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The identification of alternative substrates suitable for seedling production is very
important, while boron nutrition is also relevant due to plant requirement and its
difficult management. Thus, four experiments were carried out from October 2012 to
April 2013 to evaluate the effect of substrates using decomposed buriti (Mauritia
vinifera Mart.) stem (DBS) and boron fertilizing for seedling production of yellow
passion fruit (Passiflora edulis Sims). The experimental design was completely ran-
domized in factorial scheme 6 × 2 + 1, referring to the substrates [S1: DBS, S2: soil
and sand 1:1 (20%) + DBS (80%), S3: soil and sand 1:1 (40%) + DBS (60%), S4: soil
and sand 1:1 (60%) + DBS (40%), S5: soil and sand 1:1 (80%) + DBS (20%), S6:
commercial substrate (additional treatment) and S7: soil, sand and manure 1:1:2] with
and without boron. The seedling emergence, emergence rate, plant height, stem
diameter, root length, root volume and dry mass of roots and shoots were recorded.
The substrates S2 (without B fertilizing) and S4 (B fertilized with 0.5 mg dm−3)
produced seedlings with more than 3.0 g of shoot dry mass and at least 30 cm in
height, and can be used for production of high-quality yellow passion fruit seedlings.

Keywords: Passiflora edulis Sims; seedling quality; growing media; boron

Introduction

Originally native to Brazil, its leading exporter, passion fruit (Passiflora edulis) is widely
distributed throughout the tropics (FAO 2014), where it is commercially and socially
important due to both soil and climatic conditions favorable for its cultivation and the
possibility of consumption as fresh or processed fruit.

The seedling quality of yellow passion fruit has special importance, because it has
been almost entirely grown by seeds using commercial substrates composed of expanded
vermiculite and organic materials (Cavalcante et al. 2012). This substrate is expensive and
does not present all the nutrients required for production of high-quality seedlings of
yellow passion fruit, in need of complimentary fertilizing for most of essential nutrients,
including boron, a micronutrient especially required by this fruit species (Prado et al.
2006; Sousa et al. 2011).
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Therefore, several research papers have been published aiming to study the use of new
organic composts as substrate for production of yellow passion fruit seedlings such as
carbonized rice husks (Wagner Jr et al. 2006; Sousa et al. 2008), biochar (Cavalcante et al.
2012), coconut fiber (Oliveira et al. 2006) and alternative compounds (Almeida et al.
2011; Costa et al. 2011). Adversely, it is important to consider that a good substrate
should be pathogen free, should feature high levels of soluble nutrients, and should have
adequate pH, bulk density, pore space, electrical conductivity and C/N ratio (Abad et al.
2001; Röber & Schacht 2008).

Among the regional materials which could be used as substrate, one could detach
buriti (Mauritia vinifera Mart.), a species whose stems, after natural decomposition, have
been used empirically as a substrate for the production of vegetables and seedling
formation of native species (Cavalcante et al. 2011).

Another important factor for high-quality seedlings is an appropriate nutritional status,
mainly for boron (Röber & Schacht 2008), whose functions in the plant have been
associated with water relations, sugar translocation, cation and anion absorption, pollen
viability and the metabolism of N, P, carbohydrates and fats. Although boron is essential
for crop growth, the amount required depends on plant species, and the range of proper
application is rather narrow and a harmful effect can be induced by its excessive applica-
tion, which renders it difficult to manage (Marschner 2005). Accordingly, yellow passion
fruit plant has a high boron demand (Prado et al. 2006), so the use of a substrate able to
supply the seedlings on this important nutrient is a breakthrough on the seedling produc-
tion system of yellow passion fruit.

Hence, the present study aimed to evaluate the effect of different substrates using
decomposed buriti stem (DBS) and boron fertilizing on seedling production of yellow
passion fruit.

Material and methods

Plant materials and growth conditions

Yellow passion fruit (Passiflora edulis Sims f. flavicarpa Deg.) seedlings cv. Yellow Giant
propagated by seeds (Top Seed®, Brazil) were used in the experiments.

All four experiments were carried out from October 2012 to April 2013 in a net house
(50% luminosity) at the Federal University of Piaui, Bom Jesus County, Brazil, under a
Caw climate with an average precipitation of 1400 mm per year.

During the execution of the four experiments, the climatic data were collected inside
the net house, using a digital thermo hygrometer (Instrutemp®, Brazil) for temperature and
relative humidity measurements and a digital light meter (Instrutemp®, Brazil) for lumin-
osity, while outside the rainfall was recorded. The climate variables data monitored are
shown in Figure 1.

Treatments and experimental design

The experimental design was randomized blocks with treatments distributed in a factorial
arrangement 6 × 2 + 1, referring to substrate compositions [S1: decomposed buriti stem
(Mauritia vinifera Mart.) (DBS) (100%), S2: soil and sand 1:1 (20%) + DBS (80%), S3:
soil and sand 1:1 (40%) + DBS (60%), S4: soil and sand 1:1 (60%) + DBS (40%), S5: soil
and sand 1:1 (80%) + DBS (20%), S6: commercial substrate (CS, Plantmax®, Brazil)
(additional treatment without boron) and S7: soil, sand and manure 1:1:2], with and
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without boron in the substrate. In treatments with boron fertilizing, the nutrient was
provided at a dose of 0.5 mg dm−3 of B using boric acid (17 g kg−1 of B) as a source,
following Prado et al. (2006) recommendations. Four replicates with 10 plants per plot
were used.

Plants were grown in 2.5 L capacity polyethylene pots (16 cm in height and 6.4 cm
in base diameter) and manually irrigated on a daily basis according to plant require-
ments in an attempt to keep the substrates as close as possible to field condition. The
field capacity of the pots was determined by saturating the substrate with water. The
pots were covered with plastic sheets and left to drain. Pot weights were recorded after
complete drainage. The weight of soil moisture at field capacity was calculated as the
difference between the soil weight after drainage and soil weight after oven drying for
105°C for 24 h. Once a day, all pots were weighed (digital scale Balmak Economic®)
and irrigation water was added to the substrates to achieve a moisture content of 70% of
field capacity. The characteristics of the materials used for substrates used are shown in
Table 1.

Each substrate was fertilized with 450 mg dm−3 of P2O5 (Machado 1998), 300 mg
dm−3 of N, 150 mg dm−3 of K2O and 5 mg dm−3 of Zn (Malavolta et al. 1997). Nitrogen
and K were divided into three parcels at 15, 30 and 45 days after sowing; P and Zn were
added at sowing, together with treatments with B. Three seeds were sown per pot and
after seedling emergence (SE) plants were thinned to one per pot. The DBS was obtained
from swamps of Bom Jesus County, naturally decomposed.
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Figure 1. Dispersion diagrams of air temperature (a), air humidity (b), luminosity (c) and rainfall
(d) according to the experiments. ▫: median; ü: 25–75%; : non-outlier range.
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Variables recorded and statistical analyses

At the end of each trial the following variables were recorded: (1) SE (%): when seedlings
appeared visibly from the soil surface they were considered as emerged, and counted.
After sowing, SE was monitored daily during peak and at 2-day intervals during nonpeak
periods; (2) emergence rate (ER): calculated by a speed emergence method proposed by
Maguire (1962); (3) plant height (PH) (cm): measured from the base of the plant to the
insertion of the youngest leave; (4) stem diameter (mm): obtained with a digital paqui-
meter (0.01–300 mm, Digimess®).

After shoot evaluation, all plants were removed from the substrate and floated in a
beaker containing deionized water. Shoots were separated from roots and root systems,
washed and the root variables were recorded: (1) root length (cm): determined using a
millimeter ruler; (2) root volume (cm3): recorded by measuring the water column dis-
placement in a graduated beaker promoted by roots, having a known volume of water
(100 mL). The difference of volume was characterized as the root volume through the
unity equivalency (1 mL = 1 cm3), according to the methodology of Basso (1999); (3) dry
mass of roots and shoots (g): plant parts were dried at 70°C for 48 hours, and the mass of
each plant part was determined in a Sartorious® brand precision balance (0.01 g precision)
and expressed as g plant−1.

Statistical analyses included analysis of variance (ANOVA), mean separation on
substrates and B fertilizing data using Tukey’s test, using combined data of the four

Table 1. Physical and chemical characteristics of bovine manure, decomposed buriti stems
(DBSs), soil and commercial substrate (CS) used in the experiments.

Variable Bovine manure DBS Soil CS

Organic matter (g kg−1) 0.156 0.594 0.002 –
pH (H2O) 9.09 7.04 5.33 –
N (g kg−1) – 21.18 – –

cmolc dm
−3

Calcium (Ca2+) 4.40 8.80 0.32 –
Magnesium (Mg2+) 1.50 7.90 0.24 –
(Ca2+ + Mg2+) 5.90 16.90 0.56 –
K+ – – 0.01 –
Aluminum (Al3+) 0.00 0.00 0.36 –
Sodium (Na+) 19.58 0.95 0.01 –
H+ + Al3+ 2.97 1.82 1.10 –

mg dm−3

Phosphorus 2785.00 168.00 11.08 –
Potassium (K+) 12,109.00 404.00 30.00 –
Boron (B) 2.10 2.03 0.42 –
pH* – – – 6.00 (±0.5)
WRC – – – 550%
EC* – – – 1.1 (±0.3) MS cm−1

Density – – – 85 kg m−3

Maximum humidity – – – 55%

Note: P, K, Na: Melich extractor; H + Al: extractor calcium acetate 0.5 M, pH 7; Al, Ca, Mg: extractor KCl
1.0 M; * analysis method 1:5; WRC: water retention capacity; EC: electrical conductivity.
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consecutive trials. All the calculations were performed using the SigmaPlot software and
the terms were considered significant at p < 0.01.

Results and discussion

All variables recorded in the present study depended on substrate, while only ER was not
affected by boron fertilizing (Tables 1 and 2).

In the present study, significant interactions between substrate composition and boron
fertilizing were registered for all variables studied, except for ER (Table 2).

As can be seen in Table 2, ER depended on substrate used for seedling production
with higher average recorded for S1 (100% of DBS), i.e., seedlings emerged in less time,
or faster, than in other substrates. The ER mean value recorded for S1 is higher than those
registered by Lopes et al. (2007) in a study about yellow passion fruit as a function of
substrates. The beginning of emergence was considered to be at 8 days after sowing, 50%
less time than that required by the commercial substrate Plantmax® (Wagner et al. 2006),
which could be caused by the high temperatures recorded during the execution of the
experiments (Figure 1).

SE was significantly affected by substrates and boron fertilizing (Figure 2). For
substrate S1, the boron fertilizing promoted nearly 50% less SE than those without
this nutrient, which could be caused by a toxic effect of boron, as was also reported
by Mirshekari (2012), who observed that higher B concentrations in the priming
solutions affected seed germination negatively, while lower concentrations are
benefic.

Table 2. Emergence rate (ER), seedling emergence (SE), plant height (PH) and stem diameter (SD)
of yellow passion fruit seedlings as a function of substrate and boron fertilizing.

ER

SE PH SD

% cm mm

S (substrates) ‘F’ value 5.08** 4.66** 8.43** 17.87**
S1 3.31 a 51.50 ab 18.41 bc 2.69 cde
S2 3.22 ab 61.12 a 20.49 bc 3.13 bcd
S3 3.24 ab 46.29b 24.29 ab 3.15 bc
S4 3.15 ab 39.25b 31.86 a 3.77 a
S5 2.89 abc 52.54 ab 24.76 ab 3.37 ab
S6 2.33 bc 49.13 ab 15.41c 2.55 e
S7 2.07c 47.33b 18.59 bc 2.68 de
LSD 0.96 13.62 8.30 0.46
B (Boron fertilizing) ‘F’ value 0.26ns 72.52** 22.13** 43.54**
B0 2.84 a 59.57 a 25.33 a 3.31 a
B1 2.93 a 39.62b 18.62b 2.79b
LSD 0.33 4.74 2.89 0.16
S × B ‘F’ value 0.62ns 13.42** 6.60** 8.51**
CV (%) 21.41 17.68 24.31 9.62

Notes: LSD, least significant difference; CV, coefficient of variation; S1, DBS (100%); S2, soil and sand 1:1
(20%) + DBS (80%); S3, soil and sand 1:1 (40%) + DBS (60%); S4, soil and sand 1:1 (60%) + DBS (40%); S5,
soil and sand 1:1 (80%) + DBS (20%); S6, commercial substrate; S7, soil, sand and manure, 1:1:2; B0, no boron;
B1, with boron in the substrate; ns, not significant; ** significant at p < 0.01 probability error. The means
followed by the same letter in each column are not statistically different by Tukey’s test.
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In a general form, higher SE was registered in substrates composed of DBS due to its
chemical and physical characteristics (Figure 2), because according to Hörn (1996)
environmental conditions directly surrounding a seed (water retention capacity, light,
pH and soil density) determine the germination success and subsequent SE and
establishment.

The highest PH was registered for substrates S3, S4 and S5 (similar among them),
while S6 (commercial substrate) promoted the lowest average (Figure 3(a)). Boron
affected positively the PH for S4 and S5 (Figure 3(a)), which could be caused by the
lowest DBS proportion of these substrates and, consequently, lower B provided, because
B participates in complexes such as mannitol, polimanuronic acid and other constituents
of cell walls, directly involved in cell elongation and division (Marschner 2005). The B
importance for PH was studied by Oyinlola (2007), who observed that PH increased as a
function of B fertilizing, but declined after a toxic limit.

When comparing the PH of the present study with those recorded in the scientific
literature, it is possible to infer that PH from seedlings grown in substrates S1, S2 [soil
and sand 1:1 (20%) + DBS (80%)] and S3 [soil and sand 1:1 (40%) + DBS (60%)]
(without boron) and S4 [soil and sand 1:1 (60%) + DBS (40%)] and S5 [soil and sand 1: 1
(80%) + DBS (20%)] (boron fertilized) is higher than results reported by either Costa et al.
(2011) or Cavalcante et al. (2013) and close to average values recorded by Cavalcante
et al. (2012).

As also observed for PH, the stem diameter and shoot dry weight were statistically
higher in substrates with greater proportions of DBS and no added boron, while the
opposite occurred in substrates with smaller proportions of DBS (S4 and S5)
(Figure 3(c)). This result indicates that the boron concentration of DBS was probably
enough to supply the B plant requirement, based on the maximum soil concentration of
0.5 mg dm−3 of B defined by Prado et al. (2006). The stem diameter averages from
seedlings grown in substrates S1, S2 and S3 (without boron) and S4 and S5 (boron
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fertilized) are close to results quoted in the scientific literature such as Cavalcante et al.
(2013) and higher than 1.8 mm maximum value reported by Cavalcante et al. (2012).

Shoot dry mass for S1 was not affected by boron fertilizing (Figure 3(c)), a different
result from PH and stem diameter, showing that plant organs are differently affected by
boron fertilizing. This result was previously expected since B nutrition in vascular plants,
such as yellow passion fruit, has been related with cell wall synthesis and structure,
membrane integrity and function, changes in the accumulation of phenolics and poly-
amines (Martín-Rejano et al. 2011), although the primary physiological effect of B in
plant nutrition is an elusive topic.
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All root variables depended on substrate and boron fertilizing, while all interactions
between these factors were significant (Table 3).

Root volume, root length and root dry mass presented the same data distribution as
a function of substrate and boron fertilizing, i.e., the highest averages were registered
for substrates S3, S4 and S5 (similar among them), while S6 (commercial) promoted
the lowest average (Table 3). Boron affected positively the root system for S4 and S5
(Figure 4), which could be caused by the lowest DBS proportion, while for the other
substrates the boron fertilizing was deleterious, perhaps causing a toxic effect. This
way, Wang et al. (2010) argue that B toxicity rapidly induced inhibition of root
elongation because it has been shown that root apex is the critical site for sensing
and expressing B toxicity, which possibly happened in the present experiment for S4
and S5 substrates.

As can be seen in Figure 4, there was a similar result between root volume and
root dry mass, showing that the effect of the substrates studied and the boron
fertilizing were different in relation to root length. This result is in line with
Martín-Rejano et al. (2011) who studied the root system architecture of
Arabidopsis seedlings cultivated in low boron soil and concluded that low B treat-
ment causes a decrease in primary root elongation without affecting the growth of
lateral root. Although it is well documented that B deficiency causes a rapid decrease
in root growth, which has been explained as a consequence of the structural role of B
in the cell wall, the same authors argue that B excess exerts a deleterious effect on
root development.

Table 3. Root volume (RV), root length (RL), shoots dry mass (SDM) and root dry mass (RDM)
of yellow passion fruit seedlings as a function of substrate and boron fertilizing.

RV RL SDM RDM

cm3 cm g

S (Substrates) ‘F’ value 13.01** 10.73** 8.46** 13.61**
S1 6.77 bc 25.30 ab 1.87 bc 0.55 bc
S2 7.58b 25.17 ab 2.38 ab 0.69 ab
S3 8.34 ab 27.22 a 1.87 bc 0.61b
S4 10.19 a 26.17 ab 2.86 a 0.90 a
S5 8.89 ab 21.53 bc 2.35 ab 0.71 ab
S6 5.02c 17.87c 1.33c 0.38c
S7 4.82c 19.19c 1.38c 0.39c
LSD 2.42 4.91 0.85 0.22
B (Boron fertilizing) ‘F’ value 20.39** 38.74** 17.19** 27.95**
B0 8.31 a 25.84 a 2.31 a 0.71 a
B1 6.43b 20.58b 1.70b 0.51b
LSD 0.84 1.71 0.29 0.08
S × B‘F’ value 5.20** 7.35** 4.89** 7.69**
CV (%) 21.13 13.63 27.14 23.30

Notes: LSD: least significant difference; CV, coefficient of variation; S1, decomposed buriti stem (100%);
S2, soil and sand 1:1 (20%) + DBS (80%); S3, soil and sand 1:1 (40%) + DBS (60%); S4, soil and sand 1:1
(60%) + DBS (40%); S5, soil and sand 1:1 (80%) + DBS (20%); S6, commercial substrate; S7, soil, sand
and manure, 1:1:2; B0, no boron; B1, with boron in the substrate; ** significant at p < 0.01
probability error. The means followed by the same letter in each column are not statistically different by
Tukey’s test.
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Root length averages recorded in plants grown in substrates S1, S2 and S3 (without
boron) and S4 and S5 (boron fertilized) are compatible to results registered by Cavalcante
et al. (2013), and much higher than values referred by Cavalcante et al. (2012).

In relation to root system, it is important to detach that root growth and development
are regulated by a complex interaction of hormone signaling pathways, especially auxin
which has a central role as it is fundamental in initiating and organizing this process
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soil, sand and manure, 1:1:2; B0, no boron fertilizing; B1, substrate boron fertilized.
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(Galinha et al. 2009) and the interaction between plant hormones and boron acts directly
on the growth and development of plants.

Conclusions

Thus, our studies demonstrate that (1) the seedling quality of yellow passion fruit is
directly affected by the substrates using DBSs and boron fertilizing; (2) the substrates
composed by soil and sand 1:1 (20%) + DBS (80%) (without B fertilizing) and soil and
sand 1:1 (60%) + DBS (40%) (with B fertilizing) provide high-quality yellow passion
fruit seedlings; and (3) DBSs can be used in the composition of the substrate for the
formation of yellow passion fruit seedlings, as a substitute to boron fertilization.
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