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ABSTRACT
Among the factors that contribute to better initial development of plants, it is the substrate used. Therefore,
this study aimed to evaluate the effect of substrate in initial formation and morphology of the roots of two
species of passion fruits. The analyses were done in the nursery of the Federal University of Goiás (UFG),
Regional Jataí, Brazil, with a light interception of 60%. The material used were seeds of yellow passion fruit
(Passiflora edulis f. flavicarpa) and the cultivar FB 200 (Flora Brasil), harvested in the UFG experimental field.
They were sown in three types of substrates: Soil I (mixture of soil, chicken manure and sand in a ratio of
2:1:1 by volume), soil II (steep bank), and Bioplant®, using for plants perforated bags with a capacity of 1.5
L. The experimental design was a completely randomized design with six treatments, eight replications and
four plants per plot. After 30 days of sowing, fresh matter of root, root dry matter and morphology were
evaluated. The substrate affected the initial development of yellow passion fruit, obtaining the best results
with Bioplant®, showing as promising for the development of all the evaluated characteristics.
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RESUMEN
Entre los factores que contribuyen para un correcto desarrollo inicial de las plantas, está el sustrato utilizado, por
tanto, el objetivo del presente estudio fue evaluar el efecto del sustrato en la formación inicial y morfología de las raíces de dos especies de maracuyá. El experimento fue realizado en vivero con polisombra de interceptación luminosa
(60%), en la Universidad Federal de Goiás (UFG), Regional Jataí, Brasil. Los materiales utilizados fueron maracuyá
(Passiflora edulis f. flavicarpa) y el cultivar FB 200 (Flora Brasil). Se utilizaron semillas de frutos recolectados del huerto experimental de la UFG. Se sembraron en tres tipos de sustratos: Suelo I (mezcla de 2 partes de suelo + 1 parte
de gallinaza + 1 parte de arena), Suelo II (suelo de barranco) y Bioplant®; se utilizó bolsas perforadas para plántulas
con capacidad de 1,5 L. El diseño experimental utilizado fue completamente aleatorio con seis tratamientos, ocho
repeticiones y cuatro plántulas por parcela. Después de 30 días de siembra, se evaluó: peso fresco de la raíz, peso seco
de raíz y morfología de la raíz. El sustrato tuvo efecto en el desarrollo inicial de las plantas de maracuyá, donde se
obtuvo los mejores resultados con Bioplant®. Este sustrato sobresalió en todas las características evaluadas mostrando su potencialidad en la propagación de esta especie.

Palabras clave adicionales: Passiflora edulis f. flavicarpa, crecimiento, propagación, frutales, obtención de plántulas.
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INTRODUCTION
In recent years, the demand for food is increasing and
this situation will continue as a progressive function
of population growth. Therefore, the need to produce
efficiently, with quality and low costs are growing.
The basis for the production lies in obtaining of quality seedlings. With this, the high productivity of
quality fruits is directly linked to the use of good techniques for raising of seedlings, because they need to
be vigorous for a better capacity of adaptation and resistance to climatic conditions. Zaccheo et al. (2013)
found that 60% of the success of a plant culture depends on quality seedlings.
The cultivation of passion fruits became increasing
both by favorable climatic conditions, as well as the
acceptability for the industry in the form of pulp
(Meletti, 2011). By leveraging the diversification, the
culture of passion fruit has been occupying a prominent place for small farms, as an alternative agricultural fast economic return.
The propagation of this fruit is usually done through
seeds (Meletti, 2011) however this can also be performed by means of cuttings and grafting (Leonel and
Pedroso, 2005). Even when propagated by sexual, presents characteristics of early fruiting, which reason
the vegetative propagation is not strictly necessary to
reduce the period of juvenility of the plant.

Roncatto et al. (2008) pointed out the importance
of conducting seedlings into individual containers,
because such practice provides greater precocity and
reduction of possible contamination by pathogens. In
addition to the types of container, several factors also
influence the final quality of changes, such as quality
and seed health, crop management such as irrigation
and fertilization, and technologies for example types
of protected environments (Lima et al., 2016).
According to Lima et al. (2016) different studies with
pure commercial substrate Plantmax® and/or in
mixture with manure, soil and vermiculite have provided high quality passion fruit seedlings. Negreiros
et al. (2004) observed that the use of Plantmax® and
the substrate composed of sand, vermiculite, manure
(1:1:1), supplemented with 10 kg m-3 of single superphosphate, 6 kg m-3 of potassium chloride, 2 kg m-3 of
urea and 8 kg m-3 of limestone promoted a higher percentage of germination and adequate development of
passion fruit seedlings.
The use of suitable substrates and the addition of
formulations in the current system of production is
considered beneficial. For that to happen and bring
reduction in the final costs is necessary to mix different components to obtain a suitable substrate (Almeida et al., 2014).
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In view of the foregoing and showing to find the best
substrate for seedling production, the present aimed
to evaluate the development and the morphology of
the root system of passion fruit plants, using three
types of substrate.

MATERIAL AND METHODS
The experiment was carried out in the nursery (with
light interception of 60%) of the Federal University
of Goias, Regional Jataí, Jatai-GO, Brazil. This experimental nursery is located at 17°55’ S and 51º43’ W.
According to the classification of Köppen, the climate
of the region is the Aw type, megatérmic, with a defined dry season from May to September and the rainy
season from October to April. The average temperature is 23.3°C and the average annual rainfall 1,541
mm (Cardoso et al., 2014).
Seeds of yellow passion fruit (P. edulis f. flavicarpa)
and FB 200 Flora (Brazil), removed from fruits harvested from experimental arrays of orchards, were
selected from fruits of healthy plants, free of pests
and diseases. Fruits were harvested manually with
pruning shears, using as a criterion of harvest stage
the yellow color of the epidermis.
Once harvested, the fruits were sectioned and the
mucilage with the seeds were removed by means
of water + quicklime. Subsequently, the seeds were
placed in polyethylene sieve and washed in running
water.
After taking off from these seeds were sown using
three seeds per bag at 1.0 cm depths in three types of
substrates (Soil I; Soil II and Bioplant®), using perforated bags for plants with a capacity of 1.5 L. After
germination, which occurred 15 days after sowing
(das), the seedlings were thinned out leaving only the
most vigorous one.
According to the manufacturer, the Bioplant® is composed of coconut fiber, bark of pinus, dung, sawdust,
vermiculite, carbonized rice, peat of sphagnum, gypsum, calcium carbonate, magnesium, magnesium
thermophosphate (yoorin) and additives (fertilizer),
made by Bioplant Agrícola Ltda., Nova Ponte-MG,
Brazil. The Soil I is mixed by 2 parts of soil + 1 part of
chicken manure + 1 part of sand (2:1:1, by volume),
whose mixture had a pH (CaCl2) of 5.3; P of 21.9 mg
dm-³; K of 1.10 cmolc dm-³ and Mg of 0.57 cmolc dm³, whithout any correction in the mixture itself. The
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Soil II was characterized with a pH (CaCl2) of 5.9, P
of 3.0 mg dm-³; K of 0.02 cmolc dm-³ and Mg of 0.14
cmolc dm-³, which was corrected in accordance with
the needs of the culture.
The following parameters were evaluated at 35, 40,
45, 50 and 55 das: fresh root matter (FRM), root dry
matter (RDM) and root morphology.
At 30 das, contents of FRM and RDM were evaluated of normal seedlings, where the parts (roots and
aerial parts) were separated. The roots were washed
and weighed individually with a precision electronic
scale of 0.1 g. Afterwards, they were subjected to drying in an oven at 70ºC for 24 h, to obtain the dry
matter (g), according to the methodology described
by Nakagawa (1999).
The experimental design was a completely randomized design with six treatments, eight replications
and four plants per plot. The averages of the analyzed
variables were compared by the Tukey test at 5% probability. The calculations concerning the statistical
analyzes were performed using the statistical software SAS (Statistical Analysis System, 2002). For the
quantitative data a regression analysis (Gomes, 2000)
was applied. In order to describe better the root development, a morphological analysis was made, by
means of image comparison.

RESULTS AND DISCUSSION
The passion fruit seedlings showed variations in
growth, influenced by the substrate. At 30 das, the
cultivar FB 200 presented a higher initial performance
in Soil II, with a RFM of 0.1833 g, and the exponential equation that fit best. For Soil I and Bioplant® the
measured results of RFM and RDM of FB200 seedlings adjusted to the quadratic model, in response to
the variation of time (Fig. 1).
At 35, 40, 45, 50 and 55 das, a higher development of
plants, cultivated in Bioplant® substrate was observed (Fig. 1). These results are due to the fact that the
commercial substrate probably gathers physical, chemical and biological characteristics which are appropriate and well balanced, that influenced positively
the weight gain and the morphology of plants, highlighting the importance of the substrate on the quality
in the seedlings production (Fig. 2).

DEVELOPMENT AND ROOT MORPHOLOGY OF PASSION FRUIT IN DIFFERENT SUBSTRATES

Differences were observed in the morphology and
the formation of the root system, where the roots,
developed in the Bioplant® substrate showed a higher
branching and also were larger (Fig. 2). Roots in Soil
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Figure 1. Adjusted data for root fresh mass of ‘FB 200’ passion
fruit plants in three substrates after sowing.
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I were less widespread, but with greater thickness,
compared to the other treatments. In Soil II, root ramifications were longer and showed a greater thickness than in Bioplant®, but were lower than on the
Soil I.
Lenhard et al. (2013), in studies conducted with the
growth of Pau Ferro (Libidibia ferrea) seedlings, stated
that the reduction of the time in the nursery facilitates the logistics and minimizes production costs,
which matches with the experience of Silva et al.
(2016), in which the use of a commercial substrate in
the production of passion fruit seedlings promoted a
greater growth of seedlings, favoring not only in reducing the time of plant development, but also in the
logistics and the final costs.

Soil I Y=-1.0981+0.0529*DAS-0.0004*DAS2 R2=0.85
Soil IIY=0.124-0.0002*DAS+7.288E-005*DAS R2=0.89
Bioplant Y=-2.737+0.1275*DAS-0.001*DAS2 R2=0.82

0.2
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FB200 variety, at 60 das, showed a RFM on the three
substrates - Soil I, Soil II and Bioplant® - of 0.6259,
0.3741 and 0.9528 g, respectively (Fig. 1). Again, in
the Bioplant® substrate a greater root development,
as well as a greater accumulation of fresh matter, was
observed. Similar results were found by Ferreira et
al. (2009) who studied the influence of the substrate
on the growth of cupuaçu (Theobroma grandiflorum)

C

Figure 2. The root morphology of ‘FB 200’ passion fruit plants, 30 d after sowing in three types of substrate. A. Soil I; B. Soil II;
C. Bioplant®.
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seedlings, using the substrate Bioplant®, where a minimal production of aerial part, but a maximum production of roots was observed.
For the variable root dry mass, the substrate Bioplant® differ from other substrates, where a quadratic behavior in response to the size of the container
used was observed, and where the roots at 50 das restricted their growth (Fig. 3). The values obtained at
35, 40, 45, 50 and 55 das were 0.0156, 0.0419, 0.1019,
0.0707, 0.1355 g for ‘FB 200’, respectively.

Soil I Y=-0.057+0.011*X-2.5267E-005*X2 R2=0.89
Soil II Y=-0.9432+0.0542*X-0.0005*X2 R2=0.86
Bioplant Y=-5.5409+0.2573*X-0.0025*X2 R2=0.7
0.14

Root dry mass (g)

0.12
0.10
0.08
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0.04
0.02

germination and seed vigor of Crateavatapia in different substrates and temperatures (Alves et al., 2012),
in all of these the use Bioplant® has not provided adequate root development.
According to Zucareli et al. (2014), the root system is
directly connected to their dry weight, and lower dry
weight results in less extensive root system, which
implies in a smaller area to be explored in the soil. In
yellow passion fruit seedlings, at 35 d, the substrate
Bioplant® resulted in a root dry weight of 0.0200 g.
In addition, at 40 d, the values found were 0.0528 g,
followed by 0.1039, 0.1528 and 0.1994 g at 45, 50 and
55 das, respectively, for yellow passion fruit plants in
Bioplant® (Fig. 4). At 50 das, the second highest RDM
was developed in Soil I. Already at 55 d, the Soil I
had lower values than the Soil II, which accumulated
0,0753 g of RDM. Miyake et al. (2017), working with
substrates and nitrogen fertilization on the production of seedlings of yellow passion fruit in protected
cultivation conditions, observed that the root dry
mass in Bioplant® substrate presented the best response (4.0 g RDM) at 120 d after germination, being
superior to the other substrates studied, a result similar to that found in the present study (Fig. 4).
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Soil I Y=-0.2116+0.0100*X-9.324E-005*X R2=0.98
Soil II Y=-0.058+0.0019*X+6.802E-006*X R2=0.96
Bioplant Y=-0.082+0.0019*X+4.086E-005*X R2=0.93
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Figure 3. Adjusted data for root dry mass of ‘FB 200’ passion
fruit plants in three substrates after sowing.

0.16

Comparing the results of Bioplant® with the other
substrates, they also stood on dry matter accumulation during the evaluation period. However, this ended the root growth when there was exposure of the
roots, if adjusting the quadratic model, in response to
the variation of time. The values observed at 35, 40,
45, 50 and 55 das were respectively 0.0156, 0.0419,
0.1019, 0.0707, and 0.1355 g for FB 200.
These results are different to those found by Guerra
et al. (2017) working with the same culture, in which
the Bioplant® has not resulted in satisfactory conditions of yellow passion fruit seedlings growth. The
same dissimilar results to those found in the present
study were reported from studies that evaluated the
influence of the substrate in the formation of forest
seedlings, such as the initial development of seedlings of copaiba (Copaifera officinalis) under different
levels of shading and substrates (Dutra et al., 2012);
of Eugenia calycina (Borges et al., 2016) and with the
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Figure 4. Adjusted data for root dry mass of yellow passion
fruit (Passiflora edulis f. flavicarpa) plants in three
substrates after sowing.

In relation to the root fresh weight of the yellow passion fruit, an exponential behavior was observed for
the Soil I and quadratic for the Soil II and for Bioplant®. At 30 das, the values found for Soil I, Soil II
and Bioplant® were 0.2328, 0.2705, and 0,001 g, respectively (Fig. 5).

DEVELOPMENT AND ROOT MORPHOLOGY OF PASSION FRUIT IN DIFFERENT SUBSTRATES

The substrate Bioplant® has highest concentration
of organic matter in its chemical composition and
besides, it has adequate levels of calcium and phosphorus, which provides better absorption of water
and nutrients by plants, reflecting on the best root

Soil I Y=-0.057+0.0117*DAS-2.526E-005*DAS R2=0.8
Soil II Y=0.07+0.0006*DAS+0.0001*DAS R2=0.85
Bioplant Y=0.067+0.0006*DAS+0.0001*DAS2 R2=0.9
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Figure 5. Adjusted data for root fresh mass of yellow passion fruit (Passiflora edulis f. flavicarpa) plants in
three substrates after sowing.
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development of plants (Miyake et al., 2017). However, Lima et al. (2016) concluded that for the formation of passion fruit seedlings are not indicated
substrates with high quantities of Bioplant® or sand,
this is contrary to the results of our present study.
For the variable root morphology of the yellow
passion fruit, as well as in the cultivar FB 200, we
noted a difference in the formation of the root system (Fig. 6). The roots, developed in the substrate
Bioplant®, proved to be more ramified, presented
greater size, but with a lower thickness. Roots from
the Soil I were less widespread, but with a greater
thickness, in relation to the others, and in this case,
were almost similar to the size of those grown in
the Bioplant® substrate. In the Soil II, the ramifications were longer and showed to be thicker, more
consistent than in the Bioplant®, but lower than in
the Soil I.
According to Smiderle and Minami (2001), for the
production of seedlings of fruit plants a good substrate must provide adequate water retention which
allows a good germination and must maintain sufficient quantities of porous spaces that facilitates the
delivery of oxygen, which is indispensable in the process of germination and root development, especially
when the substrate is saturated (in excess of water).

C

Figure 6. The root morphology of yellow passion fruit (Passiflora edulis f. flavicarpa) plants, 30 d after sowing in three types of
substrate. A. Soil I; B. Soil II; C. Bioplant®.
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CONCLUSIONS
The substrate promoted the initial development of
yellow passion fruit and of cultivar FB 200 plants,
with the best seedlings growth in the substrate Bioplant® showing a greater development of fresh and
dry matter of roots.
Conflict of interests: the manuscript was prepared
and reviewed with the participation of the authors,
who declare that there exists no conflict of interest
that puts in risk the validity of the presented results.
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