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Abstract  36 

For twenty weeks, the physiological responses of Euonymus japonica plants to different 37 

irrigation sources were studied. Four irrigation treatments were applied at 100% water 38 

holding capacity: Control (electrical conductivity (EC) < 0.9 dS m-1); irrigation water 39 

normally used in the area, (irrigator’s water) IW (EC: 1.7 dS m-1); NaCl solution, NaCl 40 

(EC: 4 dS m-1); and wastewater, WW (EC: 4 dS m-1). This was followed by a recovery 41 

period of thirteen weeks, when all the plants were rewatered with the same amount of 42 
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irrigation water as the control plants. Despite the differences in the chemical properties 43 

of the water used, the plants irrigated with NaCl and WW showed similar alterations in 44 

growth and size compared with the control even at the end of the recovery period. Leaf 45 

number was affected even when the EC of the irrigation water was of 1.7 dS m-1 (IW), 46 

indicating the salt sensitivity of this parameter. Stomatal conductance and 47 

photosynthesis, as well as stem water potential, were most affected in plants irrigated 48 

with the most saline waters (NaCl and WW). At the end of the experiment the above 49 

parameters recovered, while IW plants showed similar values  to the control. The higher 50 

Na+ and Cl+ uptake by NaCl and WW plants led them to show osmotic adjustment 51 

throughout the experiment. The highest amount of boron found in WW plants did not 52 

affect root growth. Wastewater can be used as a water management strategy for 53 

ornamental plant production, as long as the water quality is not too saline, since the 54 

negative effect of salt on the aesthetic value of plants need to be taken into 55 

consideration. 56 

 57 

 58 

Keywords:  Gas exchange; NaCl; Reclaimed wastewater; Quality plants; Water 59 

relations.  60 

 61 

Abbreviattions  62 

EC, electrical conductivity; DW, dry weight; gs, stomatal conductance; J, absorption 63 

rate of ions by roots; NTU, Nephelometrical Turbidity Units; P, significance level; 64 

PAC, percentage of plants in acceptable conditions; PDB, percentage of plants with dry 65 

branches; PIC, percentage of plants in ideal conditions; DP, percentage of dry plants; 66 
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Pn, net photosynthesis; RH, relative humidity;  TDS, total dissolved solids; VPD, 67 

vapour pressure deficit; Ψstem, stem water potential; Ψ100s, osmotic potential at full 68 

turgor. 69 

 70 

Introduction 71 

 72 

In the Iberian Peninsula, particularly in Mediterranean areas, the increasing shortage of 73 

water resources and their low quality mean that greater effort is needed for their 74 

management to satisfy the needs of crops (Jordan et al. 2009; Ruiz-Sánchez et al. 2010). 75 

Indeed, the use of low quality water, in many species is becoming an alternative, in 76 

order to guarantee irrigation. Several studies have shown the environmental and 77 

agronomical interest of using wastewater for irrigation in different crops (Parsons et al. 78 

2001; Aiello et al. 2007). Nevertheless, in ornamental plant production the high 79 

concentration of toxic ions that this kind of water contains can decrease the quality and 80 

landscape value of these plants (Wu and Dodge 2005). Depending on their source and 81 

treatment, such waters may have a high salt content, especially sodium and chloride and 82 

significant quantities of toxic metals (Barar et al. 2000; Yadav et al. 2002). Their long-83 

term use therefore may result in the toxic accumulation of heavy metals with 84 

unfavourable effects on plant growth (Rattan et al. 2005). Phosporus concentration 85 

levels may also be very high, contributing to surface water eutrophication 86 

(Kalavrouziotis et al. 2005) and high levels of boron can cause phytotoxic problems in 87 

crops. For example, numerous articles have demonstrated that B+ reduces citrus tree 88 

growth and productivity and contributes to defoliation and yellow leaves (Chapman HD 89 

1968, Aucejo et al. 1997; Barar et al. 2000). This kind of water may also contain high 90 
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K+ and S- levels that can induce magnesium and phosphorus deficiency, respectively 91 

(Rattan et al. 2005) reducing the growth and development of plants. Nevertheless, 92 

potential irrigation problems associated with low water quality will depend on the 93 

duration of its application (Bansal et al. 1992; Palaniswami and Sree Ramulu 1994) and 94 

the different characteristics of the plant species. One alternative that has produced goods 95 

results and avoided many of the problems associated with wastewater use in agriculture 96 

was the blending reclaimed water with well water (Pedrero 2010; Bañón et al. 2011). 97 

Salinity can cause imbalances in the uptake of mineral nutrients as well as a 98 

gradual accumulation of electrolytes (mainly Na+ and Cl-) in the aerial parts, causing 99 

damage to the plant metabolism, when no compartmentation of saline ions in the 100 

vacuole takes place. One of the main mechanisms that plants use to adapt to osmotic 101 

stress is osmotic adjustment which maintains the positive turgor required for stomata 102 

opening and cell enlargement (Torrecillas et al. 2003; Navarro et al. 2007; Alvarez et al. 103 

2012). When osmotic adjustment occurs, the osmotic potential decreases and, as a 104 

consequence, the water potential falls, diminishing the availability  of water to the root, 105 

affecting growth and vegetal development (Greenway and Munns 1980; Tanji 1990; 106 

Neumann 1997).  107 

If poor quality water is to be used, it is important to select plants that have 108 

mechanisms which help tolerate osmotic and saline damage without damaging their 109 

development. 110 

Euonymus japonica is a popular compact shrub, which is usually cultivated as a 111 

hedge to adorn gardens. It is well adapted to coastal zones where high concentrations of 112 

salt accumulate in the soil. The objectives of this work were: 1) to study the effect of 113 

different irrigation water sources on plant growth and quality, water relations, gas 114 
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exchange and nutrient content in Euonymus japonica, and 2) to evaluate whether 115 

reclaimed water with a high salinity level can be used as an alternative source of water 116 

and nutrients for Euonymus plant production. The results will increase the little 117 

information that exists on the impact of low quality water of different chemical 118 

properties on shrub species of ornamental and landscape interest in the Mediterranean 119 

region. 120 

 121 

Material and methods 122 

 123 

Plant material and growth conditions 124 

 125 

Euonymus japonica plants (n= 160) with an initial height of 15 cm, were transplanted 126 

on 23 March 2010 into 2.5 L polyethylene pots (diameter 17 cm, height 14 cm) 127 

containing a substrate of coconut fibre, black and blond peat, and perlite, (8:7:1) 128 

amended with 2 g L-1 of Osmocote Plus (14:13:13 N, P, K plus microelements). The 129 

pots were placed in a plastic greenhouse in the CEBAS experimental farm located in 130 

Santomera (Murcia, Spain), equipped with a cooling system. The micro-climatic 131 

conditions, recorded with a Hoboware Lite Data Logger (Escort Data Loggers, Inc., 132 

Buchanan, Virginia, USA), showed maximum/minimum average temperatures of 20/17 133 

ºC and maximum/minimum average RH of 70/50 %. During the experimental period, 134 

the average values of the air temperature, RH and vapour pressure deficit (VPD) were 135 

around 22 ºC, 64% and 1.3 KPa, respectively. 136 

Irrigation with saline water began on 29 April 2010, five weeks after 137 

transplanting. For twenty weeks (saline phase) plants of different irrigation sources 138 
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were studied. Four irrigation treatments were applied at 100% water holding capacity: 139 

Control (EC < 0.9 dS m-1, leaching 10-15% of the applied water); irrigation water 140 

normally used in the area (irrigator’s water, reclaimed wastewater blended 50% with 141 

well water), IW (EC: 1.2-1.8 dS m-1, leaching 20-25%); NaCl solution, NaCl (EC: 4 dS 142 

m-1, leaching 30-40%); and reclaimed wastewater, WW (EC: 4 dS m-1, leaching 30-143 

40%) from a sewage treatment plant located in Campotejar (Murcia, Spain). The 144 

wastewater treatment plant applies a conventional activated sludge process followed by 145 

ultraviolet application for tertiary treatment. The saline period ended on 15 September 146 

2010.  147 

After the saline period, the plants of the IW, NaCl and WW treatments were 148 

rewatered maintaining the same conditions as the control plants for a further thirteen 149 

weeks (recovery period). The experiment finished on 16 December 2010, thirty eight 150 

weeks after transplanting. 151 

One drip nozzle, delivering 2 l h-1 per pot, was connected to two spaghetti tubes, 152 

one on each side of every pot. Plants were irrigated daily and the duration of each 153 

irrigation episode depended on the season, climatic conditions and plant development. 154 

Water consumption was measured gravimetrically throughout the experimental period 155 

and was determined from the difference in weights (weight after irrigation, when 156 

drainage stopped, and before irrigating again).  157 

 158 

Water and substrate analyses  159 

 160 

The inorganic solute content, pH and EC of the irrigation waters were assessed at the 161 

beginning of the experiment. The samples were collected in glass bottles and stored at 162 
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5ºC before being processed for chemical analyses. pH was measured with a Cryson-507 163 

pH-meter (Crisom Instruments S.A. Barcelona, Spain); EC and total dissolved solids 164 

(TDS) were determinated using the multirange equipment, Cryson-HI8734 (Crisom 165 

Instruments S.A. Barcelona, Spain); turbidity was measured with a Dinko-D-110 166 

turbidity meter (Dinko Instruments S.A., Barcelona, Spain); the concentrations of 167 

macronutrients (Na+, K+, P+, Ca2+ and Mg2+) and micronutrients (B+ and S-) were 168 

determined by inductively coupled plasma optical emission spectrometer (ICP-ICAP 169 

6500 DUO Thermo, England) and anions (chloride, nitrate, phosphate and sulphate) 170 

were analysed by ion chromatography with a Metrhom Chromatograph (Switzerland);  171 

Five substrate samples per treatment were collected and sent to an external 172 

analysis laboratory (Antonio Abellán Caravaca S.L. (Fitosoil)) at the end of the saline 173 

period and at the end of the recovery period. The substrate was dried at room 174 

temperature for a week. Na+, Ca2+ and Mg2+ were determined by Inductively Coupled 175 

Plasma ICP-AES in a saturated soil extract and Cl- was determined by ion 176 

chromatography. EC was determined on saturated soil paste.  177 

 178 

Measurements of growth, ornamental characters and mineral content 179 

 180 

At the end of the saline and recovery periods, the substrate was gently washed from the 181 

roots of five plants per treatment. The plants were divided into shoots (leaves and 182 

stems) and roots. These were then oven-dried at 80 ºC until they reached a constant 183 

weight to measure the respective dry weights (DW). Leaf number was counted directly, 184 

while succulence was calculated as the shoot fresh weight/ shoot dry weight ratio, and 185 

leaf area (cm2) was determined in the same plants, using a leaf area meter (Delta-T; 186 
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Devices Ltd., Cambridge, UK). Root length was analyzed by a root system analyzer 187 

(Winrhizo LA 1600 Regent Inc., USA).   188 

At the end of the saline and recovery periods all the plants were visually 189 

evaluated as follows: (1) PIC, percentage of plants in ideal condition; (2) PAC, 190 

percentage of plants in acceptable condition; (3) PDB, percentage of plants with dry 191 

branches; and (4) DP, percentage of dry plants.  192 

The inorganic solute content of leaves and roots was determined from the dry 193 

mass in five plants per treatment at the end of the saline period. The concentration of 194 

Cl− was analysed by a chloride analyzer (Chloride Analyser Model 926, Sherwood 195 

Scientific Ltd.) in the aqueous extracts obtained by mixing 100 mg of dry vegetable 196 

powder with 40 ml of water before shaking for 30 min and filtering. The concentrations 197 

of Na+, K+, Ca2+, Mg2+ and B+ were determined in a digestion extract obtained by 198 

mixing 1 g of dry plant material with 10 mL of concentrated HNO3 and 5 mL of 199 

concentrated HClO4. After digestion, they were filtered through Whatman filter paper 200 

and a volume of 100 mL was obtained by adding distilled water (Rashid 1986). Na+, K+, 201 

Ca2+, Mg2+ and B+  were analized by Inductively Coupled Plasma optical emission 202 

spectrometer (ICP-OES IRIS INTREPID II XDL).  203 

The absorption rate of Na+, Cl- and B+ ions by the root system (J) was calculated 204 

considering the total salt content of five plants per treatment at harvest, expressed as 205 

mmol Na+, Cl- and B+ and the mean root weight, using the formula described by Pitman 206 

(1975): 207 

J = (M2-M1)/ (WR*t) 208 

where M1 and M2 correspond to concentration in mmol of Na+, Cl- or B+ in the 209 

total plant at the beginning and at the end of saline period, respectively, t corresponds to 210 
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time in days and WR is the logarithmic mean root biomass, calculated as (WR2-211 

WR1)/Ln (WR2/WR1), with WR1 and WR2 being the dry weight of roots at the 212 

beginning and at the end of saline period respectively. 213 

 214 

Water relations 215 

 216 

Seasonal changes in leaf stomatal conductance (gs), net photosynthesis (Pn), stem water 217 

potential (Ψstem) and leaf osmotic potential at full turgor (Ψ100s), were determined at 218 

midday in six plants per treatment periodically during the assay. 219 

Leaf stomatal conductance and net photosynthesis were determined in sunny 220 

leaves using a gas exchange system (LI-6400; LI-COR Inc., Lincoln, NE, USA) in 221 

greenhouse conditions of temperature, light irradiation, CO2 concentration and relative 222 

humidity.  223 

Stem water potential was estimated immediately in the same leaves as gs and Pn 224 

were measured, according to Scholander et al. (1965), using a pressure chamber (Model 225 

3000; Soil Moisture Equipment Co., Santa Barbara, CA, USA) in which leaves were 226 

placed in the chamber within 20s of collection and pressurised at a rate of 0.02 MPa s-1 227 

(Turner 1988). Leaves for Ψstem were taken from the north facing side and were covered 228 

with aluminium foil for at least 2 h before measurements. Leaves from plants were 229 

excised with their petioles and placed in distilled water overnight to reach full saturation 230 

before being frozen in liquid nitrogen (-196 °C) and stored at -30 °C. After thawing, the 231 

osmotic potential at full turgor (Ψ100s) was measured in the extracted sap using a 232 

WESCOR 5520 vapour pressure osmometer (Wescor Inc., Logan, UT, USA), according 233 

to Gucci et al. (1991). 234 
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 235 

Statistics 236 

 237 

For the experiment, 40 plants were randomly attributed to each treatment. The data were 238 

analysed by one-way ANOVA using Statgraphics Plus for Windows 5.1 software. Ratio 239 

and percentage data were subjected to an arcsine square-root transformation before 240 

statistical analysis to ensure homogeneity of variance. Treatment means were separated 241 

with Duncan’s Multiple Range Test (P ≤ 0.05). Pearson’s correlation analysis was used 242 

to test for any relationship between leaf ion concentrations and leaf dry weight. 243 

 244 

Results  245 

 246 

Chemical characteristics of water and substrate 247 

 248 

At the beginning of the experiment, the physicochemical properties of the irrigation 249 

waters were analyzed (Table 1). The NaCl and WW waters had similar pH, EC, and 250 

TDS values. The highest EC value of both waters compared with the control water was 251 

due to the higher salt content. The sodium and the chloride content of the NaCl water 252 

was about 15 and 18-times higher, respectively, than the corresponding values of the 253 

control water, meaning that Nephelometrical Turbidity Units (NTU) were up to 4 times 254 

higher than in the control treatment. The highest boron, calcium, potassium, 255 

magnesium, phosphorus, sulphur and sulphate values were observed in the WW water. 256 

The IW water showed intermediate values between the control and the highest saline 257 

waters (NaCl and WW) for most ions. 258 
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At the end of the saline period irrigation with NaCl and WW treatment caused 259 

an accumulation of Na+ and Cl- in the substrate, especially of Cl- in the NaCl treatment 260 

(Table 2). There were no significant differences in Ca2+ content between the three saline 261 

treatments, while the Mg2+ content was only higher than the control in the WW 262 

treatment. The salt content increased the EC values of the substrate in the NaCl and 263 

WW treatments  to around 10 dS m-1.  At the end of the experiment, after irrigation with 264 

control water, Na+ and Cl- concentrations were similar in  all treatments. Only the NaCl 265 

treatment showed lower Ca2+ and Mg2+ levels than the other three treatments.  266 

 267 

Growth, ornamental characteristics and mineral content 268 

 269 

At the end of saline period, the aerial biomass of euonymus plants irrigated with NaCl 270 

and WW water was statistically lower than in the control plants due to the lower in leaf 271 

DW  (11.02±0.69 g plant-1 and 14.35±2.03 g plant-1  in NaCl and WW treatments, 272 

respectively), as well as a decrease in leaf number (36% and 25% lower than the control 273 

treatment in NaCl and WW treatments, respectively) and total leaf area (43% and 36% 274 

lower than the control treatment in NaCl and WW treatments, respectively). An increase 275 

in succulence (40% and 21% higher than the control treatment in NaCl and WW 276 

treatments, respectively) was observed in these treatments (Table 3). As regards the 277 

root/shoot ratio, this parameter only increased in plants irrigated with NaCl due to the 278 

marked reduction in leaf DW in this treatment. In contrast, root DW did not show 279 

significant differences between all the treatments, although a significant decrease in 280 

total root length was observed in NaCl and WW plants (Table 3), more specifically in 281 

thin (Ø≤0.5 mm) and medium thickness (0.5<Ø≤2.0 mm) roots (data not shown). No 282 
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growth parameters in the IW treatment were significantly altered during this time, 283 

except for leaf number (Table 3).  284 

At the end of recovery period, leaf DW in the two most saline treatments (NaCl 285 

and WW) continued to be significantly lower than in the control treatment, and the 286 

values were even lower than at the end of the saline period (Table 3). The same 287 

behaviour was observed for leaf number and total leaf area. 288 

As regards  root growth, neither the dry weight nor the total length of the roots 289 

of NaCl and WW plants recovered (Table 3) by the end of the experiment although the 290 

root/shoot ratio did not show significant differences between any of the treatments. 291 

As regards the visual characteristics, both at the end of the saline and the 292 

recovery periods, a high percentage of PIC were observed in the control treatment 293 

(around 94%), followed by plants irrigated by IW (around 81%) (Fig. 1A, B). In 294 

contrast, the NaCl treatment produced 68 % of PAC at the end of saline phase (Fig. 1A), 295 

a percentage that decreased by the end of the assay, when the number of DP or PDB had 296 

increased. A similar response was seen in the plants from the WW treatment, where the 297 

quantity of DP increased from 6.45 % in the saline phase to 23.33 % at the end of the 298 

recovery period (Fig. 1A, B).  299 

Cl- and Na+ accumulated in the leaves of the plants subjected to the two most 300 

saline treatments, especially in the NaCl treatment. No differences between the control 301 

and IW were observed at the end of the saline period in this respect (Table 4). Sodium 302 

concentrations were higher in leaves than in roots in the NaCl treatment, while the Cl- 303 

concentration was similar in both leaves and roots.. The highest K+ values in roots were 304 

found in IW plants. B+ only accumulated in WW plants (in both leaves and roots). In 305 
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general, K+ and Ca2+ accumulation was greater in the leaves than in the roots in all 306 

plants. While the contrary was observed for Mg2+.  307 

The highest rates of Na+ and Cl- absorption by roots were observed in plants of 308 

the NaCl and WW treatments (Fig. 2A, B), especially the NaCl treatment. As regards B+ 309 

absorption by roots, WW had the highest values, although no statistically significant 310 

differences were found with respect to the control (Fig. 2C). The lowest rates of B+ 311 

absorption were found for the NaCl and IW treatments.  312 

 313 

Plant water relations and gas exchange 314 

 315 

During the saline period, midday Ψstem in the control plants ranged between -0.6 and -316 

1.0 MPa, but was significantly lower for the most experimental period in NaCl and WW 317 

plants, reaching values of -0.87 to -1.15 MPa for NaCl and of -0.8 to -1.20 MPa for 318 

WW (Fig. 3A). The Ψstem values of IW plants were close to those of control plants. 319 

Significant differences in Ψ100s values were found between the two highest saline 320 

treatments and the control along almost throughout the assay (Fig. 3B), pointing to  the 321 

plants osmotic adjustment which induced higher pressure potential values (data not 322 

shown). No differences were observed in the Ψ100s values between the control and IW 323 

treatment.  324 

When control water was applied to all the plants (recovery phase), neither the 325 

Ψstem nor the Ψ100s values of the NaCl and WW treatments recovered (Fig. 3A, B). 326 

As regards gas exchange, the control plants had the highest stomatal 327 

conductance and photosynthesis values during the saline period (Fig. 3C, D). Both 328 

parameters were significantly lower in the other treatments, particularly in NaCl and 329 
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WW, which showed similar values. Both gs and Pn tended to recover at the end of the 330 

experiment in NaCl and WW plants (Fig. 3C, D). Statistical differences in the gs values 331 

of IW plants compared with control disappeared, while the Pn was higher at the end of 332 

the experiment (Fig. 3C, D). 333 

 334 

Discussion 335 

 336 

As seen in many other ornamental species submitted to saline conditions (Gori et al. 337 

2000), the toxic effect of the salt accumulated as a result of using NaCl and WW 338 

delayed the growth and development of Euonymus plants. There are few references to 339 

the effect of using reused water for irrigation on the physiological response of 340 

ornamental plants, although Bañon et al. (2011) observed that the growth of lantana and 341 

polygala plants was reduced when saline reused water (5.11dS m-1) was applied, but 342 

differently in each species.  In our case, growth reductions were very similar in the 343 

plants of both treatments (NaCl and WW), despite the different results obtained for the 344 

chemical properties of the waters (Table 1) and the differences in salt accumulation in 345 

the substrate, especially in the case of Cl- (Table 2). As regards the development 346 

parameters the root/shoot ratio was higher in the plants irrigated with NaCl than with 347 

WW. Similar behaviour was observed in herbaceous perennials under saline irrigation 348 

(Niu and Rodriguez 2006; Navarro et al. 2008). Salinity affects leaf number and, in our 349 

case, this occurred even when the EC of the irrigation water was around 1.7 dS m-1(IW). 350 

One of the first symptoms of plants exposed to high salinity is a restriction in leaf 351 

expansion with a subsequent decrease in leaf area (Navarro et al. 2007). It can be 352 

explained by a decrease in leaf turgor, changes in cell wall properties or decreased 353 
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photosynthesis rates (Rodriguez et al. 2005). It has been demonstrated that a sudden 354 

increase in soil salinity causes cells to lose water, although the loss of cell volume and 355 

turgor is transient, as was observed in our conditions. With time, the cells regain their 356 

original volume and turgor owing to osmotic adjustment, but despite this, cell 357 

elongation rates are reduced (Passioura and Munns 2000). Reductions in cell elongation 358 

and cell division lead to leaves appearing more slowly and to a smaller final size. Cell 359 

dimensions change, with greater reductions in area than depth, so leaves are smaller and 360 

thicker. Most of these biomass related responses (reductions in leaf DW and leaf 361 

number) were especially marked during the recovery period (Table 3), indicating that 362 

the observed effects were not reversible, even though leaching was efficient, as seen 363 

from Cl- and Na+ accumulation in the substrate during the recovery phase (Table 2). 364 

At the end of the saline period root dry weight was the only biomass parameter 365 

to remain unaltered in treated plants, indicating that shoots and roots responded 366 

differently to salinity (Álvarez et al. 2012). In polygala, shoot growth was more 367 

sensitive to saline reused water than root growth (Bañon et al. 2011). This indicates that 368 

the changes that take place in the cell wall properties of roots differ from those in 369 

leaves, although the mechanism is unknown. With time, the initiation of new seminal or 370 

lateral roots is probably reduced, as seen in other ornamental species submitted different 371 

saline levels (Fornes et al. 2007). In our experiment, total root length was reduced at the 372 

end of the saline period, especially in thin roots which take up water and nutrients for 373 

the plant. This reduction can be considered a mechanism to avoid the entry of toxic ions 374 

and heavy metals into the plant, although in our experiment the amounts of heavy 375 

metals were small, with no significant differences between treatments, implying no risk 376 

to plants. Nonetheless, an increase in toxic ions, mainly sodium and chloride in 377 
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irrigation water was evident. Ouzounidou et al. (1995) suggested that the inhibitory 378 

action of toxic ions and heavy metals on root length, shoot height and leaf area seems 379 

principally to be due to chromosomal aberrations and abnormal cell division. This could 380 

also be correlated with the metal-induced inhibition of photosynthesis and respiration in 381 

the shoot and protein synthesis in the root (Iannelli et al. 2002, Maria and Tadeusz 382 

2005).  However, after the two month recovery period, the effect of the salt continued, 383 

since these parameters (including root size) in WW and, especially, in NaCl treated 384 

plants were lower than in the control plants, meaning that the toxic effects of salts were 385 

not reversible during the time studied (Rodríguez et al. 2005). 386 

Injury symptoms, like chlorosis and senescence, were a consequence of Na+ and 387 

Cl- accumulation in the leaves of NaCl and WW plants, causing the death of 20% by the 388 

end of experiment (Fig.1). Chloride has been described as being more toxic than Na+ 389 

when it accumulates in excess in the leaves (Bennet, 1993). At cellular level, high 390 

amounts of Na+ and Cl− in leaves can be tolerated through anatomical adaptations, such 391 

as increased succulence due to increases in vacuole volume, which was observed in our 392 

experiment (Table 3), although it did not mitigate the damage caused by these ions. 393 

Frequently, the presence of high concentrations of Na+ and Cl- in the medium 394 

leads to a decrease in the uptake of K+ and Ca2+, given the competition that exists with 395 

Na+ for membrane transporters. It is not clear whether this occurred in our plants since 396 

Ca2+ was not displaced but accumulated in the leaves of NaCl plants, and K+ 397 

concentrations were similar in the leaves of the plants of all treatments. The same 398 

results were obtained by Fornes et al. (2007) in Petunia, Calendula and Calceolaria 399 

plants submitted to saline irrigation.  400 
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The differences found in other elements in the water of the NaCl and WW 401 

treatments, such as boron, magnesium and sulphur (Table 1), did not differently affect 402 

the growth and quality of the plants of these treatments (Table 3 and Fig. 1). According 403 

to Wu and Dodge (2005), these elements and other heavy metals are rarely found in 404 

reclaimed water at levels that are damaging to landscape plants. In the specific case of 405 

boron, its high rate of absorption by roots (Fig. 2) and its accumulation in the leaves and 406 

roots of the plants irrigated with WW did not inhibit a leaf and root growth (Cervilla et 407 

al. 2009) compared with NaCl plants. Bañon et al. (in press) showed that plant tolerance 408 

to B+ differs widely among species and cultivars. In species with no B+ toxicity 409 

symptoms, the B+ concentrations ranged from 100 to 400 mg kg-1, which is similar to 410 

the values observed in our assay (Table 3).  411 

Plants responded to salinity by decreasing stomatal aperture (Fig. 3C), and 412 

showing a lower Ψstem. However, in salt- treated plants the osmotic adjustment observed 413 

throughout the experiment was able to maintain leaf cell turgor. Salinity affects stomatal 414 

conductance immediately and transiently owing to perturbed water relations (Muns and 415 

Tester 2008). The reduction in Pn in NaCl and WW plants was related with a lower gs , 416 

which could be related to the high concentration of Cl- and Na+ accumulated in the 417 

leaves. In extremely saline situations photosynthesis is depressed due to reductions in 418 

stomatal and mesophyll conductance to CO2 (Flexas et al. 2004). The inhibition of 419 

photosynthesis observed in the saline treatments was more marked at the end of the 420 

experiment, as reflected in the inhibition of photo-assimilation and dry matter 421 

production (Table 3) even through leaf turgor was maintained.  422 

In conclusion, our results indicate that, regardless of irrigation sources, no 423 

differences in the aesthetic and growth response were found between WW and NaCl 424 
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plants due to the high salt content in the irrigation water of both treatments. Considering 425 

our results and the fact that after a two month recovery period 20% of the plants had 426 

died, Euonymus should not be irrigated with EC values exceeding to 4 dS m-1, specially 427 

for long periods. The use of wastewater with a moderate EC (IW treatment) could be 428 

regarded as a safe water management strategy, since the problems that are associated 429 

with this water are of little importance in landscape plants.  430 

 431 

Acknowledgements 432 

 433 

This work was supported by the projects: CICYT (AGL 2008- 05258-CO2-1-2-AGR 434 

and AGL 2011-30022-CO2-01-02), Fundación Séneca (15356/PI/10) and Vías y 435 

Construcción, S. A. (CDTI IDI-20101191) 436 

 437 

References 438 

 439 

Aiello R, Cirelli GL, Consoni S (2007) Effects of reclaimed wastewater irrigation on 440 

soil and tomato fruits: a case study in Sicily (Italy). Agr Water Manage 93:65-72. 441 

Álvarez S, Gómez-Bellot MJ, Castillo M, Bañón S, Sánchez- Blanco MJ (2012) 442 

Osmotic and saline effect on growth, water relations, and ion uptake and 443 

translocation in Phlomis purpurea plants. Environ Exp Bot 78:138- 145. 444 

Aucejo A, Ferrer J, Gabaldón P, Marzal P, Seco A (1997)  Toxicity in citrus plantations 445 

in Villareal, Spain. Water Air Soil Pollution 94:349-360. 446 



 20 

Bansal RL, Nayyar VK, Takkar PN (1992) Accumulation and bioavailability of Zn, Cu, 447 

Mn and Fe in soils polluted with industrial wastewater. J Indian Soc Soil Sci 448 

40:796- 799. 449 

Bañón S, Miralles J, Ochoa J, Franco JA, Sánchez-Blanco MJ (2011) Effects of diluted 450 

and undiluted treated wastewater on the growth, physiological aspects and visual 451 

quality of potted lantana and polygala plants. Sci Hortic 129:869- 876. 452 

Barar MS, Mahli SS, Singh AP, Aroroa CL, Gill KS (2000) Sewer water irrigation 453 

effects on some potentially toxic trace elements in soil and potato plants in 454 

northwestern India. Can J Soil Sci 80:465-471. 455 

Bennett WF (1993) Nutrient deficiencies and toxicities in crop plants. Minnesota: APS 456 

Press. 457 

Cervilla LM, Blasco B, Ríos JJ, Rosales MA, Rubio-Wilhelmi MM, Sánchez-Rodríguez 458 

E, Romero R, Ruiz JM (2009) Response of nitrogen metabolism to boron toxicity in 459 

tomato plants. Plant Biol 5:671-677.  460 

Chapman HD (1968)The mineral nutrition of citrus, in: Reuther LD, Batchebor and 461 

Webber HJ, eds., The Citrus Industry. Pp127-274 462 

Flexas J, Bota J, Loreto F, Cornic G, Sharkey TD (2004) Diffusive and metabolic 463 

limitations to photosynthesis under drought and salinity in C3 plants. Plant Biol 464 

6:269-279. 465 

Fornes F, Belda RM, Carrión C, Noguera V, García-Agustín P, Abad M (2007) Pre-466 

conditioning ornamental plants to drought by mean of saline water irrigation as 467 

related to salinity tolerance. Sci Hortic 113:52- 59. 468 

Gori R, Ferrini F, Nicese FP, Lubello C (2000) Effect of reclaimed wastewater on the 469 

growth and nutrient content of three landscape shrubs. J Environ Hort 18:108-114. 470 



 21 

Greenway M, Munns R (1980) Mechanisms of salt tolerance in nonhalophytes. Ann 471 

Rev Plant Physiol 31:149- 190. 472 

Iannelli MA, Pietrini F, Fiore L, Petrilli L, Massacci A (2002) Antioxidant response to 473 

cadmium in Phragmites australis plants. Plant Physiol Biochem 40: 977-982. 474 

Jordan FL, Yoklic M, Morino K, Brown P, Seaman R, Glenn EP (2009) Consumptive 475 

water use and stomatal conductance of Atriplex lentiformis irrigated with industrial 476 

brine in a desert irrigation district. Agr Forest Meteorol 149:899-912. 477 

Kalavrouziotis IK, Kanatas PI, Papadopoulos AH, Bladenopoulou S, Koukoulakis PH, 478 

Leotsinides MN (2005) Effects of municipal reclaimed wastewater on the macro and 479 

microelement status of the soil and plants. Fresenius Environ Bull 14:1050-1057. 480 

Maria D, Tadeusz B (2005) Growth parameters and photosynthetic pigments in leaf 481 

segments of Zea mays exposed to cadmium, as related to protection mechanisms. 482 

Plant. Physiol 162: 1013-1021. 483 

Munns R, Tester M (2008) Mechanisms of salinity tolerance. Ann Rev Plant Biol 484 

59:651- 681. 485 

Navarro A, Bañón S, Olmos E, Sánchez-Blanco MJ (2007) Effects of sodium chloride 486 

on water potential components, hydraulic conductivity, gas exchange and leaf 487 

ultrastructure of Arbutus unedo plants. Plant Sci 172:473- 480.  488 

Navarro A, Bañón S, Conejero W, Sánchez-Blanco MJ (2008) Ornamental characters, 489 

ion accumulation and water status in Arbutus unedo seedlings irrigated with saline 490 

water and subsequent relief and transplanting.  Environ Exp Bot 62:364-370.  491 

Neumann PM (1997) Salinity resistance and plant growth revisited. Plant Cell Environ 492 

20:1193–1119. 493 



 22 

Niu G, Rodriguez D (2006) Relative salt tolerance selected herbaceous perennials and 494 

groundcovers. Sci Hortic 110:352- 358. 495 

Ouzounidou G, Giamporova M, Moustakas M, Karataglis S (1995) Response of maize 496 

(Zea mays L.) plants to copper stress. I. Growth, mineral content and ultrastructure 497 

of roots. Environ Exp Bot 35: 167-176. 498 

Palaniswami C, Sree Ramulu US (1994) Effects of continuous irrigation with paper 499 

factory effluent on soil properties. J Indian Soc Soil Sci 42:139-140. 500 

Parson LR, Wheaton TA, Castle WS (2001) High application rates of reclaimed water 501 

benefit citrus tree growth and fruit production. HortScience 36:1273- 1277. 502 

Passioura JB, Munns R (2000) Rapid environmental changes that affect leaf water status 503 

induce transient surges or pauses in leaf expansion rate. Aust J Plant Physiol 504 

27:941-948. 505 

Pedrero F (2010) Manejo sostenible del riego con aguas regeneradas. PhD thesis. Dept 506 

Irrigation. CEBAS-CSIC. Murcia 507 

Pitman MG (1975) Ion trasnport in whole plants. In: Baker, D.A., Hall, J.L. (Eds.), Ion 508 

transport in plant cells and tissues. Amsterdam: North-Holland Publishing Co, pp. 509 

267-308.  510 

Rashid A (1986) Mechanism of salt tolerance in wheat (Triticum aestivum L.). PhD 511 

thesis. Dept Soil Sci Univ of Agri. Pakistan. 512 

Rattan RK, Datta SP, Chhokar PK, Suribabu K, Singh AK  (2005) Long-term impact of 513 

irrigation with sewage effluents on heavy metal content in soils, crops and 514 

groundwater, a case study. Agric Ecosyst Environ 109:310- 322. 515 



 23 

Rodríguez P, Torrecillas A, Morales MA, Ortuño MF, Sánchez-Blanco MJ (2005) 516 

Effects of NaCl salinity and water stress on growth and leaf water relations of 517 

Asteriscus maritimus plants. Environ Exp Bot 53:113-123. 518 

Romero-Aranda R, Soria T, Cuartero J (2001) Tomato plant-water uptake and plant-519 

water relationships under saline growth conditions. Plant Sci 160:265- 272. 520 

Ruiz-Sánchez MC, Domingo-Miguel R, Castel-Sánchez JR (2010) Deficit irrigation in 521 

fruit trees and vines in Spain. Span J Agric Res 8:5- 20. 522 

Scholander PF, Hammel HT, Bradstreet ED, Hemingsen EA (1965)  Sap pressure in 523 

vascular plants. Science 148:339- 346. 524 

Tanji KK (1990) Agricultural Salinity Assessment and Management. American Society 525 

of Civil Engineers. New York. 526 

Torrecillas A, Rodriguez P, Sánchez-Blanco MJ (2003) Comparison of growth, leaf 527 

water relations and gas exchange of Cistus albidus and C. monspeliensis plants 528 

irrigatied with water of different NaCl salinity levels. Sci Hort 97: 353-368. 529 

Wu L, Dodge L (2005) Landscape plant salt tolerance selection guide for recycled water 530 

irrigation. In: J. Slosson Endowment Fund. A Special Report for the Elvenia. 531 

University of California, Davis, p 40. 532 

Yadav RK, Goyal B, Sharma RK, Dubey SK, Minhas PS (2002) Post-irrigation impact 533 

of domestic sewage effluent on composition of soils, crops and ground water-a case 534 

study. Environ Int 28:481-486. 535 

536 



 24 

Legends of figures 537 

 538 

Fig.1 (print in B/W). Percentage of plants according to the visual characteristics of 539 

Euonymus japonica plants irrigated with water from different sources and quality at the 540 

end of the saline (A) and recovery period (B).  PAC, percentage of plants in acceptable 541 

conditions; PDB, percentage of plants with dry branches; PIC, percentage of plants in 542 

ideal conditions and DP, percentage of dry plants. 543 

 544 

Fig.2 (print in B/W). Absorption rate (J) of Na+(A), Cl- (B) and B+ (C) ions by roots in 545 

Euonymus japonica plants irrigated with water from different sources and of different 546 

quality at the end of the saline period. Values are mean of five plants. Different lower 547 

case letters indicate significant differences between treatments according to Duncan0.05 548 

test. 549 

 550 

Fig.3 (print in B/W). Evolution of stem water potential (Ψstem) (A) osmotic potential at 551 

full turgor (Ψ100s) (B), stomatal conductance (gs)(C) and net photosynthetic rate (Pn) (D) 552 

at midday in Euonymus japonica plants irrigated with water from different sources and 553 

of different quality at the end of the saline period. Values are means of six plants per 554 

treatment. 555 

556 
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 Asterisks indicate statistically significant differences by Duncan0.05 test. 563 

564 
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Tables 565 

 566 

Table 1. Physicochemical analyses for the irrigation treatments. Data are values from 567 

samples collected at the beginning of saline period.  568 

Physicochemical 
Analyses 
 

Treatments 

Control  IW NaCl WW 

pH 7.97 8.17 7.78 7.67 

EC (dS m-1) 0.87 1.71 4.24 4.19 

TDS (mg L-¹) 383 720 1626 1785 

Turbidity (NTU) 2.10 2.88 8.16 3.2 

B (mg L-¹) 0.09 0.20 0.06 1.08 

Ca (mg L-¹) 94.21 92.45 82.54 186.35 

K (mg L -¹) 3.39 10.51 4.17 48.27 

Mg (mg L-¹) 41.87 54.14 37.79 148.80 

Na (mg L-¹) 52.07 187.90 801.3 662.30 

P (mg L-¹) 0.22 0.7 <0.1 1.62 

S (mg L-¹) 85.6 112.90 64.81 310.30 

Chlorides (mg L-¹) 69.50 600.70 1295.90 816.80 

Sulphates (mg L-¹) 220.12 750.20 157.87 1044,03 

 569 

570 
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 571 

Table 2. Physicochemical analyses of substrate collected from plants irrigated with 572 

water from different sources and of different quality at the end of the saline (S) and 573 

recovery (R) periods. Values are means ± SEM (n=5 plants). 574 

Measured 
parameters  
 

Treatments 
P 

Control IW NaCl WW 

 Na+ 
(mg kg-1 

DW) 

S 213.89 ± 37.62 a 375.70 ± 55.64 a 2073.06 ± 260.19 b 1523.56 ± 333.82 b ***  

R 330.66 ± 71.28  412.37 ± 113.14  254.68 ± 21.02  577.09 ± 103.74  ns 

Cl- 
(mg kg-1 

DW) 

S 334.82 ± 69.12 a 625.78 ± 73.85 a 3936.68 ± 558.18 c 2390.78 ± 495.44 b ***  

R 460.58 ± 99.50  563.62 ± 166.00  355.96 ± 26.93  807.80 ± 197.41  ns 

Ca2+ 
(mg kg-1 

DW) 

S 306.31 ± 73.37  396.57 ± 36.73  327.05 ± 48.48  381.11 ± 43.26  ns 

R 450.68 ± 42.31 b 423.03 ± 80.00 b 92.05 ± 22.95 a 457.98 ± 38.78 b ***  

Mg2+ 
(mg kg-1 

DW) 

S 153.27 ± 40.74 a 199.38 ± 19.88 a 181.10 ± 34.98 a 350.02 ± 73.30 b * 

R 291.11 ± 29.05 b 221.04 ± 49.92 b 88.65 ± 58.94 a 253.32 ± 27.28 b * 

EC 
 (ds m-1) 

S 2.97 ± 0.58 a 4.35 ± 0.40 a 10.43 ± 2.05 b 10.25 ± 1.75 b ** 

R 2.64 ± 0.50 ab 4.61 ± 0.99 ab 2.44 ± 0.35 a 6.13 ± 0.83 b * 

Means within a row without a common letter are significantly different by Duncan0.05 575 
test. 576 
P, probability level; ns, not significant; * P≤ 0.05; ** P≤ 0.01;***P≤ 0.001. 577 

578 
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 579 

Table 3. Growth and development parameters in Euonymus japonica plants irrigated 580 

with water from different sources and of different quality at the end of saline (S) and 581 

recovery (R) periods. Values are means ± SEM (n=5 plants).. 582 

Measured 
parameters 

Treatments 
P 

Control IW NaCl WW 

Leaf DW 
(g plant-1) 

S 24.38 ± 2.90 b 18.12 ± 3.34 ab 11.02 ± 0.69 aB 14.35 ± 2.03 aB ** 

R 25.21 ± 2.46 b 26.69 ± 4.39 b 5.37 ± 1.06 aA 8.80 ± 2.30 aA ***  

Leaf 
number 

S 344 ± 33 b 226 ± 23 aA 220 ± 12 aB 258 ± 19 aB ** 

R 407 ± 31 b 474 ± 69 bB 121 ± 15 aA 173 ± 38 aA ***  

Total leaf 
area (dm2) 

S 17.82 ± 2.20 b 13.03 ± 1.59 ab 10.11 ± 1.24 aB 11.41 ± 1.82 aB * 

R 17.28 ± 2.87 b 22.21 ± 3.22 b 4.29 ± 0.63 aA 7.60 ± 1.77 aA ***  

Root DW 
(g plant-1) 

S 9.07 ± 1.54 A 7.95 ± 1.31 A 5.80 ± 0.34  5.72 ± 0.71  ns 

R 17.18 ± 1.38 bB 15.60 ± 2.59 bB 5.36 ± 1.29 a 7.92 ± 1.77 a ***  

Root/Shoot 
ratio 

S 0.26 ± 0.04 aA 0.32 ± 0.02 ab 0.38 ± 0.04 b 0.27 ± 0.02 aA * 

R 0.45 ± 0.03 B 0.22 ± 0.09  0.52 ± 0.05  0.48 ± 0.04 B ns 

Total root 
length 
(cm) 

S 5008 ± 514 cA 4214 ± 603 bcA 3124 ± 291 ab 2161 ± 508 aA ** 

R 12611 ± 425 cB 7989 ± 661 bB 3117 ± 783 a 5544 ± 1305 abB ***  

Suculence 
S 2.40 ± 0.10 aA 2.39 ± 0.13 a 3.37 ± 0.23 b 2.92 ± 0.16 bA ** 

R 2.62 ± 0.04 aB 2.80 ± 0.12 a 3.67 ± 0.21 b 3.76 ± 0.18 bB ***  

Means within a row without a common lowercase letter are significantly different by 583 
Duncan0.05 test. Means within a column without a common capital letter are 584 
significantly different by Duncan0.05 test. 585 
P, probability level; ns, not significant; * P≤ 0.05; ** P≤ 0.01;***P≤ 0.001. 586 

587 
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 588 

Table 4. Leaf and root Na+, Cl-, B+, Ca2+,K+ and Mg2+ concentration in Euonymus 589 

japonica plants irrigated with water from different sources and of different quality at the 590 

end of saline period. Values are means ± SEM (n=5 plants)... 591 

Means within a row without a common lowercase letter are significantly different by 592 
Duncan0.05 test. Means within a column without a common capital letter are 593 
significantly different by Duncan0.05 test. 594 
P, probability level; ns, not significant;* P≤ 0.05; ** P≤ 0.01; ***P≤ 0.001. 595 
 596 

 597 

 598 

Solutes 
(mg kg-1 

DW) 

Treatments 
P 

Control IW NaCl WW 

N
a+  

Leaf 1943 ± 445 aA 1565 ± 320 aA 21385 ± 3098 cA 12538 ± 2403 b ***  

Root 4002 ± 204 aB 4163 ± 209 aB 10907 ± 1102 cB 8606 ± 948 b ***  

C
l-  

Leaf 10560 ± 1434 a 8560 ± 627 a 27200 ± 1374 c 23040 ± 1366 bB ***  

Root 12960 ± 3113 a 10960 ± 3360 a 31680 ± 6641 b 15680 ± 1562 aA * 

B
+
 

Leaf 92.64 ± 4.37 a 87.87 ± 2.92 a 103.87 ± 8.57 a 127.69 ± 6.70 b ** 

Root 84.85 ± 1.52 a 82.78 ± 1.34 a 100.62 ± 7.54 a 158.5 ± 14.63 b ***  

C
a2+

 Leaf 8671 ± 497 aB 8740 ± 613 aB 11539 ± 644 bB 9432 ± 681 a * 

Root 5816 ± 402 aA 5714 ± 208 aA 7049 ± 314 aA 8969 ± 703 b ***  

K
+
 

Leaf 10568 ± 236 B 10756 ± 486 B 11305 ± 772 B 11698 ± 597 B ns 

Root 5046 ± 346 aA 6485 ± 456 bA 4195 ± 372 aA 5280 ± 351 aA ** 

M
g

2+
 Leaf 1296 ± 105 aA 1296 ± 235 aA 1695 ± 80 abA 1867 ± 124 bA * 

Root 5470 ± 365 aB 4964 ± 265 aB 4578 ± 207 aB 6495 ± 305 bB ** 


