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Abstract-The use of advanced seedlings associated with the annual cultivation of passion fruit are
important management techniques for living with the fruit-hardening virus (FEV). However, this
technology still needs information on nitrogen fertilization and spacing between plants, so that it is
possible to recover crop’s productivity. The objective of this research was to identify the nitrogen
dose (N) and the most suitable spacing for annual orchards installed with advanced seedlings (1.2
m high) of yellow passion fruit. The experiment was carried out in the field, in Mogi Mirim, SP,
between October 2017 and July 2018. A randomized block design was used in subdivided plots;
the treatments were doses of N in coverage such as 0, 60, 120, 180 and 240 kg ha' and spacing
between plants of 2.0 and 4.0 m and 3.0 m between lines. The dose found for maximum production,
15.4 kg of fruit pl!, and adequate physical-chemical quality of the fruit for the yellow passion fruit
was 130.7 kg ha! of N. The most densified spacing, of 2 x 3 m, provided greater productivity and
number of thousand fruits per hectare, respectively, 20.7 t ha'' and 139.5 thousand fruits ha™'.

Index terms: Passiflora edulis Sims, plant nutrition, plant density, annual cycle, production system.
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Corresponding author:
gabriel.mattar@uol.com.br

Received: January 28, 2021
Accepted: June 17,2021

Copyright: All the contents of this
journal, except where otherwise
noted, is licensed under a Creative
Commons Attribution License.
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Resumo -A utilizagdo de mudas avangadas, associadas ao cultivo anual do maracujazeiro, € técnica
importante de manejo para a convivéncia com o virus do endurecimento dos frutos (VEF). No
entanto, esta tecnologia ainda necessita de informagdes sobre adubagao nitrogenada e espagamento
entre plantas, para que seja possivel recuperar a produtividade da cultura. O objetivo desta
pesquisa foi identificar a dose de nitrogénio (N) e o espagamento mais adequado para pomares
anuais instalados com mudas avangadas (1,2 m de altura) de maracuja-azedo. O experimento foi
realizado a campo, em Mogi Mirim-SP, entre outubro de 2017 e julho de 2018. Utilizou-se do
delineamento de blocos casualizados em parcelas subdivididas, sendo os tratamentos doses de N
em cobertura com 0; 60; 120; 180 e 240 kg ha! e espagamentos entre plantas de 2,0 e 4,0 m ¢ 3,0
m nas entrelinhas. A dose encontrada para maxima produgéo, de 15,4 kg de fruto pl, e adequada
qualidade fisico-quimica do fruto pelo maracuja-azedo foi de 130,7 kg ha! de N. O espagamento
mais adensado, de 2 x 3 m, proporcionou maior produtividade e nimero de mil frutos por hectare,
sendo, respectivamente, de 20,7 t ha! e 139,5 mil frutos ha''.

Termos para indexacao: Passiflora edulis Sims, ciclo anual, densidade de planta, nutrigao de
plantas, sistema de producao.
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Introduction

Brazil stands out in the world production and
consumption of passion fruit (Passiflora edulis Sims) and
is the largest producer with 593,429 t with a cultivated area
of 41,800 ha, however, the national average productivity
of 14.2 t ha! is considered low (IBGE, 2019). In addition
to the low technological level used in the culture, several
diseases cause losses in production and fruit quality.

Currently, the hardening fruit virus (HFV), the
Cowpea aphid-borne mosaic virus (CABMV), causes the
greatest damage and is present in most producing regions.
It is also one of the main causes of 48.6 % reduction
in the cultivated area in the State of S3o Paulo since
1995 (NASCIMENTO et al., 2006; YUKI et al., 2006;
DAMATTO JUNIOR et al., 2014). In 2019, the State of
Sao Paulo produced 30,809 t of fruit in 1,885 ha, making
it the fourth largest producer state (IBGE, 2019). Infected
plants have their production reduced both quantitatively
and qualitatively, as the fruits become smaller, deformed
and hardened, the aggressiveness of this disease has
made production unfeasible, making the crop itinerant
and annual (GIORIA et al., 2000; NARITA et al., 2012).

In view of the delays of breeding programs to obtain
genetic resistance, the inefficiency of chemical control
and the absence of defensive registered for the crop,
among techniques for coexistence with the viruses, there
is a recommendation to replace the traditional seedlings
production system, which facilitates early infection by high
or advanced seedlings (1.2 m high). These are produced
in agricultural greenhouse with anti-aphid roof, which
avoids the entry of the virus insect vector, the aphid, and
consequently the contamination and dispersion of HFV
(CAVICHIOLI et al., 2014). However, this technology
still needs more studies, especially regarding the density
of planting and fertilization, since the culture has become
annual in areas with viruses (DAMATTO JUNIOR et
al., 2014). According to this same author, the passion
fruit has production potential of 30 to 35 t ha!, when all
recommended agronomic techniques are correctly applied,
much higher than the current Brazilian average (14.2 t
ha') (IBGE, 2019).

In recent years the crop has also undergone several
modifications in its production technology, such as
planting varieties and hybrids that are more productive,
with potential of 50 t ha'! year' (MELETTI, 2011), as
well as reducing spacing. Thus, plant nutrition needs to
be adequate to these new management techniques, aiming
at maximum productive response as well as fruit quality
(FURLANI and PURQUERIO, 2010; MIYAKE et al.,
2016).

However, although nitrogen (N) is the most
extracted nutrient and the second most exported (HAAG
et al., 1973; MATTAR et al., 2018) the recommended
N amount for the crop varies between 94 and 235 kg
ha'! year' (RIPADO, 2010; MIYAKE et al., 2018). In
addition, studies showed variable responses on N effect
on fruit quality as well as nutritional studies in area with
the presence of HFV, the performance evaluation of
advanced seedlings in the field on N doses effect and its
correlation with productivity are scarce (AULAR et al.,
2014; MIYAKE etal.,2018; BERTANI et al., 2019). This
lack of information hinders the elaboration of a precise
recommendation to the rural producer, which can harm
the activity productivity recovery.

Currently, seeking the great utilization of the areas
cultivated with fruit trees, the strategy to reduce spacing to
increase the number of plants per area and maximization
of productivity, has been practiced throughout the national
territory (ARAUJO NETO et al., 2005; WEBER et al.,
2016; MIYAKE et al., 2018). Several studies with passion
fruit plant, demonstrated the increase in productivity with
the highest density (ANDRADE et al., 1994; MANICA et
al., 1994; ANDRADE JUNIOR et al., 2003; WEBER et
al., 2016). However, there are few studies in the literature
that evaluated the development, production and quality of
fruits in dense orchards implanted with advanced seedlings
and annual cultivation, since this management can be an
alternative to recover productivity in areas affected by the
virus.

Considering that Brazil is the largest producer
of passion fruit and that the culture demands intense
labor, it is an alternative of income source for family
agriculture. Then the objective of this study was to
evaluate passion fruit development, production and quality
of fruit according to nitrogen dose applied in coverage,
and also meeting the other recommendations of macro
and micronutrients applied to the soil, as well as orchard
spacing implanted with advanced seedlings in annual
cultivation, which should assist in the recovery of passion
fruit productivity in the state of Sdo Paulo.

Material and Methods

The experiment was conducted in the field in the
municipality of Mogi Mirim, SP, between October 11,
2017 and end of July 2018, in the coordinates 22°32°55”
S and 46°57°19” O, altitude of 645 m, in a Red-yellow
Oxisol (SANTOS et al., 2018). The climate is classified
as Cwa (Koppen), subtropical dry winter climate and
hot summer. Previously, in this area passion fruit was
cultivated followed by a year of landing. The data of soil
chemical attributes, at 0-20 cm, before the preparation of
the experimental area are shown in Table 1. The chemical
analysis followed the methodology proposed by Raij et
al. (2001).
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Table 1. Soil chemical attributes, at 0-20 cm, of the experimental area before the preparation of the experimental area.

Mogi Mirim, SP, 2017.

OM' pH? N p? K* Ca* Mg* SB° CEC® H+Al V% B® Cu Fe’ Mn’ Zn’
g dm? gkg! mgdm?® e mmol dm ------memmemeeee % - mg dm ----------
31 6.1 438 580 14 12 5 12 304 61 184 04 67 14 186 6.7

! Organic matter; > pH CaCl, 0.01 mol L;* N
7 base saturation; ® hot water extraction;  DTPA extraction.

The data of average temperature and maximum,

mean and minimum relative humidity and precipitation
per month, are shown in Figure 1A and 1B. Climatic data
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were collected from the meteorological station located in
Mogi Mirim, which comprise the network of Integrated
Center of Agrometeorological Information (Ciiagro).
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Figure 1. Maximum, mean and minimum temperature and relative humidity (Figure 1 A) and precipitation per month
(Figure 1B) of the experimental area. Mogi Mirim, SP, October 2017 to July 2018.

The experimental design was randomized block in
a scheme of subdivided plots and four replications. Each
subplot was composed of three plants. The main treatment
was composed of nitrogen (N) doses in coverage at 0, 60,
120, 180 and 240 kg ha'', corresponding to 0, 50, 100,
150 and 200 % of the production fertilization of 120 kg
ha'! of N, recommended by Piza Junior et al. (1997) for
an expected productivity of 25 to 30 t ha'! for traditional
cultivation. The secondary treatment was the spacing
between plants of 2.0 and 4.0 m and fixed between lines
at 3.0 m. Advanced seedlings were used with 1.2 m high
and the annual cultivation technique, the orchard was
implanted in 10/11/2017 and eradicated in 07/30/2018,
respecting the period of sanitary emptiness.

The production of passion fruit advanced seedlings
occurred in protected cultivation structure, covered with
low-density polyethylene (LDPE), 150 mm thick, laterally
closed with anti-aphid screen. The IAC-10 cultivar sowing
occurred in 03/01/2017, it was performed in germination
paper, and subsequently, the subculture was transferred
for plastic bags measuring 0.25 x 0.50 m. The substrate
used was a mixture of Tropstrato HA® (pinus bark,
vermiculite, PG mix™ 14-16-18, KNO,, P,O, and peat),
pinus bark and tanned cattle manure, in the ratio of 1:1:2.

The fertilization of plant formation, usually performed
in the field, was carried out in the seedlings according
to the recommendation of Piza Junior et al (1997), with
application in each plant of 10 g of N 30 days after
transplantation to the plastic bag, 15 g of N after 60 days,
50 g of N and 50 g of K, O after 90 days, using ammonia
sulfate and potassium chloride.

In the experimental area, liming with dolomitic
limestone was performed 45 days before transplantation,
in order to raise the base saturation to 80% and the
magnesium to a minimum content of 9 mmol_dm>. The
holes, 0.3 x 0.3 x 0.3 m, were prepared with 0.75 kg of
Yoorin Master® (16 % P,0,), 0.5 kg of dolomitic limestone
and 8 liters of chicken manure following recommendation
of Piza Junior et al (1997). Chemical data of the chicken
manure used are shown in Table 2, according to the
methodology proposed by Abreu et al. (20006).
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Table 2. Chemical analysis of chicken manure used in the preparation of passion fruit planting holes. Mogi Mirim,

SP, 2017.
N-total' N-NO, N-NH, "2
g kg mg kg'!
84.9 453 356.6

'Kjeldahl method; 2 KCl extraction.

The seedlings transplantation to the field occurred
in 10/11/2017, 224 days after sowing, when the coverage
fertilizations with N (ammonium nitrate source, 32 %
of N and 1% of K O) started, for the application of the
treatments. N doses were applied between November/17
and May/18 and the relative quantities varied according to
the need of the crop (MATTAR et al., 2018). These were
10; 22.5; 22.5; 22.5; 22.5% of the total N at 36; 97; 134;
167; 218 days after transplantation (DAT) respectively.
The coverage with the other nutrients were performed for
an expected productivity of 25-30 t ha'!, applying 50 kg
ha'! of PO, 280 kg ha" of K,O, 2 kg ha'' of B and 4 kg
ha'! of Zn, (PIZA JUNIOR et al, 1997), in the same period
and proportions of N fertilization.

The conducting system was vertical espalier, with
a wire at 2.0 m of soil height. After transplantation, the
plants were tutored with narrow plastic ribbon until the
height of the wire, in a single rod. Then the top trimming
occurred, for the emission of the secondary and opposite
lateral branches, which suffered pruning to originate the
productive curtain (tertiary branches).

To avoid water stress and ensure the greater
utilization of the applied fertilizer, the soil moisture was
monitored by means of an Irrigas® equipment set, using the
25 kPa capsules installed at depth of 0.25 and 0.50 m and
in four points of the experimental area. The irrigation was
performed when necessary, using drip irrigation system,
with drips every 20 cm. During the experiment period,
were also carried out hoeing, pest and diseases control,
manual pollination and fruit collection.

At 34 DAT the length of the primary rod (LPR),
number of primary branch leaves (NPBL), primary rod
diameter (PRD) were evaluated. At 64 DAT, the secondary
branch length (SBL), the number of primary rod leaves
plus the secondary branch (NPRLSB) and the primary
rod diameter (PRD) were measured. At 132 DAT was
evaluated the length of the tertiary branch (LTB), the
number of tertiary branch leaves (NTBL) and the primary
rod diameter (PRD). For the LTB and NTBL an average
of three representative branches per plant was calculated.

To quantify the production, a weekly harvest and
the sum of the fruits collected throughout the experiment
was performed. Thus, the production (kg pl') and the
number of fruits per plant (NFP) (n. fruit pl'') were
obtained. From these data, the productivity (t ha') and
the number of thousand fruits per hectare (NThFH)
(n. thousand fruits ha'') were calculated. Disposing the

fruits with deformation, stains, or disease symptoms, the
percentage of commercial fruits (%) (CEAGESP, 2001)
was obtained.

For the evaluations of the fruit physical
characteristics, six fruits per plot were used, in monthly
evaluations and an average of these values were calculated.
In the physical analysis of the fruit, the following was
determined: mass (g); transversal length (TL), longitudinal
(LL) (cm) and pulp yield (%). The pulp yield was
calculated as follows: [(aryl mass + seed) / total fruit mass]
x100. Through the TL the fruit caliber was classified,
following the CEAGESP (2001) classification standards.
The same six fruits were used to determine the following
chemical characteristics: the juice soluble solid content
(SS) expressed in °Brix, determined by portable digital
refractometer Pocket Refractometer, PAL-1, Atago;
juice total titratable acidity (TTA) (% of citric acid), 10
g of the juice plus 90 mL of distilled water, titration with
sodium hydroxide (NaOH) 0.1 N to pH 8.1; the pH was
determined by direct reading of the juice samples in a
digital potentiometer; the SS/TTA (Ratio) ratio; the juice
ascorbic acid content (AAC) (mg of ascorbic acid per 100
g), determined according to IAL (2008) methodology.

The data were analyzed using the variance analysis
and by means of the F test. When there was significance
for the N doses, regression analysis was performed,
defining the best adjustment according to the significance
combination and the higher coefficient of determination
using the SigmaPlot program. When there was a significant
effect for the spacing, the Tukey test (0=0.05%) was
applied to compare the treatments means.

Results and discussion

There was no interaction between the nitrogen
(N) doses and the spacing between plants as well as the
isolated effect of the N for the vegetative development
characteristics in the passion fruit. It was found that the
plants submitted to 4.0 m spacing, had higher secondary
branch length (SBL), number of primary stem and
secondary branch leaves (NPSSBL), primary stem
diameter (PSD) at 64 days after transplantation (DAT),
respectively, 116.2 cm, 52.9 leaves and 8.2 mm (Table
3). At 132 DAT, the PSD was also higher in the 4.0 m
spacing, measuring 14.1 mm.
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At 34 DAT the mean value of the primary stem
length (PSL) was 187.6 cm, the number of primary stem
leaves (NPSL) was 24.6, the primary stem diameter (PSD)
was 5.5 mm, while the tertiary branch length (TBL) and
the number of tertiary branch leaves (NTBL) were 161.7
cm and 19.2, respectively, at the 132 DAT.

In Adamantina, SP, with traditional grafted
seedlings, Nasser et al. (2011) evaluating the planting line
spacing 1.0; 1.5;2.0; 3.0; 4.0 and 5.0 m; and 3.2 m between
lines, also found lower SBL when they used 1.5 x 3.2 m
between plants, with 139.1 cm, differing from the 3.0 and
4.0 m spacing, with 191.0 and 189.8 cm, respectively.
These authors also observed higher PSD with the use of
less dense spacing, 4.0 x 3.2 m, 30.4 mm compared to 1.0
x 3.2 mand 2.0 x 3.2 m, respectively, 22.75 and 24.5 mm
at 360 days after transplantation (DAT).

Table 3. Secondary branch length (SBL) and number of primary stem and secondary branch leaves (NPSSBL) at 64 days
after transplantation (DAT) and primary stem diameter (PSD) at 64 and 132 DAT depending on the spacing between
passion fruit plants, 2.0 and 4.0 m between plants and 3.0 between lines. Mogi Mirim, SP, October 2017 to July 2018.

Spacing SLB NPSSBL PSD PSD
64 DAT 64 DAT 64 DAT 132 DAT

m cm - mm mm

2 84.7b 48.5b 7.9b 12.9b

4 116.2a 52.9a 8.2a 14.1a

dms 11.7 3.5 0.22 0.64

CV% 17.38 10.31 4.11 7.11

Column means, followed by the same letter, do not differ from each other by Tukey test at 5% probability.

Using traditional seedlings and evaluating the
development of grafted passion fruit, Cavichioli et al.
(2011) reported superior SBL value, 337.4 cm at 150
days after sowing (DAS) and the primary stem diameter
of 30.6 mm at 360 DAS on an ungrafted plant. Possibly,
in addition to the difference of seedling type and
transplantation period that allows great plant development
period in the field. These authors used even greater
spacing, the traditional is 5.0 x 3.2 m and as it was shown
in the experiment, greater spacing between plants is due to
lower competition or larger leaf area of it, provided higher
SBL as well as superior PSD when the greatest spacing
between plants was used, in most of the evaluated seasons.

Evaluating the development of the passion fruit
grafted and ungrafted, using the advanced seedlings
technique, in Presidente Prudente, SP, Cavichioli et al.
(2017) observed stem diameter for the ungrafted close to
this experiment, 13.6 mm at the 180 DAT. There are few
data in the literature on spacing effect on the vegetative
development of advanced passion fruit seedlings in
the field, since it is a recent technique (5 years) for the
coexistence with HFV and is not yet employed throughout
the country.

The absence of N dose effect for the PSD is
contradictory to the result observed by Silva et al. (2016),
these authors evaluating the effect of humic substances
(HS) and N in the semiarid observed the quadratic dose
effect for the stem diameter in traditional seedling. At 270
DAT, we observed a maximum value of 28.1 mm using an
N dose of 281.3 kg ha''. According to these authors, the
positive response to the N dose can be attributed to the

low organic matter content (O.M.) present in the soil 12.1
g dm™, different from the present experiment that studied
N dose in soil with higher O.M., 31.0 g dm™.

Bertani et al. (2019) also observed the effect of
the N dose increase in the PSD as well as in the PSL
in advanced passion fruit seedlings. N influence on the
PSD was verified in the evaluations at 60, 75, 90 days
after the emergency (DAE), while at 45 DAE was not
significant. Possibly the low initial demand of the passion
fruit plant was supplied by the substrate, which presented
O.M. superior to the present experiment soil. The PSL
was influenced by the N dose in all evaluation seasons,
showing that not all vegetative characteristics responds
in the same way to nitrogen fertilization.

For the production and number of fruits per plant
(NFP), productivity, number of thousand fruits per hectare
(NThFH) and percentage of commercial fruits, interaction
of N doses and spacing between plants were not observed.
However, it was verified the isolated effect of N dose for
production per plant and spacing effect for all production
characteristics, except percentage of commercial fruits.
The increase of N dose provided quadratic polynomial
increase in the production, with an estimated maximum
of 15.4 kg of fruit pl"! with 130.7 kg ha! of N (Figure 2).

About the effect of N on the productive
characteristics, Moura et al. (2016) and Silva et al.
(2016) also observed effect for production, they verified
maximum of 13.4 kg plant’ using 268.1 kg ha! of N and
of 14.4 kg plant! with 290 kg ha!, respectively. Unlike the
current experiment, these authors also verified N effect for
productivity, Moura et al. (2016) verified 14.9 t ha! with
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268.5 kg ha! and Silva et al. (2016) reported maximum
of 16.5 t ha'!, with 290 kg ha! of N. Borges et al. (2006)
verified only interaction between source and N doses
for productivity, estimating maximum of 41.3 t ha! with
application of 483 kg ha' of N with the urea source and
minimum productivity of 32.8 t ha' with 228 kg ha' of

17.0 4
16.0 4
15.0 A

14.0 A

Production (kg pl")

13.0 A

12.0

11.0

N from the calcium nitrate. The difference in N dose for
maximum passion fruit production may depend on several
factors, such as climate, soil fertility, cultivar, seedlings,
cultivation period, handling, HFV incidence and severity,
among others.

® —— y=12.0326+0.0523 * x - 0.0002 * x"2 R? =0.73**

120 180 240

Nitrogen doses (kg ha™)

Figure 2. Passion fruit production, in kg pl!, according to nitrogen doses in coverage 0; 60; 120; 180 and 240 kg ha™'.
Mogi Mirim, SP, October 2017 to July 2018. **Significant at 1% probability by F test.

In contrast, Venancio et al. (2013), Miyake et al.
(2016) and Dias et al. (2016) observed the lack of response
to the increase with N. Venancio et al. (2013), in a 6-month
harvest period, reported mean of 27.7 kg plant ™ and 164.1
fruits per plant, while Miyake et al. (2016) reported higher
average production 28.6 kg plant, in an area without HFV,
and in traditional cultivation Dias et al. (2017) verified
20.7 kg plant! and 133.7 fruits per plant. These results
agree in part with those obtained in this study, according
to these authors, possibly the high soil fertility, the planting
fertilization or cultural remains may have masked the
efficiency of the nitrogenized fertilizer and/or the element
was not a limiting factor in the experimental conditions.

Studying the N decomposition and release of
organic waste, Silva et al. (2014) observed that chicken
manure presented the highest decomposition speed and the
second largest N release to the soil. They estimated that
the application of 20 t ha! of chicken bed, could release
103.5 kg ha'! of N after 270 days of application. It is also
emphasized that the fruit cultivation is common for several
years in the same site, due to the use of laborious and costly
conduction system such as for passion fruit cultivation.
Thus, it is common to occur fertilization overlap and the
fruit cultivation in a soil with high nutrient content.

The present study has also showed that dose greater
than 130 kg ha! of N, can be harmful to fruit production,
agreeing with the results of Borges et al. (2006), Venancio
et al. (2013), Dias et al. (2016) and Moura et al. (2016).
These authors reported that when the N is applied above
the recommended, the vegetative growth is favored at the
expense of the number of flowers.

As for the spacing effect on the production and
in the NFP, these were higher using the 4.0 m spacing
between plants, 16.6 kg pl' and 99.7 fruits per plant,
respectively. For the productivity and NThFH, it was
observed inverse effect, 20.7 t ha! and 139.5 thousand
fruits ha! when used the highest density (Table 4). Spacing
did not influence the percentage of commercial fruits, and
the average value is 81.5 %.
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Table 4. Production, number of fruits per plant (NFP), productivity, number of thousand fruits per hectare (NThFH),
fruit mass and longitudinal length (LL), related to the spacing between passion fruit plants, 2.0 and 4.0 m between
plants and 3.0 between lines. Mogi Mirim, SP, October 2017 to July 2018.

Spacing Production NFP Productivity NThFH Fruit mass LL
m kg pl”! n° pl”! t ha'! n° mil ha! g cm
2 12.4b 83.7b 20.7a 139.5a 165.0b 8.3b
4 16.6a 99.7a 13.8b 83.1b 170.4a 8.5a
dms 2.1 13.5 2.2 12.8 4.9 0.1
CV% 22.1 21.9 19.2 17.0 4.4 2.7

Column means, followed by the same letter, do not differ from each other by Tukey test at 5% probability.

The results agreed with the statement of Cavichioli
et al. (2014), that the lowest number of fruits per plant
in the densest spacing resulting from the increase of the
competition between plants is compensated by the higher
productivity. This relationship was also confirmed by
Ritzinger et al. (1987), Andrade Junior et al. (2003), and
Aratjo Neto et al. (2005) for NFTP.

Maximum response for productivity and NThFH of
49.3 tha! and 702.0 thousand ha’!, respectively, obtained
in the lowest spacing, 2.5 x 2.0 m (2,000 ha™! plants) were
reported by Ritzinger et al. (1987). Andrade Junior et
al. (2003) observed quadratic effect on the productivity
with the increase of the density from 830 to 3,330 plants
ha' (3.0 x 4.0 m to 3.0 x 1.0m); they concluded the
maximum productivity with 1,841 plants ha' (3.0 x 1.8
m). These same authors concluded, however, that the
highest economic production occurred in the 3.0 x 2.5
m spacing. Araijo Neto et al. (2005) recommended the
density of 1,110 plants per hectare (3.0 x 3.0 m), being
more productive and lucrative than the traditional spacing
(3.0 x 5.0 m) or the super dense planting (3.0 x 1.0 m).

Evaluating planting density in the area with the
incidence of the HFV, Cavichioli et al. (2014), observed
a similar result to the present experiment. Higher
productivity in the densest spacing (3.2 x 1.0 m), 14.55t
ha!, differing from the 3.2 x 5.0 m, with 4.32 tha''. These
authors calculated maximum productive efficiency per
plant using 3.2 x 3.8 m.

Weber et al. (2016) also verified the directly
proportional relationship NThFH and the productivity
with the planting density, for plants of one-year cultivation
cycle, in two evaluations. Production of 25.4 and 19.2
t ha! and number of fruits 31.8 and 24.9 plant’!, were
obtained in the 2.5 x 2.5 m spacing with two seedlings per
hole (3,200 plants ha') in the 2011/2012 and 2012/2013
harvest. Differently, for the two-year plant, these same
authors did not observe significant effect for the NThFH
and productivity characteristics, with the means of 99.1
thousand fruits plant’ and 24.1 t ha'. According to the
authors, a possible cause would be the high vigor in the
highest density, along with spray difficulties within the
plant and high shading of the productive branches.

The passion fruit crop presents a productive
potential of 40-50 t ha’!, in traditional cultivation with
2-year cycle (MELETTI, 2011). However, the hardening
fruit virus (HF V) has caused great losses in infected plants,
which have their production reduced quantitatively and
qualitatively (CAVICHIOLI et al., 2014). The productivity
reduction can be severe; Cavichioli et al. (2011) observed
average productivity of 30.9 t ha'! in passion fruit plants
grafted in the year of 2006/2007 in Adamantina, SP.
While in 2009/2010 in the same location, Cavichioli et
al. (2014), using the same spacing (3.2 x 5.0 m) and graft
canopy combination, but reporting high incidence of HFV
obtained 4.3 t ha!, without the use of advanced seedlings.
Cavichioli et al. (2016) also observed a 32% reduction
in the productivity when compared with Cavichioli et al.
(2011) study, before the incidence of the virus.

Evaluating the economic return using different
NPK doses for passion fruit plants, Miyake et al. (2016)
obtained average productivity of 43 t ha'!, in virus-free
area, with advanced seedlings and annual cultivation.
Miyake et al. (2018) also performing an experiment
using the same nutritional management, but reporting
high incidence and severity of the HFV, obtained lower
maximum productivity, 19.8 t ha! with a dose of 300 kg
N ha!. Also with advanced seedlings in the area with the
presence of the HFV, studying accumulation and export of
nutrients by passion fruit plant, Mattar et al. (2018) verified
productivity of 17.0 t ha'! and production of 20.4 kg pl'.
The authors estimated extraction of 148.7 kg ha! of N.

Thus, despite the productivity of the current
experiment reach 17.3 t ha! and it is not the potential of
the crop in the traditional cultivation, it is very close to
that observed by other studies implanted in the region with
incidence of the virus, using the management technique for
coexistence with the virus, advanced seedlings and annual
cycle. It is also noteworthy, that the transplantation of the
present experiment occurred in October, which caused
delay in the beginning of the flowering that occurred in
January. Thus, the harvest period was on average 30 %
lower, totaling 5 months, compared the annual harvest
when the transplantation is in August and harvest period
occurs between the end of December/ beginning of
January until July, approximately 7 months.
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In addition to the productive question, the analysis
of the economic performance is also important. Moreira et
al. (2019) evaluating the profitability of the passion fruit
plant with the increase of the cultivation density, concluded
that the lowest tested spacing 2.0 x 3.0 m provided the
highest profitability in two years of production, exceeding
in 51.4 % the income that can be achieved using the 5.0 x
3.0 m spacing, traditional in the passion fruit cultivation.
Nearest value was found in the present study, the spacing
0f 2.0 x 3.0 m was 49.3 % higher than 4.0 x 3.0 m. Thus,
we should pay attention to adopt the density that provides
the highest economic benefit to the producer, taking into
account the particularities of the producing region.

Currently, besides the concern with the overlap of
productive branches and profitability caused by the highest
density, the new dynamics of passion fruit cultivation
should be added for coexistence with the HFV, reduction
of the crop cycle and the search for maximum productivity
in only one harvest. Costa et al. (2008) recommend the
reduction of the spacing between plants of 3.0 x 5.0 m
(666 plants ha'), to 3.0 x 2.0 m (1,666 plants ha') in the
State of Espirito Santo. On the other hand, for the State
of Sao Paulo, Narita et al. (2012) indicate at most 2.5
m between plants in the line, while for the State of the
Parana Stenzel et al. (2019) suggest the spacing of 2.0 and
2.5 m in the lines and 2.5 to 3.5 m between lines. These
recommendations agree with the results obtained in the
experiment, where the productivity and NThFH were at
least 43% higher when we used 3.0 x 2.0 m, however,
scientific studies on spacing in areas affected by the virus
are still scarce, which makes it difficult to recommend.

For the fruit characteristics, isolated effects of N
dose for the transversal length (TL), which increased in
a quadratic manner, with the estimated maximum value
7.4 cm with 99.0 kg of N ha! (Figure 2A). The spacing
influenced the mass and longitudinal length (LL) of
the fruit, which were higher in the least dense plants,
respectively 170.4 g and 8.5 cm (Table 4). The average
caliber of the fruit was classified in class 3, because the
value of the LL was in the range equal to or greater than
6.5 cm and less than 7.5 cm (CEAGESP, 2001).

The N effect on fruit quality on passion fruit plants
has been studied; however, there are few studies and the
results showed divergent responses (AULAR etal., 2014).
Testing the irrigation depth, Carvalho et al. (2000) also
reported that N did not influence the fruit mass, obtaining
average close 161 g fruit'. In the north region of Minas
Gerais, Borges et al. (2003), working with nitrogen and
potassium interaction (K) only verified significant effect
of K. In new study, Borges et al. (2006) also did not verify
influence of the N fertilization as well as of the sources
used in the physical characteristics of the fruit.

In recent studies, Silva et al. (2015) and Dias et al.
(2017) did not verify N effect on physical characteristics
of'the fruit, agreeing in part with the obtained results. Silva

et al. (2015) verified higher mean values regarding to the
present experiment for mass, fruit LL and TL, respectively,
205.8 g,9.6 cmand 7.9 cm, however lower pulp yield 38.4
%. Dias et al. (2017) reported the following mean, fruit
mass 163.2 g, LL 9.83 cm and TL 7.63 cm and pulp yield
of 54.2%. Moura et al. (2016) different from the present
study, reported interaction between N source and dose for
pulp percentage with maximum values of 52.7 % using
the urea and 48.5 % with ammonia sulfate. All of these
pulp yield values are lower than found, possibly this is
due to the use purpose or cultivar commercialization used.
The IAC 10 cultivar was improved to meet the industry
segment, so high pulp yield is an important characteristic.

Venancio et al. (2013) observed effect of the doses
for fruits mass and LL. These authors verified quadratic
relationship for mass, with maximum value of 175.7 g
with dose of 86 kg ha!, while for fruit LL linear increasing
response, with 91.5 mm for dose of 210 kg ha™!. Miyake et
al. (2018) observed N dose effect only in fruits classified as
caliber 4, higher when they used dose of 150 kg of N ha!.
These results differ from those obtained in this experiment,
showing that other factors besides the N dose can influence
in the fruits physical characteristics. Aguiar et al. (2017)
observed different responses at the application of bovine
biofertilizer dose according to the evaluated genotype.

Although the increase in fruit TL by N did not
result in increase of the caliber in the present experiment,
this result can be interesting to the producer, because the
higher the caliber, the more valued the fruit is. Studies
were not found in the literature about this relationship,
thus, it is necessary more studies on this characteristic
for commercialization.

Cavichioli et al. (2016) verified linear response
for LL with the reduction of plant density with maximum
diameter 11.2 cm in the highest spacing used 5.0 m. For
fruit mass, the authors did not observe spacing effect,
different from the present study, with the mean being close
to that found of 183.4 g. Several authors reported absence
of density effect on fruit mass (ANDRADE JUNIOR et
al. 2003; ARAUJO NETO et al. 2005; WEBER et al.
2016). According to Manica et al. (1994), the passion
fruit genetics is responsible for the highest fruiting, at the
expense of the increase of fruit mass. Nascimento et al.
(2003) cites that there is a great variability in the fruit size
in the same plant and in the same genotype. It is important
to highlight, that many of these studies were performed
before the use of the advanced seedlings technique and
with other cultivars, and thus can affect in the qualitative
dynamics of the passion fruit. However, it is observed
that this difference in fruit mass between spacing despite
significant was small, becoming clear that the passion fruit
productivity is more influenced by the number of fruits
than the average mass of these, agreeing with other studies.
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For the physico-chemical characteristics of the
fruit, there was significant interaction in the ascorbic
acid content (AAC) and N isolated effect for the soluble
solids content (SS) and total acidity (TA) (Figure 3). In
the interaction unfolding, quadratic regression was verified
for the 2.0 m and linear spacing for the highest spacing
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(Figure 3B). The content of 30.6 mg of ascorbic acid 100
mL! was estimated applying the dose of 188 kg ha! of N
for the lowest spacing, while for 4.0 m between plants,
the maximum dose tested, 240 kg ha™! of N, provided the
highest AAC 35.3 mg 100 mL-'. Mean value of 2.9 for
the pH and 3.8 for ratio was observed.
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Figure 3. Ascorbic acid content (b) according to nitrogen (N) dose in coverage 0; 60; 120; 180 and 240 kg ha! and the
spacing between passion fruit plants, 2.0 and 4.0 m between plants and 3.0 between lines and fruit transversal length
(a), total soluble solids content (c) and total acidity (d) depending on the N doses. Mogi Mirim, SP, October 2017 to
July 2018. **Significant at 1% probability by F test; *Significant at 5% probability by F test.

Sousa et al. (2020) observed maximum value of
20.6 mg of ascorbic acid 100 g with dose close to 198 kg
ha! of N. The increase of the biofertilizer dose for cultivars
‘Guinezinho’ and ‘Sol do Cerrado’ also resulted in AAC
reduction, with the maximum 39.7 mg 100 mL™! and 45.66
mg 100 mL"! for dose 19.3 and 17.7 %, respectively. While
for the ‘Gigante amarelo’ the maximum concentration 26.3
mg 100 mL"' of ascorbic acid occurred using the maximum
dose, 40 % of biofertilizer (AGUIAR et al., 2017).

Studying the effect between N doses and humic
substance (HS), Silva et al. (2015) did not observe effect
in the AAC, they verified mean value 29.62 mg 100 mL-
I, Carvalho et al. (2000) also did not observe effect for
vitamin C, with an average of 16.9 mg 100 mL"".

Regarding the spacing, Sousa et al. (2020) verified
the increase of AAC as increased the number of plants per
hole, the density. They found values 16.0 to 27.3 mg 100
mL', using from 1 to 6 plants per hole with spacing of
2.5 x 3.0 m between holes.

For the SS, the maximum value was 13.9 °Brix
using the dose 0f93.3 kg ha! of N (Figure 3C). While the
maximum TA 3.7 % of citric acid was verified with dose
of91.3 kg ha' of N (Figure 3D). Decrease trend in SS and
TA with the increase of biofertilizer doses agrees with the
results of Aguiar et al. (2017), except for ‘Guinezinho’
in the TA. Silva et al. (2015) also noticed exponential
decrease of the TA value due to the increase of N doses
in the absence of HS.

Venancio et al. (2013) who did not observe N effect
for SS, TA and ratio, with the mean values, respectively,
12.0 ° Brix, 4.40 g 100 mL"' and 2.76, described contrary
result. Effect absence for these variables besides the pH,
was also reported by Moura et al. (2016). These authors
observed the following means: SS of 12.8 °Brix and AAC
of2.13 g 100 mL"', pH 6.10 and ratio 2.8%. These results
differ from those observed in the present research, except
for pH and ratio.
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The planting density also did not affect the fruit
quality according to Andrade Junior et al. (2003), Araujo
Neto et al. (2005) and Weber et al. (2016). Possibly the
plant genetic constitution influences more in the juice
chemical characteristics than the management used.

Conclusion

The dose found for maximum production, 15.4 kg
of fruit pl"!, and adequate fruit physico-chemical quality
by the passion fruit plant was of 130.7 kg ha' of N.

The most densified spacing, of 2 x 3 m, provided
higher productivity and number of fruits per hectare,
respectively, 20.7 t ha! and 139.5 thousand fruits ha'.
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