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Abstract: In semiarid regions of Brazil, water and/or soil salinity is one of the limiting factors for sour
passion fruit production. Low rainfall rates combined with edaphic conditions (high concentrations
of soluble salts) intensify deleterious effects on plants. Thus, strategies that minimize the effects of
salt stress, e.g., grafting with tolerant species and soil mulching, are extremely important to ensure the
expansion of irrigated fruit farming in this region. From this perspective, this study aimed to evaluate
the effect of grafting and mulching on the quantum yield, ionic relations, and fruit production of
sour passion fruit irrigated with moderately saline water. The experiment was conducted under
field conditions in split plots, in a 2 × (2 × 2) factorial arrangement to evaluate the combination
of low and moderate salinity water (main plot) with the propagation method (seeds and grafting
on P. cincinnata) and without and with plastic mulching (subplots), with four replications and three
plants per plot. The ionic relations in passion fruit leaves were increased with the use of rootstocks
and plastic mulching under irrigation with moderately saline water. The use of mulching increased
the yield of photosystem II in sour passion fruit. The passion fruit plants propagated by seeds had
187.52% more fruits than those grafted onto P. cincinnata. The use of rootstocks with P. cincinnata in
sour passion fruit restricted the uptake of Na and Cl but reduced fruit production.

Keywords: Passiflora edulis Sims; salinity; plastic film; rootstock; chlorophyll fluorescence; mineral
nutrition

1. Introduction

In the last few years, arid and semiarid regions worldwide have been affected by
rainfall shortages and high temperatures in the spacetime scenario due to climate changes,
which, allied to the inadequate use of water in agricultural systems, are becoming increas-
ingly saline [1,2]. It is estimated that 7% of the total area of the planet is affected by some
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degree of salinity, and 25% of soils are degraded due to salt excess [3,4], thus reducing food
production [5].

The production of sour passion fruit (Passiflora edulis Sims) in Brazil is mainly concen-
trated in semiarid areas of the northeast region, responsible for almost 70% of the national
production in 2021 [6]. Rainfall scarcity in the last few years led passion fruit producers
in the region to adopt irrigation practices to supply the water requirements of the crop,
which, in several cases, is performed using water with moderate electrical conductivity and
different cation compositions [7], contributing to the formation of holomorphic soils, which
severely affects physiological and nutritional plant processes due to the accumulation of
Na+ and Cl- ions in plant tissues [8,9] combined with low contents of NO3

−, H2PO4
−, K+,

Ca2+, Mg2+, and SO4
2− [10,11].

Studies report that sodium chloride (NaCl) affects several physiological processes
in plants, including chlorophyll fluorescence in several organs, tissues, and cells of plant
species [12,13], including in sour passion fruit [7]. This variable provides valuable infor-
mation about the transference of light energy during the photosynthetic process [14,15].
Furthermore, chlorophyll fluorescence has shown to be an important parameter to eval-
uate plant tolerance to salt stress and is commonly measured to indicate damage to the
photosynthetic apparatus caused by ionic effects [16,17].

From this perspective, grafting is employed with cultivation under saline conditions,
because some tolerant species, when used as rootstocks, can exclude Na+ and Cl− ions
through mechanisms that regulate their uptake and transport within the plant [18–20]. This
behavior is verified in several commercial species, e.g., mango–Mangifera indica L. [19];
citrus—Citrus macrophylla Wester, Citrus reticulata, and Punica granatum L. [21,22]; and
tomato—Lycopersicon esculentum Mill. [10].

Plastic mulching (PM) has been reported as a way of minimizing salt accumulation in
the soil [23,24] and, consequently, toxicity to plants caused by irrigation water [7,25]. The
use of mulching in arid and semiarid regions has been increasingly employed in agriculture
as it maintains soil moisture at high levels and reduces temperature [26–28], especially
in places where the only water source available shows considerable concentrations of
soluble salts [29]. According to [30] Aragüés et al. (2014), plastic mulching reduces
the need for frequent irrigation as it prevents water loss through evaporation into the
atmosphere. Furthermore, in cases where the water source is salinized, this practice
reduces salt accumulation in the soil profile.

In this scenario, the grafting with Passiflora cincinnata, which, according to results
obtained by [11], reduces the accumulation of Na+ and Cl− ions in sour passion fruit and,
in association with plastic mulching, reduces salt accumulation in the soil [30], reducing
the effects of salt stress on plants. From this perspective, this study aimed to evaluate the
use of grafting with P. cincinnata and plastic mulching on the ionic relationships, quantum
yield, and production of sour passion fruit irrigated with moderately saline water under
semiarid conditions in northeastern Brazil.

2. Materials and Methods
2.1. Characterization of the Experimental Area

The experiment was conducted under field conditions from September 2019 to Febru-
ary 2021 in an experimental area located in the municipality of Remígio, State of Paraíba,
Brazil. The location of the experiment is georeferenced by the coordinates 7◦00′0.3′′ S and
35◦47′54′′ W, at an elevation of 562 m above sea level. The climate of the region is classified
as As’, i.e., tropical with dry summers and rainfall concentration in the winter and autumn
seasons [31]. During the experimental period, daily data on temperature and relative air
humidity were collected, showing the respective mean values of 27.5 ◦C and 68.5%. The
cumulative rainfall during the period was 852.2 mm (Figure 1).

The soil of the experimental area was classified as an Entisol Psamment, according to
criteria for soil taxonomy of the US Soil Survey Staff [32]. Before the experiment was set up,
soil samples were collected from the 0–0.40 m layer to characterize the chemical attributes
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with regard to fertility and salinity, in addition to the physical attributes [33], and the
following values were presented: “Soil fertility”—pH = 6.00; P = 16.63 mg dm−3; K+, Ca2+,
Mg2+, and Na+, respectively, 0.08, 1.09, 1.12, and 0.05 cmolc dm−3; sum of bases—SB = (K+

+ Ca2+ + Mg2+ + Na+) = 2.34 cmolc dm−3; potential acidity (H+ + Al3+) = 1.24 cmolc dm−3;
exchangeable acidity (Al3+) = 0; cation exchange capacity—CEC =(K+ + Ca2+ + Mg2+ +
Na+ + [H+ + Al3+]) = 3.58 cmolc dm−3; bases saturation—V(%) ([SB/CEC] × 100) = 65.36%;
organic matter = 13.58 g kg−1; “Soil salinity”—pHsp = 6.16; electrical conductivity in
the 1:2 soil:water suspension = 0.22 dS m−1; cations—K+, Ca2+, Mg2+, and Na+, respec-
tively, 0.89, 5.12, 15.25, and 5.70 mmolc L−1, and anions—SO4

2− and Cl−, respectively,
3.51 and 15.00 mmolc L−1; sodium adsorption rate (SAR) = 0.28 (mmol L−1)−0.5 and ex-
changeable sodium percentage (ESP) = 1.39%; classification = non-saline and non-sodic;
“Soil physical”—sand, silt, and clay = 834.5, 100.0, and 65.5 g kg−1, respectively; floccu-
lation degree = 1000 kg dm−3; soil and particle density = 1.53 and 2.61 kg dm−3; total
porosity = 0.42 m3 m−3; soil moisture at field capacity (0.01 MPa) = 65.0 g kg−1; soil mois-
ture at 80% of field capacity (0.03 MPa) = 49.0; soil moisture at the permanent wilting point
(1.50 MPa) = 28.0 and textural class = loamy sand.
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Figure 1. Meteorological data collected in the area during the experiment.

The soil of the experimental area was classified as an Entisol Psamment, according to
criteria for soil taxonomy of the US Soil Survey Staff [32]. Before the experiment was set up,
soil samples were collected from the 0–0.40 m layer to characterize the chemical attributes
with regard to fertility and salinity, in addition to the physical attributes [33], and the
following values were presented: “Soil fertility”—pH = 6.00; P = 16.63 mg dm−3; K+, Ca2+,
Mg2+, and Na+, respectively, 0.08, 1.09, 1.12, and 0.05 cmolc dm−3; sum of bases—SB = (K+

+ Ca2+ + Mg2+ + Na+) = 2.34 cmolc dm−3; potential acidity (H+ + Al3+) = 1.24 cmolc dm−3;
exchangeable acidity (Al3+) = 0; cation exchange capacity—CEC =(K+ + Ca2+ + Mg2+ +
Na+ + [H+ + Al3+]) = 3.58 cmolc dm−3; bases saturation—V(%) ([SB/CEC] × 100) = 65.36%;
organic matter = 13,58 g kg−1; “Soil salinity”—pHsp = 6.16; electrical conductivity in
the 1:2 soil:water suspension = 0.22 dS m−1; cations—K+, Ca2+, Mg2+, and Na+, respec-
tively, 0.89, 5.12, 15.25, and 5.70 mmolc L−1, and anions—SO4

2− and Cl−, respectively,
3.51 and 15.00 mmolc L−1; sodium adsorption rate (SAR) = 0.28 (mmol L−1) −0.5 and
exchangeable sodium percentage (ESP) = 1.39%; classification = non-saline and non-sodic;
“Soil physical”—sand, silt, and clay = 834.5, 100.0, and 65.5 g kg−1, respectively; floccu-
lation degree = 1000 kg dm−3; soil and particle density = 1.53 and 2.61 kg dm−3; total
porosity = 0.42 m3 m−3; soil moisture at field capacity (0.01 MPa) = 65.0 g kg−1; soil mois-
ture at 80% of field capacity (0.03 MPa) = 49.0; soil moisture at the permanent wilting point
(1.50 MPa) = 28.0 and textural class = loamy sand.
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2.2. Plant Material and Experimental Design

The sour passion fruit accession, “Guinezinho”, was used in this study (Passiflora
edulis flavicarpa Deneger), a variety traditionally grown in northeastern Brazil, especially
in the States of Paraíba and Rio Grande do Norte [34]. The experiment was distributed
in a split-plot design (2 × (2 × 2)) in randomized blocks, with four replications and three
plants by combining the subplots inside each plot. The main plot referred to the water of
low (electrical conductivity—EC of 0.5 dS m−1) and moderate electrical conductivity (EC
= 4.5 dS m−1), whereas the subplots referred to seed propagation (SP) and grafting (GP)
using Passiflora cincinnata as a rootstock in the soil without (WOM) and with (WM) plastic
mulching (Figure 2).
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2.3. Conduction of the Experiment

The seeds of the sour passion fruit accession, “Guinezinho”, were collected in the
experimental area from matrix plants with fruits at the stage of full physiological maturity
(7◦00′1.95′′ S and 35◦47′55′′ W), i.e., when they had a predominant yellow color over the
green surface of the peel [35]. The sour passion fruit scions were obtained from terminal
sprouts in the tertiary vegetative branches of plants grown close to the experiment. The
rootstock was produced with wild passion fruit seeds (P. cincinnata) collected in Cerro Corá,
Rio Grande do Norte, Brazil (6◦2′44′′ S and 36◦20′52′′ W). The cleft grafting technique was
employed using the rootstocks 90 days after sowing (DAS).

The transplanting holes measuring 0.40 m × 0.40 m × 0.40 m (volume = 64 dm3) were
opened by separating the soil portions of 0–0.20 m to 0.20–0.40 m. The 0–0.20 m portion
received 20 L of cattle manure 120 g of dolomitic limestone (CaO = 47%, MgO = 3.4%,
and RNV = 82%), and 50 g of FTE-BR12 (S = 3.9%; B = 1.8%; Cu = 0.85%; Mn = 2.0%, and
Zn = 9.0%), which were mixed and poured back into the holes.

The planting system used was an espalier system using 2 m high pickets and smooth
wire No. 12 fixed on top of the pickets, which were spaced at 3 m. At the ends of the
espaliers, posts with a diameter of 0.20 m were installed to withstand the tension imposed
by the weight of the plants. The seed-propagated and grafted seedlings were transplanted,
respectively, 60 days after sowing and 30 days after grafting, when the plants had, on
average, four pairs of definitive leaves and heights ranging from 0.25 to 0.30 m. The spacing
employed was 3 × 2 m, representing a population density of 1667 plants ha−1.
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The water of low electrical conductivity (EC = 0.5 dS m−1) came from a surface dam
located close to the experimental area, whose chemical characteristics were obtained according
to [36] and had the following values: Electrical conductivity at 25 ◦C = 0.5 dS m−1; pH = 6.10;
K+, Ca2+, Mg2+, Na+, Cl−, and, SO4

2− = 6.10, 0.28, 0.65, 0.27, 1.88, and 0.51 mmolc L−1;
SAR = 2.77 (mmol L−1)0.5; and C1S1 = low risk of soil salinization and sodification.

The moderately saline water (EC = 4.5 dS m−1) was obtained by dissolving sodium
chloride (NaCl—94% purity and non-iodized in low-salinity water (EC = 0.5 dS m−1). The
electrical conductivity was measured with an Instrutherm portable conductivity meter
model CR-850. In order to determine the amount of NaCl to be dissolved in water to obtain
the EC = 4.5 dS m−1, the relationship between the EC and the concentration of salts in the
irrigation water was considered according to [36], using Equation (1):

C = 10 × EC (1)

where C = salt content to be dissolved (mmolc L−1) and EC = electrical conductivity of
irrigation water (dS m−1).

During the first 30 days after transplanting (DAT), the plants were irrigated with low-
salinity water to allow the formation of their root systems. After this period, sour passion
fruit was irrigated with low (0.5 dS m−1) and moderately saline water (EC = 4.5 dS m−1)
by providing a water volume according to the crop evapotranspiration requirements (ETc).
Irrigation was performed daily by considering the crop evapotranspiration (ETo) and
the crop coefficient (Kcs) according to the plant development phase. The Kcs used were
0.69 in the vegetative phase, 0.82 in the flowering phase, and 1.09 in the fruit setting
phase, according to [37]. The irrigation method used was localized irrigation with drippers
below the plastic cover (mulching). Each plant received four self-compensating drippers
operating at a flow rate of 4 L h−1 and a pressure of 0.20 MPa—two facing east and two
facing west—distanced, respectively, 0.20 m and 0.40 m from the stem of the plants.

The mulch used was a plastic film with a white surface and a thickness of 320 µ, which
was used to protect the soil surface of three plants per plot in the treatments with soil
protection. In the plots, the plastic mulch was installed with dimensions of 2.0 m in width
between rows and 12 m in length, covering an area of 24 m2. In the area where the seedlings
were transplanted, holes measuring 0.40 m were opened and, soon after transplanting, the
unprotected area was covered with plastic to prevent water loss through evaporation.

Topdressing fertilization was performed with nitrogen (N), phosphorus (P), and
potassium (K), according to the crop requirements, through fertigation using a Venturi
injector [38]. N and K were provided in a proportion of 1N:1K every 15 days as urea
(45% N) and potassium sulfate (50% K2O and 45% S), whereas P was provided monthly as
monoammonium phosphate—MAP (50% P2O5 and 11% N). The levels of N and K were,
respectively, 1.5 g of each nutrient at 30 and 60 DAT, 3 g and 5 g, at 60 and 90 DAT, 10 g
at 120, 150, and 180 DAT, and 15 g from 210 to the end of the production cycle, provided
by diluting these components in irrigation water to provide the necessary dosage [38].
Fertigation with MAP occurred at the levels of 5, 10, 10, 10, 10, 15, 15, and 15 g of P2O5 at
30, 60, 90, 120, 150, 180, 210, and 300 DAT, respectively [38]. The supply of micronutrients
throughout the passion fruit crop cycle was performed monthly, by foliar spraying using
Ajifol Gold (B = 0.3%; Cu = 0.5% Mn = 5.0%; Mo = 0.2%, and Zn = 1.0%) at the dose of
1.5 L ha−1, Niphokam 585 (B = 0.5%; Cu = 0.2%, Mn =0.5%, and Zn = 1.0%) at the dose of
1.0 L ha−1, and Ferro EDTA iron chelates (Fe = 12%) at the dose of 150 g 100L−1.

2.4. Determination of the Ionic Relations

The foliar contents of nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), mag-
nesium (Mg), sulfur (S), sodium (Na), and chlorine (Cl) were determined during the full
flowering stage of passion fruit by collecting the third pair of leaves from the branches
counting from the tip of the apical meristem [11]. Nitrogen was determined by the Kjeldahl
method (dry digestion), whereas phosphorus was determined by spectrometry with molyb-
denum blue; potassium and sodium were determined by flame spectrometry; calcium,



Horticulturae 2023, 9, 871 6 of 15

magnesium, and sulfur were determined using atomic absorption spectrophotometer at the
respective wavelengths of 422.7, 285.2, and 400.0; and chloride (Cl−) was determined by
Mohr’s volumetric method. These determinations were used to determine the relationship
between K, Ca, and Mg cations with Na (K/Na, Ca/Na, and Mg/Na) and between N, P,
and S anions with Cl (N/Cl, P/Cl, and S/Cl).

2.5. Fluorescence Analysis of Chlorophyll a

During the full flowering phase (120 DAT), the third pair of leaves counting from the
tip of the apical meristem was selected to evaluate the fluorescence of chlorophyll “a” using
a PEA (plant efficiency analyzer) II Modulated Fluorometer (Opti-Sciences, Hudson, NH,
USA). The readings were performed on two leaves per plant in each treatment, one on the
east side and one on the west side, from 8:00 to 11:00 a.m. by adapting the leaves to the
dark for 30 min using the fluorometer clamps [7]. The variables analyzed were the initial
(Fo), maximum (Fm), and variable fluorescence (Fv) and the quantum yield of photosystem
II (EFM = Fv/Fm), according to [39].

2.6. Mean Weight and Number of Fruits

The sour passion fruits harvested referred to consecutive crop seasons, from February
to August 2020 (first crop season) and from April to July 2021 (second crop season), when
the number of fruits (NF) and mean fruit weight (MF) were determined. Fruit harvest
occurred 60 days after flower anthesis when they showed physiological maturity and the
maximum juice yield [35].

2.7. Data Analysis

The data were tested for normality (Shapiro–Wilk) and homogeneity. Soon after, the
data were subjected to analysis of variance by the F-test (p ≤ 0.05). The means referring to
the sources of variation and the interaction were compared by Tukey’s test (p ≤ 0.05) using
R Studio statistical software [40] (R Team 2020). The principal component and clustering
analyses were performed using the R Studio analysis packages [40] (R Team 2020).

3. Results
3.1. Ionic Relations

The irrigation water salinity × plastic mulching × propagation methods interac-
tion influenced the foliar relations of K/Na (F = 21.533; p = 0.006 **), Ca/Na (F = 15.493;
p = 0.0020 **), and Mg/Na (F = 41.683; 0.00001 **) in sour passion fruit (Figure 3A–C).
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Figure 3. K/Na (A), Ca/Na (B), and Mg/Na (C) foliar ratio in sour passion fruit propagated by seeds
(SP) and grafting (GP) and irrigated with saline water in soil with and without plastic mulching. The
vertical bar represents the standard error of the mean (n = 4). For the same treatment, means with
the same lowercase letters do not indicate a significant difference (p > 0.05) for soil without and with
mulching, and means with the same uppercase letter indicate no significant difference (p > 0.05) for
seed propagation via seeds and grafting, while equal Greek letters indicate no differences between
plants irrigation with water of low and high salinity.

Grafted sour passion fruit plants grown in soil with plastic mulching showed higher
K/Na (Figure 3A), Ca/Na (Figure 3B), and Mg/Na (Figure 3C) relations regardless of the
electrical conductivity of irrigation water. Under irrigated conditions with 4.5 dS m−1,
the grafted plants grown in soil with plastic mulching increased the K/Na, Ca/Na, and
Mg/Na foliar relations by 3072.09%, 453.62%, and 3.3340%, respectively, compared to
plants propagated by seeds and without plastic mulching.

According to Figure 4A,B, the N/Cl relation responded to the interactions referring to
the propagation method × irrigation water salinity (F = 5.32; p = 0.039 *) and propagation
method× plastic mulching (F = 9.31; p = 0.0092 **). The plastic mulching× irrigation water
salinity interaction interfered with the foliar relation of P/Cl (F = 7.37; p = 0.0187 *), and the
S/Cl relation was also significantly affected by the plastic mulching × propagation method
interaction (F = 7.67; p = 0.0170 *), as observed in Figure 4C,D.

Plants grafted onto P. cincinnata showed a reduction of 40.4% in the leaf N/Cl ratio
when irrigated with moderately saline water (Figure 4A). However, the N/Cl ratio of
grafted sour passion fruit was higher than that of seed-propagated plants. This behavior
is evidenced by the higher increments in irrigation conditions with low salinity (61.57%)
compared to moderately saline (24.95%) water. According to Figure 4B, plastic mulching
increased the leaf N/Cl ratio in seed-propagated (26.26%) and grafted plants (109.75%).

Moderately saline water reduced the leaf P/Cl ratio by 47.94% in the soil without
plastic mulching (Figure 4C). Under irrigation with water of 4.5 dS m−1, plastic mulching
increases the uptake of P in relation to Cl in sour passion fruit, increasing the P/Cl ratio
by 101.31%. The association of plastic mulching with grafting increases the leaf S/Cl ratio
(Figure 4D). With regard to the control (SP and without mulching), the S/Cl ratio was
increased from 0.133 to 0.254, which represents a 90.97% increase.

3.2. Quantum Yield

The initial fluorescence of sour passion fruit (Figure 5A) was significantly influenced
by the plastic mulching × irrigation water salinity interaction (F = 10.254; p = 0.0042 **).
The use of plastic mulching in the soil irrigated with low salinity water did not interfere
with the Fo, however, it was reduced by 27.7% when irrigated with moderately saline water
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(4.5 dS m−1). In the soil without plastic mulching, irrigation with water of 4.5 dS m−1

increased the initial fluorescence of passion fruit plants but reduced this variable in the
absence of mulching.
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Figure 4. Foliar N/Cl ratio in sour passion fruit propagated by seeds (SP) and grafting (GP) irrigated
with saline water (A), with and without plastic mulching (B); foliar P/Cl ratio in passion fruit
irrigated with saline water in soil with and without plastic mulching (C); foliar S/Cl ratio in passion
fruit propagated by seeds (SP) and grafting (GP) in soil with plastic mulching (D). The vertical bar
represents the standard error of the mean (n = 4). For the same treatment, means with the same
lowercase letter indicate no significant difference (p > 0.05) for soil without and with mulching, and
means with the same uppercase letter indicate no significant difference (p > 0.05) for seed propagation
and grafting, whereas equal Greek letters indicate no difference for irrigation with water of low and
high salinity.

The water salinity × plastic mulching × propagation methods interaction influenced
the maximum (F = 0.165; p = 0.00001 **) and variable (F = 0.106; p = 0.0012 **) fluorescence,
as shown in Figure 5B, C, respectively. The highest Fm and Fv values were found in grafted
passion fruit irrigated with 0.5 dS m−1 water with plastic mulching. Under irrigation with
4.5 dS m−1, the highest Fm and Fv values occurred in the passion fruit plants propagated by
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seeds regardless of mulching. Under salt stress, the absence of plastic mulching increased
the maximum fluorescence of passion fruit by 25.78%.
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Figure 5. Initial fluorescence of sour passion fruit irrigated with saline water and plastic mulching
(A), maximum and variable fluorescence of sour passion fruit irrigated with saline water, plastic
mulching, and propagation methods (B,C), and efficiency of photosystem II of sour passion fruit in
soil with plastic mulching (D). The vertical bar represents the standard error of the mean (n = 4). For
the same treatment, means with the same lowercase letter indicate no significant difference (p > 0.05)
for soil without and with mulching; means with the same uppercase letter indicate no significant
difference (p > 0.05) for seed propagation and grafting; and means with the same Greek letter indicate
no significant difference for irrigation with water of low and high salinity.

Plastic mulching had a significant effect (F = 6.989; p = 0.0165 *) on the quantum yield
of photosystem II of sour passion fruit, with increases amounting to 15.2% compared to
plants with the absence of soil protection (Figure 5D).

3.3. Mean Weight and Number of Fruits

Under irrigation with water of 0.5 dS m−1, plastic mulching increased the mean fruit
weight by 14.34% of sour passion fruit grafted onto P. cincinnata (Figure 6A). When irrigated
with 4.5 dS m−1, the passion fruit plants propagated by seeds showed a higher fruit weight
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in comparison to grafted plants, with a superiority of 14.89% and 24.14% in soil without
(233.05 to 202.84 g) and with (253.57 to 204.26 g) plastic mulching, respectively.
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Plastic mulching increased the number of sour passion fruits, with increments of
50.04% in seed-propagated plants and 146.38% in P. cincinnata grafts (Figure 6B). In addition,
the plants propagated by seeds showed an increase of 187.52% in the number of fruits
compared to the grafted ones. Plastic mulching promoted an increased number of fruits

Figure 6. Mean fruit weight of sour passion fruit (A) propagated by seeds (SP) and grafting (GP),
irrigated with saline water in soil with and without plastic mulching; number of sour passion fruits in
plants propagated by seeds (SP) and grafting (GP) in soil with and without mulching (B); and irrigated
with low- and high-salinity water in soil with plastic mulching (C). The vertical bar represents the
standard error of the mean (n = 4). For the same treatment, means with the same lowercase letter
indicate no significant (p > 0.05) for soil without and with mulching, means with the same uppercase
letter indicate no significant difference (p > 0.05) for seed propagation and grafting, and means
with the same Greek letter indicate no difference (p > 0.05) for irrigation with water of low and
high salinity.

Plastic mulching increased the number of sour passion fruits, with increments of
50.04% in seed-propagated plants and 146.38% in P. cincinnata grafts (Figure 6B). In addition,
the plants propagated by seeds showed an increase of 187.52% in the number of fruits
compared to the grafted ones. Plastic mulching promoted an increased number of fruits
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under irrigation with low (40.72%) and mainly high salinity water (132.62%), as seen in
Figure 6C.

3.4. Principal Component Analysis

According to Figure 7, components 1 and 2 explained 71.6% of the total variance when
considering 12 parameters. Component 1 is responsible for 49.3% of the total variance of
the variables of sour passion fruit subjected to the treatments (water salinity, propagation
method, and plastic mulching), and component 2 is responsible for 22.3%. Among the
parameters studied, the number of fruits, followed by the mean fruit weight and the
cation ratios (K/Na, Ca/Na, and Mg/Na), showed greater sensitivity to the application of
treatments, unlike the initial fluorescence (Fo), which showed low influence.
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According to the cluster analysis for each isolated factor, there were well-defined
contributions (Figure 7A). Low-salinity water (0.5 dS m−1) strongly influenced all studied
variables, whereas moderately saline water (4.5 dS m−1) interfered mainly with the produc-
tion components (weight and number of fruits), initial fluorescence, and the efficiency of
photosystem II of sour passion fruit (Figure 7A). Similar behavior was observed for plastic
mulching, with the soil without this protection influencing all studied variables, whereas
mulching contributed mainly to NF, MFF, and EFM (Figure 7C).

When analyzing the influence of the propagation method on the evaluated variables
of sour passion fruit (Figure 7B), seed propagation strongly influenced the number and
weight of fruits, in addition to the quantum yield of photosystem II. On the other hand, the
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passion fruit plants propagated by grafting strongly interfered with the initial fluorescence
and ionic relations of the plants (K/Na, Ca/Na, Mg/Na, N/Cl, P/Cl, and S/Cl).

4. Discussion

Plant tolerance to salinity is associated with their ability to restrict the uptake and/or
transport of toxic salts from roots to the shoot [21,22]. As shown in Figures 3 and 4, the
use of sour passion fruit seedlings grafted onto Passiflora cincinnata associated with plastic
mulching on the soil resulted in greater plant tolerance to saline stress since, under these
conditions, they showed higher values of foliar ionic relations, with higher foliar contents of
N, P, K, Ca, Mg, and S to the detriment of the reduction in Na and Cl uptake and transport.

From this perspective, rootstocks with tolerant species can limit the passage of Na+

and Cl− ions from the xylem sap of the roots to the shoot parts of the plants (scion), as
verified by [41] in ungrafted and grafted tomato (Lycopersicon esculentum Mill.) irrigated
with saline water. Karimi and Hassanpour [22] evaluated the effect of salinity on the
nutrient uptake and transport of K, Ca, Mg, and toxic ions (Na and Cl) in pomegranate
plants—Punica granatum L. (ungrafted and grafted), concluding that tolerant rootstocks
reduce the presence of sodium and chloride and increase the transport of K and Mg in leaf
tissues. The authors also highlighted that the response is associated with the selectivity
of nutrient transport and mechanisms of limitation and accumulation of Na and Cl in
the shoot as a way of preventing possible damage to photosynthetically active sites and
newly-formed leaves [10,41].

Allied to this, in semiarid regions, plastic mulching is used to reduce the impact of
irrigation with saline water on the increase in soil salinity [23,24] and plant-toxic ions [25].
Plastic mulching reduces water evaporation from the soil surface by up to 80%, keeping
it wetter compared to bare soil [29]. Thus, the deposition of sodium chloride salts via
irrigation with saline water is low, mainly due to the lower crop water requirements [30].

As observed in Figure 5, in general, irrigation with moderately saline water reduces
the fluorescence of sour passion fruit (Fo, Fm, and Fv), mainly in grafted plants. Salt stress
reduces chlorophyll fluorescence, compromising energy transfer to photosystem II reaction
centers [12,14,17,42]. In sour passion fruit, moderately saline water (4.5 dS m−1) has been
shown to reduce the quantum yield, negatively affecting the photosynthetic activity of the
crop [7].

The increase in the uptake of essential elements and the reduction in Na+ and Cl− accu-
mulation in the leaf tissues confers to sour passion fruit grafted onto P. cincinnata a greater
energy capture efficiency or a larger number of active reaction centers of PSII, jointly con-
tributing to a better photosynthetic performance [13]. In citrus, Simpson et al. (2015) [18]
evaluated the effect of irrigation with saline water on chlorophyll fluorescence and found a
marked reduction in fluorescence, mainly in non-grafted plants, and attributed it to the
accumulation of toxic ions (Na+ and Cl−) in leaf tissues, which reduced electron transfer
efficiency, intensifying the damage related to low water absorption.

Photoinhibition is denoted by the reduction of EFM values and can detect damage to
PSII and photosynthetic efficiency of the leaf, which occurs due to the destruction of the
oxygen evolution complex and the reaction center of photosystem II [7,13]. Furthermore,
under osmotic stress conditions, there are disturbances in the Calvin–Benson cycle, which
can induce the downregulation of PSII [43]. Therefore, plastic mulching, by keeping the soil
cooler and moister [25,26,28], attenuated the effects of water/salt stress in sour passion fruit
(Figure 4). Khayyat et al. [27] point out that the quantum yield of PSII is a very sensitive
variable to oxidative stress, with a positive correlation with photosynthesis. The authors
observed that the use of plastic mulching in the soil contributed to increasing the Fv/Fm in
barberry (Berberris vulgaris L.) compared to uncovered soil.

The increase in the mean weight (Figure 6A) and in the number of fruits of grafted
sour passion fruit (Figure 6B,C) observed in the plants under plastic mulching is due to
the positive impact on soil properties, especially the maintenance of thermal amplitude
(temperature) and moisture, which greatly influence the uptake of nutrients and water
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by the roots and the growth of the soil microbiota, consequently affecting the production
components [26,44]. Similar behavior was verified by Wang et al. [45] in peach trees, when
they concluded that plastic mulching significantly increases the soil water content, with
effects of fruit expansion and contributing to increased production.

The higher mean fruit weight and number of fruits observed in sour passion fruit
plants propagated by seeds compared to those grafted onto P. cincinnata (Figure 6A,B)
reflects the reduced plant development in the field, e.g., smaller stem diameters and low
emission of productive branches in grafted plants. This justification is confirmed by [46],
who attributed the lower development of passion fruit grafted onto Passiflora gibertti (less
biomass accumulation) to the reduction of production components (weight and number of
fruits) in comparison to ungrafted plants. When evaluating the effect of form of propagation
on the growth and physiology of sour passion fruit, Gomes et al. [47] observed that grafted
plants had smaller roots and leaf systems compared to those propagated by seeds, thus
reducing plant vigor.

Among the factors evaluated in the PC analysis (Figure 7), the formation of two very
distinct groups stands out for the form of propagation under the influence of the studied
variables. The sour passion fruit plants propagated by grafting had more influence on
the ionic relations in the leaf tissue. However, there was a negative relationship between
the mean fruit weight and the number of fruits, whereas seed-propagated plants had a
high positive influence on the production components. In the literature, it is shown, for
several crops, that the use of salinity-tolerant rootstocks limits the uptake and transport
of toxic ions from the roots to the shoot in the graft union region and favors nutrient
uptake [8,10,41]. However, specifically in passion fruit, despite reducing the presence of
Na and Cl in leaf tissues, grafting caused loss of vigor in the shoot part as already reported
in previous studies, through the reduction in growth and accumulation of plant biomass,
which was strongly related to low crop yields [11,46,47].

5. Conclusions

Grafting and especially plastic mulching increase the quantum yield of photosystem II
and the ionic relations of sour passion fruit under irrigation with moderately saline water.
The use of P. cincinnata as a rootstock had a positive effect on the foliar ionic relations of
sour passion fruit irrigated with moderately saline water, with foliar Na and Cl restriction
and higher nutrient contents. However, this did not result in higher mean fruit weights
and number of fruits. Concerning the fruit production capacity, plastic mulching favored
sour passion fruit plants grown under salt stress, with higher values of fruit weight and
number of fruits. Therefore, seed propagation can be indicated as a form of propagation
for sour passion fruit.
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