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ABSTRACT: The aim of this work was to determine the influence of Passiflora maliformis as rootstock on the physical characteristics of
fruits, productivity, and profitability of the purple passion fruit. The study was carried out from May 2020 to April 2021, under a 3 x 3 factorial
design distributed in blocks with three repetitions. The treatments were represented by three scions of elite accessions of purple passion
fruit PutEdu01, TesEdull and a commercial scion, and three rootstocks, ungrafted, autografted and P. maliformis. Conventional cleft grafting
was used. The fresh fruit mass, the shell weight, the pulp weight, the fruit diameter, the polar diameter of the fruit, the percentage of pulp
and skin were evaluated. As economic variables, production costs, income, and their cost benefit ratio were determined. The quality of
the fruits derived from the grafted accessions in P. maliformis was within the fresh marketing standards, presenting a pulp yield of more
than 50%. The combinations of the purple passion fruit TesEdull accessions and the commercial one grafted onto P. maliformis as the
elite accession PutEdu01 without grafting were financially attractive because they presented a cost-benefit ratio greater than one at two
years after starting the crop.
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INTRODUCTION

The cultivation of purple passion fruit (Passiflora edulis f. edulis Sims) is currently very profitable since there is a great
international demand for the fruit, and Colombia stands out for being a great potential producer. In fact, in recent years,
purple passion fruit has occupied the second export line within exotic fruits, only after cape gooseberry (Agudelo 2019).

Similarly, purple passion fruit has been one of the Colombian products that performed well in the previous year, when
the value of exports increased by 3.8%, from USD FOB 33.25 million in 2019 to USD FOB 34.51 million for 2020. It shows
a growth in the intrinsic value of the product in international markets (Ocampo et al. 2021).

Added to the economic importance of the crop, there is the appearance of the fruit, which is the criterion most used
by consumers to evaluate the quality of the fruit (Krause et al. 2012). A quality fruit is one that meets the expectations of
different consumer segments, both in its internal and external characteristics. The internal characteristics are related to flavor
(soluble solids and acidity) and juice content (yield), and the external ones to a good appearance (skin color, size, weight,
absence of fruit defects), given certain standards to achieve the desired quality in the markets, allowing the identification
of elite accessions with high quality fruits (Ocampo et al. 2013).

On the other hand, the cultivation of purple passion fruit presents phytosanitary problems that have generated
discouragement among producers, due to the increase in production costs that implies adopting corrective measures. Facing
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up these inconveniences, farmers choose to abandon crops affected by diseases, which thus become sources of contamination
for other nearby crops. It also happens that producers transfer purple passion fruit material to other regions of the country,
thus spreading pathogens that disseminate to new areas previously free of these diseases (Guerrero et al. 2016).

According to Angel et al. (2018), the economic losses due to fusarium wilt can rise from 90 to 100% in passion fruit,
and although reports of economic losses are scarce in passion fruit, different authors affirm that they are considerable. In
Australia, for instance, fusarium wilt was one of the main diseases that affected this crop before the use of resistant rootstock.
More recently, Rheinlander (2010) mentions that the disease may be present in Brazil, Malaysia, and South Africa, which
indicates the need to search for alternatives.

One of the alternatives is the use of rootstocks that are widely adopted in fruit growing and other perennial species
to propagate superior genotypes, control the size of the plant, reduce the juvenile period, adapt the plant to adverse soil
conditions and offer resistance to pests and diseases (Machado et al. 2013, Atucha et al. 2014, Hurtado-Salazar et al. 2015).

The resistance to fusarium wilt by some wild species, such as Passiflora suberosa, Passiflora alata, Passiflora coccinea,
Passiflora gibertii and Passiflora maliformis, was reported by Silva et al. (2013). Hurtado-Salazar et al. (2016) evaluated
the effect of the rootstock and the type of graft on the quality of passion fruit, finding that the rootstocks used (Passiflora
edulis, Passiflora mucronata and P. gibertii) did not influence the content of soluble solids (SS), titrable acidity (AT), and its
SS/AT ratio. Likewise, the grafting method did not affect diameter, length, fresh fruit mass, shell mass and thickness, juice
yield, and total soluble solids (T'SS) content. However, there is little information on the effect of wild passionflower species
as rootstock and its influence on the physical characteristics of purple passion fruit fruits. Thus, the objective of this work
was to determine the influence of the wild species P. maliformis as rootstock of the purple passion fruit and its effects on
the quality of its fruits.

MATERIALS AND METHODS
Study area

The study was carried out from May 2020 to April 2021 in the municipality of Manizales (5,029552 N; 75 W), Caldas,
Colombia, in an area with a history of premature death of plants (100% incidence), located at 2,280 meters above sea
level. The experimental field presents an average temperature of 17 °C, relative humidity of 78%, annual average rainfall of
1,800 mm, undulating and sloping topography, soils are volcanic in origin, with a loamy texture, and solar brightness of
2,010 h annually, with a solar radiation of 320-350 calories:cm?day"' (Herrera et al. 2016).

Plant materials

The purple passion fruit accession PutEdu01 and TesEdull, from the Palmira National University of Colombia, the
commercial control of purple passion fruit, and the rootstock P. maliformis from a fruit exporter were used. The seeds of
each material were sown in plastic trays 54 cm long x 28 cm wide.

The commercial purple passion fruit material was delivered to the experimental field by the exporting company with

the ideal conditions to take to the field for transplantation. The P. maliformis rootstock was donated by this same company.
Grafting

The purple passion fruit seedlings for grafting were selected 120 days after sowing with height between 10-13 cm. The
rootstock used was P. maliformis with 150-day-old plants, when the diameter was 0.5 cm. The grafting on the rootstock
was at the top-wedge, where the main stem is cut from the rootstock and a V-shaped slit is made. The graft, called scion, is
a small branch that contains two or three buds.
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Establishment in the field

The support system was established in semi-cover with a simple layer at a distance of 4 m between bamboo and 2 m
between paths, and the purple passion fruit plants were planted at 2 m between plants and 2 m between paths. One hundred
and 30 days after grafting, the plants were transplanted.

Weed control was carried out by manual weeding in the row, and mechanical control with a scythe was maintained
between rows, cutting whenever necessary.

The formation and production fertilizations were carried out after the establishment of the seedlings in the field,
following the recommendation of Ocampo and Wyckhuys (2012), which corresponded, in the formation phase, to 30 g of
ammonium nitrate at 30 days, 45 g of ammonium nitrate at 60 days, 100 g of the 05-20-20 formula at 90 days and 150 g of
the 20-05-20 formula at 120 days after sowing.

In the production fertilization, 100 k-ha" of N, 100 k-ha! of PO, and 200 k-ha! of K,O were used in eight intervals,
from May 2020 to February 2021.

Variables evaluated

For the quality of the fruit, the physical characteristics such as the average shell weight (SW) of each fruit were evaluated
with a digital scale expressed in g. For the average pulp weight (PW), a digital scale with a reading expressed in g was used.
For this, the fruits corresponding to the sampling unit of each treatment were identified, and each fruit was harvested and
weighed. Thirty fruits per plant were evaluated for a total of 450 fruits per treatment.

The pulp percentage was evaluated at 307 days after transplant (DAT); for the fruits of each combination, the relationship
between the weight of the pulp and the weight of the fruit was used with Eq. 1:

Pulp weight (g)

Pulp percentage = X 100 (1)

Fruit weight (g)
The shell percentage was evaluated at 307 DAT. For the fruits of each combination, the relationship between the weight
of the shell and the weight of the fruit was used with Eq. 2:

Shell weight (g)

X 100 )
Fruit weight (g)

Shell percentage =

For the pulp percentage versus the shell percentage, the results of the pulp extracted from the fruits of each combination
were added, and the same procedure was carried out for the shell at 307 DAT.

The fruit diameter (FD) was calculated by measuring the fruits per plant of each combination in the equatorial region
of these with the use of a digital caliper, and its reading was expressed in cm.

The polar diameter (PD) of the fruit was calculated by measuring the longitudinal axis of the fruit per plant of each
combination, using a digital caliper, and its reading was expressed in cm.

The estimated production per plant was measured at 307 DAT, and it was carried out by taking the data of the average
fruit weight with the number of fruit set per plant, and these data were multiplied, thus obtaining the estimated production

per plant in the first productive cycle.
Determination of production costs and profitability of the combinations

For the analysis of production costs, a record was kept of the agronomic tasks, and efficiency was evaluated taking into
account the time taken for each task. All the values in the calculation of the production costs were quoted in Manizales, in
the fourth quarter of 2020. As a reference for the costing, market prices in Manizales for the fourth quarter of 2021 were

used. The reference price for the calculation of the benefit/cost ratio (RB/C) was made with the average price per kg of
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purple passion fruit handled by one of the country’s exporters, together with the averages of the qualities for its farmers in
the markets of the region over the past three years (2019, 2020 and 2021).

For the definition of production costs, the concept of operational cost was applied (Hoffmann et al. 1987), which
includes all production costs, without taking into account the interests of the invested capital. Thus, it was possible to obtain
production costs and cash flows, on the basis of which the profitability of the crop was estimated, directing the product to
the local market.

For the characterization of production costs, records were kept in a cost calculation sheet adopted from the Colombia
International Corporation model (SIPSA, 2021). All values were calculated in US dollars per hectare (USD-ha) with the
exchange rate reported in the fourth quarter of 2021 according to the Bank of the Republic of Colombia.

After the production costs were defined, the cash flow was estimated, considering an investment of 15 months. The
values were expressed in US dollars per hectare at the time of the investment.

To analyze the profitability of the crop, the following financial indicators were calculated: income, production costs, and
economic indicators for each combination, such as the cost benefit ratio (RB/C).

Experimental design and data analysis

It was established in a randomized complete block design with a 3 x 3 factorial arrangement, in which three rootstocks
were evaluated (without grafting, autografting and P. maliformis), for three scions (TesEdul1, PutEdu01, and a commercial
one as a farmer-type control), with three repetitions and five plants as an experimental unit for a total of 15 plants evaluated
per combination. The data obtained were evaluated by analysis of variance using the statistical program SAS, version 9.0
(SAS Institute Inc., Cary, NC, United States of America). Additionally, comparative means tests were performed by means

of Tukey’s test at a significance level of 5%.

RESULTS AND DISCUSSION

The variables associated with fruit quality such as equatorial diameter and PD did not show significant statistical
differences between the combinations, indicating that the rootstock has no effect on the diameters of the fruit. However, it
was observed that the rootstock does have a significant effect on the yield components that allow a variation and differential
projection for the fruit in production per plant and for the expected yield (Table 1).

In the analysis of the equatorial diameter, no statistical differences were found, being the commercial purple passion fruit
the one with the largest equatorial diameter, 5.5 cm, followed by the purple passion fruit accession TesEdull autografted,
with 5.43 cm. The elite accessions PutEdu01 and TesEdul1 ungrafted were 5.31 and 5.25 cm, respectively. The combination
of the accession TesEdul1 with the rootstock did not show any difference with the ungrafted commercial purple passion fruit
with 5.21 and 5.20 cm, respectively. The combinations commercial purple passion fruit P. edulis f. edulis/P. maliformis, the
elite autografted accession PutEdu01 and PutEdu01 P. edulis £. edulis/P. maliformis were 5.18, 5.08, and 5.08 cm, respectively.
These last two combinations were the ones that presented the smallest diameter, as observed in Table 1.

These results indicate that the rootstock has no effect on the equatorial diameters of the purple passion fruit. According
to Pachon et al. (2006), the purple passion fruit produces fruits with a diameter between 4 and 8 cm, which agrees with
Pinzdn et al. (2007), since the evaluated fruits presented equatorial diameters between 5 and 5.6 cm.

Ocampo et al. (2021) describe the main factors that can influence the size of the fruit: the leaf-fruit” ratio, the number
of fruits per tree, the age of the plant, the fertilization scheme and soil management, the phytosanitary status of the plant,
pruning and thinning of fruits, climate, period of time of growth and state of maturity at harvest.

For the PD, there were significant differences for the combinations of commercial purple passion fruit P edulis f. edulis/
P maliformis with 6.09 cm and the elite accession PutEdu01 with 6.08 cm, compared to the commercial autografted purple passion

fruit combination with 5.08 cm. With respect to the other combinations, there were no statistical differences (Table 1).
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Table 1. Physical characterization of purple passion fruit fruits (Passiflora edulis f. edulis Sims), grafted on P. edulis Sims and Passifiora
maliformis and without grafting (via seed), in Manizales, Caldas, Colombia. Equatorial diameter (cm), polar diameter (cm), fruit weight (g),
pulp weight (g), shell weight (g), pulp, and shell percentage*.

Equatorial Polar Fruit Pul Shell

Combination diameter diameter CEEED T hItJ( )  welght(g) Pulp (%) Shell (%)
(cm) (cm) ght (g ght(g ght (g

(TesEdull) Passifiora edulis . 5.25ns 6ab 51.4 be 2525bc  2615ab 4912 50.88
edulis Sims (via seed)
(TesEdull) P edulis f. edulis/ 5.21ns 5.9 ab 51.4 be 2729bc  2411cd 53.09 4691
P. maliformis
(TesEdull) P. edulis 1. edulis/ 5.43ns 6ab 491 bc 2414 ¢ 24.96 cd 4916 50.84
P. edulis f. edulis (autograft)
(PutEdu01} P edulis 1. edulis 531ns 61ab 52 be 2615 be 25.85 ab 50.29 4971
(via seed)
(PutEdu01) P edulis f. edulis/ 5.08 ns 5.8ab 478 ¢ 2417 ¢ 23.63 cd 50.56 49.44
P. maliformis
(PutEdu01) P edulis . edulis/ 5.08 ns 5.8ab 48c 24.83bc 2317d 5173 4827
P. edulis f. edulis (autograft)
(Commercial) P edulis f. edulis 55ns 6 ab 521 be 26.88bc  25.22cd 51.59 4841
(via seed)
(Commercial} £, edulis 1. edulls/ 518ns 6la 592a 3118a 2802a 52.67 4733
P. maliformis
(Commercial) P edulis . edulis/ 52ns 57b 54b 278b 262ab 51.48 48.52

P. edulis f. edulis (autograft)

*Averages with different letters indicate a significant difference according to Tukey’s test (P < 0.05); ns: not significant.
Fruit weight

Regarding fruit weight at 307 DAT, significant differences were found between the commercial purple passion fruit
grafted with P. maliformis with 59.2 g-plant” compared to the other combinations, and this grafted material was the one
with the best weight. The commercial purple passion fruit autografted, with 54 g-plant’, also had significant differences with
respect to the combinations of the elite accession PutEdu01 autografted with 48 g-plant™ and PutEdu01 P. edulis f. edulis/
P. maliformis with 47.8 g-plant. These last two combinations were the ones that yielded the lowest fruit weight. For the
other combinations, there were no statistical differences among them (Table 1).

Herndndez et al. (2009) affirm that the rootstock has an influence on the weight of the fruit, since the rootstock can have
a greater capacity for absorbing water and nutrients, and the compatibility. In this regard, Lee and Oda (2002) mentions
that one of the basic purposes for grafting is the use of the vigorous root systems of the rootstocks. Grafted plants tend to
show higher water and mineral uptake compared to ungrafted plants.

On the other hand, Ozlem et al. (2007) carried out the experiment in grafted watermelon (Citrullus lanatus (Thunb.)
Matsum and Nakai), finding a higher weight of the fruit compared to ungrafted watermelon, supporting their results on
the advantages of plant grafting, since these can be tolerant to low temperatures and salinity, and they can have a greater
absorption of water and nutrients. The greater weight of the fruit could also be related to the fruit load, since a smaller
number of fruits can determine a greater individual weight of them, due to a greater availability of water, nutrients and
photosynthates (Fischer et al. 2018).

Statistical differences were found in pulp weight and shell weight between the combinations. The combinations that
had a pulp percentage higher than 50% stand out, as they are all the accessions grafted onto the rootstock P. maliformis. In
this way, the rootstock P. maliformis presents a good potential for use taking into account that it does not negatively affect
the pulp yield, and it is one of the main characteristics for its commercialization. On the other hand, the combinations that
presented a percentage higher than 50% in the percentage of shell are the accession TesEdull (via seed) and autografted
with 50.88 and 50.84%, respectively (Table 1), denoting with this a low pulp yield for the accession TesEdull, considered
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unwanted in the fresh industry and market. Meanwhile, Fischer et al. (2018) found a higher percentage of pulp in the fruits
obtained by grafting and a lower percentage in the fruits obtained from ungrafted plants.

Regarding the shell weight at 307 DAT, it was observed that the combination of commercial purple passion fruit on
P. maliformis presented the highest weight with 27.91 g-plant! and significant differences with respect to the combinations
of commercial purple passion fruit autografted with 24.75 g-plant’, followed by combinations of the accessions TesEdull
self-grafted, with 24.64 g-plant”, TesEdull P. edulis f. edulis/P. maliformis, with 24.43 g-plant™, elite accession PutEdu01
autografted, 22.92 g-plant’, and purple passion fruit PutEdu01 P. edulis f. edulis/P. maliformis, 22.33 g-plant™. This last
combination presented the lowest shell weight of all the evaluated combinations, as can be seen in Table 1.

The commercial purple passion fruit on P. maliformis did not present statistical differences compared to the combinations
of the commercial accession autografted with 26.2 g-plant™, followed by the accessions purple passion fruit TesEdull and
PutEdu01 without grafting with 26 and 25.39 g-plant’!, respectively. Fischer et al. (2018) found a higher percentage in skin

in grafted tree tomato plants when compared to ungrafted plants.
Costs of purple passion fruit grafted and planted in one hectare with semi-cover

Table 2 describes the cost analysis for the first 24 months of the crop, including the cost of labor, general inputs for the crop,
such as the cost of the structure or the semi-cover of the plants, and irrigation for 1 hectare of purple passion fruit. It was observed
that the combinations of the accessions of grafted purple passion fruit TesEdul1 P, edulis f. edulis/P. maliformis, the elite accession
PutEdu01 and commercial purple passion fruit grafted on P. maliformis were the only combinations that generated profits two

years after starting cultivation with semi-cover, with a cost benefit ratio (RB/C) of 1.56, 1.03, and 1.29, respectively (Table 2).

Table 2. Structure of production costs, yield, income in USD-ha* and their cost benefit ratio (RB / C) of nine combinations of grafted purple
passion fruit in Manizales, Caldas, Colombia.

Combinations

@~ - 2. 2 - 8. 2. - 2
=3 ) SV E = 0 Saf 5T @ ERES
%g S %gﬁ %‘” ="} %g:‘t:u S 9 ~=S 0 'cgar:u
o o3 QS = o 9 o3 QS = o 9 = 3= Q3=
) 935 E .3 . ¥ 53 E .S o a? ST E TQ
Concept per hectare Qo S05 2apQ Qs 595 a2 = gvs o8
92 ZB«<f ga3 g3 B«<s ga3 =5 ges Zas
-7 Ww o= - = © o w w o« = o= O=3 0= 8=
S2 95§ 38, 3¢ 55§ 32, 994 ESE v&y
] = 3= T3 a T 3= T TS =
wg TPa WIS w3 STa WIS £ £38%a g3
o O 3 o OT 5 O 5 5 0T o9 . ]
E - Q Eo 9 [ Q [ O« Q Ow ©
Irrigation (USDS) $3,898 $3,898 $3,898 $3,898 $3,898 $3,898 $3,898 $3,898 $3,898
Semi-covers (USDS) $6,677 $6,677 $6,677 $6,677 $6,677 $6,677 $6,677 $6,677 $6,677

Supplies (fertilizers, fungicides,
insecticides and biologics) (USDS) $5,414 $5414 $5414 $5414 $5414 $5414  $5414 $5414  $5414

Other (USDS) $3728 $3728 $3728 $3728 $3728 $3728 $3728 $3728 $3728
Labor (USDS) $19708 $19708 $19708 $19708 $19708 $19708 $19708 $19708 $19,708
Total costs (USDS) $39,425 $39425 $39,425 $39425 $39,425 $39425 $39,425 $39425 $39,425

Export quality production (kg-ha?) 25,371 52,494 29,043 39,866 34,433 23,943 35,576 43,258 18,558
National quality production (kg-ha?) 22,326 46,195 25,558 35,082 30,301 21,070 31,307 38,067 16,331

Fruitincome Export (USD$) $28105 $58150 $32172 $44161 $38143 $26523 $39,409 $47919 $20,557
Fruitincome National (USDS) $1698 $3514 $1944 $2669 $23056 $1603 $2382 $2896 $1242
Income (USDS) $29,803 $61,664 $34,116 $46,830 $40,448 $28,125 $41791 $50,814 $21,800
RB/C 0.76 1.56 0.87 119 1.03 0.71 1.06 129 0.55

On the other hand, the TesEdul1, PutEdu01 and commercial accessions that were not grafted presented low profitability
with an RB/C of 0.76, 1.19 and 1.06, respectively (Table 2). This is how the need for this grafting practice is clear, with the
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increase in the profitability of the crop with a decrease in the impact of soil diseases, complemented with the integrated
management of the crop. According to Furlaneto et al. (2011), evaluating the production costs and profitability of the
passion fruit crop, they showed that the profitability indicators are unfavorable for the passion fruit production system,
due to the high price of inputs and practices for pest control diseases. These same authors highlight the need for technical
adjustments related to the phytosanitary management of the crop to reduce the total cost of production in order to make
the activity profitable.

The grafted TesEdul1, PutEdu01 and commercial accessions obtained high yields of first quality fruit (export type), with
52.4,34.4 and 43.2 t-ha’', respectively (Table 2). It shows that they were financially attractive for obtaining an RB/C greater
than 1, while Lima et al. (2009), in Brazil, analyzed the profitability of passion fruit in six Brazilian production centers
and observed that the cultivation of yellow passion fruit is economically viable when productivity is greater than 19 t-ha™
year. However, due to the strong increase in the price of inputs and the stability of the price of a kg of fruit in recent years
(average of 1.01-kg™), it is necessary to increase productivity per hectare, as well as minimize inputs to make the activity

economically sustainable.

CONCLUSION

The quality of the fruits derived from the accessions grafted onto the rootstock P. maliformis was within the fresh
marketing standards, presenting a pulp yield of more than 50%.

Combinations of accessions of grafted purple passion fruit TesEdull (P. edulis f. edulis/P. maliformis) and the grafted
commercial accession (P. edulis f. edulis/P. maliformis), such as the elite accession PutEdu01 ungrafted (P. edulis f. edulis -

via seed), were financially attractive because they presented a cost-benefit ratio greater than one at two years after starting

the crop. The other combinations did not show utility.
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