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ABSTRACT: The use of agro-industrial waste may represent an alternative to reduce the costs of purchasing commercial substrates
by producers of passion fruit seedlings, and carnalba palm bagana is an alternative for the Northeastern Brazilian region. In this
context, the objective was to evaluate the production of yellow passion fruit seedlings in substrates based on carnauba bagana
in different proportions with soil. The experiment was conducted in the experimental area of the Agrometeorological Station of
Fortaleza, Pici Campus, Federal University of Ceard, Brazil, in a completely randomized design, whose treatments consisted of
substrates formulated from the combination of different proportions of carnatiba bagana (CB) and soil: Soil (100%) + CB (0%); Soil
(75%) + CB (25%); Soil (50%) + CB (50%); Soil (25%) + CB (75%); and Soil (0%) + CB (100%). The presence of CB, regardless
of its proportion in the substrate, leads to the best results in photosynthesis and Dickson quality index (DQI) in yellow passion
fruit seedlings. The best morphological responses were obtained with CB proportions greater than 50%, which also led to greater
accumulation of nutrients in the shoots.
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Morfofisiologia e nutricao de mudas de maracujazeiro-amarelo cultivado
em substratos a base de bagana de carnatiba

RESUMO: O emprego de residuos agroindustriais pode representar uma alternativa para diminuir os custos de aquisi¢do de
substratos comerciais pelos produtores de mudas de maracujazeiro, sendo a bagana de carnauba uma alternativa para a regido
do Nordeste brasileiro. Nesse contexto, objetivou-se avaliar a produ¢do de mudas de maracujazeiro-amarelo em substratos
a base de bagana de carnauba em diferentes proporg¢des com o solo. O experimento foi conduzido na area experimental da
Estagao Agrometeoroldgica de Fortaleza, Campus do Pici, Universidade Federal do Ceara, Brasil, em delineamento inteiramente
casualizado, cujo os tratamentos foram constituidos por substratos formulados a partir da combinagéo de diferentes propor¢des
de bagana de carnauba (BC) e solo: Solo (100%) + BC (0%); Solo (75%) + BC (25%); Solo (50%) + BC (50%); Solo (25%)
+ BC (75%); e Solo (0%) + BC (100%). A presenga de BC, independentemente de sua propor¢éo no substrato, apresenta
os melhores resultados na fotossintese e no indice de qualidade de Dickson (IQD) em mudas de maracujazeiro amarelo. As
melhores respostas morfologicas foram obtidas nas proporgdes maiores que 50% de BC, que levou também ao maior acimulo
de nutrientes na parte aérea.

Palavras-chave: residuo agroindustrial; elementos minerais; Passiflora edulis f. flavicarpa
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Morphophysiology and nutrition of yellow passion fruit seedlings grown in substrates based on carnadba palm bagana

Introduction

Brazil is one of the world’s largest fruit producers, due to
its soil and climate characteristics for the development of
fruit growing (Natale et al., 2012). In addition, the activity has
economic and social advantages, since it contributes to keeping
rural workers in the field, improves the distribution of regional
income, and generates products of high commercial value,
contributing to a great monetary movement in the country.

Passion fruit (Passiflora edulis f. flavicarpa) is gaining
increasing prominence in the national scene, as this fruit
crop has become increasingly cultivated for being a source of
income for small and medium farmers, due to the demand of
agroindustry for the production of juices, food and cosmetics,
in addition to providing rapid economic return to producers
(Junghans & Jesus, 2017).

According to data of IBGE (2019), passion fruit is cultivated
in the entire Brazilian territory, consolidating the country as
the world’s first producer of the fruit, with the Northeast
region being the main producer.

Seedling production is one of the aspects that must be
taken into account and that can influence the production
potential of the orchard and, consequently, the obtaining of
quality fruits. At this stage, it is important to investigate the
substrates used, regarding the physicochemical properties
and supply of nutrients (Natale et al., 2018).

The replacement of mineral fertilizer, which is more
expensive, with organic residues in the formulation of
substrates for seedling production has been growing in
the scientific environment. That is, these compounds
represent an alternative to reduce the costs of purchasing
commercial substrates by producers, as well as contributing
to the reduction of incorrect disposal of agro-industrial waste
(Siqueira et al., 2020). In this context, an alternative would
be the use of carnauba palm (Copernicia prunifera) bagana, a
by-product derived from the extraction of wax from carnauba
palm leaves, since there are already promising results for
some crops, such as ‘Formosa’ papaya (Albano et al., 2017),

for which bagana promoted the formation of good quality
seedlings, and Ruellia simplex (Silva et al., 2020), for which
there is an increase in the number of inflorescence as the
proportion of carnalba bagana volume is increased in the
substrate.

It should be noted that the use of waste from agriculture
can cause risks of environmental contamination, so it is
necessary to give it a final destination. Thus, an option would
be to generate alternative substrates, adopting ecologically
sustainable and economically viable production systems.

In this context, the objective of this study was to evaluate
the production of yellow passion fruit seedlings in substrates
based on carnalba palm bagana in different proportions with
soil.

Materials and Methods

The experiment was conductedin a protected environment,
in the experimental area of the Agrometeorological Station
of Fortaleza, belonging to the Department of Agricultural
Engineering, located at the Pici Campus, at the Federal
University of Ceard, in Fortaleza, Ceara, Brazil. According
to Koppen’s classification, the climate of the site is Aw,
characterized as rainy tropical, with high temperatures and
prevailing rainfall in summer and autumn.

A completely randomized design was adopted, consisting
of five treatments, with five replicates and three plants per
experimental plot, totaling 75 passion fruit seedlings. The
treatments consisted of substrates formulated from the
combination of different proportions of carnadba bagana
(dry) and soil: Soil (100%) + Carnauba bagana (0%); Soil (75%)
+ Carnauba bagana (25%); Soil (50%) + Carnauba bagana
(50%); Soil (25%) + Carnauba bagana (75%); and Soil (0%) +
Carnauba bagana (100%).

The soil used to compose the substrate was classified
as Argissolo Vermelho-Amarelo (Ultisol). The chemical
characteristics of the substrates used in the experiment can
be observed in Table 1.

Table 1. Chemical composition of substrates: Soil (100%) + Carnauba bagana (0%); Soil (75%) + Carnauba bagana (25%); Soil
(50%) + Carnauba bagana (50%); Soil (25%) + Carnauba bagana (75%); Soil (0%) + Carnauba bagana (100%).

*Extracted by method Mehlich 1; SB: Sum of exchangeable bases; CEC: Cation exchange capacity at pH 7.0; V: Base saturation; OM: Organic matter; EC: Electric conductivity.
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The seedlings were produced using yellow passion fruit
seeds (Topseed®), sowing five seeds in each experimental
unit. Polyethylene bags with dimensions of 12-20 cm, with 1.5
dm? of volume, were filled with the substrates corresponding
to the respective treatments and kept in a screen-protected
environment with a 50% shade net.

The seedlings were manually irrigated every day by
the weighing method, applying the volume of water
evapotranspired on the previous day, in order to keep the
substrate at its field capacity at the time of irrigation. At 15
days after emergence (DAE), thinning was performed, keeping
only the most vigorous plant in each experimental unit.

At 45 DAE, between 8 and 11 h, the net photosynthesis rate
(A — pumol CO, m? s™) was evaluated using the IRGA device,
whose reading was performed on fully expanded leaves of the
plant.

At 60 DAE, the seedlings were evaluated for: height (cm),
determined from the plant collar to the last expanded leaf;
stem diameter (mm), measured at a distance of 2 cm from
the substrate with a digital caliper; number of expanded
leaves, by direct counting; and leaf area (cm?), determined by
a non-destructive method, based on leaf dimensions (length
and width). After measurements of the growth variables, the
plants were divided into shoots and root system, washed
under running water, then with a solution of deionized water
and neutral detergent (0.1% v/v) and then in deionized water
again.

After obtaining these data, the plants were placed in paper
bags properly identified, dried in a forced air circulation oven
at 65 2C until reaching constant mass, and weighed on an
analytical scale to obtain shoot dry matter, root dry matter
and total dry matter.

From the data obtained, the Dickson quality index (DQI)
was calculated using Equation 1 (Dickson et al., 1960).

TDM(g)
PH(cm) SDM(g)
SD(mm) " RDM((g)

DQI = (1)

where: TDM: total dry matter; PH: plant height; SD: stem
diameter; SDM: shoot dry matter; RDM: root dry matter.

After the determination of shoot dry matter, the material
was ground in a Wiley-type mill, with an 1-mm-opening mesh,
and then placed in identified containers and taken to the Soil
Laboratory of the Federal University of Ceara, to determine
the contents of macro and micronutrients, according to the
methodology of Malavolta et al. (1997). These data obtained
were used to calculate the accumulation of nutrients,
obtained by multiplying the contents by the shoot dry matter
production of the seedlings.

The results were subjected to analysis of variance by the
F test and, when there was significance, the treatment means
were compared by Tukey test at 5% and 1% probability levels.

Results and Discussion

It was verified, from the results of the analysis of variance
(Table 2), that the different proportions of carnatba bagana
(CB) and soil (S) significantly affected all variables analyzed.

For plant height, it was observed that the substrate
S25CB75 stood out from the other treatments (Table 2), with
superiority of 85.21% in comparison to the lowest mean found
in substrate S1. This result may be related to the presence of
organic matter in the composition of this substrate (Table 1).
That is, although the amount is lower than in CB100, S25CB75
possibly promoted greater water retention and nutrient
distribution to the seedlings from the soil solution to the
roots and, consequently, greater vegetative growth (Taiz et
al., 2017).

Itshould be noted that in the traditional production system,
yellow passion fruit seedlings are taken to the field when they
are about 30 cm tall (Miyake et al., 2017). This average value
is lower than the results found in the present study, except for
the data obtained with $100 (13.51 cm). Siqueira et al. (2020),
evaluating alternative substrates for the production of yellow
passion fruit seedlings, found values ranging from 3.9 to 26.7
cm at 60 DAS.

According to the results of stem diameter, the seedlings
produced in the substrate SS0CB50 obtained values higher
than those of the other treatments, but statistically equal to
those found in the substrates S25CB75 and CB100 (Table 2).
The increase in stem diameter is the result of cell expansion,

Table 2. Biometric characteristics: plant height (PH), stem diameter (SD), number of leaves (NL), leaf area (LA), shoot dry matter
(SDM), root dry matter (RDM), total dry matter (TDM), Dickson quality index (DQI) and photosynthesis (A) of yellow passion
fruit seedlings subjected to different proportions of carnadba bagana and soil at 60 DAE.

CV (%): Coefficient of variation; MSD: Minimum significant difference; *Significant by F test at 5%; Significant by F test at 1%; ns = not significant. The means followed by the same

letter in the column do not differ statistically from each other by the Tukey test (p > 0,05).
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which can be favored by the presence of humic substances
contained in the organic matter of S50CB50, S25CB75 and
CB100, respectively. It is worth mentioning that seedlings with
high value of stem diameter (for the present study conditions)
indicate that there will be a good rate of survival after planting.
This result is an indicator of the rates of net assimilation of
photosynthesis products (Marana et al., 2015).

Similar results were found by Castro et al. (2016) when
using the proportion of 60% CB + 40% S (Latossolo Vermelho
Amarelo - Oxisol) for Enterolobium contortisiliquum seedlings.
These same authors also verified a significant increase in stem
diameter, similar to the mean values of this study.

The mean values found reveal that for the number of
leaves there was statistical similarity between substrates
S25CB75 and CB100 (Table 2). The same trend was observed
by Aradjo et al. (2017) in ‘paricd’ seedlings, which showed a
significant increase in the number of leaves with the addition
of CB to the substrate. Similarly, the results of the present
study are consistent with those reported by Siqueira et al.
(2020), who found similar means for the number of leaves in
yellow passion fruit seedlings.

Table 2 shows that CB, exception for $100, influenced
leaf area when combined with S, regardless of its proportion
in the composition of the substrates, which did not differ
statistically from each other. The positive effect of CB may be
related to its chemical characteristics, especially the amounts
of potassium and nitrogen. Nomura et al. (2012) stated that
the larger the leaf area, the better the rate of seedling survival
in the field, because leaves are the structures responsible
for capturing solar energy and producing organic material
through photosynthesis.

For shoot dry matter, the substrate that promoted the best
result was S25CB75, which was statistically equal to CB100
(Table 2). The increase in shoot dry matter can be explained
by the higher N and P contents found in the compositions
of substrates with CB above 50%, reinforcing the claim of
Araujo et al. (2017), who stated that CB increases fertility and
improves the physical properties of the substrates, promoting
better seedling development.

Similar results were observed in the production of
‘tamboril’ seedlings by Araujo et al. (2016), who found that
the substrates with higher proportion of CB led to higher
SDM. Sousa et al. (2020), working with CB in the formulation
of substrates for ‘acai’ seedlings, verified that the treatment
containing 60 and 80% CB, plus S, stood out from the others
for this variable.

Seedlings that had the highest means of root dry matter
(RDM) were those grown in the substrates S50CB50 and
S25CB75. The substrate without CB in the composition (S100)
led to the lowest mean of RDM. This result can be associated
with the phosphorus and calcium levels present in these
substrate proportions (Table 1), as well as the amount of
organic matter, which improves the physical properties of the
substrates, resulting in greater root development (Araujo et
al., 2017; Miyake et al., 2017).
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Results opposite to that of this study were found by
Silva et al. (2020), who evaluated the effect of substrates
based on CB (40, 60, 80 and 100% CB + 60, 40, 20 and 0% S,
respectively) on the production of Ruellia simplex seedlings
through vegetative propagation and observed that there was
no significant difference for the values of root dry matter.

For total dry matter, the treatments S25CB75 and CB100
did not differ statistically from each other, with mean values
of 7.32 g and 6.43 g, respectively (Table 2). Results similar
to those of the present study were obtained by Araujo et al.
(2016), who noted that increasing proportions of CB-based
organic residues in substrate composition contributed to
better development and accumulation of TDM. Similarly,
Silva et al. (2020) also found that treatments with a higher
proportion of CB obtained higher TDM in Ruellia simplex
seedlings.

Regarding Dickson quality index (DQI), except for S100, the
other substrates were statistically similar. Seedlings produced
without the addition of CB obtained the lowest means for
this variable. Thus, it is possible to infer that CB favored
the quality of yellow passion fruit seedlings, in its different
proportions, when compared to the S employed alone (Table
2). These results are even more evident by the fact that only
the substrate with absence of CB did not reach the minimum
standard value for the DQJ of the seedlings, which is 0.20, as
recommended by Hunt (1990).

It is worth remembering that the morphological
parameters and relationships used for quality assessment
should not be used alone for classifying the quality standard
of seedlings, in order not to take the risk of selecting taller, but
weak seedlings, discarding the shortest ones, but with greater
vigor (Marana et al., 2015).

The results obtained in the present study were higher than
those obtained by Silva et al. (2019), who observed DQI values
ranging from 0.02 to 0.08 in yellow passion fruit seedlings, in
substrates with different sources of organic matter (bovine
manure and coffee residue). On the other hand, Berilli et al.
(2018) obtained DQI values similar to that of the present study
when evaluating the effect of foliar fertilization with liquid
tannery sludge on yellow passion fruit seedlings.

For photosynthesis (A), except for S100, all other substrates
did not differ statistically from each other (Table 2). Possibly,
this result is related to the amounts of nitrogen, phosphorus
and potassium present in these substrates (Table 1), since
N serves as a constituent of many plant cell components,
including chlorophyll, besides activating many enzymes
involved in photosynthesis; phosphorus stimulates enzymatic
activity and RuBisCO synthesis, favoring the assimilation of
CO,, which favors photosynthesis; and K regulates stomatal
opening (Taiz et al., 2017).

The results for macronutrient accumulation are shown
in Table 3, where it is possible to observe that the different
proportions of CB plus S significantly affected all variables
analyzed.

Table 3 shows that S25CB75 and CB100 led to higher
N accumulation, resulting from the higher dry biomass
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Table 3. Accumulation of macronutrients in the shoots of yellow passion fruit seedlings, subjected to different proportions of

carnauba bagana plus soil.

CV (%): Coefficient of variation; MSD: Minimum significant difference; *Significant by F test at 5%; Significant by F test at 1%; ns = not significant. The means followed by the same

letter in the column do not differ statistically from each other by the Tukey test (p 2 0,05).

production in these plants. This result may also be related to
the greater availability of this nutrient in the substrate (Table
1), which denotes that high concentrations of N in organic
residues may be an indication that these may act as a source
of nitrogen for plants, such as CB.

The results obtained in the present study are in accordance
with those of Albano et al. (2017), who also verified a positive
effect on the amounts of N in the plant tissue of ‘Formosa’
papaya (Carica papaya L.) seedlings grown in substrate based
on semi-decomposed carnauba palm residue.

Regarding P accumulation (Table 3), the treatments
S50CB50 and S25CB75 differed statically from the other
treatments. The greater accumulation of this macronutrient
in these substrates is possibly related to the synergistic
effect between magnesium and phosphorus ions. In papaya
seedlings grown in semi-decomposed CB residue, Albano et
al. (2017) also verified the positive influence of the substrate
on the P content in the shoots of the seedlings.

The highest potassium accumulations (Table 3) were
obtained in treatments with highest proportions of CB
(S50CB50, S25CB75 and CB100), which may be linked to the
presence of the nutrient in the substrates. These results can
also be explained by relating the accumulation of K in plant
tissue to the dry matter production in these plants (Table 2).

Results consistent with those of the present study were
reported by Oliveira et al. (2018), who analyzed potential
organic fertilizers and verified through the analysis of the
chemical composition the capacity of CB to contribute to
plant nutrition and, consequently, to the supply of K to
plants. Similar results were also obtained by Albano et al.
(2017) in papaya seedlings, in which nutrient content was
significantly influenced by the substrates based on carnatba
palm residues.

Seedlings grown in the substrates S25CB75 and CB100
showed higher calcium accumulation when compared to
those of the other treatments (Table 3). This is possibly related
to the increasing content of Ca in the substrate (Table 1).

Ca was the second most accumulated macronutrient in
the shoots of the seedlings, which may have occurred as a
result of its low mobility in the plant (Fernandes et al., 2018).
Similar results were found by Barros et al. (2013) in yellow
passion fruit seedlings cultivated in substrates with composts
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of green manure and foliar biofertilizer, in which Ca was also
verified in this order of accumulation.

The mean values reveal that the substrates S25CB75 and
CB100 were statistically superior to the others, in relation
to Mg accumulation in the shoots of the seedlings (Table 3).
Possibly, the P present in these substrates contributed to
higher accumulations of Mg, evidencing the synergistic effect
among these essential elements (Prado, 2020), in addition to
the higher dry matter production of these plants.

The accumulation of macronutrients in the shoots of
passion fruit seedlings occurred in the following descending
order: N > Ca > K> Mg > P. This result differs from that found by
Barros et al. (2013) when investigating the use of Supermagro
biofertilizer in yellow passion fruit seedlings cultivated in a
protected environment; these same authors observed the
following order for nutrient accumulation: K> Ca >N > Mg > P.
The results of the present study also differ from those found by
Borges & Lima (2009) for the amounts of nutrients absorbed
by the yellow passion fruit in adult phase, including fruits,
with the following order in nutrient accumulation: N > K> Ca >
P > Mg. This result indicates that the accumulation of mineral
nutrients in the plant depends on its stage of development
as well as morphological and physiological characteristics,
as reported by Marschner (2012). For the accumulation of
micronutrients, it was found that all evaluated elements were
significantly influenced by the treatments (Table 4).

The substrates S50CB50 and S25CB75 differed statistically
from the other treatments, leading to higher accumulation
of iron in the shoots (Table 4). It is worth pointing out that
of micronutrients, Fe is one of the most absorbed by yellow
passion fruit (Haag et al., 1973). This nutrient has low mobility
in the tissues, which explains its high contents in the plants
evaluated (Fernandes et al., 2018).

The present study corroborates the information provided
by Nascimento & Freire (2020) according to which iron was
one of the most accumulated micronutrients in the leaf tissue
of yellow passion fruit. Contrary to the present study, Lima
et al. (2009) describe that substrates with CB did not have a
positive effect on the Fe element in soursop seedlings.

The data contained in Table 4 show that only S25CB75 was
statistically superior to the other substrates in terms of copper
accumulation. The high accumulation of Cu in leaf tissue
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Table 4. Accumulation of micronutrients in the shoots of yellow passion fruit seedlings, subjected to different proportions of

carnauba bagana plus soil.

CV (%): Coefficient of variation; MSD: Minimum significant difference; *Significant by F test at 5%; Significant by F test at 1%; ns = not significant. The means followed by the same

letter in the column do not differ statistically from each other by the Tukey test (p 2 0,05).

can be justified by the predominant acidity in this substrate
composition.

In line with the present study, Nascimento & Freire (2020)
state that the higher accumulations of copper in the leaf tissue
of yellow passion fruit seedlings suggest greater requirement
of this species to allocate the element in its tissues. Lima et al.
(2009) found lower Cu content in soursop leaves in substrates
with the presence of CB.

Treatments with the highest percentage of CB (S25CB75
and CB100) were statistically superior in relation to zinc
accumulation in the shoots of the plants (Table 4). These
results may be related to the synergism between zinc and
nitrogen in their processes of absorption (Cessa et al.,
2017). Results similar to those of the present study were
found by Nascimento & Freire (2020), who observed higher
accumulation of zinc in yellow passion fruit seedlings.

Table 4 shows that the increase in CB in the treatments
increased the accumulation of Mn in leaf tissue, with the
substrate CB100 being statistically superior to the others. In
this context, Fernandes et al. (2018) point out that, under
the condition of good supply of Mn, the leaves accumulate
high concentrations of the element, as the age of the plant
progresses, and a small portion of the nutrient is translocated
from the old leaves to the young ones in growth.

The accumulation of micronutrients in the shoots of yellow
passion fruit followed the following descending order: Mn
> Fe > Zn > Cu. This accumulation order is in accordance with
the result observed by Borges & Lima (2009) for the amount of
nutrients absorbed by the whole plant, including fruits of yellow
passion fruit plants at 370 days of age. These results denote that
the accumulation of micronutrients by passion fruit seedlings
follows the same order of absorption as that of adult plants.

Conclusions

The presence of carnauba bagana (CB), regardless of
its proportion in the substrate, leads to better results in
photosynthesis and DQI in yellow passion fruit seedlings.

The best morphological responses were obtained with
proportions greater than 50% of carnauba bagana (CB), which
also led to greater accumulation of nutrients in the shoots of
yellow passion fruit.
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