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ABSTRACT 

In this study, effects of olive oil solid waste (OSW) applications on bean and sunflower macro and micro 

element contents were investigated. Olive oil solid waste mixed with soil at the rates of 0, 3, 5 and 7 % by 

weight. Plants were grown in the pots under controlled conditions throughout 45 days for sunflower and 30 days 

for bean. Plant carbon/nitrogen (C/N), some macro elements; nitrogen (N), phosphorus (P), potassium (K), 

calcium (Ca), magnesium (Mg), and micro elements; boron (B), iron (Fe), manganese (Mn) contents were 

determined and their relations with the application of olive oil solid waste have been investigated. As a result, 

while phosphorus, calcium, and boron have increased, nitrogen has decreased in sunflower plants. On the other 

hand, phosphorus, potassium, magnesium, and boron have increased but nitrogen, calcium, and manganese have 

decreased in bean plants. 
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INTRODUCTION 

The average world production of olive oil is 2.5×106 tons, most of which comes from the 

Mediterranean countries (Alburquerque et al., 2004). The olive oil extraction industry has great 

economic and social importance in many Mediterranean countries such as Spain, Italy, Greece, 

Tunisia, Turkey and Morocco, but this is often associated with the generation of wastes and by-

products that provoke adverse environmental problems. Improving the appropriate management of 

these materials urgently needs more intensive research (Cegarra et al., 2006). 

Soil organic matter, and especially the humified fractions, constitute an important source of nutrients, 

and are also a key factor in maintaining or improving soil structure. Although changes in total soil 

organic matter (SOM) content induced by agricultural practice are important, changes in organic 

matter quality (the organic matter fractions) are also significant (Graham et al., 2002).Locally 

available organic wastes and by-products from agriculture and agro-food industries may be processed 

and converted to value-added products (Bernal et al., 1998; Madejon et al., 1998 and Paredes et al., 

2000), which contribute to the sustainability and productivity of agro ecosystems in the Mediterranean 

region (Madejon et al., 1995; Martinolmedo et al., 1995; De Monpezat and Dennis, 1999; and Manios, 

2004). 
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The end products such as compost can be used as soil conditioner and fertilizer, thereby recycling 

nutrients back to agriculture and horticulture. However may contain a wide range of organic pollutants 

(Brändli et al., 2005,  2007a, 2007b). The problem of olive solid waste (OSW) disposal, then, has not 

been fully resolved and research into new technological procedures that permit its profitable use is 

needed. One possibility to use compost is a method for the preparation of soil organic fertilizers and 

amendments, since the direct application of OSW to the soil has been shown to have a detrimental 

effect on the soil structural stability (Tejada et al., 1997). It may also negatively affect seed 

germination, plant growth and microbial activity. In fact, several studies have reported the phytotoxic 

and antimicrobial effects of both olive-mill wastes and by-products due to the phenol, organic and 

fatty acid contents ( González et al., 1990; Riffaldi et al., 1993; Linares et al., 2001). 

 Piñeiro et al. (2008) reported that application of two - phase olive mill waste (TPOMW) 

caused significant increases (P < 0.05) in organic carbon, total N, available P and K, and aggregate 

stability were observed in the amended soils after two years and raw TPOMW has the potential to be 

valuable soil amendments and source of organic matter, with a positive effect on olive yield, and 

closing the cycle of residues-resources. 

In this study we used OSW with high C/N ratio, and it was applied to soil directly for growing 

sunflower and bean.  

MATERIALS and METHODS 

Applications and Experimental Design 

Two pot experiments were conducted for characterization of plant response to direct 

application of OSW to the soil. Soil samples were taken from field at 0-20 cm depths and sieved 

through 9 mm sieve. Some chemical and physical properties of soil are presented in Table 1. Olive oil 

solid wastes (two-phase centrifugation) have been provided from the Elta Agriculture enterprise in 

Gökçeada, Çanakkale. OSW was sieved through 6 mm and mixed with soil at the rates of 0, 3, 5, and 

7% w/w.  

Experimental design was randomized block design with four replications. There were four 

different levels (0%, 3%, 5%, and 7%) of OSW applications. 

Five sunflower (Syngenta Sanay variety) and five bean (Asgrow variety) seeds were sown in 

each pot. Plants were thinned after the germination 

Table 1. Some chemical and physical properties of soil sample 

Texture EC 
(µS/cm) pH N 

% 
CaCO3 

% OM % 
Clay % Silt % Sand % 
36.98 31.99 31.03 

235 8.1 0.1 15.4 1.6 
 CL 
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Table 2. Some properties of OSW 

EC 
(µS/cm) pH N 

(%) 
C 

(%) C/N P 
(%) 

K 
(%) 

Ca 
(%) 

Mg 
(%) 

B 
(ppm) 

Fe 
(ppm) 

Mn 
(ppm) 

Zn 
(ppm) 

822 5.7 1.12 49.1 43.8 0.04 0.57 0.50 0.06 16.9 1243.91 32.75 17.34 

 

METHODS 

Dried plants were ground with plant grinder, and then total nitrogen was determined by using 

Leco TruSpec 2000 CN elemental analyzer. EC: Samples mixed with DI water at 1:2.5 ratio, set 

overnight and then EC was determined using WTC brand EC-meter model LF 320.(Richards, 1954). 

pH: Samples mixed with DI water at 1:2.5 ratio, set overnight and then pH was determined using 

Orion brand pH-meter, model  420A.(Richards, 1954). Lime: Scheibler calcimeter was used to 

measure CaCO3 (Soil Survey Laboratory Methods Manual, 1996). Macro and micro element contents 

of OSW and plants were determined in dry ash (Peters, 2003) by using ICP-AES. Hydrometer method 

was used to determine soil texture (Gee and Bauder, 1986). Statistical analyses were computed using 

SAS software. 

 
RESULTS and DISCUSSION 

Table 3 shows that the nitrogen content of sunflower decreased gradually when the rate of 

applied OSW was increased. Phosphorus and calcium contents increased potassium and magnesium 

contents of sunflower did not change. Using of OSW that have high C/N ratio may cause low nitrogen 

content of sunflower. The application of organic materials showing C-to-N ratios around 25–35 into 

soils is generally expected to result in no direct net N mineralization or immobilization (Harris, 1988; 

Paul and Clark, 1996). Changes in micro element contents by applications of OSW on sunflower were 

presented in Table 4. It shows that the highest boron content was determined in %5 OSW application 

and it is statistically significant (P < 0.05). Iron and manganese contents did not change significantly 

by OSW applications. 

Nitrogen and calcium contents decreased with the application of OSW in the bean while phosphorus, 

potassium, and magnesium contents increased (Table 4).  On the other hand,  the highest boron 

content was found in %7 OSW application in bean (Table 5) and boron content of bean was significant 

statistically (P < 0.05). The highest manganese value was found in the control treatment. Although it is 

statistically significant (P < 0.001) iron content was found not statistically significant (P > 0.05).  

As a result directly application of OSW to soil has positive impact on phosphorus, calcium and boron 

contents of sunflower. While nitrogen content of sunflower reduced by OSW application, potassium, 

magnesium, iron and manganese contents did not change. Nitrogen content of bean reduced in OSW 

treatment. Other element contents statistically increased except calcium, iron and manganese. While 

calcium and manganese contents decreased by OSW application, iron content did not statistically 
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change. Potassium content in bean increased consistently as it was also reported by Piñeiro et al. 

(2008). They reported that application of OSW increased available potassium content. The results 

showed that direct application of OSW as raw material to soil is unfavorable for annual plants. Some 

studies reported that composting OSW balances C/N ratio and transforms the plant nutrients to 

available forms. Also as an alternative way OSW may be mixed with soil several months before 

sowing. But ideal application time of OSW must be determined by incubation studies in laboratory or 

field experiments.  

 

Table 3. Effect of OSW on some macro element contents of Sunflower 

Applications N% P% K% Ca% Mg% 
0 % OSW 0.96 A 0.07 C 2.02 1.74 C 0.28 
3 % OSW 0.64 B 0.19 A 2.35 2.44 A 0.29 
5 % OSW 0.49 C 0.16 A 2.24 2.41 BA 0.31 
7 % OSW 0.41 C 0.12 B 1.88 2.03 BC 0.26 
Significant *** *** ns ** ns 

*: P < 0.05, **: P < 0.01, ***: P < 0.001, ns: Not Significant 

 

Table 4. Effect of OSW on some macro element contents of Bean 

Applications N% P% K% Ca% Mg% 
0 % OSW 4.21 A 0.23 B 3.49 CB 3.44 A 0.44 B 
3 % OSW 1.76 B 0.29 A 3.29 C 2.78 B 0.43 B 
5 % OSW 1.75 B 0.29 A 3.65 B 2.73 B 0.47 BA 
7 % OSW 1.70 B 0.32 A 4.00 A 2.64 B 0.52 A 
Significant *** *** *** *** * 

*: P < 0.05, **: P < 0.01, ***: P < 0.001, ns: Not Significant 

 

Table 5. Effect of OSW on some micro element contents of Sunflower and Bean 

Bean Sunflower 
Applications 

B(ppm) Fe(ppm) Mn(ppm) B(ppm) Fe(ppm) Mn(ppm) 
0 % OSW 33.44 B 179.68 118.77 A 33.83 B 53.55 30.65 
3 % OSW 39.38 BA 169.86 70.41 C 41.84 A 54.30 30.25 
5 % OSW 37.15 B 207.63 86.96 B 43.98 A 61.48 31.75 
7 % OSW 44.56 A 173.76 87.07 B 40.75 BA 49.72 32.38 
Significant * ns *** * ns ns 

*: P < 0.05, **: P < 0.01, ***: P < 0.001, ns: Not Significant 

 

ACKNOWLEDGEMENTS 

This project was supported by BAP 2007-60 and partly supported by TUB�TAK TOVAG 106O371. 

REFERENCES 

Alburquerque, J.A., J. Gonz_alvez, D. Garcıa and J. Cegarra. 2004. Agrochemical characterization of 

“alperujo”, a solid by-product of the two-phase centrifugation method for olive oil extraction, 

Bioresource Technology 91, pp. 195–200. 



 

 591 

Bernal, M.P., C. Paredes, M.A. Sanchez-Monedero and J. Cegarra. 1998. Maturity and stability 

parameters of composts prepared with a wide range of organic wastes, Bioresour. Technol. 63, 

pp. 91–99. 

Brändli, R.C., T.D. Bucheli, T. Kupper, G. Furrer, F.X. Stadelmann and J. Tarradellas. 2005. 

Persistent organic pollutants in source-separated compost and its feedstock materials – a 

review of field studies, J. Environ. Qual. 34, pp. 735–760. 

Brändli, R.C., T.D. Bucheli, T. Kupper, R. Furrer, W. Stahel, F.X. Stadelmann and J. Tarradellas. 

2007a. Organic pollutants in Swiss compost and digestate. 1. Polychlorinated biphenyls, 

polycyclic aromatic hydrocarbons and molecular markers, determinant processes, and source 

apportionment, J. Environ. Monit. 9, pp. 456–464. 

Brändli, R.C., T. Kupper, T.D. Bucheli, M. Zennegg, S. Huber, D. Ortelli, J. Müller, C. Schaffner, S. 

Iozza, P. Schmid, U. Berger, P. Edder, M. Oehme, F.X. Stadelmann and J. Tarradellas. 2007b. 

Organic pollutants in Swiss compost and digestate; 2. Polychlorinated dibenzo-p-dioxins, and 

-furans, dioxin-like polychlorinated biphenyls, brominated flame retardants, perfluorinated 

alkyl substances, pesticides, and other compounds, J. Environ. Monit. 9, pp. 465–472. 

Cegarra, J., J.A. Alburquerque, J. Gonzálvez, G. Tortosa and D. Chaw. 2006.  Effects of the forced 

ventilation on composting of a solid olive-mill by-product (“alperujo”) managed by 

mechanical turning, Waste Manag. 26 (12) pp. 1377–1383. 

De Monpezat, G. and J.F. Dennis. 1999. Fertilisation des sols mediterranees avec des issues oleicoles, 

Oleagineaux Corps gras Lipides (OCL) 6, pp. 63–68. 

Gee, G.W. and Bauder, J.W. 1986. Particle-size analysis. In: A. Klute (ed.), Methods of soil analysis: 

Part 1. Physical and mineralogical methods. ASA Monograph No.9, Madison, WI, pp. 383–

411 

González, M.D., E. Moreno, J. Quevedo-Sarmiento and A. Ramos-Cormenzana.1990. Studies on 

antibacterial activity of waste waters from olive oil mills (Alpechín): inhibitory activity of 

phenolic and fatty acids. Chemosphere 20 3/4, pp. 423–432. 

Graham, M.H., R.J. Haynes and J.H. 2002. Meyer, Soil organic matter content and quality: effects of 

fertilizer applications, burning and trash retention on a long term sugarcane experiment in 

south Africa, Soil Biol Biochem 34, pp. 93–102. 

Harris, P.J. 1988. Microbial transformations of nitrogen. In: A.A. Wild, Editor, Russell's Soil 

Conditions and Plant Growth (11th ed.), Longman Scientific and Technical, Essex, England, 

pp. 609–651. 

Linares, A., J.M. Caba, F. Ligero, T. de la Rubia and J. Martínez. 2001. Eliminación de los efectos 

fitotóxicos de los residuos de las almazaras por Phanerochaete Flavido-Alba. In: I Encuentro 

Internacional Gestión de residuos orgánicos en el ámbito rural mediterráneo, 22–23 de 

Febrero, Pamplona (España) 



 

 592 

Madejón, E., E. Galli and U. Tomati. 1998. Composting of wastes produced by low water consuming 

olive-mill technology, Agrochimica 42, pp. 135–146. 

Madejon, E., M.J. Diaz, R. Lopez, J.M. Murillo and F. Carbera. 1995. Corn fertilization with 3 (sugar-

beat) vinasse composts, Fresenius Environ. Bull. 4, pp. 232–237. 

Manios, T. 2004. The composting potential of different organic solid wastes: experience from the 

island of Creete, Environ. Int. 29, pp. 1079–1089 

Martinolmedo, P., R. Lopez, F. Cabrera and J.M. Murillo. 1995. Nitrogen mineralization in soils 

amended with organic by-products of olive oil and sugar-beet processing industries, Fresenius 

Environ. Bull. 4, pp. 59–64 

Paredes, C., A. Roig, M.P. Bernal, M.A. Sa´nchez-Monedero, J. Cegarra. 2000. Evolution of organic 

matter and nitrogen during cocomposting of olive mill wastewater with solid organic wastes. 

Biol. Fert. Soils 32, pp. 222–227. 

Paul, E.A. and F.E. Clark. 1996. Soil Microbiology and Biochemistry. Amonification and 

Nitrification, Academic Press, London, UK. pp. 181–197  

Peters, J. 2003. Recommended Methods of Manure Analysis. University of Wisconsin. pp. 30. 

Piñeiro, A.L., A. Albarrán, J.M. Rato Nunes and C. Barreto. 2008. Short and medium-term effects of 

two-phase olive mill waste application on olive grove production and soil properties under 

semiarid mediterranean conditions. Bioresource Technology 99 , pp. 7982–7987 

Richards, L.A. 1954. Diagnosis and improvement of saline and alkali soils: Washington, D.C., U.S. 

Department of Agriculture Handbook 60, pp. 160 

Riffaldi, R., R. Levi-Minzi, A. Saviozzi, G. Vanni and A. Scagnozzi. 1993. Effect of the disposal of 

sludge from olive processing on some soil characteristics, laboratory experiments. Water, Air 

and Soil Pollution 69, pp. 257–264. 

Soil Survey Staff. 1996. Soil Survey Laboratory Methods Manual. Soil Survey Investigations Report 

No. 42. Ver. 3.0 USDA-NRCS, U.S. Govt. Print. Office, Washington, DC. pp. 693. 

Tejada, M., J.L. Ruiz, M. Dobao, C. Benítez and J.L. González. 1997. Evolución de parámetros fısicos 

de un suelo tras la adición de distintos tipos de orujos de aceituna. Actas de Horticultura 18, 

pp. 514–518. 


