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Abstract

BACKGROUND: Saline reclaimed water (RW) can become a valuable irrigation water source in
semiarid regions although its long-term effects on the quality of citrus are little known. We
evaluated the fruit quality response of mandarins and grapefruits to RW combined with control
(C) and regulated deficit irrigation (RDI) during eight seasons (2008-2015). RESULTS: RDI
strategy improved juice quality due to an increase in soluble solid contents (SSC) in both
species. RW irrigation (C or RDI) in mandarin resulted in an increasing trend fruit weight and, on
the contrary, in a reduction of maturity index (MI) in RW-C fruits owing to titratable acidity
increased to a greater degree than SSC; nevertheless, quality standards were satisfied. The
grapefruit rootstock (Citrus Macrophylla) enhanced salinity resilience and, hence, MI was not
affected. CONCLUSIONS: Thus, long-term feasibility of using RW and RDI to irrigate citrus was
demonstrated. However, they must be performed cautiously to avoid damaging fruit quality

caused by phytotoxic elements.

Keywords: fruit weight; grapefruit; mandarin; maturity index; organic acid; soluble solid content.
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1. Introduction

The worldwide use of reclaimed water (RW) has developed very rapidly, mainly in arid
and semi-arid climates. Currently, approximately 4% of all RW is reused in the world. It is
foreseen that, by 2030, RW will represent 1.66% (26 billion m3 per year) of the total water use’.
Specifically, in Murcia, a semi-arid region located in southern Spain, there are 93 operating

waste water tertiary plants delivering almost 109 hm3 per year2.

The agriculture is the largest consumer of water resources and is a major economic
sector in many countries. There is an important restriction on water for agriculture mainly ruled
by population growth and specifically the trend towards irrigated agriculture®. In that regard, the
use of RW for irrigation has gained importance during the last two decades. In fact, agricultural
irrigation is the main application for water reuse globally. For the last five years, agriculture has

comprised nearly 70% of global water consumption*.

RW has great potential to become, with appropriate management, a valuable irrigation
water source. RW positively influences plant nutrition by rendering the concentration of macro
nutrients, i.e. N, P, K closer to their optimum levels for plant growth and that might also reduce
fertilizer application rates®. Using routine fertilization regimes not considering nutrients delivered
with the RW might expose plants to excess levels of the macronutrients N, P and K® or increase

the lost in the ecosystem through leaching®.

Nevertheless, the use of RW may have risks for agriculture since it often has salts
concentration higher than that found in natural water resources: imbalanced supply of micro-
nutrient in RW may cause nutritional excess of any of them, including Mn, Zn, Cu, B, Na and CI-
7. Salinity is especially a problem for citrus, which have been classified as a salt-sensitive crop@.
The negative effect of high salts and B levels on fruit quality and on citrus trees production and
growth, contributing to the yellowing and defoliation of trees, is related mainly to their gradual
accumulation to toxic levels in the root zone® or in leaf tissues'® rather than the osmotic changes
1. In this sense, just few studies have evaluated the long-term effects of using saline RW. For
instance, % they highlighted that after five years of irrigating a grapefruit orchard with saline RW

with an electrical conductivity, EC, = 3 dS m™, trees showed negative effects on plant
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physiological performance and on yield. Other studies also suggest that B and salinity can limit

the feasibility of using RW to irrigate citrus 5 1216,

Despite these negative agronomic results by using RW in citrus, some studies have
proved the technical and agronomical advantages; however, most of them either used RW with
low EC below harmful thresholds for citrus trees, (7 with EC = 1.10 dS m™ and 7 with EC = 0.99
dS m™), or the study area was with well-drained soils and high annual rainfall as Florida 7- 18 19,
or the effect of reusing saline RW was only evaluated in the short-term (experiments from
several weeks up to about three seasons). 2°They found that grapefruit trees, grafted on
Swingle citrumelo rootstock and irrigated for three years with RW (EC = 1.80 dS m-"'), with or
without fertilizer, had larger canopies and fruit yield than trees irrigated with well water (EC =
0.35 dS m™). 2'They irrigated a young grapefruit orchard with saline RW (EC = 3 dS m") for

three seasons and did not observe any significant reductions of vegetative growth or yield.

Regarding citrus quality, sugars and organic acids are major primary metabolites in the
citrus juice and are important components for fruit internal quality. The contents of sugars and
organic acids and their ratios (sugar content/acid content) affect the taste of citrus fruit?2.
However, information on the effects of saline water on the fruit quality in citrus is scarce and
most of it comes from experiments in which salt does not belong directly from the water source,
as in RW, but it is injected into the system from a concentrated NaCl solution to obtain the

saline treatment23-26,

Moreover, the use of deficit irrigation strategies, as regulated deficit irrigation (RDI)
where water deficits are imposed only during the crop developmental stages that are least
sensitive to water stress, is becoming a common practice in areas with low water availability?2.
Some works show RDI affect the yield quality?627, however, there are no studies about the

effects of combined use of saline RW and deficit irrigation strategies.

Study presented here is specifically related to the long-term viability of using saline RW
and deficit strategies to irrigate grapefruit and mandarin trees (2008- 2015) and the effect of
these treatments on fruit quality parameters as peel thickness, fruit weight and organic acids
and sugars which are among the major compounds of citrus fruit pulp and their concentrations

largely affect taste characteristics and organoleptic quality?8.
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We hypothesize that RDI strategy can result in an improvement in yield quality due to
increases in soluble solid content in juice. On the contrary, saline irrigation (RW) can affect
negatively fruit quality in a medium-long term, mainly in mandarin trees since the rootstock used
(Carrizo Citrange) is more sensitive than the rootstock used in grapefruit trees (Citrus

Macrophyilla).

2. Materials and methods
2.1. Experimental plot and irrigation treatments

The experiment was conducted from 2008 to 2015 at a 1 ha orchard located in
Campotéjar-Murcia, south-eastern Spain (38°07°18"" N; 1°1315"" W) cultivated with 2 crops.
One crop consisted of mandarin trees (Citrus clementina cv. ‘Orogrande’) planted in 2000
grafted on Carrizo Citrange (Citrus sinensis [L.] Osb. x Poncirus trifoliata [L.]) rootstock. The
other crop consisted of ‘Star Ruby’ grapefruit trees (Citrus paradisi Macf) grafted on Macrophylla
rootstock [Citrus Macrophylla)] planted in 2005. All mandarins were considered adult trees from
2008-2015 period. However, in the case of grapefruit, two periods based on trees development
throughout the eight year experiment were established: young (2008-2010, up to 6 years-old)
and adult trees (2011-2015). This area is characterized by a Mediterranean semi-arid climate
with warm, dry summers and mild winter conditions. The average annual reference
evapotranspiration (ETy) and rainfall is 1326 and 300 mm, respectively. For each crop, a total of
32 trees were used (8 trees per treatment). The experiment was laid out in randomized blocks
with 4 replications per treatment. Each replicate consisted of 3 rows with 4 trees each and the
two trees in the center of the middle rows were used for measurements and the rest acted as
buffer rows.

With respect to irrigation treatments, two water sources were used for both crops. The
first one was pumped from the Tajo-Segura canal (fresh transfer water, TW, EC= 1 dS m™') and
the second one was pumped from Molina de Segura tertiary WWTP (reclaimed water, RW).
This source was automatically blended at the irrigation control-head with water from the canal to
maintain its EC value = 3 dS m™', which is above the threshold for significant yield losses (EC =

2 dS m™) in citrus trees?®. Two irrigation treatments were established for each water source: i)

JSFA@wiley.com



oNOYTULT D WN =

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

Journal of the Science of Food and Agriculture

Reclaimed water and deficit irrigation in citrus fruit quality

control (C) irrigated to fully satisfy crop water requirements (100% of crop evapotranspiration,
ET.) and ii) regulated deficit irrigation (RDI) which received half the water amount applied to the
C (50% ET.) during the second stage of fruit rapid development (about the end of June to mid-

September).

The irrigation doses were scheduled based on the daily crop evapotranspiration (ET.)
accumulated during the previous week. ET, values were estimated as ET,, calculated with the
Penman—Monteith methodology®. All treatments received the same amounts of fertilizer N—
P,Os—K,O applied through the drip irrigation system. For grapefruit, in 2008 the fertilizer
amounts were 122-61-88 kg ha™' year' and increased by about 10% each year up to 2010; from
2011 to 2015 (grapefruits were already considered adult trees) fertilizer rates were 215-110-150

kg ha' year'. For mandarin, from 2008 to 2015 the amounts were 215-100-90 kg ha' year™.

2.2. Water quality characterization

Four water samples from each irrigation source were collected monthly from 2008 to
2015. An inductively coupled plasma mass spectrometer (ICP-ICAP 6500 DUO Thermo,
England) was used to determine the concentration of Na, K, Ca and Mg. Anions (Cl, NOj",
PO4% and SO4%) were analyzed by ion chromatography with a liquid chromatograph (Metrohm,
Switzerland). EC were determined using a PC-2700 meter (Eutech Instruments, Singapore) and

pH was measured with a Crison 507 pH-meter (Crison Instruments S.A., Barcelona, Spain).

2.3. Fruit quality

Each season, eight inner trees per treatment (two trees in each replicate) were
evaluated to determine fruit weight. The number of picks conducted during the harvest period
each year was determined by the commercial destination of fruits. Fruit quality was assessed
annually by randomly collecting 100 fruits per treatment (25 fruits per block). The parameters
evaluated included peel thickness (PT), soluble solid content (SSC), titratable acidity (TA) and
maturity index (MI). SSC was determined with a handheld refractometer (Atago N1, Tokyo,

Japan) and TA by titrating 2 g of juice with 0.1 mol L'* NaOH to pH 8.1 using an automatic
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titration system. Finally, Ml was computed as the ratio of SSC to TA. This fruit quality index is
one of the most important3! which affects the perception of taste (sweetness and acidity) by the

consumer.
2.4, Statistical design and analysis

A weighted analysis of variance (ANOVA; statistical software IBM SPSS Statistics v.21 for
Windows) followed by Tukey’s multiple comparison test (P<0.05) were used for assessing

differences among treatments.

3. Results
3.1. Irrigation water quality and volume applied

Overall, significant differences between TW and RW sources were observed throughout
the experiment. RW had the highest salinity and sodicity with average values of EC around 3.51
dS m" and sodium adsorption ratio (SAR,,) around 7.78 [meq L']°%; whereas TW had lower
values, EC of 1.00 dS m" and SAR,, of 1.28 [meq L-']%5 (Table 1). RW also had higher
concentrations of NO3z-, PO,%, SO,%, K, Na, B and CI than TW. It is also noteworthy that the
concentrations of the phytotoxic elements Na, Cl- and B in RW exceeded the thresholds at
which detrimental effects on citrus might be observed: 32Na > 5.02 meq I', 2°CI- > 6.71 meq I

and 3B > 0.5 mg I".

3.2. Fruit quality

3.2.1 Mandarin crop

Significant differences between the treatments were observed for the different quality
parameters in mandarin trees.

Fruit weight was significantly increased since the beginning of the assay (2008) by the
irrigation with RW (C or RDI) in the mid-term (2008-2011 period) (Figure 1A). Conversely, in
long term (2012-2014 period) the differences in fruit weight between such treatments were no
significant due to PT was reduced significantly in RW treatments respect to TW treatments in

these three years, precisely (Figure 1B). In the mid-term (2008-2011 period) there were not
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differences in PT (Figure 1B). Neither fruit weight nor PT were affected by deficit irrigation when

trees were irrigated with TW.

As for MI (Figure 2) in mandarin trees, no significant differences were found for RW-C
versus TW-C treatment in the first two years (2008-2009) and, neither, in 2014. However, in the
rest of years (2010-2013 period and 2015), Ml levels were significantly reduced by irrigation
with saline RW mainly due to the increase in TA (significant in 2013 and 2015) was higher than
that of SSC (Table 2 and 3), compared to control trees. In regard to RDI treatments, a tendency
to increase both SSC and TA was observed over the years. Nevertheless, in TW-RDI there
were practically no significant differences in Ml respect to control because SSC and TA values
were increased simultaneously; In RW-RDI, MI decreased significantly some years (Figure 2)

(2010, 2012 and 2013) since TA increased proportionally more than SSC (Table 2 and 3).

In order to interpret the global behavior during all the years of assay, the average SSC
and TA values of total period (2008-2015) were calculated. The SSC middle values were
8.89+0.31a, 9.4240.43c, 9.204+0.35ab and 9.2810.39ab for TW-C, TW-RDI, RW-C and RW-RDI,
respectively. Respect to the TA, 0.80+0.03a, 0.83+0.03a, 0.90+0.03b and 0.88+0.03ab for TW-

C, TW-RDI, RW-C and RW-RDI, respectively.

3.2.2 Grapefruit crop

In grapefruit, as in mandarin trees, irrigation with RW (C or RDI) resulted in a tendency
to increase the fruit weight in mid-term (2008-2010, with young trees) and in 2014 (Figure 3A).
Otherwise, deficit irrigation did not affect fruit weight respect control trees, except i) in 2009 that
the fruits from RW-RDI increased their weight, since the crop load was lower, and ii) in 2010
(both RDI treatments) and 2015 (RW-RDI) that it was decreased although it did not affect yield

nor crop load (data not showed).

Regarding PT (Figure 3B), an increasing trend was observed in the RW treatments with

respect to the TW during the first stage at mid-term (2008-2010, with young trees), although

such differences were only significant in 2008. This was directly related to the increase in fruit

JSFA@wiley.com

Page 8 of 25



Page 9 of 25

oNOYTULT D WN =

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

Journal of the Science of Food and Agriculture

Reclaimed water and deficit irrigation in citrus fruit quality

weight observed in that same period (Figure 3A). Then, during the 2011-2013 period, neither
RW nor RDI affected such parameter. Nevertheless, when the PT average value of the three
last years (2013-2015, with adult trees) was calculated, we observed by a two-way ANOVA
analysis using water source and water amount as main factors, that salinity from RW resulted in
a decreasing PT.

MI did not show a clear trend (Figure 2). Whether analyzing season by season we
observed alternate behavior in both mid and long-term: in 2009, 2011, 2013 and 2015 there
were no significant differences between treatments; however, in 2008, MI decreased in RW-C
treatment and in 2010, 2012 and 2014 increased in RDI treatments (2012 in RW-RDI and 2010
and 2014 in TW-RDI). These changes were associated with a decrease or an increase in only
SSC, since TA did not vary between treatments practically over the eight years (Tables 2 and
3).

As has been mentioned in mandarin, we determined the average SSC and TA values of
total period (2008-2015) in order to interpret the global behavior. SSC middle values were
11.9510.37a, 12.56+0.46b, 11.91+0.42a and 12.46+0.40b for TW-C, TW-RDI, RW-C and RW-
RDI, respectively. Respect to TA, 1.98+0.11a, 1.99+0.15a, 2.08+0.15a and 2.06+0.14a for TW-

C, TW-RDI, RW-C and RW-RDI, respectively.

4. Discussion
4.1 Mandarin response to irrigation with RW and RDI

In our study, the increase in mandarin weight due to the RW irrigation was associated with a
decrease in crop load (number of fruits per tree) (data not shown). Moreover, the fact that PT
(epicarp and mesocarp thickness) decreased in some year without a significant reduction in fruit
weight respect to TW-C indicated that the endocarp thickness likely increased, resulting in a
higher juice content, as we observed in RW treatments (data not shown). 2?Other authors
evaluated the responses of ‘Clemenules’ mandarin grafted on ‘Cleopatra’ mandarin rootstock to
irrigation with saline water in the short-term (3 years) and they did not detect changes by salinity
on i) PT, as in the first years of our work, and on ii) fruit weight, contrary to our results, being

justified by the different rootstocks used.

JSFA@wiley.com



oNOYTULT D WN =

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

Journal of the Science of Food and Agriculture

Reclaimed water and deficit irrigation in citrus fruit quality

The increase in TA that resulted in a decrease in Ml levels by irrigation with saline RW was
according to 27, who found that the Ml decreased due to an increase in TA in the first year of the

experiment.

The tendency to increase both SSC and TA observed in RDI treatments over the years was
also reported by others authors who reported an increase in TA and, mainly in SSC, as a result
of water deficit applied in mandarin trees grafted onto Cleopatra mandarin3* and in Clementina

de Nules grafted on Carrizo Citrange33.

4.2 Grapefruit response to irrigation with RW and RDI

The increase in the peel thickness showed in the RW treatments was similar to those presented
by?” who determined the responses of a Star Ruby grapefruit orchard grafted on Cleopatra
rootstock to irrigation with saline water in the short-term (3 years), and detected an increase in

PT.

We did not found a significant trend as for the index maturity, in spite the TA did not vary
between treatments practically over the eight years. Our results were not in agreement with
those found in?’, who detected clearly an increase in SSC and TA in the three years irrigated
with saline water. These different results might be explained by i) the different rootstocks used,
which have probably different physiological resilience to salinity stress, (ii) a higher level of
water stress was reached, with stem values below -2.0 MPa, compared to the values above -1.0
MPa observed in our study (data not shown). Besides, it was reported, in "Marsh” and 'Ray
Ruby” grapefruits on Sour Orange, Swingle Citrumelo and Carrizo Citrange rootstocks, a slight
increase in SSC, sometimes accompanied with a similar increase in acidity, which caused most

times the MI remained unchanged?®.

The increase of SSC and TA in citrus fruits can improve the internal fruit quality since
these parameters influence the taste of the fruit?526.36, However, this effect has different
connotations, depending on whether we consider mandarin or grapefruit fruits. In mandarin, the
increase in SSC and TA could be considered as an improvement in the fruit quality, since in
semi-arid conditions, it is typical that mandarin fruits have low TAZ2%; thus, the increase in both
SSC and TA caused by the RDI treatments in our study—without altering the Ml—could improve

10

JSFA@wiley.com

Page 10 of 25



Page 11 of 25

oNOYTULT D WN =

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283
284
285
286
287
288
289
290

291

292

293

294

295

296

297

298

Journal of the Science of Food and Agriculture

Reclaimed water and deficit irrigation in citrus fruit quality

the fruit taste. However, under Mediterranean conditions, grapefruits have usually a high TA?%;
so, if salinity increases the TA even more, the fruits become too acid, affecting negatively the
acceptance of grapefruit by the consumer®”. Fortunately, during the 8-year of our assay TA has
not been affected by any treatment in grapefruit under young or adult trees in a mid and long
term. This result is important since grapefruit juices are produced by industries based on its
taste3®.

4.3 Both species

RDI resulted in an improvement in yield quality due to increases in SSC in both species.
On the contrary, saline irrigation (RW-C) affected more negatively the MI of mandarin than
grapefruit since the rootstock used in grapefruit (Citrus Macrophylla) improved salinity
resilience. Knowledge of the relative salt tolerance of rootstock citrus is critical for growers,

because only those citrus plantations with salt-tolerant will be sustainable?’.

In addition, fruits from all treatments satisfied the quality standards proposed by
UNECE®®: minimum sugar/acid ratio 7.0/1 for mandarin and minimum sugar content > 8 °Brix for

grapefruits.

5. Conclusions

In drought-prone regions, as southeast Spain, salinity and water scarcity are serious
problems in citrus orchards. In this sense, RW can become a major potential source for
irrigation.

In this long-term study, effects of irrigation with saline RW and water deficit have been
detected on the fruit quality of mandarin and grapefruit.

On mandarin, several positive issues were observed i) RW irrigation resulted in an
increasing trend on fruit weight with respect to TW since the beginning of the assay, although
such differences were not significant in 2012, 2013 and 2014 due to a decreasing on peel
thickness; ii) RDI treatments (RW or TW) increased SSC and TA levels in long-term. On the
contrary, one negative aspect was found: RW was associated to a reduction in MI owing to the
TA increased to a greater degree than the SSC. Nevertheless, fruit from this treatment satisfied
the quality standards proposed by UNECE*! during the eight years of the trial.

On grapefruit, we highlight three aspects i) an increasing trend in SSC resulting to an
improvement in Ml in RDI treatments, although such differences were significant in alternate

11
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years: 2010, 2012 and 2014; ii) neither RDC nor RW increased the fruit acidity; iii) a significant
decreasing in PT in the last two years.

This study shows the long-term feasibility of using saline RW and deficit irrigation
strategies in the fruit quality of mandarin and grapefruit species. However, despite this, irrigation
with RW must be performed cautiously as it will only be successful with irrigation management
measures and intensive monitoring. In addition, it is interesting to continue this study more
years to determine further long-term effects on crops of the use of saline RW combined with
RDI strategies. To our knowledge, this is the first study that compares in the long term fruit
quality parameters in citrus with irrigation water of different quality (RW and TW) combined with
RDI strategies in two different species (mandarin grafted on Carrizo Citrange rootstock and

grapefruit grafted on Macrophylla rootstock [Citrus macrophylial.

Abbreviations and Nomenclature
C: Control

EC: Electrical Conductivity

ETo: Reference Evapotranspiration
ET.: Crop Evapotranspiration

MI: Maturity Index

PT: Peel Thickness

RDI: Regulated Deficit Irrigation
RW: Reclaimed Water

SAR,;: sodium adsorption ratio of water
SSC: Soluble Solid Content

TA: Titratable acidity
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Figure 1. (A) Fruit weight (g) and (B) fruit peel thickness (PT, mm) of mandarin trees in
2008 — 2015 period the four treatments (TW-C: transfer water-control, TW-RDI: transfer-
regulated deficit irrigation, RW-C: reclaimed water-control, RW-RDI: reclaimed water-
regulated deficit irrigation). Each value is the average * SE of measurements performed
in 100 fruits per treatment (25 fruits per block). Within each year, different letters indicate
differences among treatment by ANOVA analysis followed of HSD Tukey’s test (P<0.05).
ns means treatments are not significantly different according to Tukey’s HS test (P <
0.05).

Figure 2. Maturity index (MI) of mandarin (A) and grapefruit (B) fruit in 2008 — 2015 period
the four treatments (TW-C: transfer water-control, TW-RDI: transfer-regulated deficit
irrigation, RW-C: reclaimed water-control, RW-RDI: reclaimed water- regulated deficit
irrigation). Each value is the average * SE of measurements performed in 100 fruits per
treatment (25 fruits per block). Within each year, different letters indicate differences
among treatment by ANOVA analysis followed of HSD Tukey's test (P<0.05). ns means
treatments are not significantly different according to Tukey’s HS test (P < 0.05).

Figure 3. (A) Fruit weight (g) and (B) fruit peel thickness (PT, mm) of grapefruit trees in
2008 — 2015 period the four treatments (TW-C: transfer water-control, TW-RDI: transfer-
regulated deficit irrigation, RW-C: reclaimed water-control, RW-RDI: reclaimed water-
regulated deficit irrigation). Each value is the average * SE of measurements performed
in 100 fruits per treatment (25 fruits per block). Within each year, different letters indicate
differences among treatment by ANOVA analysis followed of HSD Tukey’s test (P<0.05).
ns means treatments are not significantly different according to Tukey’s HS test (P <
0.05).
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Table 1. Physical and chemical analyses (electrical conductivity, EC; sodium absorption
ratio, SAR,,; pH; cations: Ca, Mg, K and Na, and anions: Cl-, NO3-, PO, and SO, in 2008 —
2015 period for both fresh transfer water (TW) and reclaimed water (RW). Values are
averages * SE for the eight years, with N = 48 for each year’s measurements.

Table 2. Soluble solid content (SSC, °Brix) and titratable acid (TA, %) in mid-term 2008 —
2011 period the four treatments (TW-C: fresh transfer water-control, TW-RDI: fresh
transfer-regulated deficit irrigation, RW-C: reclaimed water-control, RW-RDI: reclaimed
water- regulated deficit irrigation). Each value is the average * SE of measurements
performed in 100 fruits per treatment (25 fruits per replicate). Within each year, different
letters indicate differences among treatment by ANOVA analysis followed of HSD
Tukey’s test (P<0.05).

Table 3. Soluble solid content (SSC, °Brix) and Tiritable acid (TA, %) in long-term 2012 -
2015 period the four treatments (TW-C: fresh transfer water-control, TW-RDI: fresh
transfer-regulated deficit irrigation, RW-C: reclaimed water-control, RW-RDI: reclaimed
water- regulated deficit irrigation). Each value is the average * SE of measurements
performed in 100 fruits per treatment (25 fruits per replicate). Within each year, different
letters indicate differences among treatment by ANOVA analysis followed of HSD
Tukey's test (P<0.05).
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Figure 1. (A) Fruit weight (g) and (B) fruit peel thickness (PT, mm) of mandarin trees in
2008 — 2015 period the four treatments (TW-C: transfer water-control, TW-RDI: transfer-
regulated deficit irrigation, RW-C: reclaimed water-control, RW-RDI: reclaimed water-
regulated deficit irrigation). Each value is the average * SE of measurements performed
in 100 fruits per treatment (25 fruits per block). Within each year, different letters indicate
differences among treatment by ANOVA analysis followed of HSD Tukey's test (P<0.05).

ns means treatments are not significantly different according to Tukey’s HS test (P <
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0.05).
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48 Figure 2. Maturity index (MI) of mandarin (A) and grapefruit (B) fruit in 2008 — 2015 period
50 the four treatments (TW-C: transfer water-control, TW-RDI: transfer-regulated deficit
51 irrigation, RW-C: reclaimed water-control, RW-RDI: reclaimed water- regulated deficit
irrigation). Each value is the average * SE of measurements performed in 100 fruits per
54 treatment (25 fruits per block). Within each year, different letters indicate differences
among treatment by ANOVA analysis followed of HSD Tukey’s test (P<0.05). ns means

57 treatments are not significantly different according to Tukey’s HS test (P < 0.05).
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Figure 3. (A) Fruit weight (g) and (B) fruit peel thickness (PT, mm) of grapefruit trees in
2008 — 2015 period the four treatments (TW-C: transfer water-control, TW-RDI: transfer-
regulated deficit irrigation, RW-C: reclaimed water-control, RW-RDI: reclaimed water-
regulated deficit irrigation). Each value is the average * SE of measurements performed
in 100 fruits per treatment (25 fruits per block). Within each year, different letters indicate
differences among treatment by ANOVA analysis followed of HSD Tukey's test (P<0.05).
ns means treatments are not significantly different according to Tukey’s HS test (P <
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2 Table 1. Physical and chemical analyses (electrical conductivity, sodium absorption
3 ratio, pH, cations: Ca, Mg, K and Na, and anions: CI, NO;", PO, and SO,~) in the 2008 —
4 2015 period for both fresh transfer water (TW) and reclaimed water (RW). Values are
5 averages * SE for the eight years, with N = 48 for each year’s measurements.
6
2008 - 2015
Units
T™W RW

EC, dSm®  1.00:0.12 3.51x0.31
SAR (meqL)0s 1.28£0.49 7.78+1.96
pH 8.18x1.00 7.88+0.31
Ca  meqL' 428t0.58 6.69:1.12
Mg  meqlL? 3.23:t0.53 7.55:1.77

K mgL'  5.09:270 42.69:6.55
Na  meqL! 2.70%0.58 20.69+3.55
B mgL®  0.10£0.02 0.68+0.09
CF  meqL' 3.10:0.80 18.64:4.20
NO;  mglL'  9.33%474 21.17+12.44

PO,~ mglL®  0.53:0.10 2.00£1.31

SO~ meqL! 6.89:1.37 16.23%5.23

7 EC,: electrical conductivity; SAR,,: sodium absorption ratio;
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Table 2. Soluble solid content (SSC, °Brix) and Tiritable acid (TA, %) in mid-term 2008 —
2011 period the four treatments (TW-C: fresh transfer water-control, TW-RDI: fresh
transfer-regulated deficit irrigation, RW-C: reclaimed water-control, RW-RDI: reclaimed
water- regulated deficit irrigation). Each value is the average * SE of measurements
performed in 100 fruits per treatment (25 fruits per replicate). Within each year, different
letters indicate differences among treatment by ANOVA analysis followed of HSD

Tukey’s test (P<0.05).
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MANDARIN GRAPEFRUIT

Year Treatment SSC (2Brix) TA (%) SSC (2Brix) TA (%)
TW-C 9.940.1c 0.80+0.04a 12.4+0.1a 1.98+0.13a
2008 TW-RDI 8.620.1b 0.80+0.04a 12.9+0.1a 1.79+0.10a
RW-C 7.9+0.0a 0.90£0.04a 13.4+0.0a 1.76+0.09a
RW-RDI 8.310.1b 0.80£0.03a 13.3+0.1a 1.77+0.11a
TW-C 8.1+0.9a 0.90£0.05a 11.6+0.9a 2.03+0.38a
TW-RDI 9.6+1.0a 0.90+0.05a 12.0+1.0a 2.40+0.27a
2009 RW-C 9.4+1.6a 1.00+0.05a 11.3+1.6a 2.54+0.55a
RW-RDI 9.2+1.1a 1.00+0.05a 11.9+1.1a 2.56+0.45a
TW-C 9.8+0.6ab 0.80+0.04a 13.6+0.6a 2.51+0.21a
TW-RDI 10.6x1.3b 0.90£0.05a 13.5+1.3a 2.21+0.44a
2010 RW-C 9.1+0.5a 0.99+0.05a 13.1+0.5a 2.39+0.24a
RW-RDI 10.0+1b 1.00+0.04a 13.2+1.0a 2.56+0.32a
TW-C 8.98+0.10a 0.82+0.03a 12.660.23ab 1.92+0.03a
2011 TW-RDI 8.81+0.12a 0.82+0.02a 12.91+0.21ab 1.78+0.04a
RW-C 9.79+0.12b 0.87+0.02a 12.35+0.25a 2.12+0.04b
RW-RDI 9.74+0.09b 0.87+0.02a 13.22+0.18b 2.13+0.06b
TW-C 9.20+0.43a 0.83+0.04a 12.57+0.46a 2.11+0.19a
Mid-term average TW-RDI 9.40+0.63a 0.86+0.04a 12.83+0.65a 2.05+0.21a

(2008-2011)

RW-C 9.05+0.56a 0.94+0.04a 12.54+0.59a 2.20+0.23a
RW-RDI 9.31+0.57a 0.92+0.04a 12.91+0.60a 2.26+0.24a
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1

2

3 25 Table 3. Soluble solid content (SSC, °Brix) and Tiritable acid (TA, %) in long-term 2012 —

4 .

5 26 2015 period the four treatments (TW-C: fresh transfer water-control, TW-RDI: fresh

6 27 transfer-regulated deficit irrigation, RW-C: reclaimed water-control, RW-RDI: reclaimed

; 28 water- regulated deficit irrigation). Each value is the average * SE of measurements

9 29 performed in 100 fruits per treatment (25 fruits per replicate). Within each year, different

1? 30 letters indicate differences among treatment by ANOVA analysis followed of HSD

12 31 Tukey’s test (P<0.05).

13 32

14

15

16 MANDARIN GRAPEFRUIT

17 Year Treatment SSC (2Brix) TA (%) SSC (2Brix) TA (%)

18 TW-C 8.85+0.24a 0.83+0.02a 12.38+0.27bc 2.01£0.05a

19 TW-RDI 9.16+0.19ab 0.83+0.01a 12.90+0.16¢ 2.04+0.08a

20 2012

21 RW- C 9.56+0.09b 0.85+0.03a 11.48+0.21a 2.11+0.12a

22 RW-RDI 9.12+0.12ab 0.86+0.02a 12.00+0.16ab 1.86+0.02a

23

24 TW- C 8.33+0.38a 0.76+0.01a 11.87+0.25a 1.83+0.05a

25 TW-RDI 9.38+0.39ab 0.88+0.03b 13.61+0.29b 1.9940.15a

26 2013

%7 RW- C 9.68+0.22b 0.97+0.02c 12.16+0.36a 1.99+0.03a

28 RW-RDI 9.24+0.31ab 0.87+0.02b 12.72+0.24ab 1.87+0.06a

29 TW-C 8.39+0.10a 0.79+0.03a 11.27+0.29a 1.7240.02a

30

31 TW-RDI 9.41+0.14b 0.79+0.02a 12.06+0.28ab 1.71#0.04a
2014

32 RW- C 8.42+0.18a 0.84+0.01ab 11.44+0.28ab 1.80+0.04a

33

34 RW-RDI 8.68+0.27a 0.89+0.02b 12.39+0.20b 1.7840.06a

35 TW-C 8.78+0.05a 0.70+0.02a 9.79+0.31a 1.87+0.02a

36 TW-RDI 9.82+0.22b 0.73+0.01ab 10.58+0.36bc 1.99+0.06a

37 2015

38 RW- C 9.73+0.12b 0.80+0.03b 10.05+0.14ab 1.96+0.06a

39 RW-RDI 9.96+0.12b 0.78+0.03ab 10.95+0.24c 1.96+0.03a

40

o TW-C 8.59+0.19a 0.77+0.02a 11.33+0.28a 1.86+0.04a

42 Average 2012-2015 TW-RDI 9.44+0.24b 0.81+0.02ab 12.29+0.27b 1.93+0.08a

Zi Long-term RW- C 9.35+0.15b 0.87+0.02b 11.28+0.25a 1.97+0.06a

45 RW-RDI 9.25+0.21ab 0.85+0.02b 12.02+0.21b 1.87+0.04a

46 33

47

48

49

50

51

52

53

54

55

56

57

58

59

60
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