standard PCR amplification 

and give new insights into mollusk substitution rate heterogeneity [Electronic 

version]. BMC Evolutionary Biology 10: 1-12. 

 

Muyzer, G. 1998. Structure, function and dynamics of microbial communities: the 

molecular biological approach [Electronic version]. In Advances in Molecular 

Ecology, ed. G.R. Carvalho, pp. 87-117. Netherlands: IOI Press. 

 

Muyzer, G. 1999. DGGE/ TGGE a method for identifying genes from natural 

ecosystems [Electronic version]. Current Opinion in Microbiology 2: 317-322. 

 

Muyzer, G., de Waal, E.C. and Uitterlinden, A.G. 1993. Profiling of Complex 

Microbial Populations by Denaturing Gradient Gel Electrophoresis Analysis 

of Polymerase Chain Reaction-Amplified Genes Coding for 16S rRNA 

[Electronic version]. Applied and Environmental Microbiology 59: 695-700. 

 

Muyzer, G. and Smalla, K. 1998. Application of denaturing gradient gel electrophoresis 

(DGGE) and temperature gradient gel electrophoresis (TGGE) in microbial 

ecology [Electronic version]. Antonie van Leeuwenhoek 73: 127-141.  

 

Myers, R.M., Fischer, S.G., Lerman, L. and Maniatis, T. 1985. Nearly all single base 

substitutions in DNA fragments joined to a GC-clamp can be detected by 

denaturing gradient gel electrophoresis [Electronic version]. Nucleic Acids 

Research 13: 3131-3145. 

 

Neher, D.A. 1999. Soil community composition and ecosystem processes: comparing 

agricultural ecosystems with natural ecosystems [Electronic version]. 

Agroforestry Systems 45: 159-185. 

 

Neilson, J.W., Jordan, F.L. and Maier, R.M. 2013. Analysis of artifacts suggests DGGE 

should not be used for quantitative diversity analysis [Electronic version]. 

Journal of Microbiology Methods 92: 256-263.  

 

Ng, P.H.C., Gan, H.H. and Goh, K.J. 2011. Soil nutrients changes in ultisols under oil 

palm in Johor, Malaysia [Electronic version]. Journal of Oil Palm & The 

Environment 2: 93-104.  

 

Nielsen, M.N. and Winding, A. 2002. Microorganisms as Indicators of Soil Health 

[Electronic version]. Denmark: National Environmental Research Institute. 

 

© C
OPYRIG

HT U
PM



78 

 

Ning, Y.Z., Wang, H.J., Yu, J.H. and Du, H.F. 2011. Response of the soil ciliate 

community to ecological restoration in Huajialing, Dingxi, Gansu [Electronic 

version]. Zoological Research 32: 223-231.  

 

Njira, K.O.W. and Nabwani, N. 2013. Soil management practices that improve soil 

health: elucidating their implications on biological indicators [Electronic 

version]. Journal of Animal & Plant Sciences 18: 2750-2760.  

 

Ogeh, J.S. and Osiomwan, G.E. 2012. Evaluation of the effect of oil palm on some 

physical and chemical properties of Rhodic paleudults [Electronic version]. 

Nigeran Journal of Basic and Applied Science 20: 78-82. 

 

Organisation for Economic Co-operation and Development/ Food and Agriculture 

Organization of the United Nations (OECD/FAO). 2012. OECD-FAO 

Agricultural Outlook 2012-2021 [Electronic version]. OECD Publishing: Paris. 

 

Oros-Sichler, M. and Smalla, K. 2012. Semi-nested PCR approach to amplify large 18S 

rRNA gene fragments for PCR-DGGE analysis of soil fungal communities 

[Electronic version]. In Laboratory Protocols in Fungal Biology: current 

methods in fungal biology, ed. V.K. Gupta, M.G. Tuohy,  M. Ayyachamy, 

A.O. Donovan and K.M. Turner, pp. 289-298. United States: Springer-Verlag. 

 

Otsuka, S., Sudiana, I., Komori, A., Isobe, K., Deguchi, S., Nishiyama, M., Shimizu, H. 

and Senoo, K. 2008. Community structure of soil bacteria in a tropical 

rainforest several years after fire [Electronic version]. Microbes Environment 

23: 49-56.  

 

Pankhurst, C.E., Hawke, B.G., McDonald, H.J., Kirkby, C.A., Buckerfield, J.C., 

Michelsen, P., O'Brien, K.A., Gupta, V.V.S.R., and Doube, B.M. 1995. 

Evaluation of soil biological properties as potential bioindicators of soil health 

[Electronic version]. Australian Journal of Experimental Agriculture 35: 

1015-1028. 

 

Paoletti, M.G. 1999. Using bioindicators based on biodiversity to assess landscape 

sustainability [Electronic version]. Agriculture, Ecosystems and Environment 

74: 1-18. 

 

Paramananthan, S. 2013. Managing marginal soils for sustainable growth of oil palms 

in the tropics [Electronic version]. Journal of Oil Palm & The Environment 4: 

1-16. 

 

Patil, U., Chaudhari, A.B., Kulkarni, J.S. and Chincholkar, S.B. 2008. Foundations In 

Microbiology [Electronic version], pp. 6.14-6.15. Pune: Nirali Prakashan.  

 

Pedrós-Alió, C. 2006. Marine microbial diversity: can it be determined? [Electronic 

version]. Trends in Microbiology 14: 257-263. 

 

Pepper, I.L. and Josephson, K.L. 2006. Biotic characteristics of the Environment. In 

Environmental and Pollution Science (2
nd

 ed.), ed. I.L. Pepper, C.P. Gerba and 

M.L. Brusseau, pp. 58-77 [Electronic version]. California: Academic Press.   

 

© C
OPYRIG

HT U
PM



79 

 

Plaster, E.J. 2013. Soil Science and Management [Electronic version], 6
th

 ed, pp. 103-

126. New York: Delmar Cengage Learning. 

 

Powlson, D.S., Hirsch, P.R. and Brookes, P.C. 2001. The role of soil microorganisms 

in soil organic matter conservation in the tropics [Electronic version]. Nutrient 

Cycling in Agroecosystems 61: 41-51.  

 

Puitika, T., Kasahara, Y., Miyoshi, N., Sato, Y. and Shimano, S. 2007. A taxon-specific 

oligonucleotide primer set for PCR-base detection of soil ciliate [Electronic 

version]. Microbes Environment 22: 78-81.  

Qiao, Y.J., Li, Z.Z., Wang, X., Zhu, B., Hu, Y.G. and Zeng, Z.H. 2012. Effect of 

legume-cereal mixtures on the diversity of bacterial communities in the 

rhizophere [Electronic version]. Plant Soil Environment 58: 174-180. 

 

Qiu, D., Huang, L., Huang, H., Yang, J. and Lin, S. 2010. Two functionally distinct 

ciliates dwelling in Acropora corals in the South China Sea near Sanya, 

Hainan Province, China [Electronic version]. Applied and Environmental 

Microbiology 76: 5639-5643.  

 

Ramette, A. 2007. Multivariate analyses in microbial ecology [Electronic version]. 

FEMS Microbiology Ecology 62: 142-160.  

 

Rastogi, G. and Sani, R.K. 2011. Molecular techniques to assess microbial community 

structure, function and dynamics in the environment [Electronic version]. In 

Microbes and Microbial Technology, ed. I. Ahmad, F. Ahmad and J. Pichtel, 

pp. 29-57. New York: Springer. 

 

Regensbogenova, M., Pristas, P., Javorsky, P., Moon-van der Staay, S.Y., van der Staay, 

G.W.M., Hackstein, J.H.P., Newbold, C.J. and McEwan, N.R. 2004. 

Assessment of ciliates in the sheep rumen by DGGE [Electronic version]. 

Letters in Applied Microbiology 39: 144-147. 

 

Ricard, G., de Graaf, R.M., Dutilh, B.E., Duarte, I., van Alen, T.A., van Hoek, 

A.H.A.M., Boxma, B., van der Staay, G.W.M., van der Staay, S.Y.M., Chang, 

W.J., Landweber, L.F., Hackstein, J.H.P. and Huynen, M.A. 2008. 

Macronuclear genome structure of the ciliate Nyctotherus ovalis: single-gene 

chromosomes and tiny introns. BMC Genomics 9: 587-602. 

 

Rønn, R., McCaig, A.E., Griffiths, B.S. and Prosser, J.I. 2002. Impact of protozoan 

grazing on bacterial community structure in soil microcosms [Electronic 

version]. Applied and Environment Microbiology 68: 6094-6105.  

 

Roose-Amsaleg, C.L., Garnier-Sillam, E. and Harry, M. 2001. Extraction and 

purification of microbial DNA from soil and sediment samples [Electronic 

version]. Applied Soil Ecology 18: 47-60. 

 

Roth, D.S., Perfecto, I. and Rathcke, B. 1996. The effects of management systems on 

ground-foraging and diversity in Costa Rica [Electronic version]. In 

Ecosystem Management: selected readings, ed. F. B. Samson and F. L. Knopf, 

pp. 313-330. USA: Springer.    

 

© C
OPYRIG

HT U
PM



80 

 

Rutgers, M., Schouten, A.J., Bloem, J., van Eekeren, N., de Goede R.G.M., Jagersop 

Akkerhuis, G.A.J.M., van der Wal, A., Mulder, C., Brussaard, L. and Breure, 

A.M. 2009. Biological measurements in a nationwide soil monitoring network 

[Electronic version]. European Journal of Soil Science 60: 820-832.  

 

Sabrina, D.T., Hanafi, M.M., Nor Azwady, A.A. and Mahmud, T.M.M. 2009. 

Earthworm populations and cast properties in the soils of oil palm plantations 

[Electronic version]. Malaysian Journal of Soil Science 13: 29-42. 

 

Schloter, M., Munch, J.C. and Tittarelli, F. 2006. Managing soil quality [Electronic 

version]. In Microbiological Methods for Assessing Soil Quality, ed. J. Bloem, 

D.W. Hopkins and A. Benedetti, pp. 50-61. UK: CABI Publishing. 

 

Schoenholtz, S.H., Miegroet, H.V. and Burger, J.A. 2000. A review of chemical and 

physical properties as indicators of forest soil quality: challenges and 

opportunities [Electronic version]. Forest Ecology and Management 138: 335-

356. 

 

Scow, K.M. and Werner, M.R. 1998. Soil Ecology [Electronic version]. In Cover 

Cropping in Vineyards: a grower’s handbook, ed. C.A. Ingels, R.L. Bugg, G.T. 

McGourty, and L.P. Christensen, pp. 69-79. California: Agriculture and 

Natural Resources.  

 

Shannon, C.E., and Weaver, W. 1964. The Mathematical Theory of Communication 

[Electronic version]. Chicago: University of Illinois. 

 

Sheffield, V.C., Cox, D.R., Lerman, L.S. and Myers, R.M. 1989. Attachment of a 40-

base-pair G+C rich sequence (GC-clamp) to genomic DNA fragments by the 

polymerase chain reaction results in improved detection of single-base 

changes [Electronic version]. Proceedings of National Academic Sciences 86: 

232-236. 

 

Shimano, S., Sambe, M. and Kasahara, Y. 2012. Application of nested PCR-DGGE 

(denaturing gradient gel electrophoresis) for the analysis of ciliate 

communities in soils [Electronic version]. Microbes and Environment 27: 136-

141.  

 

Sigala-Regalado, I., Mayén-Estrada, R. and Morales-Malacara, J.B. 2011. Spatial and 

temporal distribution of protozoa at Cuela de Los Riscos, Querétaro, México. 

Journal of Cave and Karst Studies 73: 55-62. 

 

Singh, D. K. 2002. Bioremediation of hazardous ethylenebisdithiocarbamate (EBDC) 

fungicides [Electronic version]. In Biotransformations: Bioremediation 

Technology for Health and Environmental Protection (Progress in Industrial 

Microbiology Volume 36), ed. R.D. Stapleton Jr. and V.P. Singh, pp. 573-582. 

The Netherlands: Elsevier Science.  

 

Singh, O.A., Tiwari, O.N., Laxmipriya, K., Devi, S.D. and Singh, M.R. 2009. 

Cyanobacterial ecology and molecular approaches for biodiversity analysis 

[Electronic version]. In Algal Biology and Biotechnology, ed. J.I.S. Khattar, 

D.P. Singh and G. Kaur, pp.29. India: I.K. International. 

© C
OPYRIG

HT U
PM



81 

 

Smith, N.R., Kishchuk, B.E. and Mohn, W.W. 2008. Effects of wildfire and harvest 

disturbances on forest soil bacterial communities. Applied and Environmental 

Microbiology 74: 216-224. 

 

Smith, P.J., McVeagh, S.M., Hulston, D., Anderson, S.A. and Gublin, Y. 2009. DNA 

identification of ciliates associated with disease outbreaks in a New Zealand 

marine fish hatchery [Electronic version]. Diseases of Aquatic Organisms 86: 

163-167. 

 

Simpson, E.H. 1949. Measurement of diversity [Electronic version]. Nature 163: 688. 

 

Stenberg, B. 1999. Monitoring Soil Quality of Arable Land: Microbiological Indicators 

[Electronic version]. Acta Agriculturae Scandinavica, Section B – Soil & Plant 

Science 49: 1-24. 

 

Taddese, G. 2001. Land degradation, a challenge to Ethiopia [Electronic version]. 

Environmental Management 27: 815-824.  

 

Tamura, K., Stecher, G., Peterson, D., Filipski, A. and Kumar, S. 2013. MEGA6: 

Molecular Evolutionary Genetics Analysis Version 6 [Electronic version]. 

Molecular Biology and Evolution 30: 2725-2729. 

 

Teoh, C.H. 2000. Land Use and the Oil Palm Industry in Malaysia: abridged report 

produced for the WWF forest information system database. WWF: Kuala 

Lumpur. 

 

Teoh, C.H. 2010. Key Sustainability Issues in the Palm Oil Sector: a discussion paper 

for multi-stakeholders consultations (commissioned by the World Bank 

Group). Retrieved 28 February 2013 from http://siteresources.worldbank.org/ 

INTINDONESIA/Resources/2262711170911056314/Discussion.Paper_palmo

il.pdf 

 

Thomas, R., Ayarza, M.A., Neufeldt, H., Westerhof, R. and Zech, W. 1999. General 

conclusions [Electronic version]. In Sustainable Land Management for the 

Oxisols of the Latin American Savannas: dynamics of soil organic matter and 

indicators of soil quality, ed. R. Thomas, and M.A. Ayarza, pp. 218. Colombia: 

CIAT. 

 

Tortora, G.J., Funke, B.R. and Case, C.L. 2004. Microbiology: an introduction (8
th

 ed), 

pp. 352-774. USA: Pearson Education Inc. 

 

Torsvik, V. and Øvreås, L. 2007. Microbial Phylogeny and Diversity in Soil. In 

Modern Soil Microbiology (2
nd

 Ed), ed. J.D. Van Elsas, J.K. Jansson and J.T. 

Trevors, pp. 23-54. USA: CRC Press. 

 

Turner E.C., Snaddon J.L., Ewers R.M., Fayle T.M. and Foster W.A. 2011. The impact 

of oil palm expansion on environmental change: putting conservation research 

in context [Electronic version]. In Environmental Impact of Biofuels, ed. 

M.A.D.S. Bernardes, pp. 19-40. Croatia: InTech Press. 

 

© C
OPYRIG

HT U
PM

http://siteresources.worldbank.org/


82 

 

Unilever, 2003. Sustainable palm oil: good agricultural practice guidelines. Retrieved 

12 March 2012 from 

http://www.unileveralgerie.com/Images/Sustainablepalmoil 

GoodAgriculturalPracticeGuidelines2003_tcm204-5316.pdf 

 

United Nations. 2004. World population to 2300 [Electronic version]. Population 

Division of Department of Economic and Social Affairs: New York.  

 

United States Census Bureau (USCB). 2012. World POPclock projection. Retrieved 6 

May 2012 from http://www.census.gov/population/popclockworld.html 

 

United States Department of Agriculture (USDA). 2014. Oil Seeds: world markets and 

trade [Electronic version]. Foreign Agricultural Service: Washington, DC. 

 

USDA-NRCS, 1996. Indicators for soil quality evaluation. Retrieved 6 July 2012 from 

http://soils.usda.gov/sqi/publications/files/sq_thr_2.pdf 

 

USDA-NRCS, 1999. Soil biology primer. Retrieved 20 September 2013 from 

http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/biology/ 

 

USDA-NRCS, 2001a. Soil quality – introduction. Retrieved 6 March 2010 from 

http://soils.usda. gov/sqi/publications/publications.html 

 

USDA-NRCS, 2001b. Soil quality test kit guide. Retrieved 15 July 2013 from 

http://soils.usda.gov/sqi/assessment/files/test_kit_complete.pdf 

 

USDA-NRCS, 2008. Soil quality physical indicators: selecting dynamic soil properties 

to assess soil function. Retrieved 24 July 2013 from http://soils.usda.gov/ 

sqi/publications/files/sq_tn_10.pdf 

 

Vadakattu, G. and Paterson, J. 2004. Protozoa fight bad bugs to reduce plant disease 

[Electronic version]. Farming Ahead 154: 36. 

 

Vargas, R. and Hattori, T. 1990. The distribution of protozoa among soil aggregates 

[Electronic version]. FEMS Microbiology Ecology 74: 73-78. 

 

Walls, M. 2006. Agriculture and Environment. Retrieved 11 January 2013 from 

http://ec.europa.eu/research/agriculture/scar/pdf/scar_foresight_environment_e

n.pdf 

 

Wang, Q., Garrity, G.M., Tiedje, J.M. and Cole, J.R. 2007. Naïve Bayesian Classifier 

for rapid assignment of rRNA sequences into the new bacterial taxonomy 

[Electronic version]. Applied and Environmental Microbiology 73: 5261-5267. 

 

Winding, A., Hund-Rinke, K. and Rutgers, M. 2005. The use of microorganisms in 

ecological soil classification and assessment concepts [Electronic version]. 

Ecotoxicology and Environmental Safety 62: 230-248. 

 

Yaeger, R.G. 1996. Protozoa: structure, classification, growth and development 

[Electronic version]. In Medical Microbiology (4
th
 ed), ed. S. Baron, chap. 77. 

Texas: University of Texas Medical Branch at Galveston.    

© C
OPYRIG

HT U
PM

http://soils.usda.gov/


83 

 

Yusof, B. 2007. Palm oil production through sustainable plantations [Electronic 

version]. European Journal Lipid Science and Technology 109: 289-295. 

 

Yusof, B. and Chan, K.W. 2004. The oil palm and its sustainability [Electronic version]. 

Jounal of Oil Palm Research 16 (1): 1-10.  

 

Zhang, S., Cao, Z., Cheng, Y. and Zhang, G. 2012. Change of soil protozoa community 

structure under different farming practices [Electronic version]. Journal of 

Animal and Veterinary Advances 11: 3140-3147.  

 

Zhao, F., Xu, F. and Zhang, D. 2013. Spatio-temporal variations in the molecular 

diversity of microeukaryotes in particular ciliates in soil of the Yellow River 

Delta, China [Electronic version]. Journal of Eukaryotic Microbiology 60(3): 

282-290. 

© C
OPYRIG

HT U
PM



93 

 

BIODATA OF STUDENT 

 

 

The student, Lee Ting Ting was born in Bintulu, Sarawak in 1984. She received her 

primary education at Sekolah Rendah Bantuan St. Anthony from 1991 until 1996. Then, 

she continued her secondary education at Sekolah Menengah Kebangsaan Bintulu until 

2003. After receiving the STPM certificate in 2004, she pursued the Bachelor of 

Science in Plant Technology at Universiti Sabah Malaysia. Her final year project was 

on ‘Isolation of Novel Dinucleotide Tandem Repeat Sequences from the Pineapple 

Genome’ and she received her Bachelor’s degree of Science with Honours in 2007. 

During her short-term industrial training at Sarawak Biodiversity Centre, she completed 

a miniproject on ‘Microtiter Plate Antifungal Antibiotics Profiling and Antifungal 

Activity Screening’. In 2011, she pursued Master’s degree of Science (Microbiology) at 

Universiti Putra Malaysia Bintulu campus.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



94 

 

LIST OF PUBLICATIONS 

 

 

Lee Ting Ting, Wong Sing King, Lau Wei Hong and Siti Ramlah Ahmad Ali. 2014. 

Molecular diversity of soil ciliates in Borneo Tropical Secondary Forests. 

International Journal of Applied Environmental Sciences 9(4): 2141-2158.  

 

Lee Ting Ting, Wong Sing King, Lau Wei Hong and Siti Ramlah Ahmad Ali. 2015. 

New Combination of Primer Pairs for PCR-DGGE Detection of Soil Ciliates. 

Malaysia Applied Biology 44(4): 67-72. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 © C
OPYRIG

HT U
PM


	TITLE 222
	ISI
	CHAPTER 1_finalize
	CHAPTER 3_finalize
	CHAPTER 4_finalize
	CHAPTER 5_finalize
	REFERENCES
	BIODATA_finalize
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	CHAPTER 2_finalize
	LAST CHAPTER
	APPENDICES_finalize
	LAST APPENDICES




