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1 RESUMO

No decorrer dos anos, a salinidade das dguas se tornou um dos principais obstaculos do setor
agricola. Este trabalho objetivou avaliar o crescimento, as relagdes hidricas e a qualidade de
mudas de maracujazeiro irrigadas com aguas de diferentes composi¢des cationicas e peroxido
de hidrogénio. O experimento foi conduzido em condic¢ao de casa de vegetagdo, no municipio
de Pombal - PB, utilizando-se o delineamento em blocos casualizados, com fatorial 6 x 4,
sendo seis composi¢des catidnicas da agua de irrigagdo [Si — Testemunha (0,3 dS m™); S, -
Na*; S3- Ca?*; S4 - Na* + Ca?’; Ss- Mg* e S¢- Na™+ Ca?" + Mg?") e quatro concentragdes de
perdxido de hidrogénio — H>O» (0, 20, 40 e 60 uM), com quatro repetigdes. Com excegao do
S1, os demais tratamentos foram irrigados com agua de 3,6 dS m'!. A concentragdo de 40 uM
de H20: reduziu o efeito do estresse salino na area foliar das plantas irrigadas com aguas
constituidas de Na" Na" + Ca?* e Na™ + Ca*" + Mg?* As concentragdes de 20 e 40 uM de
H>0O: elevaram o indice de qualidade de Dickson das plantas irrigadas com agua constituida
de Na* + Ca*" + Mg*",

Palavras-chave: Passiflora edulis f. flavicarpa, salt stress, peroxido de hidrogénio.
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2 ABSTRACT

Over the years, water salinity has become one of the main obstacles in the agricultural sector.
This study aimed to evaluate the growth and quality of passion fruit cv. BRS GAl as a
function of different cationic nature of the water and exogenous application of hydrogen
peroxide. The experiment was conducted in greenhouse conditions at the Center of Agrifood
Science and Technology of the Federal University of Campina Grande, Pombal, Brazil, using
a randomized block design, with a 6 x 4 factorial, corresponding to six combinations of water
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salinity [S1 — Control (0,3 dS m™); Sz - Na™; S5 - Ca?"; S4 - Na* + Ca?"; Ss - Mg?" and Se - Na*
+ Ca?" + Mg?'] and four concentrations of hydrogen peroxide - H202 (0, 20, 40 and 60 uM),
with four repetitions. With the exception of Si, the other treatments were irrigated with water
of 3.6 dS m!. The 40 uM concentration of H,O reduced the salt stress effect on leaf area of
plants irrigated with water consisting of Na*, Na* + Ca*" and Na* + Ca** + Mg?*. The 20 and
40 uM concentrations of H>O» increased the Dickson quality index of plants irrigated with

water consisting of Na* + Ca?" + Mg?".

Keywords: Passiflora edulis f. flavicarpa Degener, salt stress, hydrogen peroxide.

3 INTRODUCTION

The salinity of water and soils in
semiarid regions has become a global
concern and one of the main current
obstacles to agriculture (SA et al., 2020).
According to the Food Agriculture
Organization (FAO), approximately 6% of
the world's land is compromised by salinity,
and 32 million hectares of irrigated
agriculture, distributed across more than 75
countries, present problems with salts to
varying degrees (PARIHAR et al., 2015;
ALAGHMAND et al., 2016).

In Brazil, salinity affects mainly the
semiarid regions of Northeast China, since
this region is subject to high edaphoclimatic
variations, presenting high temperatures
and low precipitation, which are limiting
factors for the development of numerous
plant species, especially the accumulation
of salts and the scarcity of quality water for
irrigation (ANDRADE et al, 2019;
BEZERRA et al.,, 2020). In the water
resources of Northeast China, salt
concentrations vary, and their effects on
plants depend on the total salt concentration
and the cationic composition of the water
(LIMA et al., 2019), which, in this region,
is characterized by high levels of chloride
(CI') and sodium (**), low levels of sulfate
(SO 4 %), and variable concentrations of
calcium (Ca ?") and magnesium (Mg ")
(HUSSAIN et al., 2017).

In general, the changes caused in
plants by salinity are due to three main
components of salinity stress: the osmotic

effect, which promotes growth inhibition
due to the reduction in water and nutrient
absorption; the ionic effect, which results
from the accumulation of excessive
amounts of toxic ions in plant tissues,
especially Na+ and CI° (SILVA et al,
2018); and nutritional imbalance, which is
caused by the absorption of toxic ions to the
detriment of nutrients important for mineral
nutrition (SOUSA et al., 2010).

Brazil, which is the world's largest
producer and consumer of passion fruit
(Passiflora edulis Sims f.  flavicarpa
Degener), produces approximately 602,651
tons of passion fruit per year, with an area
of approximately 78,502.42 hectares, of
which 62.3% are located in Northeast China
(IBGE, 2019). However, despite the
success of cultivation in this region,
limitations related to salinity and variation
in the cationic composition of the water
prevent  even  greater  production,
highlighting the need to adopt strategies
that enable satisfactory crop production
under these conditions (LIMA et al., 2015).

The application of hydrogen
peroxide (1202) has assumed a preponderant
role as a mechanism for mitigating salt
stress in irrigated agriculture, since, at low
concentrations, this compound is capable of
acting as a signaling molecule, promoting
moderate stress conditions. Thus, under
more severe stress conditions, the signals
previously activated by H202 promote
several molecular adjustments that result in
acclimation mechanisms, such as the
activation of the antioxidant system, one of
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the main plant defense mechanisms (LI et
al., 2011; SAVVIDES et al., 2016; SILVA
etal., 2019).

Recent studies have investigated the
action of 1202 as an attenuator of salt stress
in passion fruit crops (SANTOS et al.,
2018; ANDRADE et al., 2019; SILVA et
al., 2019). However, most studies are
limited in their ability to evaluate the
effects of different levels of electrical
conductivity of irrigation water on crops.
Therefore, the present study aimed to
evaluate the growth, water relationships,
and quality of passion fruit seedlings cv.
BRS GAI as a function of irrigation with
water of different cationic natures and
exogenous application of  hydrogen
peroxide.

4 MATERIALS AND METHODS

The experiment was conducted from
January to March 2020 under greenhouse
conditions at the Center for Agro-Food
Science and Technology (CCTA), Federal
University of Campina Grande (UFCQ),
Pombal Campus, Paraiba, Brazil, with the
following local geographic coordinates:
6°48'16” S, 37°49'15” W. According to the
Koppen classification system, the climate
of the region is BSh (semiarid, hot and dry),
with an average annual temperature of 25.8

°C and rainfall of approximately 431.8 mm
per year.

A randomized block experimental
design with a 6 x 4 factorial arrangement
was used, with six cationic compositions of
irrigation water (S 1 — Control; S 2- N*; S 5 -
Ca?;S4-Na"Ca?;Ss-Mg?and S-
Na * + Ca 2" + Mg ?*; with a ratio of 1:1
between Na "+ Ca "and 7:2:1 between Na *
+ Ca 2"+ Mg ?*; and four concentrations of
hydrogen peroxide — H 2 O 2 (0, 20, 40 and
60 uM), with four replicates and two plants
per plot, for a total of 96 experimental
units. The plants in the control treatment (S
1) were irrigated with water with an
electrical conductivity (ECa) of 0.3 dS m !,
whereas the plants in the other treatments
were irrigated with water with an ECa of
3.6dSm™.

Yellow passion fruit seeds cv. BRS
GAL1 were used, and sowing was carried out
in polyethylene plastic bags measuring 25 x
30 cm, which were filled with a mixture of
soil, sand and organic matter (well-cured
cattle manure), at a ratio of 2:1:1. The soil
used as the substrate was characterized as
Neossolo Regolith (Psamments) with a
clayey loam texture, which originated from
the rural area of the municipality of Sao
Domingos, PB, and was collected at a depth
of 0-20 cm. The physical and chemical
attributes of the soil, obtained according to
the methodology of Teixeira et al. (2017),
are presented in Table 1.
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Table 1. Chemical and physical characteristics of the substrate used in the experiment before

the application of the treatments.

Chemical characteristics

pHOH 2 MO P K+ Il’l:fhe Ca 2t Mg 2+ Al Al +H"
gy (mgkg ™ e, (cmol (kg 1)
(125 @ke™) )
5.58 2.93 392 023 1.64 9.07 2.78 0.0 8.61
......... Chemical characteristics....... .....ccceeeeee... Physical characteristics......cooueeeeennnnes
CE CTC RAS  PST Granulometric fraction Humidity
) (gkg™) (dagkg ')
(dSm™' (cmol. (mmolL- 3342 1519.5
c 0 . 1 .
) ke ) )05 (%) Sand  Silt Clay (kPa (kPa )

)

2.15 22.33 0.67

7.34 572.7

100.7 326.6 2591 12.96

pH — Hydrogen potential, MO — Organic matter: Walkley -Black Wet Digestion; Ca 2" and Mg 2" extracted with
1 M KCI1 pH 7.0; Na *and K " extracted using 1 M NH 4 OAc pH 7.0; Al " +H * extracted using 0.5 M CaOAc
pH 7.0; CEes - Electrical conductivity of the saturation extract; CEC - Cation exchange capacity; RAS - Sodium
adsorption ratio of the saturation extract; PST - Percentage of exchangeable sodium; ' referring to field capacity

and permanent wilting point.

Initially, the soil moisture content
was raised to the level corresponding to
field capacity, and then sowing was carried
out using two passion fruit seeds per bag at
a depth of two centimeters, which were
distributed equidistantly. Fifteen days after
sowing (DAS), thinning was carried out,
leaving one plant per bag, the one that
visually displayed the greatest
morphophysiological vigor.

Two O2 concentrations (0, 2, 40 and
60 uM) were established according to the
methods of Andrade et al. (2019) and were
obtained by diluting 202 in deionized water
and storing it in a container in a dark
environment. Foliar applications began at
20 DAS and, subsequently, were performed
biweekly, starting at 5:00 pm, manually,
with the aid of a sprayer, aiming to obtain
complete wetting of the leaves (abaxial and
adaxial surfaces) and applying an average
volume of 2.08 mL per plant.

The water used for irrigation in the
lowest salinity treatment (0.3 dS m ') came
from the public water supply system of
Pombal - PB, whereas the ECw level of 3.6
dS m ! was prepared by dissolving sodium

chloride (NaCl), calcium (CaCl 2.2H > O),
and magnesium (MgCl 2.6H 2 0) in the water
supply. In preparing the irrigation water for the highest salinity
level, the relationship between ECw and salt
concentration, taken from Richards (1954),
was considered, according to Eq. 1:

Q (mmolc L)=10x CEa (dSm™) (1)

where Q = the quantity of salts to be
applied (mmol ¢ L ') and CEa = the
electrical conductivity of the water (dS
m™).

Irrigation was carried out daily at
5:00 p.m., and the amount of water
necessary to maintain soil moisture close to
field capacity was applied to each bag. The
volume to be applied was determined
according to the water needs of the plants,
estimated by the water balance, as per Eq. 2
(SILVA et al., 2020):

_ (Va-vad)
V=75 2)

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

Fertilization with nitrogen,
potassium and phosphorus was carried out
as recommended by Novais, Neves and
Barros (1991), at doses of 100, 150 and 300
mg kg ' of N, K20 and P 2 O s per kg of
soil, respectively, in the form of urea,
potassium chloride, and monoammonium
phosphate (MAP). Nitrogen and
phosphorus fertilization was split into two
instalments, applied at 15 and 30 DAS,
whereas potassium fertilization was divided
into three installments, applied at 15, 30,
and 45 DAS, via fertigation. To meet the
need for micronutrients, passion fruit leaves
were sprayed with 2.5 g/L Ubyfol foliar
fertilizer [N (15%); P 2 O 5 (15%); K 2 O
(15%); Ca (1%); Mg (1.4%); S (2.7%); Zn
(0.5%); B (0.05%); Fe (0.5%); Mn (0.05%);
Cu (0.5%); Mo (0.02%)] at 30 and 45 DAS.

At 60 DAS, plant height (AP), stem
diameter (DC), leaf area (AF), fresh leaf
mass (FFF), leaf dry mass (FSF), stem dry
mass (FSC), root dry mass (FSR), and total
dry mass (FST) were measured. In addition,
the leaf area ratio (RAF), specific leaf area
(AFE), root/shoot ratio (R/PA), shoot water
content (TAPA) and Dickson quality index
(IQD) were also measured.

Plant height (cm) was measured as
the distance from the plant collar to the
insertion of the apical meristem as a
reference, and DC (mm) was measured 2
cm from the plant collar. To determine the
phytomass, the plants were cut close to the
soil surface and separated into leaves,
stems, and roots. Fresh leaf phytomass
(FFF) was determined by weighing the
leaves on a 0.001 g precision scale. To
obtain dry phytomass, each plant part was
placed in properly identified paper bags and
placed in a forced circulation oven for 72
hours at 65 °C until a constant weight was
reached. This material was subsequently

weighed to obtain the dry phytomass of
leaves (FSF), stems (FSC), and roots
(FSR); the sum of these results was the total
dry phytomass (FST).

The leaf area (cm 2) was determined
according to Eq. 3, which was used by
Cavalcante et al. (2011):

AF = 5,71 + 0,647X 3)

where AF is the leaf area (cm 2) and
X is the product of the length and width of
the leaves (cm).

From the leaf area, the leaf area
ratio (RAF) was calculated via Eq. (4):

RAF = 2= 647X (4)
FST

where AF is the leaf area (cm 2) and
FST is the total plant dry mass (g).

The specific leaf area (SLA) was
quantified by dividing the leaf area (LA) by
the leaf dry matter according to Eq. 5
(BEZERRA et al., 2016):

AFE = AF/FSF (5)

where AF is the leaf area (cm ?) and
FSF is the leaf dry matter (g).

The aerial part water content (AWC)
was determined via Eq. 6:

%TAPA = FFPA — —x100 (6)

where TAPA is the water content of
the aerial part; FFPA is the fresh phytomass
of the aerial part; and FSPA is the dry
phytomass of the aerial part.

The Dickson quality index (DQI)
was estimated through the morphological
parameters of the seedlings and the
relationships used in the evaluation of the
results, according to Eq. 7, proposed by
Dickson, Leaf and Hosner (1960):
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_ (FST)
QD = (AP/DC)+ (FSPA/FSR) (7)

Dickson quality index; AP - plant
height (cm); DC - stem diameter (mm);
FST - total plant dry mass (g plant 1);
FSPA - dry phytomass of the aerial part of
the plant (g plant '); and FSR - plant root
dry phytomass (g plant ).

The data obtained were evaluated
via analysis of variance with the F test. In
cases of significance, a Scott—Knott mean
clustering test (p<0.05) was performed for
the cationic nature of the irrigation water,
and polynomial regression analysis
(p<0.05) was performed for the hydrogen
peroxide concentrations via the SISVAR-

ESAL statistical software version 5.6
(FERREIRA, 2019).

S RESULTS AND DISCUSSION

According to the summary of the
analysis of variance (Table 2), there was no
significant effect of the interaction between
the factors (NCA x H 2 O 2) on the analyzed
variables. However, the cationic nature of
the water significantly affected the FFF,
FSR and FST of the passion fruit plants cv.
BRS GAIl. The H202 concentration Significantly
influenced only the FFF of passion fruit
plants at 60 DAS.

Table 2. Summary of the analysis of variance regarding fresh leaf mass (FFF), dry leaf mass
(FSF), stem mass (FSC), root mass (FSR) and total dry mass (FST) of passion
fruit cv. BRS GAI cultivated with water of different cationic natures (NCA) and

exogenous application of hydrogen peroxide (H 2 O ») 60 days after sowing.
Mean Squares

Source of variation GL FFF FSF_FSC! FSR! FST
Cationic nature of water xox ns ns x o
(NCA) 5 2227 0.25™ 0.32 0.03 2.52
Hydrogen peroxide (H20 2) 312017 032™ 0.15™ 0.03™ 0.35™

Linear regression 1 1.37™  0.28™ 0.28™ 0.06" 0.94 ™

Quadratic regression 1 19537 021™ 0.56™ 0.02™ 0.08 ™
Interaction NCAx H 20 2) 15 1.64™ 025™ 0.28™ 0.01™ 052"
Blocks 312337 0647 045™ 0.02™ 0.52"
Residue 69 2.40 0.17 025 0.01 0.65
CV (%) 20.75  29.63 14.77 18.26 35.12

GL - degree of freedom; CV (%) - coefficient of variation; ** significant at 0.01 probability; * significant at 0.05

probability; ™ not significant. The data were transformed to the x-radius.

For the fresh phytomass of passion
fruit leaves (Figure 1A), in the treatment in
which low-salinity water was used (s1), the
FFF was significantly greater than that of
the plants subjected to irrigation with the
other treatments, with an ECa of 3.6 dS m !
(S2,S3, S4 Ssand S ). However, when
passion fruit plants were irrigated with
water consisting of Na+ (s2), Nat+ * cao+ (s4)
and Mg2+ (S5), no significant differences
were detected. Despite this, they were
statistically superior to those irrigated with

water containing Ca 2" (S 3) and those
irrigated with water containing Na "+ Ca %"
+ Mg 2" (S ), which presented the lowest
values (6.28 and 6.24 g plant !,
respectively). Thus, plants irrigated with
high-salinity water (S 2, S 3, S4, S5, and S
6) presented lower FFF values than those in
the control treatment (S 1). According to
Silva et al. (2018), plants absorb water from
the soil when there is a water potential
gradient in the soil-root relationship, that
is, when the imbibition force of the root
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tissues is greater than the force with which
water is retained in the soil. Under highly
saline conditions, however, the osmotic

effect reduces plant water uptake by
increasing water retention forces in the soil
matrix.

Figure 1. Fresh leaf phytomass (FFF) of passion fruit plants cv. BRS GAl as a function of
the cationic nature of water (A) and hydrogen peroxide concentrations (B) 60 days

after sowing.

100 4 4 (A)

e =
o o o
.
o

FFF (gplantal)

..”
=}
.

=
=

51 52 53 54 S5 56
Natureza catidonicada agua

10 - (B)
~ 97 y=80825-0,0731x+ 0,0011%*5>
5 . R2=0,5811
2 g X
=
g w
-1 i J—
&
- +
=] &6 -
571 T T !
0 20 40 60

Concentracoes de HyO, (M)

S 1—Control; S 2-N"; S ;- Ca?";S4-Na"+Ca?;Ss-Mg?"and S ¢- Na "+ Ca 2" + Mg 2'; means followed by
different letters indicate significant differences between treatments according to the Scott test.

Despite playing an important role in
the composition of the cell wall and being
an essential nutrient for plants (SA et al.,
2018), irrigation with water containing
calcium resulted in the lowest accumulation
of fresh leaf phytomass. According to
Martins et al. (2019), excess “*>* can cause
redirection to precipitation reactions with
other elements, such as sulfur and
phosphorus, in addition to competing for
the same active absorption sites of
nutrients, such as potassium, which are also
important for plant growth.

For the FFF of passion fruit plants
under the exogenous application of H202,
quadratic behavior was observed (Figure
1B), with the maximum estimated value
(8.26 g plant ') obtained in the control
treatment, that is, the absence of mo2. On
the other hand, the lowest FFF
accumulation (6.54 g plant ') was achieved
when 20 pM m202 was used. Hydrogen
peroxide is a reactive oxygen species (ROS)
that is characterized as a reduced form of
molecular oxygen and has been identified
as one of the most important intracellular

signaling agents capable of controlling
several 1important processes for plant
development (DAS; ROYCHOUDHURY,
2014; ANDRADE et al., 2018).

The relatively high concentrations
of mo2 (40 and 60 pM) used in this study
may have triggered tolerance mechanisms
to maintain the cellular water potential,
allowing stability in FFF, but not high
enough to cause toxic effects on this
variable. This may have occurred because
the amount of w202 capable of promoting
negative or positive effects on plants
depends on several factors, since the
mechanisms involved in plant tolerance are
quite complex and are related to several
genes (PARIDA; DAS, 2005), which can
promote responses according to the type of
genotype,  development  stage,  soil
composition, light, temperature, and
relative humidity, among other factors
(BRAY; BAILEY-SERRES;
WERETILNYK, 2000).

The FSR of passion fruit plants
irrigated with low-salinity water (S 1) was
statistically greater (0.39 g plant ') than
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that of plants irrigated with waters of
different cationic compositions (Na *; Ca 2*;
Na *+ Ca ?"; Mg ?and Na "+ Ca " + Mg
%) (Figure 2A). When the different cationic
compositions were compared, there was no
significant difference between them. Thus,
the decrease in the FSR of passion fruit
plants may be more related to the
consequences of osmotic and ionic effects
than to the different cationic natures of the
irrigation water. This result was also

reported by Diniz et al. (2020), who studied
the dry matter of the roots of yellow
passion fruit cv. GA1 subjected to different
levels of ECa (0.3, 1.0, 1.7, 2.4 and 3.1 dS
m ) in irrigation water prepared with NaCl
and reported linear decreases in this
variable as the salinity level increased, with
a reduction of 31.01% between the lowest
salinity level (0.3 dS m 1) and the highest
stress level (3.1 ds 1.

Figure 2. Root dry matter — FSR (A) and total — FST (B) of passion fruit plants cv. BRS
GALI, as a function of the cationic nature of water, 60 days after sowing.
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S 1—Control; S ,-N*; S3-Ca?;S4-Na*+Ca?;Ss-Mg? and S ¢- Na*+ Ca 2" + Mg **; means followed by
different letters indicate significant differences between treatments according to the Scott test.

The roots in direct contact with the
high-salinity soil mixture are the first
regions affected by the effects of stress and,
consequently, constitute the first line of
defense of plants (LI; LI; LI, 2017; LIMA
et al., 2020). This defense is a tolerance
mechanism in which the plant restricts root
elongation, thus reducing its phytomass,
which allows the species to reduce water
absorption and, consequently, salts,
mitigating toxicity via specific ions (ARIF;
ISAM; ROBIN, 2019).

Regarding the effects of the
different cationic compositions, the FST of
passion fruit seedlings (Figure 2B) from
plants irrigated with low-salinity water (s1)
consisting of Na+ (s2) and Na2+ + Ca2+ +
Mg2+ (S6) was significantly greater than
the FST of seedlings that received cax+ (s3),

Nat + Ca2+ (S4), and Mg2+ (s5)- Although sodium
(M**) is considered one of the main causes
of toxicity resulting from the ionic effect of
salt stress, the FST of plants irrigated with
water consisting only of this ion (s2) did not
significantly differ from the FST of plants
irrigated with low-salinity water (test).
Souza et al. (2020) also reported small
restrictions in the FST of yellow passion
fruit cv. BRS Gigante Amarelo under
irrigation with saline water prepared with
sodium chloride (NaCl), even in the highest
salinity treatment (4.0 dS ), at 90 DAS.
This may indicate that cv. BRS GA1
is tolerant to saline stress during the
seedling formation phase, as reported by
Moura et al. (2016), Andrade et al. (2018),
and Souza et al. (2020). However, in the
cultivars BRS Sol do Cerrado and BRS
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Redondo Amarelo, Bezerra et al. (2016)
reported that initial growth, analyzed
through phytomass parameters (leaf dry
matter, root dry matter, and total dry
matter), was extremely sensitive to stress
caused by irrigation with saltwater prepared
with NaCl, with the largest decreases
occurring from an ECw of 2.0 dS m ..
According to Sé& et al. (2013), salinity
tolerance commonly varies substantially
even among cultivars of the same species

since genotypes have distinct physiological
and nutritional needs.

According to the summary of the
analysis of variance (Table 3), there was a
significant effect of the interaction between
the factors (NCA x H » O ») for the AF and
RAF of the passion fruit plant. The cationic
nature of the water significantly affected the
AP, DC, AF and RAF. The m202 concentration
promoted a significant difference in the AF
leaf area of passion fruit cv. BRS GAl at
60 DAS.

Table 3. Summary of the analysis of variance for plant height (AP), stem diameter (DC), leaf
area (AF) and leaf area ratio (RAF) of passion fruit cv. BRS GA1 cultivated with
water of different cationic natures (NCA) and exogenous application of hydrogen
peroxide (H 2 O ») 60 days after sowing.

Source of variation GL

Mean Squares

AP A.D AF RAF
Cationic nature of water (NCA) 5 31,327 0637 17231.74  0.03"
Hydrogen peroxide (H202) 3 24.18™ 029" 13341.07° 0.00™
Linear regression 1 026™ 0.67° 405007 0.00 ™
Quadratic regression 1 21.11™ 0.12™ 5739.83™ 0.00™
Interaction (NCA x H, 0 ») 15 11.37™ 0.15™ 7504.67° 0.00"
Blocks 3 1671™ 075" 1573252  0.00™
Residue 69 10.52 0.14 3540.53 0.00
CV (%) 18.98 12.57 2647 8.73

GL = degree of freedom; CV (%) = coefficient of variation; **

significant at the 0.01 probability level; *

significant at the 0.05 probability level; ™ not significant. The data were transformed to the x-radius.

The AP of passion fruit cv. BRS
GA1l irrigated with water of calcium
composition (S 3) differed significantly
from those irrigated with water of low ECa
(S 1) and other cationic natures of water (S
2; S3; S4; Ssand S 6) (Figure 3A), with the
highest values (18.99; 16.5; 17.70; 17.37
and 17.15 cm) obtained in plants subjected
to treatments S 1, S 2, S 4, S s and S &,
respectively. The lowest AP value (14.76
cm) was observed in plants subjected to
saltwater with a calcium composition (S 3).
The reduction may be related to the

redirection of “*** to precipitation reactions
with other salts or even to competition for
active sites with other nutrients (MARTINS
et al., 2019). The plants irrigated with water
with a calcium composition were the most
affected in terms of most of the biomass
and growth variables evaluated. However,
this result differs from what is generally
reported in the literature for other cultivars
and species, since plants irrigated with
water supplemented with calcium salts tend
to grow taller, especially at relatively high
salinity levels (COSTA et al., 2005).
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Figure 3. Plant height — AP (A) and stem diameter (B) of passion fruit plants cv. BRS GAI as
a function of the cationic nature of the water 60 days after sowing.
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According to the mean comparison
test (Figure 3B), the DC of passion fruit
plants irrigated with low-salinity water
(Test) was significantly greater than the DC
(3.39 mm) of plants irrigated with water of
different cationic natures (s2, S3, S4, S5 and
S6). This finding indicates that the high salt
content of waters with an ECw of 3.6 d Sm
"I regardless of the cationic combination of
irrigation water, negatively affected stem
diameter. The decreases in DC with
irrigation with high-conductivity water may
be associated with the reduction in the
osmotic-water potential of the soil solution
caused by excess salt in the root zone,
which promotes a decrease in turgor and
consequently results in a reduction in cell
expansion (KHALID; SILVA, 2010).

This variable is considered one of
the most relevant in the seedling production
process, since, according to Diniz et al.
(2018), seedlings with high stem diameters
tend to stand out in the field owing to their
vigor. Similar results were obtained by
Andrade et al. (2019), who evaluated the
stem diameter growth of a yellow passion
fruit cultivar  popularly known as

“Guinezinho” under irrigation with saline
water prepared with Na "+ Ca 2" + Mg 2" (at
a ratio of 7:2:1) and exogenous application
of hydrogen peroxide (0; 20; 40 and 60
puM) and reported that the DC was
negatively affected by irrigation with water
with an ECw ranging from 2.8 dS m ™!,

The interaction between the factors
(NCA x H202) revealed that the absence of
the exogenous application of H202 at a
concentration of 20 pM did not
significantly influence the AF of passion
fruit plants, regardless of the cationic nature
of the water (Figure 4A). However, when
the leaf area of plants that received 40 pM
H202 was compared, plants that received
low-ECw water (Test), water prepared with
Nat (s2), Nat * cao+ (s4) and Nat+ * Ca2+ +
Mg2+ (S6) were superior, whereas the
water containing only ca+ (s3) and mg2+ (s5)
presented the lowest AF values (163.29 and
200.51 ™). The plants that received the
highest concentration of w02 (60 pM)
presented the lowest leaf area wvalues
(166.52 and 129.37 “™) when they were
cultivated with water containing cax+ (s3)
and Na+ " cao+ + Mg2+ (s6), Tespectively.
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Figure 4. Leaf area — AF (A) and leaf area ratio (RAF) of passion fruit plants cv. BRS GA1l
as a function of the interaction between the cationic nature of the irrigation water
and the hydrogen peroxide concentration 60 days after sowing.
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In general, H202 concentrations of 40 and
60 uM promoted greater leaf area growth
(328.82 and 308.05 “™, respectively) in
plants in the control treatment, that is, in
plants grown under low irrigation water
salinity (0.3 dS m ). Gohari et al. (2020)
reported that the application of m02 at ideal
concentrations and under normal conditions
(low salinity) activates signal transduction
pathways that regulate several physiological
processes, increasing plant tolerance and
consequently improving plant growth. The
H202 concentration Of 40 UM resulted in greater
AF growth in plants irrigated with water
supplemented with sodium (s2), sodium or
calcium (S4) and in those supplemented
with sodium, calcium, or magnesium (ss).
In plants that received exogenous
application of w202 at a concentration of 60
uM, the greatest growth in AFs was
observed when water containing sodium
(s2), sodium and calcium (s4), and
magnesium (ss) was used.

The 202 concentration was able to
mitigate the negative effects of calcium-
containing water (s3) on the AF of passion
fruit plants, since the highest AF value of
plants irrigated with only calcium (212.4
m2) was observed at a concentration of 0
UM m202, that is, in the absence of hydrogen
peroxide. As previously reported, high
amounts of “" can become harmful by
competing with other essential nutrients for

plant growth, such as potassium, in addition
to participating in precipitation reactions
with sulfur and phosphorus (MARTINS et
al., 2019).

According to Nobre et al. (2014),
the reduction in AF under high-salinity
circumstances is extremely relevant for
maintaining plant water potential, as it
reduces the transpiring surface area and,
consequently, reduces water loss. Silva et
al. (2019) studied the effects of the
interaction between salinity levels (0.7, 1.4,
2.1 and 2.8 dS m D ™4 5, concentrations
(0 uM, 25 puM, 50 uM) on passion fruit
plants and reported that a concentration of
25 uM n202 promoted an increase in the AF
of plants irrigated with water with an ECw
of 1.4 dS -'. However, importantly, the
authors used water with an ECw lower than
that used in the present study.

For RAF (Figure 4B), the absence of
exogenous 202 (0 uM) did not significantly
influence passion fruit plants, regardless of
the cationic nature of the water. However,
concentrations of 20, 40, and 60 uM m202
increased the RAF of plants irrigated with
water with a sodium composition (s2),
whereas a concentration of 20 uM w02
reduced the RAF of plants irrigated with
water consisting of Na ™ + ca+ + Me2+ (56)-
According to Azevedo Neto and Tabosa
(2000), RAF is a wvariable of great
importance in the differentiation of the
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characteristics of tolerance or sensitivity to
salinity in a cultivar, since plants with
higher RAF present high transpiration and,
consequently, greater water demand and a
higher concentration of Na * ™ and/or CI -
in the aerial part. This finding is evident at
concentrations of 20, 40 and 60 puM mo2,
where the highest RAF values were
observed in plants irrigated with water
containing Na+ (0.76, 0.77, and 0.85 cm > g
1 respectively).

According to the summary of the
analysis of variance (Table 3), there was a
significant effect of the interaction between
the factors (NCA x H » O 2) on the R/PA,
TAPA, and IQD of the passion fruit
seedlings. The cationic nature of the water
significantly affected the AFE, R/PA,
TAPA, and IQD, whereas the H202
concentration significantly affected the IQD
of the passion fruit cultivar 'BRS GAL1' at
60 DAS.

Table 4. Summary of the analysis of variance results for the specific leaf area (SLA),
root/shoot ratio (R/AP), shoot water content (APAP) and Dickson quality index
(DQI) of passion fruit cv. BRS GALl cultivated with water of different cationic
natures (NCA) and exogenous application of hydrogen peroxide (H202) 60 days
after sowing.

Mean Squares

Source of variation GL AFE R/PA COVER 1QD
1

Cationic nature of water (NCA) 5 54143 012* 101:1.32 0.28 **
Hydrogen peroxide (H202) 3 152.66™ 0.01™ 4417™  0.02°
Linear regression 1 330.33™ 0.00™ 471" 0.01™
Quadratic regression 1 60.60™ 0.02™ 29.64™ 0.01"™
Interaction NCAxH202) 15 333.66™ 0.05* 2225%  0.047
Blocks 30 1L oom 366 0.00™

Residue 69  217.22 0.02 12.25 0.00
CV (%) 8.96 19.14 4.52 42.25

GL = degree of freedom; CV (%) = coefficient of variation; ™ significant at the 0.01 probability level; *

significant at the 0.05 probability level; ™ not significant.

In terms of the AFE (Figure 5A), it
was possible to observe superiority in
plants that were grown with water
consisting of Na+ (S ) and Na+ * Ca ** +
Mg 2* (S ), whose values were 172.4 and
170.3 cm ?/g, respectively. The AFE is an
indicator of leaf thickness and plays a
fundamental role in representing the
compensation between resource

accumulation and the constraints imposed
by the leaf structure (NANDY et al. 2007).
As stress reduces the water content in the
plant, its cells contract, and the turgor
pressure against the cell walls decreases,
which makes the plasma membrane thicker
and more compressed, covering a smaller
area than before (BEZERRA et al., 2016).
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Figure 5. Specific leaf area—AFE (A) and R/PA (B) of passion fruit plants cv. BRS GA1—
as a function of the interaction between the cationic nature of the irrigation water
and the hydrogen peroxide concentration 60 days after sowing.
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The absence of  exogenous
application of hydrogen peroxide (0 uM)
did not significantly influence the R/PA of
passion fruit plants, regardless of the
cationic nature of the water (Figure 5B).
Under the exogenous application of 20 uM
202, the root/shoot ratio was more affected
when the plants were irrigated with water
containing wmg+ (s5). At relatively high
concentrations of m202 (40 and 60 uM), the
highest values (0.48 and 044 g g -1,
respectively) were obtained for the plants
that were irrigated with water supplemented
with sodium (S 2).

According to Cavalcante et al.
(2009), shoot growth and behavior are
directly related to root growth and behavior,
reflected in the root/shoot ratio. Thus, it is
believed that higher peroxide
concentrations associated with high Na+
(S2) 1evels increase the sensitivity of passion
fruit shoots relative to the root system,
reflecting an important mechanism for
optimizing water and nutrient absorption by
roots. This situation demonstrates that the

stress caused by hlgh Na+ levels led to competition

for the distribution of assimilates between the two parts and that
a

40 and 60 pM H202 were more effective at
mitigating salt stress.

“and CI ions are the main causes of
ionic stress on plant growth, as found by

Aratjo et al. (2013), who, when analyzing
the height growth of yellow passion fruit
plants (P. edulis f flavicarpa) under
different levels of NaCl-conditioned stress
(0.3, 1.2, 2.1 and 3.2 dS m ), reported a
reduction of 28.42% from the lowest CEa
level (0.3 dS m ") to the highest CEa level
(3.2dSm™).

With respect to TAPA, a higher
water content in the aerial parts of plants
irrigated with low-salinity water was
observed, regardless of the H202 concentration
(Figure 6A). Similarly, at all H202 concentrations
(0, 20, 40 and 60 uM), plants irrigated with
water with a sodium content (s2) presented
the lowest values (62.53, 60.37, 70.26, and
58.38%, respectively). These results
suggest that the use of sodic water has a
greater deleterious effect on TAPA,
regardless of the H202 concentration used,
whereas concentrations of 40 and 60 uM
H202 were able to reverse the effects of
salinity stress caused by irrigation with
water consisting of Na ¥ + ca+ + M2+ (S6).
Under conditions of high salinity, especially where Na+ ions
prevail, there is a reduction in water
availability due to the osmotic effect
resulting from salinity stress, which
prevents the movement of water from the
site with the greatest osmotic potential to
the lowest (BARROS et al., 2010).
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Figure 6. Water content in the aerial part - TAPA (A) and Dickson quality index — IQD (B)
of passion fruit plants cv. BRS GA1, as a function of the interaction between the
cationic nature of the irrigation water and the hydrogen peroxide concentrations 60

days after sowing.
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For the DQI of passion fruit plants
cv. BRS GAIl (Figure 6B), at all hydrogen
peroxide concentrations (0 uM, 20 uM, 40
uM and 60 puM), the plants irrigated with
water with the lowest salinity (test)
presented the highest values (0.33, 0.52,
0.33 and 0.79, respectively). According to
Eloy et al. (2013), the Dickson quality
index is an excellent indicator of seedling
quality, considering several important
morphological ~ parameters, such as
robustness and balance of phytomass
distribution, since only seedlings with a
DQI greater than 0.2 are considered good
quality. In this sense, it is possible to infer
that hydrogen peroxide promoted seedlings
with potential for field transplantation in all
low salinity treatments (Test), especially at
a concentration of 60 uM, where the IQD
was significantly greater than that of the
other concentrations (0.79).

With respect to plants irrigated with
different cationic compositions and high
salinity levels (ECa 3.6 dS m '), the
concentration of 0 puM m02, that is, the
absence of H202, promoted the highest DQI
of plants irrigated with water with a
calcium composition (0.26) compared with
the other concentrations. The
concentrations of 20 and 40 uM n202 did not

(B)

0.00 -

40
Concentracoesde H,O, (uM)
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result in significant differences for waters
with different cationic natures; however,
they were able to increase the DQI of plants
irrigated with water consisting of Na ™ ca2+ +
Mmg2+ (s6) to sufficiently high levels (0.28 and
0.21, respectively) to be considered good-
quality seedlings, since values above 0.2
were obtained. At a concentration of 60 uM
H202, only the plants in the control treatment
(Sl) presented a satisfactory DQI (0.79), which was significantly
greater than that of the other control treatments at all H202
concentrations studied.

Notably, the increase in mo2
concentrations associated with the different
cationic compositions of the irrigation
water negatively interfered with the DQI of
passion fruit plants cv. BRS GAl,
indicating that, despite the increase in leaf
area, hydrogen peroxide was not able to
minimize the effects of salt stress on this
variable. To corroborate the results of the
present study, Diniz et al. (2020), when
analyzing the quality of yellow passion fruit
seedlings cv. BRS GAL irrigated with water
of different levels of ECw (0.3; 1.0; 1.7; 2.4
and 3.1 dS m 1) prepared with NaCl,
reported that the highest stress level (3.1 dS
m ') reduced the IQD of the plants by
26.54% in relation to those irrigated with
water of lower salinity (0.3 dS m ™).
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6 CONCLUSIONS

The use of water with a sodium
composition has deleterious effects on the
growth and water relationships of passion
fruit cv. BRS GA1".

H202 concentrations of 40 and 60
uM promoted an increase in the sensitivity
of the aerial part of the passion fruit plant in
relation to the root system, indicating that
H202 is a mechanism of acclimatization to
salinity stress.

It is possible to form passion fruit
seedlings cv. BRS GA1 with acceptable
quality for the field under a water salinity of
3.6 in the cationic composition of Na "+ Ca
2* + Mg ' and exogenous application of
H202 at concentrations or20 and 40 uM.
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