
1 
 

Postprint of Scientia Horticulturae, Volume 256, 15 October 2019, 108644 1 

https://doi.org/10.1016/j.scienta.2019.108644 2 

 3 

 4 

Effect of table olive wastewaters on growth and yield of cucumber, pepper, 5 

tomato and strawberry 6 

Berta de los Santos
a
, Manuel Brenes

b
, Pedro García

b
, Ana Aguado

a
, Eduardo Medina

b
, 7 

Concepción Romero
b,

* 8 

 9 

a
Centro IFAPA Las Torres (CAPDER – JA). Apartado de Correos Oficial, 41200-10 

Alcalá del Rio, Seville, Spain 11 

b
Food Biotechnology Department, Instituto de la Grasa (IG-CSIC), Ctra. de Utrera, 12 

km. 1, Building 46, 41013, Seville (Spain) 13 

 14 

 15 

*Correspondence to: Concepción Romero, Food Biotechnology Department, Instituto 16 

de la Grasa (IG-CSIC), Ctra. Utrera km 1, Building 46, 41013-Seville, Spain. E-mail 17 

c.romero@csic.es  18 

 19 

 20 

Declarations of interest: none 21 

  22 

mailto:c.romero@csic.es


2 
 

ABSTRACT 23 

The table olive factory generates a large amount of wastewaters and this is a big 24 

environmental problem. The aim of this study was to look for a solution of this issue, 25 

using table olive waste as irrigation water during the growth of four Mediterranean 26 

crops: tomato (Solanum lycopersicum L.), strawberry (Fragaria x ananassa L.), 27 

cucumber (Cucumis sativus L.) and pepper (Capsicum annuum L.). These solutions 28 

were rich in sugars (17-85 mmoles L
-1

) and polyphenolic compounds (13-21 mmoles L
-29 

1
), being hydroxytyrosol the main component (5.5-14.5 mmoles L

-1
). Also, some 30 

minerals were identified (carbon, nitrogen, sodium, potassium and phosphorus). The 31 

solutions were free of sodium chloride and no phytotoxic effect was detected, neither on 32 

the fruits or the leaves. The irrigation with the tested solutions originated an increase of 33 

the plant growth, fruit size and cumulative yield by at least 20 % compared to the 34 

dipping and spraying applications mode. Also, it was observed a decrease of the 35 

powdery mildew disease in strawberry plants. Particularly, the fruit medium weight of 36 

cucumbers treated with table olive solutions was 40g higher that the untreated fruits. 37 

Among the wastewaters generated during table olive processing, the wash water 38 

solution from Spanish-style green olives and the acidified storage liquids from black 39 

ripe olive processing could be employed as natural fertilizers and fungicide in 40 

substitution of synthetic products. 41 

Keywords: table olive byproducts, olive (olea europaea L.), tomato (Solanum 42 

lycopersicum L.), strawberry (Fragaria x ananassa L.), cucumber (Cucumis sativus L.), 43 

pepper (Capsicum annuum L.) 44 

  45 
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1. Introduction 46 

Nowadays, the food industry generates a high volume of waste. A solution to this 47 

serious problem is one of the objectives of companies which want to be environmentally 48 

sustainable and respectful to Mother Nature. The use of these wastes in agriculture is an 49 

idea which has become increasingly widespread in the last decades. 50 

Some waste have been investigated as potential sources of biostimulants for organic 51 

tomatoes (Chehade et al., 2018) or as a mineral fertilizer to improve soil characteristics 52 

(Baldantoni et al., 2016; Zipori et al., 2018).
 
Some researchers have proposed an 53 

agronomic use for these by-products as foliar biofertilizers or by applying them directly 54 

on the ground through irrigation or as solid fertilizer (Tejada and González, 2003; 55 

López-Piñero et al., 2008; Rodríguez-Lucena et al., 2010). In particular, the 56 

incorporation of increasing amounts of wet olive pomace has improved the nutrient 57 

content of soil (Cucci et al., 2008). However, others results have shown that these olive 58 

wastewaters could not be directly applied in agriculture. Necrosis effects on tomato 59 

leaves and phytotoxic effects during the germination of the plants have been observed 60 

(Piotrowska et al., 2005; Mekki et al, 2006; Ilay et al., 2013).   61 

Composting is the technique most commonly used to eliminate the phytoxicity of 62 

these olive by-products (Alburquerque et al., 2006). Compost has been obtained from 63 

olive tree prunings (Charisiou et al., 2016) and olive oil solid waste (Cayuela et al., 64 

2010), applying it as an amendment in agriculture (García-Gómez et al., 2002), as a 65 

promising ecological alternative (Cucci et al., 2013) to conventional fertilizers in potato 66 

production (Hachicha et al., 2006), as a biofertilizer for the growth of the three rice 67 

cultivars (Seyyednejad et al., 2017) and as amendments for rye-grass (Montemurro et 68 

al., 2004). However, the dose employed is very important, and it has been verified that 69 

an application greater than 10% on the ground can reduce the growth of the plants (Killi 70 

and Kavdir, 2013). In addition, these olive by-products are evaluated as important 71 

sources of bioactive compounds (Romero et al., 2017; 2018), such as triterpenic acids 72 

and phenolic compounds, to which health benefits have been attributed.    73 

There is a great interest to obtain a good biofertilizer and also a solution to control 74 

plant diseases (Adisa et al., 2018). Hence, researchers have applied a combination of 75 

natural products to control the powdery mildew on cucumber (Bokshi et al., 2008), 76 
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while others have administered O3 to protect the leaves from this disease (Khan and 77 

Khan, 1999).  78 

In the Mediterranean area, Spain is the main table olives producing country with 79 

around 500,000 t/year. Table olive processing produces a high volume of wastewaters, 80 

which can be estimated around of 5-7 liters/kg olive. These solutions have very 81 

different chemical compositions: sodium hydroxide solutions, olive wash waters, 82 

fermentation brines, storage solutions, etc. However, there are very few scientific works 83 

on their use in agriculture. Olive brines exert a high inhibitory effect on seed 84 

germination and seedling growth (Pierantozzi et al., 2012), and it has also been found 85 

that the use of the table olive wastewaters for the irrigation of olive trees is not possible 86 

because of their high salinity (Murillo et al., 2000). Nevertheless, other researchers have 87 

reported a biostimulant effect on the growth of tomato plants when they applied some 88 

table olive solutions through irrigation (Romero et al., 2011). Also, several table olive 89 

solutions free of sodium chloride displayed strong bactericidal and fungicidal activity 90 

against phytopathogenic micro-organisms (Brenes et al., 2011) when tested on a 91 

laboratory scale.  92 

The wash water solutions from the elaboration of Spanish green table olives and the 93 

storage solutions from the elaboration of black table olives are free of sodium chloride 94 

and contain a large quantity of sugars, acetic acid, ethanol, minerals, oleosidic, 95 

polyphenolic and antimicrobial compounds (Medina et al., 2007). Consequently, we can 96 

hypothesize that these solutions could have biostimulant and biopesticity capacity. 97 

Then, the aim of this work was to evaluate the effect of those solutions free of sodium 98 

chloride on the growth and development of four Mediterranean crops: strawberry, 99 

tomato, cucumber and pepper.  100 

2. Materials and methods 101 

2.1. Table olive solutions 102 

Acidified storage liquids from black ripe olive processing from olive factories 103 

located in Seville (Spain) were collected and transported to the Instituto de la Grasa 104 

laboratories. These solutions have been in contact with olives of the ʽHojiblancaʼ 105 

cultivar for 6 months under aerobic conditions. These liquids had 12 g L
-1

 concentration 106 

of acetic acid and a pH of around 4.0. 107 
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Fresh olives of ʽHojiblancaʼ as well as ʽManzanillaʼ cultivars were processed as 108 

Spanish-style green olives in olive factories located in Seville. Fruits were covered with 109 

a 20 g L
-1

 NaOH solution for several hours and, subsequently, put in tap water for 7–10 110 

h. These wash water solutions, with a pH above 12, were transported to the Instituto de 111 

la Grasa laboratories within 24 h. These wash waters were acidified with nitric acid to 112 

prevent undesirable fermentations, and stored in 30 L PVC vessels at room temperature 113 

under anaerobic conditions for 6 months. 114 

Both types of table olive wastewater solutions were prepared before used for 115 

agronomic purposes. They were concentrated 10 fold under vacuum, then diluted with 116 

tap water to their initial volume and, finally, their pH was adjusted up to 5 units with 117 

potassium hydroxide (6 mmol L
-1

). 118 

2.2. Agronomic experimental designs 119 

Three pot experiments were carried out in a greenhouse (25 ºC day/15º C night ± 5 120 

ºC; 50-80% of relative humidity) located in the IFAPA Center Las Torres (Alcalá del 121 

Río, Seville, Spain, 37°30′ N, 5°58′ W). In all experiments, transplants were transferred 122 

to 16-cm plastic pots containing sterilized peat (Klansmann-Deilmann, Geeste, 123 

Germany). The chemical composition of the peat was: 20% organic matter, pH 5.5-6.5, 124 

salinity < 1 g L
-1

, 130-220 mg L
-1 

N, 160-260 mg L
-1 

P, 170-290 mg L
-1 

K and 80-150 125 

mg L
-1

 Mg. 126 

For each crops, the experiment was designed as a randomized complete block with 127 

six replications, and control plants were treated with tap water. The solutions tested 128 

were diluted 1:4 or 1:1 with tap water. Three experiments were performed. Throughout 129 

the three experiments, irrigation was carried out in a conventional manner with tap 130 

water. 131 

2.2.1. Experiment 1 132 

Tomato (cv. ʻOptimaʼ) and strawberry (cv. ʻCamarosaʼ) cultivars were transplanted 133 

in mid-October, 2014. Two wastewater table olive solutions were tested, a storage 134 

liquid from black olive processing (SL1) and a wash water from Spanish-style green 135 

olive processing from the ʽHojiblancaʼ cultivar (WWH1), both from the 2013/2014 136 

season. The solutions were applied following three application modes: (i) transplant 137 

dipping (5 minutes); (ii) irrigation (110 mL per pot); (iii) spraying (until run-off). The 138 
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irrigation and spraying treatments were applied twice, the first one 20 days post-139 

transplant (dpt), and the second one 35 dpt.  140 

2.2.2. Experiment 2 141 

Cucumber (cv. ʻBeautifulʼ) and pepper (“Green bell pepper”) plants were 142 

transplanted on 25th March, 2015. Three table olive wastewaters were tested, a storage 143 

liquid from black olive processing (SL2) and two wash waters from Spanish-style green 144 

olive processing, from the ʽHojiblancaʼ (WWH2) and ʽManzanillaʼ (WWM2) cultivars, 145 

all from the 2014/2015 season. A solution of KNO3 (7.81 g L
-1

 of potassium and 2.80 g 146 

L
-1

 of nitrogen) diluted 1:4 or 1: 1 with tap water was also used as positive control. The 147 

solutions were applied by irrigation three times on a bi-weekly basis, the first one 15 148 

dpt. 149 

2.2.3. Experiment 3 150 

Tomato (cv. ʻOptimaʼ) plants were transplanted on 26th Abril, 2015. Two wash 151 

waters from Spanish-style green olive processing were tested, from the ʽHojiblancaʼ 152 

(WWH3) and ʽManzanillaʼ (WWM3) cultivars, both from the 2014/2015 season. On 153 

this occasion, two control solutions were used, tap water and a solution of KNO3 (7.81 g 154 

L
-1

 of potassium and 2.80 g L
-1

 of nitrogen) diluted 1:1 with tap water. The solutions 155 

were applied twice by irrigation (110 mL per pot), the first one 15 dpt, and the second 156 

one 30 dpt. 157 

2.3. Chemical analyses of table olive solutions 158 

The pH was measured using a Crison model 2001 pH meter (Crison Instruments, 159 

Barcelona, Spain).  160 

Solutions were filtered through a 0.22-μm pore size nylon filter and organic acids 161 

and ethanol were analyzed by HPLC. An aliquot of 20 μL was injected into the 162 

chromatograph. The HPLC system consisted of a Waters 2695 Alliance (Waters Inc., 163 

Mildford, MA) with a pump and autosampler included, the detection was performed 164 

using a Waters 410 refractive index detector. The separation was achieved by isocratic 165 

elution using water acidified with phosphoric acid (pH 2.5) as mobile phase and a 166 

Spherisorb ODS-2 (5 μm, 250 × 4.6 mm, Waters, Inc.) column held at (30 ºC). The flow 167 
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rate was 1.2 mL min
-1

. The quantification of acetic acid and ethanol was made using a 168 

commercial standard. 169 

Sugars in the filtered solutions were analyzed by HPLC as described elsewhere 170 

(Medina et al., 2007). An aliquot (20 μL) was injected into the chromatograph. The 171 

HPLC system was described above. A Rezex RCM-Monosaccharide Ca+ (8%) column 172 

(300 × 7.8 mm i.d., Phenomenex) held at 85 °C and deionized water as eluent at 0.6 mL 173 

min
-1

 was used. Commercial standards were used to quantify. 174 

Phenolic and oleosidic compounds were analyzed by HPLC as described elsewhere 175 

(Medina et al., 2007). A mixture of 250 μL of table olive solution, 250 μL of internal 176 

standard (2 mM syringic acid), and 500 μL of deionized water were filtered through a 177 

0.22-μm pore size nylon filter. The wavelengths selected for phenolic and oleosidic 178 

compounds were 280 and 240 nm, respectively. Commercial standards and isolated 179 

compounds by semi-preparative HPLC were used to quantify the phenolic and oleosidic 180 

compounds. 181 

Carbon and nitrogen were analyzed by elemental analysis, using a LECO CHNS-182 

932 analyzer (St Joseph, MI, USA). Previously, the samples were dried at 105 ºC and 183 

the moisture was calculated.   184 

Sodium and potassium concentrations were determined by flame photometry. The 185 

solutions were diluted with deionized water in an automatic diluter (LIC Instruments 186 

Model 346, PACISA, Sweden) to obtain a concentration of less than 200 meq L
-1

 of 187 

sodium and potassium. Then, the solutions were introduced into the flame photometer 188 

(Metheor model NAK-1, PACISA, Spain). The photometer was calibrated with Na and 189 

K atomic absorption standard solutions (Aldrich Chem Comp, Milwaukee, USA). 190 

The analysis of phosphorus was carried out using the method proposed elsewhere 191 

(Kato et al., 2010). Measurements were made in a Cary UV/Visible spectrophotometer 192 

model 60 (Agilent Technologies, Ca, USA) at 420 nm. A calibration curve was obtained 193 

with a phosphate standard solution (Aldrich Chem Comp, Milwaukee, USA). 194 

2.4. Morphological and production analysis of crops 195 

After two and three months (for Experiments 1 and 3, respectively), morphological 196 

and production parameters were weekly evaluated in tomato plants: plant height (cm), 197 
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flowers per plant, fruit size (cm), fruits per plant, and cumulative yield (g plant
-1

). At the 198 

end of each experiment, the tomato plants were removed, washed under tap water, and 199 

root length (cm) and root weight (g) were recorded. In Experiment 1, strawberry plants 200 

were maintained in the greenhouse for four months and plant diameter (cm), flowers per 201 

plant, fruits per plant, and cumulative yield (g plant
-1

) were weekly evaluated. In 202 

Experiment 2, cucumber and pepper plants were maintained in the greenhouse for three 203 

and four months, respectively. Plant height (cm), flowers per plant, fruit size (cm), fruits 204 

per plant, and cumulative yield (g plant
-1

) were weekly evaluated. Growth index was 205 

estimated as the area under the curve of the plant height progress (AUCP). For all 206 

experiments, the progress in flowering and the number of open flowers per plant was 207 

observed and recorded once a week until fruiting (Sønsteby and Heide, 2007).
 
The 208 

progress in flowering was expressed as the percentage of plants that showed at least one 209 

open flower. 210 

2.5. Effect of treatments on strawberry powdery mildew (Podosphaera aphanis) 211 

development 212 

In Experiment 1, strawberry plants were inoculated artificially by placing one 213 

severely infected plant (cv. „Camarosa‟) in the middle of each block (Recuenco et al., 214 

2005). The symptoms of strawberry powdery mildew on leaves were weekly evaluated 215 

on each plant. The severity of leaf symptom was assessed on a 1-6 Simpson modified 216 

scale, where: 1 = no visual symptoms and 6 = severe necrosis and some leaf death 217 

(Simpson, 1987). The 0–6 rating scale scores for each plant and for each treatment were 218 

converted into disease severity index (DSI). This measurement was based on the 219 

methodology proposed elsewhere (McKinney, 1923).  220 

2.6.  Statistical analysis 221 

Chemical data were the mean of triplicate ± standard error (SE). The pot 222 

experiments were performed using a completely randomized design. In Experiment 1, 223 

the data were analyzed by three-way analysis of variance (ANOVA) and data are 224 

presented as the mean for each application mode, table olive solution and dose. In 225 

Experiment 2, the data were analyzed by two-way ANOVA and the data are presented 226 

as the mean for each table olive solution and dose. In Experiment 3, one-way ANOVA 227 

were applied to determine the significant differences among treatments. All results are 228 

expressed as the mean of six replications and means were compared according to the 229 
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least significance differences (LSD) test with a significance level of p<0.05. All 230 

statistical analyses were performed with Statistix 9.0 (Analytical Software, Ltd., La 231 

Jolla, CA, USA). 232 

3. Results and discussion 233 

3.1.  Chemical characterization of the table olive wastewaters 234 

Table 1 contains the chemical characterization of the wastewaters employed in the 235 

three experiments. All of them had a pH value of 5.5-6.0 units. Ethanol was not detected 236 

and the concentration of acetic acid was null or residual in the SL, both compounds are 237 

volatiles and were lost during the process of vacuum evaporation. 238 

In general, the main sugars in the WW were glucose and fructose (Papadaki et al., 239 

2018),
 
but a high concentration of mannitol was detected in the WWH, although its 240 

concentration was especially high in the SL (Medina et al., 2018). Total sugars varied 241 

according to olive cultivar, the kind of solution and above all, the harvest year.  242 

Other significant constituents of these solutions were polyphenolic compounds. In 243 

all the solutions employed the major compound was hydroxytyrosol, followed by 244 

hydroxytyrosol-4-glucoside, tyrosol and others. The concentrations of phenols were in 245 

accordance with the values reported by other researchers (Ramírez et al., 2015). The 246 

only difference was that a small amount of dialdehydic form of decarboxymethyl 247 

elenolic acid either free (EDA) or linked to hydroxytyrosol (HyEDA) and oleoside-11-248 

methyl esters were found in the SL, which are antimicrobial compounds not detected in 249 

the WW. Therefore, the preparation process for these solutions (concentration by 250 

vacuum evaporation and reconstitution) did not alter the composition of the 251 

polyphenolic and oleosidic compounds. 252 

A high concentration of nitrogen was found in the WW compared to the SL, due to 253 

the addition of nitric acid during the storage of these solutions until further use. On the 254 

other hand, the pH of all the solutions was adjusted by adding potassium hydroxide 255 

before being used, which resulted in the detection of a significant concentration of that 256 

cation. 257 

Sodium concentration was 3-5 times higher in the WW than in the SL, due to the 258 

removal of the excess sodium hydroxide retained in the olives during Spanish-style 259 

green processing. 
 260 



10 
 

3.2. Agronomic evaluation of crop performances 261 

3.2.1. Experiment 1 262 

Despite researchers have detected necrosis in tomato plants treated with olive mill 263 

wastewater solutions (Mekki et al., 2006), it was confirmed that both the tomato plants 264 

(Fig. 1A) and the strawberry plants (Fig. 1B), treated with WWH1 through irrigation, 265 

showed no morphological defects, neither in the leaves, nor in the fruits. In addition, a 266 

tendency toward improved growth and better appearance was seen in the plants 267 

compared to the ones treated with tap water (Fig. 1C and 1D).  268 

The height of the tomato plants treated with SL1 (Fig. 2A) reached a significant 269 

higher value after irrigation as well as spraying compared to those treated with water, 270 

this effect was observed for both doses of the tested solutions. In addition, when the 271 

tested liquid was WWH1 (Fig. 2B), a greater effect was observed when it was applied 272 

through irrigation, with a lesser effect attributed to spraying and no significant 273 

difference between the control plants subjected to dipping. On the other hand, it was 274 

observed that the application of both liquids permitted a cumulative yield much higher 275 

in the tested plants. Statistically significant differences were found when SL1 was 276 

applied by spraying (Fig. 2C), and especially when WWH1 was applied through 277 

irrigation (Fig. 2D). It is worth noting that all the treated tomato plants presented at least 278 

one flower at 35 dpt, with an average per plant of three flowers (Table 2). 279 

In the case of the strawberry cultivar, the effects observed were not as promising. 280 

Initially, the applications of SL1 by dipping and spraying were the most effective with 281 

regards to the cumulative yield (Fig. 3A); however, the employment of WWH1 was 282 

most beneficial when applied through irrigation (Fig. 3B). Another parameter of great 283 

importance in this cultivar was the development of symptoms on the leaves due to 284 

Podosphaera aphanis. In fact, researchers have found strawberry cultivar which are 285 

resistant to this disease (Gao et al., 2009). The value for the severity index (DSI) was far 286 

superior in the control plants (Fig. 3C and 3D), which showed a statistically significant 287 

difference between the results obtained in the treated plants and the control. The most 288 

effective treatment was the application of SL1 at 50% by irrigation. The high fungicide 289 

effect of SL1 solution could be explained by the presence of antimicrobial compounds 290 

in its composition (Table 1), whose effects against other plant phytopathogens have 291 

been widely demonstrated (Brenes et al., 2011; Medina et al., 2011).   292 
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Not all the strawberry plants flowered at 55 dpt. Only 30% of the plants presented at 293 

least one flower after the dipping treatment; while this percentage was greater in the 294 

case of spraying (58%) or irrigation (67%). 295 

At the end of the test, different morphological and production parameters were 296 

measured for the two crops studied (Table 2). A three-way analysis of variance was 297 

carried out on the obtained data and the considered factors were: test solution (SL1 and 298 

WWH1), application method (dipping, spraying or irrigation), and applied dose. Results 299 

of the analysis of variance from the tomato experiment showed that the effect [solution 300 

 application method dose] was significant for fruit medium caliber (P = 0.0072); 301 

medium weight of the roots (P = 0.0048); and cumulative yield (P = 0.0045).  Whereas, 302 

results of the analysis of variance from the strawberry experiment showed that the effect 303 

[solution  application method dose] was only significant for cumulative percentage 304 

of fruiting plants (P = 0.0343), and the effect [solution  application method] was 305 

significant for cumulative yield (P = 0.0073). No more significant interactions among 306 

tested factors were detected. The results indicated that the main source of variation was 307 

the application method and that for all the analyzed parameters; the irrigation method 308 

was the most effective, particularly for the tomato cultivar. Although a higher yield 309 

percentage was observed for strawberries, no statistically significant differences were 310 

observed. 311 

On the other hand, the results for plant height, cumulative yield and mean weight of 312 

the roots in tomatoes differed according to the applied solution. The application of 313 

WWH1 was more effective than the application of SL1. However, the applied dose was 314 

not a source of variation for any evaluated parameters (Table 2). 315 

The significant interactions among the studied factors were scarce. The interaction 316 

between the application method and the test solution is worth noting for the tomato. The 317 

plants treated by irrigation with WWH1 developed fruits with a significantly higher 318 

weight, in the order of 65 g fruit
-1

, with lower values when dipping (27 g fruit
-1

) or 319 

spraying (20 g fruit
-1

) were employed. No significant differences were found in the case 320 

of SL1. Likewise, the only significant variation found for strawberries was between the 321 

application method and the test solution. The plants treated with WWH1 through 322 

irrigation developed a higher average yield (35 g plant
-1

) with this value being lower 323 

when spraying (15 g plant
-1

) or dipping (12 g plant-1) was employed.  324 
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The results from the first experiment indicated that the application of WWH1 by 325 

means of irrigation was even very beneficial from the standpoint of the growth and 326 

yield of the plant. If we compare the chemical composition of solutions tested (Table 1), 327 

we can see that WWH1 had higher contents in sugars, phenolic compounds, nitrogen 328 

and phosphorus than the SL1 solution, which could be the reason for the biofortifying 329 

effect observed. Similar effects were found on tomato cultivars when they were treated 330 

by means of intensive irrigation with a fertilizer rich in nitrogen solutions and potassium 331 

(Al-Mohammadi and Al-Zu'bi, 2011; Vieira et al., 2016; De Andrade et al., 2017). In 332 

addition, some investigators have shown the influence of the source of nitrogen in the 333 

fertilizer (Chen et al., 2016; Trandel et al., 2018). 334 

3.2.2. Experiment 2 335 

Firstly, it must be noted that no phytotoxic effect was observed on cucumber and 336 

pepper plants which is in agreement with previous results obtained for tomato and 337 

strawberry in the first experiment.  338 

The results from the cucumber experiment were subjected to a two-way analysis of 339 

variance and indicated that the effect of [solution x dose] was not significant. Cucumber 340 

plant growth (AUCP value) was greatest for the fertilizer-control plants (KNO3), 341 

followed by those treated with SL2 and WWM2 (Table 3). The other parameters for 342 

which certain statistically significant differences were found were the average number 343 

of fruits per plant, with superior values for the plants treated with fertilizer-control and 344 

WWM2, and the average weight per fruit value, with remarkable values for the fruits 345 

treated with SL2 (177 g fruit
-1

) and WWH2 (166 g fruit
-1

), which were around 40 g 346 

higher than those obtained for the fertilizer-control fruits. Researchers have found an 347 

increase lower than 25 g in the yield of cucumbers which were treated with herbal waste 348 

as fertilizer (Haghighi, 2014).  349 

Results of the analysis of variance from the pepper experiment showed that the 350 

effect [solution  dose] was significant for plant height (P = 0.0194); AUCP (P = 351 

0.0431), medium number of fruits per plant (P = 0.008), fruit medium diameter (P = 352 

0.0398), fruit medium length (P = 0.0083), fruit medium weight (P = 0.0086) and 353 

cumulative yield (P = 0.0002). Regarding the treatments applied to the pepper plants, 354 

the percentage of flowering was 100% after 42 dpt in the plants treated with WWH2 355 

and only 66% in those treated with the fertilizer-control. The average number of flowers 356 



13 
 

per plant was around 3 in all the treated plants, even with the tap water control, and only 357 

1.2 with the fertilizer control.   358 

The parameters related to the growth of the plant (plant height and AUCP) showed 359 

the worst results for the plants treated with KNO3 (Table 4). Some investigators have 360 

shown that the pepper is one of the few crops that do not increase the height by 361 

increasing nitrogen concentration in the irrigation water (Liu et al., 2012). Specifically, 362 

the control-fertilizer solution contained a concentration of 2.80 g L
-1 

of nitrogen and 363 

7.81 g L
-1

 of potassium; while the table olive wastewaters (SL2, WWH2 and WWM2) 364 

contained 0.4-2.9 g L
-1

 of nitrogen and 1.7-2.3 g L
-1

 of potassium (Table 1). The excess 365 

of potassium could be the reason for the decrease in growth in the plants treated with 366 

the control-fertilizer.  367 

On the other hand, in relation to the morphological characteristics of the fruits and 368 

their yield, the most favorable treatment was the control-water in most of the evaluated 369 

parameters. There was a relationship between treatments and applied doses. When the 370 

results obtained by applying only table olive wastewaters were compared, the WWH2-371 

20 solution stood out positively for the mean value of the number of fruits per plant and 372 

the cumulative yield and the SL2-50 solution for the diameter, length and average 373 

weight of fruits (Table 4). 374 

3.2.3. Experiment 3 375 

The factor of crop season led us to carry out Experiment 3 with tomato plants in 376 

order to verify the data obtained in the first trial. On this occasion, the effects were 377 

greater with two wash waters from two olive cultivars, ʽHojiblancaʼ (WWH3) and 378 

ʽManzanillaʼ (WWM3). Both were applied through irrigation and at two concentrations.  379 

In general, the results obtained for the treated plants (Table 5) were more favorable 380 

than those found for the control-water plants, which confirmed the results from 381 

Experiment 1 (Table 2), but there were not such large variations with respect to the 382 

values found after the application of the solution control-KNO3. An analysis of the 383 

results according to the LSD test showed that there were no statistically significant 384 

differences among treatments for the parameters flowering, mean fruit size and weight 385 

or length of the roots.  386 
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Nevertheless, remarkable results were found when WW-50 was added and higher 387 

values for plant height, mean number of fruits per plant and cumulative yield were 388 

determined. No statistically significant difference was found between the use of one 389 

WW or another, with a tendency to obtain the best results when applying WWM3. If we 390 

check the chemical composition of both (Table 1) no differentiating component was 391 

detected; although WWM3 contained a greater amount of sugars, and higher values of 392 

potassium and phosphorus. Obviously, the beneficial effect of these solutions should be 393 

attributed to the whole of its composition and not one component in particular.  394 

 395 

4. Conclusions 396 

It has been demonstrated for the first time that the employment of wash water from 397 

the processing of Spanish-style green olives and the storage liquids from the elaboration 398 

of black table olives, both solutions free of sodium chloride, does not produce any 399 

phytotoxic effect on the evaluated crops. The application of wash waters from the 400 

Spanish-style green olives was beneficial to plant growth, diameter and yield in the case 401 

of tomatoes, strawberries and peppers, with an elevated effect of the storage solution of 402 

black ripe olives on cucumbers. In particular, the storage liquid for black olives 403 

produced a fungicide effect against Podosphaera aphanis, which is responsible for the 404 

powdery mildew disease on strawberry. These results open the possibility of reusing 405 

waste solutions as they are favorable to the growth of plants and act as a substitute for 406 

synthetic fungicide, although this study should be repeated in the field conditions in the 407 

long term. This may mitigate the environmental impact of the olive processing industry.  408 
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Figure captions 547 

Fig. 1. Image of two crops (tomato and strawberry) assayed in the greenhouse when 548 

wash water from Spanish-style green olive processing of the ʽHojiblancaʼ cultivar was 549 

applied to the treated plants (A and B) or tap water in the control plants (C and D) 550 

through irrigation.  551 

Fig. 2. Plant height and cumulative yield of the tomato cultivar (cv. ʽOptimaʼ) treated 552 

with two solutions from table olives, storage liquid from black olive processing (A and 553 

C) and wash water from Spanish-style green olive processing (B and D). The applied 554 

solutions were diluted 1:4 (20%) or 1:1 (50%) with tap water. The control solution was 555 

tap water. The application mode was by dipping, spraying and irrigation. The standard 556 

error for six replicates is drawn on the bars. For each application mode, vertical bars 557 

with different letters indicate significant differences according to the LSD test (p < 558 

0.05). 559 

Fig. 3. Cumulative yield and total powdery mildew on leaves detected in the strawberry 560 

cultivar (cv. ʽCamarosaʼ) treated with two solutions from table olives, storage liquid 561 

from black olive processing (A and C) and wash water from Spanish-style green olive 562 

processing (B and D). The applied solutions were diluted 1:4 (20%) or 1:1 (50%) with 563 

tap water. The control solution was tap water. The application mode was by dipping, 564 

spraying and irrigation. The standard error of six replicates is drawn on the bars. For 565 

each application mode, vertical bars with different letters indicate significant differences 566 

according to the LSD test (p < 0.05). 567 
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Table 1 
Chemical characterization of table olive solutions employed in different experiments. Concentrations of sugars, phenols and oleosides are expressed as 

mmoles L
-1

; acetic acid, carbon, nitrogen, sodium and potassium concentrations are expressed as g L
-1

; concentration of phosphorus is expressed as mg L
-1

. 

Storage liquid from black olive processing from the ʽHojiblancaʼ cultivar (SL1, SL2); wash water from Spanish-style green olive processing from the 

ʽHojiblancaʼ cultivar (WWH1, WWH2, WWH3); wash waters from Spanish-style green olive processing, from the ʽManzanillaʼ cultivar (WWM2, WWM3). 
 Experiment 1  Experiment 2  Experiment 3 

 SL1 WWH1  SL2 WWH2 WWM2  WWH3 WWM3 

Acetic acid 3.2 ± 0.2
a
 0.1 ± 0.0  0.2 ± 0.1 ND

b
 ND  0.1  ± 0.0 0.1 ± 0.0) 

Sucrose 1.3 ± 0.1 ND  ND ND ND  0.1 ± 0.0 ND 

Glucose 10.6 ± 0.7 44.2 ± 1.8  3.9 ± 0.4 8.4 ± 0.2 46.8 ± 1.5  29.0 ± 0.7 32.3 ± 0.8 

Fructose 2.5 ± 0.2 8.5 ± 0.2  2.1 ± 0.2 4.2 ± 0.4 19.9 ± 0.5  7.9 ± 0.3 18.1 ± 0.1 

Mannitol 49.4 ± 2.8 31.8 ± 1.3  22.7 ± 0.8 4.7 ± 0.3 10.1 ± 0.6  14.7 ± 0.9 6.8 ± 0.1 

Total sugars 63.7 ± 21.1 84.5 ± 19.0  28.7 ± 4.8 17.3 ± 2.9 76.7 ± 10.8  51.7 ± 11.5 57.2 ± 13.1 

Hydroxytyrosol 8.6 ± 0.4 14.5 ± 1.2  8.6 ± 0.5 5.5 ± 0.6 13.7 ± 1.0  11.6 ± 0.9 13.4 ± 0.3 

Hydroxytyrosol 4-Glucoside 1.9 ± 0.3 4.0 ± 1.1  2.3 ± 0.7 1.4 ± 0.2 1.6 ± 0.3  7.5 ± 0.2 2.3 ± 0.4 

Tyrosol 0.6 ± 0.1 1.2 ± 0.4  0.8 ± 0.2 3.5 ± 0.2 2.4 ± 0.3  1.2 ± 0.3 1.4 ± 0.1 

HyEDA
c
 1.0 ± 0.2 ND  0.3 ± 0.1 ND ND  ND ND 

Others phenols
d
 0.8 ± 0.2 0.5 ± 0.1  1.8 ± 0.2 0.1 ± 0.0 0.3 ± 0.1  0.7 ± 0.2 0.3 ± 0.1 

Total phenols 12.9 ± 3.6 20.2 ± 4.2  13.8 ± 2.1 10.5 ± 1.9 18.0 ± 2.7  21.0 ± 2.8 17.4 ± 3.5 

EDA
e
 1.4 ± 0.3 ND  1.7 ± 0.3 ND ND  ND ND 

Oleoside-11-methyl ester 0.7 ± 0.2 ND  0.5 ± 0.2 ND ND  ND ND 

Others oleosides
f
 3.4 ± 0.7 1.9 ± 0.3  1.6 ± 0.3 0.8 ± 0.2 2.0 ± 0.3  2.2 ± 0.4 1.9 ± 0.2 

Total oleosides 5.5 ±1.5 1.9 ± 0.3  3.8 ± 0.9 0.8 ± 0.2 2.0 ± 0.3  2.2 ± 0.4 1.9 ± 0.2 

Carbon 13.1 ± 2.5 19.6 ± 0.7  14.1 ± 1.3 7.9 ± 0.1 13.4 ± 0.4  8.2 ± 0.2 14.5 ± 0.4 

Nitrogen 0.3 ± 0.1 3.6 ± 0.1  0.4 ± 0.1 2.9 ± 0.2 2.9 ± 0.1  2.3 ± 0.1 2.7 ± 0.1 

Sodium 0.5 ± 0.1 2.1 ± 0.3  0.4 ± 0.1 2.3 ± 0.4 1.7 ± 0.1  2.7 ± 0.6 1.7 ± 0.1 

Potassium 2.3 ± 0.2 1.4 ± 0.1  2.2 ± 0.2 1.7 ± 0.1 2.3 ± 0.2  1.6 ± 0.1 1.0 ± 0.1 

Phosphorus 8.4 ± 0.7 60.5 ± 8.3  104.0 ± 5.8 53.9 ± 7.5 33.2 ± 3.6  52.0 ± 6.7 36.0 ± 4.5 
a
Values are shown as mean ± SE. 

b
ND: not detected; 

c
HyEDA: dialdehydic form of decarboxymethyl elenolic acid linked to hydroxytyrosol; 

d
Other phenols: 

sum of hydroxytyrosol glycol, salidroside, caffeic and p-cumaric acids, hydroxytyrosol acetate, verbascoside and oleuropein; 
e
EDA: dialdehydic form of 

decarboxymethyl elenolic acid; 
f
other oleosides: sum of oleoside, secoxyloganin and secologanoside.   



22 
 

Table 2 

Value of morphological and production parameters of two crops (tomato, cv. 'Optima', and strawberry, cv. 'Camarosa'). The effect of three variables 

(application mode, sort of table olive wastewaters, solution dose) has been tested. See Experiment 1. SL1 means Storage Liquid from black olive 

processing from the ʽHojiblancaʼ cultivar; WWH1 means Wash Water from Spanish-style green olive processing from the ʽHojiblancaʼ cultivar. 

 Application mode  Table olive solutions  Solution : tap water 

 Dipping Spraying Irrigation  SL1 WWH1  1:4 1:1 

Tomato          

Plant height (cm)
*
 40.7 ± 4.1

a
 b 44.0 ± 1.2 ab 50.9 ± 9.1 a  43.2 ± 0.9 b 49.1 ± 6.9 a  46.4 ± 6.0 48.8 ± 8.5 

Flowering (flowers plant
-1

), 35 dpt
b 3.0 ± 0.24 3.0 ± 0.33  3.0 ± 0.16   2.79 ± 0.20  3.2 ± 0.20   3.0 ± 0.21  3.0 ± 0.20  

Medium number of fruits per plant* 1.2 ± 0.2 b 1.2 ± 0.2 b 1.6 ± 0.3 a  1.2 ± 0.2 1.5 ± 0.3  1.3 ± 0.3 1.4 ± 0.3 

Fruit medium caliber (cm)
* 3.4 ± 0.6 b 3.6 ± 0.8 ab 4.6 ± 0.7 a  3.7 ± 4.1 4.1 ± 0.9  3.9 ± 0.5 3.9 ± 1.0 

Fruit medium weight (g fruit
-1

)
* 23.1 ± 2.8 b 27.6 ± 4.2 b 49.9 ± 7.2 a  29.4 ± 3.4 38.5 ± 5.6   31.5 ± 3.4  36.9 ± 5.6  

Cumulative yield (g plant
-1

)
* 26.0 ± 3.5 b 31.1 ± 4.4 b 71.5 ± 8.7 a  32.4 ± 3.3 b 53.7 ± 7.3 a  39.0 ± 4.4 48.0 ± 7.4 

Length of the roots (cm)
* 36.8 ± 1.7 34.1 ± 1.4 32.8 ± 1.6  35.2 ± 1.4 33.8 ± 1.2  35.4 ± 1.3 33.6 ± 1.3 

Medium weight of the roots (g)
* 8.2 ± 0.4 b 7.7 ± 0.4 b 9.2 ± 0.4 a  7.7 ± 0.2 b 9.1 ± 0.4 a  8.6 ± 0.4 8.2 ± 0.4 

Strawberry          

Plant diameter (cm)
** 21.7 ± 1.3 20.1 ± 2.4 22.7 ± 1.8  21.8 ± 1.6 21.3 ± 2.5  22.1 ± 1.4 20.9 ± 2.5 

Flowering (flowers plant
-1

) 55 dpt 0.3 ± 0.1 b 1.5 ± 0.3 a 1.0 ± 0.2 a  1.0 ± 0.2  0.9 ± 0.2   1.1 ± 0.2  0.9 ± 0.2  

Medium number of fruits per plant** 1.5 ± 0.3 2.1 ± 0.4 2.5 ± 0.4  1.9 ± 0.3 2.2 ± 0.3  2.1 ± 0.3 2.0 ± 0.3 

Fruit medium weight (g fruit
-1

)
** 8.3 ± 0.6 9.3 ± 0.8 9.6 ± 0.7  16.8 ± 8.2 20.4 ± 11.9  19.3 ± 8.0 17.9 ± 12.2 

Cumulative percentage of fruiting plant (%)
** 60.0 ± 11.2 b 79.2 ± 8.5 ab 92.7 ± 5.8 a  73.5 ± 7.7 82.4 ± 6.6  79.4 ± 7.0 76.5 ± 7.4 

Cumulative yield (g plant
-1

)
** 12.4 ± 2.9 18.9 ± 3.4 23.9 ± 4.1  9.0 ± 0.7 9.4 ± 0.6  9.3 ± 0.6 9.2 ± 0.7 

a
Values are shown as mean ± SE. 

b
dpt: days post-transplant. 

*
2 months post-transplant. 

**
4 months post-transplant. Row values per each variable 

followed by the different lowercase letters indicate significant differences according to the LSD test (p < 0.05).   
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Table 3 

Value of morphological and production parameters in cucumber cultivar (cv. 'Beautiful'). The effect of two variables (sort of table olive wastewaters 

and solution dose) has been tested. See Experiment 2. WW means Wash Water from Spanish-style green olive processing from the ʽHojiblancaʼ 

(WWH2) and ʽManzanillaʼ (WWM2) cultivars; SL2 means Storage Liquid from black olive processing from the ʽHojiblancaʼ cultivar. 

 Solutions tested  Solution : tap water 

 WWH2 WWM2 SL2 KNO3  1:4 1:1 

Plant height (cm)
*
 70.4 ± 2.1

a
 75.6 ± 2.8 75.9 ± 2.7 79.4 ± 2.3  75.4 ± 2.0 75.3 ± 1.7 

AUCP
b,**

 393.7 ± 13.2 b 422.0 ± 13.9 ab 425.8 ± 13.6 ab 451.9 ± 13.4 a  425.9 ± 10.6 420.9 ± 9.9 

Percentage of flowering (%)
*
 66.7 ± 14.2 50.0 ± 15.0 66.7 ± 14.2 50.0 ± 15.1  54.2 ± 10.4 62.5 ± 10.1 

Flowering (flowers plant
-1

)
*
  1.2 ± 0.3 1.0 ± 0.3 1.1 ± 0.3 0.7 ± 0.2  1.1 ± 0.2 0.9 ± 0.2 

Medium number of fruits per plant
**

 4.0 ± 0.3 b 4.3 ± 0.3 ab 3.8 ± 0.3 b 4.9 ± 0.3 a  4.2 ± 0.2 4.4 ± 0.2 

Fruit medium diameter (cm)
**

  4.0 ± 0.1 3.8 ± 0.1 4.1 ± 0.1 3.8 ± 0.1  4.0 ± 0.1 3.9 ± 0.1 

Fruit medium length (cm)
**

 15.9 ± 0.5 14.5 ± 0.3 15.6 ± 0.6 15.5 ± 0.4  16.1 ± 0.3 15.6 ± 0.1 

Fruit medium weight (g fruit
-1

)
**

 165.8 ± 13.7 a 130.6 ± 8.6 b 176.9 ± 14.5 a 129.8 ± 8.9 b  161.9 ± 10.4 139.6 ± 7.2 

Cumulative yield (g plant
-1

)
**

 656.1 ± 59.3 554.1 ± 34.7 657.3 ± 54.7 626.9 ± 41.1  651.5 ± 33.7 595.7 ± 34.6 

a
Values are shown as mean ± SE. 

b
AUCP means area under the curve of the plant height progress. 

*
20 days post-transplant. 

**
3 months post-

transplant. Row values per each variable followed by the different lowercase letters indicate significant differences according to the LSD test (p < 

0.05).  
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Table 4 

Value of morphological and production parameters in pepper (“Pepper green bell”). The effect of two variables (sort of table olive wastewaters and 

solution dose) has been tested. See Experiment 2. WW means Wash Water from Spanish-style green olive processing from the ʽHojiblancaʼ 

(WWH2) and ʽManzanillaʼ (WWM2) cultivars; SL2 means Storage Liquid from black olive processing from the ʽHojiblancaʼ cultivar. 

Solutions 

tested 

Plant height 

(cm)
*
 

AUCP
a,**

 

Medium number 

of fruits per 

plant
**

 

Fruit medium 

diameter (cm)
**

 

Fruit medium 

length (cm)
**

 

Fruit medium 

weight (g fruit
-1

)
**

 

Cumulative yield 

(g plant
-1

)
**

 

WWH2-20
b
 93.6 ± 2.8

c
 a 1781.2 ± 33.4 a 10.2 ± 1.7 a 2.6 ± 0.1 bc 8.9 ± 0.4 bc 16.1 ± 1.0 bcd 164.6 ± 31.0 ab 

WWH2-50 89.2 ± 1.2 abc 1699.5 ± 29.7 bc 5.3 ± 1.9 bc 2.9 ± 0.2 ab 9.0 ± 0.5 abc 17.4 ± 2.6 bc 80.3 ± 23.0 cd 

WWM2-20 90.2 ± 1.7 abc 1718.2 ± 29.0 abc 7.7 ± 0.3 ab 2.5 ± 0.1 c 8.6 ± 0.4 bc 15.0 ± 1.8 cde 116.2 ± 17.5 bc 

WWM2-50 87.5 ± 1.9 bc 1732.2 ± 25.9 abc 7.7 ± 1.0 ab 2.3 ± 0.2 c 7.2 ± 0.4 d 10.1 ± 1.5 e 72.3 ± 7.6 cd 

SL2-20 91.7 ± 1.8 ab 1755.4 ± 16.5 ab 3.8 ± 0.9 c 2.5 ± 0.1 c 8.4 ± 0.5 cd 12.1 ± 2.1 de 53.2 ± 17.0 d 

SL2-50 89.7 ± 2.5 abc 1705.9 ± 37.9 abc 6.7 ± 0.8 bc 3.1 ± 0.2 a 9.8 ± 0.5 ab 20.9 ± 1.2 ab 141. 8 ± 19.0 ab 

KNO3-20 79.0 ± 0.9 d 1578.5 ± 27.9 d 5.7 ± 0.8 bc 2.2 ± 0.1 c 7.2 ± 0.5 d 11.4 ± 2.3 de 63.8 ± 15.6 cd 

KNO3-50 86.3 ± 2.4 c 1654.3 ± 31.6 cd 10.0 ± 1.4 a 2.5 ± 0.1 c 9.0 ± 0.6 abc 14.9 ± 1.5 cde 158.0 ± 29.0 ab 

WATER 92.5 ± 0.9 ab 1773.9 ± 16.5 ab 8.5 ± 0.8 ab 3.2 ± 0.2 a 10.3 ± 0.2 a 23.0 ± 1.1 a 191.9 ± 10.4 a 

a
AUCP means area under the curve of the plant height progress. 

b
Table olive wastewaters used were diluted  1:4 (20) or 1:1 (50) with tap water. 

Two control solutions were used, water and KNO3 solution diluted with tap water. 
c
Values are shown as mean ± SE. *56 days post-transplant. **4 

months post-transplant. Column values per each variable followed by the different lowercase letters indicate significant differences according to the 

LSD test (p < 0.05).   
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Table 5 

Value of morphological and production parameters in tomato cultivar (cv. 'Optima') irrigated with washing waters of Spanish-style green olives 

(WWH3 and WWM3). See Experiment 3. WW means Wash Water from Spanish-style green olive processing from the ʽHojiblancaʼ (WWH3) and 

ʽManzanillaʼ (WWM3) cultivars. 

 WWH3-20
a WWH3-50 WWM3-20 WWM3-50 Water KNO3-50 

Plant height (cm)* 58.1 ± 1.8
b
 ab 61.9 ± 1.4 a 55.5 ± 1.6 bc 60.3 ± 1.8 a 51.6 ± 1.2 c 54.8 ± 1.9 bc 

Flowering (flowers plant
-1

), 30 dpt
b 4.0 ± 0.4 3.8 ± 0.3 5.3 ± 0.6 4.3 ± 0.3 4.0 ± 0.4 4.7 ± 0.8 

Medium number of fruits per plant* 1.7 ± 0.3 cd 2.3 ± 0.2 abc 2.0 ± 0.3 bcd 3.0 ± 0.3 a 1.3 ± 0.2 d 2.7 ± 0.5 ab 

Fruit medium caliber (cm)* 5.2 ± 0.3 5.6 ± 0.2 5.3 ± 0.5 5.1 ± 0.2 5.0 ± 0.2 4.5 ± 0.3 

Fruit medium weight (g fruit
-1

)* 87.2 ± 14.4 99.5 ± 8.1 93.7 ± 17.1 79.1 ± 2.8 72.5 ± 8.6 64.0 ± 8.0 

Cumulative yield (g plant
-1

)*  132.2 ± 17.8 b 224.5 ± 7.0 a 168.4 ± 8.7 b 235.5 ± 16.7 a 88.6 ± 4.8 c 155.3 ± 11.7 b 

Length of the roots (cm)* 27.3 ± 4.0 29.0 ± 2.4 27.2 ± 3.1 28.8 ± 2.0 26.8 ± 0.9 31.6 ± 1.4 

Medium weight of the roots (g)* 2.1 ± 0.1 b 2.2 ± 0.2 b 3.2 ± 0.4 a 3.2 ± 0.6 a 1.6 ± 0.1 b  2.5 ± 0.1 ab 

a
Table olive wastewaters used were diluted  1:4 (20) or 1:1 (50) with tap water. Two control solutions were used, water and KNO3 solution diluted 

with tap water. 
b
Values are shown as mean ± SE. 

b
dpt: days post-transplant. 

*
3 months post-transplant. Row values per each variable followed by 

the different lowercase letters indicate significant differences according to the LSD test (p < 0.05).
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Figure 1 
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Figure 2 
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Figure 3 
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