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Abstract
Saline environments may limit the growth and yield of agricultural crops, mainly in arid and semiarid regions,
causing negative impacts to the plant physiology. Therefore, the objective of this work was to evaluate the
growth and physiological and biochemical indicators of Physalis angulata L. plants grown in hydroponic nutrient
solutions with different salinities. The experiment was conducted in a greenhouse in a floating hydroponic system,
using a completely randomized design. The treatments consisted of five levels of electrical conductivity (EC)
of the nutrient solution (EC0 = 0.00 – Control; EC1 = 1.80; EC 2 = 3.60; EC 3 = 5.40; and EC 4 = 7.2 dS m -1). Plant gas

exchanges, water relations, total chlorophyll contents, organic solute accumulation, and growth parameters
were evaluated at 35 days after the application of the treatments. The salinity of the nutrient solution had
significant effect on the variables analyzed, denoting adaptation of the plants up to the EC of 2.10 dS m -1.
Decreases in photosynthetic rates at the highest salinity levels affected the plant growth, causing pronounced
decreases. The P. angulata plants showed osmotic adjustment after the induction of a severe salt stress at 35
days after sowing; they accumulated organic solutes that increased leaf turgidity, even at lower salinity levels,
maintaining the plant water status.
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Introduction

(Silveira et al., 2009). Decreases in water potential is related

Saline environments cause one of the main

to accumulation of organic solutes, mainly soluble sugars

abiotic stresses that decrease the yield of several crops

and amino acids (Souza et al., 2011), which contribute to

and negatively affect the metabolism of plants in semiarid

the maintenance of physiological processes, although at

regions (Oliveira et al., 2019). Increases in concentration

low levels of activity (Verslues & Bray, 2004).

of salts in the water and soil are undesirable (Maciel et al.,

Some crops have tolerance to high salinity levels,

2012), since excess salt may cause ionic toxicity to plants,

such as melon (Araujo et al., 2016), cucumber (Ventura

mainly by Na+ and Cl- ions, and nutritional imbalance,

et al., 2019), and passion fruit (Moura et al., 2016), which

caused by limitations in the capacity of plants to absorb

varies according to the plant species, cultivars, and

and transport nutrients to their aerial part (Lima et al.,

accessions within a same species (Fageria et al., 2010; Sá

2019).

et al., 2016). Thus, the search for resistant native species
Plants developed adaptive mechanisms to

is essential to maintain crops. One of these species is

support salt stress and maintain their water status, by

Physalis angulata L. which is a strategic horticultural

reducing the number of leaves, controlling the stomata

plant, known as camapú or joá-de-capote in Brazil

opening, and decreasing transpiration and water

(Lorenzi & Matos, 2008), that presents small fruits and can

losses (Flowers, 2004; Dias & Blanco, 2010). The osmotic

be grown throughout the year by using low technology

adjustment is a mechanism that decreases the water

(Vargas-Ponce et al., 2016); their fruits are used for

potential to ensure the maintenance of cell turgidity

human consumption and their organs are used in popular
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medicine (Rengifo & Vargas, 2013; Zamora-Tavares et al.,

suggested by Sarruge (1975), and after 10 days (period

2015).

of adaptation to the hydroponic system), the complete
The medicinal potential of P. angulata is due to

solution was used and the treatments were applied.

its phytochemical composition, which includes alkaloids,

The treatments consisted of five levels of electrical

flavonoids, and different steroids, mainly physalins (Sisley

conductivity (EC) of the nutrient solution (EC0 = 0.00 –

et al., 2017). Meira et al. (2013) reported anti-Trypanosoma
cruzi activity of physalins B and F. In addition, Lima et al.

Control; EC1 = 1.80; EC2 = 3.60; EC3 = 5.40; and EC4 = 7.2

dS m-1), resulted from the addition of different amounts

(2014) observed antinociceptive activity of physalins from

of NaCl to the solution, following the curve developed

P. angulata.

with dilutions from 0.1 to 4.4 g of NaCl per 1 dm³ of water,

Some studies on high-salinity environments have
evaluated the growth of Physalis peruviana (Rezende

adding 0.1 g per reading, totaling 44 concentrations
(Aquino et al., 2017).

et al., 2018) and P. angulata (Souza et al., 2007) plants,

The nutrient solution was evaluated daily for

however, the physiological and biochemical mechanisms

measure of pH, using a portable pHmeter (Ak90, ASKO), to

involved in the tolerance and susceptibility to high salinity

maintain it within the range of 5.5 to 6.5; and for measure

levels are still not fully understood. Therefore, the objective

of EC, using a portable conductivity meter (AK51 V4,

of this work was to evaluate the growth and physiological

ASKO). The nutrient solution was completely exchanged

and biochemical indicators of P. angulata L. plants grown

every time the EC decreased 20% from the initial EC. A

in hydroponic nutrient solutions with different salinities.

solution with 5% Azadirachta indica extract (Neemmax®,
0.12% A. indica oil; Insentimax, Jardinopolis, Brazil) was

Material and Methods
The experiment was conducted in a greenhouse
at the Horto Florestal Experimental Unit of the State
University of Feira de Santana (UEFS), Feira de Santana,
BA, Brazil (12°16'00''S, 38°58'00''W, and 258 meters of
altitude), from September to December 2019; the growth,
biochemical, and physiological evaluations were carried

applied three times to all plants after transplanting, at
8-day intervals, for prevention and control of pests.
The temperature conditions and relative air
humidity in the greenhouse were monitored daily with a
digital thermo-hygrometer installed at the same height of
the plants' canopy (Figure 1).

out in laboratory.
The seedlings were produced from seeds
collected in the Semiarid region of the state of Bahia,
Brazil (Freitas, 2004) and multiplied by a research group.
The seeds were sown at 2 cm depth in disposable cups
filled with a mixture of commercial substrate and sand
(1:1) and irrigated daily by a sprinkler system in the
greenhouse.
When seedlings reached two pairs of true leaves,
they were transplanted to a floating hydroponic system;
the plants were arranged individually in 6-dm³ pots
spaced 0.8 m between rows and 0.2 m between plants,
partially immersed in the nutrient solution, supported by
an expanded polyethylene structure placed directly on
the nutrient solution surface.
Each unit (pot) had an independent oxygenation
system for the nutrient solution, based on a compressor
with a timer programed for an oxygenation of 20 minutes
every four hours. The nutrient solution used (Sarruge, 1975)
contained the following macronutrients (mg L ): 210 of
-1

N, 31 of P, 234 of K, 200 of Ca, 48 of Mg, 64 of S; and
micronutrients (μg L ): 500 of B, 39 of Cu, 722 of Cl, 5000 of
-1

Fe, 502 of Mn, 12 of Mo, and 98 of Zn.
The nutrient solutions were diluted in 6 dm³ of
distilled water in the pots, using half of the concentrations
Comunicata Scientiae, v.12: e3450, 2021

Figure 1. Air temperature and relative humidity throughout the
experiment period.

The analyses were carried out at 35 days after
application of the treatments, with a crop cycle of 45
days in the hydroponic system. The leaf water potential
was determined at 4:00 a.m., using a Scholander pressure
chamber (PMS1000; PMS Instrument, Corvallis, USA) and
leaves collected from the middle third of the plants. The
leaf succulence (g cm-2) was determined as proposed by
Mantovani (1999), through the formula: (fresh phytomass
− dry phytomass) / leaf area.
Biochemical analyses were carried out using
2
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a gross extract obtained by maceration of 1 g of fresh

A completely randomized experimental design

leaves in a mortar with 15 mL of buffer phosphate 0.1

with 12 replications was used, considering each pot as

M, at pH 7.0. The homogenized solution was filtered and

an experimental unit. The data were subjected to the

centrifuged at 12,000 g for 15 minutes and the supernatant

Shapiro-Wilk normality test and Bartlett homogeneity

was collected and analyzed for determination of the

test. Then, they were subjected to analysis of variance

following parameters: total soluble sugar contents, by the

(ANOVA) and, when the means were significant, they

anthrone method (Yemm & Willis, 1954); reducing sugar

were analyzed through regression analysis. All procedures

contents, by the dinitro salicylic acid method (Miller, 1959);

were carried out in the R program (R development core

total free amino acid contents, by the ninhydrin method

team, 2019).

(Yemm & Cocking, 1955); and total soluble proteins,
by the Bradford method (Bradford, 1976). Saccharose
content was measured by the difference between total
soluble sugar and reducing sugar contents.
The gas exchanges were assessed using an infrared gas analyzer (IRGA CIRAS-3, PPSystems, Amesbury,
USA). The results were read from 08:30 a.m. to 10:00 a.m.
on fully developed leaves, consisting of three readings
of 60 seconds per plant. The parameters obtained were:

Results and Discussion
The salt stress simulated by NaCl affected the
water relations and accumulation of organic solutes
in Physalis angulata plants (Figure 2). Plants of all saline
treatments presented lower leaf water potentials than
those of the Control (EC = 0.0 dS m-1) (Figure 2A). The
more negative leaf water potentials were found for the
electrical conductivities (EC) of 5.4 dS m-1 (-1.05 MPa)

photosynthetic rate, (μmol CO2 m−2 s-1), transpiration rate

and 7.2 dS m-1 (-1.21 MPa). The leaf water potentials and

mol ), stomatal conductance (mmol H2O m

hydration, although at lower levels, through mechanisms

(mmol H2O m-2 s-1), internal CO2 concentration (μmol
-1

−2

m ), leaf
−1

temperature (°C), and water use efficiency (mmol CO2

organic solutes showed that the plants maintained their
that avoid water loss, even when they were subjected

mol H2O).

to the highest salinity level. This was shown by the

chlorophyll, using leaf discs of known area from the middle

transpiration; moreover, the results showed higher organic

-1

Dimethyl sulfoxide was used to extract the

third of the plants. These discs were immersed in tubes
containing dimethyl sulfoxide and wrapped in foil sheets
to keep them in the dark for 24 hours. The absorbance was
measured in a double-beam spectrophotometer (FEMTO
800XI), and total chlorophyll contents were calculated
according to the methodology proposed by Wellburn
(1994), by summing the chlorophyll a and chlorophyll b.
Plant height (cm) and stem diameter (mm)
were measured using, respectively, a ruler and a
digital caliper with precision of 0.01. The plants were
collected, separated into root, stem, leaves, and fruits,
and evaluated for number of fruits and leaf area, which
was measured using a leaf area meter (Li-Cor, model Li3100C).
The plant parts were placed in paper bags
and taken to a forced air circulation oven at 60 °C to
determine their dry weights. The dry weight data were
used to calculate the salt tolerance. The EC data (dS
m-1) of the saline treatments were compared to those
of the Control (Fageria et al., 2010; Moura et al., 2016),
according to the equation: salt tolerance (%) = (total
dry weight of the saline treatment / total dry weight of
the Control treatment) × 100, which determined the salt
tolerance in the plants (≥ 100% = tolerant; 50% to 99% =
moderately tolerant; ≥ 50% = susceptible).

Comunicata Scientiae, v.12: e3450, 2021

data of water potential, stomatal conductance, and
solute accumulation in leaf tissues in this treatment.
According to Benzarti et al. (2014), species that
present tolerance to salt prevent salt deleterious effects
by decreasing the osmotic potential, which decreases
the leaf water potential and increases water flow inside
the plant; this responses of plants to maintain their water
status require the maintenance of their physiological
processes, as found in the present work. Similar results
were found by Coelho et al. (2013) for Vigna sp. and
by Silva et al. (2016) for Cocos nucifera, who reported
that high-salinity treatments decreased the leaf water
potential.
The leaf succulence of the P. angulata plants
increased linearly as the salinity of the nutrient solution
was increased (Figure 2B); plants under EC of 7.2 dS
m-1 showed leaf succulence 24.05% (0.0144 g H2O cm2

) higher than Control plants. This indicates a possible

osmotic adjustment of the plants (Martínez et al., 2004),
which regulates salt contents in the leaves (Trindade et
al., 2006). Lima et al. (2019) found similar results for cotton
plants in a high-salinity environment.
The contents of leaf total soluble sugars and
saccharose increased as the salinity of the nutrient
solution was increased (Figure 2C and 2D). The lowest
values were found for Control plants, followed by plants
under EC of 1.8 and 3.6 dS m-1. Some plant species under
3
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salt stress conditions produce and accumulate organic

These organic solute accumulations assist in maintaining

solutes inside their cells as a strategy for their survival (Silva

a water potential gradient in the plant, thus favoring

et al., 2017). Plants under EC of 7.2 dS m-1 had higher

absorption and transport of water, directing it to the

soluble sugars and saccharose contents, probably due to

shoot, even when the plant is subjected to a high salinity

osmoregulation, since their water status was maintained.

level (Bosco et al., 2009).

Figure 2. Water relations and organic solutes in leaves of Physalis angulata plants under salt stress: water
potential (A), succulence (B), total soluble sugars (C), saccharose (D), protein (E) and amino acid (F).

The leaf soluble protein contents in plants under
EC of up to 3.56 dS m (20.99%) were lower than those of
-1

because some proteins contribute to plant tolerance to
salt stress (Mohammadkhani & Heidari, 2008).

Control plants; however, protein contents increased up

The proteolytic degradation of proteins up to

to the highest salinity level (7.2 dS m ) and were close

the EC of 3.56 dS m-1 increased total free amino acid

to those of Control plants, presenting a decrease of only

contents, which decreased at EC of 7.2 dS m-1. Despite

1.06% (Figure 2E).

total free amino acid contents presented no significant

-1

Despite the increase in proteolysis in plants under
EC of 1.8 and 3.6 dS m , the protein concentration in
-1

differences, they presented a trend of low values for
plants under the highest salinity levels (Figure 2F).

plants of the treatment with EC of 7.2 dS m-1 was high

The photosynthetic rates were lower in plants

probably because of increases in synthesis of proteins

under EC above 2.12 dS m-1 (Figure 3A), which were

caused by salt stress (Forsyth & Shewry, 2002). The

20.63% (11.62 μmol CO2 m-2 s-1) lower in plants under 7.2

synthesis of proteins tends to increase when plants are
grown under high salinity levels (Pedranzani et al., 2003)
Comunicata Scientiae, v.12: e3450, 2021

dS m-1 when compared to Control plants (14.64 μmol CO2

m-2 s-1). However, the photosynthetic rate of plants under
4
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EC of 2.12 dS m-1 was 6.34% (15.58 μmol CO2 m-2 s-1) higher

plants. The toxicity of sodium (Na+) and chloride (Cl-)

than that of Control plants. Stomatal conductance was

ions decreases the growth and development of plants

significantly affected by the saline treatments (Figures 3B);

(Modesto et al., 2019) due to negative effects on their

plants grown under salt stress presented higher stomatal

photosynthetic rate, stomatal opening, transpiration, and

conductance under the estimated EC of 2.0 dS m-1 (331.32

water use efficiency, causing pronounced decreases in

mmol H2O m s ). However, plants under EC of 7.2 dS m

photosynthesis (Acosta-Motos et al., 2017).

-2

-1

-1

had 45.33% lower stomatal conductance than Control

Figure 3. Gas exchange and chlorophyll content in leaves of Physalis angulata plants under salt stress:
photosynthetic rate (A), stomatal conductance (B) transpiration rate (C), internal CO2 concentration
(D), leaf temperature (E), water use efficiency (F) and total chlorophyll content (G).

Comunicata Scientiae, v.12: e3450, 2021
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According to Dias et al. (2018), the salinity of

The height of plants under high salinity levels

the irrigation water decreased the gas exchange of

decreased. Plants under EC of 7.2 dS m-1 had 21.09%

Sesamum indicum plants. According to Leite et al. (2017),

lower height than Control plants. However, the height of

salt stress hinders the plant's capacity to absorb water,

plants under EC of 1.8 dS m-1 were higher than that of

thus, the plant limits its stomatal opening to reduce water

Control plants (Figure 4A), since the photosynthetic rates

loss. Decreases in photosynthesis in plants under salt stress

also increased under this EC.

are related to stomatal closure, which occurs under high

This benefic effect can also be due to the Na+

EC (5.4 and 7.2 dS m-1), and due to limitations in CO2 flow

concentration, since this ion may substitute potassium

to the carboxylation site (Bosco et al., 2009).

in some functions in the plants (Marschner, 2011), such

The transpiration rates were up to 33.33% lower

as osmoregulation, nutrient absorption, and stomatal

than that of Control plants (Figure 3C), which may be

opening and closure (Korndorfer, 2006). However, the

related to the stomatal closure. According to Lima et al.

plant growth was negatively affected by the other

(2010), the transpiration demand is determined by the

salt concentrations, since the use of high salinity levels

stomatal dynamics, which controls the loss of water to the

decreases the osmotic potential of the nutrient solution

environment as vapor.

and the water absorption and possibly causes toxicity by

Internal CO2 concentration in plants under

Na+ and Cl- ions (Coelho et al., 2013).

EC of 2.2 dS m was higher than that of Control plants;

The salinity levels showed a linear decrease in

however, it was 9.50% lower in plants under EC of 7.2 dS

leaf area of P. angulata plants; plants under EC of 7.2 dS

m-1 (Figure 3D). Internal CO2 concentration is commonly

m-1 had 59.64% lower leaf area than Control plants (Figure

related to the stomatal dynamics, since stomatal closure

4B). Decrease in leaf area is one of the first responses of

hinders CO2 influx and, consequently, decreases its

plants to salt stress, since leaf abscission minimizes the

concentration in the substomatal chamber (Silva et al.,

transpiration surface and favors the maintenance of

2011; Prazeres et al., 2015). Thus, stomatal closure is the

the water potential in the plant (Dantas et al., 2003).

most important physiological mechanism for plants under

However, this adaptive mechanism tends to reduce the

salt stress (Sousa et al., 2014; Brito et al., 2016). Decreases

plant's capacity to produce photoassimilates, limiting

in stomatal conductance and photosynthetic efficiency

plant growth and yield, as shown by the results of the

caused by high salinity levels had been found for melon

present study.

-1

(Morais et al., 2018) and cassava (Cruz et al., 2017) crops.

The shoot, root, and total dry weights showed

The leaf temperature of plants under EC of

similar dynamics, remaining high up to the EC of 3.6 dS

7.2 dS m-1 increased by 1.39 °C (Figure 3E); however, it

m-1 (Figure 4C and 4D), presenting 7.75% higher total

decreased up to the EC of 2.14 dS m when compared to

dry weight under EC of 1.86 dS m-1 when compared to

Control plants. Increases in leaf temperature in P. angulata

Control plants. Gas exchange also had similar dynamics

plants can be related to their transpiration, which is the

(Figure 3), indicating the tolerance of P. angulata to this

main leaf temperature regulator mechanism; this is due

adverse condition.

-1

to the stomatal closure and a subsequent decrease

The increase in salinity levels showed pronounced

of transpiration, which increases leaf temperature

decreases in total phytomass accumulation in P. angulata

(Machado et al., 2005). Despite the water use efficiency

plants. The lowest mean of total phytomass accumulation

of plants under the highest salinity levels were 8.18% (EC of

(13.49 g) was found for plants under EC of 7.2 dS m-1, which

1.8) and 13.58 (EC 7.2 dS m ) higher than that of Control

was 61.81% lower than that of Control plants (Figure 4E).

plants (Figure 3F), no statistical differences were found.

This decrease was due to nutritional and physiological

-1

Total chlorophyll content in plants under salt

imbalances caused by the high salinity levels, which

stress decreased, mainly in plants under EC of 7.2 dS m ,

affect the conversion of carbon accumulated by plants

which showed 0.36 µg cm² (Figure 3G). This decrease may

and, consequently, decrease the plant phytomass (Taiz

represent a plant defense mechanism, which decreases

et al., 2017). Similar results had been found in several

the capture of light for a lower electron flow in the

studies with other crops, such as cassava (Cruz et al.,

electron transport chain, decreasing the production of

2017), peanut (Sá et al., 2020), and rocket (Dias et al.,

reactive oxygen species (Brosché et al., 2010). Decreases

2019).

-1

in chlorophyll contents in plants under high salinity levels

P. angulata plants were classified as tolerant to

had also been reported for other species (Aras & Esitken,

effects of high salinity levels of the water (nutrient solution)

2019; Rezende et al., 2018; Silva et al., 2016).

up to the EC of 1.8 dS m-1; moderately tolerant up to 5.4

Comunicata Scientiae, v.12: e3450, 2021
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dS m-1; and susceptible to EC of 7.2 dS m-1, considering

tend to grow and develop in salinity levels between 0.77

the analysis of the tolerance of these plants to salt stress

and 3.0 dS m-1; however, the present study showed that

based on plant dry weight (Figure 4F), according to

P. angulata plants present moderate tolerance to higher

Fageria et al. (2010) and Moura et al. (2016). According

EC levels.

to Ayers & Westcot (1999), moderately tolerant plants

Figure 4. Growth and tolerance to salt stress of P. angulata plants under salt stress: plant height
(A), leaf area (B), shoot dry weight (C), root dry weight (D), total dry weight (E), tolerance to salt
stress (T = tolerant, MT = moderately tolerant, S = susceptible) (F), number of fruits (G) and fruit dry
weight (H).

Comunicata Scientiae, v.12: e3450, 2021
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the

decreases

in

water

potential

and increases in accumulation of organic solutes,
the osmoregulation in plants occurred only for the
maintenance of the water status and survival of the
plants, since the number of fruits and fruit dry weight of
plants under the highest EC (5.4 and 7.2 dS m-1) were
significantly lower than those of Control plants. Therefore,
the fruit production is compromised when P. angulata
plants are subjected to nutrient solutions with high salt
concentrations. Similar results were found for Morinda
citrifolia plants (noni) (Souto et al., 2015) and Lycopersicon
esculentum plants (cherry tomato) (Guedes et al., 2015).
Conclusions
The use of nutrient solutions with high salinity
levels decreases the photosynthetic rate, stomatal
conductance, transpiration rates, and internal CO2

concentration in Physalis angulata plants. In addition, it
increases sugars and saccharose contents in the plants,
which present efficient osmoregulation up to the salinity
level equivalent to an electrical conductivity of 5.4 dS m-1,
maintaining the plant water status.
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