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ALTERNATIVE SUBSTRATE WITH CUPUACU BARK
PROMOTES MORPHOPHYSIOLOGICAL QUALITY IN
YELLOW PASSION FRUIT SEEDLINGS

ABSTRACT

The use of agricultural residues for the production of alternative substrate is essential to reduce
seedling production costs, as well as to reduce the environmental impacts resulting from the use of
commercial substrates. Thus, the objective of this study was to evaluate the morphosiological
performance of yellow passion fruit seedlings as a function of alternative cupuacu bark substrates.
The experiment was carried out in a screened nursery with sombrite of 50%, with a randomized block
design with three replications and five plants per plot. The treatments consisted of the combination of
ground and crushed cupuassu bark in different percentages. Liquid photosynthesis, stomatal
conductance, internal CO, concentration, transpiration, plant height, stem diameter, main root length,
number of leaves, dry and fresh shoot and root weight and Dickson Quality Index were evaluated. The
morphological and physiological performance of passion fruit plants was influenced by the cupuacu
bark concentration. Substrates containing 20 to 40% cupuacu bark resulted in better seedlings, as
they promoted increased net photosynthesis, gas exchange, leaf number, higher root growth and
development, and larger stem diameter and shoot height. Consequently, the Dickson quality index
showed excellent values, which shows an improvement in the biometric and physiological
characteristics of the passion fruit seedlings produced with alternative substrates based on cupuacu
bark.
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1. INTRODUCTION

The yellow passion fruit (Passiflora edulis Sims) has wide adaptation to tropical regions due to the
edaphoclimatic conditions that are favorable to its cultivation. Due to the acceptance of its fruit for
fresh consumption and for the fruit pulp industry, this fruit is highlighted by its economic and social
importance [1]. Originally native to Brazil, which is the largest producer and consumer of this fruit tree
in the world, with a production of 554,598.00 tons in the 2017 harvest on 110 hectares and an average
productivity of 13.5 t ha™ [2].

The seedling is the most important input in the implantation of a yellow passion fruit orchard [3], which
produced with quality guarantee greater uniformity of the plants in the field and facilitate the productive
process, while the use of low quality phytosanitary, genetic seedlings and nutritional compromises
productivity, fruit yield and longevity of the crop [4].

In the production of passion fruit seedlings, sowing is usually carried out on commercial substrates,
composed of expanded vermiculite and organic materials [5]. However, these substrates are
expensive and do not provide all the physical, chemical and biological attributes necessary for the
development of high quality seedlings [6].

The substrates can influence the development of plants, interfering with the maintenance, retention
and amounts of water, in addition to the oxygen and nutrients available in the medium [7]. These
factors in excess or deficiency, combined with the amount of irradiating light, promote stressful
conditions that directly influence the physiological development of the seedling, mainly in the
photosynthetic production of assimilates that are used for the growth and development of the plant [8].

As an alternative to the aforementioned substrates, research has been carried out with mixtures of
organic materials, since these have appropriate physical and chemical properties for the development




of quality seedlings, have low cost and are easily acquired [9, 10, 11], in addition to to provide less
dependence on external inputs and reduced seedling production costs [12].

In Acre, the biggest limitation for the acquisition of commercial substrates is the distance from the
production centers, which ends up making the production process more expensive or unviable. Thus,
it becomes necessary to replace commercial substrates with alternatives produced from organic and
regional materials available on the properties [13].

Given the above, the use of cupuacu bark substrates, due to their physical and chemical
characteristics and because of their high availability in various regions of the country, is a viable
alternative and can meet the demand for the production of alternative substrates for the growth and
development of high quality seedlings [14]. Therefore, the objective of this work was to evaluate the
morphological and physiological performance of yellow passion fruit seedlings produced with
alternative substrates based on cupuacgu bark.

2. MATERIAL AND METHODS

The experiment was conducted in a screened nursery with 50% shade, from June to August 2019, at
the Federal University of Acre. The climate, according to the Képpen classification, is of the Am type,
average annual temperature of 24.5 °C, relative humidity of 84% and average annual rainfall ranging
from 1,700 to 2,400 mm [15].

The experimental design was in randomized blocks with five treatments derived from the combination
of cupuacu bark and soil (substrate), in three replications and five plants per plot, totaling 75 sample
units. The substrates used were: 100% soil; 20% cupuacu bark + 80% soil; 40% cupuacu bark + 60%
soil; 60% cupuacu bark + 40% soil; and 80% cupuagu bark + 20% soil, with a complementary
homogeneous distribution of 8 kg m™® of slow release fertilizer (Osmocote) on all substrates. The
analytical results of the chemical composition of the substrates are shown in Table 1.

Table 1. Chemical properties of the ground and crushed cupuacu bark.

pH P K Ca Mg Al+ Al OM CEC
Substrate > 3 1

H,O mgdm® = e 1310 PR [3) J——— g kg pH7
Soil 5.40 27.64 0.75 6.25 1.25 0.71 0.01 22.44 9.01
cupuagu bark 7.50 2.10 1.40 11.90 4.30 - - 4329  34.00

OM, organic matter; CEC, cation exchange capacity.

To evaluate the quality of the seedlings, were acquired seeds of Passiflora edulis cv. Giant Yellow in
production area. Three seeds were distributed in plastic cups with a capacity of 300 mL containing the
substrates. At 14 days after sowing, when the seedlings reached an average height of 5 cm, thinning
was carried out, leaving only one plant of greater vigor. In conducting the experiment, manual
irrigation was performed in two stages (morning and afternoon) and control of invasive plants
manually.

At 72 days after sowing, when all plants in one of the treatments had tendrils, the morphophysiological
characteristics were evaluated: net photosynthesis (PN), stomatal conductance (Gs), CO, intercellular
content (Ci) and leaf transpiration (E), number of leaves (NL), seedling height (SH), stem diameter
(SD), root length (RL), shoot fresh weight (SFW), root fresh weight (RFW), shoot dry weight (SDW)
and root dry weight (RDW) and Dickson quality index (DQI).

Gas Exchange measurements were performed using an infrared gas analyzer - IRGA, LI-6400XT
model (Li-Cor Inc. Lincoln, USA). The evaluations were carried out in a single day, at 10:00 am, in four
plants for each treatment, totaling 20 samples.



The seedling height was determined with ruler graduated in cm, measuring from the base of the stem
to the apex of the last leafe. The stem diameter was obtained with a digital caliper (mm) measuring the
seedling diameter above 2 cm from the neck. The number of leaves was obtained by counting.

The plants were separated in shoot and root part, submitted to drying in forced-air circulation oven at
65°C until they reached a constant weight. Subsequently, it was determined the shoot dry weight the
root dry weight, in grams, by weighing on a precision analytical balance.

The Dickson quality index [16] was determined by the equation:
DQl= TOW(9)

(S0 ) * (RoW )

TDW: total dry weight;
SH: seedling height;
SD: stem diameter;
SDW: shoot dry weight;
RDW: root dry weight.

The data were previously submitted to the verification of the presence of outliers by the Grubbs test, to
the normality of errors by the Shapiro-Wilk test and to the homogeneity of the variances by the
Cochran test. After verifying the assumptions, analysis of variance was performed using the F test and
the data were submitted to regression analysis.

3. RESULTS AND DISCUSSION

The substrate with cupuacu bark proportions showed a quadratic effect for PN, Ci, E and Gs (Figure
1A, 1B, 1C and 1D). It was found that the maximum point of net photosynthesis (9.99 Omol m™ s™)
was provided with 50.66% cupuacu bark as a substrate conditioner. However, the gradual increase in
the concentration of cupuacu bark up to 80%, provided increasing rates of transpiration, internal CO,
concentration and stomatal conductance in the seedlings.
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Figure 1. Net photosynthesis (A), internal CO, concentration (B), leaf transpiration (C) and stomatal
conductance (D) of yellow passion fruit seedlings produced on an alternative substrate based on

cupuagu bark.

At high levels of stomatal conductance, gas exchange is consequently facilitated [17], which
justifies the increasing order of transpiration and internal CO, concentration of seedlings submitted to
the highest percentages of cupuacu bark (60% and 80%). It is worth mentioning that high rates of gas
exchange are obtained in the environment that provide better conditions for the vegetative
development of seedlings, which favors the availability of essential resources for physiological
activities [18].

However, even though there are interrelationships between the components of gas exchange,
their high rates do not always reflect greater liquid photosynthesis by the plant, because the low
internal CO, concentrations are a direct consequence of the high carboxylation efficiency of rubisco for
the production of photoassimilates [19]. In addition, high values of gas exchange at a given rate, can
provide a decrease in liquid photosynthesis due to biochemical limitations [20]. In this study, the ideal
gas exchange conditions for the passion fruit seedlings to perform greater photosynthetic efficiency
were provided by the mixture of 20% to 40% of cupuacu bark with soil.

For the biometric characteristics of leaf number (NL), seedling height (SH), stem diameter
(SD), and root length (RL) (Figure 2), a quadratic behavior was observed between the percentages of
cupuacgu bark as substrate conditioner. It is noteworthy that between 15 and 30 cm in height the yellow
passion fruit seedlings are suitable for planting [21], a condition observed in this study in all
percentages of cupuagu bark mixed with the soil. However, greater efficiency in seedling growth was
found in low (0 to 40%) concentrations of cupuagu bark.
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Figure 2. Number of leaves (A), seedling height (B), stem diameter (C) and root length (D) of yellow
passion fruit seedling produced on an alternative substrate based on cupuacgu bark.

The addition of 20% to 40% of cupuacu bark to the substrate provided ideal conditions for
optimum development of NL (Figure 2A) and SD (Figure 2C) of passion fruit seedlings. In isolation, the
largest root lengths (Figure 2D), to the detriment of height, were observed with the addition of up to
50% crushed cupuacgu bark. The stem diameter, as well as the greatest root growth, are considered
measures of the vigor and robustness of the seedlings, being related to their growth after planting, as
well as resistance to adverse climatic conditions, being able to predict transplant survival [22].

The physical properties of the substrate, including particle size distribution, water availability,
air space and nutrient retention, influence seedling performance and growth [23]. In these conditions,
the addition of up to 50% of the cupuacu bark provided greater retention and availability of water for
the seedlings, which favored the excellent root growth, larger diameter of the neck and maintained the
number of leaves of the seedlings. Such results demonstrate the benefits of using cupuacu bark as an
alternative substrate for the production of high quality and low cost yellow passion fruit seedlings.

For shoot fresh weight (SFW) and shoot dry weight (SDW), the highest averages were
observed in the treatment without the addition of cupuacu bark (Figure 3A, 3C), followed by the
treatment composed of 20% of this substrate, showing a decrease after that value. The addition of
20% to 40% of cupuacu bark provided a greater increase in the root fresh weight (RFW) and root dry
weight (RDW) (Figure 3B, 3D). It is noteworthy that, among other aspects, the root dry matter is an
important parameter in estimating the seedling survival rate, since the greater the development of the
root system, the greater the chances of establishment in the field, regardless of height of the shoot

[24].
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Figure 3. Shoot fresh weight (A), root fresh weight (B), shoot dry weight (C) and root dry weight (D) of
yellow passion fruit seedlings grown on substrates based on cupuacu bark.

The treatments with 60% and 80% cupuacu bark provided less fresh and dry weight of the root
system (Figure 3B, 3D), possibly due to the size of the particles of the cupuacgu bark, since rooting
occurs more quickly in substrates thinner, in addition, substrates with high density decrease drainage
and, consequently, aeration, creating an environment not favorable to the development of roots [25].

According to Figure 4, there was a quadratic effect for the Dickson quality index (DQI) of
passion fruit seedlings developed on substrates with varying concentrations of crushed cupuagu peel,
reaching values between 0.16 to 0.32 of index. The highest DQI index was achieved with 26%
substrate, a percentile that promoted an improvement in the efficiency of gas exchange parameters,
reflecting in better development and growth of yellow passion fruit seedlings.
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Figure 4. Dickson quality index (DQI) of yellow passion fruit seedlings produced on an alternative
substrate based on cupuagu bark.

The DQI is considered an integrated measure of morphological characteristics, in addition to being an
excellent indicator of seedling quality because its calculation considers several important parameters,
such as height, diameter and dry matter and their relationships [26]. Therefore, the higher the DQI, the
higher the quality of the yellow passion fruit seedlings, since they are more vigorous when
transplanted to the field, however when minimum values such as 0.20 for the index are obtained, the
ideal is that the seedlings have height equal to or greater than 17 cm and number of leaves equal to or
greater than nine, to guarantee the quality and survival of plants [27].

It is worth mentioning that the yellow passion fruit seedlings, even showing a decline in IQD with the
increase in the percentage of cupuagu bark in the substrate, their values were higher than 0.20,
showing seedlings with excellent qualities to go to the field, which may reflect in less production time
and, consequently, reduced input and labor costs.

4. CONCLUSIONS

Substrates constituted by the combination of 20% to 40% of cupuacgu bark and soil are an alternative
for the production of yellow passion fruit seedlings, since they provide better biometric and
physiological characteristics.
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