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ABSTRACT

In places with water restrictions, there is the occurrence of water stress, which compromises 
the entire cycle of passion fruit crop, causing damage to the vegetative and reproductive phase 
of the plant. Therefore, the objective of this work was to assess water stress in the passion fruit 
crop through an approach to its development. An experiment was carried out in May 2019 at 
São Paulo State University (Unesp), College of Agricultural and Technological Sciences located 
in the municipality of Dracena, State of São Paulo. The experimental design was completely 
randomized (DIC), in a 3x3 factorial arrangement, in which three passion fruit species were 
used: Passiflora gibertii; Passiflora foetida, and Passiflora edulis, interacting with three 
irrigation intervals, namely: 4, 8, and 12 days, with four replications, totaling 36 plots. It was 
found that the a 12-day interruption in the irrigation affects the growth of seedlings of different 
species of passion fruit, and the species P. gibertii has a growth rate higher than P. edulis and P. 
foetida. The species P. edulis showed lower contents of chlorophylls A, B, and total in relation 
to P. gibertii and P. foetida.
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ESTRESSE HÍDRICO NA CULTURA DO MARACUJÁ: UMA ABORDAGEM NO SEU 
DESENVOLVIMENTO

RESUMO

Em regiões que apresentam restrições hídricas passa a promover um estresse hídrico o que 
compromete todo o ciclo da cultura do maracujá, causando danos à fase vegetativa e reprodutiva 
da planta. Diante o exposto, esse trabalho teve por objetivo em avaliar estresse hídrico na 
cultura do maracujá através uma abordagem no seu desenvolvimento. Foi realizado um 
experimento no mês de maio de 2019 na Universidade Estadual Paulista (Unesp), Faculdade de 
Ciências Agrárias e Tecnológicas localizada no município de Dracena estado de São Paulo. O 
delineamento experimental foi inteiramente casualizado (DIC), em arranjo fatorial de 3x3, onde 
foram utilizadas três espécies de maracujá sendo elas: Passiflora gibertii; Passiflora foetida e 
Passiflora edulis, interagindo com três intervalos de irrigação, sendo eles: 4, 8 e 12 dias, com 
quatro repetições, totalizando 36 parcelas. Foi verificado que a suspensão da irrigação por 12 
dias afeta o crescimento de mudas de diferentes espécies de maracujazeiros, sendo que a espécie 
P. gibertii tem um índice de crescimento superior a P. edulis e P. foetida. A espécie P. edulis 
apresentou menores taxas de clorofilas A, B e total em relação à P. gibertii e P. foetida. 
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INTRODUCTION

The cultivation of passion fruit is important in 
the Brazilian trade balance, as Brazil is the world’s 
largest producer and consumer (FALEIRO; 
JUNQUEIRA, 2016), with an approximate 
production of 602 thousand tons per year (IBGE, 
2018). However, its average productivity is still 
low, with 14 t ha-1 year-1.

Its fruit can be used in many ways, but it is 
mainly used in the food industry, in which the juice 
is the major by-product (FERRAZ; LOT, 2006). 
In addition, its fruit can be consumed in its fresh 
form, it serves as a raw material in the production 
of condiments, cosmetics, in the pharmaceutical 
industry, among others. It is worth observing that 
the cultivation of passion fruit creates many jobs, 
in addition to being an income alternative for small 
farmers.

To obtain fruits in large quantities and of good 
quality, several technologies must be used during 
the management of the crop, including irrigation, 
which in the case of passion fruit, the most suitable 
is the localized drip irrigation. This technology is 
a viable alternative to improve productivity, and its 
purpose is to artificially increase water availability 
for the crop, meeting the water requirement during 
its cycle (SANTANA et al., 2009). This practice is 
poorly studied in the passion fruit crop, but it will 
result in a longer production period, which increases 
its productivity and fruit quality (RUGGIERO et 
al., 1996; CARVALHO et al., 2010).

Not using this technology in places with water 
restrictions compromises the entire crop cycle, 
causing water stress, which damages the vegetative 
and reproductive phases of the plant. Water stress 
causes a reduction in leaf area, which compromises 
the photosynthetic rate, thus the rate of carbon 
fixation in the dry matter is reduced, which 
compromises the extension of branches in addition 
to causing flower abortion and disarrangement 

at the fruit ripening (SANTOS et al., 2006). The 
impairment in fruit development reduces the 
amount of pulp in the fruits, resulting in a faded 
appearance and leading to their pre-mature fall 
(TEIXEIRA, 1989). Thus, the identification of 
passion fruit cultivars, with better potential for 
tolerance to water stress, is essential for the 
expansion of the crop in Brazil.

As a result, the objective of this work was to 
evaluate water stress in passion fruit crops by 
approaching their development. 

MATERIAL AND METHODS 

The experiment was carried out from May to 
July 2019 at the São Paulo State University (Unesp), 
College of Agricultural and Technological Sciences 
of Dracena, State of São Paulo, and conducted in 
a greenhouse covered with 1200-microns plastic 
light-diffusing film, with a ceiling height of 4.0 
meters, and sides closed with a Sombrite®-type 
screen with 50% of luminosity.

The experimental design was completely 
randomized (DIC), in a 3x3 factorial arrangement, 
where the following three species of passion fruit 
were used: Passiflora gibertii; Passiflora foetida, 
and Passiflora edulis, interacting with three 
irrigation intervals: 4, 8, and 12 days, with four 
replications, totaling 36 plots.

Each plot consisted of one plant. The seedlings 
were obtained from a local commercial nursery in 
the municipality of Adamantina, state of São Paulo, 
and had an average size of 20±3 cm; with 6±1 
permanent leaves and 60 days of age. The seedlings 
were planted in plastic pots with a volumetric 
capacity of 9.0 dm3 filled with Ferric Red Latosol 
(EMBRAPA, 2013) with the following chemical 
attributes as shown in Table 1.

CONTIERO, L. F. et al.

Table 1. Soil chemical attributes used in the experiment establishment

pH OM P K Ca Mg SO4
-2 H+Al Al SB CEC V m

mg 
dm-3 ------- (mmolc dm-3) ------- mg 

dm-3 ------- (mmolc dm-3) ------- ---- (%) ----

4.5 4.5 6.0 5.6 10.0 4.0 7.0 18.0 1.0 18.6 36.6 46.4 6.0
* OM – Organic matter, SB – sum of bases, CEC – Cation exchange capacity, V – base saturation and m – Aluminum saturation
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The soil was corrected and fertilized according 
to the requirements of the crop and irrigated to 
determine the field capacity, where it was saturated 
and allowed to drain naturally. Estimates of 
evapotranspiration and water volume to be replaced 
at irrigation intervals were determined according 
to the methodology described by Casaroli and Lier 
(2008).

After 60 days from the beginning of the 
experiment, the following growth indices were 
determined: plant height (PHGI); stem diameter 
(SDGI) and leaf number (LNGI); dry matter of 
the aerial part and root (APDMDI) and root dry 
phytomass (RDMDP) which were obtained by 
drying in a circulation oven and air renewal at 
a constant temperature of 65°C until reaching 
constant weight. The indices (I) were determined 
using the Equation 1:

                                                             
(1)

Where:
MAV = mean average value; and
ND = Number of the days.
 

The concentrations of chlorophyll a, chlorophyll 
b and total chlorophyll (µmol m-2) were determined 
by direct reading with the use of the CCM-200 
device, where the values were given by SPAD 
index (PARRY et al., 2014) and later converted 
into absolute values of the pigments as described 
by Chang and Troughton (1972).

For statistical evaluation, the variables were 
submitted to normality tests using the Shapiro-
Wilk test. Once the precepts of each test were met, 
analysis of variance was performed using the F test 
(p<0.05), and its means were compared by Tukey’s 
test at 5% probability. Also, the r-value of the 
Pearson correlation was determined (Banzatto and 
Kronka, 2013) and the statistical program RStudio 
(R Core Team, 2015) was used.

RESULTS AND DISCUSSION

The highest plant height growth index was 

obtained in the 4-day irrigation interval, not 
differing from the 8-day interval. The passion fruit 
species P. gibertii had the highest index in relation 
to the other species (Table 2).

No differences were found between irrigation 
intervals neither among passion fruit species for 
the stem diameter growth rate.

The different irrigation intervals did not 
influence the growth rate of the number of leaves; 
nevertheless, the species P. foetida had the highest 
rate, statistically differing from the other passion 
fruit trees.

Plants irrigated at 12-day intervals showed the 
lowest levels of aerial part dry matter deposition, 
differing from plants irrigated every 4 days. There 
were no differences between the passion fruit 
species for this variable.

No significant difference was found between the 
means of irrigation intervals in the root dry matter 
deposition index, where the species P. edulis was 
inferior to P. gibertii and P. foetida.

The mean values   of chlorophyll A, Chlorophyll 
B, and total Chlorophyll are shown in Table 3. 
It was observed that for the three variables, the 
lowest chlorophyll rates were obtained in the 
4-day irrigation interval and that the species P. 
foetida stood out in relation to the other passion 
fruit, showing the best mean for chlorophyll A, 
Chlorophyll B, and total Chlorophyll.

Figure 1 shows the Pearson correlations 
between the variables analyzed in the passion fruit 
species when grown in different irrigation intervals. 
Significant positive correlations was found 
between total chlorophyll (CT) with chlorophyll 
A (CAT) (Figure 2A) with an r = 1 (p<0.01) and 
with chlorophyll B (CBT) (Figure 2B) with an 
r = 1 (p<0.01) and between chlorophyll A and 
chlorophyll B (Figure 2C) with r = 1 (p<0.01). The 
aerial part dry matter deposition index (APDMDI) 
correlated positively and significantly with the 
plant height growth index (PHGI) (Figure 2D) 
with an r = 0.48 (p<0.01) and with the leaf number 
growth index (LNGI) (Figure 2D) with an r = 0.44 
(p<0.01).

Each crop has a development stage in which 
water deficit causes a drop in production, thus the 
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magnitude of effects of the water deficit differs 
between and within species, as cultivars have 
different growth and development characteristics 
(RODRIGUES et al., 1998). In the case of passion 

fruit, the species P. gibertii had a higher growth 
rate when compared to the species P. edulis and P. 
foetida. No differences were found between these 
species for the indices of diameter growth and 

CONTIERO, L. F. et al.

Table 2. Mean values of plant height growth index (PHGI); stem diameter growth index (SDGI); leaf 
number growth index (LNGI); aerial part dry matter deposition index (APDMDI); Root dry matter 
deposition index (RDMDI) of passion fruit species cultivated in different irrigation intervals. 
Dracena, SP, 2019

Plant height growth index (cm.day-1)
4 days 8 days 12 days Mean (ssp)

P. gibertii 4.32 4.25 3.24 3.93 a
P. foetida 3.19 2.78 2.29 2.76 b
P. edulis 2.81 1.80 1.71 2.10 b
Mean (days) 3.44 a 2.94 ab 2.41810 b

LSD: 0.65 CV(%): 22.02 OM: 2.93
F (S): 24.70 ** F (I): 7.57 ** F (SxI): 0.71 ns

Stem diameter growth index (mm.day-1)
4 days 8 days 12 days Mean (ssp)

P. gibertii 0.09 0.09 0.10 0.09
P. foetida 0.10 0.07 0.10 0.09
P. edulis 0.10 0.08 0.10 0.09
Mean (days) 0.09 0.08 0.10

LSD: 0.02116 CV(%): 21.67 OM: 0.09
F (S): 0.16 ns F (I): 1.95 ns F (SxI): 0.78 ns

Leaf number growth index (n°leaves.day-1)
4 days 8 days 12 days Mean (ssp)

P. gibertii 0.31 0.24 0.18 0.24 b
P. foetida 0.46 0.49 0.43 0.46 a
P. edulis 0.19 0.15 0.14 0.16 b
Mean (days) 0.32 0.29 0.25

LSD: 0.13 CV(%): 45.67 OM: 0.29
F (S): 15.78 ** F (I): 0.80 ns F (SxI): 0.19 ns

Aerial part dry matter deposition index (g.day-1)
4 days 8 days 12 days Mean (ssp)

P. gibertii 0.213 0.218 0.168 0.19
P. foetida 0.196 0.210 0.189 0.19
P. edulis 0.212 0.185 0.168 0.18
Mean (days) 0.207 a 0.204 ab 0.175 b

LSD: 0.03 CV(%): 15.71 OM: 0.195
F (S): 0.47 ns F (I): 3.94 * F (SxI): 0.87 ns

Root dry matter deposition index (g.day-1)
4 days 8 days 12 days Mean (ssp)

P. gibertii 0.088 0.081 0.082 0.084 a
P. foetida 0.062 0.065 0.052 0.060 b
P. edulis 0.089 0.062 0.073 0.074 ab
Mean (days) 0.079 0.069 0.069

LSD: 0.018 CV(%): 24.75 OM: 0.073
F (S): 5.20 * F (I): 1.29 ns F (SxI): 0.81 ns

** significant at the 1% probability level (p<0.01); * significant at 5% probability level (0.01=<p<0.05); ns not significant (p>=0.05); Means 

followed by the same letter are not statistically different from each other. Test of Tukey was an applied at the 5% probability level. OM = Overall 

mean; CV = Coefficient of variation

Eng. Agric., v.29, p. 245-253, 2021
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Table 3. Mean values of Total chlorophyll, chlorophyll A and chlorophyll B, of the passion fruit species 
cultivated in different irrigation intervals. Dracena, SP, 2019

Total Chlorophyll (µmol m-2)
4 days 8 days 12 days Mean (ssp)

P. gibertii 186.49 443.76 487.59 372.61 a
P. foetida 287.86 545.69 557.05 463.53 a
P. edulis 147.68 286.75 303.82 246,08 b
Mean (days) 207.34 b 425.40 a 449.48 a

LSD: 117.41 CV(%): 32.19 OM: 360.74
F (S): 10.61 ** F (I): 15.83 ** F (SxI): 0.53 ns

Chlorophyll A (µmol m-2)
4 days 8 days 12 days Mean (ssp)

P. gibertii 155.64 363.17 396.66 305.16 a
P. foetida 234.58 444.74 463.52 380.95 a
P. edulis 120.75 231.86 248.96 200.52 b
Mean (days) 170.32 b 346.59 a 369.71 a

LSD: 94.12 CV(%): 31.50 OM: 295.54
F (S): 11.36 ** F (I): 16.46 ** F (SxI): 0.54 ns

Chlorophyll B (µmol m-2)
4 days 8 days 12 days Mean (ssp)

P. gibertii 50.76 121.05 133.71 101.84 a
P. foetida 78.21 147.12 154.50 126.61 a
P. edulis 40.24 77.95 82.98 67.06 b
Mean (days) 56.40 b 115.37 a 123.73 a

LSD: 32.00 CV(%): 32.13 OM: 98.50
F (S): 10.71 ** F (I): 16.12 ** F (SxI): 0.54 ns

** significant at the 1% probability level (p<0.01); * significant at 5% probability level (0.01=<p<0.05); ns not significant (p>=0.05); Means 
followed by the same letter are not statistically different from each other. Test of Tukey was an applied at the 5% probability level. OM = Overall 

mean; CV = Coefficient of variation

Figure 1. Pearson correlations among variables analyzed in passion fruit species when cultivated in different 
irrigation intervals. CT = Total Chlorophyll; CAT = total Chlorophyll A; CBT = Total Chlorophyll 
B; PHGI = Plant height growth index; SDGI = Stem diameter growth index; LNGI = Leaf number 
growth index; APDMDI = aerial part dry matter deposition index and RDMDI = Root dry matter 
deposition index. Dracena, 2019
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aerial dry matter deposition. According to Simon 
and Karnatz (1983), factors such as nutritional 
deficiencies and water stress, combined with 
short days and low air and soil temperatures, can 
restrict the growth and production potential of the 

passion fruit.
It could have been observed in this work that 

the interruption in irrigation for 12 days during the 
formation of the passion fruit seedlings harmed 
the plant growth and the aerial part dry matter 

CONTIERO, L. F. et al.

Figure 2. Linear regressions after Pearson correlation analysis among the variables analyzed in passion 
fruit species when grown in different irrigation intervals. CT = Total Chlorophyll; CAT = total 
Chlorophyll A; CBT = Total Chlorophyll B; PHGI = Plant height growth index; SDGI = Stem 
diameter growth index; LNGI = Leaf number growth index; APDMDI = aerial part dry matter 
deposition index and RDMDI = Root dry matter deposition index. Dracena, 2019

Eng. Agric., v.29, p. 245-253, 2021
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deposition index; however, it did not affect the 
stem diameter growth index neither the root dry 
matter deposition index. In cases of water deficit, 
plants respond to physiological factors in an 
attempt to maintain the water present in the soil as 
much as possible to use it whenever is necessary 
(SANTOS; CARLESSO, 1998). Cultures can 
challenge and adapt to conditions of water stress 
by activating several defense mechanisms and 
altering cell metabolism.

Several morphological, biochemical, and 
physiological processes of plants are affected by 
water deficit, especially by increased diffusive 
resistance to water vapor, through stomatal 
closure, then the supply of carbon dioxide and 
transpiration for the photosynthetic process is 
reduced, consequently, cell growth is reduced 
and photorespiration increases (SHINOZAKI; 
YAMAGUCHI-SHINOZAKI, 2007). When the first 
signs of stress occur, the processes of signaling 
and transcriptional controls are initiated. Such 
processes promote the activation of stress-
responsive mechanisms, restore cell homeostasis, 
and also to protect and repair damaged proteins and 
membranes (HARFOUCHE et al., 2014).

According to Mendes et al. (2007), water stress 
affects several physiological processes of the 
plant, particularly stomatal conductance, leaf water 
potential, and leaf transpiration, with the rise in 
leaf temperature and a reduction in photosynthetic 
processes. Dodds et al. (1997) claim that the 
reduction of water availability affects the rate of 
photosynthesis, the size and number of leaves and 
fruits, also affecting its quality. It was observed in 
this work that the interruption of irrigation for up to 
12 days in the formation of passion fruit seedlings 
did not influence the growth rate of the number of 
leaves for the species P. gibertii, P. foetida, and P. 
edulis.

The same effects were also observed by 
Taiz and Zeiger (2017), reporting that the most 
visible response of plants under water deficit is 
the reduction of leaf area, leaf senescence, and 
abscission as well as stomata closure. Fornasieri 
Filho (2008) corroborates the other authors by 
reporting that under reduced water availability, 
plants tend to respond by reducing the leaf area and 
closing the stomata, which provides a reduction 

in water loss through transpiration; however, 
preventing CO2 from entering the photosynthesis, 
resulting in lower potential yield.

It was found that for the three variables, the 
lowest chlorophyll rates were obtained in the 
4-day irrigation interval and that the species P. 
foetida stood out in relation to the other passion 
fruit trees, showing the best means for chlorophyll 
a, b, and total chlorophyll. Chlorophyll a is the 
pigment used to carry out the photochemical 
phase of photosynthesis, while chlorophyll b helps 
to absorb light and transfer radiant energy to the 
reaction centers (STREIT et al., 2005).

CONCLUSIONS 

•	 A 12-day interruption in the irrigation affects 
the growth of seedlings of different species of 
passion fruit.

•	 The species P. gibertii has a higher growth rate 
than P. edulis and P. foetida.

•	 P. edulis has lower rates of chlorophyll A, 
chlorophyll B, and total chlorophyll.
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