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Sewage sludge and livestock manure are being produced in great quantity 
on a daily basis. Improper disposal of these wastes would cause adverse 
effects on the environment and human health. Vermitechnology can be 
used to manage and recycle these wastes to organic fertilizers for crop 
production. The objectives of this study were to: 1) determine the potential 
of earthworm to convert sewage sludge into vermicompost, 2) compare 
the chemical properties of sewage sludge vermicompost with livestock 
manure vermicompost, 3) determine the effects of sewage sludge and 
livestock manure vermicompost on yield, biomass and nutrient uptake of 
maize (Zea mays), 4) determine the effects of sewage sludge and 
livestock manure vermicompost on heavy metal accumulation in the soil 
and plant, and 5) assess economic potential of substituting mineral 
fertilizer with vermicompost in maize cultivation. 
 
Sewage sludge (SS), cattle manure (CM) and goat manure (GM) were 
subjected to pre-composting for 15 days prior to vermicomposting for 
another 30 days. Earthworm number and biomass were recorded before 
and after vermicomposting. Vermicompost produced was evaluated as a 
fertilizer for maize (Zea mays) cultivation. The experimental design was a 
randomized complete block design (RCBD) with three replications 
(blocks). Treatments involved mixture of vermicompost (VC) and mineral 
fertilizer (MF) in the following ratios of VC and MF: 100% VC (T1 for SS 
VC, T5 for CM VC and T9 for GM VC), 75:25 (T2 for SS VC, T6 for CM 
VC and T10 for GM VC), 50:50 (T3 for SS VC, T7 for CM VC and T11 for 
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GM VC), 25:75 (T4 for SS VC, T8 for CM VC and T12 for GM VC), and 
100% MF (T13) along with T14 (without fertilizer) as control. Standard 
laboratory procedures were used to determine chemical properties of 
vermicompost and soil. Nutrient uptake (N, P, and K) and heavy metals 
(Pb, Cd, Cu and Zn) content in the plant tissues were also measured. 
Data collected were statistically analysed using analysis of variance 
(ANOVA) followed by Duncan‟s new multiple range test (DNMRT) for 
mean comparison.  
 
Earthworm growth performance was significantly low in the sewage 
sludge compared to the livestock manure due to the high amounts of NH4 
(1736.07 ppm), low pH (5.22) and low C/N ratio (6.64) at the beginning of 
vermicomposting process. Sewage sludge vermicompost contained 
significantly higher amount of total N, exchangeable NH4, total and 
available P and exchangeable Ca compared to livestock manure 
vermicompost. Vermicompost produced in this study was considered safe 
to be used in maize cultivation due to the lower heavy metal content than 
the maximum permissible limits. 
 
The fresh yield of maize from sewage sludge vermicompost based 
treatments was not significantly different compared to the livestock 
manure vermicompost based treatments. Combined application of 25% 
and 50% vermicompost with mineral fertilizer (T3, T4, T7, T8 and T12) 
produced no significant difference in fresh yield and plant biomass as 
compared to 100% mineral fertilizer (T13). Nitrogen uptake in these 
treatments was also not significantly different. Significant increase of Pb 
(28.57 mg kg-1) and Cd (1.03 mg kg-1) in the soil at harvest were recorded 
in T13. However, heavy metal content in the soil and plant tissues for all 
treatments did not exceed the standard permissible limits. Substitution of 
50% mineral fertilizer with vermicompost was economically viable due to 
the increase in total net benefit at 4.87% (RM162.52) and the benefit-cost 
ratio from 2.70 to 2.83 as compared to the 100% mineral fertilizer 
application.  
 
This study has highlighted the potential of sewage sludge and livestock 
manure vermicompost to substitute mineral fertilizers in maize cultivation 
through vermitechnology and biological agriculture concept. However, 
study on the pathogenic aspect of sewage sludge and livestock manure 
vermicompost is necessary to evaluate the possibility of disease 
incidence. 
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MOHD SYAHMI BIN SALLEH 

Februari 2015 

Pengerusi: Professor Dato’ Nik Muhamad Nik Ab. Majid, PhD 
 
Fakulti: Institut Perhutanan Tropika dan Produk Hutan 

 

Sisa enap cemar kumbahan dan tinja haiwan ternakan dihasilkan dalam 
kuantiti yang banyak setiap hari. Pelupusan sisa dengan kaedah yang 
tidak terurus akan menyebabkan kesan buruk terhadap alam sekitar dan 
kesihatan manusia. Vermiteknologi boleh digunakan untuk mengurus dan 
mengitar semula sisa-sisa ini menjadi baja organik untuk pengeluaran 
tanaman. Objektif kajian ini ialah untuk: 1) menentukan potensi cacing 
untuk menukarkan enap cemar kumbahan menjadi vermikompos, 2) 
membandingkan sifat kimia vermikompos enap cemar kumbahan dengan 
vermikompos tinja haiwan ternakan, 3) menentukan kesan penggunaan 
vermikompos enap cemar kumbahan dan tinja haiwan ternakan terhadap 
hasil, jisim bio dan pengambilan nutrien oleh jagung (Zea mays), 4) 
menentukan kesan penggunaan vermikompos enap cemar kumbahan 
dan tinja haiwan ternakan terhadap pengumpulan logam berat di dalam 
tanah dan tumbuhan, dan 5) menilai potensi ekonomi penggantian baja 
mineral dengan vermikompos di dalam penanaman jagung. 
 
Enap cemar kumbahan (SS), tinja lembu (CM) dan tinja kambing (GM) 
telah di pra-kompos selama 15 hari sebelum proses vermikompos selama 
30 hari berikutnya. Bilangan dan jisim bio cacing telah direkodkan 
sebelum dan selepas proses vermikompos. Semua vermikompos yang 
dihasilkan turut diuji untuk menggantikan penggunaan baja mineral bagi 
penanaman jagung (Zea mays). Reka bentuk eksperimen adalah reka 
bentuk blok rawak lengkap (RCBD) dengan tiga replikasi (blok). Rawatan 
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yang terlibat adalah campuran vermikompos (VC) dan baja mineral (MF) 
mengikut nisbah campuran VC dan MF seperti berikut: 100% VC (T1 
untuk SS VC, T5 untuk CM VC dan T9 untuk GM VC), 75:25 (T2 untuk SS 
VC, T6 untuk CM VC dan T10 untuk GM VC), 50:50 (T3 untuk SS VC, T7 
untuk CM VC dan T11 untuk GM VC), 25:75 (T4 untuk SS VC, T8 untuk 
CM VC dan T12 untuk GM VC), dan 100 % MF (T13) dan juga T14 (tanpa 
baja) sebagai kawalan. Prosedur makmal yang piawai telah digunakan 
untuk menentukan kandungan sifat kimia vermikompos dan tanah. 
Pengambilan nutrien (N, P, dan K) dan kandungan logam berat (Pb, Cd, 
Cu dan Zn) di dalam tisu pokok juga turut dianalisa. Semua data yang 
dikumpul telah dianalisa menggunakan analisa varians (ANOVA) diikuti 
dengan ujian DNMRT untuk perbandingan min. 
 
Prestasi pertumbuhan cacing di dalam enapcemar kumbahan adalah 
lebih rendah berbanding tinja haiwan ternakan kerana kandungan NH4 
(1736.07 ppm) yang tinggi, pH yang rendah (pH 5.22) dan nisbah C/N 
(6.64) yang rendah ketika proses vermikompos bermula. Vermikompos 
enap cemar kumbahan mengandungi kepekatan nutrien tumbuhan yang 
lebih tinggi terutamanya jumlah N, NH4, P, dan Ca berbanding dengan 
vermikompos tinja haiwan ternakan. Vermikompos yang dihasilkan di 
dalam kajian ini dianggap selamat untuk digunakan bagi penanaman 
jagung kerana kandungan logam berat yang lebih rendah berbanding had 
maksima yang dibenarkan. 
 
Hasil segar jagung bagi plot rawatan vermikompos enapcemar kumbahan 
tidak menunjukkan perbezaan yang ketara berbanding dengan plot 
rawatan vermikompos tinja haiwan ternakan. Gabungan aplikasi 
vermikompos sebanyak 25% dan 50% dengan baja mineral (T3, T4, T7, 
T8 dan T12) menghasilkan hasil jagung dan biomas pokok yang sama 
berbanding 100% baja mineral (T13). Pengambilan nitrogen di dalam 
rawatan-rawatan ini juga tidak menunjukkan perbezaan yang ketara. 
Peningkatan ketara Pb (28.57 mg kg-1) and Cd (1.03 mg kg-1) di dalam 
tanah semasa tuai telah direkodkan bagi T13. Walaubagaimanapun, 
kandungan logam berat dalam tanah dan tisu tumbuhan untuk kesemua 
rawatan tidak melebihi had standard yang telah ditetapkan. Penggantian 
baja mineral sebanyak 50% dengan vermikompos adalah berdaya maju 
ekoran peningkatan jumlah keuntungan sebanyak 4.87% (RM162.52) dan 
nisbah faedah-kos bagi penanaman jagung dari 2.70 kepada 2.83 
berbanding dengan 100% penggunaan baja mineral. 
 
Kajian ini telah menunjukkan potensi vermikompos enap cemar 
kumbahan dan tinja haiwan ternakan untuk menggantikan baja mineral di 
dalam penanaman jagung menggunakan vermiteknologi dan konsep 
pertanian biologi. Walaubagaimanapun, kajian ke atas aspek patogen 
vermikompos enap cemar kumbahan dan tinja haiwan ternakan adalah 
penting bagi mengukur kemungkinan berlakunya penyebaran penyakit. 
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1 

CHAPTER 1 

 

INTRODUCTION 

 

The daily production of sewage sludge is increasing as population 
increases. According to the national sewerage treatment provider, Indah 
Water Konsortium Sdn. Bhd. (IWK), the national sewage sludge 
production per year is about five million m3 and estimated to increase to 
about seven millions m3 by 2022 (IWK, 2011). IWK is currently facing 
problems in disposing this waste due to the stringent national 
environmental policy on sewage sludge disposal and also the scarcity of 
land for new disposal sites. The common disposal method of landfilling or 
spreading on open lands may cause environmental contamination such as 
heavy metal toxicity and public health hazard (Azizi et al., 2011). Heavy 
metals may enter human food chain and get accumulated in the human 
body that later may cause health problems (Islam et al., 2007). In addition, 
the problem of limited landfill space warrants a practical solution of 
sewage sludge disposal. One of the alternatives is by converting it into a 
value added material for agricultural purposes. In addition, sewage sludge 
is generally known to contain high amounts of essential nutrients for plant 
growth. 
 
The National Meat Policy (ruminant sector) stated that Malaysia is aiming 
to achieve self-sufficiency in meat products from 18% in 2006 to 40% in 
2015 (Department of Veterinary Services, 2006), thus necessitating an 
increase of national livestock production. However, increasing livestock 
production will proportionately increase the amount of livestock waste 
produced. Mokhtar and Chia (2000) reported that in 1999, about 1.4 
million metric tons of wastes were produced from cattle farms. Nurul-Aini 
(2012) estimated that total amount of livestock waste produced on daily 
basis is about 2.3 million metric tons. Livestock waste generally includes a 
mixture of manure and urine of the animals. The Malaysian Third National 
Agricultural Policy has recommended the practice of organic waste 
recycling for sustainable agriculture purposes (Ministry of Agriculture, 
1999). Livestock manure is a common recycled material used as organic 
fertilizer for crop production. However, livestock manure may contain high 
amounts of heavy metals that originated from their food sources such as 
enriched Cu or Zn feed materials (Nicholson et al., 1999). Therefore, 
proper guidelines are required for sustainable use of livestock manure in 
crop production to control the hazards of heavy metals to soil, plants and 
human. 
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2 

Malaysia plans to achieve food sufficiency and security as stated in the 
national agricultural policy namely National Agrofood Policy 2011-2020 
(Ministry of Agriculture, 2011). In order to attain this goal, agriculture 
production needs to be expanded and intensified which require greater 
use of agricultural inputs such as mineral fertilizers. Unfortunately, most of 
the mineral fertilizers are imported. According to the Department of 
Statistics Malaysia, about 1.32 million tons of mineral fertilizers were 
imported into Malaysia in 2001 with incurred cost of about RM1.14 billion 
(US$ 0.3 billion) and increased to US$ 2.96 billion in 2008 (Sabri, 2009). 
The Food and Fertilizer Technology Center in Taiwan also reported that 
the amount of mineral fertilizer consumption in Malaysia has increased 
from 1188 million tons in 2000 to 2101 million tons in 2010 (Lee, 2012). 
As a result of increasing cost of production in crop cultivation due to the 
increase in fertilizer cost, the consumer price index (CPI) for food has also 
increased. Latest consumer price index for food in April 2014 released by 
the Department of Statistics Malaysia shows an increase of 3.6% as 
compared to April 2013. If this continues, the food prices will increase and 
subsequently lead to additional burden especially the needy and poorer 
citizens. In addition, continuous and excessive use of mineral fertilizers in 
crop production will cause degradation of agricultural soils and 
environmental pollution such as heavy metal contamination, 
eutrophication, greenhouse gas emission and nitrate contamination which 
may affect human health. 
 
The concept of biological agriculture has been recently introduced as an 
alternative solution. According to the International Federation of Organic 
Agriculture Movement (IFOAM), “biological agriculture is an ecologically, 
socially and economically sustainable agricultural production system 
which combines tradition, innovation and science to sustain and enhance 
soil health and fertility, maximizing yield and production at the same time 
minimizing the negative effects on the environment and human health 
thus promoting a sustainable relationship and a good quality of life for the 
entire ecosystem” (IFOAM, 2014). In this context, the integrated use of 
organic fertilizers produced from organic wastes such as sewage sludge 
and livestock manure with mineral fertilizers for agricultural production is 
recommended. 
 
Although developed countries such as the United States of America and 
the European community have successfully used sewage sludge to 
substitute mineral fertilizer for crop production, similar approach has yet to 
be practiced in Malaysia. In fact, the developed countries have been 
conducting research for the past 30 years on the use of sewage sludge in 
agriculture including the use of earthworms to convert sewage sludge into 
organic fertilizer for crop production. This approach is known as 
vermitechnology. According to Sinha et al. (2009), vermitechnology 
includes two components mainly vermicomposting and vermi-agro-
production. Vermicomposting is a non-thermophilic accelerated biological 
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degradation process of organic wastes through a joint action of 
earthworms and microorganisms (Arancon et al., 2005). The end product 
of the process called vermicompost is a combination of earthworm cast 
and naturally decomposed organic materials. Vermi-agro-production 
involves the utilization of vermicompost for crop production. 
Vermicompost could function as an organic fertilizer and also as soil 
amendment to improve soil fertility. 
 
In the context of promoting biological agriculture practice and sustainable 
management of sewage sludge and livestock manure through the 
application of vermitechnology in Malaysia, this research was conducted 
to evaluate the potential of sewage sludge and livestock manure 
vermicompost  to substitute mineral fertilizer in crop production. 
 
The specific objectives of this study were to: 

(i) determine the potential of earthworm to convert sewage 
sludge into vermicompost, 

(ii) compare the chemical properties of sewage sludge 
vermicompost with livestock manure vermicompost, 

(iii) determine the effects of sewage sludge and livestock manure 
vermicompost on yield, biomass and nutrient uptake of maize 
(Zea mays L.), 

(iv) determine the effects of sewage sludge and livestock manure 
vermicompost on heavy metal accumulation in the soil and 
maize, 

(v) assess the economic potential of substituting mineral fertilizer 
with vermicompost in maize cultivation. 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

  

72 
 

REFERENCES 

 

Abdul Jalil, M. (2010). Sustainable Development in Malaysia: A Case Study on Household 
Waste Management. Journal of Sustainable Development. 3(3): 91-102. 

Adams, M.L., Zhao, F.J., McGrath, S.P., Nicholson, F.A. and Chambers, B.J. (2004). 
Predicting cadmium concentrations in wheat and barley grain using soil properties. 
Journal of Environmental Quality. 33: 532-541. 

Ahmed, O.H., Hussin, A., Ahmad, H.M.H., Jalloh, M.B., Abd-Rahim, A. and Majid, N.M.A. 
(2009). Enhancing the Urea-N Use Efficiency in Maize (Zea mays) Cultivation on 
Acid Soils using Urea Amended with Zeolite and TSP. American Journal of Applied 
Sciences. 6(5): 829-833. 

Alloway, B.J. (1995). Heavy Metals in Soils, 2
nd

Edition. Glasgow: Blackie. 

Arancon, N.Q., Edwards, C.A., Bierman, P., Metzger, J.D. and Lucht, C. (2005). Effects of 
vermicomposts produced from cattle manure, food waste and paper waste on the 
growth and yield of peppers in the field. Pedobiologia. 49:297-306. 

Atiyeh, R.M., Dominguez, J., Subler, S. and Edwards, C.A. (2000). Changes in biochemical 
properties of cow manure during processing by earth- worms (Eisenia andrei 
Bouche) and the effects on seedling growth. Pedobiologia. 44: 709–724. 

Avci, H. and Deveci, T. (2013). Assessment of trace element concentrations in soil and 
plants from cropland irrigated with wastewater. Ecotoxicology and Environmental 
Safety. 98: 283–291. 

Azizi, A.B., Mahmood, N.Z., Teixeira da Silva, J.A., Abdullah, N. and Jamaludin, A.A. 
(2011). Vermicomposting of Sewage Sludge by Lumbricus rubellus Using Spent 
Mushroom Compost as Feed Material : Effect on Concentration of Heavy Metals. 
Biotechnology and Bioprocess Engineering. 16: 1036–1043.  

Benitez, E., Nogales, R., Masciandro, G. and Ceccanti, B. (2000). Isolation by isoelectric 
focusing of humic-urease complexes from earthworm (Eisenia foetida) processed 
sewage sludges. Biology and Fertility of Soils. 31: 489-493. 

Boardman, A.E., Greenberg, D.H., Vining, A.R. and Weimer, D.L. (1996). Cost Benefit 
Analysis: Concepts and Practice. Upper Saddle River, NJ: Prentice Hall. 

Bozkurt, M.A., Akdeniz, H., Keskin, B. and Yilmaz, I.H. (2006). Possibilities of using sewage 
sludge as nitrogen fertilizer for maize. Acta Agriculturae Scandinavica, Section B – 
Soil & Plant Science. 56(2): 143-149. 

Bray, R.H. and Kurtz, L.T. (1945). Determination of total, organic, and available forms of 
phosphorus in soils. Soil Science. 59: 39-45. 

Brinton, W.F. (2000). Compost Quality Standards and Guidelines. New York: Woods End 
Research Laboratory Inc.  

Buchanan, M.A., Russell, E. and Block, S.D. (1988). Chemical characterization and nitrogen 
mineralization potential of vermicompost derived from differing organic wastes. In 
C.A. Edwards and E.F. Neuhauser. Earthworm in environmental and waste 
management (pp. 231-240). The Netherlands: SPB Academic Publishing.    



© C
OPYRIG

HT U
PM

  

73 
 

Chanda, G.K., Bhunia, G. and Chakraborty, S.K. (2011). The effect of vermicompost and 
other fertilizers on cultivation of tomato plants. Journal of Horticulture and Forestry. 
3(2): 42-45. 

Chaney, R. L. (1983). Zn phytotoxicity. In: A.D. Robson. Zinc in Soils and Plants (pp. 118). 
Boston: Kluwer Academic Publishers. 

Chaudhuri, P.S. (2007). Vermicomposting as Biotechnology for Conversion of Organic 
Wastes into Organic Fertilizer and Animal Protein. In S.M. Singh.Earthworms for 
Solid Waste Management (pp. 75-87). Lucknow: International Book Distributing Co. 

Chaudhuri, P.S., Pal, T.K., Bhattacharjee, G. and Dey, S.K. (2003). Rubber leaf litter (Hevea 
brasiliensis, var RRIM 600) as vermiculture substrate for epigeic earthworms, 
Perionyx excavates, Eudrilus eugeniae and Eisenia fetida. Pedobiologia. 47: 796-
800.  

Chefetz, B., Hatcher, P.G., Hadar, Y. and Chen, Y. (1996). Chemical and biological 
characterization of organic matter during composting of municipal solid waste. 
Journal of Environmental Quality. 25: 776-785. 

Cheng, S.F. and Huang, C.Y. (2006). Influence of Cadmium on Growth of Root Vegetable 
and Accumulation of Cadmium in the Edible Root. International Journal of Applied 
Science and Engineering. 3: 243-252. 

Cole, D., Todd, L. and Wing, S. (2000). Concentrated Swine Feeding Operations and Public 
Health: A Review of Occupational and Community Health Effects. Environmental 

Health Perspectives. 108(8): 685-699. 

Cottenie, A. (1980). Soil and plant testing as a basis of fertilizer recommendations: FAO. 
Soils Bulletin 38/2. Rome: Food and Agriculture Organization of the United Nations 
(FAO). 

Davis, D.R. (2009). Declining Fruit and Vegetable Nutrient Composition: What Is the 
Evidence?. HortScience. 44(1): 15-19. 

Devi, K.N., Singh, T.B., Athokpam, H.S., Singh, N.B. and Shamurailatpam, D. (2013). 
Influence of inorganic, biological and organic manures on nodulation and yield of 
soybean (Glycine max Merril L.) and soil properties. Australian Journal of Crop 
Science (AJCS). 7(9): 1407-1415. 

Domínguez, J. and Aira, M. (2012). Twenty years of the earthworm biotechnology research 
program at the University of Vigo, Spain. International Journal of Environmental 
Science and Engineering Research (IJESER). 3(2):1-7. 

Dominguez, J., Edwards, C.A. and Subler, S. (1997). A comparison of vermicomposting and 
composting methods to process animal wastes. Biocycle. 5: 57-59. 

Dube, A., Zbytniewski, R., Kowalkowski, T., Cukrowska, E. and Buszewski, B. (2001). 
Adsorption and Migration of Heavy Metals in Soil. Polish Journal of Environmental 
Studies. 10( 1): 1-10. 

Duriasamy, V.P., Subramaniam, K.S., Chitdeshwari, T. and Singh, M.V. In Seasonal and 
temporal changes in heavy metal pollution in sewage and their impacts on soil 
quality, Proceedings of the International Conference on Water and Environment 
(WE 2003), Bhopal, December 15-18, 2003. Singh, V.P. and Yadava, R.N. Ed.; 
Allied Pub. Pvt. Ltd.: New Delhi, 2003. 



© C
OPYRIG

HT U
PM

  

74 
 

Edwards, C.A. (2007). Earthworm ecology 2
nd

 edition. Florida: CRC Press, Taylor and 
Francis Group. 

Edwards, C.A., Subler, S. and Arancon, N. (2011). Quality Criteria for Vermicomposts. In 
C.A. Edwards, N.Q. Arancon and R. Sherman. Vermiculture Technology: 
Earthworms, Organic Wastes, and Environmental Management (pp.287-334). Boca 
Raton: CRC Press. 

Elvira, C., Sampedro, L., Benitez, E. and Nogales, R. (1998).     Vermicomposting of 
sludges from paper mill and dairy industries with Eisenia andrei: A pilot-scale study. 
Bioresource Technology. 63: 205-211. 

Eneji, A.E., Honna, T., Yamamoto, S., Masuda, T., Endo, T. and Irshad, M. 2003. The 
relationship between total and available heavy metals in composted manure. 
Journal of Sustainable Agriculture. 23(1): 125-134. 

Fertilizer use by crop in Malaysia; Food and Agriculture Organization of the United Nations: 
Rome, 2004. 

Food additives and contaminants; Joint FAO/WHO Food Standards Program 2001; 
ALINORM 01/12A:1-289. Codex Alimentarius Commission (FAO/WHO): Rome, 
2001.  

Garg, P., Gupta, A. and Satya, S. (2006). Vermicomposting of different types of waste using 
E. foetida: A comparative study. Bioresource Technology. 97: 391-395. 

 

Giraddi, R.S., Tippannavar, P.S., and Kulkarni, K.A. Utilization of peregrine earthworm, 
Eudrilus eugeniae (Kinberg) for bioconversion of agriculture, animal and agro-
industrial wastes into organic manure. Paper presented at the 6th International 
Symposium on earthworm Ecology, Cardiff University, Wales, United Kingdom. 
Sept. 1-6, 2002. 

Gobi, M., and Vijayalakshmi, G.S. (2007). Biomanagement of Paper Mill Sludge using 
Vermitech and its Field Application. In Singh, S.M. Earthworms for Solid Waste 
Management (pp. 199-206). Lucknow: International Book Distributing Co. 

Grim, R.E. (1968).Clay minerals 2
nd

 edition. McGraw-Hill Book Co., New York. 

Huang, S.W. and Jin, J.Y. (2008). Status of heavy metals in agricultural soils as affected by 
different patterns of land use. Environmental Monitoring and Assessment. 139(1-3): 
317-327. 

International Federation of Organic Agriculture Movement (IFOAM), (2014). Definition of 
Organic Agriculture, http://www.ifoam.org/en/organic-landmarks/definition-organic-
agriculture (accessed Jan. 14, 2014). 

Islam, E., Yang, X., He, Z. and Mahmood, Q. (2007). Assessing potential dietary toxicity of 
heavy metals in selected vegetables and food crops. Journal of Zhejiang University 
Science B. 8(1):1-13. 

Ismail, M.H. and Junusi, R.M. (2009). Determining and Mapping Soil Nutrient Content Using 
Geostatistical Technique in a Durian Orchard in Malaysia. Journal of Agricultural 
Science. 1(1): 86-91. 

http://www.ifoam.org/en/organic-landmarks/definition-organic-agriculture
http://www.ifoam.org/en/organic-landmarks/definition-organic-agriculture


© C
OPYRIG

HT U
PM

  

75 
 

Jimenez, R.R. and Ladho, J.K. (1993). Automated elemental analysis: A rapid and reliable 
but expensive measurement of total carbon and nitrogen in plant and soil samples. 
Communications in Soil Science and Plant Analysis. 24(15– 16): 1897– 1924. 

Jones, C.A., Koenig, R.T., Ellsworth, J.W., Brown, B.D. and Jackson, G.D. (2007). 
Management of Urea Fertilizer to Minimize Volatilization. Bozeman: Montana State 
University Extension Service.  

Jones, J.B. Jr. (2001). Laboratory Guide for Conducting Soil Tests and Plant Analysis. 
Florida: CRC-Press LLC. 

Kabata-pendias, A. and Pendias, H. (2001). Trace elements in soil and plants. Florida: 
C.R.C. Press. 

Kaji, M. (2012). Role of experts and public participation in pollution control: the case of Itai-
itai disease in Japan. Ethics in Science and Environmental Politics. 12: 99-111. 

Kala, D.R., Rosenani, A.B., Fauziah, C.I., Ahmad, S.H., Radziah, O. and Rosazlin, A. 
(2011). Commercial Organic Fertiizers and their Labeling in Malaysia. Malaysian 
Journal of Soil Science. 15: 147-157. 

Kale, R.D. (1998). Earthworm-Cinderella of organic farming. Bangalore: Prism Book Pvt. 
Ltd. 

Kale, R.D. (2007). Vermitechnology: A biological device for solid waste management. In 
S.M. Singh. Earthworms for Solid Waste Management (pp. 1-15). Lucknow: 
International Book Distributing Co. 

Kaur, K., Kapoor, K.K. and Gupta, A.P. (2005). Impact of organic manures with and without 
mineral fertilizers on soil chemical and biological properties under tropical 
conditions. Journal of Plant Nutrition and Soil Science. 168: 117–122. 

Kawabe, E. What is Biological Farming System, In Toward Sustainable Farming, by farmers 
for farmers, Proceedings of the 1st National Conference on Biological farming 
Systems, Rotorua, October 27-28, 2011. Magesan, G. Ed.; Rotorua Lakes and 
Land Trust: New Zealand, 2011. 

Keeney, D.R. and Nelson, D.W. (1982). Nitrogen-Inorganic Forms. In A.L. Page, D.R. 
Keeney, D.E. Baker, R.H. Miller, R.J. Ellis and J.D. Rhoades. Methods of Soil 
Analysis, Part 2 - Chemical and Microbiological Properties, 2

nd
 edition of Agronomy 

Monograph 9 (pp. 643-698).  Wisconsin: American Society of Agronomy Inc. and 
Soil Science Society of America Inc. 

Keramati, S., Hoodaji, M. and Kalbasi, M. (2010). Effect of biosolids application on soil 
chemical properties and uptake of some heavy metals by Cercis siliquastrum. 
African Journal of Biotechnology. 44(9): 7477-7486. 

Khwairakpam, M. and Bhargava, R. (2009). Vermitechnology for sewage sludge recycling. 
Journal of Hazardous Materials. 161: 948–954. 

Lazcano, C., Gómez-Brandón, M. and Domínguez, J. (2008). Comparison of the 
effectiveness of composting and vermicomposting for the biological stabilization of 
cattle manure. Chemosphere. 72: 1013–1019. 

Lazcano, C., Revilla, P., Malvar, R.A. and Dominguez, J. (2011). Yield and fruit quality of 
four sweet corn hybrids (Zea mays) under conventional and integrated fertilization 
with vermicompost. Journal of the Science of Food and Agriculture. 91: 1244–1253. 



© C
OPYRIG

HT U
PM

  

76 
 

Lee, H.K. (2012). Major Agricultural Statistics in the Asian and Pasific Region. Taipei: Food 
& Fertilizer Technology Center, Taiwan.  

Li, J.T., Zhong, X.L., Wang, F. and Zhao, Q.G. (2011). Effect of poultry litter and livestock 
manure on soil physical and biological indicators in a rice-wheat rotation system. 
Plant, Soil and Environment. 57(8): 351-356. 

Liphadzi, M.S. and Kirkham, M.B. (2006). Physiological Effects of Heavy Metals on Plant 
Growth and Function. In B. Huang. Plant-Environment Interactions (pp. 243). 
Florida: CRC Press. 

Liu, J.Y. and Sun, S.Y. (2013). Total concentrations and different fractions of heavy metals 
in sewage sludge from Guangzhou, China. Transactions of Nonferrous Metals 
Society of China. 23: 2397−2407. 

Loh, T. C., Lee, Y. C., Liang, J. B. and Tan, D. (2005). Vermicomposting of cattle and goat 
manures by Eisenia foetida and their growth and reproduction performance. 
Bioresource technology. 96: 111–114. 

Luo, L., Ma, Y.B., Zhang, S.Z., Wei, D.P. and Zhu, Y.G. (2009). An inventory of trace 
element inputs to agricultural soils in China. Journal of Environmental Management. 
90: 2524-2530. 

Malaysian Food Act 1983 and Food Regulations 1985 (Amendments up to Feb. 1996); MDC 
Publishers Printers Sdn. Bhd.: Malaysia, 1996. 

Maliwal, G.L. and Patel, K.P. (2011). Heavy metals in soils and plants. Udaipur: Agrotech 
Publishing Academy.  

Matos, G.D. and Arruda, M.A.Z. (2003). Vermicompost as an adsorbent for removing metal 
ions from laboratory effluents. Process Biochemistry. 39(1): 81–88. 

McBride, M., and Spiers, G. (2001). Trace element content of selected fertilizers and dairy 
manures as determined by ICP-MS. Communications in Soil Science and Plant 
Analysis. 32(1-2): 139-156. 

McGrath, S.P., and Cunliffe, C.H. (1985). A simplified method for the extraction of metals 
Fe, Zn, Cu, Ni, Cd, Pb, Cr, Co and Mn from soil and sewage sludge. Journal of the 
Science of Food and Agriculture. 36: 794-798. 

Mendes, A.M.S., Duda, G.P., Nascimento, C.W.A. and Silva, M.O. (2006). Bioavailability of 
cadmium and lead in a soil amended with phosphorus fertilizers. Scientia Agricola. 
63(4): 328-332. 

Mengel, K., Kirkby, E.A., Kosegarten, H. and Appel, T. (2001). Principles of Plant Nutrition 
5

th
 edition. Netherlands: Kluwer Academic Publishers. 

Misra, A. (2007). Role of earthworms in converting domestic organic wastes with special 
reference to local species. In S.M. Singh. Earthworms for Solid Waste Management 
(pp. 89-112). Lucknow: International Book Distributing Co. 

Mokhtar, I., and Chia S.P. Livestock Pollution and Control in Sabah.  In Towards sustainable 
development in the new millennium, Proceedings of The First Sarawak-Sabah 
Environmental Convention, Kuching, Sarawak, June 29-30, 2000. Natural 
Resources and Environment Board (NREB) Sarawak Ed.; Department of 
Environment Sarawak: Kuching, 2000.  



© C
OPYRIG

HT U
PM

  

77 
 

Mucheru-Muna, M., Mugendi, D., Kung’u, J., Mugwe, J. and Bationo, A. (2007). Effects of 
organic and mineral fertilizer inputs on maize yield and soil chemical properties in a 
maize cropping system in Meru South District, Kenya. Agroforestry Systems. 69: 
189–197. 

Muriuki, A.W., Kibunja, C.N. and Gikonyo, E.W. (2002). Effects of Organic and Mineral 
Fertilizers on Maize and Bean Yields. Nairobi: National Agricultural Research 
Laboratories. 

Nair, J., Sekiozoic, V. and Anda, M. (2006). Effect of pre-composting on vermicomposting of 
kitchen waste. Bioresource Technology. 97: 2091-2095. 

National Agrofood Policy (2011-2020); Ministry of Agriculture and Agro Based Industry 
Malaysia: Putrajaya, 2011. 

National Meat Policy (ruminant sector); Department of Veterinary Services, Ministry of 
Agriculture and Agro Based Industry Malaysia:Putrajaya, 2006. 

National sewage sludge survey: Availability of information and data, and anticipated impacts 
on proposed regulations; United States Environmental Protection Agency: 
Washington, 1990. 

Ndegwa, P.M. and Thompson, S.A., (2000). Effects of C to N ratio on vermicomposting of 
biosolids. Bioresource Technology. 75: 7-12. 

Ndegwa, P.M., Thompson, S.A. and Das, K.C. (2000). Effects of stocking density and 
feeding rate on vermicomposting of biosolids. Bioresource Technology. 71: 5-12. 

Nicholson, F.A., Chambers, B.J., Williams, J.R. and Unwin, R.J. (1999). Heavy metal 
contents of livestock feeds and animal manures in England and Wales. Bioresource 
Technology. 70: 23-31. 

Nurul-Aini, M.Y., Ibrahim C.E., Siti-Salmiyah, T., Syed-Hussein, S.A. and Kamaruddin, D. 
(2012). Small-scale biogas plant in a dairy farm. Malaysian Journal of Veterinary 
Research. 3(1): 49-54. 

O’Connor, G.A., Sarkar, D., Brinton, S.R., Elliot, H.A. and Martin, F.G. (2004). 
Phytoavailability of biosolids phosphorus. Journal of Environmental Quality. 33: 703-
712. 

Palanivell, P., Susilawati, K., Ahmed, O. H. and Nik Muhamad, A.M. (2013). Effects of crude 
humin and compost produced from selected waste on Zea mays growth, nutrient 
uptake and nutrient use efficiency. African Journal of Biotechnology. 12(13): 1500-
1507. 

Palm, C.A., Myers, R.J.K. and Nandwa, S.M. (1997). Organic–inorganic nutrient interactions 
in soil fertility replenishment. In R.J. Buresh, P.A. Sanchez and F. Calhoun. 
Replenishing soil fertility in Africa (pp. 193–218). Madison: Soil Science Society of 
America. 

Palta, R.K. and Bhatnagar, R.K. (2007). Vermiculture: A technology to manage solid wastes. 
In S.M. Singh. Earthworms for Solid Waste Management (pp. 17-50). Lucknow: 
International Book Distributing Co. 

Paramananthan, S. (2000). Soils of Malaysia: Their Characteristics and Identification Vol. 1. 
Kuala Lumpur: Akademi Sains Malaysia. 



© C
OPYRIG

HT U
PM

  

78 
 

Parkin, D.M. and Hakulinen, T. (1991). Analysis of survival. In O.M. Jensen, D.M. Parkin, R. 
MacLennan, C.S. Muir and R.G. Skeet. Cancer Registration: Principles and 

Methods (pp. 159-176). Lyon: International Agency for Research on Cancer. 

Parthasarathi, K., and Ranganathan, L.S. (2000). Aging effect on enzyme activities in 
pressmud vermicasts of Lampito mauritii (Kinberg) and Eudrilus eugeniae (Kinberg). 
Biology and Fertility of Soils. 30: 347-350. 

Pierzynski, G.M., Sims, J.T. and Vance, G.F. (1994). Soils and Environmental Quality. 
Florida: CRC Press Inc. 

Pomares-Garcia, F. and Pratt, P.F. (1978). Recovery of 15N-labelled fertilizer from manured 
and sludged-amended soils. Soil Science Society of America Journal. 42: 717-720. 

Position Paper on Cadmium; CX/FAC 95/19; Codex Alimentarius Commission (FAO/WHO): 
Rome, 1995.  

Prasad, B.K., Singh, D.N., and Singh, S.N. (2003). Effect of long-term use of fertilizer, lime 
and manures on growth and yield of sweet corn. Journal of the Indian Society of 
Soil Science. 34: 271-274. 

Quansah, G.W. (2010). Effect of organic and inorganic fertilizers and their combinations on 
the growth and yield of maize in the semi-deciduous forest zone of Ghana. Msc. 
Thesis, Kwame Nkrumah University of Science and Technology, Kumasi, Ghana. 

Ramachandra, T.V. (2006). Soil and groundwater pollution from agricultural activities. New 
Delhi: Capital Publishing Company. 

Ramasamy, P.K., Baskar, K. and Ignacimuthu, S. (2011).  Influence of vermicompost on 
kernel yield of Maize (Zea mays L.). Elixir Agriculture. 36: 3119-3121. 

Rashid, M. (2008). Fact sheet: Goats and their nutrition. Canada: Manitoba Goat 
Association.      

Rosenani, A.B., Kala, D.R. and Fauziah, C.I. (2008). Characterization of Malaysian sewage 
sludges and nitrogen mineralization in three soils treated with sewage sludge. 
Malaysian Journal of Soil Science. 12: 103-112. 

Rosliza, S, Ahmed, O.H. and Majid, N.M.A. (2009). Controlling ammonia volatilization by 
mixing urea with humic acid, fulvic acid, triple superphosphate and muriate of 
potash. American Journal of Environmental Sciences. 5(5): 605-609. 

Ruskin, F.R. (1981). Food, Fuel and Fertilizer from organic wastes. Washington: National, 
Academy Press. 

Sabri, M.A. Evolution of Fertilizer Use by Crops in Malaysia: Recent Trends and Prospects. 
Paper presented at the IFA Crossroads Asia-Pasific 2009, Kota Kinabalu. 
December 2009. 

Saxena, M., Chauhan, A. and Ashokan, P. (1998). Fly ash vermicomposting from non-
ecofriendly organic wastes. Pollution Research. 17: 5–11. 

Schulte, E.E. and Kelling, K.A. (1998). Organic soil conditioners. Wisconsin: Cooperative 
Extension Publishing.  

Shahmansouri, M.R., Pourmoghadas, H., Parvaresh, A.R. and Alidadi,  H. (2005). Heavy  
metals bioaccumulation  by  Iranian  and  Australian  Earthworms  (Eisenia  fetida)  



© C
OPYRIG

HT U
PM

  

79 
 

in  the sewage  sludge  vermicomposting. Iranian Journal of Environmental Health 
Science and Engineering (IJEHSE). 2: 28–32. 

Silveira, M.L.A., Alleoni, L.R.F. and Guilherme, L.R.G. (2003). Biosolids and heavy metals in 
soils. Scientia Agricola. 60(4): 793-806. 

Singh, N.B., Khare, A.K., Bhargava, D.S. and Bhattacharya, S. (2005). Effect of initial 
substrate pH on vermicomposting using Perionyx excavatus. Applied Ecology and 
Environmental Research. 4(1): 85-97. 

Singh, S.M. (2007). Vermicomposting of three organic wastes and its impact on Phaseolus 
aureus. In S.M. Singh. Earthworms for Solid Waste Management (pp. 199-206). 
Lucknow: International Book Distributing Co. 

Sinha, R.K., Herat, S., Valani, D. and Chauhan, K. (2009). Vermiculture and sustainable 
agriculture. American-Eurasian Journal of Agricultural & Environmental Sciences. 
5(S): 01-55. 

Smith, A., Brown, K., Ogilvie, S., Rushton, K. and Bates, J. (2001). Waste Management 
Options and Climate Change: Final Report. Luxembourg: European Commission, 
DG Environment. 

Sustainability Report 2010: Achieving Excellence Through Innovation; Indah Water 
Konsortium Sdn. Bhd.:  Kuala Lumpur, 2010.  

Sustainability Report 2011: Making A Difference to Our Lives and Environment via a 
Greener Today for Cleaner and Safer Tomorrow; Indah Water Konsortium Sdn. 
Bhd.:  Kuala Lumpur, 2011. 

Suthar, S. (2007). Vermicomposting potential of Perionyx sansibaricus (Perrier) in different 
waste materials. Bioresource Technology. 98: 1231-1237. 

Suthar, S. and Singh, S. (2008). Feasibility of vermicomposting in biostabilization of sludge 
from a distillery industry. Science of the Total Environment. 394: 237-243. 

Taiz, L. and Zeiger, E. (2002). Plant Physiology. Massachusertts: Sinauer Associates. 

Tan, K.H. (2005). Soil Sampling, Preparation and Analysis. New York: CRC Press Taylor 
and Francis Group. 

The Newsletter of the Virginia Association for Biological Farming Vol. 34 No. 1; The Virginia 
Association for Biological Farming: Virginia, 2011. 

The Sweet Corn Planting Guide; Department of Agriculture, Ministry of Agriculture and 
Agro-Based Industry Malaysia: Putrajaya, 2009. 

Third National Agricultural Policy (1998-2010); Ministry of Agriculture Malaysia: Putrajaya, 
1999. 

Uchida, R. (2000). Essential Nutrients for Plant Growth: Nutrient Functions and Deficiency 
Symptoms. In J. A. Silva and R. Uchida. Plant Nutrient Management in Hawaii’s 
Soils, Approaches for Tropical and Subtropical Agriculture (pp. 37-49). University of 
Hawaii, Manoa: College of Tropical Agriculture and Human Resources. 

Usman, K., Khan, S., Ghulam, S., Khan, M.U., Khan, N., Khan, M.A. and Khalil, S.K. (2012). 
Sewage sludge: An Important Biological Resource for Sustainable Agriculture and 
Its Environmental Implications. American Journal of Plant Sciences. 3: 1708-1721. 



© C
OPYRIG

HT U
PM

  

80 
 

Velthof, G.L., Lesschen, J.P., Webb, J., Pietrzak, S., Miatkowski, Z., Pinto, M., Kros, J. and 
Oenema, O. (2014). The impact of the Nitrates Directive on nitrogen emissions from 
agriculture in the EU-27 during 2000–2008.Science of the Total Environment. 468–

469: 1225–1233. 

Vesilind, P.A. (1994). The role of water in sludge dewatering. Water Environment Research. 
66: 4-11. 

Vyn, T.J. and Hooker, D.C. (2002). Assessment of multiple- and single-factor stress impacts 
on corn. Field Crop Research. 75: 123-137. 

Wang, L., Zheng, Z., Zhang, Y., Chao, J., Gao, Y., Luo, X. and Zhang, J. (2013). 
Biostabilization  enhancement  of  heavy  metals  during  the  vermiremediation  of 
sewage  sludge  with  passivant. Journal of Hazardous Materials. 244–245: 1–9. 

Warman, P. R. and W. C. Termeer. (2005). Evaluation of sewage sludge, septic waste, and 
sludge compost applications to corn and forage: Yields and N, P, and K content of 
crops and soils. Bioresource Technology. 96(8): 955–961. 

Water Environment Federation. (2008). Operation of Municipal Wastewater Treatment 
Plants 6

th
 Edition Vol. III: Solids Processes. McGraw-Hill, New York, United States 

of America. 

Webb, J., Menzi, H., Pain, B.F., Misselbrook, T.H., Dämmgen, U. and Hendriks, H. (2005). 
Managing ammonia emissions from livestock production in Europe. Environmental 
Pollution. 135: 399–406. 

Wiedenhoeft, A.C. (2006). Plant Nutrition. New York: Infobase Publishing. 

Yusuff, M.T.M., Ahmed, O.H., Yahaya, W.A.W. and Majid, N.M.A. (2007). Effect of Organic 
and Inorganic Fertilizers on Nitrogen and Potassium Uptake and Yield of Sweet 
Corn Grown on an acid Soil. American Journal of Agricultural and Biological 
Science. 2(2): 118-122.  

Zhang, F., Li, Y., Yang, M. and Li, W. (2012). Content of Heavy Metals in Animal Feeds and 
Manures from Farms of Different Scales in Northeast China. International Journal of 
Environmental Research and Public Health. 9: 2658-2668. 

 

 

 

 

 

 

 

 

 

 

 


	EFFECTS OF SEWAGE SLUDGE AND LIVESTOCK MANURE VERMICOMPOST ON GROWTH AND YIELD OF MAIZE
(Zea mays L.)
	ABSTRACT
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ABBREVIATIONS
	CHAPTER 1
	INTRODUCTION
	REFERENCES





