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Gas exchange, growth, and quality of passion fruit
seedlings cultivated with saline water

Trocas gasosas, crescimento e qualidade de mudas de
maracujazeiro cultivadas com aguas salinas
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Highlights

Passion fruit gas exchange is reduced by water salinity from 0.3 dS m".
Itis possible to obtain seedlings with acceptable quality with water to 3.5 dS m™’
BRS Sol do Cerrado and Guinezinho are moderately sensitive to salt stress.

Abstract

This study was conducted to evaluate the gas exchange, growth, and quality of passion fruit cultivars under
irrigation with waters of different salinity levels. The experiment was conducted in a greenhouse, in Pombal-
PB, Brazil, using a randomized block design in a 5 x 2 factorial arrangement, with five levels of electrical
conductivity of irrigation water (0.3, 1.1, 1.9, 2.7, and 3.5 dS m™") and two passion fruit cultivars (BRS Sol
do Cerrado and Guinezinho), with three plants per plot and four replicates. The reduction in transpiration,
intercellular CO, concentration and CO, assimilation rate in passion fruit plants grown with saline water was
related to factors of stomatal and non-stomatal origin. Gas exchange and growth of passion fruit cultivars
were negatively affected by water salinity from 0.3 dS m™ at 75 days after sowing. Despite the reduction
in the growth of the passion fruit cultivars, irrigation with water of up to 3.5 dS m™ could be used to obtain
seedlings with acceptable quality. Based on the relative yield of total dry phytomass, the passion fruit
cultivars BRS Sol do Cerrado and Guinezinho were classified as moderately sensitive to water salinity during
the seedling phase.
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Resumo

Desenvolveu-se este trabalho com o objetivo de avaliar as trocas gasosas, o crescimento e a qualidade
de cultivares de maracujazeiro sob irrigacdo com aguas de diferentes niveis salinos. O experimento foi
conduzido em casa de vegetacado, em Pombal-PB, utilizando-se o delineamento de blocos casualizados em
arranjo fatorial 5 x 2, sendo cinco niveis de condutividade elétrica da agua deirriga¢do (0,3; 1,1; 1,9; 2,7e 3,5
dS m™") e duas cultivares de maracujazeiro (BRS Sol do Cerrado e Guinezinho), com trés plantas por parcela
e quatro repeti¢cbes. A redugdo na transpiragao, concentragdo intercelular de CO, e taxa de assimilagao
de CO, nas plantas de maracujazeiro cultivadas com aguas salinas esta relacionado a fatores de origem
estoméaticos e ndo estométicos. As trocas gasosas e o crescimento das cultivares de maracujazeiro foram
afetados de forma negativa pela salinidade da agua a partir de 0,3 dS m™', aos 75 dias apds o0 semeio. Apesar
da reducao no crescimento nas cultivares de maracujazeiro, airrigagdo com agua de até 3,5 dS m™" pode ser
utilizada para obtencado de mudas com qualidade aceitavel. Com base no rendimento relativo de fitomassa
seca total, as cultivares de maracujazeiro BRS Sol do Cerrado e Guinezinho foram classificados como

moderadamente sensivel a salinidade da dgua na fase de formacao de mudas.
Palavras-chave: Passiflora edulis f. flavicarpa. Estresse salino. Tolerancia.

Introduction

Passion fruit (Passiflora edulis f.
flavicarpa) is recognized as a fruit crop of great
socioeconomic importance in Brazil, and this
relevance is associated with the favorable
edaphoclimatic conditions for its cultivation as
well as the physico-chemical characteristics
of the fruits and the great acceptance of its
juice and fresh fruit in the national market (J.
D. Bezerra, Pereira, Silva, & Raposo, 2016).
The area occupied by the yellow passion fruit
crop in 2018 was 43,248 hectares, with a total
production of 602,651 tons; the Northeast
region was the greatest producer, with 375,541
tons, followed by the Southeast region, which
produced 97,307 tons. However, the mean
yield obtained in the Northeast region was
12.886 kg ha' while in the Southeast region
it was 17.047 kg ha' (Instituto Brasileiro de
Geografia e Estatistica [IBGE], 2018).

Amongthefactorsthatcontributetothe
lower yield of this crop in the Northeast region,

the lower technological level of the orchards
and the quantitative and qualitative reduction
in water availability have particular relevance.
Thisregionis characterized byhighevaporation
rates, irregular rainfall, and poor drainage in
the soil. Thus, the waters have an electrical
conductivity above 1.5 dS m™ and this is a
limiting factor in agricultural production, due to
the resulting morphological, physiological, and
biochemical changes that occur in plants and
compromise their growth, production, and fruit
quality (Freire, Dias, Cavalcante, Fernandes, &
Lima, 2014; I. L. Bezerra, Nobre, Gheyi, Lima, &
Barbosa, 2018a).

Under saline conditions, gas exchange
and water absorption are negatively affected
because salt stress causes a reduction in
stomatalconductanceand,consequently,lower
carbon assimilation, phytomass production,
and a lower yield. In addition, it promotes
changes in photochemical parameters and
carbon metabolism (l. L. Bezerra et al., 2018b).
Osmotic stress is associated with oxidative
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stress and the production of reactive oxygen
species (ROS). Overproduction of ROS
under stress conditions can damage cellular
components, including DNA, proteins, and
membrane lipids (Filek et al., 2012). However,
the severity with which salt stress affects
plants depends on its magnitude and duration.

Although the Northeast region stands
out as the largest producer of yellow passion
fruit, the high salinity of soils and water in
several areas of the region has compromised
the production of good quality seedlings
and the establishment of this crop under
conventional management, since it is sensitive
to water salinity (J. D. Bezerra et al., 2016).
However, the tolerance of plants to salt stress
depends on the species, cultivar, management
practices of irrigation, fertilization, climatic
conditions, and the type of salts present in the
water.

The production of seedlings should
be considered a fundamental step in the
establishment of the orchard because the
quality of seedlings is closely related to the
production potential of the crop (Mesquita
et al, 2015). Thus, adopting management
strategies that enable the establishment of
crops under salt stress conditions is extremely
important, especially in the semi-arid region of
Northeastern Brazil. Among these strategies, it
is essential to identify cultivars that are tolerant
to salt stress, especially when soil salinity
cannot be maintained at low levels (Brito et al.,
2014).

In view of the above, this study was
conducted to evaluate the gas exchange,
growth, and quality of seedlings of passion
fruit cultivars under irrigation with waters of
different salinity levels.
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Materials and Methods

The experiment was carried out in a
protected environment (greenhouse) at the
Center for Science and Agri-Food Technology
(CCTA) of the Federal University of Campina
Grande (UFCG), located in the municipality
of Pombal, Paraiba, Brazil, at the geographic
coordinates 6°47'20" South latitude and
37°48'01" West longitude, and at an altitude of
194 m.

The  experimental design was
randomized blocks in a 5 x 2 factorial
arrangement, corresponding to five levels
of electrical conductivity of irrigation water -
ECw (0.3, 1.1, 1.9, 2.7, and 3.5 dS m™) and two
passion fruit cultivars - C (BRS Sol do Cerrado
and Guinezinho), with three plants per plot and
four replicates.

The cultivar BRS Sol do Cerrado
produces large yellow fruits with an oblong
shape, weighing from 150 to 350 g, and with a
pulpyield of around 38%. It has tolerance to leaf
diseases, such as bacteriosis, anthracnose,
and viruses Empresa Brasileira de Pesquisa
Agropecuéria [EMBRAPA] (2008). Guinezinho
is a yellow passion fruit cultivar traditionally
cultivated in the municipality of Nova Floresta
- PB, and is known by that name because of
the spots present on the rind similar to those
present on the feathers of a bird known as
guinea fowl (Medeiros et al., 2016).

To obtain the passion fruit seedlings,
sowing was carried out by placing 2 seeds in
polyethylene containers with dimensions of 15
x 30 cm, filled with a 2:1:1 (based on volume)
ratio of Neossolo (Entisol) with a loamy sand
texture, sand, and organic matter (well-aged
cattle manure). The soil came from the rural
area of the municipality of Sdo Domingos,
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PB, from 0-15 cm depth. The recipients were
equidistantly distributed and supported on
benches at 0.80 m height from the soil. Physical

obtained according to the methodology
proposed by Teixeira, Donagemma, Fontana
and Teixeira (2017) and are shown in Table 1.

and chemical characteristics of the soil were

Table 1
Chemical and physical characteristics of the substrate used in the experiment, before the application
of the treatments

Chemical characteristics

pHH,0) oM P K* Na* Ca? Mg? ARt H*
(1:2.5) g kg™ (MK s CIHN I L —————————

7.00 3.80 11.99 0.21 0.09 2.42 5.84 0.00 0.00
.......... Chemical characteristics ............ e PNYSICal characteristics e,
EC,, CEC SAR ESP Size fraction (g kg™) Water content (dag kg™')
(dSm?)  cmol kg’ (mmolL")° % Sand Silt Clay 33.42kPa' 1519.5 kPa?

0.75 8.56 0.94 1.05 853.00 130.70 16.30 11.66 4.23

pH - Hydrogen potential, OM - Organic matter: Walkley-Black Wet Digestion; Ca?* and Mg?* extracted with 1 M KCI at
pH 7.0; Na* and K* extracted with 1 M NH,OAc at pH 7.0; Al**+H* extracted with 0.5 M CaOAc at pH 7.0; ECse - Electrical
conductivity of the saturation extract; CEC - Cation exchange capacity; SAR — Sodium adsorption ratio of the saturation
extract; ESP — Exchangeable sodium percentage; ' ?referring to the limits of field capacity and permanent wilting point,

respectively.

Fertilization with NPK was performed
as a top-dressing, according to the
recommendation of Novais, Neves and Barros
(1991), applying 100, 300, and 150 mg kg™ of
soilof N, P,O,,and K,O, respectively, in the form
of urea (45% N), monoammonium phosphate
(12% N, 54% P,O,) and potassium chloride
(60% K, O) through the irrigation water at 15, 30,
and 45 days after sowing (DAS). Micronutrient
fertilization was performed at 20, 40, and 60
DAS, using Ubyfol solution at a concentration
of 1.0gL™".

The water used as the lowest salinity
treatment (0.3 dS m™) came from the public
supply system of Pombal — PB. The other
salinity levels were prepared in such a way
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to have an equivalent proportion of 7:2:1 of
Na*:Ca?:Mg?*, respectively, using the salts
NaCl, CaCl,.2H,0, and MgCL,.6H,O. This is the
ratiothat commonly prevailsin sources of water
used for irrigation in small farms in the Brazilian
Northeast (Medeiros, 1992). Irrigation water
with higher levels of salinity were prepared
considering the relationship between ECw and
concentration of salts according to Richards
(1954), Eq. 1:

Q (mmolc L™1) = 10 x ECw (dSm™)............... (1)
where:
Q = Quantity of salts to be applied (mmol_L™");

ECw = Electrical conductivity of the water (dS
m™)
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After sowing, irrigation was performed
manually, applying in each container a volume
corresponding to that obtained by water
balance (applied water — drained water) plus a
leaching fraction of 15%, based on Eq. 2:

_ (Va—Vd)

Where:

VI = Water volume to be used in the irrigation
event (mL); Va = water volume applied in the
previous irrigation event (mL); Vd = water
volume drained (mL) and LF = leaching fraction
of 0.15.

At 75 days after sowing (DAS), gas
exchange was evaluated in passion fruit plants
through stomatal conductance (gs) (mol H,0
m2s™), transpiration (E) (mmol H,O0 m2s™), CO,
assimilation rate (A) (umol m2 s, and internal
CO, concentration (Cj) (umol H,O m? s7).
Readings were performed with an infrared gas
analyzer (IRGA, Infra-Red Gas Analyser, model
LCpro — SD), from ADC BioScientific, UK, with
a constant light of 1.200 pmol of photons m~
s™', measured on the third fully expanded leaf
counted from the apical bud.

Growth was measured based on plant
height (PH), stem diameter (SD), leaf area (LA),
leaf dry phytomass (LDP), stem dry phytomass
(StDP), root dry phytomass (RDP), shoot dry
phytomass (ShDP) and total dry phytomass
(TDP). Seedling quality was assessed using
the Dickson Quality Index (DQI). Plant height
was measured as the distance from the plant
collar to the insertion of the apical meristem.
The stem diameter was measured at 5 cm from
the plant collar. The leaf area was obtained by

measuring the length and width of all leaves
of the plants, according to the methodology
described by Cavalcante etal. (2002), as shown
in Eq 3:

LA =30.81 Xuuttooierieeieeieeieeeeee e 3)
where:

LA = Leaf area (cm?) and x = product between
leaf length and leaf width (cm?).

Plants were cut close to the soil surface
to determine their phytomass and separated
into leaves, stem, and roots. Subsequently, the
different parts (leaves, stem, and roots) were
placed in a paper bag and dried in an oven with
forced air ventilation at a temperature of 65 °C
until a constant weight was observed. Then,
this material was weighed to obtain LDP, StDP,
RDP, and ShDP, which was summed with RDP
to obtain TDP.

The quality of passion fruit seedlings
was determined using the Dickson Quality
Index — DQI, according to Dickson, Leaf and
Hosner (1960), Eq. 4:

~ (TDP)
~ (PH/SD) + (ShDP/RDP) ™"

DQI - (4)

The data were subjected to an analysis
of variance by F test and, when significant, a
polynomial regression analysis was performed
for the salinity level factor and a means
comparison test (Tukey at 0.05 probability
level) for the cultivars. When there was
significant interaction between the factors, the
salinity level factor was decomposed for each
cultivar, using the statistical software SISVAR-
ESAL (Ferreira, 2011).
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Results and Discussion

There was a significant effect of water
salinity levels on stomatal conductance,
transpiration, intercellular CO, concentration,
CO, assimilation rate, plant height, stem
diameter, and leaf area of passion fruit
cultivars (Table 2). The -cultivars did not
significantly influence any of the variables
analyzed. The interaction between factors (SL

Table 2

x C) significantly affected only the height of
passion fruit plants, at 65 DAS. A. A. R. da Silva
et al. (2019), evaluating the photosynthetic
efficiency and growth of yellow passion fruit
cultivated under different levels of irrigation
water salinity (ECw of 0.7 to 2.8 dS m™), found
that salt stress significantly influenced the CO,
assimilation rate and transpiration, at 61 and
96 DAS, stem diameter at 35, 73 and 105 DAS,
and number of leaves at 35 DAS.

Summary of the analysis of variance for stomatal conductance (gs), transpiration (E), intercellular CO,
concentration (Ci), CO, assimilation rate (A), plant height (PH), stem diameter (SD) and leaf area (LA) of
passion fruit cultivars irrigated with saline waters at 75 days after sowing

Source of variation

Mean squares

[o E Ci A PH SD LA
Saline levels (SL) 0.003" 3.85" 12650.08" 18.77" 1632.19" 17.24" 850745.92"
Linear regression 0.012"  13.77" 34376.14" 72.42" 6155.66" 67.32" 3290206.92"
Quadratic regression  0.002" 1.28" 10177.65" 1.22m 326.57" 1.22ms 94745.55"
Cultivars (C) 0.0003™  0.04n 592.82m 0.30m 648.02 0.40m 8254.12"
Interaction (SLxC)  0.0001™  0.06™  1047.03"  1.15"™ 308.43" 1.23m 31585.79"s
Blocks 0.0003™  0.04"  2004.29"  0.79" 16.98 0.31ns 6506.47"
Residual 0.00001 0.10 686.61 0.87m 88.61 0.32 15135.93
CV (%) 32.68 29.94 15.17 17.16 11.59 10.64 11.20

ns, *, **- respectively not significant, significant at p< 0.05 and at p< 0.01.

The stomatal conductance of passion
fruit plants decreased quadratically with
increasing water salinity (Figure 1A). Plants
grown under water salinity of 0.3 dS m™' showed
the maximum estimated value of 0.0746 mol
H,O m=s™, which reduced from this ECw level,
and the minimum value of 0.0229 mol H,0
m2 s’ was reached by those irrigated under
the highest water salinity level (3.0 dS m™). By
comparing the transpiration of plants subjected
to ECw of 0.3 dS m™ to that of plants under water
salinity of 3.5 dS m™, it was possible to note a
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reduction of 0.0493 mol H,0 m2s™. Under salt
stress conditions, plants close their stomata
in response to the decrease in leaf turgor, high
vapor pressure deficit in the atmosphere or
chemical signals generated by the roots. Thus,
the supply of CO, to RuBisCOis hampered, which
predisposes the photosynthetic apparatus to
increased energy dissipation and a negative
regulation of photosynthesis when plants
are subjected to high light and temperature.
However, in plants under mild stress, a small
decrease in stomatal conductance can have
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protective effects against stress, enabling
the plant to save water and improve water use
efficiency (Chaves, Flexas, & Pinheiro, 2009).

Leaf transpiration of passion fruit
plants decreased with increases in the levels
of water electrical conductivity (Figure 1B), and
its maximum estimated value of 2.11 mmol H,O
m2 s~ was obtained in plants grown under ECw
of 0.3 dS m™ and the minimum value of 0.45
mmol H,0 m? s was obtained in those that
were irrigated using water with salinity of 3.5
dS m™. The transpiration of plants subjected
to ECw of 3.5 dS m™" decreased by 1.66 mmol
H,0 m? s’ compared to those under the

0.100 - (A)
~0.080 ¢
w
g 0.060 4
S,
o
S 0.040 A *
g .
g .
0.020
y = 0.0871-0.0439""x+0.0075 x>
R2=0.96
0.000 . : : .
0.3 1.1 19 2.7 35
ECw (dSm™)
250 ©
Lo
i 200
g
Q, 150 ¢ * hd
T
S
g 100 4
=
50 .
y =256.62-82.512""x+14.895"x2
R2=0.88
0 . : : .
03 11 1.9 27 35

ECw (dS m'})

lowest water salinity level (0.3 dS m™). Water
loss by plants is regulated by the activity of
the guard cells. Therefore, the reduction in leaf
transpiration results from stomatal closure and
aims to reduce the susceptibility of the plant to
dehydration and excessive absorption of toxic
ions (Na* and CI), an important mechanism
under salt stress conditions. Andrade et al.
(2019), in a study carried out to evaluate the
photosynthetic efficiency and growth of yellow
passion fruit under different levels of water
salinity (ECw from 0.7 to 2.8 dS m™"), concluded
that water salinity inhibited transpiration at 61
and 96 days after transplanting.

2.5 (B)
=20 9
~ 2.
H
o 1.5 4 *
es)
E 1.0
o .
0.5 4
v =2.4442-1.1549"x+0.1674°x2
R2=0.97
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B
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3
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y =7.6966-1.1894""x
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Figure 1. Stomatal conductance—gs (A), transpiration - E(B), intercellular CO,concentration
- Ci (C) and CO, assimilation rate — A (D) of passion fruit cultivars as a function of water

salinity — ECw, at 75 days after sowing.

*, **- respectively, significant at p< 0.05 and at p< 0.01.
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Water salinity reduced the intercellular
CO, concentration of passion fruit plants,
with intracellular CO, decreasing as the ECw
increased (Figure 1C). Plants subjected to a
salinity of 0.3 dS m™ obtained the maximum
estimated value of 233.20 pmol H,O m? s,
which decreased sharply, and the lowest Ci
(150.29 pmol H,0 m?s™") was obtained in those
that were under irrigation with ECw of 3.5 dS
m'. Comparatively, plants grown under an ECw
of 3.5dS m"had areductionin Ciof 82.91 pmol
H,O m2s™ compared to those thatreceived the
lowest level of water salinity (0.3 dS m™"). The
decrease in the internal CO, concentration is
a consequence of stomatal closure (Figure 1A)
and stands out as one of the main mechanisms
responsible for the reduction in the CO,
assimilation rate, due to the reduction in the
normal flow of CO, towards the carboxylation
site (Bosco, Oliveira, Hernandez, & Lacerda,
20009).

The CO, assimilation rate of passion
fruit plants was also negatively affected by
salt stress (Figure 1D), with a linear decrease
observed; water salinity levels decreased the
assimilation rate by 15.45% per unit increase
in ECw. In relative terms, plants grown under
ECw of 3.5 dS m™ reduced their A by 51.85%
(3.80 pmol H,O0 m? s”) compared to those
subjected to the lowest salinity level (0.3 dS
m™'). The reduction in CO, assimilation rate in
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plants grown under salt stress occurs due to
stomatal closure to reduce water loss, which
in turn leads to reductions in leaf transpiration
rates and intercellular CO, concentration in
the leaves (Altuntas, Dasgan, & Akhoundnejad,
2018), promoting a decrease in CO, availability
for carboxylation (E. N. da Silva, Ribeiro,
Ferreira-Silva, Viégas, & Silveira, 2011).

The height of passion fruit plants was
significantly influenced by the interaction
between factors (SL x C). According to the
regression equations (Figure 2A), there were
reductions in the PH of the cultivars BRS Sol
do Cerrado and Guinezinho of 13.99 and
8.10% per unit increase in ECw, respectively.
In a comparison between the passion fruit
cultivars, BRS Sol do Cerrado obtained the
highest reduction (47.07 cm) of growth in
plant height, while the lowest decrease (26.15
cm) was observed in the cultivar Guinezinho,
suggesting thatthe formeristhe most sensitive
to salt stress. It is known that the availability
of water for plants grown under saline
conditions is reduced due to the decrease in
osmotic and water potentials existing in the
root environment. With the reduction in water
absorption there is a decrease in leaf turgor
and subsequent closure of stomata, leading to
reductions in transpiration and photosynthesis
and, consequently, inhibition of plant growth
(Mastrogiannidou et al., 2016).
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Figure 2. Plant height (A) as a function of the interaction between water salinity levels — ECw and
passion fruit cultivars and stem diameter (B) and leaf area (C) of plants grown under different levels

of ECw, at 75 days after sowing.

*, **- respectively, significant at p< 0.05 and at p< 0.01.

The stem diameter of passion fruit
plants decreased sharply with increases in
the electrical conductivity of water (Figure 2B),
by 15.15% per unit increase in ECw. Plants
subjected to water salinity of 3.5 dS m™ had a
reduced growth (in SD) of 3.66 mm (50.82%)
compared to those irrigated with the lowest
level of ECw (0.3 dS m™). The decrease in plant
growth is related to the reduction in soil water
potential (osmotic phase) and, subsequently,
an ionic phase due to excessive absorption

Semina: Ciénc. Agrar. Londrina, v. 42, n. 1, p. 137-154, jan./fev. 2021

of toxic ions, especially Na* and CI- (Acosta-
Motos et al., 2017). Salt stress leads to a
reduction in photosynthetic activity, changes
in enzyme activities, oxidative stress, disrupts
the structure and function of the biochemical
membrane, and destroys ultrastructural
cellular components (Mastrogiannidou et al.,
2016).

The leaf area of passion fruit plants was
linearly reduced in response to the increase
in water salinity levels (Figure 2C), by 16.04%
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per unit increase in ECw. By comparing the
leaf area of plants irrigated using water with
electrical conductivity of 3.5 dS m™ with that of
plants subjected to the lowest salinity level (0.3
dS m™), it was possible to observe a reduction
of 53.93% (811.20 cm?). Plants exposed to salt
stress usually have a reduced leaf area in order
to minimize water losses to the atmosphere
and maintain cellular turgor by reducing
transpiration (Oliveira et al., 2013). In addition,
the reduction in the growth in leaf area may be
related to the decrease in CO, assimilation rate
and excessive absorption of salts, affecting
the production of specific metabolites that
directly inhibit growth (Acosta-Motos et al.,

Table 3

2017). Lima, Fernandes, Soares, Gheyi and
Fernandes (2020a), in a study with the passion
fruit cv. ‘BRS Rubi do Cerrado’ under irrigation
with saline waters (ECw from 0.3 to 3.5 dS m™),
found that ECw from 0.3 dS m™ reduced the
growth in leaf area by 10.36% per unitincrease
in ECw, at 40 days after sowing.

According to the summary of the
analysis of variance (Table 3), there was a
significant effect of water salinity levels on all
variables analyzed at 75 days after sowing.
The cultivars factor did not influence any of the
variables measured. The interaction between
factors (SL x C) significantly affected only the
Dickson Quality Index of passion fruit plants.

Summary of the analysis of variance for leaf dry phytomass (LDP), stem dry phytomass (StDP), root dry
phytomass (RDP), shoot dry phytomass (ShDP), total dry phytomass (TDP) and Dickson Quality Index
(DQI) of passion fruit cultivars irrigated with saline waters at 75 days after sowing

Source of variation

Mean squares

LDP StDP
Saline levels (SL) 52.64" 456"
Linear regression 206.94" 15.74"
Quadratic regression 217 0.87ns
Cultivars (C) 0.42 0.49rs
Interaction (SL x C) 2.91ns 0.82"s
Blocks 0.68n 0.37"s
Residual 1.49 0.54
CV (%) 9.14 19.37

RDP ShDP TDP

6.58" 85.14" 133.41" 0.64"
20.80" 336.85" 524.85 2.39”
413" 0.29m 2.23m™ 0.11m
0.05" 1.83m 2.53m™ 0.11m
0.05" 1.15m 1.53m 0.04
0.10" 0.92m 1.51" 0.01m

0.20 2.00 2.21 0.41
17.36 8.25 7.54 13.62

ns, *, **- respectively not significant, significant at p< 0.05 and at p< 0.01.
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The leaf dry phytomass and stem dry
phytomass of passion fruit plants decreased
linearly with increases in the levels of irrigation
water salinity (Figure 3Aand 3B), withreductions
of 11.70 and 11.43% per unitincrease in ECw,
respectively. When irrigated with an ECw
of 3.5 dS m™, passion fruit plants exhibited
reductions of 6.43 and 1.77 g/plant in LDP
and StDP compared to those subjected to the
lowest salinity level (0.3 dS m™"). The decrease
in phytomass accumulation is a consequence
of the decrease in CO, assimilation rate (Figure
1D) imposed by salt stress. The low availability
of water due to the reduction in the osmotic
potential caused by high salt concentration
causes stomatal closure and, consequently,
reduces the photosynthetic rate through the
action of stomatal and non-stomatal factors.
Thus, to maintain homeostasis, plants require
a considerable consumption of energy to
maintain sodium compartmentalization, in
both cells and organs. Thus, the association of
these factors is determinant for the reduction
in phytomass accumulation (Willadino, Gomes,
Silva, Martins, & Camara, 2011).

Semina: Ciénc. Agrar. Londrina, v. 42, n. 1, p. 137-154, jan./fev. 2021

Water salinity inhibited the root dry
phytomass accumulation of passion fruit
plants in a quadratic manner (Figure 3C); the
maximum estimated value of 3.98 g/plant
was observed in plants subjected to ECw of
0.3 dS m™, reducing from this salinity level
and reaching the lowest RDP (1.85 g/plant) in
plants grown under 3.0 dS m™. Plants under
irrigation using water with salinity of 3.5 dS m™
reduced their RDP by 2.04 g/plant compared
to those that received the lowest level of ECw
(0.3 dS m™). Such a decrease in RDP can be
considered a strategy that plants use to reduce
the absorption of toxic ions, especially Na*
and CI, and their consequent transport to the
aerial part of the plant, hampering plant growth
(Sa, Mesquita, Bertino, Silva, & Costa, 2013). A
reduction in root dry phytomass accumulation
due to salt stress has also been observed in
other crops such as cashew (Lima et al., 2020b)
and guava (Sa et al., 2016).
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Figure 3. Leaf dry phytomass - LDP (A), stem dry phytomass - StDP (B), root dry phytomass - RDP
(C), shoot dry phytomass - ShDP (D) and total dry phytomass - TDP (E) of passion fruit cultivars as
a function of water salinity — ECw, at 75 days after sowing.

* **- respectively, significant at p< 0.05 and at p< 0.01.
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Salt stress also negatively and linearly
affected the accumulation of shoot dry
phytomass and total dry phytomass and,
according to the regression equations (Figure
3D and 3E), there were reductions of 11.64 and
12.40% per unit increase in ECw, respectively,
i.e. the increase in water salinity from 0.3 to 3.5
dS m™ reduced the ShDP and TDP of passion
fruit by 8.20 and 10.24 g/plant. The reductionin
shoot dry phytomass and total dry phytomass
results from the observed decrease in CO,
assimilation rate (Figure 1D) and in the
accumulation of leaf dry phytomass (Figure 3A),
stem dry phytomass (Figure 3B) and root dry
phytomass (Figure 3C) of passion fruit plants.
Possibly, the diversion of energy from growth
to maintain the metabolic activities of plants
associated with the acclimation to salinity and
with the reduction in carbon gains may also
have contributed to the reduction in growth
and, consequently, of phytomass accumulation
(Menezes, Azevedo, Ribeiro, & Cova, 2017). By
comparing in relative terms the accumulation
of total dry phytomass of passion fruit plants
(Figura 3E) subjected to the water salinity level
of 3.5 dS m™ to that obtained under ECw of 0.3
dS m™, it was possible to observe reductions
of 41.04 and 44.03%, respectively, in the
cultivars BRS Sol do Cerrado and Guinezinho.
Considering the relative reduction ranges
indicated by Richards (1954), the passion fruit
cultivars BRS Sol do Cerrado and Guinezinho
are classified as moderately sensitive (40-
60%) to water salinity.

The Dickson Quality Index of passion
fruit plants was significantly affected by the
interaction between the factors SL and C
(Figure 4). The DQI of the cultivars BRS Sol do
Cerrado and Guinezinho was described by a
quadratic trend as a function of the increasing
levels of salinity, with the maximum estimated
values of 1.334 and 1.306 observed in plants
subjected to ECw of 0.3 dS m™" and the minimum
values of 0.736 and 0.494, respectively,
observed in plants that received the highest
level of water salinity (3.5 dS m"). Despite the
reduction in DQI with increase in water salinity
levels observed in the passion fruit cultivars,
plants subjected to the highest level of ECw
(3.5 dS m™") obtained a value higher than 0.4,
i.e., the seedlings have an acceptable quality
for transplanting to the field.

The Dickson quality index is an
integrated morphological parameter and
stands out as an indicator of seedling quality,
enabling the consideration of robustness and
balance in the distribution of phytomass (Costa
etal., 2017).Beingamorphological variable that
is associated with phytomass accumulation
(shoot, root and total dry phytomass), the
ratio between growth in plant height and stem
diameter is considered useful in determining
the quality of seedlings for field cultivation.
Root dry phytomass accumulation stands out
as one of the most important parameters for
determining the survival and establishment
capacity of seedlings in the field.
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Figure 4. Dickson Quality Index— DQI of
passion fruit cultivars as a function of water
salinity — ECw, at 75 days after sowing.

* **-respectively, significant at p< 0.05 and

atp<0.01.

In this study, the decrease in the
production of photoassimilates also resulted
in alower accumulation of ShDP, RDP, and TDP.
However, water with electrical conductivity
of up to 3.5 dS m can be used in irrigation
during the stage of production of passion fruit
seedlings, because a DQI above 0.2 (Dickson,
Leaf, & Hosner, 1960) is considered suitable
for field cultivation. In a study evaluating the
growth and quality of seedlings of two passion
fruitcultivars(yellowand purple)underirrigation
with saline water (0.5 and 3.5 dS m™), Freire and
Nascimento (2018) concluded that irrigation
with high-salinity water reduced the DQI of
yellow passion fruit seedlings and increased
the DQI of purple passion fruit seedlings.

Conclusions

The gas exchange and growth of the
passion fruit cultivars BRS Sol do Cerrado and
Guinezinho are negatively affected by irrigation

150

using water with electrical conductivity from
0.3dSm™, at 75 days after sowing.

Despite the reduction in the growth of
passion fruit cultivars, irrigation water of up to
3.5 dS m™ can be used to obtain passion fruit
seedlings with an acceptable quality.

Based on the relative yield of total dry
phytomass, the passion fruit cultivars BRS Sol
do Cerrado and Guinezinho are classified as
moderately sensitive to water salinity up to the
level of 3.5dS m™.
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