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Abstract. This research aimed to evaluate the yield and quality of tomato plants under
different managements of salt stress by adopting the partial root-zone saline irrigation
(PRSI) system. The experiment was conducted in a greenhouse at the Universidade
Federal Rural do Semi�Arido (UFERSA), Mossor�o, Rio Grande do Norte (RN), Brazil.
The experimental design was completely randomized, with six treatments and four
replicates, totaling 24 plots. The treatments consisted of six different irrigation
management regimes using low and high saline water (S1–0.5 and S2–5.0 dS·mL1),
applied with or without PRSI, such that one side of the root-zone was submitted to saline
water whilst the other side was water low salinity irrigated. For treatments T1 (control),
T2 (S2 water), and T3 (alternate irrigation system between S1 and S2, with a cycling
period of 15 d for each one), the PRSI was not applied; T4 (irrigation with S1 and S2,
adopting the PRSI system from phase II to phase IV), T5 (irrigation with S1 and S2 in
phase II, alternating in phase III; in phase III the inversion of the remaining water was
made until the end of phase IV), and T6 (irrigation with S1 and S2, adopting the PRSI
system in phase II, with the water switched between low and high saline water every
15 days, remaining until the end of phase IV) treatments were under the PRSI. The
number of fruit per plant, fruit weight, fruit longitudinal and transverse diameter, pulp
firmness, soluble solids content, titratable acidity, pH, vitamin C, color relation (a*/b*),
lycopene, and b-carotene were determined as parameters for the fruit yield and quality
evaluation. Our findings reinforce the importance of the use of PRSI systems followed by
irrigation managements without loss of product quality, such as demonstrated by T4 and
T5 water managements.

Tomato (Solanum lycopersicum L.) is
important as a socio-economic Solanaceae
crop worldwide. Total annual tomato pro-
duction is estimated at 163.96 million metric
tons; the largest tomato producers are China
(30.55%), India (10.58%), and the United
States (7.94%), comprising 49% of total
world production (FAO, 2015). Brazilian
tomato production ranked eighth globally,
and Brazil is the largest producer of tomatoes
in South America. The largest producer in the
country is Goi�as state, followed by S~ao Paulo
and Minas Gerais (IBGE, 2015).

Agricultural production systems must be
adapted to the different edaphoclimatic con-
ditions of ecosystems, which may impair
both yield and production and ultimately lead
to crop losses. In view of this risk, greenhouse
farming has become a viable alternative for
crop production. The use of greenhouses in
commercial agriculture is beingwidely adopted
worldwide because of its numerous benefits,
including controlled environment manage-
ment, production efficiency, and year-round
production (Ali, 2008; Costa and Heuvelink,
2004; Silva et al., 2014).

Vegetable crops, including tomato, have
a high-water requirement and in most coun-
tries, full or supplemental irrigation is neces-
sary for successful vegetable production. The
water source can be impaired by high dis-
solved salt concentration, which may cause
serious problems mainly when saline water
irrigation is necessary (Silva et al., 2009).

Tomato can be classified as a moderate
salt-sensitive crop, possessing a salinity
threshold measured as electrical conductivity
(EC) at 2.5 dS·m–1, with relative yield losses
of 50% when the substrate salinity is �7.6
dS·m–1 (Maas and Hoffmann, 1977). Tomato
yield inhibition under salt-stress conditions,
due to saline irrigation water, saline nutrient
solution, or excessive fertilizer application,
can be related to the number of bunches, fruit
per bunch, and average fruit mass (Ehret
et al., 2013; Medeiros et al., 2012; Silva
et al., 2013b; Zhang et al., 2017).

The deleterious effects of salinity on plant
growth may be associated with nutrient
imbalance and low osmotic potential (yS)
of soil solution, which reduces both the
ability of crops to take up water and also
the nutrients’ availability (Demiral, 2005;
Navarro et al., 2003). In this context, the
successful use of saline water supply for crop
irrigation depends on the development of
new technologies, which could produce
high-yield and quality crops. As an overview
of the current and potential technologies, the
partial root-zone irrigation (PRI) system, in
which the root is divided in two or more parts,
has been studied in different crop plants,
emphasizing the increased water use effi-
ciency and its feasibility (Kirda et al., 2004;
Sun et al., 2013a, 2013b; Yang et al., 2012).

Koushafar et al. (2011) demonstrated that
the PRI system could be an applicable tech-
nique for saline water supply irrigation for
hydroponic tomato plants, even if the sys-
tem’s success appears to be dependent on the
salinity level and exposure time of roots to
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the salts of nutrient solution and saline water.
Several studies have reported the potential
economic benefits and increased efficiency of
water use in crop plants under the PRI
system, since the plants under this partial
root-zone stress demonstrated yield gains
with low water consumption. Nevertheless,
further analyses are needed for a better un-
derstanding of the mechanisms connecting
stressful conditions and the PRI systems,
given that studies on salt stress are scarce.

The use of saline irrigation water through
adopting a PRI system is strongly dependent
on the salinity range and also the roots’
exposure to these salts (Guedes et al., 2015;
Koushafar et al., 2011). The aim of this
research was to evaluate the yield and quality
of tomato plants under different manage-
ments of salt stress by adopting a partial
root-zone saline irrigation (PRSI) system.

Materials and Methods

Experimental area
The study was conducted at the Environ-

mental and Technological Sciences Depart-
ment at the Universidade Federal Rural do
Semi-�Arido (UFERSA), in Mossor�o, RN,
Brazil (lat. 05�11# S, long. 37�20#W, altitude
18 m). The experiment was conducted in an
arc-shaped greenhouse, 7 m wide by 18 m
long, cover with a transparent low density
polyethylene (LDPE) 10 mm thick, treated to
reduce ultraviolet radiation. The lateral and
frontal walls were made with antiaphid
screens, fixed in 0.30 m reinforced concrete
footer.

Experimental design
The experimental design was completely

randomized, containing six treatments and
four replicates. Experimental units consisted
of plastic pots with a capacity of 10 dm3, one
plan per pot, supplemented with a mixture of
3:1 (by volume) coconut powder and sand,
respectively (Fig. 1). Coconut powder is an
inert substrate with moisture retention prop-
erties, and it can promote aeration in the
culture medium, and low EC (1.1 dS·m–1)
(Nunes, 2000, Amafibra�). Tomato produc-
tion has four distinct stages: from seeding to
transplanting (phase I – 3 to 4 weeks); from
transplanting to the beginning of flowering
(phase II – 4 to 5 weeks); from flowering to
the beginning of harvest (phase III – 5 to 6
weeks); and from the beginning to the end of
the harvest (phase IV – 12 to 18 weeks)
(Henareh and Hassani, 2014).

The treatments consisted of six different
irrigation managements using low (S1 = 0.5
dS·m–1) and high saline (S2 = 5.0 dS·m–1)
water, applied with or without the partial
root-zone saline irrigation (PRSI). PRSI
management was used in different ways
during distinct phases, described as follows:
T1 – Irrigation with water from the cam-
pus supply network as a control (S1); T2 –
Irrigationwith salinewater (S2); T3 –Alternating
irrigation system between these two estab-
lished salt concentrations (S1 and S2), with
a cycling period of 15 d for each one; T4 –
Irrigation with S1 and S2, using the PRSI
system, such that one side of the root-zone
was submitted to low saline water (S1) while
the other side was high saline water irrigated
(S2);the PRSI was used from the phase II to
the phase IV; T5 – Irrigation with the two
established salt concentrations (S1 and S2),
using the PRSI system in phase II, one side of
the root zone received water S1 and the other
side of the root zone received water S2, in
phase III the inversion of the remaining water
was made until the end of phase IV; T6 –
Irrigation with the two established salt con-
centrations (S1 and S2), adopting the PRSI
system in phase II, in which each side of the
root-zone received both saline water irriga-
tion, with the water switched between low
and high saline water every 15 d, remaining
until the end of the phase IV. The pots were
divided into two compartments, using a plas-
tic film (125 mm), bonded laterally with
adhesive tape to avoid mixing of water
between the divisions of the root system
(Fig. 1).

The 5.0 dS·m–1 saline water was obtained
by dissolving sodium chloride (NaCl) in
water collected in the UFERSA water supply
system. The dissolved NaCl volume used to
acquired this specific EC was determined
from an artificial water salinization curve,
relating the salt concentration with the EC,
based on the differential equation from
Richards (1954) for the movement of water
in unsaturated soils (C = 640. ECa), where C
is the salt concentration (mg·L–1) and ECa is
the solution electrical conductivity (dS·m–1).
For this procedure, samples of water from the

UFERSA supplying water system were used,
considering its EC natural and constant. The
added NaCl was according to the EC present
in the fertigation, so the EC of 5.0 dS·m–1 was
always maintained.

Plant material and growth conditions
The cultivar used was SUPERAF1, a high

yielding, earlymaturing, short season, saladette-
type hybrid.

The main root cutting was done in all the
plants in phase II, to keep both sides of the root
zone uniform without favoring the main root
when the plants were placed in the vessels
with the divided root-zone. Furthermore, pots
were placed in four rows containing eight pots
each, distributed in row spacing of 1.5 m and
spacing of 0.70 m between plants. Each row
contained extra vases for border effect.

During the first 10 d after the transplant-
ing (DAT), all treatments were irrigated
using low saline water, to promote uniform
seedling development. Beginning 11 DAT,
the different levels of saline water irrigation
were performed, according to the protocol.

Irrigation and fertigation management
A drip irrigation system included micro-

tube emitters, which were previously evalu-
ated under regular operating conditions. The
emitters were coupled to the 16 mm supply
lines (polyethylene tubes), in which pressure
control microvalves were installed, which
were used to apply the proper water volume.
An autonomous water irrigation system was
applied to each type of water, composed of an
electric water pump, 500 L water tank, inline
drip tubing (16 mm) and 0.050 m polyvinyl
chloride tubes, with an average water flow
rate of 7.8 L/h.

We calculated evapotranspiration by mea-
suring themoisture of each cultivation substrate
before irrigation and the amount of irrigation
water added to each pot to maintain field
capacity. Evapotranspiration was calculated
according to the soil water balance equation:

ETc = I + P + R±DS – Dp (1)

where ETc is daily evapotranspiration under
greenhouse conditions (mm·d–1); I is the

Fig. 1. Outline of the experimental design.
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amount of irrigation water (mm); P is the
amount of precipitation (mm) (because the
present study was conducted in a greenhouse,
precipitation was considered zero); R is the
surface runoff (mm), which was ignored
because the surface runoff was minimal or
did not occur in the pot; DS is the change of
substrate water depth (mm) between two
irrigations at the root zone; and DP is deep
percolation (mm).

After rearrangement, the general equation
becomes:

ETc = I – Dp (2)

In these terms, it is assumed that the ETc
value between two irrigation events is equal
to the amount of water applied to the soil in
the treatment in questionminus the amount of
water drained.

The pots contained a drainage system
formed by a layer of crushed stone #1 and
a Bidim drain blanket (Kaytech, South
Africa). Irrigation control was performed
using adigital timer, and a frequency of six
daily events was adopted. A sufficient vol-
ume of water was used to cause minimum
drainage of 10% of the total volume applied
in irrigation.

Fertilizer application was performed on
a daily basis through the irrigation water,
according to the recommendation by Miranda
et al. (2011). Additionally, the following
fertilizers were used to prepare the nutrient
solution: Ca(NO3)2 (0.87 g/L),KNO3 (0.30 g/L),
K2SO4 (0.18 g/L), MgSO4+ 7 H2O (0.33 g/L),
MAP (0.24 g/L), Fe (chelate) (47 mg/L),
MnSO4+ 7 H2O (3.8 mg/L), CuSO4+ 7 H2O
(1.5 mg/L), ZnSO3

4+ 7 H2O (1.4 mg/L), H3BO3

(4.1 mg/L), Na2MoO4 (0.13 mg/L).

Analysis
Plants were collected 120 d after the

transplanting and analyzed for the following
components of fruit yield and quality.

Fruit yield.Number of fruits per plant (the
fruits were harvested twice a week) and total
fruit weight per plant (kg) were determined
by an analytical balance (UWSeries; Shimadzu,
Kyoto, Japan) and the values were expressed in
grams; fruit cross and length diameter was
determined by digital micrometer (11112AB;
Pantec, Nuremberg, Germany) and the values
expressed in centimeters; and fruit total yield
and the values were expressed in kilograms.

Fruit quality. Pulp firmness was evaluated
by means of a digital penetrometer (FT 327;
McCormick, MD) and the values expressed
in Newton (N). Soluble solids content was
determined with the aid of digital refractom-
eter (PR-1000; ATAGO, Yushima, Japan)
and the values expressed in Brix�; titratable
acidity was determined by titration and pH
was determined with a digital potentiometer
(the seeds were removed from the fruits and
they were homogenized in a blender)
(DMPH; Digimed, S~ao Paulo, Brazil). The
vitamin C neutralization was determined by
titration with DFI solution (2.6 dichlorophe-
nolindophenol 0.02%) and the values
expressed in mg/100 g of citric acid; fruit color
was determined by the digital colorimeter

(CR-400/410; KONICA MINOLTA, Tokyo,
Japan) and lycopene and b-carotene were
determined by the method of Nagata and
Yamashita (1992), and the values expressed
in mg·g–1.

Statistical analyses
The parameters evaluated were analyzed

using a normality test as described by
Kolmogorow-Smirnov and Shapiro-Wilk. A
multiple comparison between means by the
Tukey test followed an individual ANOVA
for each character at 0.05 level of significance.
The statistical analysis was performed using
the Sisvar 5.3 software (Ferreira, 2011).

Results

The variables, fruit cross diameter (FCD),
fruit length diameter (FLD), fruit number per
plant (FNP), average fruit fresh weight
(AFFW), fruit total yield per plant (FTY),
pulp firmness (PF), pH, Brix�, titratable
acidity (TA), vitamin C content (VIT C),
color relation (a*/b*), lycopene content (LP),
and b-carotene content (bT) exhibited signif-
icant responses.

Fruit yield. No changes were observed in
FCD among T2, T3, T4, T5, and T6 treat-
ments, showing that the PRSI and the T1
(control) had the same efficiency (Table 1).
However, T4 and T5 treatments showed high
FCDwhen compared with T6 treatment (4.64,
4.66 and 4.1 cm, respectively) (Table 1).

All treatments exhibited the same FLD
values when compared with T1, and the
highest values were observed for T4 with
the use of PRSI (Table 1). Conversely, FNP
(Table 1) was unaffected by salt treatments in
which plants were irrigated by just one type
of water during the plant life cycle, and all
treatments exhibited FNP similar to control
(T1 treatment).

T1, T4, and T5 treatments exhibited the
highest values for AFFW (78.27, 74.83, and
76.00 g, respectively) with no statistically
significant results. T6 treatment exhibited
a decreased AFFW of 42.58% when com-
pared with the T1 treatment (control), and to
the T4 and T5 treatments, which exhibited

decreased AFFW of 39.94% and 40.86%,
respectively. Furthermore, the S2 salinity
level drastically reduced the AFFW when it
was applied alone (T2) (Table 1), thus dem-
onstrating a negative effect of salinity.

Higher FTY values (Table 1) were ob-
served in T1, T4, and T5 treatments (1739.64,
1663.29, and 1495.23 g, respectively).
Among all the treatments under the PRSI
system, T6 had the lowest yield, exhibiting
a reduction of 51.63% when compared with
the control treatment (T1), as well as T4
(49.4%) and T5 (43.7%) treatments.

Fruit quality. Statistically significant fruit
pulp pH results were observed for T1 (4.20)
and T5 (4.00) treatments, while other treat-
ments, T2, T3, T4, and T6, showed no
statistically significant results, exhibiting
pH values of 4.06 (T2), 4.06 (T3), 4.05
(T4), and 4.16 (T6), respectively. However,
these pH pulp values were in a regular level
for the tomato crop (Table 2).

PF was significantly affected by the ap-
plied treatments. In fact, the T2 treatment
exhibited the highest value, 50.02 N, an
increase of 24% compared with the T1
treatment (control). T5 treatment exhibited
PF values similar to T2 treatment (Table 2).

For Brix� analysis, T2, T3, T4, T5, and T6
treatments exhibited statistically significant
results when compared with T1 treatment
(control). However, among all the treatments
under the PRSI system, T4 and T6 treatments
exhibited a decreased Brix of 4.95 and 4.90,
respectively, when compared with T2 treat-
ment (5.84) (Table 2).

Following titratable acidity (TA) analyses
(Table 2), T1, T2, and T3 treatments
exhibited no statistically different values.
Only T3 (0.35) was statistically different
from T4, T5, and T6 (Table 2), in which the
lowest TA values were observed (0.30, 0.29,
and 0.29, respectively).

The average values found for vitamin C
content (Table 3) were not statistically dif-
ferent for the T2, T3, T4, T5, and T6
treatments (22.9, 21.9, 24.5, 23.4, and 23.6
mg/100 g of citric acid, respectively), while
T1 (19.7 mg/100 g) had a lower vitamin C
content compared with T4 and T6.

Table 1. Fruit cross diameter (FCD), fruit length diameter (FLD), fruit number per plant (FNP), fruit fresh
weight (FFW), and fruit total yield (FTY) of tomato plants irrigated with saline water under partial
root-zone saline irrigation (PRSI).

Treatmentsz FNP FCD (cm) FLD (cm) FFW (g) FTY (kg)

T1 22.2 aby 4.4 ab 5.9 ab 78.3 a 1.7 a
T2 25.0 a 4.2 b 5.4 ab 48.6 b 1.2 c
T3 19.5 b 4.2 b 5.0 b 59.5 b 1.3 bc
T4 22.2 ab 4.6 a 6.1 a 74.8 a 1.7 a
T5 19.7 b 4.7 a 5.6 ab 76.0 a 1.5 ab
T6 18.5 b 4.1 b 4.9 b 44.9 b 0.8 d
Tukey’s CV 4.4 0.4 1.0 12.1 0.348
Significance (P) 0.0021 0.0007 0.010 0.0001 0.0001
zTreatments: In T1 (control), T2 (S2 water), and T3 (alternate irrigation system between S1 and S2, with
a cycling period of 15 d for each one), the PRSI was not applied; T4 (irrigation with S1 and S2, adopting the
PRSI system from phase II to the phase IV), T5 (irrigation with S1 and S2 in the phase II, alternating in
phase III; in phase III the inversion of the remaining water was made until the end of phase IV), and T6
(irrigation with S1 and S2, adopting the PRSI system in the phase II, with the water switched between low
and high saline water every 15 d, remaining until the end of the phase IV) treatments were under the PRSI.
yData in columns followed with different letters are significantly different based on Tukey’s mean range
test for indicated critical values for comparison (CV) and a = 0.05 rejection level.
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Changes in a*/b* ratio values (Table 3),
indicative of color change from green to red
in tomato, were not statistically different
among T1 (0.67), T3 (0.67), T4 (0.59), and
T6 (0.61) treatments.

Analyses of lycopene (Table 3) revealed
high content values in T1, T2, T3, T4, and T6
treatments (82.86, 72.65, 88.01, 73.24, and
91.81 mg·g–1, respectively), wherein the low-
est value was exhibited by T5 treatment
(60.62 mg·g–1) when compared with T1, T3,
and T6 treatments.

When the b-carotene content in fruits
were analyzed the T2, T3, T4, and T6
treatments (29.87, 42.11, 31.5, and 31.17
ug·g–1, respectively) exhibited content simi-
lar to T1 treatment (39.91 ug·g–1) whereas
only T5 treatment (27.97 ug·g–1) exhibited
decreased b-carotene content when com-
pared with T1 treatment (Table 3).

Discussion

Growth, physiological and biochemical
parameters have been recommended to elu-
cidate the mechanisms related to salt stress in
plants (Ashraf, 2009). According to the re-
sults, the use of the PRSI system is efficient in
mitigating salt stress. However, the positive
response is dependent on water management
in the system, based on the responses of T4,

T5, and T6 treatments under PRSI. Further-
more, it should be also noted that the T6
treatment showed a negative response for the
yield parameters, while the quality parame-
ters were similar for the aforementioned
treatments. Significant fruit yield reduction
in plants can be explained by the water
management applied for the T6 treatment,
in which the short intervals alternating water
and saline resulted in a salt increase to both
sides of root-zone.

Under saline conditions nutritional disor-
ders result from the negative effect of high
salinity on nutrient availability, which may
promote competitive transport, uptake or
partitioning within the plant, causing reduc-
tion in crop growth (Demiral, 2005).

When the tomato plants were submitted
directly to the higher salinity level (S2), the
FCD was drastically reduced in response to
the lower FFW, as observed by other authors
(Oliveira et al., 2014). When alternative
salinity managements (T4 and T5) were
adopted, however, the plants did not show
reduction in transverse diameter.

The FNP results shown by T2, T1, and T4
treatments could be explained by the differ-
ent biochemical strategies used by the plants
to counteract the deleterious effects of salin-
ity, such as the accumulation, selective ex-
clusion, and uptake control of ions by the

roots; osmolyte synthesis; photosynthetic
pathway alteration; membrane structure
modifications, and antioxidant enzyme activ-
ities (Esteves and Suzuki, 2008). However,
plants in treatment T2 did not develop in
a similar manner to the T1 and T4 treatments,
as shown in the FFW results. Blanco and
Folegatti (2008) and Medeiros et al. (2012)
showed reduced results for the FNP in to-
mato, and other studies with the Solanaceae
family, such as bell pepper and eggplant,
showed a drastic reduction in FNP with in-
creased salinity (Leonardo et al., 2007; Oliveira
et al., 2014; Silva et al., 2013a, 2013b).

As expected, the T2 treatment showed
a drastic reduction of AFFW, which could be
associated with the negative effects of the salt
stress, such as the loweryS, ionic toxicity and
nutrient uptake imbalance by the roots
(Navarro et al., 2003; Silva et al., 2009;
Yildirim et al., 2006). T6 under PRSI also
had reduced drastically AFFW, a fact that
may be related to the management adopted
within this treatment, which may have caused
accumulation of salts in the substrate, pre-
venting the absorption of water and nutrients
by plants. The PRSI system applied to T4 and
T5 may have mitigated the salt stress nega-
tive effects, maintaining a fruit weight sim-
ilar to the T1 treatment (control).

There is a lack of studies about the
adoption of PRSI by water management
systems; our study showed some promising
results for T4 and T5 managements, in which
fruit yield was similar to the control treat-
ment. PRSI can be a useful technique to use
saline water, even if the system success
appears to be dependent on the salinity level
and time exposure of roots to the salts of
nutrient solution and saline water (Guedes
et al., 2015; Koushafar et al., 2011).

The economic efficiency of tomato plant
production depends on the right crop man-
agement practices by which plants can per-
form well under salt stress conditions (Ayers
and Westcot, 1999; Zhang et al., 2017).
Nevertheless, tomato yield and fruit quality
reduction has been described in both soil and
hydroponic growth managements (Al-
Busaidi et al., 2009; Bao and Li, 2010;
Blanco and Folegatti, 2008; Bustomi Rosadi
et al., 2014; Cosme et al., 2011; Freire et al.,
2010; Maggio et al., 2007; Oliveira et al.,
2007).

The economic value of plant-derived food
depends on its quality and the evaluation of
consumer acceptance. The results obtained in
the present work demonstrated that all fruit
parameters analyzed were influenced by the
treatments. Under PRSI, the pH remained at
the acceptable level for fruit quality (4 to 6)
(Giannakoula and Ilias, 2013; Morgan, 1997;
Turhan et al., 2011).

A high salt content can decrease the yS of
the soil water and consequently reduce the
availability of water and nutrients for plants,
which can adversely affect the plant’s growth
(Alves et al., 2011). It was expected that the
T2 treatment would show higher pulp firm-
ness in fruit, because fruit tend to have lower
water content as a response to the water

Table 2. Fruit pH, pulp firmness (PF), Brix�, and titratable acidity (TA) of tomato plants irrigated with
saline water under partial root-zone saline irrigation (PRSI) system.

Treatmentsz pH PF (Newton) Brix� TA

T1 4.20 ay 40.03 b 5.11 ab 0.33 ab
T2 4.06 ab 50.02 a 5.84 a 0.33 ab
T3 4.06 ab 43.35 b 5.14 ab 0.35 a
T4 4.05 ab 42.20 b 4.95 b 0.30 b
T5 4.00 b 44.44 ab 4.90 b 0.29 b
T6 4.16 ab 42.02 b 5.26 ab 0.29 b
Tukey’s CV 0.162 6.2 0.85 0.04
Significance (P) 0.0106 0.002 0.0290 0.0009
zTreatments: In T1 (control), T2 (S2 water), and T3 (alternate irrigation system between S1 and S2, with
a cycling period of 15 d for each one), the PRSIwas not applied; T4 (irrigation with S1 and S2, adopting the
PRSI system from phase II to the phase IV), T5 (irrigation with S1 and S2 in the phase II, alternating in
phase III; in phase III the inversion of the remaining water was made until the end of phase IV), and T6
(irrigation with S1 and S2, adopting the PRSI system in the phase II, with the water switched between low
and high saline water every 15 d, remaining until the end of the phase IV) treatments were under PRSI.
yData in columns followed with different letters are significantly different based on Tukey’s mean range
test for indicated critical values for comparison (CV) and a = 0.05 rejection level.

Table 3. Fruit content values for vitamin C, color, lycopene, and b-carotene of tomato plants irrigated with
salty water under partial root-zone saline irrigation (PRSI) system.

Treatmentsz Vitamin C (mg/100 g) Color (a*/b*) Lycopene (mg·g–1) b-carotene (mg·g–1)
T1 19.70 by 0.67 a 82.86 ab 39.91 ab
T2 22.87 ab 0.55 b 72.65 abc 29.87 bc
T3 21.86 ab 0.67 a 88.01 ab 42.11 a
T4 24.51 a 0.59 ab 73.24abc 31.50 abc
T5 23.45 ab 0.53 b 60.62 c 27.97 c
T6 23.65 a 0.62 ab 91.81 a 31.17 bc
Tukey’s CV 6.8 0.098 29.72 10.75
Significance (P) 0.0111 0.0007 0.006 0.0022
zTreatments: In T1 (control), T2 (S2 water), and T3 (alternate irrigation system between S1 and S2, with
a cycling period of 15 d for each one), the PRSIwas not applied; T4 (irrigation with S1 and S2, adopting the
PRSI system from phase II to the phase IV), T5 (irrigation with S1 and S2 in the phase II, alternating in
phase III; in phase III the inversion of the remaining water was made until the end of phase IV), and T6
(irrigation with S1 and S2, adopting the PRSI system in the phase II, with the water switched between low
and high saline water every 15 d, remaining until the end of the phase IV) treatments were under PRSI.
yData in columns followed with different letters are significantly different based on Tukey’s mean range
test for indicated critical values for comparison (CV) and a = 0.05 rejection level.
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absorption reduction by the roots. According
to Zhongdong et al. (2006), pectins contrib-
ute to the firmness and structure of the plant
tissue as the main middle lamella component
involved in intercellular adhesion, especially
when it is associated with cellulose and
hemicellulose, becoming the main cementing
agent of the cell wall.

The PF results in the current study showed
pronounced values in all treatments, which
can lead to greater postharvest fruit survival.
This was possibly due to water content re-
duction due to high salinity, preventing in-
creased activity of hydrolytic enzymes,
which can promote intense solubilization of
the cell wall (Chitarra and Chitarra, 2005).

The Brix� is a fraction consisting of acids
and sugars and therefore is generally ac-
cepted as an important quality trait of fruits,
with a high positive correlation with the TA.
The changes in composition of sugars and
organic acids during ripening may affect the
overall nutritive quality and consumer ac-
ceptability of the fruits (Ferreira et al., 2006;
Ferreira, 2011). Though there was slight
increase of Brix� and TA observed in those
treatments without the PRSI system, other
treatments remained at optimal levels, rang-
ing from 4 to 6 for Brix� and 0.3 to 0.4 for TA
(Alc�antar et al., 1999; George et al., 2004).

In the literature, several studies have
shown that both Brix� and TA can make
considerable gains with increased salinity in
the medium (Azarmi et al., 2010; Liu et al.,
2014; Zhang et al., 2017). The salt applica-
tion in irrigation water or the use of moderate
saline water could be a strategy to achieve
high commercial quality fruits, with in-
creased levels soluble solid content and
titrable acidity (Zhang et al., 2017).

The vitamin C content of many fruits
shows significant antioxidant properties,
which may contribute to reduced cardiovas-
cular diseases and some types of cancer
(Albuquerque and da Silva, 2008). The re-
sults from all treatments demonstrated the
acceptable level of vitamin C, ranging from
10 to 120 mg/100 g, independent of the
adopted treatment (Fontes et al., 2004).

The external color of fruit is an important
aspect of consumer purchase decisions re-
garding horticultural products, which can be
determined by the ratio of lycopene and
b-carotene pigments in ripening fruits
(Campos et al., 2006; Seymour et al., 1993).

Lycopene is responsible for the charac-
teristic deep-red color of ripe tomato, ac-
counting for �80% to 90% of the total
pigments, and is considered the major tomato
carotenoid (Giannakoula and Ilias, 2013;
Helyes et al., 2009). Furthermore, lycopene
is a key intermediate in the biosynthesis of
many other carotenoids, such as b-carotene
and xanthophylls (Clinton, 1998). The results
showed that salinity does not interfere with
the levels of lycopene and B-carotene; there-
fore, it is possible to make use of saline water
without reducing one of the main compo-
nents of the tomato. In addition, some studies
have shown that salinity depletion can reduce
water and increase carotenoid content as

a result of adaptations in plants during
stress-conditions (De Pascale et al., 2001;
Giannakoula and Ilias, 2013; Krauss et al.,
2006; Petersen et al., 1998).

The use of a PRSI system, followed by
irrigation management, has been shown in
this study to maintain yield and quality of
tomato plants, and to be a viable alternative
for Supera F1 tomato production. Our find-
ings reinforce the importance of the use of
PRSI system followed by the irrigation man-
agements without loss on product quality,
such as demonstrated by T4 and T5 water
managements.
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