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Abstract
Studies related to adaptation to the environment and different conditions of water availability contribute
to decision-making regarding the management of any crop to be implanted. Accordingly, this work aimed
to evaluate the yield and quality of organic yellow passion fruit cultivated in a long root system in dryland
conditions. The experimental design was in randomized blocks, with five treatments and four replications with
four plants each. The treatments consisted of the alteration of the length of the root system, namely: T1 = 25 cm;
T2 = 50 cm; T3 = 75 cm; T4 = 100 cm; and T5 = 125 cm. At 120 days after emergence (DAE), the seedlings were
transplanted to the field and the following variables were evaluated: plant height (cm) and base diameter (mm)
at 120 DAE; total titratable acidity (TTA), total soluble solids (TSS), Ratio (TSS/TTA); and fruit yield. The cultivation
of tall seedlings with a long root system provides the maintenance of production during the dry season. The TTA,
TSS, and the ratio do not change when modifying the length of the root system, although they do change with
the harvest season. The cultivation of passion fruit in an organic system using plants with a long root system with
an estimated length of 114 cm provides a higher fruit yield (7,472 kg ha-1) in 22 months of cultivation.
Keywords: fruticulture, organic agriculture, Passiflora edulis Sims, plant growth

Introduction

amount of pulp produced (Souza et al., 2018; Uchôa et

The edaphoclimatic conditions of the state of

al., 2018). In spite of the high level of annual rainfall in the

Acre allow the cultivation of tropical fruits, such as the

state, its distribution is uneven (INMET, 2017). In the drought

passion fruit, for providing a longer production period

period, there is a shortage of water and low productivity

as a consequence of the non-shutdown in production

(Araújo Neto et al., 2009; Rezende et al., 2017; Uchôa et

given the absence of cold (< 16 °C) in the region (Uchôa

al., 2018).

et al., 2018). In spite of the low yield in the state (8.27 t

In this perspective, the production of seedlings

ha ) (IBGE, 2016), passion fruit presents great social and

with a long root system can be implemented as a new

economic importance since its cultivation is primarily

planting technology, since there will be greater resistance

performed by family farmers, who find in this crop a

in field to prolonged drought periods, with the exploration

technically and economically viable option for offering

of a greater volume of soil and water, besides the greater

a quick economic return and a well-distributed income in

vegetative biomass of the seedling (Silva et al., 2018).

most months of the year (Araújo Neto et al., 2008; Meletti,

Allied to the low cost of the organic cultivation of passion

2011).

fruit (Araújo Neto et al., 2008), the prolongation of the

-1

In an organic system, the yield varies from 5.03

harvest can increase the profitability of the activity and

to 21.6 t ha , with a mean total cost from R$ 0.64 kg to

the offer of the fruit in periods of higher prices (off-season).

-1

R$ 1.38 kg, being necessary to increase the yield in order

Therefore, this work aimed to evaluate the yield

to reduce costs and maximize profit (Araújo Neto et al.,

and quality of the organic yellow passion fruit of long root

2008; Araújo Neto et al., 2014).

system in conditions of dryland cultivation.

One of the low yield issues is water deficit, which
increases the growth rate of the leaves, reducing from

Material and Methods

50 to 75% of the vegetative growth and, paralyzes the

The experiment was conducted in the period

production of flowers, reducing the fruit mass and the

from November 2015 to August 2017, in the Seridó
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Ecological Site, Rio Branco, state of Acre, located in the

applications of a microbial insecticidal based on Bacillus

coordinates 9º 53’ 16’’ S and 67º 49’ 11’’ W, with elevation

thuringiensis, specifically for leaf-feeding Caterpillars

of 170 m. The soil of the experimental area is classified

(Dione juno juno and Agraulis vanilae vanilae), and

as an alitic-plinthosolic YELLOW ARGISOL. The climate of

neem oil at 1%. For the control of curculionids (Philonis

the region is hot and humid, of the Am type, according

passiflorae), a mixture of 1% neem oil + 4% of a sulfur-

to the classification by Köppen (Alvares et al., 2014), with

based broth was inserted in the stem hole with the aid

mean annual temperatures around 24.5 ºC, air relative

of syringes, followed by recovery grafting in plants with

humidity of 84%, and annual rainfall ranging from 1,700

severe damage levels, according to the methodology

mm to 2,400 mm.

proposed by Rezende et al. (2017).

The experimental design was in randomized

Periodic mowing interventions were performed

blocks, with five treatments and four replications,

along with the crowning of the plants every 60 days for

containing four plants each. The treatments were

the control of spontaneous weeds. The harvests were

constituted by alterations in the length of the root system,

performed twice a week, collecting fallen fruits on the

namely: T1 = 0.25 m, T2 = 0.50 m, T3 = 0.75 m, T4 = 1.00 m,

ground and those with 50% of husk coloration.

produced in tubes of polyvinyl chloride (PVC) with a 75

were evaluated at 120 days with the aid of a measuring

mm diameter according to their respective treatments.

tape and a digital pachymeter with a precision of 0.01

and T5 = 1.25 m. To achieve this length, the seedlings were

The plant height (cm) and the base diameter (mm)

For the formation of the seedlings of yellow

mm, respectively. The chemical quality evaluation of the

passion fruit, the PVC tubes were filled with a substrate

fruits was performed in samples with ten mature fruits per

with the following composition: 33% of sand, 33% of an

plot. The value of total soluble solids (TSS) was measured

organic compound, 33% of a stem conditioner of ouricury

using a digital refractometer with automatic temperature

palm, 1.0 kg m-3 of dolomitic limestone, 1.5 kg m-3 of natural

control, with the results expressed in ºBrix (AOAC, 2012); for

thermophosphate, and 1.0 kg m of potassium sulfate, in

the total titratable acidity (TTA), 1 mL of passion fruit juice

the period from July to November 2015. A synthetic variety

diluted in 50 mL of distilled water was titrated with sodium

of an F2 generation of yellow passion fruit was used in this

hydroxide (NaOH) at 0.1 N, using 1% phenolphthalein as

experiment, originated from the Germplasm Bank of the

an indicator, with the results expressed in percentage of

Federal University of Acre, progenies 2, 20, 22, 23, 33, 35,

citric acid (AOAC, 2012); the ratio value was determined

and 37 (Negreiros et al., 2008).

by the ratio between the TSS and the TTA.

-3

To facilitate the removal of the root system during

The mean number of fruits per plant was obtained

transplantation, a longitudinal cut was performed in the

by the quotient of the total number of fruits divided by the

PVC tubes, which were later sealed with adhesive tape

number of plants in each experimental unit. The mean

to allow the filling with the substrate. The seedlings were

fruit mass was estimated by the quotient of the total fruit

produced in a plant nursery covered with a transparent

mass by the number of fruits harvested in each plot (g

wrap of 100 µ, remaining in it for 90 days, with irrigation

fruit-1).

being performed twice a day, maintaining the substrate
within field capacity.

The yield was estimated by the product of the
mean fruit mass, the number of fruits per plant, and the

The preparation of the area was performed by

final plant stand in harvests 1 (from April to August 2016)

mowing the spontaneous vegetation with the aid of a

and 2 (from October 2016 to August 2017) expressed in

motorized backpack brush cutter, and after the natural

kg ha-1. For the total yield, the yield of both harvests was

drying of the straw, the passion fruit seedlings were

considered.

transplanted to the groves corresponding to the length
of the root system.

Before the statistical analysis, the presence
of outlier data was verified. The normality of errors was

The cultivation of the yellow passion fruit was

analyzed by the Shapiro-Wilk test, and the homogeneity

conducted in a vertical trellis system with smooth wire n°

of variances was analyzed by the Bartlett test. After

12 at a 2 m height. The plants were conducted in a 4m

verifying these assumptions, the data were subjected to

spacing between rows and 3 m between plants (833.33

the F test. For the fruit quality variables, a joint analysis

plants ha ). The planting groves were fertilized with 500

was performed between seasons and length of the root

g of limestone and 200 g of Yoorin® (thermophosphate).

system, applying a regression test for the means of the

-1

Plague control was performed according to the
legislation on organic vegetal production, with preventive
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qualitative factor.
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Results and Discussion

(tall seedling) provided an anticipated production by

The height and base diameter of the seedlings

having a shorter juvenile period (Santos et al., 2017), and

grew in a cubic function as the length of the container

greater field resistance since the root system explored a

increased (Figure 1).

wider soil volume (Beyer et al., 2016), resulting in higher

The seedlings with greatest height (264.8 cm)

yields (Figure 2).

and base diameter (68.5 mm) were those with a 125 cm

The total titratable acidity, total soluble solids,

root system; those with the smallest height (132.5 cm) and

ratio, mean fruit mass of harvests 1 and 2, and the number

base diameter (50.1mm) had a 25 cm root system (Figure

of fruits per plant in harvest 2 were not significantly

1).

influenced (p>0.05) by the length of the root system
The planting of the seedlings with greater height

(Table 1).

Figure 1. Height and diameter of passion fruit seedlings at 120 days after
emergence as a function of the length of the root system. Seridó Ecological Site,
Rio Branco, AC, 2015.

Table 1. Total titratable acidity (TTA), total soluble solids (TSS), ratio (SST/ATT), mean fruit mass of
harvests 1 (MFM S1) and 2 (MFM S2), and number of fruits per plant in harvests 1 (NFP S1) and 2 (NFP
S2) of passion fruits with long root system. Seridó Ecological Site, Rio Branco, AC, 2016 and 2017.
Treatment
25
50
75
100
125
Mean
C.V. (%)

TTAns
TSSns
--------%-------7.9
16.4
7.7
16.2
7.6
15.6
7.7
16.2
7.9
15.9
7.8
16.1
11.5
3.8

Rations
2.2
2.3
2.2
2.3
2.2
2.2
13.8

* = Significant (p<0.05) between treatments by the F test at 5% probability.

MFM S1ns MFM S2ns
---g fruit-1--112.5
110.0
110.9
98.7
104.3
102.7
105.5
103.8
100.9
104.9
103.9
106.8
7.5
2.7

NFP S1*

NFP S2ns

2
9
7
16
10
8.8
58.9

60
49
48
73
73
60.6
23.3

ns = No significant effect (p>0.05) between treatments by the F test at 5% probability.

The acidity percentage was higher (p<0.05) than

(p<0.05) those found by Krause et al. (2012), Dias et al.

that found by Botelho et al. (2016), Santos et al. (2013),

(2017), Santos et al. (2017), and Botelho et al. (2016), which

and Hafle et al. (2009), which rated 3.25%, 3.82%, and

were 13.80%, 13.65%, 12.83%, and 12.65%, respectively.

5.02%, respectively. These differences may be related to

In the organic cultivations, the fruits presented

the cultivar and factors of edaphoclimatic origin, which

higher contents of soluble solids when compared to fruits

influence plant nutrition, photosynthesis rates, and the

from conventional cultivation (Oliveira et al., 2017). The

ripening process of the fruits. In the processing industries,

higher contents of soluble solids in the composition of

it is important that the fruits present high contents of

the fruits increased the industry yield since the higher is

titratable acidity, allowing nutritional and organoleptic

the concentration of TSS, the lower will be the number

improvements and food safety as a consequence of the

of fruits used to obtain the pulp in the preparation of the

decrease in the addition of artificial acidifiers to the juice

concentrated juice, being necessary 11 kg of fruits with TSS

(Raimundo et al., 2009).

between 11 and 12 ºBrix to obtain 1 kg of concentrated

The contents of soluble solids (Table 1) are above
Com. Sci., Bom Jesus, v.10, n.4, p.477-483, Oct./Dec. 2019

juice at 50 ºBrix (Negreiros et al., 2008).
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The ratio value (Table 1) was lower (p<0.05) than

The mean yield of fruits per plant in harvest 1

the 3.95 and 4.01 values found by Botelho et al. (2016)

followed a linear trend (y = 0.0844x + 2.145 R² = 0.4694)

and Negreiros et al. (2008), respectively. The low TSS/

with an addition of 2.11 fruits plant-1 at every 25 cm of

TTA relation occurred as a consequence of the high

length in the root system (Table 1). This yield increase may

acidity content, which, according to Aguiar et al. (2017)

have occurred due to the effectivity of the root system in

and Vianna-Silva et al. (2008), may undergo variation

the exploration of greater soil volumes for the absorption

as a function of the temperature, water demand, and

of water and nutrients. Therefore, the higher availability

cultivation practices, directly reflecting on the ratio value.

of water for the plants with long root system may have

However, mean ratio values obtained by Uchôa et al.

provided

(2018) in organic passion fruit were similar (p>0.05) to

metabolism, resulting in higher fructification rates.

those found in this work.

better

conditions

for

the

photosynthetic

The harvest time significantly affected the TTA,

The mean fruit mass of harvests 1 and 2 was not

TSS, and ratio values (Table 2). The total titratable acidity

influenced by the length of the root system (Table 1),

was higher at the beginning of the dry season (May)

and the mean values are in accordance with the masses

and lower in the rainy season (Table 2). These results

obtained for the organic cultivation in the region (Rezende

corroborate those found by Vianna-Silva et al. (2008),

et al., 2017; Uchôa et al., 2018). According to Dias et al.

which may be related to the higher biomass of the

(2017), for direct selling, the external appearance and

fruits, lower total rainfall, and milder temperatures in the

the size of the fruit are the most evaluated attributes by

drought period.

the consumers.
Table 2. Total titratable acidity (TTA), total soluble solids (TSS) and ratio (TSS/TTA) of passion fruits originated
from plants with long root system, in two seasons. Seridó Ecological Site, Rio Branco, AC, 2016.
Season
May (EP1)
Noveber (EP2)
CV (%)

TTA (%)
4.93 a
4.29 b
12.05

TSS (%)
15.72 a
16.07 a
4.09

Means followed by distinct letters in the column are statistically different (p<0.05) by Tukey’s test.

Ratio
3.21 b
3.81 a
14.54

The lowest ratio of the pulp was observed in the

seasons (Table 2). The concentration of TSS in the fruits

final period of the rainy season (May), and the highest

depends on the development factors of the plants under

ratio was observed at the beginning of the rainy season

high temperatures and light intensity since, according

(Table 2). Although the TSS in the seasons did not present

to Larcher (2004), in tropical regions, there is greater

differences, the TTA was superior in the drought season,

production of photoassimilates as a consequence of the

becoming a decisive factor to reduce the ratio value

higher photosynthetic rates.

(Negreiros et al., 2008).

The cultivation of passion fruit using tall seedlings

The contents of total soluble solids did not present
any significant difference (p>0.05) in the two evaluated

with long root system influenced the yield of harvests 1
and 2 and the total yield (Figure 2).

Figure 2. Yield of harvests 1 and 2 and total yield of passion fruit as
a function of different lengths of the root system. Seridó Ecological
Site, Rio Branco, AC, 2016 a 2017.

Com. Sci., Bom Jesus, v.10, n.4, p.477-483, Oct./Dec. 2019
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In harvest 1, there was an addition of 6.88 kg ha-1

occur so far as the water absorption by the roots becomes

for every centimeter increased in the root system. As for

limiting to growth. When there is a lower translocation

harvest 2, the number of fruits was 61 fruits plant , similarly

of water for the shoot part before the photosynthetic

to the values obtained by Araújo et al. (2009) (Figure 2).

activity is affected, a decrease in leaf expansion occurs,

-1

The plants originated from seedlings with root

reducing the consumption of carbon and energy. With

systems between 100 cm and 125 cm presented higher

that, greater proportions of plant assimilates can be

yields in harvests 1 and 2, as well as total yield (Figure

allocated to the roots (Taiz & Zeiger, 2013), and these,

2). This may be related to the greater height and base

according to Beyer et al. (2016) and Larcher (2004), tend

diameter of these plants when taken to the field (Figure

to grow and explore greater volumes of soil in search of

1), since they possess a shorter juvenile period (Santos et

water and nutrients when there is low water availability.

al., 2017) and higher capacity of water absorption due to

The use of tall seedlings with a long root system

the greater soil volume explored by the roots (Beyer et al.,

may have provided greater tolerance to climatic

2016; Mattar et al., 2018; Souza et al., 2008).

adversities and the maintenance of fruit production

The highest total estimated yield was 7,472 kg ha-1

even in drought times (Figure 2). This maintenance in

in the cultivation of plants with an estimated root system

production in periods of low water availability (from May

of 114 cm, ranking below the mean of the state, 8,270 kg

to September) proves the efficacy of the use of seedlings

ha (IBGE, 2016), and the yields verified by Araújo Neto

with a long root system. Furthermore, the “tall seedling”

et al. (2009) and Araújo Neto et al. (2014), which were

with greater formation time in the plant nursery can result

10,200 kg ha and 21,677.2 kg ha respectively.

in greater yield to the detriment of its greater resistance

-1

-1

-1

In spite of a mathematical reduction in the

to abiotic factors, since these possess a developed root

yield for the plants with 50 cm root system, there was no

system and greater biomass accumulation (Santos et al.,

statistical difference in the yield for the plants with 25, 50,

2017).

and 75 cm (Figure 2).
This low yield may be related to the prolonged

Conclusions

drought period (from May to September), whose rainfall

The quality of the fruits expressed by the content

was 218.5 mm (INMET, 2017) and did not attend to the

of soluble solids (TSS), total titratable acidity (TTA), and

water demand of the development stages of flowering,

ratio (SST/ATT), as well as the mean fruit mass, were not

formation, and maturation of fruits (betwen150 and 210

altered by the length of the root system.

DAT), which demand 954.98 mm (Silva & Klar, 2002), as a

The chemical composition of the soil is influenced

consequence of the higher accumulation of leaf area and

by the harvest season. Fruits harvested in may present a

fruit production.

juice with higher acidity content.

The tolerance of the plant in possessing greater

The cultivation of passion fruit in an organic

stability and efficiency in the use of solar energy under

system, using plants with an estimated root length of 114

low water availability depends on the genotype (Gomes

cm provides higher fruit yield (7,472 kg ha-1) in 22 months

et al., 2012), which intimately depends on the growth of

of cultivation.

the root system, with the available volume of soil being
limiting for the expansivity of the roots (Zaccheo et al.,
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