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Abstract  29 

Fresh water scarcity is a major worldwide issue. There is a need to reduce water 30 

use whereas preserving the quality of food products. Regulated deficit irrigation (RDI) 31 

is a strategy to reduce fresh water consumption. The aim of this work was to study 32 

the effect of RDI on olives when applied before harvesting, without a rehydration 33 

period, on the quality of table olives. The experiment was performed in “La Hampa”, 34 

the experimental farm of IRNAS-CSIC at Coria del Río (Seville, Spain) during 2015 35 

and 2016. Two deficit irrigation treatments were compared with a full irrigated 36 

control. Treatment 1 (T1) reduced irrigation from early September, about 2 weeks 37 

before harvest, until values of midday stem water potential were around -2 MPa. 38 

Treatment 2 (T2) reduced irrigation from mid-August, about 4 weeks before harvest, 39 

with a similar water stress level. The duration and level of water stress was described 40 

with the stress integral (SI). Fruit features were studied, before and after the 41 

industrial process to obtain Spanish-style table olives, in order to evaluate differences 42 

due to irrigation on raw olives and due to processing on table olives. Water stress 43 

conditions slightly changed olive characteristics, affecting size and composition. The 44 

industrial processing to table olives masked differences between irrigation 45 

treatments, though some features such as total polyphenols content (TPC) were still 46 

different. SI was significantly related with fruit weight, pit weight, equatorial 47 

diameter, linolenic acid and MUFAs content and (MUFA/PUFA)/SFA ratio. 48 

Keywords  49 

HydroSOStainable vegetables, fatty acids, oleic acid, stress integral, total phenolic 50 

content. 51 

  52 



3 

 

1. INTRODUCTION 53 

Olive tree has been, traditionally, one of the most cultivated trees under rainfed 54 

conditions, but in the recent years, the intensification of agriculture forced farmers 55 

to implement irrigation following Food and Agriculture Organization of the United 56 

Nations (FAO) recommendations. Nowadays, fresh water resources are scarce even 57 

for non-agricultural applications. Regulated deficit irrigation (RDI) is a technique that 58 

reduces the use of water and it has been already tested on olive crops. Several 59 

benefits on oil composition such as the improvement of phenolic compounds content, 60 

phytoprostanes, fatty acids, etc. have been related with RDI of olive crops (Cano-61 

Lamadrid et al., 2015; Collado-González et al., 2015; Sánchez-Rodríguez et al., 62 

2019a). 63 

 “HydroSOStainable” vegetables are products with unique characteristics, 64 

including the reduced use of water (economic benefit for farmers and water 65 

sustainability for the environment), and the enhanced concentration of some 66 

functional components of the vegetables (Carbonell-Barrachina et al., 2015; 67 

Noguera-Artiaga et al., 2016). 68 

Spanish-style process is one of the most typical methods for preparing table olives 69 

(TO) in Spain. It is based on the lye treatment and fermentation of green olives to 70 

allow raw olives (RO) to become edible. This type of TO is one of the most consumed 71 

appetizer in the Mediterranean countries due to their taste and functional properties. 72 

Table olives are a nutritional rich food because they provide proteins, carbohydrates, 73 

lipids, dietary fiber, minerals (phosphorous, iron, calcium, magnesium, potassium, 74 

copper, zinc, manganese) and vitamins (vitamin E, B-complex, β-carotene) (Boskou 75 

et al., 2015). Some of the most valued functional properties are due to the fatty acid 76 

profile (high content of oleic acid) and the non-dietary constituents. These healthy 77 

compounds lend to table olives some health benefits associated with cardiovascular, 78 

immune, nervous, respiratory and digestive systems (Boskou et al., 2015). 79 

It is well known that the olive fruit development in the tree could be divided in 80 

three stages: stage I fruit growth, stage II pit hardening, and stage III oil 81 
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accumulation and maturation (Goldhamer, 1999). In previous studies, when water 82 

stress techniques were applied during stage II, the effect in yield was not significant 83 

and some beneficial properties were reported on “hydroSOStainable” table olives 84 

(Cano-Lamadrid et al., 2015). However, if the stress is applied during stage III, it 85 

has to be taken into account that it is a critical period for compounds synthesis, and 86 

so, special attention needs to be paid to the changes in the concentration of some 87 

compounds. Thus, it is necessary to study the effect of applying RDI during stage III 88 

of fruit growth on the both RO and TO composition after Spanish-style process. 89 

Therefore, the aim of this work was to study the effect of two RDI treatments in the 90 

morphological parameters (fruit and pit weight, fruit/pit ratio, equatorial and 91 

longitudinal diameters, texture and color), antioxidant activity (ABTS+, DPPH· and 92 

FRAP), total phenol content (TPC), fatty acid profile, organic acids and sugars of RO 93 

and TO. Experiments and analyses were carried out in two seasons (2015 and 2016).  94 
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2. MATERIALS AND METHODS 95 

2.1. Experimental conditions, treatments and sample processing 96 

Olives were collected from La Hampa, the experimental farm of the Instituto de 97 

Recursos Naturales y Agrobiología (IRNAS-CSIC). This orchard is located in Coria del 98 

Río, near Seville (Spain) (37°17″N, 6°3′W, 30 m altitude). Table olive trees (Olea 99 

europaea L. cultivar Manzanilla) were 43-year-old. Experimental design was 100 

randomized completely in blocks with 3 replicates and 2 control trees per plot. 101 

Irrigation scheduling was performed following pressure chamber technique and the 102 

threshold values of midday stem water potential before and after pit hardening 103 

period. Two different irrigation treatments and a control were carried out: 104 

i) Control (T0), no water stress conditions. Irrigation was scheduled using 105 

pressure bomb technique according to the recommendations of (Moriana 106 

et al., 2012) 107 

ii) Moderate deficit irrigation before harvest (T1) irrigation was reduced at 108 

the beginning of September to reach a water stress level around -2 MPa. 109 

iii) Moderate deficit irrigation for long time (T2) a period of restriction from 110 

mid-August with the same water stress level than T1 (Table 1). 111 

Olives were hand-harvested in September 2015 and 2016 at their mature-green 112 

stage. Raw olives were processed to obtain table olives using Spanish-style method 113 

in Cooperativa Nuestra Señora de las Virtudes (La Puebla de Cazalla, Seville, Spain). 114 

Firstly, olives were cleaned and selected by size; then, raw olives were treated during 115 

6-8 h with 1.3-2.6 % (weight:volume) of NaOH to remove ouleoperin. After lye 116 

penetrated ¾ through the flesh, olives were washed with water during 12-14 hours. 117 

After cleaning, olives were put on 10-12 % NaCl concentration for fermentation 118 

process. At the end of fermentation, table olives reached an equilibrium with 119 

fermentation brine (pH<4.2, 8-9 % (weight:volume) of NaCl, 0.7-1.0 % lactic acid 120 

and residual alkalinity <0.120 N).  121 
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2.2. Morphological analyses 122 

Seventy-five raw olives and table olives from each irrigation treatment [25 123 

fruits of each irrigation replicate (3)] were randomly selected to characterize 124 

physicochemical properties. Same olives were used for all determinations. 125 

 126 

2.2.1. Weight and size 127 

Whole fruits and pits were weighed (Mettler balance model AG204 scale; Mettler 128 

Toledo, Barcelona, Spain). The size of each fruit: longitudinal and equatorial 129 

diameters were measured (digital caliper, model 500-197-20 150 mm; Mitutoyo 130 

Corp., Aurora, IL, USA) (Sánchez-Rodríguez et al., 2019b). 131 

2.2.2. Color determination 132 

Three measurements were made around the equatorial diameter of each olive 133 

using a digital colorimeter (D65 illuminant and 10º observer references) (model CR-134 

300, Minolta, Osaka, Japan). Results were given following a system which define 135 

color in a three-dimensional space (CIE L*a*b*), where L* defined lightness, a* 136 

reddish (positive values) and greenish (negative values) and b* yellowish (positive 137 

values) and bluish (negatives values) (Sánchez-Rodríguez et al., 2019b). 138 

2.2.3. Texture 139 

Two different texture measurements were carried out in each olive using a 140 

Texture Analyzer TA-XT2i (Stable Micro Systems, Surrey, U.K.) at 25 ± 2 ºC. 141 

Puncture test (PT) was used to study peel firmness and Magness-Taylor test (MTT) 142 

to measure pulp firmness of raw olives and table olives. PT was performed with a 143 

stainless-steel needle probe P/2N (2 mm thickness) and MTT with a stainless-steel 144 

cylindrical probe SMSP/2 of 2 mm diameter. PT was done on whole olives and MTT 145 

on olives removing 1 mm of peel. Results were expressed in N (Szychowski et al., 146 

2015). 147 
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After measuring the previous parameters, olive pulp was removed and pits were 148 

weighed while the pulp was freeze-dried and stored frozen at -80 ºC under vacuum 149 

packaging. The following determinations were run on freeze dried olive powder.  150 

2.3. Antioxidants and total phenol content 151 

Antioxidant activity (AA) was measured in RO and TO. Extracts were done with 152 

MeOH/water (80:20 v/v) + 1% HCl as described by Sánchez-Rodríguez et al. 153 

(2019b). AA was measured by three methods: DPPH•, ABTS+ and d FRAP.  Radical 154 

scavenging activity was evaluated using DPPH• radical (2,2-diphenyl-1-155 

picrylhydrazyl) as described by Brand-Williams et al. (1995), ABTS+ radical [2,2-156 

azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)] as described by Re et al. (1999) 157 

and the ferric reducing antioxidant power (FRAP) as described by  Benzie and Strain 158 

(1996); Trolox was used to performed calibration curves. Furthermore, total phenol 159 

content (TPC) was quantified using Folin-Ciocalteu reagent as described by Gao et 160 

al. (2000). Gallic acid was used to carry out the calibration curve. Antioxidant activity 161 

and TPC were measured by a UV-visible spectrophotometer (Helios Gamma model, 162 

UVG 1002E; Helios, Cambridge, UK). 163 

2.4. Fatty acids 164 

Fatty acid profile was determined according to Cano-Lamadrid et al. (2015) on 165 

freeze-dried olive pulp. Concisely, fatty acid methyl esters (FAMEs) were trans-166 

methylated in situ by adding dichloromethane and methanolic NaOH solution followed 167 

by BF3-methanol and boiling for 10 min and, followed by the extraction of the FAMEs 168 

using hexane. The organic layer of samples was injected on a gas chromatograph 169 

coupled with a mass spectrometer detector (GC-MS) (Shimadzu GC-17A and GC-MS 170 

QP-5050A) (Shimadzu Corporation, Kyoto, Japan) coupled with a Suprawax-280 171 

column 30 m × 0.25 mm × 0.25 µm (Teknokroma). The GC-MS program was the 172 

same as described by Cano-Lamadrid et al. (2015). FAME standards (Sigma-Aldrich) 173 

were used for identification of peaks by their retention time. Results are expressed 174 

as percentage of the total area of methylated fatty acids. Analyses were done in 175 

triplicate. 176 
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2.5. Organic acids and sugars 177 

Organic acids and sugars profiles were quantified using high-performance liquid 178 

chromatography (HPLC-DAD-RID) (Hewlett Packard 1100 series; Willmington, DE, 179 

USA) according to Sánchez-Rodríguez et al. (2019b). A supelcogel TM C-610H column 180 

30 cm × 7.8 mm and Supelguard 5 cm × 4.6 mm; pre-column (Supelco, Bellefonte, 181 

PA) were used for separation: the absorbance was measured using a diode-array 182 

detector (DAD) at 210 nm for organic acids detection. A refractive index detector 183 

(RID) was used for the detection of sugars. Organic acids and sugars were analyzed 184 

in triplicate. Calibration curves were obtained from the analysis of pure standards of 185 

organic acids and sugars (Sigma. Poole, UK). 186 

2.6. Statistical analyses 187 

One-way analysis of variance (ANOVA) and Tukey’s multiple range test were 188 

carried out for the results of each season. Results were expressed as means of 189 

triplicate analysis from each batch in each treatment. Statistical analyses were 190 

performed using StatGraphics Plus 5.0 software (Manugistics, Inc., Rockville, MD) 191 

and differences were considered statistically significant at three levels: (i) p<0.05 192 

(*), (ii) p<0.01 (**), and (iii) p<0.001 (***). Additionally, correlation coefficients 193 

were calculated to study the relationship between SI and all analyses done in raw 194 

and processed olives of both seasons.  195 
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3. RESULTS AND DISCUSSION 196 

3.1. Irrigation 197 

Minimum stem water potential (min ψstem) and stress integral (SI) results of 198 

each year for each treatment under study are shown in Table 1. During 2015 season, 199 

both parameters were smaller than during 2016. For the period of 2015, although 200 

non-statistical differences were found due to the high variability of data, moderate 201 

deficit irrigation during long time (T2) showed the highest min ψstem and the SI was 202 

the same than control. Regarding 2016 season, also T2 showed the highest min ψstem 203 

and, in this case, SI showed statistical significant differences. It could be seen that 204 

T2 was the most stressed treatment while T1 was the least one. It has to be 205 

considered that even though researchers could control the applied irrigation, other 206 

natural factors due to real on-field conditions (rain, overall weather, soil differences 207 

among areas of the same field, among others) significantly affect SI and modified 208 

the targeted values; thus, statistical differences were found between both seasons, 209 

being 2016 significantly more stressed than 2015. 210 

3.2. Morphological analyses 211 

Morphological parameters of raw and table olives are shown in Table 2. 212 

Regarding RO, fruit weight, pit weight, equatorial and longitudinal diameters and 213 

color were not affected by RDI treatments at any season; only the results of one of 214 

the texture tests (MTT) was affected by irrigation. In both seasons, RDI decreased 215 

the hardness of the pulp of RO. 216 

 In relation to TO, in 2015 season, fruit weight was significantly affected by RDI 217 

treatments, with T1 and T0 having the smallest and highest values, respectively. 218 

Regarding longitudinal diameter, T1 table olives were longer than the other ones. 219 

With respect to color, a* and b* parameters showed statistical differences; T2 220 

provided the greenest and less yellow table olives. During 2016 season, the only 221 

morphological parameter affected by RDI treatments was MTT, showing that T2 table 222 

olives had the hardest pulp. If both seasons are compared, it could be found that the 223 
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highest stress (2016) produced smallest olives, affecting the weight and the 224 

diameters. 225 

 Previous studies were done with the same cultivar but applying the deficit 226 

irrigation during stage II of fruit growth and it was found that the higher the stress 227 

the higher the differences of olives in comparison with the control (Sánchez-228 

Rodríguez et al., 2019b). Therefore, the timing of application of RDI is a highly 229 

relevant variable given that when the stress was applied during stage III, a different 230 

behavior was reported: the higher the stress, the lower the morphological differences 231 

between olives. 232 

 Fruit/pit ratio is one of the most important quality factors for table olive 233 

production and also for olive oil extraction (Gucci et al., 2009).  In the current study, 234 

no statistically significant differences were found for fruit/pit ratio. This result agreed 235 

with that by Gucci et al. (2019), who studied the effect of RDI applied before pit 236 

hardening period and during rehydration phase. 237 

3.3. Antioxidants and total phenol content 238 

Antioxidants (ABTS+, DPPH• and FRAP assays) and TPC results of RO and TO 239 

during the two studied seasons are shown in Table 3. Regarding RO, in ABTS+ assay, 240 

T2 performed as the control, and in FRAP assay, T2 had the highest values in both 241 

studied seasons, although for DPPH• radical, the highest values were found for T1. 242 

Treatment 2 showed the same TPC values than control, while T1 had the lowest 243 

values. In general, T1 olives had the lowest values of AA and TPC, as compared to 244 

T0 and T2 fruits. If both seasons are compared, 2015 showed highest values of AA 245 

regarding FRAP assay, while, DPPH+ and TPC showed highest values on 2016 season. 246 

In relation to TO, AA was affected by irrigation in both seasons; in the DPPH• 247 

assay, T1 and T2 presented higher antioxidant power than control; while in the FRAP 248 

assay, T2 had the same concentration than control. In table olives, also both RDI 249 

treatments yielded higher concentrations of TPC than T0. No statistical differences 250 

were found in TO between seasons. 251 
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 No significant differences were found in previous studies with the same 252 

cultivar but different irrigation strategies (Cano-Lamadrid et al., 2017; Sánchez-253 

Rodríguez et al., 2019b). In such studies, RDI was applied during stage II, 254 

consequently, the timing of RDI application is very important regarding antioxidants 255 

and TPC. Stage III of fruit growth corresponds to the maturation and oil accumulation 256 

period, and when the stress was applied in that period, phenol content and 257 

antioxidant power increased their concentration. A similar result was also obtained 258 

when the polyphenol profile was studied (Sánchez-Rodríguez et al., 2019a). In such 259 

study it was reported that the application of RDI at stage III improved the 260 

polyphenolic profile of table olives because several polyphenols increased their 261 

concentration: oleuropein, oleoside di-glucoside or comselogoside, among others. 262 

Many studies have demonstrated that the increase of polyphenol concentration 263 

on olive oil is due to RDI. Gucci et al. (2019) in a study on the effect of irrigation time 264 

on the polyphenolic compounds of olive oil in the Frantoio cultivar, reported the 265 

highest increase in the concentration of polyphenols when RDI was applied before 266 

the hardening period of the pit. Differences with the current work could be due to 267 

agronomic conditions, cultivar, water stress conditions, etc.  268 

3.4. Fatty acids 269 

The fatty acids profile of the olives under study are shown in Table 4. Regarding 270 

RO, during 2015 season no statistical differences were found among irrigation 271 

treatments; whereas in 2016, the percentages of stearic and oleic acids slightly 272 

changed. It was found that stearic acid increased in T2 (3.40 %) and oleic increased 273 

in T1 (70.7 %) as compared to 2.90% and 68.8 % in the control treatment, T0. This 274 

observation may be related to the fact that during 2016, the midday stem water 275 

potential (stem) values were smaller than in 2015 and the stress integral values were 276 

larger; that means that the stress in the trees was higher than in 2015; thus, only 277 

under a high water stress of the trees the fatty acid profile was altered. 278 

Regarding TO, when the stress in trees was smaller (2015), no differences were 279 

found in the fatty acid profile (following the same trend reported for RO) although 280 
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total saturated fatty acids (SFA) slightly decreased in T2. However, in 2016 season, 281 

palmitic acid percentage decreased in both RDI treatments, and oleic acid 282 

concentration increased in T2 (71.4 %) as compared to 70.1 % in the control olives. 283 

Therefore, these results showed a trend to a positive functional quality of table olives 284 

under water stress, as saturated fatty acids (SFA) decreased while simultaneously 285 

monounsaturated fatty acids (MUFA) increased on the total fatty acid profile under 286 

water stress. 287 

Other studies were done on olive trees with different RDI treatments (Cano-288 

Lamadrid et al., 2015; Cano-Lamadrid et al., 2017) in which the RDI was conducted 289 

during pit hardening stage (non-critical stage), and no differences were found on 290 

antioxidant activity or total phenol content, although MUFA percentage increased with 291 

high stress and PUFA with moderate stress. Thus, similar results were found when 292 

moderate deficit irrigation during long time was applied during stage III because 293 

MUFA content increased, although, in this situation, also the SFA content decreased, 294 

leading to an improvement of the fatty acid profile. However, enhanced functional 295 

quality needs to be evaluated considering changes in other components on the olives. 296 

There are some studies that demonstrated that timing of olive tree irrigation 297 

influenced the fruit tissues evolution (Gucci et al., 2009; Rapoport et al., 2004), 298 

although there is small information about timing. Gucci et al. (2019) did not found a 299 

clear trend on Frantoio olive oil fatty acid composition after applying RDI before stage 300 

II and during III. 301 

3.5. Organic acids and sugars 302 

Organic acids and sugars profiles of RO are shown in Table 5. The main organic 303 

acids found in RO were citric, tartaric, malic, and succinic acids while the main sugars 304 

were sucrose, glucose, and fructose. Both seasons under study yielded similar 305 

contents of organic acids and sugars, so it could be said that differences between the 306 

stress levels in both seasons did not affect the organic acids and sugars profiles. 307 

Regarding differences between irrigation treatments, the two seasons showed the 308 

same trend; only tartaric and succinic acids decreased their concentration when both 309 
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RDI treatments were applied. Tartaric acid decreased from 0.14 g kg-1 fw (T0) to 310 

0.07 g kg-1 fw (T1) and 0.08 g kg-1 fw (T2) and succinic acid decreased from 0.50 g 311 

kg-1 fw (T0) to 0.14 g kg-1 fw (T1 and T2). 312 

Regarding TO (data not shown in Table 5), phytic (6.42 g kg-1 fw), lactic (1.50 313 

g kg-1 fw), and acetic acids (0.79 g kg-1 fw) were found as major organic acids while 314 

maltoheptaose (2.03 g kg-1 fw), mannitol (2.46 g kg-1 fw) and glycerol (0.77 g kg-1 315 

fw) as sugar. No statistical differences were found on TO due to irrigation treatments 316 

and seasons. Same profiles of organic acids and sugars were previously found in RO 317 

and TO (Sánchez-Rodríguez et al., 2019b) in “Manzanilla” olives. The differences 318 

among the organic acid and sugar profiles in RO and TO were the consequence of the 319 

transformation of RO into TO via fermentation during the Spanish-style process. 320 

3.6. Correlation 321 

For further information about the effect of the water stress in the parameters 322 

studied, correlations were done among all parameters (for both RO and TO) and SI 323 

including both seasons (Figure 1). Negative correlations among SI and (i) fruit 324 

weight (Figure A), (ii) pit weight (Figure B), and (iii) equatorial diameter (Figure C). 325 

Although non-statistically significant, regarding morphological characteristics (Table 326 

2), it was observed that the higher the stress applied during stage III, the higher the 327 

decrease in fruit and pit weight. Thus, the relation fruit/pit was maintained, and 328 

similar fruit quality was obtained. As it was expected, equatorial diameter was also 329 

negatively correlated with SI, and it was definitely linked to the weight loss. 330 

Regarding fatty acids, positive correlations among SI and (i) MUFAs (Figure E) for RO 331 

and TO, (ii) linolenic acid (Figure D), and (iii) (MUFA+PUFA)/SFA (Figure F) 332 

percentages only for TO; only TO data are represented in such figures. The higher 333 

the stress applied during stage III, the higher the concentration of linolenic acid in 334 

TO, also the sum PUFA+MUFAs slightly increased due to water stress. The higher the 335 

stress applied, the higher the content on MUFA in RO and TO olives.   336 
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4. CONCLUSIONS 337 

This is the first study investigating functional parameters of raw olives and table 338 

olives under the effect of a RDI applied just before harvest and without a rehydration 339 

period. After processing raw into table olives by the Spanish-style process, the 340 

differences due to RDI treatments were reduced. In general, the quality of fruit 341 

morphological parameters was maintained (reduced size but maintained pulp 342 

proportion), while the antioxidant activity and total phenolic content were increased 343 

due to RDI, and the fatty acid profile was improved (enhanced MUFA content) when 344 

the stress integral was higher (2016 season). Consequently, and after application of 345 

RDI strategies just before olives harvesting, the higher the SI, the better the 346 

nutritional quality of the hydroSOStainable table olives obtained. Hence, farmers 347 

interested on saving water techniques, now have more information about effect on 348 

timing: i) moderate stress applied during stage II led to maintained fruit size and 349 

yield with no significant differences on composition, and ii) high stress applied during 350 

stage III led to reduced olive size but improved the nutritional quality of fruits. 351 

 352 
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Table 1. Minimum ψstem (min ψstem) and water stress integral (SI) as affected by regulated deficit irrigation treatments. 417 

Stress 

parameter 

2015 2016 
ANOVA† 2015 2016 

ANOVA† T0 T1 T2 ANOVA† T0 T1 T2 

Min ψstem (MPa) NS -2.07‡ -1.99 -2.20 NS -2.44 -2.44 -2.66 *** -2.08 b -2.51 a 

SI (MPa x day) NS 34.3 26.4 33.8 * 75.7 ab 62.9 b 85.5 a ** 31.5 b 74.8 a 

† NS = not significant at p< 0.05; *, **, and ***, significant at p< 0.05, 0.01, and 0.001, respectively. ‡ Values (n=3) followed by the 418 

same letter within the same row and season were not significantly different (p<0.05), according to Tukey’s least significant difference test.419 
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Table 2. Morphological parameters [fruit weight, pit weight, fruit/pit ratio, equatorial diameter, longitudinal diameter, puncture test (PT), 420 

Magness-Taylor test (MTT), CIE L*a*b*] of “Manzanilla” raw and table olives as affected by regulated deficit irrigation treatments. 421 

 2015 2016 

ANOVA 2015 2016 
 

ANOVA
† 

T0 T1 T2 ANOVA T0 T1 T2 

Raw olives 

Fruit weight (g)  NS 5.03‡ 5.27 5.07 NS 3.40† 3.06 3.05 *** 5.13 a 3.17 b 

Pit weight (g)  NS 0.89 0.82 0.85 NS 0.65 0.62 0.62 *** 0.85 a 0.63 b 

Fruit/pit ratio NS 5.65 6.43 6.00 NS 5.24 4.90 4.89 *** 6.04 a 5.03 b 

Equatorial diameter (mm) NS 19.4 19.7 19.5 NS 16.4 16.1 15.9 NS 19.5  19.5 

Longitudinal diameter (mm) NS 23.5 23.6 23.5 NS 19.7 19.6 19.2 *** 23.5 a 16.1 b 

Texture Puncture Test (N) NS 2.67 2.36 2.85 NS 2.57 2.86 2.85 NS 2.71 2.75 

Magness Taylor (N) ** 19.2 a 9.02 b 10.7 b *** 17.7 a 10.3 b 10.4 b NS 12.5  12.8 b 

Color L* NS 55.9 57.7 57.3 NS 59.9 58.6 59.9 NS 56.9 59.5 

a* NS -18.8 -18.4 -18.3 NS -19.2 -17.8 -18.9 NS -18.5 -18.7 

b* NS 37.9 39.6 39.3 NS 41.1 39.5 41.3 NS 38.9 40.7 

Table olives 

Fruit weight (g) * 5.51 a 4.75 b 5.07 ab NS 2.87 2.98 2.82 *** 5.11 a 2.89 b 

Pit weight (g) NS 0.87 0.79 0.83 NS 0.60 0.61 0.59 *** 0.83 a 0.60 b 

Fruit/pit ratio NS 6.33 6.01 6.11 NS 4.76 4.87 4.76 *** 6.16 a 4.79 b 

Equatorial diameter (mm) NS 18.4 18.9 18.2 NS 15.9 15.7 15.5 *** 18.5 a 15.7 b 

Longitudinal diameter (mm) *** 22.4 b 23.2 a 22.1 b NS 20.0 19.4 19.4 *** 22.6 a 19.6 b 

Texture Puncture Test (N) NS 1.21 1.06 1.23 NS 1.24 1.10 1.22 NS 1.17  1.18 

Magness Taylor (N) NS 8.29 8.92 10.1 * 8.59 b 9.16 b 10.5 a NS 9.10  9.44 

Color L* NS 53.3 51.6 55.4 NS 54.6 55.7 57.9 NS 53.4 56.1 

a* ** 1.17 ab 1.65 a 0.78 b NS 1.43 1.19 0.87 NS 1.20 1.16 

b* * 34.2 b 33.6 b 37.6 a NS 33.3 33.8 36.2 NS 35.1 34.4 

† NS = not significant at p< 0.05; *, **, and ***, significant at p< 0.05, 0.01, and 0.001, respectively. ‡ Values (n=100) followed by the 422 

same letter within the same row and season were not significantly different (p<0.05), according to Tukey’s least significant difference test.   423 
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Table 3. Antioxidant activity and total phenol content (TPC) of “Manzanilla” raw and table olives as affected by regulated deficit irrigation 424 

treatments. 425 

Antioxidant parameter 
2015 2016 

ANOVA 2015 2016 
ANOVA† T0 T1 T2 ANOVA T0 T1 T2 

Raw olives 

ABTS+ (mmol Trolox kg-1) *** 28.6 a ‡ 24.9 b 28.1 a * 27.6 ab 25.2 b 28.8 a NS 27.2 27.2 

DPPH· (mmol Trolox kg-1) *** 48.9 b 52.0 a 46.7 c * 47.70 b 53.94 a 48.58 b ** 49.5 b 50.1 a 

FRAP (mmol Trolox kg-1) *** 24.3 b 23.7 c 28.4 a ** 23.6 b 23.2 b 27.9 a *** 25.5 a 24.9 b 

TPC (g GAE kg-1) *** 32.4 a 21.4 b 32.2 a *** 32.6 a 21.6 b 33.4 a *** 28.6 b 29.2 a 

Table olives 

ABTS+ (mmol Trolox kg-1) NS 9.04 9.10 9.19 NS 8.74 9.41 9.34 NS 9.11 9.16 

DPPH· (mmol Trolox kg-1) *** 7.41 b 8.61 a 8.42 a * 7.31 c 9.64 a 8.62 b NS 8.15 8.52 

FRAP (mmol Trolox kg-1) * 19.2 a 18.1 b 20.1 a ** 19.1 a 17.8 b 19.3 a NS 19.1 18.73 

TPC (g GAE kg-1) *** 5.46 b 5.87 a 5.82 a ** 5.46 c 5.90 a 5.83 b NS 5.72 5.73 

† NS = not significant at p< 0.05; *, **, and ***, significant at p< 0.05, 0.01, and 0.001, respectively. ‡ Values (n=9) followed by the 426 

same letter within the same row and season were not significantly different (p<0.05), according to Tukey’s least significant difference test.   427 
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Table 4. Fatty acid profile of “Manzanilla” raw and table olives expressed as percentage of the total profile as affected by regulated deficit 428 

irrigation treatments. 429 

Fatty acid (%) 
2015 2016 

ANOVA 2015 2016 
ANOVA† T0 T1 T2 ANOVA† T0 T1 T2 

Raw olives 

Palmitic acid (C16:0) NS 16.2‡ 16.9 16.8 NS 18.6‡ 17.8 18.2 * 16.6 b 18.2 a 

Stearic acid (C18:0) NS 2.72 2.59 2.85 ** 2.90 b 3.01 b 3.40 a ** 2.72 b 3.11 a 

Oleic acid (C18:1) NS 73.4 70.7 70.5 * 68.8 b 70.7 a 69.5 ab NS 71.5 69.7 

Linoleic acid (C18:2) NS 5.08 6.82 6.69 NS 5.62 4.37 4.88 NS 6.19 4.95 

Linolenic acid (C18:3) NS 0.94 0.94 1.11 NS 1.30 1.26 1.16 * 0.99 b 1.24 a 

Araquidic acid (C20:0) NS 0.42 0.38 0.48 NS 0.44 0.56 0.60 NS 0.43 0.53 

Σ SFA NS 19.3 19.9 20.1 NS 21.9 21.4 22.2 ** 19.8 b 21.8 a 

Σ MUFA NS 73.4 70.7 70.5 * 68.8 b 70.7 a 69.5 ab NS 71.5 69.7 

Σ PUFA NS 6.01 7.75 7.79 NS 6.92 5.63 6.04 NS 7.18 6.20 

(MUFA+PUFA)/SFA NS 4.11 3.94 3.89 NS 3.45 3.57 3.40 NS 3.98 3.47 

Table olives 

Palmitic acid (C16:0) NS 16.9 16.8 16.5 * 18.7 a 17.7 b 17.0 b *** 16.7 b 17.8 a 

Stearic acid (C18:0) NS 2.74 2.93 2.84 NS 2.73 2.62 3.06 NS 2.84 2.80 

Oleic acid (C18:1) NS 70.82 69.28 70.47 * 70.1 b 70.3 b 71.4 a * 70.2 b 70.6 a 

Linoleic acid (C18:2) NS 6.41 7.87 7.23 NS 6.72 7.53 6.87 NS 7.17 7.04 

Linolenic acid (C18:3) NS 1.02 0.94 0.99 NS 1.18 1.26 1.29 ** 0.98 b 1.24 a 

Araquidic acid (C20:0) NS 0.47 0.46 0.45 NS 0.48 0.49 0.46 NS 0.46 0.48 

Σ SFA ** 20.1 a 20.2 a 19.7 b * 22.0 a 20.8 b 20.5 b *** 20.0 b 21.1 a 

Σ MUFA NS 70.82 69.28 70.47 * 70.1 b 70.3 b 71.4 a * 70.2 b 70.6 a 

Σ PUFA NS 7.42 8.81 8.22 NS 7.90 8.79 8.16 ** 8.15 b 8.28 a 

(MUFA+PUFA)/SFA ** 3.89 b 3.86 b 3.99 a * 3.57 b 3.81 a 3.87 a *** 3.91 a 3.75 b 

† NS = not significant at p< 0.05; *, **, and ***, significant at p< 0.05, 0.01, and 0.001, respectively. ‡ Values (n=9) followed by the 430 

same letter within the same row and season were not significantly different (p<0.05), according to Tukey’s least significant difference test.  431 
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Table 5. Sugars and organic acids of “Manzanilla” raw olives as affected by regulated deficit irrigation treatments. 432 

Organic acid or sugar 

(g kg-1 fw) 

2015 2016 
ANOVA 2015 2016 

ANOVA† T0 T1 T2 ANOVA† T0 T1 T2 

Raw olives 

Organic 

acids 

Citric acid  NS 0.255 ‡ 0.255 0.230 NS 0.253 0.263 0.237 NS 0.247 0.251 

Tartaric acid  ** 0.140 a 0.067 b 0.084 b * 0.143 a 0.066 b 0.083 b NS 0.097 0.098 

Malic acid  NS 0.490 0.487 0.432 NS 0.516 0.487 0.450 NS 0.469 0.484 

Succinic acid  * 0.500 a 0.144 b 0.137 b * 0.505 a 0.145 b 0.137 b NS 0.260 0.262 

Sugars Sucrose  NS 1.758 1.696 1.677 NS 1.764 1.690 1.677 NS 1.710 1.710 

Glucose  NS 3.905 3.283 3.482 NS 3.915 3.427 3.528 NS 3.556 3.623 

Fructose  NS 1.455 1.626 1.934 NS 1.478 1.756 1.966 NS 1.672 1.733 

† NS = not significant at p< 0.05; *, **, and ***, significant at p< 0.05, 0.01, and 0.001, respectively. ‡ Values (n=9) followed by the 433 

same letter within the same row and season were not significantly different (p<0.05), according to Tukey’s least significant difference test.434 
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Figure 1. Correlations between stress integral (SI) and different variables [RO (grey circles) and TO (black diamonds)] of 2015 and 2016 435 

seasons. A: fruit weight; B: pit weight; C: equatorial diameter; D: linolenic acid; E: monounsaturated fatty acids (MUFA); F: 436 

(monounsaturated fatty acids + polyunsaturated fatty acids)/saturated fatty acids [(MUFA+PUFA)/SFA] 437 
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