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14 Abstract 
15

16 Wastewater from the olive oil industry is often spread on soils, but this practice requires caution 

17 because of the possible harmful hydrological and physico-chemical effects on soils treated. 

18 While research has mainly focussed on the long-term changes in soil properties, very few studies 

19 refer to short-term effects, which appear a few weeks or months after Olive Mill Wastewater 

20 (OMW) application. Mediterranean areas are particularly prone to runoff and soil erosion risks, 

21 and the evaluation of the short-term effects of OMW on hydraulic conductivity and other 

22 physico-chemical properties of soils in this area are scarce. To fill this gap, this study has 

23 evaluated the effects of OMW spreading on the hydrology of a loamy soil at one and three weeks 

24 after application. More specifically, irrigation tests with OMW were carried out in olive field 

25 plots in Calabria, Southern Italy; the infiltrability and physico-chemical properties of treated 

26 soils were compared with unirrigated soils and soils irrigated with clean water, such as 

27 groundwater. 

28 A temporary reduction in the soil infiltration rate was detected immediately after OMW 

29 irrigation, although it was followed by a significant increase after three weeks. In the topsoil, 

30 irrigation with OMW produced an increase in phosphorous, potassium and organic matter 

31 contents as well as a higher stability of aggregates. In the deeper layer of soil treated with OMW 

32 the contents of organic matter and nutrients as well as of polyphenols were lower than in the 

33 unirrigated plot. Potassium, calcium and sodium contents were higher in the soil irrigated with 

34 OMW both in topsoil and deeper layers. Principal Component Analysis highlighted a noticeable 

35 influence of treatments on soil micronutrient contents, Cation Exchange Capacity and the 



36 stability of aggregates with slight differences between topsoil and deeper soil layers. Conversely, 

37 the concentration of organic matter, polyphenols and nutrients is noticeably stratified in both the 

38 topsoil and the deeper layers regardless the type of treatment. 

39

40 Keywords: infiltration rate; organic matter; soil physico-chemical changes; wastewater 
41 irrigation; soil aggregate stability; runoff and erosion risk.
42

43

44 1. Introduction 
45

46 The extraction process of olive oil requires the addition of a high volume of water, a large share 

47 of which becomes waste (Aktas et al., 2001; Mechri et al., 2007; Sellami et al., 2008). This oil 

48 mill effluent, known as Olive Mill Wastewater (OMW), contains the water added during the 

49 process, the water and pulp contents of olives, and a stable emulsion of oil residues (Paredes et 

50 al., 2002; Brunetti et al., 2007). Generally, OMW shows high concentrations of organic matter, 

51 suspended solids and inhibiting compounds, such as polyphenols; the content in mineral 

52 elements, such as potassium, phosphorus and calcium, is lower (Amaral et al., 2008; Di Serio et 

53 al., 2008). Because of these peculiar characteristics, uncontrolled disposal of OMW poses 

54 serious environmental risks to water, soil and air, such as the pollution of surface and ground 

55 water bodies, degradation of soil properties, and foul-smelling emissions (Dermeche et al., 2013; 

56 Chaari et al., 2015). The most dangerous OMW properties are the acidic pH and the high 

57 contents of both organic matter and phenols (Dermeche et al., 2013; Chaari et al., 2015; Aggoun 

58 et al., 2016). 

59 To reduce the environmental drawbacks linked to OMW disposal, several physico-chemical - 

60 e.g. evaporation, reverse osmosis, filtration, oxidation, thermal drying - or biological - e.g. 

61 aerobic and anaerobic treatments, composting, phyto-depuration - methods have been proposed 

62 for OMW treatment (Dourou et al., 2016). However, until now, their economic and technological 

63 application is in most cases limited (Chartzoulakis et al., 2010). 

64 In contrast to the usual OMW treatments, several studies have suggested the controlled 

65 application of OMW to cultivated soil. According to these studies, OMW can be used as a cheap 

66 soil conditioner and/or fertilizer (Saadi et al., 2007; Caputo et al., 2013; Ayoub et al., 2014; 

67 Barbera et al., 2014), and represents an additional water and nutrient resource for 

68 fertilisation/irrigation of Mediterranean olive groves, affected by a chronic water and organic 

69 matter scarcity (Di Bene et al., 2013; Ayoub et al., 2014; Chaari et al., 2015). In this practice, 



70 called "OMW land treatment and utilisation", OMW is applied to bare or cultivated soil (Cabrera 

71 et al., 1996; Sierra et al., 2001; Kapellakis et al., 2008; Mechri et al., 2008). 

72 However, OMW land treatment must be practised with caution, since OMW application may 

73 induce serious environmental damage due to its toxicity towards plants and bacteria living in 

74 soils (Moreno et al., 1987; Mekki et al., 2006; Barbera et al., 2014). Moreover, the agronomic 

75 use of OMW is limited by other constraints, such as oil and grease (Amaral et al., 2008; 

76 Ouzounidou et al., 2008), suspended solids (Paredes et al., 1987; Roig et al., 2006; Chaari et al., 

77 2015) as well as high salinity and acidity (Barbera et al., 2014; Cavallaro et al., 2014). Therefore, 

78 the impacts of OMW application on crops and on the chemical, physical and biological 

79 properties of soils must be further studied and tested in field, since little is known about these 

80 effects (Aggelis et al., 2003; Mekki et al., 2008; Mekki et al., 2009). A comprehensive review 

81 was carried out by Mekki et al. (2006) and more recently Barbera et al. (2013). In general, due to 

82 the variability of OMW application rates and properties of receiving soils, literature data on 

83 OMW effects on soil properties is not unanimous and, in many cases, even contradictory 

84 (Chartzoulakis et al., 2010). In addition, most of the studies reported in the scientific literature 

85 have mainly evaluated the long-term effects on soil properties - that is, on a yearly or decade 

86 scale - with contrasting results (Greco et al., 2006; López et al., 1996; Piotrowska et al., 2006; 

87 2011). 

88 Compared to studies on the long-term effects, those on the short-term effects are far fewer (e.g. 

89 Levi-Minzi et al., 1992; Sierra et al., 2007; Di Serio et al., 2008; Di Bene et al., 2013; 

90 Piotrowska et al., 2011). The evaluation of the effects of OMW on the chemical, physical and 

91 biological soil properties performed some weeks or months after OMW application on soil are 

92 equally important, since many adverse effects may be present only in this period. For instance, 

93 Sierra et al. (2007) detected increases in soil salinity and in content of phenolic compounds four 

94 months after OMW application. A decrease in soil pH and polyphenol (PP) content were claimed 

95 by Di Serio et al. (2008) in 2-month field experiments. Di Bene et al. (2013) and Caruso et al. 

96 (2018) suggested strict control of OMW use as an organic conditioner given the negative effects 

97 on soil properties such as the increase in PP and electrical conductivity and decrease in fungal 

98 communities five days after OMW application). These early adverse effects become more 

99 negligible as time passes. As a general response to OMW application, Piotrowska et al. (2011) 

100 observed sudden changes in some biological properties of the soil immediately after application 

101 and in the following 14 days. By contrast, no differences in COD (Chemical Oxygen Demand), 

102 phenol content and electrical conductivity of soils were detected three months after OMW 

103 application by Levi-Minzi et al. (1992) compared to untreated soils. 



104 Furthermore, few studies have focused on the short term hydrological effects of OMW 

105 application. Thus, the time evolution of infiltrability on soils treated with OMW is also not 

106 completely understood and literature data about the effects of OMW on water infiltration and 

107 hydraulic conductivity of soil are contrasting (Barbera et al., 2013). Much caution should be paid 

108 to the possible changes in the hydrological properties of receiving soils, such as infiltration rates. 

109 In Mediterranean areas particularly prone to runoff and soil erosion risks (Zema et al., 2014; 

110 Fortugno et al., 2017; Lucas-Borja et al., 2018; Zema et al., 2018), OMW should not be applied 

111 to soils during the wet period; a decrease in soil infiltrability after OMW land treatment may 

112 worsen the hydrological response to intense storms on the steep olive groves of some 

113 Mediterranean areas (e.g. Southern Italy, Tamburino et al., 1999; Bombino et al., 2010; Spain, 

114 Gomez et al., 2009; Burguet et al., 2016). Therefore, more research may help to better 

115 understand the changes of infiltrability and physico-chemical properties of soils immediately or 

116 few weeks after receiving OMW.

117 To fill this gap, this study evaluates the short-term effects of OMW spreading on soil hydrology 

118 in the immediate weeks after application. More specifically, irrigation tests with OMW have 

119 been carried out in olive field plots at an experimental site in Calabria, Southern Italy, and the 

120 infiltrability and physico-chemical properties of treated soils were compared with unirrigated 

121 soils and soils irrigated with clean water. We hypothesized that the short-term effects of OMW 

122 application are not as beneficial as those reported after long-term monitoring (e.g. Mekki et al., 

123 2006; 2007; Mechri et al., 2008; Moraetis et al., 2011). This experimental study aims to address 

124 the insufficient literature available on this topic, to either confirm or reject this hypothesis.

125
126

127 2. Materials and methods
128

129 2.1. Study area 
130

131 The tests were carried in plots on an olive farm, 180 m above mean sea level, geographical 

132 coordinates 38.9685N, 16.2883E, in the territory of Lamezia Terme, Calabria, Southern Italy 

133 (Figure 1a). Olive grove soils were characterized from forty-five samples collected at two 

134 different depths, 0-5 and 30-40 cm below ground. Soil showed on average 34% of sand, 36% of 

135 silt and 31% of clay (w/w) and lack of skeleton, and was classified as Alfisol, loamy soil with 

136 moderately fine texture, according to the USDA Soil Taxonomy.

137

138 2.2. Experimental design



139

140 In the olive grove, three plots, each one including 18 seven-year-old olive trees - cultivar 

141 Carolea - planted at 5 x 4 m, were chosen (Figure 1b). Each plot covered an area of 360 m2, 24-

142 m long by 15-m wide. Within each plot, three sample areas were chosen (Figure 1b), of which:

143 - one area was not irrigated - henceforth indicated as "No irrigation" - and assumed as control;

144 - a second area was treated in March with OMW, henceforth indicated as “Irrigation with 

145 OMW”;

146 - a third area was treated in March with clean water, henceforth indicated as “Irrigation with 

147 CW”.

148 At one and three weeks after irrigation, the sample areas in the three plots were subject to 

149 infiltration tests. After eight weeks the main chemical-physical properties of soil in each sample 

150 area of the three plots were evaluated at two different profile depths, 0-5 and 30-40 cm (Figure 

151 1b). All measurements were carried out in triplicate.

152  

153 2.3. Irrigation equipment and methods
154

155 The micro-irrigation system consisted of a 40-mesh disk filter, a main PVC pipeline, 75 mm in 

156 diameter, and a secondary low-density polyethylene pipeline, 32 mm, supplying eight 

157 distributing lines, 16 mm, provided with drippers of long-path type. Each olive tree was irrigated 

158 by two drippers distributing 8 L h-1 at distance of 1 m. The irrigation water was pressured by an 

159 electric pump of nominal power of 4 kW with pressure manually setup through a by-pass set at a 

160 pressure of 1-1.1 bar. Further details over the irrigation system are reported in the paper by Capra 

161 et al. (2005).

162 The hydraulic load, equal for plots irrigated with OMW and CW, was 75 m3 ha-1, equivalent to 

163 150 L per olive tree in 10 hours, and 33 mm on the area of effective infiltration. The hydraulic 

164 load of OMW supply is close to the maximum limit permitted by the Italian law n. 574/96, equal 

165 to 80 m3 ha-1 per year.

166

167 2.4. Water analysis
168

169 OMW was supplied from a continuous three-phase oil extraction system and stored in the period 

170 November-March in a 180 m3 open concrete tank. CW was pumped from a well.

171 Analysis of OMW and CW was carried out in triplicate on water samples following the Italian 

172 standards (APAT IRSA-CNR, 2003), which refer to the common international methods (APHA-

173 AWWA-EF, 1998; ASTM, 1981; EPA, 1974). OMW was characterized at the beginning, during, 



174 and at the end of the watering, while CW was sampled at the beginning of watering (Table 1). 

175

176 2.5. Infiltration tests
177

178 Measurements of soil infiltration rates were performed by a double-cylinder infiltrometer, 

179 consisting of two coaxial cylinders having inner and outer diameters of 320 and 570 mm, 

180 respectively, and height of 300 mm and driven into the soil to a depth of 150 mm. The test 

181 measured the time needed for the infiltration of 20 mm of water in the cylinders filled with 50-70 

182 mm of CW. The infiltration test was repeated until three equal time measurements had been 

183 recorded between filling operations. The ratio between the water depth of 20 mm and the time 

184 recorded for water infiltration gave the soil infiltration rate. The infiltration measurements were 

185 made in three randomly chosen points of each plot. Soil samples with cracks or pebbles, which 

186 could lead to unrealistic measurements, were excluded.

187

188 2.6. Soil analysis
189

190 The following determinations on the soil fraction finer than 2 mm (after sample air-drying and 

191 sieving) were performed: pH (by portable electrochemical instrument Hach Lange HQ30d), 

192 organic matter content (OM) (Walkley-Black method, 1934), total nitrogen (TN) (Bremmer & 

193 Mulvaney, 1982), phosphorous (P) (Olsen method, 1954) and 

194 potassium/magnesium/sodium/calcium contents (K, Mg, Na, Ca exchangeable cations) (using the 

195 barium-chloridetriethanolamine method, Thomas, 1982); based on these data, the Cation 

196 Exchange Capacity (CEC) was calculated. Furthermore, the following properties were evaluated 

197 from the 1:5 soil/water extract, obtained by a 30-minute shaking: phenolic compounds (PP) 

198 (using the Folin-Ciocalteau reagent), volatile acids (VolAcid) (by titulation, Di Lallo and 

199 Alberton, 1961) and aggregate stability index (ASIndex) (by wet sieving, Pagliai, 1997).

200

201 2.7. Statistical analysis
202

203 First, the physico-chemical properties of the soil were analysed by a two-way ANOVA, using as 

204 factors the treatment (that is, no irrigation or irrigation with OMW or irrigation with CW), soil 

205 sampling depth (that is, 0-5 or 30-40 cm), and the interactions between treatment and soil 

206 sampling depth. The post hoc test applied was Fisher's least significant difference at p < 0.05 

207 level of significance. 



208 Then, Tukey’s test at p < 0.05 was also used to evaluate the statistical significance of the 

209 differences in soil infiltration rates and physico-chemical changes between pairs of treaments; 

210 the latter comparisons were performed separately at the two sampling depths The same test was 

211 preliminarily applied to physico-chemical properties of irrigation waters used for the treatments 

212 (that is, OMW and CW).

213 Finally, Principal Component Analysis (PCA) was performed on a Spearman rank correlation 

214 matrix of the physico-chemical properties of soils sampled at the two depths after treatments to 

215 reduce the dimensionality of the data set.

216 In order to satisfy the assumptions of the statistical tests, that is the equality of variance and 

217 normal distribution, the data were subjected to normality test or were square root-transformed 

218 whenever necessary. The statistical analyses were carried out with the Statgraphics Centurion 

219 and XLSTAT software. 

220

221

222 3. Results 
223

224 3.1. Characterisation of OMW and CW
225

226 OMW was slightly acid (mean value of pH equal to 5.73) and had a moderate Electrical 

227 Conductivity (EC) (average 1584.33 μS cm-1, indicating a moderate salt content) (Table 1). The 

228 mean Total Suspended Solids (TSS) and Total Settleable Solids (TSeS) concentrations (130.67 

229 and 14.53 mg L-1, respectively) were relatively high. COD was on average 59 g L-1 and TN was 

230 134,97 mg L-1 (Table 1). The PP concentration (38.03 mg L-1) was close to the lower value 

231 typical of the fresh OMW (0.5 - 24 g L-1, Borja et al., 2006; Gonzalez-Lopez et al., 1994).

232 CW used in the other irrigated plots was poor in TSS and TSeS (18 and 0.03 mg L-1) and with 

233 neutral pH (6.73). The contents of OM (on average 0.03 g L-1) as well as micro- and macro-

234 nutrients were much lower than OMW, except for P and Na, while PP were absent (Table 1).

235   

236 3.2. Changes of hydrological properties of the soil
237

238 Figure 2 illustrates the infiltration curves measured by the tests carried out by the infiltrometer. 

239 The initial infiltration rate was higher for plots irrigated with OMW and lower for irrigation with 

240 CW. The steady-state was achieved after about 6-7 hours in the unirrigated plots or plots 

241 irrigated with OMW, and after 12 hours in those irrigated with CW (Figure 2).

242 One week after irrigation the steady-state infiltration rate (3.31 mm h-1 in the case of OMW 



243 application and 2.22 mm h-1 for CW) was much lower compared to the unirrigated plot (42.3 mm 

244 h-1). The plots irrigated with OMW showed a higher infiltration rate (by about 50%) compared to 

245 those irrigated with CW (Table 2).

246 Three weeks after irrigation, a shift of the steady-state infiltration rate was observed in the plots 

247 irrigated with OMW (20.74 mm h-1, three times higher than measurements in plots irrigated with 

248 CW, 6.79 mm h-1), although remaining lower than the values achieved in the unirrigated control 

249 plot (42.3 mm h-1) (Table 2). 

250

251 3.3. Changes of physico-chemical properties of the soil
252

253 Two-way ANOVA showed that the irrigation and the sampling depth factors separately 

254 influenced all the physico-chemical parameters of the soil, excluding Mg concentration for the 

255 irrigation factor and pH, CEC and ASIndex for soil depth. The interactions among these 

256 variability factors were always statistically significant except Ca, Na, CEC, VolAcid and 

257 ASIndex (Table 3).

258 In the topsoil, compared to the unirrigated soil, the plots treated with OMW showed a slight 

259 increase of pH (from 6.47 to 6.85). Irrigation with OMW increased the soil’s content of OM 

260 (from 23.4 to 27.6 g kg-1) and of all macro- and micronutrients with the exception of TN (1.6 g 

261 kg-1 for both) and Mg (210 and 206 g kg-1, respectively). Due to the increase of OM content and 

262 cations, also ASIndex and CEC were higher in plots treated with OMW (34.97 and 13.83 Meq 

263 100-g-1, respectively) compared with unirrigated plots (20.33 and 10.37 Meq 100-g-1, 

264 respectively). Also, the PP content of treated soil was higher (7.50 g kg-1) than in the control 

265 plots (6.17 g kg-1) (Table 3). Compared to the control plots, irrigation with CW decreased pH 

266 and the soil content of OM and micro/macro-nutrients, except sodium. The ASindex was higher 

267 than in unirrigated plots (21.6 against 20.33, respectively (Table 4).

268 In the deeper soil layer (30-40 cm), compared to control plots, irrigation with OMW increased 

269 pH (from 6.33 to 6.59) and decreased the soil content of OM, TN, P, Mg and PP; conversely, the 

270 content of K, Ca and Na as well as CEC and ASIndex were higher (Table 4). The same trend 

271 was detected in the plots irrigated with CW, but with a more noticeable decrease of K and PP 

272 contents (Table 3). 

273

274 3.4. Statistical analysis
275

276 3.4.1. Correlation analysis
277



278 Positive and significant correlations were detected between OM and TN, P, K, Mg, PP and 

279 VolAcid. The pH of soil was also positively correlated with P, K, VolAcid and ASIndex. 

280 Moreover, TN and P were correlated positively with K, PP and VolAcid, and negatively with Na. 

281 Also, AsIndex showed a positive correlation with Na and Ca.  Both VolAcid and AsIndex were 

282 not correlated with CEC and Mg. Finally, the correlation between CEC and K, Ca, Na was 

283 positive and significant (Table 5).

284

285 3.4.2. Principal Component Analysis (PCA)
286  
287 By PCA two principal components, PC1 and PC2, were extracted, explaining about 75% of the 

288 total variance of the original variables, 47% for PC1 and 28% for PC2. Plotting the PCA scores 

289 on the two PCs allowed clustering six well-differentiated groups (Figure 3). The clustered groups 

290 were the following: i) irrigation with OMW + 30-40 sampling depth; ii) irrigation with OMW + 

291 0-5 sampling depth; iii) irrigation with CW + 30-40 sampling depth; iv) irrigation with CW + 0-5 

292 sampling depth; v) no irrigation + 30-40 sampling depth; and vi) no irrigation and 0-5 sampling 

293 depth (Figure 3). More specifically, as explained by the loadings of the soil parameters on the 

294 PCs, the organic matter (OM), the acidity (VolAcid) as well as the concentrations of nutrients 

295 (TN, P and K) and PP significantly influenced the first PC, while the concentrations of some 

296 micro-nutrients (Ca and Na) as well as the aggregate stability (ASIndex) mainly weighted on 

297 PC2 (Table 6 and Figure 3). Some of these correlations are in tune with those found by the study 

298 of Chaari et al. (2015), mainly those relating K and pH, OM and P.

299 From the multivariate statistical analysis by PCA two interesting considerations can be drawn. 

300 First of all, a gradient along the first principal component, mainly related to OM, TN, P, K and 

301 PP content, is evident among samples taken at different depths (Figure 3); in other words, these 

302 physico-chemical properties of topsoil are associated with positive values of PC1, except two 

303 samples irrigated with CW, while those of the deeper soil show negative values of PC1. 

304 Moreover, another evident gradient can be found along the second principal component, on 

305 which the concentration of Ca and Na as well as CEC and ASIndex mainly weigh (Figure 3); the 

306 different soil treatments are arranged along this gradient without noticeable differences between 

307 topsoil and deeper layers. The soil irrigated with OMW is associated with positive values of 

308 PC2, whereas the unirrigated soil has negative scores on the same PC. 

309

310 4. Discussions 
311

312 4.1. Characterisation of OMW and CW



313

314 The preliminary characterisation of residual (OMW) and clean (CW) waters used for olive grove 

315 irrigation showed a noticeable contents of polluting compounds. Acid and saline water 

316 containing high concentrations of OM, macro- and micro-nutrients, and inhibiting compounds 

317 (PP) may alter in both short and long-term the physico-chemical and biological equilibrium of 

318 the treated soils (Moreno et al., 1987; Paredes et al., 1999; Piotrowska et al., 2011). For instance, 

319 when unstable organic matter is applied to soil, several negative effects can be detected on soil 

320 properties and plant growth, such as increased mineralization of soil organic carbon, anaerobic 

321 conditions, phytotoxicity, and immobilization of plant nutrients (Senesi, 1989; Cereti et al., 

322 2004; Komilis et al., 2005; Brunetti et al., 2007).

323

324 4.2. Changes in hydrological properties of the soil
325

326 As regards the hydrological affects of OMW application, it is known that the hydraulic 

327 conductivity of saturated soils is generally reduced by irrigation with wastewater (Gharaibeh et 

328 al., 2007). This investigation showed that one week after watering a reduction of soil infiltration 

329 rate in the soil treated with OMW is evident. However, also the soil with CW irrigation showed a 

330 drastic decrease of infiltration. These reductions of infiltration rates detected in both irrigated 

331 soils may be due to soil particle movement, with surface pores clogging after irrigation; also the 

332 addition of exchangeable cations and high amounts of total suspended solids, of which our 

333 OMW is rich, and the accumulation of fatty substances of residual olive oil in OMW (Bhardwaj 

334 et al., 2008; Travis et al., 2008; Barbera et al., 2013) may have aggravated this behaviour of the 

335 top soil horizons.

336 After three weeks, steady-state infiltration rates of irrigated soils are lower than the values 

337 achieved in the unirrigated control plot. However, soils treated with OMW showed noticeable 

338 increases compared to soils irrigated with CW, whose infiltrability remains very low. Compared 

339 to the unirrigated plots, irrigation with CW showed a steady-state infiltration rate reduced by 

340 over 80%, while the value measured in the soil treated with OMW was 50% compared to the 

341 unirrigated plots. The higher infiltration rate of plots irrigated with OMW compared to those 

342 irrigated with CW probably depends on the soil particle aggregation effect provided by the 

343 addition of organic matter (López-Piñeiro et al., 2007). The results of this study are in agreement 

344 with the short-term reduction of soil infiltration rate reported by Andiloro et al. (2005) (Table 7). 

345 Moreover, Barbera et al. (2013) report that soil infiltration decreases approximately 20 days after 

346 OMW application and then gradually increases with a trend likely related to the biological 

347 decomposition of the fatty substances. The short-term reduction of soil infiltration rate detected 



348 in our study confirms the working hypothesis that the OMW application may worsen the 

349 hydrological response of soil immediately after its application. Therefore, the reduction in soil 

350 infiltrability suggests caution in irrigation of agricultural land, since it may increase runoff and 

351 erosion processes. However, the noticeable improvement of the hydrological response of soils 

352 treated with OMW compared to the decreased infiltration rates shown by soils irrigated by CW 

353 confirms the benefits of OMW application against the possible hydrological risks occurring in 

354 steep slopes after intense storms.

355

356 4.3. Changes in physico-chemical properties of the soil 
357

358 The action of organic matter seems to be responsible for the increase of the infiltration rate in 

359 soils treated with OMW compared to irrigation with CW. Organic matter improves the porosity 

360 (Cox et al., 1996) and other physical properties, such as the stability of aggregates (Table 3) 

361 within the topsoil (Chaney and Swift, 1984; Lado et al., 2004). Furthermore, the susceptivity of 

362 the soil to sealing is decreased (Le Bissonais, 1996). The results confirmed the high correlation 

363 between organic matter and the soil infiltration rate, also detected by Mbagwu and Auerswald 

364 (1999, 0.55, significant at p level < 0.05).

365 Contrasting effects in the analysed soil properties were found in the treated plots and the 

366 investigated soil depths. Many of these contrasts were significant and mutually dependent, as 

367 two-way ANOVA demonstrated. 

368 At both investigated soil depths, OMW application induced a slight increase of pH values, in 

369 spite of the OMW slight acidity. Presumably, the high buffer capacity of the soil did not decrease 

370 soil pH after the OMW application. This beneficial action seems to assure a soil tolerance in 

371 receiving acid wastewater. Therefore, in the short term no detrimental effects to pH were 

372 detected in the experimental soil. 
373 Literature reports contrasting results about changes in soil pH after OMW application. Most 

374 studies report pH decreases due to irrigation with OMW. This was detected both in the short 

375 terms (within 5-6 months, Zenjari and Nejmeddine, 2001; Sierra et al., 2007; Di Serio et al., 

376 2008; Brunetti et al., 2007) and many months after irrigation (Chaari et al., 2015) (Table 7). 

377 According to these authors, soil acidity slightly decreases in the upper layer immediately after 

378 OMW application, since OMW had a low pH (Di Serio et al., 2008). Conversely, others authors 

379 reported, as in our study, slight increase of pH, when soils were irrigated with OMW (Di Bene et 

380 al., 2013, at six months in the topsoil; Piotrowska et al., 2011, after seven weeks; Chartzoulakis 

381 et al., 2005, in the long term) (Table 7). 



382 An increase in organic matter content was detected in the topsoil, which supports the working 

383 hypothesis that OMW land application has a beneficial effect on soil properties also in the short 

384 terms. Except Sierra et al. (2007) and Di Bene et al. (2013, on a sandy loam soil), all the authors 

385 reported increases in organic matter or carbon content of the topsoil, after OMW application, 

386 both in short (Zenjari and Nejmeddine, 2001; Di Serio et al., 2008; Piotrowska et al., 2011; 

387 Brunetti et al., 2007) and in long terms (Andiloro et al., 2005; Mekki et al., 2006; Chartzoulakis 

388 et al., 2005; Chaari et al., 2015), because of the high organic matter content of the effluent (Table 

389 7). 

390 In the topsoil, a significant increase of potassium, and polyphenol contents, were also measured, 

391 while the total nitrogen did not change. For this nutrient, a slight reduction was instead recorded 

392 after irrigation with CW. Practically, all the previous literature report increases in the contents of 

393 nitrogen, phosphorous and potassium, with few exceptions. Among these latter, Sierra et al. 

394 (2007) and Piotrowska et al. (2011) detected reductions or no changes in nitrogen content of the 

395 topsoil in the short terms, while decreases in phosphorous (Sierra et al., 2007, after 120 days 

396 from irrigation, and Andiloro et al., 2005, after seven months) and potassium (Andiloro et al., 

397 2005) concentrations were measured. The increases of potassium and phosphorous may well be 

398 due to the high phosphorous content of OMW and to the action of microflora, which affects the 

399 available potassium fraction in organic form within the effluent (Papini et al., 2000). The 

400 increase in the content of potassium and phosphorus enhances soil fertility and this suggests the 

401 viability of OMW use as soil fertiliser supposed in this study: therefore, the OMW application 

402 reduces the need for chemical fertilizers in spring with evident economic and ecological benefits 

403 (Di Serio et al., 2008).

404 The effects of the polyphenols are notable throughout three months after OMW application 

405 (Saviozzi et al., 1991; Saadi et al., 2007) and subsequently the content of phenols gradually 

406 decreases, since these compounds are broken down by specific bacteria, such as yeasts and fungi 

407 (Di Serio et al., 2008; Barbera et al., 2013). This study confirms the sharp increase in polyphenol 

408 content of the topsoil, which is in accordance with those literature studies carried out no later 

409 than 3-4 months after OMW applications (Zenjari and Nejmeddine, 2001, and Di Serio et al., 

410 2008). After this period, Andiloro et al. (2005), Sierra et al. (2007) and Di Bene et al. (2013) 

411 showed that the polyphenol content is reduced both in the topsoil and in the deeper layer (Table 

412 7). Sierra et al. (2007) recommended a limit of 180 m3 ha-1 for OMW yearly application, because 

413 at doses over 360 m3 ha-1 the phenolic content of soil may increase due to the temporal 

414 immobilization of nitrate, which may decrease plant production. Since the OMW application 

415 load of the present study (80 m3 ha-1 year-1) was much lower than the suggested limit, the 

416 phytotoxic and antibacterial actions of polyphenols, which represent the main limiting factor for 



417 spreading OMW, may be excluded in the short terms, considering the limited increase detected 

418 in the topsoil. 

419 As regards the deeper soil layer (30-40 cm), the contents of organic matter, total nitrogen, 

420 phosphorous and polyphenols, basically similar in the plots irrigated both with OMW and CW, 

421 are lower than in the unirrigated control plot, presumably due to the leaching effects induced by 

422 water percolation into the soil’s deeper layers. Conversely, a slight increase in the potassium 

423 content was measured after OMW application. According to Chartzoulakis et al. (2010), this 

424 allows a reduction of the potassium fertilizer added to soil treated with OMW. 

425 At both the investigated profile depths of soil irrigated with OMW, a higher value of sodium 

426 content was found compared to the control. Here, careful attention should be paid, since 

427 excessive sodium application through wastewater may lead to soil structure decay (due to 

428 excessive alkalinity) and adverse effects on plant growth and yield (due to the increased osmotic 

429 potential). 

430 Finally, Mahmoud et al. (2012) report that the effect of OMW application on aggregate stability 

431 has not been thoroughly studied, although this property is important in evaluating the 

432 hydrological behaviour and long-term crop productivity of soil (Letey, 1985). The aggregate 

433 stability index after irrigation with OMW is higher at both the investigated soil depths, compared 

434 to the control plot, and this may represent a beneficial effect of soil treatment with OMW. This 

435 increase may well be due to the higher soil aggregation induced by the OM content of 

436 wastewater (Table 7). This result contrasts with findings of Andiloro et al. (2005), who detected 

437 a reduction in aggregate stability in both the surface and deeper layers of the treated soil seven 

438 months after OMW application. 

439

440 5. Conclusions
441

442 In this study, OMW was applied at a rate close to the maximum limit permitted by the Italian 

443 law, 80 m3 ha-1 year-1, on a loamy soil. The hydrological and physico-chemical effects were 

444 measured some weeks after OMW application and compared to untreated soils (control tests) 

445 and soils irrigated with CW. These short-term results of OMW application were not always as 

446 beneficial as those reported after long-term literature experiences.

447 As regards the hydrological aspects, OMW application temporarily reduced the soil infiltration 

448 rate immediately after irrigation. Subsequently, a significant increase, mainly at two or three 

449 weeks from watering, was noticed on the treated soils, although infiltration was lower than in the 

450 control. Therefore, steep soils should not be irrigated with OMW during or immediately before 

451 the wet season to avoid the risks of surface runoff and soil erosion.



452 A few weeks after irrigation, some of the monitored physico-chemical properties of the soil 

453 treated with OMW had improved (e.g. organic matter, phosphorous and potassium contents, soil 

454 aggregate stability) and the remaining properties were not negatively affected (e.g. pH, nitrogen 

455 and polyphenol content) by OMW application, compared to the unirrigated plots or those treated 

456 with CW. However, an excessive sodium concentration in applied OMW may lead to soil 

457 structure decay and plant development reduction. 

458 PCA highlighted a noticeable influence of soil treatments on micro-nutrient contents, CEC and 

459 the stability of aggregates with slight differences between topsoil and deeper layers. Conversely, 

460 the concentration of organic matter, polyphenols and nutrients is noticeably stratified into the 

461 topsoil and the deeper layers regardless the type of treatment (irrigation with OMW or CW either 

462 no irrigation). 

463 Overall, the experimental tests confirm that the effluents of olive oil mills, when used in addition 

464 to clear water for crop irrigation, may represent both a soil improvement and an important 

465 resource in Mediterranean agriculture. In such environmental contexts the availability of 

466 irrigation water is limited due to the semi-arid climate and competition with other uses, and soils 

467 are in general poor in fertilising compounds. Irrigation of soils with OMW reduces clean water 

468 demand and improves soil fertility, due to the addition of organic matter and nutrients. However, 

469 OMW should not be applied to soils during or immediately before the wet season. Finally, 

470 OMW land application avoids or, at least, limits the need for effluent depuration before its 

471 disposal, thus reducing the pollution risk to water bodies. 

472

473

474 References 
475

476 Aggelis, G., Iconomou, D., Christou, M., Bokas, D., Kotzailias, S., Christou, G., Tsagou, V., 

477 Papanikolaou, S. (2003). Phenolic removal in a model olive oil mill wastewater using Pleurotus 

478 ostreatus in bioreactor cultures and biological evaluation of the process. Water Research 37(16), 

479 3897-3904.

480 Aktas, E., Imre, S., Ersoy, L., 2001. Characterization and lime treatment of olive mill 

481 wastewater. Water Research 35 (9), 2336–2340.

482 Amaral, C., Lucas, M. S., Coutinho, J., Crespí, A.L., do Rosário Anjos, M., Pais, C., 2008. 

483 Microbiological and physicochemical characterization of olive mill wastewaters from a 

484 continuous olive mill in Northeastern Portugal. Bioresource Technology 99(15), 7215-7223.



485 Andiloro. S., Tamburino. V., Zimbone. S.M., 2005. Effects of irrigation with olive oil mill 

486 wastewater. Proceedings of the Congress "The Agricultural recycling of olive oil mill 

487 wastewater”, Reggio Calabria (Italy), 4 November. 

488 Ayoub, S., Al-Absi, K., Al-Shdiefat, S., Al-Majali, D., Hijazean, D., 2014. Effect of olive mill 

489 wastewater land-spreading on soil properties, olive tree performance and oil quality. Scientia 

490 Horticulturae 175, 160-166.

491 Barbera, A.C., Maucieri, C., Cavallaro, V., Ioppolo, A., Spagna, G., 2013. Effects of spreading 

492 olive mill wastewater on soil properties and crops, a review. Agricultural Water Management 

493 119, 43-53.

494 Barbera, A.C., Maucieri, C., Ioppolo, A., Milani, M., Cavallaro, V., 2014. Effects of olive mill 

495 wastewater physico-chemical treatments on polyphenol abatement and Italian ryegrass (Lolium 

496 multiflorum Lam.) germinability. Water Research 52, 275-281.

497 Bhardwaj, A., Kmandal, U.K., Bar-Tal, A., Gilboa, A., Levy, G.J., 2008. Replacing saline–sodic 

498 irrigation water with treated wastewater: effects on saturated hydraulic conductivity slaking, and 

499 swelling. Irrigation Science 26, 139–146.

500 Bombino, G., Denisi, P., Fortugno, D., Tamburino, V., Zema, D.A., Zimbone, S.M., 2010. Land 

501 spreading of solar-dried citrus peel to control runoff and soil erosion. WIT Transactions on 

502 Ecology and the Environment 140, 145-154.

503 Borja, R., Pelillo, M., Rincon, B., Raposo, F., Martìn, A., 2006. Mathematical modelling of the 

504 aerobic degradation of twophase olive mill effluents in a batch reactor. Biochemical Engineering 

505 Journal 30, 308-315.

506 Bremmer, J. M., Mulvaney, C.S., 1982. Nitrogen – Total. In: Page A.L., Miller R.H., Keeney 

507 D.R. (eds.) Methods of Soil Analysis. American Society of Agronomy, Madison, WI, USA, 595-

508 624.

509 Brunetti G., Senesi N., Plaza C., 2007. Effects of amendment with treated and untreated olive oil 

510 mill wastewaters on soil properties, soil humic substances and wheat yield. Geoderma 138, 144-

511 152. 

512 Burguet, M., Taguas, E. V., Cerdà, A., Gómez, J. A., 2016. Soil water repellency assessment in 

513 olive groves in Southern and Eastern Spain. Catena 147, 187-195.

514 Cabrera, F., López, R., Martinez-Bordiú, A., Dupuy de Lome, E., Murillo, J.M., 1996. Land 

515 treatment of olive oil mill wastewater. International Biodeterioration & Biodegradation 38(3-4), 

516 215-225.

517 Caputo, M.C., De Girolamo, A.M. Volpe, A., 2013. Soil Amendment with Olive Mill Wastes: 

518 Impact on Ground Water. Journal of Environmental Management 131, 216-221. Caruso, C., 

519 Maucieri, C., Cavallaro, V., Borin, M., Barbera, A.C. 2018. Olive mill wastewater spreading and 



520 AMF inoculation effects in a low-input semi-arid Mediterranean crop succession.  Archives of 

521 Agronomy and Soil Science 64(14), 2060-2074.

522 Cavallaro, V., Maucieri, C., Barbera, A.C., 2014. Lolium multiflorum Lam. cvs germination 

523 under simulated olive mill wastewater salinity and pH stress. Ecological engineering 71, 113-

524 117.

525 Cereti, C.F., Rossini, F., Federici, F., Quaratino, D., Vassilev, N., Fenice, M., 2004. Reuse of 

526 microbially treated olive mill wastewater as fertiliser for wheat (Triticum durum Desf.). 

527 Bioresour. Technol. 91, 135–140.

528 Chaari, L., Elloumi, N., Mseddi, S., Gargouri, K., Rouina, B. B., Mechichi, T., Kallel, M., 2015. 

529 Changes in soil macronutrients after a long-term application of olive mill wastewater. Journal of 

530 Agricultural Chemistry and Environment 4(01), 1.

531 Chaney, K., Swift, R.S., 1984. The influence of organic matter on aggregate stability in some 

532 British soils. European Journal of Soil Science 35(2), 223-230.

533 Chartzoulakis, K., Psarras, G., Moutsopoulou, M., & Stefanoudaki, E., 2010. Application of 

534 olive mill wastewater to a Cretan olive orchard: effects on soil properties, plant performance and 

535 the environment. Agriculture, ecosystems & environment 138(3-4), 293-298.

536 Cox L., Becker A., Celis R., Loperz R., Hermosin N.R.C., Cornejo J., 1996. Movement of 

537 clopyralid in a soil amended with olive oil mill wastewater as related to soil porosity. Fresenius 

538 Environment 3-4, 167-171.

539 Dermeche, S., Nadour, M., Larroche, C., Moulti-Mati, F., Michaud, P., 2013. Olive mill wastes: 

540 biochemical characterizations and valorization strategies. Process Biochemistry 48(10), 1532-

541 1552.

542 Di Bene, C., Pellegrino, E., Debolini, M., Silvestri, N., Bonari, E., 2013. Short-and long-term 

543 effects of olive mill wastewater land spreading on soil chemical and biological properties. Soil 

544 Biology and Biochemistry 56, 21-30.

545 Di Lallo, R., Alberton, O.E., 1961. Volatile acids by direct titration. Journal Water Pollution 

546 Control Federation 33, 356-365.

547 Di Serio, M.G., Lanza, B., Mucciarella, M. R., Russi, F., Iannucci, E., Marfisi, P., Madeo, A,. 

548 2008. Effects of olive mill wastewater spreading on the physico-chemical and microbiological 

549 characteristics of soil. International Biodeterioration & Biodegradation, 62(4), 403-407.

550 Dourou, M., Kancelista, A., Juszczyk, P., Sarris, D., Bellou, S., Triantaphyllidou, I. E., 

551 Rywinska, A., Papanikolaou, S., Aggelis, G., 2016. Bioconversion of olive mill wastewater into 

552 high-added value products. Journal of cleaner production 139, 957-969.

553 Fortugno, D., Boix-Fayos, C., Bombino, G., Denisi, P., Quiñonero Rubio, J.M., Tamburino, V., 

554 Zema, D.A., 2017. Adjustments in channel morphology due to land-use changes and check dam 

https://www.sciencedirect.com/science/article/pii/S0959652616312975#!
https://www.sciencedirect.com/science/article/pii/S0959652616312975#!


555 installation in mountain torrents of Calabria (Southern Italy). Earth Surface Processes and 

556 Landforms 42(14): 2469-1483. 

557 Gharaibeh, M.A., Eltaif, N.I., Al-Abdullah, B., 2007. Impact of field application of treated 

558 wastewater on hydraulic properties of vertisols. Water, Air and Soil Pollution 184, 347–353.

559 Gómez, J. A., Sobrinho, T. A., Giráldez, J. V., & Fereres, E., 2009. Soil management effects on 

560 runoff, erosion and soil properties in an olive grove of Southern Spain. Soil and Tillage Research 

561 102(1), 5-13.

562 Gonzalez-Lopez, J., Bellido, E., Benitez, C., 1994. Reduction of total polyphenols in olive mill 

563 wastewater by physicochemical purification. Journal of Environmental Science Health (A) 29(5), 

564 851-865.

565 Greco, G., Colarieti, M.L., Toscano, G., Iamarino, G., Rao, M.A., Gianfreda, L., 2006. 

566 Mitigation of olive mill wastewater toxicity. J. Agric. Food Chem. 54, 6776–6782.

567 IRSA-CNR, 1994. Metodi analitici per le acque. Istituto Poligrafico e Zecca dello Stato, Roma.

568 Kapellakis, I.E., Tsagarakis, K.P., Crowther, J.C., 2008. Olive oil history, production and by-

569 product management. Environmental Science and Biotechnology 7, 1-26.

570 Komilis, D.P., Karatzas, E., Halvadakis, C.P., 2005. The effect of olive mill wastewater on seed 

571 germination after various pretreatment techniques. J. Environ. Manag. 74, 339–348.

572 Lado, M., Paz, A., Ben-Hur, M., 2004. Organic matter and aggregate size interactions in 

573 infiltration, seal formation, and soil loss. Soil Science Society of America Journal, 68(3), 935-

574 942.

575 Le Bissonais, Y., 1996. Aggregate stability and assessment of soil crusting and erodibility: 1. 

576 Theory and methodology. European Journal of Soil Science 48, 39-48.

577 Levi-Minzi, R., Saviozzi, A., Riffaldi, R., Falzo, L., 1992. Land application of vegetable water: 

578 effects on soil properties. Olivae 40, 20–25.

579 López, R., Martínez-Bordiú, A., Dupuy de Lome, E., Cabrera, F., Sánchez, M.C., 1996. Soil 

580 properties after application of olive oil mill waste water. Fresenius Environ. Bull. 5, 49–54.

581 López-Piñeiro A., Murillo S., Barreto S., Muñoz A., Rato J.M., Albarrán A., García A., 2007. 

582 Changes in organic matter and residual effect of amendment with two-phase olive-mill waste on 

583 degraded agricultural soils. Science of The Total Environment 378(1-2), 84-89.

584 Lucas-Borja, M.E., Zema, D.A., Carrà, B.G., Cerdà, A., Plaza-Alvarez, P.A., Sagra Cózar, J., 

585 Gonzalez-Romero, J., Moya, D., de las Heras, J., 2018. Short-term changes in infiltration 

586 between straw mulched and non-mulched soils after wildfire in Mediterranean forest ecosystems. 

587 Ecological Engineering 122, 27–31. 

588 Mahmoud, M., Janssen, M., Peth, S., Horn, R., Lennartz, B., 2012. Long-term impact of 

589 irrigation with olive mill wastewater on aggregate properties in the top soil. Soil and Tillage 



590 Research 124, 24-31.

591 Mbagwu, J.S.C., Auerswald K.1999. Relationship of percolation stability of soil aggregates to 

592 land use, selected properties, structural indices and simulated rainfall erosion. Soil & Tillage 

593 Research 50, 197-206.

594 Mechri, B., Ben Mariem, F., Baham, M., Ben Elhadj, S., Hammami, M., 2008. Change in soil 

595 properties and the soil microbial community following land spreading of olive mill wastewater 

596 affects olive trees key physiological parameters and the abundance of arbuscular mycorrhizal 

597 fungi. Soil Biology & Biochemistry 40, 152-161.

598 Mechri, B., Echbili, A., Issaoui, M., Braham, M., Elhadij, S.B., Hammami, M., 2007. Short-

599 Term Effects in Soil Microbial Community Following Agronomic Application of Olive Mill 

600 Wastewaters in a Field of Olive Trees. Applied Soil Ecology 36, 216-223.

601 Mekki, A., Abdelhafidh, D., Sayadi, S., 2007. Polyphenols dynamics and phytotoxicity in a soil 

602 amended by olive mill wastewaters. J. Environ. Manage. 84, 134–140.

603 Mekki, A., Dhouib, A., Sayadi, S., 2006. Changes in microbial and soil properties following 

604 amendment with treated and untreated olive mill wastewater. Microbiological Research, 161(2), 

605 93-101.

606 Mekki, A., Dhouib, A., Feki, F., Sayadi, S., 2008. Assessment of toxicity of the untreated and 

607 treated olive mill wastewaters and soil irrigated by using microbiotests. Ecotoxicology and 

608 Environmental Safety 69(3), 488-495.

609 Mekki, A., Dhouib, A., Sayadi, S., 2009. Evolution of several soil properties following 

610 amendment with olive mill wastewater. Progress in Natural Science 19(11), 1515-1521.

611 Moraetis, D., Stamati, F.E., Nikolaidis, N.P., Kalogerakis, N., 2011. Olive mill wastewater 

612 irrigation of maize: Impacts on soil and groundwater. Agricultural Water Management 98(7), 

613 1125-1132.

614 Moreno, E., Perez, J., Ramos-Cormenzana, A., Martinez, J., 1987. Antimicrobial effect of waste 

615 water from olive oil extraction plants selecting soil bacteria after incubation with diluted waste. 

616 Microbios 51, 169–174.

617 Olsen, S.R., Cole, C.V., Watanabe, F.S., Dean, L.A., 1954. Estimation of available phosphorus 

618 in soils by extraction with sodium bicarbonate. Circular 939, US Department of Agriculture, 

619 Washington, USA, 1-19.

620 Ouzounidou, G., Asfi, M., Sotirakis, N., Papadopoulou, P., Gaitis, F., 2008. Olive 

621 millwastewater triggered changes in physiology and nutritional quality of tomato(Lycopersicon 

622 esculentum Mill.) depending on growth substrate. J. Hazard. Mater.158 (2), 523–530.

623 Pagliai, M., 1996. Effetti della somministrazione di acque reflue di frantoi oleari sulle 

624 caratteristiche fisiche del suolo. Seminario internazionale su "Trattamento e riciclaggio in 



625 agricoltura dei sottoprodotti dell'industria olearia", Lecce (Italy), 8-9 March.

626 Papini, R., Pellegrini, S., Vignozzi, N., Pezzarossa, B., Pini, R., Ceccarini, L., Pagliai, M., 

627 Bonari, E., 2000. Impatto dello spandimento di reflui oleari su alcune caratteristiche chimiche e 

628 fisiche del suolo. Società Italiana di Chimica Agraria, Atti del XVIII Convegno Internazionale, 

629 Catania (Italy), 20-22 September.

630 Paredes, M.J., Moreno, E., Ramos-Cormenzana, A., Martinez, J., 1987. Characteristics of Soil 

631 after Pollution with Wastewaters from Olive Oil Extraction Plants. Chemosphere 16, 1557-1564.

632 Paredes, C., Cegarra, J., Roig, A., Sánchez-Monedero, M.A., Bernal, M.P., 1999. 

633 Characterization of olive mill wastewater (alpechin) and its sludge for agricultural purposes. 

634 Bioresour. Technol. 67, 111–115.

635 Paredes, C., Bernal, M. P., Cegarra, J., Roig, A., 2002. Bio-degradation of olive mill wastewater 

636 sludge by its co-composting with agricultural wastes. Bioresource Technology 85(1), 1-8.

637 Piotrowska, A., Iamarino, G., Rao, M.A., Gianfreda, L., 2006. Short-term effects of olive mill 

638 wastewater (OMW) on chemical and biochemical properties of a semiarid Mediterranean soil. 

639 Soil Biol. Biochem. 38, 600–610.

640 Piotrowska, A., Rao, M. A., Scotti, R., Gianfreda, L., 2011. Changes in soil chemical and 

641 biochemical properties following amendment with crude and dephenolized olive mill waste 

642 water (OMW). Geoderma 161(1-2), 8-17.

643 Roig, A., Cayuela, M.L., Sanchez-Monedero, M.A., 2006. An Overview on Olive Mill Wastes 

644 and Their Valorization Methods. Waste Management 26, 960-969. 

645 Saadi, I., Laor, L., Raviv, M., Medina, Sh., 2007. Land spreading of olive mill wastewa-ter: 

646 effects on soil microbial activity and potential phytotoxicity. Chemosphere 66, 75–83.

647 Saviozzi, A., Levi-Minzi, R., Riffaldi, R., 1993. Effetto dello spandimento dei reflui dei frantoi 

648 oleari su alcune proprietà del terreno agrario. Genio Rurale 5, 68-71.

649 Sellami, F., Jarboui, R., Hachicha, S., Medhioub, K., Ammar, E., 2008. Co-Composting of Oil 

650 Exhausted Olive-Cake, Poultry Manure and Industrial Residues of Agro-Food Activity for Soil 

651 Amendment. Bioresource Technology 99, 1177-1188. 

652 Senesi, N., Brunetti, G., Loffredo, E., Miano, T.M., 1999. Abiotic catalytic humification of 

653 organic matter in olive oil mill wastewaters. In: Ghabbour, E.A., Davies, G. (Eds.), 

654 Understanding Humic Substances: Advanced Methods, Properties and Applications. Royal 

655 Society of Chemistry, London (UK), 9–17.

656 Sierra, J., Marti, E., Garau, M.A., Cruañas, R., 2007. Effects of the agronomic use of oilve oil 

657 mill wastewater: field experiment. Science of the Total Environment 378, 90-94.

658 Sierra, J., Martí, E., Montserrat, G., Cruañas, R., Garau, M.A., 2001. Characterisation and 

659 evolution of a soil affected by olive mill wastewater disposal. Science of Total Environment 279, 



660 207-214.

661 Tamburino, V., Zimbone, S.M., Quattrone, P., 1999. Storage and land application of olive-oil 

662 wastewater. Olivae, 76, April.

663 Thomas, G.W, 1982. Exchangeable Cations. In: Page, A.L., Miller, R.H., Keeney. D.R. (eds.) 

664 ”Methods of Soil Analysis”. American Society of Agronomy, Madison, WI, USA,  159-165.

665 Travis, M.J., Weisbrod, N., Gross, A., 2008. Accumulation of oil and grease in soils irrigated 

666 with greywater and their potential role in soil water repellency. Science of the Total 

667 Environment 394, 68–74.

668 Walkley, A., Black, I.A., 1934. An examination of the Degtjareff method for determining soil 

669 organic matter and a proposed modification of the chromic acid titration method. Soil Science 

670 37, 29-38.

671 Zema, D.A., Bombino, G., Boix-Fayos, C., Tamburino, V., Zimbone, S.M., Fortugno D., 2014. 

672 Evaluation and modeling of scouring and sedimentation around check dams in a Mediterranean 

673 torrent in Calabria, Italy. Journal of Soil and Water Conservation 69(4), 316-329. 

674 Zema, D.A., Bombino, G., Denisi, P., Lucas-Borja, M.E., Zimbone, S.M., 2018. Evaluating the 

675 effects of check dams on channel geometry, bed sediment size and riparian vegetation in 

676 Mediterranean mountain torrents. Science of The Total Environment 642, 327-340. 

677 Zenjari, B., Nejmeddine, A., 20041. Impact of spreading olive mill wastewater on soil 

678 characteristics: laboratory experiments. Agronomie 21, 749-755.



21

679 TABLES
680

681 Table 1 - Main chemical-physical properties of OMW and CW used in the irrigation tests (on 

682 triple water samples).

683

Irrigation with
OMW CW

Water 
parameter

Mean Std. Dev. Mean Std. Dev.

pH 5.73 a 0.06 6.47 a 0.06

TSS (mg L-1) 130.7 a 7.02 18.00 b 1.73

TSeS (mg L-1) 14.53 a 0.93 0.03 b 0.06

COD (g L-1) 59.00 a 3.25 0.03 b 0.06

TN (mg L-1) 135.0 a 4.96 8.80 b 0.44

P (mg L-1) 60.57 a 0.57 48.50 a 3.01

K (mg L-1) 694.0 a 5.36 0.57 b 0.12

Na (mg L-1) 30.40 a 1.75 20.17 a 0.70

Ca (mg L-1) 64.67 a 3.11 25.57 b 0.45

Mg (mg L-1) 36.90 a 1.15 16.30 b 1.15

PP (mg L-1) 38.03 a 0.21 0.00 b 0.00
684 Notes: TSS = Total Suspended Solids; TSeS = Total Settleable Solids; OM = Organic Matter; TN = Total Nitrogen; 
685 P = Phosphorous; K = Potassium; Na = Sodium; Ca = Calcium; Mg = Magnesium; PP = Polyphenols. Different 
686 letters indicate significant differences at p < 0.05 of Tukey's test.
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688 Table 2 – Steady-state infiltration rates (in mm h-1) measured in plots subject to treatments 

689 (mean    standard deviation).

690

Time from irrigation
Treatment

One week after Three week after

Irrigation with OMW 3.31  0.34 a 20.74  3.78 A

Irrigation with CW 2.22  0.28 a 6.79  0.65 B

No irrigation (control)  - 42.30  6.15 C
691  Notes: Different letters indicate significant differences at p < 0.05 of Tukey's test; the values measured after three 
692 weeks are the final points of the infiltration curves of Figure 2.
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693 Table 3 - Two-way ANOVA applied to physico-chemical parameters of soils subject to treatments.

694

Treatment
 (no irrigation/irrigation with 
OMW/irrigation with CW)

Sampling depth 
(0-5/30-40 cm)

Interaction 
(treatment x sampling depth)Soil 

parameter
F-Ratio P-Value F-Ratio P-Value F-Ratio P-Value

pH 53.11 <0.01 2.82 n.s. 10.14 <0.01

OM 155.85 <0.01 9.64 <0.01 33.41 <0.01

TN 494.72 <0.01 183.27 <0.01 78.45 <0.01

P 880.88 <0.01 661.27 <0.01 889.06 <0.01

K 1152.12 <0.01 661.71 <0.01 233.49 <0.01

Ca 30.33 <0.01 6.79 <0.01 0.21 n.s.

Na 644.96 <0.01 34.64 <0.01 1.95 n.s.

Mg 3.75 n.s. 35.25 <0.01 5.27 0.02

CEC 5.26 0.02 4.07 n.s. 0.59 n.s.

PP 15.37 <0.01 80.91 <0.01 11.99 <0.01

VolAcid 7.91 <0.01 5.06 0.04 2.84 n.s.

ASIndex 30.14 <0.01 0.82 n.s. 1.76 n.s.
695 Notes: OM = Organic Matter; TN = Total nitrogen; P = Phosphorous; K = Potassium; Ca = Calcium; Na = Sodium; Mg = Magnesium; CEC = Cation Exchange Capacity; PP 

696 = Polyphenols; VolAcid = Volatile acidity 1:5; ASIndex = Aggregate Stability Index; n.s. = not significant.
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698 Table 4 - Main chemical-physical properties of soils subject to treatments (measurements taken eight weeks after irrigation).

699

Sampling depth (cm)

0-5 30-40

Treatment

No irrigation
Irrigation 

with OMW

Irrigation 

with CW
No irrigation

Irrigation 

with OMW

Irrigation 

with CW

Soil parameter

Mean
Std. 

Dev.
Mean

Std. 

Dev.
Mean

Std. 

Dev.
Mean

Std. 

Dev.
Mean

Std. 

Dev.
Mean

Std. 

Dev.

pH 6.47 a 0.03 6.85 a 0.15 6.33 a 0.02 6.33 a 0.02 6.59 b 0.09 6.29 a 0.02

OM (g kg-1) 23.4 a 0.52 27.6 a 1.71 22.2 a 0.13 22.2 a 0.09 17.1 b 1.63 17.6 b 0.42

TN (g kg-1) 1.60 a 0.05 1.60 a 0.03 1.46 a 0.02 1.46 a 0.02 1.00 b 0.02 1.03 b 0.03

P (mg kg-1) 99.30 a 2.86 159.2 b 0.96 91.0 a 1.05 91.0 a 1.1 74.6 b 0.1 78.2 b 3.38

K (mg kg-1) 434.2 a 11.02 814.2 b 11.25 405.6 a 16.81 405.6 a 16.8 442.9 a 15.7 192.8 b 21.26

Ca (mg kg-1) 1168 a 128.1 1457 b 60.30 1111 a 8.87 1111 a 8.9 1361 b 78.1 1368 b 62.08

Na (mg kg-1) 27.60 a 1.05 149.8 b 6.68 39.5 c 4.89 39.5 a 4.9 178.1 b 10.0 171.4 b 5.15

Mg (mg kg-1) 210.7 a 6.92 205.5 a 19.53 200.2 a 2.77 200.2 a 2.8 161.9 b 10.7 164.3 b 17.78

CEC (Meq 100-g-1) 10.37 a 1.07 13.83 b 0.75 10.0 a 1.79 10.0 a 1.8 11.9 a 0.7 11.2 c 1.21

PP (mg kg-1) 6.17 a 1.00 7.50 b 0.52 5.23 a 0.68 5.23 a 0.68 3.23 b 0.52 2.77 c 0.23

VolAcid (mg kg-1) 60.00 a 5.57 67.00 b 2.00 54.0 c 3.61 54.00 a 3.61 46.00 b 2.01 41.00 c 7.00

ASIndex(*) 20.33 a 1.22 34.97 b 3.26 21.6 a 1.56 21.6 a 1.6 33.0 b 4.0 28.0 c 2.10
700 Notes: (*) evaluated on the soil fraction finer than 0.2 mm as the percent ratio between the weight of soil particles remained aggregated after water mixing and the total height 
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701 of soil particles; OM = Organic Matter; TN = Total nitrogen; P = Phosphorous; K = Potassium; Ca = Calcium; Na = Sodium; Mg = Magnesium; CEC = Cation Exchange 

702 Capacity; PP = Polyphenols; VolAcid = Volatile acidity 1:5; ASIndex = Aggregate Stability Index. Different letters indicate significant differences at p < 0.05 of Tukey's test.
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704 Table 5 - Correlation matrix (significant correlations in bold at p < 0.05) among physico-chemical parameters of soils subject to treatments.

705

 pH OM TN P K Ca Na Mg CEC PP VolAcid ASIndex

pH             

OM 0.31            

TN 0.29 0.88           

P 0.77 0.75 0.67          

K 0.66 0.79 0.61 0.82         

Ca 0.07 0.12 -0.26 0.14 0.34        

Na 0.11 -0.33 -0.67 -0.09 0.05 0.80       

Mg -0.24 0.75 0.71 0.24 0.42 0.01 -0.44      

CEC 0.24 0.29 0.06 0.31 0.49 0.62 0.53 0.29     

PP 0.41 0.92 0.90 0.77 0.79 -0.04 -0.43 0.66 0.24    

VolAcid 0.63 0.56 0.71 0.74 0.59 -0.17 -0.39 0.31 0.23 0.65   

ASIndex 0.60 0.01 -0.31 0.41 0.43 0.55 0.69 -0.43 0.32 0.01 0.03  
706 Notes: OM = Organic Matter; TN = Total nitrogen; P = Phosphorous; K = Potassium; Ca = Calcium; Na = Sodium; Mg = Magnesium; CEC = Cation Exchange Capacity; 

707 PP = Polyphenols; VolAcid = Volatile acidity 1:5; ASIndex = Aggregate Stability Index.
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708 Table 6 - Loading factors of parameters on the first Principal Components (PC1 and PC2) of 

709 PCA applied to physico-chemical parameters of soils subject to treatments.

710

Principal ComponentSoil 
parameter PC1 PC2

pH 0.239 0.261

OM 0.388 -0.043

TN 0.376 -0.229

P 0.370 0.151

K 0.367 0.204

Ca 0.016 0.428
Na -0.142 0.492
Mg 0.256 -0.216
CEC 0.146 0.324
PP 0.397 -0.072

VolAcid 0.334 -0.033

ASIndex 0.043 0.479
711 Notes: values in bold are significant at p < 0.05; OM = Organic Matter; TN = Total nitrogen; P = Phosphorous; K = 

712 Potassium; Ca = Calcium; Na = Sodium; Mg = Magnesium; CEC = Cation Exchange Capacity; PP = Polyphenols; 

713 VolAcid = Volatile acidity 1:5; ASIndex = Aggregate Stability Index.

714
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715 Table 7 - Comparison of the main physical and chemical properties of soils irrigated with OMW reported in literature (in brackets the measuring 

716 units of each parameter).
717

Change in parameter (control  OMW treatment)
Authors 
(country)

OMW dose 
(per year)

Monitori
ng period

Soil 
texture

Layer 
depth
(cm)

IR 
(mm h-1) pH OMC TN P K PP ASindex Note

0-5 42.3  20.7 6.47  6.85
23.4  27.6

(g kg-1)

1.60  1.60

(g kg-1)

99.3  159.2 

(mg kg-1)

434  514

(mg kg-1)

6.17  7.50

(g kg-1)

20.33  34.97

(-)This study

(Italy)

80 
(m3 ha-1) 2 months Loam

30-40 - 6.33  6.59
22.2  17.1

(g kg-1)

1.46  1.00

(g kg-1)

91.0  74.6

(mg kg-1)

406  443

(mg kg-1)

5.23  3.23

(g kg-1)

21.6  33.0

(-)

-

0-20 8.1 6.1
13  44 

(OC, g kg-1)

0.7  3.5

(g kg-1) 

1.1  2.3

(g kg-1)

20  410 

(mg kg-1)
Zenjari and 

Nejmeddine, 
2001

(Morocco)

750 ml over 
a circle of 

7-cm 
diameter

1 month Clay

20-40

n.m.

8.1  7.8
10  32

(OC, g kg-1)

0.2  4.5

(g kg-1)

0.8  2.0

(g kg-1)

n.m.
20  290

(mg kg-1)

n.m. -

Piotrowska et 
al., 2011 

(Morocco)

80 
(m3 ha-1) 42 days Sandy 

clay loam 0-10 n.m. 8.3  8.7
13.9  15.58

(TOC, g kg-1)

1.6  1.6

(g kg-1)

34.3  35.5

(mg kg-1)

300  916 

(mg kg-1)
n.m. n.m. -

10-20 6.9  5.9
14.0  19.3

(g kg-1)

13.90  81.15

(mg kg-1)

129.40  
289.20

(mg kg-1)

1.4  2.4

(mg kg-1)Di Serio et al., 
2008 (Italy)

160 
(m3 ha-1) 2 months Sandy 

loam

20-40

n.m.

6.4  6.6
13.6  18.1

(g kg-1)

n.m.
44.60  47.70

(mg kg-1)

74.70  
129.20

(mg kg-1)

1.3  2.8

(mg kg-1)

n.m. -

Sierra et al., 
2007 (Spain)

360 
(m3/ha) 120 days Clay 

loam 0-20 n.m. 8.6  8.0
17.3 15.3

(OC, g kg-1)

2.15  2.00 

(g kg-1)

480  450 
(g kg-1) n.m.

110  25 

(mg/kg)
n.m. -

300 
(m3 ha-1) 8.0  7.8

10.3  12.4

(TOC, g kg-1)

1.0  1.1

(g kg-1)

33  52 

(mg kg-1)

186  326 

(mg kg-1)Brunetti et al., 
2007 (Italy) 600 

(m3 ha-1)

4 months Sandy 
loam 0-20 n.m.

8.0  7.9
10.3  14.5

(TOC, g kg-1)

1.0  1.1

(g kg-1)

33  68

(mg kg-1)

186  460

(mg kg-1)

n.m. n.m. Lagooned 
OMW

Silty clay 
loam 7.78  8.15

11.21  
11.41

(OC, g kg-1)

1.37  1.44 

(g kg-1)

1.43  1.83

(g kg-1)

227.3  
304.5

(mg kg-1)

4.00  2.25

(mg kg-1)Di Bene et al., 
2013 (Italy)

80 
(m3 ha-1) 6 months

Sandy 
loam

0-20 n.m.

7.77  7.75
10.04  8.31

(OC, g kg-1)

1.17  1.00

(g kg-1)

1.73  0.87

g kg-1)

285.3  
373.7

6.33  6.00

(mg kg-1)

n.m. -
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(mg kg-1)

0-5 8.73  4.15
n.m. 30  9

(g kg-1)

140  80

(mg kg-1)

1000  700

(mg kg-1)

30  10

(mg g-1)

18  9

(-)
Andiloro et al., 

2005

(Italy)

80-300
(m3 ha-1) 7 months Loam

30-40 -
n.m. 20  20

(g kg-1)

n.m.
80  60

(mg kg-1)

1000  700

(mg kg-1)

30  20

(mg g-1)

14  11

(-)

-

Mekki et al., 
2006 (Tunisia)

200 (m3 ha-

1) 1 year Sand 0-10 n.m. 7.9  7.4
2.0  17.0

(TC, g kg-1)

0.23  0.91
(g kg-1)

0.02  0.08

(g kg-1)

0.14  0.80

(g kg-1)
n.m. n.m. -

0-25 6.8  6.9
9.2  10.1

(g kg-1)

0.79  1.30

(%)

70.8  79.0

(mg kg-1)

0.0  17.5

(mg kg-1)Chartzoulakis 
et al., 2005 
(Greece)

252-420 
(m3 ha-1) 3 years Loam

25-50

n.m.

6.8  6.9
8.0  8.8

(g kg-1)

6.8  8.9

(g kg-1)

40.2  50.5

(mg kg-1)

0.0  7.1 

(mg kg-1)

n.m. n.m. -

0-20 7.88  7.83
0.68  5.0

(g kg-1)

150   343 

(mg kg-1)

52.5  77 

(mg kg-1)

90  900

(mg kg-1)

2835  4581

(mg kg-1)Chaari et al., 
2015

(Tunisia)

200 
(m3 ha-1) 9 years Sand

40-80

n.m.

8.16  8.17
0.70  1.20 

(mg kg-1)

195  190

(mg kg-1)

50  48

(mg kg-1)

80  85

(mg kg-1)

3010  3490

(mg kg-1)

n.m. -

718 Notes: IR = infiltration rate; n.m. = not measured; OC = organic carbon; TC = total carbon; TOC = total organic carbon; OM = Organic Matter; TN = Total nitrogen; P = 

719 Phosphorous; K = Potassium; PP = Polyphenols; ASIndex = Aggregate Stability Index.
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720 FIGURES
721

722 Figure 1 - Geographic location of the investigated farm (a) and scheme of the experimental tests 

723 (b).

724
725 In three plots (1, 2 and 3) three sample areas (in green, cyan and red) were identified, of which one area was not 

726 irrigated (control) and the two other areas were subject to treatment with OMW or clean water, respectively. In each 

727 plot, at one and three weeks after irrigation, infiltration tests were carried out (black points) and, after eight weeks, 

728 the main chemical-physical properties of soil at depths of 0-5 and 30-40 cm. All measurements were carried out in 

729 triplicate. 

730

731

732 Figure 2 - Soil infiltration curves three weeks after treatments (points are averaged among 

733 replicates).

734
735 Measurements of soil infiltration rate by the double-cylinder infiltrometer until soil saturation. The last point of the 

736 curve is the steady-state infiltration rate. 

737

738

739 Figure 3 - Biplot of Principal Component Analysis applied to physico-chemical parameters of 

740 soils subject to treatments.

741
742 The first two principal components (PC1 and PC2) explain about 75% of the total variance of the original variables 

743 (47% for PC1 and 28% for PC2). Six clusters of scores (circled by a dashed line) on the two PCs are evident:: i) 

744 irrigation with OMW + 30-40 sampling depth (red full cross); ii) irrigation with OMW + 0-5 sampling depth (red 

745 empty cross); iii) irrigation with CW + 30-40 sampling depth (blue full cross); iv) irrigation with CW + 0-5 sampling 

746 depth (blue empty cross); v) no irrigation + 30-40 sampling depth (green full cross); and vi) no irrigation and 0-5 

747 sampling depth (green empty cross). 








