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ABSTRACT: The study was carried out to evaluate the photosynthetic efficiency and growth of yellow 
passion fruit, cultivated under different levels of irrigation water salinity and exogenous application of 
hydrogen peroxide. The experiment was carried out in greenhouse of the Universidade Federal de Campina 
Grande, PB, Brazil, using drainage lysimeters with capacity for 100 dm3, filled with Entisol of sandy texture. 
The experimental design was randomized blocks using a 4 x 4 factorial scheme, with three repetitions, 
corresponding to four water salinity (0.7; 1.4; 2.1 and 2.8 dS m-1) and four concentrations of hydrogen peroxide 
(0, 20, 40 and 60 µM). The different concentrations of hydrogen peroxide were applied by soaking the seed for 
a period of 24 h and spraying the leaves on the adaxial and abaxial sides. At 35 days after transplanting, the 
interaction between water salinity and hydrogen peroxide concentrations did not significantly interfere with 
plant physiology and growth, except for the number of leaves. The hydrogen peroxide did not cause significant 
effects on any of the evaluated plant variables. Increasing salinity of irrigation water led to reduction in gas 
exchanges at 61 and 96 days after transplanting. Water salinity inhibited the CO2 assimilation, transpiration, 
stomatal conductance, instantaneous carboxylation efficiency and stem diameter of passion fruit plants.
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Trocas gasosas e crescimento do maracujazeiro sob irrigação
com águas salinas e aplicação de H2O2

RESUMO: O trabalho foi realizado com o objetivo de avaliar a eficiência fotossintética e crescimento do 
maracujazeiro amarelo, cultivado sob diferentes níveis de salinidade da água de irrigação e aplicação exógena 
de peróxido de hidrogênio. O experimento foi conduzido em casa de vegetação da Universidade Federal de 
Campina Grande, PB, utilizando-se lisímetros de drenagem, com capacidade de 100 dm3 preenchidos com 
Entisol de textura franco-arenosa. O delineamento experimental foi em blocos casualizados empregando o 
esquema fatorial 4 x 4, com três repetições, sendo quatro águas salinas (0,7; 1,4; 2,1 e 2,8 dS m-1) e quatro 
concentrações de peróxido de hidrogênio (0, 20, 40 e 60 µM). As distintas concentrações de peróxido de 
hidrogênio foram aplicadas via embebição da semente por um período de 24 h e pulverização das folhas 
nas faces adaxial e abaxial. Aos 35 dias após o transplantio, a interação salinidade da água × concentrações 
de peróxido de hidrogênio não interferiu significativamente sobre a fisiologia e o crescimento das plantas, 
exceto sobre o número de folhas. O peróxido de hidrogênio não exerceu efeitos significativos em nenhuma das 
variáveis avaliadas das plantas. O aumento da salinidade da água de irrigação promoveu redução nas trocas 
gasosas aos 61 e 96 dias após o transplantio. A salinidade das águas inibiu a assimilação de CO2, transpiração, 
condutância estomática e eficiência instantânea da carboxilação e o diâmetro caulinar das plantas.
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Introduction

Passion fruit is cultivated in countries of tropical and 
subtropical climate, belonging to the Passifloraceae family, of 
the genus Passiflora (Coelho et al., 2016). In Brazil, the yellow 
passion fruit (Passiflora edulis F.) in 2016 was cultivated in 
49,889 ha and 703,489 t were harvested, with mean yield of 
14.10 t ha-1 (IBGE, 2016). Brazil is the world’s largest producer 
and consumer of passion fruit, mainly due to the favorable 
edaphoclimatic conditions for its growth, development and 
production of tasty fruits (Mendonça et al., 2006).

In passion fruit cultivation, irrigation promotes quantitative 
and qualitative gains, due to increases in the levels of yield, 
uniformity, continuity of production and improvements in 
external and internal attributes of the fruits (Freire et al., 
2010). However, in the semiarid region of Northeast of Brazil, 
the occurrence of waters with high salinity is common and 
becomes an obstacle for the establishment of crops in this 
region (Cavalcante et al., 2011), because excess of salts in the 
irrigation water causes several effects on plants, especially 
reduction in the osmotic potential of the soil solution, 
nutritional imbalance due to the high ionic concentration, 
particularly sodium, inhibiting the absorption of other 
nutrients, and the toxic effect of ions, mainly chloride, sodium 
and boron (Bosco et al., 2009).

Some studies have been carried out and highlight the 
negative effects of salinity on passion fruit, such as Freire et al. 
(2012), who evaluated the growth of plants under salt stress and 
biofertilization in protected environment subjected to water 
restrictions and found inhibition of plant growth regardless 
of biofertilizer addition, as well as Bezerra et al. (2016), who 
recorded a reduction in the growth of ‘BRS Sol do Cerrado’ 
and ‘Redondo Amarelo’ passion fruit genotypes subjected to 
irrigation with high-salinity water.

Investing in the development of research aimed at seeking 
other alternatives to mitigate the negative effects of water 
with high levels of salts on crops is a necessity. Among the 
mechanisms used to attenuate salt stress on plants, acclimation 
stands out, which consists of a process in which the previous 
exposure of seeds and/or plants to a certain type of stress 
causes metabolic changes that are responsible for increasing 
its tolerance to a new exposure to the stress (Gondim et al., 
2011). Thus, exogenous application of low concentrations of 
hydrogen peroxide (H2O2) emerges as a viable alternative for 
acclimation to minimize the problems caused by salt stress. 
Studies have reported beneficial action of the application of 
low H2O2 doses, such as Azevedo Neto et al. (2005) in the 
pre-treatment of maize seedlings and Wahid et al. (2007) in 
pre-treatment of wheat seeds to induce tolerance to salinity. 

In the literature, there are few reports on the use of peroxide 
in yellow passion fruit. Thus, due to the socioeconomic 
importance of this crop in the various producing regions of 
Brazil and the effects caused by salinity, especially in Northeast 
of Brazil, it is essential to identify techniques that favor its 
cultivation under semiarid conditions. This study aimed to 
evaluate the effects of exogenous application of H2O2 on the 
gas exchanges and growth of yellow passion fruit irrigated 
with saline water.

Material and Methods

The study was conducted between September 2017 and 
April 2018 under greenhouse conditions, at the Centro de 
Tecnologia e Recursos Naturais da Univerisdade Federal de 
Campina Grande (CTRN/UFCG), Campina Grande, PB, 
Brazil, located by the geographic coordinates 7° 15’ 18” S, 35° 
52’ 28” W and average altitude of 550 m.

The experimental design was randomized blocks in a 4 
x 4 factorial arrangement, and treatments resulted from the 
combination of four irrigation water electrical conductivity - 
ECw (0.7; 1.4; 2.1 and 2.8 dS m-1) and four concentrations of 
hydrogen peroxide (0; 20; 40 and 60 µM), with three repetitions, 
totalizing 48 experimental units, which were constituted by 
one plant growing in a plastic recipient of 100 dm3.

The water salinities were obtained so as to have an 
equivalent proportion of 7:2:1, for Na:Ca:Mg, respectively, 
which prevails in sources of water commonly used for 
irrigation in small properties of the Northeast region of 
Brazil (Medeiros, 1992), adjusting to the concentrations of 
the available supply water.

Irrigation waters were prepared considering the 
relationship between ECw and the concentration of salts 
(mmolc L

-1 = 10 * ECw dS m-1), according to Richards (1954). 
After preparation and calibration of ECw, using a portable 
conductivity meter, the waters were stored in 200-L plastic 
pots, properly protected to avoid evaporation, entry and 
contamination with materials that may compromise its quality. 

Treatment with hydrogen peroxide concentrations was 
performed by soaking the seeds prior to sowing and by spraying 
the leaves of seedlings on the adaxial and abaxial sides, with the 
same concentrations (167 mL of H2O2 solution plant-1), at 15-
day intervals until the flowering stage (when each plot had at 
least one open flower) using a backpack sprayer. 

The passion fruit seeds used were those of the yellow variety, 
traditionally cultivated in the municipality of Nova Floresta, 
PB, Brazil (6° 27’ 17” S; 36° 12’ 11” W) and commonly known 
as Guinezinho, due to the spots on the rind similar to those 
existing on the feathers of a bird locally known as ‘galinha 
Guiné’ (Helmeted guineafowl - Numida meleagris) (Medeiros 
et al., 2016). These seeds came from fruits of a commercial 
orchard, extracted from plants subjected to the mass selection 
in the above-mentioned municipality and standardized on 
vigor and health.

To obtain the seedlings, four seeds were planted in pots 
(Citropote®) with capacity for 6 dm3, filled with substrate, 
composed of a mixture of 84% soil, 15% sand washed with 
supply water and 1% organic compost (earthworm humus). 
After seedling emergence, which occurred at seven days 
after sowing, thinning was performed, leaving only the most 
vigorous plant in each pot, when its main stem had reached 
10 cm height. Since sowing, irrigation was performed with 
each type of water used to grow the plants and the different 
concentrations of hydrogen peroxide were applied before 
sowing, by soaking the seed in water corresponding to each 
level of salinity, for a period of 24 h, and by spraying the leaves 
on the adaxial and abaxial sides during the seedling production 
period, at 30 and 45 days after sowing (DAS).
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At 65 days after sowing, when the main stem was 
approximately 35 cm in height, the plants were transplanted to 
plastic pots, adapted as drainage lysimeters with capacity for 
100 dm3, filled with a 0.5-kg layer of crushed stone, followed 
by 100 kg of an Entisol of sandy texture, collected in the 0-20 
cm layer, from the rural area of the municipality of Lagoa 
Seca, PB, Brazil.

The chemical and physical characteristics were obtained 
according to the methodologies proposed by Embrapa (2017): 
Ca2+ = 1.60 cmolc kg-1; Mg2+ = 3.66 cmolc kg-1; Na+ = 1.60 cmolc kg-1; 
K+ = 2.22 cmolc kg-1; H++Al3+ = 1.93 cmolc kg-1; organic 
matter = 1.36%; P = 6.80 mg kg-1; pH in water (1:2.5) = 5.90; 
electrical conductivity of the saturation extract = 1.0 dS m-1; 
exchangeable sodium percentage = 1.87%; sand = 733 g kg-1; 
silt = 142 g kg-1; clay = 125 g kg-1; moisture content at 33.42 kPa 
= 11.98 dag kg-1; moisture content at 1519.5 kPa = 4.32 dag kg-1. 

The base of each lysimeter was connected to a 4-mm-
diameter transparent drain and received a nonwoven geotextile 
(Bidim OP 30) to avoid clogging by soil material. A plastic 
bottle was placed below each drain to collect the leachate and 
estimate water consumption by the plant.

The spacing was 1.50 m between rows and 2.20 m between 
plants, using a trellis system with non-barbed wire n° 14, set 
up inside the greenhouse, 2.40 m from the floor and 1.60 m 
from the lysimeter soil. This trellis system served to support 
passion fruit plants and sisal strings were used to guide plants 
to the trellis system.

When plants were 1.70 m tall, their apical buds were 
pruned to induce the production of the secondary branches, 
conducted one to each side on the trellis up to a length of 1.10 m. 
The apical bud was pruned again to induce the production of 
tertiary branches, which were conducted up to 30 cm from 
the soil, forming a curtain and producing inflorescences, 
which originated the fruits. 

During the experimental period, tendrils and branches that 
were competing for light, water and nutrients were eliminated 
in order to promote the development of the crop. Since plants 
were grown in a closed environment (greenhouse), pollination 
was performed manually from 12:00 h.

Prior to transplanting, the water volume required for the 
soil to reach field capacity was determined. After transplanting, 
irrigation was performed every day at 17:00 h, applying in 
each lysimeter the water according to the treatments, in order 
to maintain soil moisture close to field capacity. The volume 
to be applied was determined based on water requirement 
of plants, estimated by water balance: volume applied minus 
volume drained in the previous irrigation, plus a leaching 
fraction of 0.15.

Fertilization was performed as recommended by São José 
et al. (2000), applying 250 g of single superphosphate and 
100 g of potassium chloride before planting. Topdressing 
fertilization at early flowering (116 DAT) consisted of 150 g of 
single superphosphate per plant. Fertilization with nitrogen 
and potassium was performed monthly, also as topdressing, 
according to Santos et al. (2001), using ammonium sulfate 
and potassium chloride as the sources of nitrogen and 
potassium, respectively. In the vegetative stage of the crop, 
the ratio of 1N:1K was used, considering the quantity of 10 g 

of nitrogen as reference. From the beginning of flowering, the 
N dose was elevated to 20 g and K dose to 30 g, increasing the 
N:K ratio to 1:1.5. 

At 61 and 96 days after transplanting (DAT), CO2 
assimilation rate (A), transpiration (E), stomatal conductance 
(gs), internal CO2 concentration (Ci), instantaneous water 
use efficiency (WUEi) (A/E) and instantaneous carboxylation 
efficiency (CEi) (A/Ci) were evaluated using the portable 
photosynthesis meter “LCPro+” from ADC BioScientific Ltd.

The growth of passion fruit was evaluated at 8, 35, 73 and 
105 DAT, through the determination of individual values of 
stem diameter (SD) at 35, 73 and 105 DAT, using a caliper, 
and number of leaves (NL) at 35 and 73 DAT, disregarding 
those smaller than 2 cm. These data were used to obtain 
the absolute growth rate (AGRsd) and relative growth rate 
(RGRsd) within the intervals from 8 to 35, from 8 to 73 and 
from 8 to 105 DAT, by adapting the procedures presented by 
Benincasa (2003), according to Eqs.1 and 2.

( )
( )

SD2 SD1
AGRsd

t2 t1
−

=
−

( )
( )

lnSD2 lnSD1
RGRsd

t2 t1
−

=
−

where:
AGRsd - absolute growth rate of stem diameter, mm d-1;
SD1 	 - stem diameter, mm, at time t1;
SD2 	 - stem diameter, mm, at time t2;
RGRsd - relative growth rate of stem diameter, mm mm-1 d-1; 

and,
ln 	 - natural logarithm.	

The data collected were subjected to analysis of variance by 
F test at p ≤ 0.05 probability level and, when significant, linear 
and quadratic polynomial regression analysis was performed 
using the statistical program Sisvar (Ferreira, 2011). When 
data heterogeneity occurred, verified by the coefficients of 
variation, exploratory data analysis was performed, with data 
transformation to √x.

Results and Discussion

The interaction between factors (SL x H2O2) did not 
significantly interfere with the gas exchange variables analyzed 
at 61 and 96 DAT (Table 1), and no significant effect (p > 0.05) 
was observed by the concentrations of hydrogen peroxide 
(H2O2). On the other hand, there was significant influence 
of irrigation water salinity on the variables CO2 assimilation 
rate (A) and transpiration (E) at 61 and 96 DAT, stomatal 
conductance (gs) at 61 DAT and instantaneous carboxylation 
efficiency (CEi) at 96 DAT.

According to the regression equations (Figures 1A, B, C and 
D), there was a decreasing linear response with reductions of 
19.30 and 18.26% in A, 16.01 and 12.78% in E, 15.37% in gs 
and 28.79% in CEi, per unit increase in the irrigation water 
electrical conductivity, that is, plants irrigated with 2.8 dS m-1 

(1)

(2)
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Table 1. Summary of F test for CO2 assimilation rate (A), transpiration (E), internal CO2 concentration (Ci), stomatal conductance 
(gs), instantaneous carboxylation efficiency (CEi) and instantaneous water use efficiency (WUEi) of yellow passion fruit under 
saline water irrigation and exogenous application of hydrogen peroxide, at 61 and 96 days after transplanting

ns, **, * - respectively not significant, significant at p ≤ 0.01 and at p ≤ 0.05; 1data transformed to √ X

*,* * - Significant at p ≤ 0.05 and at p ≤ 0.01 by F test

Figure 1. CO2 assimilation rate - A (A) and transpiration - E 
(B) at 61 and 96 DAT, stomatal conductance - gs (C) at 61 DAT 
and instantaneous carboxylation efficiency - CEi (D) at 96 DAT, 
in yellow passion fruit under saline water irrigation – ECw

water had a reductions of 46.86 and 43.95% in A, 37.87 and 
29.48% in E, 36.17% in gs and 75.73% in CEi, compared to 
plants that received 0.7 dS m-1 water.

These reductions observed in A, E, gs and CEi may be 
consequences of the osmotic effect caused by the excess of 
salts in irrigation water, increasing the concentration of salts 
in the soil. This compromises water absorption by the roots, 
leading the passion fruit plant to reduce its stomatal opening 
to avoid water loss, consequently reducing transpiration and 
also its photosynthetic rate. In a study on quantum yield and 
gas exchange in yellow passion fruit under water salinity, 
biofertilization and mulching, Freire et al. (2014) found 
conflicting results at the beginning of the flowering stage 
(92 DAT), and the increment in salinity had no influence 
on CO2 assimilation rate (A), transpiration (E) and stomatal 
conductance (gs).

The instantaneous carboxylation efficiency (CEi) expresses 
the relationship between the CO2 assimilation rate (A) and the 
internal CO2 concentration (Ci). Its reduction observed at 96 DAT 
can be justified, although not being significant, due to the tendency 
of increase in Ci from 169.91 to 221.91 μmol CO2 m

-2 s-1 and of 
reduction in A from 4.83 to 2.58 μmol CO2 m

-2 s-1, as the salinity 
of irrigation water increased. Freire et al. (2014) found an increase 
of Ci in passion fruit plants under salt stress, in an evaluation at 
the end of the experiment (214 DAT), attributed to the negative 
effects of excessive salinity on the carbon metabolism in the plants. 

The interaction between the factors (SL x H2O2) significantly 
affected the NL at 35 DAT (Table 2) and there was also a 
significant effect of irrigation water salinity (SL) on stem 
diameter at 35, 73 and 105 DAT and on the number of leaves 
at 35 DAT. However, there was no significant influence of the 
exogenous application of H2O2 on the evaluated variables at 
any period of evaluation. 

Stem diameter was negatively affected by the increase in 
irrigation water salinity at 35, 73 and 105 DAT and, according 
to the regression equations (Figure 2A), there was decreasing 
linear response with reductions of 6.58, 4.85 and 9.35%, 
respectively, i.e., plants irrigated with 2.8 dS m-1 water salinity 
had reductions of 14.47, 10.53 and 22.3% compared to plants 
that were irrigated with 0.7 dS m-1 water. According to Freire 
et al. (2016), excess of salts in the root zone, in general, cause 
a depressive effect on plant growth, manifested by a reduction 
in the rate of transpiration and growth. 
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The number of leaves (NL) was significantly influenced 
only by the 40 µM concentration of hydrogen peroxide at 35 
DAT, according to the regression equation (Figure 2B), and a 
quadratic model fitted best to the data. The highest estimated 
value for NL (22.9) was obtained when plants were irrigated 
with 1.5 dS m-1 water salinity and, from this value, there were 
reductions in the NL of passion fruit. Thus, it is evident that 
the effect of salt stress on passion fruit was intensified as the 
levels of irrigation water salinity increased. This situation 
may be attributed to the fact that hydrogen peroxide at high 
concentrations can promote oxidative stress on the crop and, 
as a consequence, cause changes in cell homeostasis. Hydrogen 
peroxide is a reactive oxygen species (ROS) and, according 
to Cattivelli et al. (2008), high concentration of ROS can 
cause alterations in plant metabolism due to a restriction of 
photosynthetic processes.

For the other concentrations of hydrogen peroxide, it was 
not possible to fit any regression model, with mean values of 
19.25, 19.08 and 19.16 leaves obtained in plants cultivated 
under hydrogen peroxide concentrations of 0, 20 and 60 µM, 
respectively.

The interaction between factors (SL x H2O2) did not 
compromise the AGRsd and RGRsd in the evaluated periods 
(Table 3). However, for the individual factors, there was a 
significant effect (p ≤ 0.01) of the irrigation water salinity on 
AGRsd in the interval from 8 to 105 DAT. For the hydrogen 
peroxide concentrations, there was no significant influence 
(p > 0.05) on AGRsd and RGRsd in the evaluated periods.

Irrigation water salinity negatively affected (p ≤ 0.01) the 
AGRsd of passion fruit in the interval from 8 to 105 DAT. 
According to the regression equation (Figure 3), there was 
a decreasing linear response with reduction of 11.8% per 
unit increase in irrigation water electrical conductivity, i.e., 
plants irrigated with 2.8 dS m-1 water salinity had a 27% 
reduction in AGRsd, compared to those that received ECw 
of 0.7 dS m-1. According to Neves et al. (2009), the contact of 
the roots with the saline medium contributes to greater and 
faster absorption of salts, which compromise all plant organs, 
including the stem.

After irrigation with saline water in soil with bovine 
biofertilizer cultivated with yellow passion fruit, Dias et al. 
(2013) observed that the absolute growth rate of stem diameter 

Table 2. Summary of F test for stem diameter (SD) at 35, 73 
and 105 days after transplanting (DAT) and number of leaves 
(NL) at 35 and 73 DAT of yellow passion fruit under saline 
water irrigation and application of hydrogen peroxide (H2O2)

ns, **, * respectively not significant, significant at p ≤ 0.01 and at p ≤ 0.05

*, **, ns - Significant at p ≤ 0.05 and at p ≤ 0.01, and not significat by F test

Figure 2. Stem diameter - SD (A) of yellow passion fruit, as a 
function of irrigation with saline waters - ECw, at 35, 73 and 
105 days after transplanting (DAT), and interaction between 
ECw levels and hydrogen peroxide concentrations for the 
number of leaves – NL (B), at 35 DAT

According to Munns & Tester (2008), as soil salinity 
increases, water availability to the crop decreases, requiring 
a greater expenditure of metabolic energy in an attempt to 
maximize the absorption of water from the soil, inhibiting the 
vegetative growth of the crops, which may have occurred with 
passion fruit in the present study.

Evaluating the interaction between irrigation water salinity 
and substrates in the production of yellow passion fruit 
seedlings, Oliveira et al. (2015) also observed reduction in 
stem diameter, while variables related to growth and biomass 
accumulation were increased as the irrigation water salinity 
levels increased to 3.5 dS m-1. Likewise, Araújo et al. (2013), in 
a study in the production stage of yellow passion fruit seedlings 
irrigated with saline waters (ECw ranging from 0.3 to 3.2 dS 
m-1), also found reduction in stem diameter as water salinity 
increased to 3.2 dS m-1. ns, **, * - Not significant, significant at p ≤ 0.01 and p ≤ 0.05, respectively by F test

Table 3. Summary of F test for the absolute growth rate 
(AGRsd) and relative growth rate (RGRsd) of stem diameter 
(SD) in yellow passion fruit under saline water irrigation and 
exogenous application of hydrogen peroxide in the periods 
from 8 to 35, 8 to 73 and 8 to105 days after transplanting
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significantly decreased with the increase in irrigation water 
electrical conductivity above 1.5 dS m-1, up to 157 days after 
transplanting. Mesquita et al. (2012) also found a decrease in 
the growth rates for stem diameter of passion fruit seedlings 
as irrigation water salinity increased.

Conclusions

1. Except for the number of leaves, at 35 days after 
transplanting, the interaction (water salinity × hydrogen 
peroxide doses) did not significantly interfere with the 
physiology and growth of passion fruit plants.

2. Hydrogen peroxide doses did not cause significant effects 
on any of the evaluated variables of passion fruit plants.

3. Water salinity inhibits CO2 assimilation, transpiration, 
stomatal conductance, instantaneous carboxylation efficiency 
and stem diameter of passion fruit plants.
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