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Abstract

The production of passion fruit in commercial areas requires a good correction of nutrients in the soil,
however, with nutritional restrictions it can cause symptoms of deficiency expressed mainly in the leaves
and stems, which may appear spots, reduced growth, changes in the architecture of these organs mainly in
the its size and shape. This work aimed to know the effects caused by the suppression of nutrients in
passion fruit species with an approach on their development and leaf morphology. The experimental design
was completely randomized (DIC) in a 2x6 factorial scheme where the first factor was composed of two
passion fruit species: P. gibertii and P. edulis, interacting with the availability of nutrients, that is, a control
group with the supply of all nutrients, with nitrogen suppression (N); phosphorus (P); potassium (K);
magnesium (Mg) and iron (Fe), totaling 12 treatments with four replications totaling 48 plots or plastic
vessels per experiment. The species P. edulis showed better responses to the variables of development and
leaf morphology. The species P. gibertii is more susceptible to nutrient deficiency and showed changes in
the color and shape of its leaves with the restriction of nutrients. The nutrients Fe and Mg caused greater
restrictions on the development and leaf morphology of passion fruit species. It is necessary to carry out a
new study with the species P. gibertii regarding the appropriate concentrations of N, P and K provided in
planting and cover, as this species is used as a rootstock in commercial areas.
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Supressao de nutrientes em espécies de maracujazeiro: uma abordagem no desenvolvimento e na
morfologia foliar

Resumo

A producdo de maracuja em areas comerciais demanda de uma boa correcdo de nutrientes no solo, no
entanto, com restricdes nutricionais pode provocar sintomas de deficiéncia expressada principalmente nas
folhas e caule, podendo aparecer manchas, redu¢do no crescimento, mudanca na arquitetura desses
drgdos principalmente no seu tamanho e formato. Esse trabalho teve por objetivo conhecer os efeitos
provocados pela supressdo de nutrientes em espécies de maracujazeiros com uma abordagem no seu
desenvolvimento e na morfologia foliar. O delineamento experimental foi inteiramente casualizado (DIC)
em esquema fatorial 2x6 onde o primeiro fator foi composto por duas espécies de maracujazeiros sendo
elas: P. gibertii e P. edulis, interagindo com a disponibilidade de nutrientes, ou seja, um grupo controle com
o fornecimento de todos os nutrientes, com as supressdes de nitrogénio (N); fosforo (P); potdssio (K);
magnésio (Mg) e ferro (Fe), totalizando 12 tratamentos com quatro repeti¢des totalizando 48 parcelas ou
vasos plasticos por experimento. A espécie P. edulis apresentou melhores respostas para as varidveis de
desenvolvimento e morfologia foliar. A espécie P. gibertii é mais susceptivel a deficiéncia de nutrientes e
apresentou mudancgas na coloragao e formato das suas folhas com a restricdo de nutrientes. Os nutrientes
Fe e Mg causaram maiores restrigdes no desenvolvimento e na morfologia foliar das espécies de maracuja.
E necessario realizar novo estudo com a espécie P. gibertii quanto as concentra¢des adequadas de N, P e K
fornecidas no plantio e cobertura, pois essa espécie é utilizada como porta enxerto em dreas comerciais.
Palavras-chave: Passiflora giberti; Passiflora edulis; nutrigao de plantas; morfologia vegetal.
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Introduction

Passion  fruit belonging to the
Passifloraceae family has two species of
highlights such as Passiflora gibertii N.E. Brown
native Brazilian used as a rootstock for the
species Passiflora edulis Sims or yellow passion
fruit, has a greater economic interest, as it is
widely used in the production of juices in the
food industry due to its performance and has
vitamin C in its composition. The quality of the
seedling is fundamental to increase the
productivity of the orchards and the precocious
production of the passion fruit. In this way,
correct fertilization will contribute to the
nutritional status of the plant and obtain good
quality plants (PRADO et al., 2005). However, the
practice of fertilization must require knowledge
about the morph-physiological characteristics of
the plant, in addition to those related to the
availability of nutrients in the soil and its behavior
in the plant (ALMEIDA et al., 2006).

Its production in commercial areas
demands a good correction of nutrients in the
soil, in order to guarantee the highest fruit
productivity, however, the passion fruit can
suffer nutritional restrictions, which can cause
symptoms of deficiency expressed in different
organs of the vegetable, mainly on the leaves and
stem, stains may appear, growth restriction and
even change in the architecture of these organs,
mainly reduction in their size and shape, the
restriction of nitrogen (N) can reduce the
synthesis of proteins in the plant organism. N
deficiency decreases the capacity of metabolic
sources and drains, reducing the formation of
photosynthetic components and shortening the
average leaf life and the leaf area index
(MOHOTTI; LOWLOR, 2002; QIN et al., 2019;
WANG et al., 2019).

Phosphorus (P) is another nutrient that
stands out in the development of the plant, as it
acts in the process of cell respiration,
photosynthesis, gene expression, cell division and
sugar formation. In addition to stimulating the
initial stages of formation of the root system,
ensuring greater absorption of other nutrients
(TAIZ; ZEIGER, 2013). The contact of the
phosphorus with the roots occurs mainly through
the diffusion process and, in this case, the
extension of the root system is extremely
important so that greater amounts of phosphorus
can be absorbed due to root interception and in
addition to contributing to the formation of a
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system healthy and well-formed root system,
helps a lot in the sprouting (FLEISCHER et al.,
2019).

On the other hand, potassium (K) is
essential in osmotic regulation, stomatal
mechanism, photosynthesis, enzymatic activation
and meristematic growth. Its deficiency reduces
the elaboration and  translocation  of
carbohydrates and inhibits the accumulation of
protein nitrogen in the leaves (SRIVASTAVA et al.,
2020). Under the lack of this nutrient there is an
increase in the respiratory rate, which
consequently arises a greater demand in the
consumption of sugars, which leads to a decrease
in the accumulation of carbohydrates, which may
cause less growth of the vegetable (SHEN et al.,,
2019). In this situation, potassium is redistributed
from the oldest to the youngest regions, causing
chlorotic stains in the leaf and a purplish color in
the central vein of the leaves, which in more
extreme situations can even dry the leaf ends
(GUO et al., 2019).

Another important nutrient for
vegetables is magnesium (Mg), because ribosome
organelles are a highly required element,
including for the formation of the RNA
polymerase enzyme, essential for protein
synthesis to occur (SHAUL, 2002). Likewise,
magnesium is a key part of photosynthesis where
in the chlorophyll molecule this nutrient has an
important structural role, as it is positioned as a
central atom. In another phase of photosynthesis,
biochemistry, atmospheric carbon dioxide is
incorporated into a carbohydrate formed by five
carbons, called ribulose-1,5-bisphosphate, so that
later glucose is made. For this, it is necessary for
the activation by magnesium of the enzyme
rubisco, or ribulose bisphosphate carboxylase
oxygenase, also present in chloroplasts (TAIZ;
ZEIGER, 2013). Also in chloroplasts, in the specific
places that house chlorophyll, high
concentrations of magnesium are required to
maintain pH and balance of loads (KOCH et al.,
2019). Magnesium deficiency can, therefore,
cause changes in their size, structure and
functioning, in addition to causing starch
accumulation, damaging, in general, the
photosynthetic process (PRANCKIETIENE et al.,
2020).

Plants absorb iron (Fe) in the form of
ferrous ion Fe*, in plants, its deficiency induces
plants to excrete amino acids into the
rhizosphere, the outer peripheral region of the



roots, thus forming stable complexes, which
allows the transport of iron protected into the
tissues (KOBAYASHI et al., 2019). That is why
plants differ from each other in their absorption
efficiency. Many of these form cytochromes,
compounds involved in electron transfer during
photosynthesis or cellular respiration,
phenomena that occur, respectively, in
chloroplasts and mitochondria organelles. As an
example, ferredoxin, which, as its name indicates,
has iron in its composition (TAIZ; ZEIGER, 2013).

This work aimed to know the effects
caused by the suppression of nutrients in passion
fruit species with an approach on leaf
morphology and its development.

Material and Methods
Growth conditions and experimental design

In  August 2019, an experiment was
conducted in the Chemistry laboratory of the
Educational Foundation of Andradina, located in
Andradina - SP, with artificial light 24 hours with
an intensity of 1000 umol m™ s*. The
experimental design was completely randomized
(DIC) in a 2x6 factorial scheme where the first
factor was composed of two passion fruit species:
P. gibertii and P. edulis, interacting with the
availability of nutrients, that is, a control group
with the supply of all nutrients, with nitrogen
suppression (N); phosphorus (P); potassium (K);
magnesium (Mg) and iron (Fe), totaling 12
treatments with four replications totaling 48
plots or plastic vessels per experiment. Each plot
consisted of seedlings that were obtained in a
commercial nursery in the region of the
municipality of Adamantina, State of Sdo Paulo
and had an average size of 153 cm; with 5+1
definitive leaves and aged 20 days.

The seedlings were grown in a nutrient
solution with all nutrients for seven days for
adaptation. The concentrations of each nutrient
where it was applied: 0.75 g L™ of Ca(NOs),; 0.53
g L* of KCI; 0.15 g L of P,Os + Ca; 0.4 g L™ of
MgSO,4; 1.5x107° g L™ of CuSO,; 2.0x107 g L™ of
ZnS0,; 1.5x10" g L™ of MnSOg4; 1.5x10™ of H3BO3;
1.5x107 g L™ of Na,MoO,; 3.0 g L' of EDTA+Fe
(6%) (FURLANI, 1998), with an electrical
conductivity adjusted daily to 2,000 uS, with a pH
of 6.4+2 and after the adaptation period the
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nutrients were removed according to the
treatments.

Leaf histology

30 days after the beginning of the
experiment, a fragment of the first fully
expanded leaf was collected from the apex of
each plant. All fragments received the procedures
relevant to dehydration, diaphanization, inclusion
and packaging, and with the aid of a microtome,
10.0 um cross sections were made in each tissue
fragment, where they were stained with safranin.
The slides were observed in an optical
microscope with a camera attached to perform
measurements of histological variables using an
image program, calibrated with a microscopic
ruler at the same magnification, where the
following tissues were measured: xylem diameter
(XD); phloem diameter (PD); abaxial epidermis
thickness (ABET); adaxial epidermis thickness
(ADET) and thickness of the palicadic parenchyma
(TPP) (REIS et al., 2017). For all variables, ten
measurements were made per slide, totaling 40
measurements per treatment.

Development parameter

On the same occasion, the dry mass air
part (DMAP) and dry mass root (DMR) which
were obtained by drying in a circulation oven and
renewing air at a constant temperature of 65°C
until they reached constant weight.

Statistical analysis

For statistical evaluation, the variables
were subjected to normality tests where the
Shapiro-Wilk test was used, after meeting the
test precepts, the analysis of variance was
performed using the F test (p<0.05) and their
means compared by the Tukey test at 5%
probability (BANZATTO; KRONKA, 2013), a
Pearson correlation was also made and the
statistical program was used RStudio (R CORE
TEAM, 2015).

Results

A significant difference was observed
between the factors in isolation for the variable
dry mass air part (DMAP) as shown in Table 1.
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Table 1. Statistical analysis of dry mass air part (DMAP); dry mass root (DMR); xylem diameter (XD) and
phloem diameter (PD) of passion fruit species after nutrient suppression in the initial phase of the crop.

DMAP (g) DMR (g) XD (um) PD (um)
p value of Species (S) 0.0115* 0.5139Ns 0.0020** 0.0001**
p value of Nutriente (N) 0.0001** 0.0001** 0.0001** 0.5155Ns
p value of SxN 0.0558Ns 0.0001** 0.0054** 0.2415Ns
OA 0.62 0.18 14.00 4.08
CV (%) 26.52 21.37 16.32 26.92

**significant at the 1% probability level (p<0.01); *significant at the 5% probability level (0.01=<p<0.05); Ns-not
significant (p>=0.05); OA: overall average; CV: coefficient of variation.

The species P. gibertii presented a greater 19.11% superior to the species P. edulis as
dry mass air part (DMAP) with approximately demonstrated in Figure 1.

Figure 1. Dry mass air part (DMAP) of passion fruit species after nutrient suppression. The means followed
by the same letter do not differ statistically. The Tukey test was applied at the level of 5% probability. SMD:
Significant minimum difference.
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The restriction of the nutrients nitrogen showed a reduction of approximately 62.74 e
and iron were the ones that caused less 66.66% respectively, as demonstrated in Figure 2.

deposition of dry mass air part (DMAP) which

Figure 2. Dry mass air part (DMAP) after nutrient suppression in passion fruit species. The means followed
by the same letter do not differ statistically. The Tukey test was applied at the level of 5% probability. SMD:
Significant minimum difference.
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The expression of nutrient deficiencies
was expected in the two passion fruit species, but
deficiencies were only observed with the naked
eye in the P. gibertii species, where the nutrient
requirements led to changes in the color of the
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leaves as shown in Figure 3 and there was also a
change in the shape of the leaves where the leaf
lobes became more rounded and smaller with the
suppression of P and K.

Figure 3. Passiflora gibertii species with nutrient suppression.Bar = 5.0 cm.

All

The species P. gibertii had the lowest dry
mass root (DMR) when the Fe nutrient was
suppressed, this restriction caused a reduction of
approximately 77.77% in relation to the
treatment with all nutrients, whereas this

-Mg

deleterious effect was not observed in the

species P. edulis as observed in Table 2.

Table 2. Unfolding of the interaction of the mean values of the dry mass root (DMR) variable of passion

fruit species after nutrient suppression.

All -N -P K -Mg -Fe
P.giberti  0.27aAB  0.13aCD  0.15aCD 0.29aA 0.20aBC 0.08bD
P. edulis 0.21bA 0.18aA 0.17aA 0.15bA 0.21aA 0.17aA
SMDlin: 0.08 SMDcol: 0.05

The means followed by the same lower case letter in the column do not differ statistically. The means followed by the
same capital letter on the line do not differ statistically. The Tukey test was applied at the level of 5% probability.

SMD: Significant minimum difference.

Again, the suppression of the nutrient Fe
in the species P. gibertii was the one with the
lowest xylem diameter (XD) with approximately
62.11% in relation to the treatment with all
nutrients, while in the species P. edulis the
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absence of nitrogen was the one that showed the
lowest mean value with 24.57% in relation to the
control treatment as shown in Table 3.
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Table 3. Unfolding of the interaction of the average values of the variable xylem diameter (XD) of the
passion fruit species after nutrient suppression.

All N P K -Mg -Fe
P. gibertii  17.34aA 12.01aB 11.18bBC  14.68aAB  15.60aAB  6.57bC
P. edulis 18.39aA 13.87aA 14.86aA 14.06aA 14.93aA 14.48aA
SMDlin: 4.86 SMDcol: 3.28

The means followed by the same lower case letter in the column do not differ statistically. The means followed by the
same capital letter on the line do not differ statistically. The Tukey test was applied at the level of 5% probability.
SMD: Significant minimum difference.

This interaction was not found for the
variable phloem diameter (PD), where only the
passion fruit species that showed a statistical
difference between them (Table 1), this
difference can be well elucidated in Figure 4,

highlighting the species P. edulis with 29.49%
higher than the species P. gibertii.

Figure 4. Mean values of the phloem diameter (PD) of passion fruit species after nutrient suppression. The
means followed by the same letter do not differ statistically. The Tukey test was applied at the level of 5%
probability. SMD: Significant minimum difference.
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Table 4. Statistical analysis of abaxial epidermis thickness (ABET); adaxial epidermis thickness (ADET) and
thickness of the palicadic parenchyma (TPP) of passion fruit species after nutrient suppression in the initial
phase of the culture.

ABET (um) ADET (um) TPP (um)
p value of Species (S) 0.0001** 0.0001** 0.0089**
p value of Nutriente (N) 0.0001** 0.0001** 0.0001**
p value of SxN 0.0005** 0.3436Ns 0.3410Ns
OA 7.15 7.97 20.69
CV (%) 17.62 28.85 19.66

** significant at the 1% probability level (p<0.01); * significant at the 5% probability level (0.01=<p<0.05);
Ns not significant (p>=0.05);0A: overall average; CV: coefficient of variation.

An interaction was observed between the
factors in the variable abaxial epidermis thickness
(ABET) as noted in Table 4.

With the suppression of nutrients for the
species P. gibertii a abaxial epidermis thickness
(ABET) presented lower mean values, where the
absence of Fe was the cause of this reduction in a
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more marked way, then Mg, K, N and finally P.
While in the species P. edulis the lack of nutrients
K and Fe were the elements which led to the
lowest development of ABET, with approximately
36.95 and 36.40% respectively as shown in Table
5.
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Table 5. Unfolding of the interaction of the abaxial epidermis thickness (ABET) variable of passion fruit
species after nutrient suppression.

All N P K -Mg -Fe
P. gibertii  12.14aA 5.47bB 5.85aB 4.61bB 4.00bB 3.38bB
P. edulis 10.85aA 10.24aAB  7.65aBC 6.84aC 7.92aBC 6.90aC
SMD lin: 2.68 SMD col: 1.81

The means followed by the same lower case letter in the column do not differ statistically. The means
followed by the same capital letter on the line do not differ statistically. The Tukey test was applied at the
level of 5% probability. SMD: Significant minimum difference.

For the wvariable adaxial epidermis approximately 47.02% in relation to the species
thickness (ADET) the species P. edulis presented a P. gibertii, as shown in Figure 5.
higher mean value with a difference of

Figure 5. Average values of the adaxial epidermis thickness (ADET) of passion fruit species after nutrient
suppression. The means followed by the same letter do not differ statistically. The Tukey test was applied
at the level of 5% probability. SMD: Significant minimum difference.
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The deletions of nutrients caused a respectively in relation to the treatment that
reduction in the ADET variable as shown in Figure received all nutrients.

6. It is worth mentioning for this deleterious
effect in the absence of the elements Fe and Mg
with  approximately 53.10 and 47.92%
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Figure 6. Average values of the adaxial epidermis thickness (ADET) of passion fruit species after nutrient
suppression. The means followed by the same letter do not differ statistically. The Tukey test was applied
at the level of 5% probability. SMD: Significant minimum difference.
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For the variable thickness palicadic approximately 14.60% in relation to the species
parenchyma (TPP) the species P. gibertii had the P. edulis as shown in Figure 7.

highest average value, with a difference of

Figure 7. Average values of the thickness palicadic parenchyma (TPP) of passion fruit species after nutrient
suppression. The means followed by the same letter do not differ statistically. The Tukey test was applied
at the level of 5% probability. SMD: Significant minimum difference.
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Again, the suppression of nutrients Fe, This restriction led to a reduction of
Mg and N were the ones that presented the approximately 43.28; 38.60 and 38.57%
lowest averages in the variable thickness respectively.

palicadic parenchyma (TPP) as shown in Figure 8.
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Figure 8. Average values of the thickness palicadic parenchyma (TPP) after nutrient suppression of passion
fruit species. The means followed by the same letter do not differ statistically. The Tukey test was applied
at the level of 5% probability. SMD: Significant minimum difference.
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Figure 9 shows the significant Pearson
correlations between the variables analyzed in
the passion fruit species after nutrient
suppression. Highlighting the positive linear
interactions between dry mass air part (DMAP)
with the dry mass root (DMR); xylem diameter
(XD) and thickness palicadic parenchyma (TPP); in
the same way the interaction between dry mass
root (DMR) with the xylem diameter (XD) and
thickness palicadic parenchyma (TPP); also
between xylem diameter (XD) with phloem
diameter (PD); abaxial epidermis thickness (ABET)

. 18.88bc

SMD:6.12um

and adaxial epidermis thickness (ADET), besides
phloem diameter (PD) with abaxial epidermis
thickness (ABET) and lastly the interactions of
abaxial epidermis thickness (ABET) with adaxial
epidermis thickness (ADET) and thickness
palicadic parenchyma (TPP).

Table 6 shows the matrices of significant
linear regressions of Pearson's interactions of the
variables analyzed in passion fruit species after
nutrient suppression.

Figure 9. Pearson's correlation between the variables analyzed in the passion fruit species after nutrient
suppression. DMAP - Dry mass air part; DMR - Dry mass root; XD - Xylem diameter; PD - Phloem diameter;
ABET - Abaxial epidermis thickness; ADET - Adaxial epidermis thickness, TPP - Thickness of the palicadic

parenchyma.
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Table 6. Matrix of significant linear regressions of Pearson interactions of the variables analyzed in passion

fruit species after nutrient suppression.

Y =Bo+Bil+...+BnN F R’

DMAP (g} DMAP=0.23650392+2.04475036 DMR 10.94** 0.1921
DMAP=0.14202958+0.03427114 XD 8.74**  0.1597
DMAP=0.02257451+0.02895887 TPP  23.40** 0.3372

DMR (g) DMR=0.04905885+0.00995651 XD 19.20** 0.2934
DMR=0.10635888+0.00396728 TPP 7.35%*  0.1377

XD (um)

XD=10.7663254+0.79277155 PD 4.30* 0.0854

XD= 10.2681930+0.52147022 ABET 10.05** 0.1793
XD=11.4012464+0.32588188 ADET 7.01* 0.1322
PD (pm) PD=3.23230751+0.10626597 ADET 5.31* 0.1034
ABET (um) ABET=3.14189624+0.50344471 ADET  42.21** 0.4785
ABET=2.61978449+0.21929524 TPP 12.64** 0.2156

DMAP - Dry mass air part; DMR - Dry mass root; XD - Xylem diameter; PD - Phloem diameter; ABET - Abaxial epidermis
thickness; ADET - Adaxial epidermis thickness, TPP - Thickness of the palicadic parenchyma.

4. Discussion

Both in the species P. gibertii and P.
edulis, the suppression of N caused a reduction in
the development of the plant area, since this
macronutrient is the one that demands greater
attention in planting fertilization or cover, as this
nutrient is part of the structure of the plants.
main proteins and nitrogenous bases. Another
highlight is the element P that is present in the
composition of membranes, energy molecules
and also acts as a signal in the mechanisms of
cellular homeostasis through the activation of the
PSI gene groups that act directly in the plant
physiology (QIN et al., 2019; WANG et al., 2018;
HAM et al., 2018; SANTOS et al., 2018).

It is worth mentioning that the deficiency
of N causes a general yellowing of the leaves
(Figure 3), as this element is part of the structure
of chlorophylls, where its deficiency reduces the
photosynthetic rate of the plant, which,
consequently, its development has become
compromised as seen in Figure 2. And even in the
roots, N acts directly in signaling the stem cells of
caliptrogen that start to influence the root
architecture of plants through the absorption of
NO™ from the soil solution, with the deficiency of
this nutrient caused a lower dry root mass (Table
2) and also caused a reduction in the xylem
development (Table 3) (WANG et al., 2019),
which has the function of transporting water and
nutrients absorbed from the soil to the aerial part
of the plant, which shows the interaction
between these two DMR variables x XD (Table 6
and Figure 9). That in turn its development has
been compromised, where nitrogen suppression
may have directly impaired cofactor activity as a
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catalyst in the last step of the action of enzymes
in the lignin biosynthesis and that this
biomolecule plays a role in the cell wall
composition that causes its hardening increasing
its resistance to mechanical damage, therefore,
the compromised internal structure of the pot
may have caused a reduction in the development
of the aerial part of the passion fruit, especially in
the shape of the leaves (Figure 3) (QIN et al,,
2019).

It is worth mentioning that the
conducting vessels are directly linked to the
efficiency of the photosynthetic rate of the plant,
since the leaves require a large amount of water
at the oxygen reaction sites in photosystem 2
(PSII) and nutrients as cofactors of biochemical
reactions (STEWART et al., 2017) and when there
is a reduction in the availability of water, your
entire metabolism is impaired.

Even though no statistical difference was
observed with the nutrient K, it is worth
mentioning that this element is important in the
homeostasis of the membranes of the mesophyll
cells of the leaves of Camellia sinensis ((L.) O.
Kuntze) when the plants were subjected to water
stress (ZHANG et al., 2019) , where the H*-ATPase
causes an efflux of K out of the cells with the lack
of water, that after its rehydration the H*-ATPase
guaranteed a membrane hyperpolarization and
that for consequently a minor loses K.

These reactions can be well observed in
the activities of opening and closing the leaf
stomata (WOLDEMARIAM et al., 2018), another
function of K together with Mg, is to act directly
in the transport of photoassimilates mainly of
sucrose from the cells of the palisade



parenchyma to the apoplast (Table 4 and Figure
7) (KOCH et al., 2019) which are directed to the
phloem pots and directed to the other regions of
the plant and which can also guarantee greater
sweetness of the fruits of the species P. edulis at
the time of harvest and a well-nourished plant
produces fruits with longer shelf life (PACHECO et
al., 2018).

The color change of the leaves due to the
suppression of Mg is related to its importance in
the composition of the chlorophyll molecule,
mainly of the PSII photosystem, the leaves have
intense yellowish spots between the main veins
(Figure 3). It is worth mentioning that with the
cultivation under restriction of this nutrient, it
allows an increase of H,0, in plants under stress
(SAMBORSKA et al., 2018), where Mg acts as a
cofactor for enzymes such as ATPase, protein
kinases, = phosphatases, carboxylases and
superoxide dismutase (SOD), the which explains
the elevation of H,0,, since SOD did not perform
its function efficiently.

Due to the toxic nature of H,0, and the
possible increase in the internal concentration of
cells, mainly in the palisade parenchyma, as they
are cells rich in chloroplasts, where in this tissue
they perform photosynthesis as the greatest
intensity, their structures may have been
unstructured and their physiological functions
have become be compromised (REIS et al., 2017),
which implied a reduction in the development of
the plant mainly in the production of dry mass
(Figure 2 and Table 1).

The species P. gibertii is used as a
rootstock for the species P. edulis, thus making it
necessary to pay more attention to producers
regarding the management of this species in the
field, as it demonstrates that P. gibertii is more
sensitive to nutrient deficiency and to the choice
of areas with soil with better chemical attributes
and a well-adjusted fertilization makes it an
important factor for the good development of
this species. Thus, the cultivation of Passiflora sp.
in hypoferric soils it can generate a demand for
foliar fertilization of the micronutrient Fe, which
increases the production costs of the crop.

The reduction in the dry mass of the area
caused by the suppression of Fe in both species
of passion fruit (Figure 2 and Table 3), may have
occurred due to the importance of this element
as an electron donor for ferrodoxin in the
photosynthetic apparatus of the chloroplasts
present in the palisade parenchyma of the leaves
of vegetables (TAIZ; ZEIGER, 2013; SCHORSCH et
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al., 2018; SCHULLER et al., 2019), which may have
caused a reduction in the production of NADH +
which will later be used in carbon fixation in the
Calvin cycle which, consequently, less dry mass
deposition (AMTHOR et al., 2019), considering
that even when the plant is under oxidative
stress, Fe acts as a reaction cofactor for the Fe-
SOD enzyme that is directly linked to the
maintenance of the palisade parenchyma
chloroplasts (ALSCHER et al., 2002), with this
physiological breakdown its development started
to be impaired, similarly to the nutrient Mg, as
these nutrients have metallic properties and
perform the function of electron donors to occur
these chemical reactions.

With the changes in the internal
morphology of the leaf, mainly of the palisade
parenchyma (Figure 7 and 8), it may have led to a
reduction in the adaxial and abaxial epidermis, as
the development was compromised, showing
that the suppression of nutrients may lead the
plants to exposure to diseases and even the loss
of water due to transpiration, since the epidermis
are directly linked to the protection of plants
against these external agents due to the
reduction of epidermis (CASTRO et al., 2009).
These responses corroborate the positive
interactions found between these variables
(Table 6 and Figure 9). There is a difference in the
development and response to the suppression of
nutrients between species, given that P. edulis
has already undergone plant breeding, which
may explain a greater development of its tissues
(EMBRAPA, 2005; BELLON et al., 2007).

Conclusion

The species P. edulis showed better
responses to the variables of development and
leaf morphology.

The species P. gibertii is more susceptible
to nutrient deficiency and showed changes in the
color and shape of its leaves with the restriction
of nutrients.

The nutrients Fe and Mg caused greater
restrictions on the development and leaf
morphology of passion fruit species.

It is necessary to carry out a new study
with the species P. gibertii regarding the
appropriate concentrations of N, P and K
provided in planting and cover, as this species is
used as a rootstock in commercial areas.
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