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Abstract 
In plants sensitive to salinity, such as passion fruit, irrigation with saline water can cause physiological 
disturbances and reduce fruit production, necessitating the use of cultural practices that mitigate saline stress. 
The objective of this study was to evaluate the effects of water salinity, pit coating with high-strength 
polyethylene film, and calcium fertilization on the physiological and productive aspects of passion fruit ‘BRS 
Gigante Amarelo’. The treatments were arranged in split plot in the scheme 2WS × (2LP × 5DC), corresponding 
to water salinity (0.3 and 4.0 dS m-1) as the main plot, side coating of pits (without and with) doses of calcium (0; 
30; 60; 90 and 120 kg ha-1). During the flowering phase, we evaluated leaf chlorophyll indices, fluorescence 
kinetics, and gas exchange. The increase in calcium doses up to 60 kg ha-1 increased leaf chlorophyll and 
quantum efficiency. The stomata did not restrict gas exchange, but salinity resulted in reduced net photosynthesis 
and plant production. The lateral coating of the pits intensified the reduction in salinity-promoted production, 
while calcium mitigated the effects of the salts. Entisol cultivated with passion fruit should not be irrigated with 
saline water of 4.0 dS m-1; lateral pit coating is not advised. In an Entisol with an initial calcium level of 1.92 
cmolc dm-3, the recommended application dose is 60 kg ha-1 for passion fruit cultivation. 
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1. Introduction 
Yellow passion fruit (Passiflora edulis Sims.) is a tropical fruit and cultivated throughout Brazil, where it finds 
suitable soil and climatic conditions. According to Faleiro and Junqueira (2016), Brazil is the world's largest 
consumer of passion fruit; and also the largest producer, with 703,489,000 kg per year (IBGE, 2017). Among the 
Brazilian regions, passion fruit production is highest in the northeast, followed by the southeast, north, south, and 
mid-west, accounting for 70, 14, 8, 6, and 2%, respectively, of the national production in 2016 but, in this region, 
the lowest productivity (13.320 kg per hectare) (IBGE, 2017). 

The main limiting factor for agriculture in semi-arid (Brazilian northeast) and arid regions is water availability 
and quality, since water in these areas if often highly saline, with negative impacts on physiology, foliar 
chlorophyll, fluorescence, gas exchange, and, consequently, crop productivity (Freire, Dias, Cavalcante, 
Fernandes & Lima Neto, 2014; Nunes et al., 2017; Sá et al., 2018). Stress, including saline stress, can be 
identified by changes in quantum kinetics (Roháček, 2002; Baker, 2008), limiting the flow of energy for CO2 
assimilation. Salinity may reduce net photosynthesis due to stomatal closure (Freire et al., 2014) and/or interfere 
with the biochemical reactions in the chloroplasts (Sivakumar, Sharmila, & Saradhi, 2000; Cruz, Coelho Filho, 
Coelho & Santos, 2017). Passion fruit, considered sensitive to salinity, does not tolerate soil saturation extract 
conductivity levels higher than 1.3 dS m-1 (Ayers & Westcot, 1999).  

In arid and semi-arid areas, soil water losses can be reduced via side coating of pits with plastic film, maintaining 
soil moisture and mitigating the harmful effects of salts in irrigation water (Cavalcante et al., 2005). These 
authors claim that such an approach causes the dilution of salts in the root environment and, consequently, 
decreases the effect of osmotic stress and toxicity to plants, resulting in increased crop productivity under 
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irrigation with high-salinity water. The reduction in water availability also interferes with physiological functions, 
resulting in losses in growth and production (Padilha et al., 2016). 

Supplementation with calcium can also alleviate salt stress (Alla, Abogadallah, Badran, Nada, & Hassan, 2014), 
because, in addition to functions in soil fertility and plant nutrition, calcium has important structural and 
metabolic functions; it stabilizes the cell wall, is a secondary messenger, and regulates enzymatic activities 
(Epstein & Bloom, 2006; Eisenach & Angeli, 2017). In addition, calcium interferes with the absorption of other 
ions (Epstein & Bloom, 2006; Ortega & Malavolta, 2012; Garrone, Campos, Silveira, & Lavres Junior, 2016) by 
synergistic interaction with nitrogen (Ortega & Malavolta, 2012; Cavalcante et al., 2014) and antagonistic 
interaction with magnesium (Fageria, Gheyi, & Moreira, 2011; Salvador, Carvalho, & Lucchesi, 2011; Ortega & 
Malavolta, 2012). 

In this context, the objective of this study was to evaluate the combined application of calcium and soil coating 
to passion fruit crops irrigated with saline water on the physiological and productive aspects of yellow passion 
fruit. 

2. Material and Methods 

The study was conducted between November 2015 and July 2016, on the site Macaquinhos (7°0′8″ southern 
latitude, 35º47′58″ western longitude of Greenwich, 564 m above sea level), municipality of Remígio, state of 
Paraíba, Brazil. According to the Köppen classification, the climate is As’, tropical and with a distinct rainy 
season between March and August (Alvares, Stape, Sentelhas, Gonçalves, & Sparovek, 2013). 

The treatments were arranged in a split plot, 2 × (2 × 5) factorial design, with the main plot corresponding to the 
electrical conductivity of the irrigation water (0.3 and 4.0 dS m-1) and the subplots representing coating of the 
pits against water loss and the different calcium doses (0, 30, 60, 90, and 120 kg ha-1). The treatments were 
distributed in four randomized blocks; the experimental unit consisted of four plants.  

The orchard was cultivated with the passion fruit cv. ‘BRS Gigante Amarelo’, with a planting density of 1,666 
plants per hectare and a spacing of 2 m between rows and 3 m between plants within one row. In the treatments 
with lateral coating of the pits, was used high-strength plastic film (320 µ) at a distance of 50 cm from the center 
of the pit and at a depth of 45 cm, aiming to reduce water losses by lateral infiltration. Seedling transplanting 
was performed in November 11, 2015; the plants were supported with simple trellises consisting of a flat wire (nº 
12), in stalled at a height of 2.2 m at the top of the piles. 

The soil was a sandy Entisol, with the following properties in the 0-20-cm layer: pH in water, 4.58; calcium, 
magnesium, potassium, sodium, and potential acidity (H+ + Al3+), 1.92, 0.48, 0.08, 0.05, and 1.30 cmolc dm-3, 
respectively; phosphorus, 10.6 mg dm-3; organic matter, 5.1 g kg-1, electrical conductivity of the saturation 
extract, 0.82 dS m-1. Soil and particle density were 1.57 and 2.64 g cm-3, respectively, while sand, silt, total clay, 
and clay dispersed in water were 842, 92, 66, and 13 g kg-1, respectively; flocculation was 80.3%, with a total 
porosity of 0.41 m3 m-3. 

Fertilization followed the recommendations of Borges and Souza (2010). The pits with the dimensions of 40 × 
40 × 40 cm were treated with 20 L of tanned cattle manure, 15 g of N, 18 g of K2O, 12 g of P2O5, 4 g of Zn, 2.7 g 
of Mg, and 5.7 g of S. In the growth phase, each plant was fertilized with 53 g of N, 65 g of K2O, and 28 g of 
P2O5 in four monthly applications and one application with 18 g of magnesium sulphate. In the production phase, 
was supplied 72 g of N and 120 g of K2O in four monthly applications as well as 60 g of P2O5 in two 
installments, together with the first and third fertilization with nitrogen and potassium and 18 g of magnesium 
sulphate. The calcium doses were divided into five equal applications, the first in the preparation of the pits and 
the other four at 60, 90, 120, and 150 days after seedling transplanting. The fertilizers used were urea (45% de 
N), calcium nitrate (15.5% N and 19% Ca), potassium chloride (60% of K2O), phosphate monoammonium (11% 
N and 50% P2O5), zinc sulfate (20% Zn and 9% S), and magnesium sulfate (9% Mg and 13% S). 

Irrigation was based on crop evapotranspiration (ETc), calculated via the reference evapotranspiration product 
(ETo), crop coefficient in each phenophase (Kc), and the coefficient of reduction (Kr) of area (ETc = ETo × Kc × 
Kr). Reference evapotranspiration was obtained by the product of the evaporation readings of the Tank Class 'A', 
installed near the site of the experiment, with a correction factor of 0.75 (Allen, Pereira, Raes, & Smith, 2006). 
Cultivation coefficients were 0.43 in the vegetative phase, 0.94 at flowering, and 1.04 at fruiting. The reduction 
coefficient was based on the reduction of the wetting area of the localized irrigation (Steduto, Hsiao, Fereres, & 
Raes, 2012). 

For irrigation, four drippers were used per plant, with hydraulic head loss control, an individual flow of 10 L h-1, 
and a service pressure of 0.15 MPa. The non-salt water (electric conductivity—EC of 0.3 dS m-1 and sodium 
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adsorption ratio of 0.56 (mmol L-1)0.5) was pumped from the surface, while the saline water (EC of 4.0 dS m-1) 
was obtained by diluting non-iodinated NaCl in non-saline water in plastic boxes with a capacity of 3 m3. In the 
treatments with saline water, the water was added at 10% of the irrigation depth (Ayers & Westcot, 1999). 

In full bloom, during the first week of April in 2016, the third leaf in central branch was marked with a floral 
button for determination of physiological variables. In the distal, medial, and proximal parts at the base of the 
lobe of these leaves we measured the foliar indices chlorophyll ‘a’, chlorophyll ‘b’, chlorophyll ‘b/a’ ratio, and 
‘total’ chlorophyll, using a portable clorofiLOG from FalKer®. In the same sheet, after dark and adaptation by 30 
'with clips, we measured initial fluorescence (Fo) and maximum fluorescence (Fm), using a model fluorometer 
OS-30p da Opti-Sciences®. Based on these data, went calculated variable fluorescence (Fv) from chlorophyll ‘a’, 
quantum yields of non-photochemical processes (Fo/Fm) and photochemical processes (Fv/Fm) of photosystem 
II, and the relation between quantum yields of photochemical and non-photochemical competing products in 
photosystem II (Fv/Fo) (Roháček, 2002). Gaseous exchanges, stomatal conductance (gs, mol m-2 s-1), stomatal 
resistance (rs = 1/gs, m

2 s mol-1), relative stomatal limitation (ratio between internal and external concentration of 
carbon dioxide), internal concentration of carbon dioxide (ci, mol of CO2 mol-1 of air), liquid assimilation of 
carbon dioxide (A, mol m-2 s-1), transpiration (T, mmol of H2O m-2 s-1), water use efficiency (EWU = A/T), 
instantaneous carboxylation efficiency (iCE = A/Ci), and leaf temperature (Temp, °C) were determined with an 
infrared gas analyzer (IRGA), model LCpro-SD from BioScientific®. 

Harvesting was performed three times a week from April to July 2016; the fruits were harvested when the skin 
started to turn yellow, packed in plastic boxes, and fruit mass per plant was determined. 

The data were submitted to analysis of variance. The effects of water and lateral protection of pits against water 
losses were verified by the F test (p ≤ 0.05), the calcium doses were adjusted for regression with significance by 
the F test (p ≤ 0.10), and the correlation between variables was analyzed. All data were analyzed using the 
software package SAS® University Edition and R-Studio®. 

3. Results and Discussion 
Among the studied factors, calcium was the only one with a significant effect on leaf chlorophyll index ‘a’ (F = 
3.17; p = 0.0206), chlorophyll ‘b’ (F = 2.86; p = 0.0317), and ‘total’ chlorophyll (F = 3.11; p = 0.0226); the effect 
on chlorophyll ‘b/a’ ratio was not significant (F = 2.17; p = 0.0844). With increasing calcium doses of up to 60 
kg ha-1, the highest values were obtained for chlorophyll ‘a’ (Figure 1A), chlorophyll ‘b’ (Figure 1B), chlorophyll 
‘b/a’ ratio (Figure 1C), and ‘total’ chlorophyll (Figure 1D), with the respective maximum values of 33.0, 12.9, 
0.39, and 45.9, representing increments of 4.5, 10.3, 5.4, and 6.3% in relation to the treatment without calcium 
application. Since, in relative terms, the increase in calcium doses interfered with greater intensity in the 
synthesis of chlorophyll ‘b’. 
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Figure 1. Values of chlorophyll ‘a’ (A), chlorophyll ‘b’ (B), chlorophyll ‘b/a’ ratio (C), and ‘total’ chlorophyll 
(D) for yellow passion fruit leaves (Passiflora edulis) as a function of calcium doses. * and **: significant at 5 

and 1% probability, respectively 

 

Calcium, although not a part of chlorophyll molecules (Blankenship, 2014), has an important role in the ionic 
absorption of plants (Epstein & Bloom, 2006; El Habbasha & Ibrahim, 2015). According to Ortega and 
Malavolta (2012), this macronutrient may exert a synergistic effect with nitrogen, possibly contributing to 
increasing chlorophyll synthesis. This finding is in agreement with Cavalcante et al. (2014), who noticed 
increased leaf nitrogen contents in passion fruit treated with different calcium doses. The observed reduction in 
chlorophyll production at calcium doses beyond 60 kg ha-1 may be related to competition with magnesium 
(Salvador et al. 2011). Calcium can have an antagonistic effect (Fageria et al., 2011; Garrone et al., 2016), and 
magnesium is a structural nutrient of the chlorophyll molecules ‘a’ and ‘b’ (Epstein & Bloom, 2006; Blankenship, 
2014). Garrone et al. (2016), in a study on jatropha, observed that increased calcium concentrations in the 
nutrient solution reduced foliar magnesium, while Salvador et al. (2011) concluded that a calcium: magnesium 
ratio of 3:1 in the soil solution is suitable for soybean. 

Initial fluorescence (Fo), variable fluorescence (Fv), and maximum fluorescence (Fm), chlorophyll ‘a’, the 
quantum yield of non-photochemical (Fo/Fm) and photochemical (Fv/Fm) processes of photosystem II, and the 
ratio between quantum yields of photochemical and non-photochemical processes in photosystem II (Fv/Fo) 
were not impacted by the electrical conductivity of the irrigation water, pit coating, and calcium application, with 
respective mean values of 78.5, 289.8, 368.3, 0.21, 0.79, and 3.7. However, calcium increases of up to 70 kg ha-1 
reduced the quantum yield of non-photochemical processes from 0.23 to 0.21 (Figure 2A) and increased the 
photochemical processes of photosystem II from 0.77 to 0.79 (Figure 2B), while the ratio between quantum 
yields of photochemical and non-photochemical processes in photosystem II was increased from 3.4 to 3.9 
(Figure 2C). 
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Figure 2. Quantum yield of non-photochemical (A) and photochemical (B) processes of photosystem II and ratio 
between quantum yields of photochemical and non-photochemical processes in photosystem II (C) on yellow 

passion fruit leaves (Passiflora edulis) as a function of calcium doses. º and *: significant at 10 and 5% 
probability, respectively 

 

The increase in initial fluorescence (Fo), the reduction in maximum fluorescence (Fm) of chlorophyll ‘a’, and, 
mainly, the reduction of the quantum efficiency of photosystem II (Fv/Fm) indicate stress (Baker, 2008). The 
quantum yield of non-photochemical processes (Fo/Fm) and the proportion between quantum yields of 
photochemical and non-photochemical processes (Fv/Fo) are also indicators of stress situations (Roháček, 2002). 

According to Roháček (2002), Fo/Fm values between 0.14 and 0.20, Fv/Fm values from 0.80-0.86, and Fv/Fo 
values from 4-6 indicate that the plants are not stressed. Thus, in our study, the passion fruit plants were 
subjected to stress, which intensified with calcium doses below or above 70 kg ha-1. Calcium, as a macronutrient, 
is essential for the integrity of the plasma membrane (Epstein & Bloom, 2006), but in excess, it reduces the 
absorption of magnesium (Garrone et al., 2016; Guo, Nazim, Liang, & Yang, 2016), a constituent of chlorophyll 
molecules (Epstein & Bloom, 2006; Blankenship, 2014). It is therefore crucial to maintain an adequate calcium 
to magnesium ratio (Salvador et al., 2011) for don’t alter the chlorophyll synthesis that is related to the 
photochemical processes of passion fruit (Figure 3). 
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Figure 4. Stomatal conductance (A) and resistance (B), relation between internal and environmental carbon (C), 
and internal carbon dioxide concentration (D) of leaves of yellow passion fruit (Passiflora edulis) in full bloom, 

grown in pits without (●) and with (♦) plastic coating, as a function of calcium doses. *: significant at 5% 
probability. Averages followed by the same letter do not significantly differ (F test; p ≤ 0.05) 

 

Generally, stomatal resistance was inverse to electrical conductance. It was lower in plants grown in holes 
without side coating, but only at calcium doses below 30 kg ha-1; in this situation, there was no functional 
relationship between calcium and resistance, with an average value of 5.7 m2 s mol-1 (Figure 4B). However, in 
the pits protected against water leakage by horizontal infiltration, increasing calcium doses from 0 to 49 kg ha-1 
reduced stomatal leaf resistance from 6.0 to 5.4 m2 s mol-1. 

The smaller opening of the stomata, characterized by reduced conductance or increased stomatal resistance, of 
passion fruit in lined pits was probably a result of higher soil moisture over larger periods of time (Cavalcante et 
al., 2005). Padilha et al. (2016), working with jatropha, observed greater stomatal conductance in soil with 80% 
of water retention capacity, and values below or above this (up to 100%) caused a decrease in conductance. 
However, the conservation of moisture caused by pit coating (Cavalcante et al., 2005) may have increased the 
availability of calcium to increase stomatal opening; since it acts as a secondary messenger (Epstein & Bloom, 
2006; Reyes, Alvarez-Herrera, & Fernández., 2013; Eisenach & Angeli, 2017). Furtado, Pereira, Andrade, 
Pereira Filho, and Silva (2012) observed that increase in the doses of calcium nitrate were reflected in greater 
stomatal conductance in watermelon. 

For the relative stomatal limitation (Figure 4C) and internal CO2 concentration (Figure 4D), regardless of the 
calcium dose, no difference was observed in plants grown in pits without and with lateral coating. As well as the 
adjustments of the data to the doses of calcium were not significant. In C3 plants, such as yellow passion fruit, 
the ratio between internal and external carbon dioxide concentration should be between 0.6 and 0.8 (Berry & 
Bownton, 1982); decreasing values are reflected in an increased stomatal limitation. In our study, this relation 
was 0.65±0.05, indicating that photosynthesis was not limited and that the internal CO2 concentration (246±19 
mol mol-1) was above the point of compensation (50 and 100 mol mol-1) for C3 plants (Taiz, Zeiger, Møller, & 
Murphy, 2017).  

Transpiration and leaf temperature of yellow passion fruit were not affected by any of the studied factors, with 
average values of 4.20 mmol m2 s-1 and 35.4 °C, respectively. However, in terms of net assimilation of carbon 
gas (F = 5.23; p = 0.0261), instantaneous carboxylation efficiency (F = 5.96; p = 0.0179), and water use 
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efficiency (F = 8.24; p = 0.0058), the interaction between water salinity and pit coating against horizontal 
infiltration was significant. For the carboxylation efficiency, pit coating and calcium addition (F = 2.89; p = 
0.0305) also had a significant effect. The net assimilation of CO2 and the instantaneous carboxylation efficiency 
of passion fruit were not altered by lateral pit coating, but in the treatments with side coating, a salinity increase 
of 0.3 from 4.0 dS m-1 reduced net photosynthesis by 10% (Figure 5A) and net assimilation of CO2 by 12% 
(Figure 5C). In addition, every 10 kg ha-1 of calcium increase, when irrigated with non-saline water (0.3 dS m-1) 
in coated pits, were reduced to liquid photosynthesis (Figure 5B) and the carboxylation efficiency (Figure 5D) in 
1.2%. In the other combinations, no functional relationship was observed between calcium doses and liquid 
carbon dioxide assimilation. 

 

 
Figure 5. Liquid assimilation of carbon dioxide (A and B), instantaneous carboxylation efficiency (C and D), 

water use efficiency (E and F) of leaves of yellow passion fruit (Passiflora edulis) in full bloom, regarding the 
interaction between lateral coating of the pit and water salinity as a function of calcium doses in the treatments 
without (○) and with (●) coating under irrigation water from 0.3 dS m-1 and without (◊) and with (♦) coating 

under irrigation water from 4.0 dS m-1. Averages followed by the same letter, lowercase between pit coating and 
upper case between electrical conductivity of irrigation water, were not significantly different (F test; p ≤ 0.05). 

º and *: significant at 10 and 5% probability, respectively 

 

Reduced photosynthesis in passion fruit, caused by water salinity, has also been observed by Nunes et al. (2017), 
in full bloom, and by Freire et al. (2014), at the end of the productive phase. However, the moist root 
environment, caused by the coating pit (Cavalcante et al., 2005), intensified the decline in the assimilation of 

11.4 aA
11.8 aA

12.0 aA

10.8 aB

9

10

11

12

13

14

0.3 4.0

Without coating

With coating

A
 (
m

ol
 d

e 
C

O
2

m
-2

s-1
)

(A)

ŷ (●) = 12.9 - 0.0147ºx
R² = 0.5525

9

10

11

12

13

14

0 30 60 90 120

___ (○) ---- (●) -.-.-.-. (◊)  ........ (♦ ) (B)

2.7 aB

3.0 aA
2.9 aA

2.7 bA

2.0

2.5

3.0

3.5

0.3 4.0

E
W

U
 (

A
/E

, 
m

ol
C

O
2/

m
m

ol
 H

2O
)

EC (dS m-1)

(E)

ŷ (●) = 0.054 - 0.00007ºx
R² = 0.5417

0.02

0.03

0.04

0.05

0.06

0 30 60 90 120

(D)

0.046 aA
0.049 aA0.050 aA

0.044 aB

0.02

0.03

0.04

0.05

0.06

0.3 4.0

iC
E

 (
A

/C
i, 

m
ol

 d
e 

C
O

2
m

2
s-1

)

(C)

ŷ (●) = 3.3 - 0.0038ºx
R² = 0.6591

2.0

2.5

3.0

3.5

0 30 60 90 120

Calcium doses (kg ha-1)

(F)



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 2; 2019 

327 

carbon dioxide because, in this situation, higher absorption of the soil solution and consequently sodium and 
chloride (Ayers & Westcot, 1999). Increased sodium levels may cause physiological and biochemical changes in 
plants. In the present case, as there was no effect of salinity on the quantum kinetics of chlorophyll ‘a’ and on 
stomatal limitation, the effect of salinity on passion fruit was related to CO2 assimilation. Salinity negatively 
interferes with biochemical reactions in the stroma of the chloroplasts (Cruz et al., 2017), e.g. increasing 
oxygenase activity while reducing the carboxylase activity of Rubisco (Sivakumar et al., 2000). 

In water use efficiency, under irrigation with water of 0.3 dS m-1, lateral pit coating had no effect. However, 
under irrigation with water of 4.0 dS m-1, not coating the pits resulted in water use efficiency increase by 11% 
(Figure 5E), while pit coating combined with irrigation with saline water (4.0 dS m-1), reduced the efficiency of 
plant water use by 10%. In addition, increasing calcium doses to 10 kg ha-1, while irrigating with non-saline 
water (0.3 dS m-1) and coating the pits, resulted in a decreased water use efficiency by 1.3% (Figure 5F). 

As the effect of salinity of irrigation water on passion fruit leaf transpiration was not significant, the reduction in 
water use efficiency (Figure 5E) is most likely related to the decreased photosynthesis (Figure 5A). Similar 
results have been found by Freire et al. (2014), who stated that a salinity increase of 0.5 to 4.5 dS m-1 did not 
interfere with transpiration, but resulted in reduced water use efficiency. However, increased calcium doses may 
have increased calcium solubility in the coated pits, possibly causing an imbalance in the relationship between 
calcium and magnesium. 

In this study, the interaction between water salinity, coating of the pits, and calcium doses was significant (F = 
7.66; p < 0.0001). The reduction in fruit production caused by lateral pit coating and irrigation with saline water 
was, on average, 15 and 21%, respectively; when incorporating the costs, the reduction was 4.8 kg per plant 
(33%) (Figure 6A). In terms of fruit production, the responses to the calcium doses were related to pit coating 
and water salinity (Figure 6B). Using non-saline water and not coating of the pits, there was no functional 
relationship between calcium and production, while in the treatments with coated pits, fruit production increased 
only by 0.5 kg per plant with an increased calcium does of 10 kg ha-1. With saline water, a functional relationship 
was established only for plants cultivated in non-coated pits, with production increases from 9.9 to 14.4 kg per 
plant (45%) at a calcium dose of 59 kg ha-1. 

 

 

Figure 6. Yellow passion fruit (Passiflora edulis) production in relation to the interaction between lateral pit 
coating and water salinity (A) and as a function of calcium doses (B) in the treatments without (○) and with (●) 
pit coating under irrigation water from 0.3 dS m-1 and in pits without (◊) and with (♦) coating under irrigation 
water from 4.0 dS m-1. Averages followed by the same letter, lowercase between pit coating and upper case 

between electrical conductivity of irrigation water, were not significantly different (F test; p ≤ 0.05). 
**: significant at 1% probability 

 

As noted by Dias, Cavalcante, Nunes, Freire, and Nascimento (2012), an increase in the electrical conductivity 
of irrigation water of 0.5 to 1.5 dS m-1 reduced passion fruit yield by 19%, while at a salinity of 3.5 dS m-1, 
yields were reduced by 40%. The decrease observed in this study (45%) with the use of water of 4.0 dS m-1 
reflects the sensitivity of passion fruit to saline water (Ayers & Westcot, 1999), with implications in physiology 
(Freire et al., 2014; Nunes et al., 2017). Lateral pit coating, even with the potential to maintain soil moisture and 
dilute the effects of salts (Cavalcante et al., 2005), was not effective in mitigating stress because, most likely, the 
moist root environment favored the absorption of the soil solution and, consequently, of salts. Calcium mitigates 
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excess salt levels (Fageria et al., 2011) as it competes with sodium and, as observed in this study, stimulates the 
synthesis of chlorophyll (Figure 1), thereby increasing quantum efficiency (Figure 2) and production (Figure 
6B).  

4. Conclusions 
Entisol cultivated with passion fruit should not be irrigated with saline water of 4.0 dS m-1 because of the 
reduction in photosynthesis and subsequent fruit production. Lateral pit coating, especially under irrigation with 
saline water, is not an effective measure in passion fruit cultivation. In an Entisol with an initial calcium level of 
1.92 cmolc dm-3, the recommended application dose is 60 kg ha-1. Calcium fertilization can be used to mitigate 
the negative effects of highly saline water in passion fruit production. 
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