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Abstract

The objective was to evaluate the initial growth and gas exchange of yellow passion fruit seedlings irrigated
with saline water under different environments. The experiment was conducted of the University of Infernational
Integration of Afro-Brazilian Lusophony, Redencdo-CE. The experimental design used was entirely randomized,
in factor arrangement 4 x 2, referring to four environments with different shade screens (black screen; white
screen; red screen; all with 50% shading; and full sun) and the values of electrical conductivity of irrigation
water (0.3 and 3.0 dS m™'), with five repetitions. The following variables were evaluated: number of leaves, plant
height, leaf area, photosynthesis, transpiration, stomach conductance, instantaneous water use efficiency,
electrical conductivity of the saturation extract and soil pH. The environment with black screen provides greater
performance in leaf area, plant height and root length and was more efficient for the production of dry mass
of the aerial part and the root of passion fruit seedlings in both irrigation waters. The red screen environment
stimulates greater photosynthesis, franspiration, stomach conductance and chlorophyll in passion fruit seedlings
irrigated with low salinity water, while the black screen mitigated saline stress for these variables. The full sun
environment provided greater instantaneous water use efficiency in passion fruit seedlings for treatment with
low salinity water and the black screen environment with high salinity water.
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Intfroduction

The passion fruit
produced in the Northeast Region corresponding to
70% of the national production. It occupies a prominent

(Passiflora edulis) is widely

position among the fruit frees of greater economic
expression in Brazil, especially in recent decades (Bezerra
et al., 2016; Silva et al., 2019).

The
resources in the semi-arid region drives the use of saline
water, thus increasing the level of toxic ions to the plants,

low availability of good quality water

reflecting in alterations in the osmotic potential, in the
jonic toxicity and in the unbalance in the absorption of
nutrients, reflecting from the production of seedlings to
productivity (Diniz et al., 2018; Silva Junior et al., 2020).

important stages to
maximize the productivity of quality fruit species is the

However, one of the

formation of seedlings. According to Natale et al. (2018)
this technique constitutes one of the most important

stages in the establishment and uniformity of orchards.
Other important factors in this process are the type of
substrate, protected environment, container volume,
imigation and fertfilization, which according to Costa et
al. (2015) provide conditions for obtaining high quality
plants.

It is important to highlight that seedlings
produced in a protected environment present better
results in the field, with greater size and vigour, being able
fo ensure homogeneity and early harvest (Cavalcante
et al., 2018; Silva Junior et al., 2020). The use of the
protected environment aims fo enable cultivation in
fimes of high energy availability (Reboucas et al., 2015),
also ensuring high productivity in fimes of lower product
supply.

In this sense, the work aims fo evaluate the
inifial growth and gas exchange of yellow passion fruit
seedlings irrigated with saline water and culfivated in
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different environments.

Material And Methods

The experiment was conducfed from July to
September 2019 in the experimental area of the Auroras
Seedling Production Unit (UPMA), Auroras campus,
University of the International Integration of the Afro-
Brazilian (UNILAB),
According to Képpen's classification the region's climate
is AW' type, tropical climate with dry season.

The experimental
randomized, in factor arrangement 4 x 2, referring to four
environments with different shade screens (black screen -
BS; white screen - WS; red screen - RS; all with 50% shading;

Lusophony Redencdo, Ceard.

design used was entirely

and full sun - FS) and the values of electrical conductivity

of irigation water (0.3 and 3.0 dS m™'), with five repetitions.

The container used was black polyethylene bag
(12 x 18 cm), filled with the substrate composed of aloof,
sand and manure, in the proportion 2:1:1, respectively.
Sowing was done at a depth of 2 cm, with three seeds
per container. At 10 days after sowing (DAS) thinning was
performed, leaving only one per container. To perform
the analysis of the substrate, it was sent to the laboratory
of the Federal University of Ceard (UFC), where it was
determined the chemical attributes, indicated in Table 1.

The meteorological data obtained during the
experiment are shown in Table 2. During the research
there was a precipitation of 41.4 mm, recorded by the
stafion belonging fo UPMA.

Table 1. Chemical attributes of the substrate used before the application of saline water.

o.M N P Mg K Ca Na
H ESP (%) E 1
gkg' mg kg cmol_dm?® P SP (%) Cse (dSm)
10.55 0.65 78 0.6 0.56 45 0.17 7.2 2 076

O.M - Organic matter; ESP - Percentage of exchangeable sodium; ECse - electrical conductivity of the soil saturation extract.

Table 2. Average values of femperature and humidity of the different environments during the experiment.

Temperature (°C)

Relative Humidity (%)

Types of screen

Max Min Max Min

Full Sun - FS 33 32 48 46
Black Screen - BS 33 32 48 45
Red Screen - RS 34 33 47 44
White Screen - WS 33 32 44 41

The low salinity water used for irigation came
from the Ceard Water and Sewage Company (CAGECE),
which supplies UPMA. The high salinity water was prepared
using NaCl, CaCl,.H,0, MgCl,.6H,0 salts, the quantity of
which was determined in order to obtain the electrical
conductivity of water (ECw) desired, in the proportion
7:2:1, obeyingifsratio between ECw and its concentration
(mmolc L' = EC x 10) according to Rhoades et al. (2000).
The irrigation management was carried out obeying the
drainage lysimeter principle proposed by Bernardo et al.
(2019), keeping the soil in the field capacity, with daily
frequency.

The evaluations were carried out when the
seedlings reached their transplanting point, at 60 DAS,
according fo Gonfijo (2017). The growth variables
analyzed were: plant height (PH) and root length (RL),
with the aid of a graduated ruler; leaf area (LA), through
the multiplication of width and height, with the aid of a
graduated ruler and then mulliplied by the correction
factor (0.74) proposed by Cavalcante et al. (2009).

The analysis of gas exchange (photosynthesis
(A), stomach conductance (gs), transpiration (E) and
instantaneouswateruse efficiency (WUEi)) were measured

in the same period (60 DAS), using an IRGA infrared gas
analyzer in open system, equipped with an artificial
radiation source with an intensity adjusted to 2000 umol
m™' s-!, the measurements were made between 8 to 10
h, in completely expanded sheets. Then, measurements
of the relative chlorophyll index (RCI) were performed on
the same sheets, using a non-destructive method with a
portable meter (SPAD - 502 Plus, Minolta, Japan).

For biomass evaluation, samples were identified
according fo the freatments and packed in paper bags.
Subsequently, they were placed to dry in a forced air
circulation oven at 60°C for 72 h. Then the shoot dry
matter (SDM) and root dry matter (RDM) were evaluated
with the help of an analytical balance.

As for the substrate, simple samples from each
container were collected and sent to the laboratory for
analysis of the following variables: electrical conductivity
of the soil saturation extract (ECse) and the hydrogen ion
potential (pH), following the methodology contained in
Richards (1954).

The data of the evaluated variables were
submitted to analysis of variance, by Tukey's test at a level
of 0.01 or 0.05 of probability, using the computer program
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Assistat. 7.7 Beta (Silva & Azevedo, 2016).

Results and Discussion

The analysis of variance (Table 3) reveals a
significant effect on the interaction between screen and
water for dry matter in the air and root. For the variables
leaf area, plant height, root length and the electrical
conductivity of the soil saturation exiract, there was
a significant effect for the isolated factors screen and

water, while the pH only for the water factor.

As shown in figure 1A, the leaf area values were
stafistically higher for the seedlings produced in the black
screen. The black screen possibly has a capacity to
provide greater thermal comfort when compared to full
sun and other screens, causing the plants to have a lower
energy expenditure and consequently have a higher
growth (Goes et al., 2019).

Table 3. Summary of analysis of variance for leaf area (LA), plant height (PH), root length (RL), shoot dry matter (SDM), root
dry matter (RDM), electrical conductivity of the saturation extract (ECse) and the hydrogen potential (pH) depending on the
types of shade screens and irrigation water (high and low salinity).

Mean Square

Variation Sources DF
LA PH RL SDM RDM ECse pH
Screens (S) 3 940.77** 130.34** 32.38** 1.66* 1.66* 0.60** 0.01m
ECw (E) 1 1130.87** 63.45%* 39.89** 2.18** 3.89** 22.44** 0.50**
(S) x (E) 3 111.107 9.730 5.740s 0.07* 1.10%* 0.160 0.01s
Treatments 7 612.36** 69.09** 22.04** 1.05** 1.74* 3.53** 0.08**
Residue 24 64.22 4.26 4.49 0.02 0.07 0.06 0.009
CV (%) - 19.12 18.87 12.75 15.95 35.9 18.87 1.33
DF - Degrees of freedom; CV - Coefficient of variation; *, ** and ns Significant at p <0.05, p <0.01 and not significant, respectively.
A 70 70 4
60 b 60
50 4 50 4 a
T b b b 40 b
o
< 30 1 30 4
20 4 20 4
10 4 10 4
(O 0 +
FS BS UN RS 0.3 3.0

Shading screens

Eletrical conductivity of water - ECw (dS m')

Figure 1. Leaf area - LA of passion fruit seedlings in function of shade screens (A) and in function of the conductivity
of the irrigation water (B). FS - Full sun; BS - Black screen; WS - White screen; RS - Red screen; Means compared

by Tukey test at p <0.05.

Celedonio et al. (2016) working with the fig tree
culture observed that the protected environment (50%
shading of the screen) provided greater leaf area values
of the fig tree up to 90 DAS.

According fo the data presented in figure 1B,
the seedlings irrigated with water of 1.0 dS m, presented
higher values, differing statistically from those irrigated
with water of higher salinity. The decrease in leaf area
is a reflection of the excess salts, which can cause a
reduction in the emission and expansion of leaves (Munns
& Tester, 2008 ).

Similarly, Nascimento et al. (2017) observed a
reduction in leaf area in passion fruit seedlings irrigated
with saline water. Melo Filho et al. (2017) working with
pitombeira seedlings also found that the leaf area
was significantly affected by the increased electrical

conductivity of the irrigation water.

The black screen was statistically better than the
others for plant height (Figure 2A). This result is possibly
associated with lower availability of radiation in the
black screen, causing greater heights as mechanism
for acclimatization to light deficit, favoring the etiolation
seedlings under these conditions (Araujo et al., 2006).

Similar results for seedling height were found
by Goes et al. (2019) working with okra seedlings and
by Costa et al. (2015) working with Dipteryx alata Vog.
seedlings, in this same type of protected environment.

The average values for plant height as a function
of the salinity of irrigation water are presented in figure 2B,
where the water with higher salinity presents lower values
of plant height differing statistically from those that were
irigated with lower salinity water.
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Figure 2. Plant height - PH of passion fruit seedlings as a function of shade screens (A) and as a function of the
conductivity of the irrigation water (B). FS - Full sun; BS - Black screen; WS - White screen; RS - Red screen; Means

compared by Tukey test af p <0.05.

This reduction may be related to the inability of
the plants to perform the osmotic adjustment, succeeding
a water deficiency, which may cause morphological
changes of the plants (Taiz et al., 2017).

Similar results for height reduction of yellow
passion fruit seedlings irrigated with salt water were
recorded by Bezerra et al. (2016). In the crop of the
pitombeira irigated with increasing salinity, Melo Filho
et al. (2017) observed reduction of plant height during
seedling formation.

According to figure 3A, the average values of

A <
25 m03dSm™

20 | m30ds m™

aA
BA aB
10 - cA A
bB
il ) Il )
0.0 + T T T
FS BS WS

RS

SDM (g)

dry matter of the aerial part were statistically superior in
the seedlings for all the environments that were irigated
with low salinity water, however, the black screen
obtained beftter result, that is, this performance can be
associated to its low luminosity, provided by the presence
of physical protectors (Klein et al., 2017), ensuring greater
plant growth and cell elongation, providing a greater
photosynthetic area, when compared to full sun plants
and consequently greater accumulation of biomass
(Goes et al., 2019; Taiz et al., 2017).

2.5 4 aA

m03dSm™

20 ®30dSm™
515 1
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00 - T T lL
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Shading screens
Figure 3. Shoot dry matter - SDM (A) and root dry matter - RDM (B) of passion fruit seedlings under saline stress
and different shade screens. FS - Full sun; BS - Black screen; WS - White screen; RS - Red screen. Lowercase letters
at the same level of salinity or uppercase letters in the same environment, do not differ statistically from each

other by the Tukey test (p < 0.05).

As for saline stress, soluble salts accumulate in
plants, causing a reduction in turgidity, consequently
reducing the distribution of photoassimilates (Oliveira et
al., 2015). Bezerra et al. (2016) working with passion fruit
seedlings under saline stress in a protected environment
observed areductionin the dry matter values of the aerial
part. A similar frend to this study was reported by Melo
Filho et al. (2017) working with seedlings of pitombeira
imigated with saline water and grown in a protected
environment.

According to figure 3B, there was a difference
between the irrigation waters only for full sun and black
screen, these presenting higher values than the other
environments.

This result confirms the hypothesis of Costa et al.

(2015) when they state that the main factor that defines
the yield, both in the field and in protected environments,
is the elevation of solar radiation, which associated with
saline stress become stress factors for plants, because
it presents osmotic activity that retains water and the
action of ions in protoplasm (Taiz et al., 2017).

Nascimento et al. (2017) working with passion fruit
seedlings in a protected environment or in full sun found a
reduction in the dry maftter of the root with the increase in
the electrical conductivity of irrigation water. Diniz et al.
(2018) evaluating the saline stress in mahogany seedlings
in a protected environment showed a reduction in the
dry mass of the root with an increase in the salinity of the
irigation water.

According to figure 4A, the environments full sun,
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black and white screen differed statistically from the red
screen. The presentresult refers to the statement of Corréa
et al. (2012) when they reported that the reception of
red light leads to a change in the metabolism of the
plants, changing parameters of growth or a greater
acclimatization of the seedlings to the black and white

RL (cm)

Shading screens

B

a a
a
b
4 b 15 A
g 10 A
5 4 5 A
0 - T T T 0 - T
FS BS WS§ RS

screen.

These results differ from those found by Goes
et al. (2019) working with okra seedlings, where the red
screen provided greater performance in the length of the
radicle in relation fo black and full sun.

20 -

03 3.0
Eletrical conductivity of water - ECw (dS m-')

Figure 4. Root length - RL as a function of shade screens (A) and as a function of the electrical conductivity of
imigation water (B). FS - Full sun; BS - Black screen; WS — White screen; RS - Red screen; Means compared by Tukey

test at p <0.05.

Low salinity water presents higher mean values
for root length (Figure 4B), differing statistically from high
salinity water.

The reduction in root length due to increased
salinity may be related to the restriction of water
availability through osmotic effects, causing foxicity
and nutritional disorders reducing water absorption
and consequently lower root development (Oliveira et
al., 2015). Similar results for root length reduction due to
increased salinity were found by Melo filho et al. (2017),
working with pitombeira seedlings.

For the electrical conductivity of the saturation

c ab
bc
c
1.0 4
0.5 I
0.0 - T T T
FS BS UN RS

Shading screens

ECse (dS m!)

exfract (Figure 5A) the environment at full sun and red
screen had the highest values and differed statistically
from the others.

The increase of the ECse in these environments
is linked to the high rate of evapotranspiration provided
by the same, reflecting in greater accumulation of salfs in
the substrate.

A confrasting
obtained by Eloi et al. (2007), evaluating the cultivation of

result fo present study was

tomatoes in an environment protected with black screen
under saline stress , verified an increase in the electrical
conductivity of soil saturation extract.

25 4
2.0 A

1.5 1

.

03

0.0

3.0

Eletrical conductivity of water - ECw (dS m')

Figure 5. Electrical conductivity of the saturatfion extract - ECse as a function of shade screens (A) and as a
function of the electrical conductivity of the irrigation water. FS - Full sun; BS - Black screen; WS - White screen;
RS - Red screen; Means compared by Tukey test af p <0.05.

In figure 5B, the ECse in the freatment with high
salinity water was statistically superior to the low salinity
freatment. This behaviour is due to the increase of salfs
in irrigatfion water during the study. Souza et al. (2017),
working with noni seedlings showed the increase of the
ECse due to the increase of salinity of the irrigation water.

Itis verified in figure 6, that the pH decreased with

the increase of the electric conductivity of the irrigation
water.

This reduction of pH can be explained by the
increase of salfs in the water, such as calcium chloride
(Cacl,), having led to the substitution of anions such as
carbonates and bicarbonates, promoting the increase of
H* concentration in the soil solution (Freitas et al., 2007).

Comunicata Scientiae, v.13: €3702, 2022
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Figure 6. Hydrogenionic potential as a function of the
conductivity of irrigation water. Means compared by
Tuckey test at p <0.05.

Similar results were found by Rodrigues et al
(2018) working with soil chemical attributes in an area
imrigated with saline water. These same authors obtfained
pH reduction due to increased conductivity of irrigation
water.

According to the analysis of variance (Table
4), there was a significant effect for the interaction
between irrigation water and screen for the variable's
photosynthesis,
chlorophyll and water use efficiency.

franspiration, stomach conductance,

Table 4. Summary of analysis of variance for photosynthesis (A), transpiration (E), stomatal conductance (gs), instantaneous
water use efficiency (WUEi) and relative chlorophyll index (RCI) as a function of the types of shade screens and irrigation water

(high and low salinity).

VS DF

Mean Square

A E as WUEi RCI
Screens (S) 3 4.24* 0.53** 0.004" 0.200* 180.31**
ECw (E) 1 117.73** 6.46** 0.09** 3.93** 843.88**
(S) x (E) 3 16.32%* 0.62* 0.01** 2.69* 127.97*+
Treatments 7 25.63** 1.42%* 0.02** 1.80** 252.67**
Residue 24 0.93 0.08 0.001 0.06 6.52
CV (%) - 15.4 12.53 24.95 9.55 8.24
VS — Variation sources; DF - Degrees of freedom; CV - Coefficient of variation; *, ** and ns Significant at p <0.05, p <0.01 and not significant, respectively.
For the photosynthesis (Figure 7A), only on the A 12 T
black screen there was no difference between the 0 aA
imigation water, and the low salinity water was higher on = 5l sl &5
RS, WS and FS than on the high salinity water. % bA %A
The highest valuesforredscreen, possiblyisrelated g . bB
to light transfer of the spectrum in the red wave band, <] kS b8
promoting better quality diffused light, influenced in the 21
increase of photosynthetic capacity of plants. However, 0 - T ' -
the effect of saline stress reduced photosynthesis in both B 40
environments. Sl =
This situation is in agreement with Silva et al. ;zz BA e » =
(2019) when they verified a reduction of photosynthesis <20/ abB abB
in yellow passion fruit plants with the increase of salinity of g 1.5 =
irrigation water. “0
As presented in  Figure 7B, concerning 0349
perspiration, the water of 0.3 dS m?, provided higher & 0;)'2: ' ' '
values in all environments, differing statistically from the 550 aA
high salinity water. This result can be explained by the ~025
reduction in stomach conductance (Figure 7C), which ; 550/ - bA o bA
occurred independently of the environment, due to the go.ls | IObA
saline stress and consequently decreases perspiration. %0.10 4 “ - abB
These reductions are possibly linked to a 005 -
mechanism of adaptation to excess salts, since 0.00 A . i .
FS BS ws RS

the osmotic closure when associated with minimal
perspiration causes a reduction in the concentration of
salts in the leaves (Guimardes et al., 2019). Similar results
were obtained by Silva et al. (2019) working with yellow
passion fruit seedlings submitted to saline stress.

For stomach conductance (Figure 7C), a

Shading screens

Figure 7. Photosynthesis - A (A), franspiration - E (B) and
sfomatal conductance - gs (C) of passion fruit seedlings
under saline stress and different shade screens. FS - Full
sun; BS - Black screen; WS - White screen; RS - Red screen.
Lowercase letters at the same level of salinity or uppercase
letters in the same environment, does not differ statistically
from each other by the Tukey test (p < 0.05).
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difference in water (high and low salinity) was presented
only for the white and red screen, and the water with
lower conductivity was statistically superior. The partial
closure of the stomata is possibly a consequence of the
osmotic effect, due to the accumulation of salts in the
soil, (Dias et al., 2017), occurring independently of the
cultivation environment.

A

&
=}
s

aA u0.3dSm™
230dSm™
aA bA
bcA
cB bB

)
o

cB

M b
o

cB
1.5 4

1.0 4

mol m2s”! (mol H;O m2s7)")
N
o

= FS BS UN RS

Similar results were found by Silva et al. (2019)
working with passion fruit seedlings under saline stress.

For the instantaneous water use efficiency (Figure
8A), low salinity water was superior in full sun, WS and RS
differing statistically from high salinity water, while black
screen showed higher values in high salinity water.

50 4 -~ m03dsm”
o) m30dsm™
40 -
aB bA
30 1 bB bA
8 cB bcB
20 1
10 -
0 +
FS BS ws RS

Shading screens
Figure 8. Instantaneous water use efficiency - WUEi (A) and relative chlorophyll index - RCI (B) in passion fruit
seedlings under saline stress and different shade screens. FS - Full sun; BS - Black screen; WS - White screen; RS -
Red screen. Lowercase letters at the same level of salinity or uppercase letters in the same environment, does
noft differ stafistically from each other by the Tukey test (p <0.05).

The decrease in the values of WUEiI according
to the increase of the electric conductivity of the water
in the environments, may be related to their capacity
to decrease
decreasing the deleterious effects of the salts, since the

the evapoftranspiration, consequently
reduction in water consumption implies a reduction in the
absorption of specific ions, avoiding toxic effects on the
plants (Silva et al., 2014). Similarly, Silva et al. (2019) also
found lower WUEI in yellow passion fruit seedlings.

In figure 8B referring to chlorophyll, the low salinity
water differed statistically from the high salinity water, for
all screens.

The freatments in full sun and in the black screen
when irrigated with low salinity water differed statistically
from the others. The chlorophyll values in the leaves act
as an indicator of the stress level and nutritional status of
the plant, and under saline stress Silva et al. (2019) state
that the presence of salts degrades the molecules of the
photosynthetic pigment, justifying the reduction of values.

The result of this work is similar to Freire et al.
(2013), when irrigating the yellow passion fruit crop in
the field phase. The same authors verified a reduction in
chlorophyll content when submitted to saline stress.

Conclusions

1. The black screened environment provides
greater performance in leaf area, plant height and root
length and was more efficient for the production of aerial
dry mass and passion fruit seedling root in both irrigation
waters.

2. The red screen environment stimulates greater
photosynthesis, transpiration, stomach conductance
and chlorophyll in passion fruit seedlings irrigated with
low salinity water, while the black screen mitigated saline
stress for these variables.

3. The full sun environment provided greatfer
in passion fruit
seedlings for freatment with low salinity water and the

instantaneous water use efficiency

black screen environment with high salinity water.

4. The saline stress negatively affected the leaf
areaq, plant height, root length, electrical conductivity of
the soil saturation extract and pH.
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