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ABSTRACT 

Sewage sludge obtained as a byproduct of a typical wastewater treatment plant is being viewed as 
an excellent substitute for the commercially available chemical fertilizers in light of their potential for 
improving soil properties and for providing important nutrient and trace element supplements that are 
essential for plant growth. Due to high cost of mineral fertilizers and escalating trends in their prices, there 
is an increasing trend of using sewage sludge in agriculture, especially under intensive cropping in arid 
and semi arid regions, where the soil is low in organic matter due to rapid oxidation. Application of 
sewage sludge to agricultural soils may provide a sustainable and economical solution to the safe disposal 
of large amount of organic waste while beneficially recycling the nutrients into the soil. This paper 
therefore presents a review on the nutrient value of sewage sludge and the beneficial aspects of its 
application on agricultural land. 
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INTRODUCTION 

The way agriculture is foreseen today has changed. What was once considered as a 
means of obtaining food has now changed into a business for sustaining economy- for 
example a crop of corn that once was grown only for food now triples as fuel and even a 
component of biodegradable plastics. This increased demand, along with many other factors, 
is forcing us to consider the sustainability of our current farming practices. Due to high cost 
of mineral fertilizers and escalating trends in their prices, there is an increasing trend of 
using organic fertilizers in agriculture, especially under intensive cropping in arid and semi 
arid regions of the country. 



 P. Bhatt et al.: Recycled Sewage Sludge: A Step to…. 1612 

Sewage sludge obtained as a byproduct of a wastewater treatment plant is known to 
be rich source of nutrients (nitrogen and phosphorous), organic matter and trace elements 
like boron, manganese, copper, molybdenum and zinc1 that are beneficial for plant growth 
and better yield2. Therefore, it can be considered as a suitable substitute for commercial 
fertilizers and its use as fertilizer on agricultural land has been reported to decrease the 
requirement for commercial fertilizers3. 

Due to rapid increase in population and urbanization, sewage sludge production has 
also been on the rise. It is estimated that Indian cities and towns together generate 
approximately 19127 tones of sludge per day4. To manage waste water treatment plants 
effectively and efficiently, it is necessary to extract waste sludge, in order to prevent their 
accumulation into the system. Land application is generally considered to be the most 
economical and beneficial way of sludge disposal compared to other methods of disposal 
such as incineration and landfilling, which are expensive and associated with environmental 
hazards5. Recycling of sludge for agricultural purpose not only provides an appealing 
solution for sustainable management of sludge but also closes the loop of nutrient cycling, 
which is integral to all natural processes6.  

Characterization of sewage sludge 

The utilization of sewage sludge in agriculture is gaining popularity as a source of 
waste disposal. However, characterization of sewage sludge is important before application 
to soil for agricultural purposes. Such characterization helps in determining the potential of 
sewage sludge for nutrient supplementation for increasing plant yields. In addition, the 
information will be useful for determining suitable rate of application of sewage sludge and 
for investigating pollutant risks that may be associated with the use of sewage sludge7. 

Sewage sludge is a rich source of nutrients (nitrogen and phosphorous), organic 
matter and trace elements like boron, manganese, copper, molybdenum and zinc1. 
Application of sludge has been observed to improve the physico-chemical and biological 
properties of soils, which in turn facilitates better growth of plants.8 Sludge increases the 
humus content of the soil.9 An increase in organic matter reduces the bulk density, increases 
aggregate stability, increases water holding capacity of soils and promotes greater water 
infiltration. Organic matter also influences nutrient storage and turnover, soil biota and 
diversity as well as vulnerability to erosion. Sludge application in fine textured soil increases 
the infiltration capacity and also the air recirculation. By contrast, the increased bulk density 
of fine textured soils without sludge amendment causes poor aeration, which adversely 
affects plant growth. Sludge is also reported to increase the porosity, field capacity and 
wilting point.10 
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A higher C/N ratios in the sludge samples is an indication that there is limited 
mobilization of nitrogen by incorporation into cell mass, which make the nitrogen contents 
available at a later period, when it is needed by most for plants during the period of growth. 
The high cation exchange capacities of the sludge samples along with nitrogen content 
indicates a positive outcome for application of sludge for agricultural purposes because such 
association of nitrogen with cation exchange capacity means slow release of nutrients 
(greater period of availability). In addition, increase in cation exchange capacity results in 
reduced mobility of potentially toxic and inhibitory heavy metals. The sludge samples, 
therefore, carry low risk of potential heavy metal toxicity with respect to agricultural uses7. 

Sewage sludge as an important resource for agriculture 

Since sewage sludge is rich in organic matter and many essential micro and macro 
elements, it can serve as an effective fertilizer replacement for these important nutrients. A 
high organic matter content of sewage sludge help in improving the physical, chemical, and 
biological properties of soil11-19. Maintaining adequate organic matter content is essential for 
maintaining soil fertility and productivity. Therefore, application of sewage sludge to soils 
of arid and semi arid regions is especially beneficial as the soils in these regions are low in 
organic matter due to rapid oxidation. Moreover, a high organic matter level helps to 
sequester carbon and mitigate greenhouse gas emissions6. 

Sewage sludge contains several essential micronutrients for plants (e.g., B, Cl, Cu, 
Fe, Mn, Mo, and Zn), which are not provided by most conventional chemical fertilizers20. 
Therefore, it can be applied on micronutrient-deficient soils21,22. Numerous researchers have 
reported an increase in the bioavailability of metals in sludge amended soil20,23-27. 

Moreover, the primary nutrients in sewage sludge are in organic forms, not as 
soluble as those in chemical fertilizers, and are released more slowly. Therefore, sewage 
sludge can nourish the plants at a slower rate over a longer period of time with higher use 
efficiency and a lower likelihood of polluting groundwater when applied rate is appropriate28. 
The organic carbon in sludge amended soil can increase as far as three fold compared to 
inorganic fertilizer amended soils29. 

Use of sewage sludge for crop husbandry 

Being an important organic fertilizer, sewage sludge is used for crop production         
in both the developed and developing countries of the world. Considerable research            
has been accomplished worldwide on the use of sewage sludge on soil and crop. Many 
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investigations, with different climatic and soils conditions, have reported a substantial 
increase in plant growth, crop yield and biomass production upon sewage sludge 
application8,23-49. 

Use of sewage sludge for fruit and vegetable production 

Organic manures are not enough to meet the requirements of fruit and vegetable 
production. Sewage sludge being a valuable input can be used for fruit and vegetable 
production in view of its high organic matter content and rich macro and micro 
nutrients44,45,50-53. 

Use of sewage sludge in dairy pastures  

The main potential use of sewage sludge is as a fertilizer and/or soil conditioner to 
improve growth of the dairy pasture and maintain the structure of soil. Reports suggest that 
repeated applications of sewage sludge have no harmful effects on soil and forage quality 
and result in better forage production than unfertilized control20,54. 

Use of sewage sludge in forestry  

According to European commission (2001) the overall goal of sewage sludge 
addition to forestry is to improve physical, chemical and biological properties of soil and 
fertility status for creating more favorable conditions for establishment of vegetation or 
improve plant growth in the existing forests. Untreated sludge cake is mostly used in the 
forestry. In intensive forestry production, sludge application may be performed just after 
sowing, thinning, or clear filling. In established forest, sludge application could potentially 
occur throughout the year, if good practices are observed and local conditions are 
acceptable6. 

CONCLUSION 

Recovery and re-use of nutrients and organic products found in human urine and 
feces are not a new process and have been used since many centuries by various cultures 
around the world. Recycling of organic waste through land application serves several 
purposes. Reuse of organic waste not only helps to reduce large amount of waste produced 
by the society but also cut down the cost of its disposal, besides,  providing a beneficial way 
for recycling of nutrients lost from soil. Since sewage sludge is rich in organic matter and 
many macro and micronutrients, recycling of sludge for agricultural purpose seems to be an 
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appealing solution for sustainable management of sludge. Sewage sludge production is 
rapidly increasing resulting from the continuous increase in population, urbanization and 
industrialization. Keeping in view the escalating trends in the prices of chemical fertilizers 
and the excellent fertilizing and soil amendment properties of sewage sludge, land 
application of sewage sludge appears to be the most convenient, beneficial and cost effective 
method of sludge disposal especially in a developing country like India where agriculture 
forms the major occupation to sustain the country’s economy. However, caution needs to be 
exercised when sludge is repeatedly applied or applied at levels above the agronomic 
recommended rate as heavy metals, organic pollutants, and pathogens in sewage sludge, 
though at low concentration, may pose a threat to the environment and animal and human 
health with time.  

REFERENCES 

1. D. Dolgen, M. N. Alpaslan and N. Denle, Use of an Agro-industry Treatment Plant 
Sludge on Iceberg Lettuce Growth, Ecological Engg., 23, 117 (2004). 

2. V. K. Kauthale, P. S. Takawale, P. K. Kulkarni and L. N. Daniel, Influence of Flyash 
and Sewage Sludge Application on Growth and Yield of Annual Crops, Int. J. 
Tropical Agri., 23, 49 (2005). 

3. B. K. Richards, T. S. Steenhuis, J. H. Pevverly and M. B. McBride, Metal Mobility at 
an Old, Heavily Loaded Sludge Application Site, Env. Poll., 89, 365 (1998).   

4. Press Information Bureau, Government of India, Achieving the Objective of Swachh 
and Swatha Bharat-Report, National Informatics Centre (NIC), New Delhi (2015). 

5. D. Crowley, A. Staines, C. Collins, J. Bracken, M. Bruen, J. Fry, H. Victor, D. Malone,  
B. Magette, M. Ryan and C. Thunhurst, Health and Environmental Effects of 
Landfilling and Incineration of Waste - A Literature Review, Reports School of Food 
Sci. Environ. Health (2003). 

6. K. Usman, S. Khan, G. Said, M. U. Khan, N. Khan, M. A. Khan and K. S. Khan, 
Sewage Sludge: An Important Biological Resource for Sustainable Agriculture and Its 
Environmental Implications, Am. J.  Plant Sci., 3, 1708 (2012). 

7. J. S. Mtshali, A. T. Tiruneh and A. O. Fadiran, Characterization of Sewage Sludge 
Generated from Wastewater Treatment Plants in Swaziland in Relation to Agricultural 
Uses, Res. Environ., 4(4), 190 (2014). 



 P. Bhatt et al.: Recycled Sewage Sludge: A Step to…. 1616 

8. V. Kumar and A. K. Chopra, Accumulation and Translocation of Metals in Soil and 
Different Parts of French Bean (Phaseolus vulgaris L.) Amended with Sewage Sludge, 
Bull. Environ. Contam. Toxicol., 92(1), 103-108 (2014). 

9. E. P. Pakhnenkoa, A. V. Ermakova and L. L. Ubugunovb, Influence of Sewage Sludge 
from Sludge Beds of Ulan-Ude on the Soil Properties and the Yield and Quality of 
Potatoes, Moscow University Soil Sci. Bull., 64(4), 175 (2009).   

10. A. Delibacak, E. A. Okur and R. Ogun, Influence of Treated Sewage Sludge 
Applications on Temporal Variations of Plant Nutrients and Heavy Metals in a 
Typical Xerofluvent Soil, Nutr. Cycl. Agroecosyst., 83, 249 (2009). 

11. S. M. Aggelides and P. A. Londra, Effects of Compost Produced from Town Wastes 
and Sewage Sludge on the Physical Properties of a Loamy and a Clay Soil, 
Bioresource Technol., 71, 253 (2000). 

12. S. Alcantara, D. V. Pérez, R. A. Almeida, G. M. Silva, J. C.  Polidoro and W. Bettiol, 
Chemical Changes and Heavy Metal Partitioning in an Oxisol Cultivated with Maize 
(Zea mays L.) after 5 Years Disposal of Domestic and Industrial Sewage Sludge, 
Water, Air, Soil Poll., 203, 3 (2009). 

13. İ. Angın and A. V. Yağanoğlu, Application of Sewage Sludge as a Soil Physical and 
Chemical Amendment, Ekoloji, 19(73), 39 (2009). 

14. E. Benitez, M. Romero, M. Gomez, F. Gallardolaro and R. Nogales, Biosolid and 
Biosolid Ash as Sources of Heavy Metals in Plant-soil System, Water, Air Soil Poll., 
132, 75 (2001). 

15. P. M González, N. L. Martin, L. A. Colnago, M. B. P. Débora, O. A. Camargo, R. 
Berton and B. Wagner, Characterization of Humic Acids Extracted from Sewage 
Sludge-Amended Oxisols by Electron Paramagnetic Resonance, Soil & Tillage Res., 
91, 95 (2006). 

16. M. B. McBride, Toxic Metals in Sewage Sludge Amended Soils: Has Promotion of 
Beneficial Use Discounted the Risk, Adv. Environ. Res., 8, 5 (2003). 

17. S. Y. Selivanovskaya, V. Z. Latypova, S. N. Kiyamova and F. K. Alimova, Use of 
Microbial Parameters to Access Treatment Methods of Municipal Sewage Sludge 
Applied to Grey Forest Soils of Tataristan, Agri. Ecosystem Environ., 86, 145 (2001). 

18. S. Stamatiadis, J. W. Doran and T. Kettler, Field and Laboratory Evaluation of Soil 
Quality Changes Resulting from Injection of Liquid Sewage Sludge, Appl. Soil Ecol., 
14, 263 (1999). 



Int. J. Chem. Sci.: 13(4), 2015 1617

19. M. Zaman, K. C. Cameron, H. J. Di and K. Inubushi, Changes in Mineral N, 
Microbial Biomass and Enzyme Activities in Different Soil Depths After Surface 
Applications of Dairy Shed Effluent and Chemical Fertilizer, Nutr. Cycl. Agroecosyst., 
63, 275 (2002).  

20. P. R. Warman and W. C. Termeer, Evaluation of Sewage Sludge, Septic Waste and 
Sludge Compost Applications to Corn and Forage: Ca, Mg, S, Fe, Mn, Cu, Zn and B 
Content of Crops and Soils, Biores. Technol., 96(9), 1029 (2005). 

21. M. Hampton, P. A. Stansly and T. P. Salame, Soil Chemical, Physical, and Biological 
Properties of a Sandy Soil Subjected to Long-Term Organic Amendments, J. 
Sustainable Agri., 35(3), 243 (2011). 

22. R. Moral, C. J. Moreno, M. M. Perez and E. A. Perez, Improving the Micronutrient 
Availability in Calcareous Soils by Sewage Sludge Amendment, Commun. Soil Sci. 
Plant Anal., 33(15-18), 3015 (2002). 

23. Jamil, M. Qacim and M. Umar and K. Rehman, Impact of Organic Wastes (Sewage 
Sludge) on the Yield of Wheat (Triticum aestivum L.) in a Calcareous Soil, Int. J.  
Agri. Biol., 6(3), 465 (2004). 

24. E. M. Naggar and A. M. El-Ghamry, Comparison of Sewage Sludge and Town Refuse 
as Soil Conditioners for Sandy Soil Reclamation, Pak. J. Biol. Sci., 4, 775 (2001). 

25. R. P. Singh and M. Agrawal, Potential Benefits and Risks of Land Application of 
Sewage Sludge, Waste Manage., 28(2), 347 (2008). 

26. A. Sonmez and M. A. Bozkurt, Lettuce Grown on Calcareous Soils Benefit from 
Sewage Sludge,  Acta Agri. Scand. B, 56(1), 17 (2006).   

27. H. Zhang, L. Sun, T. Sun and G. Ma, Principal Physicochemical Properties of 
Artificial Soil Composed of Fly Ash, Sewage Sludge and Mine Tailing, Bull. Environ. 
Contamination Toxicol., 79, 562 (2007). 

28. K. Long, The Use of Biosolid (Sewage Sludge) as a Fertilizer/Soil Conditioner on 
Dairy Pastures, A Review from a Dairy Food Safety Prospective, Biosolids Report 
(2001). 

29. J. Nyamangara and J. Mzezewa, Effect of Long-Term Application of Sewage Sludge 
to a Grazed Grass Pasture on Organic Carbon and Nutrients of a Clay Soil in 
Zimbabwe, Nut. Cycl. Agroecosyst., 59, 13 (2001). 



 P. Bhatt et al.: Recycled Sewage Sludge: A Step to…. 1618 

30. M. Ahmed, F. A.  Faheed and A. F. Ahmed, Study of Potential Impacts of using 
Sewage Sludge in the Amendment of Desert Reclaimed Soil on Wheat and Jews 
Mallow Plants, Brazi. Arch. Biol. Tech., 53 (2010). 

31. C. Ailincăi, G. Jităreanu, D. Ailincăi and A. Balan, Influence of some Organic 
Residues on Wheat and Maize Yield and Eroded Soil Fertility, Cercetări Agronomice 
Moldova, 43(1), 141 (2010). 

32. H. Akdeniz, I. Yılmaz, M. A. Bozkurt and B. Keskin, The Effects of Sewage Sludge 
and Nitrogen Applications on Grain Sorghum Grown (Sorghum vulgare L.) in Van-
Turkey, Polish J. Environ. Stud., 15(1), 19 (2006). 

33. M. M. A. Zoubi, A. Arslan, G. Abdelgawad, N. Pejon, M. Tabbaa and O. Jouzdan, 
The Effect of Sewage Sludge on Productivity of a Crop Rotation of Wheat, Maize and 
Vetch and Heavy Metals Accumulation in Soil and Plant in Aleppo Governorate, 
American-Eurasian J. Agri. Environ. Sci., 3(4), 618 (2008). 

34. İ. Angın and A. V. Yağanoğlu, Effects of Sewage Sludge Application on some 
Physical and Chemical Properties of a Soil Affected by Wind Erosion, J. Agri. Sci. 
Technol., 13, 757 (2011). 

35. M. C. Antolın, I. Pascual, C. Garcıa, A. Polo and  D. M. Sanchez, Growth, Yield and 
Solute Content of Barley in Soils Treated with Sewage Sludge under Semiarid 
Mediterranean Conditions, Field Crops Res., 94, 224 (2005). 

36. F. Azam and A. Lodhi, Response of Wheat (Triticum aestivum L.) to Application of 
Nitrogen Fertilizer and Sewage Sludge, Pak. J. Biol. Sci., 4, 1083 (2001). 

37. H. Bouzerzour, L. Tamrabet and M. Kribaa, Response of Barley and Oat to the 
Wastewater Irrigation and to the Sludge Amendment, In: the Proc. Int. Seminar: Biol. 
and Environ. University Mentouri, Constantine, Algeria (2002) p. 71. 

38. M. A. Bozkurt and T. Yarilgaç, The Effects of Sewage Sludge Applications on the 
Yield, Growth, Nutrition and Heavy Metal Accumulation in Apple Trees Growing in 
Dry Conditions, Turkish J. Agri. Forestry, 27, 285 (2003). 

39. V. J. Casado, S. Sellés, C. C Diaz, P. J. Navarro, B. J. Mataix and I. Gomez, Effect of 
Composted Sewage Sludge Application to Soil on Sweet Pepper Crop (Capsicum 
Annuum Var. Annuum) Grown Under Two Exploitation Regimes, Waste Manage., 27, 
1509 (2007). 

40. V. J. Casado, S. Sellés, P. J. Navarro, M. A. Bustamante, B. J. Mataix and I. Gomez, 
Evaluation of Composted Sewage Sludge as Nutritional Source for Horticultural Soils, 
Waste Manage., 26, 946 (2006). 



Int. J. Chem. Sci.: 13(4), 2015 1619

41. T. H. Chatha, R. Haya and I. Latif, Influence of Sewage Sludge and Organic Manures 
Application on Wheat Yield and Heavy Metal Availability, Asian J. Plant Sci., 1, 79 
(2002) 

42. A. Dursan, O. Turkmen, M. Turan, S. Şensoy and M. Cirka, Effect of Sewage Sludge 
on Seed Emergence, Development and Mineral Contents of Pepper (Capsicum 
annuum) Seedling,  Asian J. Plant Sci., 4, 299 (2005). 

43. M. Jamil, M. Qacim and M. Umar, Utilization of Sewage Sludge as Organic Fertilizer 
in Sustainable Agriculture, J. Appl. Sci., 6, 531 (2006). 

44. M. J. Mohammad and B. M. Athamneh, Changes in Soil Fertility and Plant Uptake of 
Nutrients and Heavy Metals in Response to Sewage Sludge Application to Calcareous 
Soils, J. Agronomy, 3, 229 (2004). 

45. M. A. Özyazıcı, Effects of Sewage Sludge on the Yield of Plants in the Rotation 
System of Wheat-White head Cabbage-Tomato, Eurasian J. Soil Sci., 2, 35 (2013). 

46. S. O. Petersen, K. Henriksen, G. K. Mortensen, P. H. Krogh, K. K. Brandt, J. 
Sorensen, T. Madsen, J. Petersen and C. Gron, Recycling of Sewage Sludge and 
Household Compost to Arable Land: Fate and Effects of Organic Contaminants, and 
Impact on Soil Fertility, Soil & Tillage Res., 72, 139 (2003). 

47. V. Samaras, C. D. Tsadilas and S. Stamatiadis, Effects of Repeated Application of 
Municipal Sewage Sludge on Soil Fertility, Cotton Yield, and Nitrate Leaching, 
Agronomy J., 100(3), 477 (2008). 

48. L. Tamrabet, H. Bouzerzour, M. Kribaa and M. Makhlouf, The Effect of Sewage 
Sludge Application on Durum Wheat (Triticum durum), Int. J. Agri. Biol., 11, 741 
(2009). 

49. N. Togay, Y. Togay and Y. Doğan, Effects of Municipal Sewage Sludge Doses on the 
Yield, some Yield Components and Heavy Metal Concentration of Dry Bean 
(Phaseolus vulgaris L.), African J. Biotechnol., 7(17), 3026 (2008). 

50. M. K. Önal, B. Topcuoğlu and N. Arı, Toprağa Uygulanan Kentsel Arıtma 
Çamurunun Domates Bitkisine Etkisi, II, Gelişme ve Meyve Özellikleri İle Meyvede 
Mineral İçerikleri, Akdeniz Üniversitesi Ziraat Fakültesi Dergisi, 16(1), 97 (2003). 

51. Y. Wei and Y. Liu, Effects of Sewage Sludge Compost Application on Crops and 
Cropland in a 3-Year Field Study, Chemosphere, 59, 1257 (2005). 



 P. Bhatt et al.: Recycled Sewage Sludge: A Step to…. 1620 

52. C. Y. El-Dewiny, K. S. Moursy, and H. I. El-Aila, Effect of Organic Matter on the 
Release and Availability of Phosphorus and their Effects on Spinach and Radish 
Plants, Res. J. Agri. Biol. Sci., 2(3), 103 (2006). 

53. M. Haghighi, Sewage Sludge Application in Soil Improved Leafy Vegetable Growth, 
J. Biol. Environ. Sci., 5(15), 165 (2011). 

54. G. C. Sigua, M. B. Adjei and J. E. Rechcigl, Cumulative and Residual Effects of 
Repeated Sewage Sludge Applications: Forage Productivity and Soil Quality 
Implications in South Florida, USA. Environ. Sci. Pollut. Res. Int., 12(2), 80 (2005). 

 

Revised : 10.10.2015 Accepted : 11.10.2015 


