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Abstract
Yellow passion fruit (Passiflora edulis f. flavicarpa) is one of the main 
fruit species in the Neotropical region and Colombia is one of 
its main producers with about 165 893 tons/year. Despite this, 
the crop is affected by multiple phytosanitary problems, such 
as fusariosis caused by Fusarium solani f. sp. passiflorae (passion 
fruit collar rot), which can cause considerable crop losses. The 
objective of this research was to estimate the effect of four 
Passiflora rootstocks (P. alata, P. maliformis, P. quadrangularis, and 
P. edulis f. edulis) tolerant to fusariosis, on the vegetative growth 
of the yellow passion fruit seedlings. The study was carried out 
at the Agrosavia experimental station in Palmira, Valle del Cauca 
(Colombia), under a completely randomized design consisting 
of six treatments and six repetitions. Data were subjected to 
multiple range tests and Dunnett’s multiple comparison test 
of means (p < 0.05). It was found that the evaluated rootstocks 
presented 100 % grafting and compatibility > 1 (except self-grafted 
yellow passion fruit, 0.85). Likewise, grafted seedlings reached 
field conditions at 15 cm height and five leaves between 30 to 
60 days after grafting. Most of the rootstocks evaluated showed 
a reduction of approximately 35 % in plant height, number of 
internodes, and number of leaves, compared to non-grafted 
yellow passion fruit. Therefore, it is necessary to perform a 
comprehensive assessment to select which rootstocks are the 
best to mitigate this problem in yellow passion fruit orchards.

Keywords: compatibility, genetic resources, grafting, tropical 
fruit, vegetative propagation.

Resumen
El maracuyá (Passiflora edulis f. flavicarpa) es una de las principales 
especies frutales de la región neotropical y Colombia es uno 
de sus principales productores con cerca de 165 893 toneladas 
al año. A pesar de esto, el cultivo es afectado por múltiples 
problemas fitosanitarios, como la secadera causada por Fusarium 
solani f. sp. passiflorae (fusariosis), la cual puede causar pérdidas 
de cosecha hasta del 70  %. El objetivo de esta investigación 
fue estimar el efecto de cuatro portainjertos de Passiflora (P. 
alata, P. maliformis, P. quadrangularis, y P. edulis f. edulis) tolerantes 
a la secadera, en el crecimiento vegetativo de plántulas de 
maracuyá. El estudio fue realizado en la estación experimental 
de Agrosavia en Palmira, Valle del Cauca (Colombia), bajo un 
diseño completamente al azar constituido por seis tratamientos 
y seis repeticiones. Los datos fueron sometidos a pruebas de 
rango múltiple y comparación de medias de Dunnett (p < 0.05). 
Se encontró que los portainjertos evaluados presentaron 100 % 
de prendimiento y una compatibilidad >  1 (excepto para el 
maracuyá autoinjertado, 0.85). Asimismo, las plántulas injertadas 
alcanzaron las condiciones de campo a 15 cm de altura y con 
cinco hojas entre los 30 a 60 días después de la injertación. La 
mayoría de los portainjertos evaluados mostraron un efecto en 
la reducción de la altura de la planta, número de entrenudos y 
hojas de aproximadamente 35 %, en comparación con el maracuyá 
amarillo no injertado. Por lo tanto, es necesaria una evaluación 
integral para establecer y seleccionar cuáles son los portainjertos 
más promisorios para mitigar esta problemática en el cultivo de 
maracuyá.

Palabras clave: compatibilidad, fruta tropical, injertación, 
propagación vegetativa, recursos genéticos.
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Introduction
Yellow passion fruit (Passiflora edulis f. flavicarpa 
Degener) is the main cultivated species of the genus 
Passiflora L. due to its high economic potential and 
distribution (Ocampo et al., 2021). Brazil is the center 
of origin of the species, and it is cultivated in tropical 
areas on four continents (Faleiro, 2020). Colombia, 
with 9592 cultivated hectares and a production 
of 165  893  tons per year (Agronet, 2022), is the 
third world producer after Brazil and Peru. The 
departments of Meta, Antioquia, Huila, and Valle del 
Cauca concentrate 63 % of the Colombian production. 
The plantations of yellow passion fruit in Colombia 
have grown significantly in recent years due to the 
demand for its fruits for fresh consumption or for 
industrial use in national and international markets 
(Ocampo et al., 2022). However, the yellow passion 
fruit industry is being affected by multiple problems, 
such as attacks from soil-borne fungal and viral 
diseases, and pest insects (thrips and flower bud 
fly), which are endangering the profitability of the 
plantations and imposing chemical treatments for 
their control (Ocampo et al., 2022). Among these, 
passion fruit collar rot (Fusarium solani f. sp. passiflorae) 
is one of the main diseases that most affects yellow 
passion fruit orchards and economically impacts 
production with losses of more than 70 % (Ocampo 
et al., 2022).

An alternative to minimize losses caused by soil 
diseases in Passiflora species is the use of genetic 
resistance found in some wild species (Hurtado et 
al., 2016; Ambrósio et al., 2018; Ocampo et al., 2021). 
Grafting techniques appear to be a good and more 
immediate solution than conventional breeding to 
reduce the heavy impact of soil-borne pathogens, 
increasing the useful life of orchards (Hurtado et 
al., 2021; Baron et al., 2019). However, the correct 
anatomical tissue positioning between the scion and 
the rootstock, the correct identification of plants 
involved in the grafting process, as well as grafting 
techniques and professional skills are necessary to 
avoid mistakes and provide both nurseries and fruit 
growers with valuable information regarding the risks 
of weak unions (Baron et al., 2019).

In the yellow passion fruit orchards and other 
passionflowers such as purple passion fruit (P. 
edulis Sims f. edulis), the grafting technique has been 
adopted as an alternative to solve problems generated 
mainly by biotic factors such as the attack of soil-
borne fungal diseases like Fusarium spp. (Lima et al., 
1999; Hurtado et al., 2021). The use of rootstocks 
resistant to soil-borne pathogens in Passiflora is 
recommended by several authors (Cavichioli et al., 
2017; Hurtado et al., 2021) because it prolongs the 
useful life of the plants and preserves the quality 
of the genetic material. However, there are some 
limitations for grafting passion fruit with other 
Passiflora species, such as the diversity in transverse 
stem shapes (cylindrical and quadrangular), the 

genetic relationship, the taxonomic proximity (scion-
rootstock), and the low degree of domestication 
that prevent high seed germination percentages, 
which makes the adoption of the technique difficult 
(Ceballos-Aguirre et al., 2021; Ocampo et al., 2021). 
Most research involving grafting technology in 
passion fruits has been carried out for more than 50 
years in Australia (Teulon, 1971; Winks et al., 1988), 
Brazil (Filho et al., 2011; Morgado et al., 2015; Lima et 
al., 2018), and implemented in other countries such 
as Kenya, Uganda, Taiwan, Vietnam, South Africa 
and China with relative effectiveness (De Jesus et 
al., 2020), due to the low genetic diversity of the 
rootstocks used (Ocampo et al., 2021). 

On the other hand, the most commonly used type 
of graft in Passiflora species is the central spike or “V” 
type, which has shown 76.3  % graft compatibility 
when P. edulis f. edulis was grafted onto P. alata, 
98.8  % onto P. gibertii N.E.Br., and 100  % onto P. 
edulis f. flavicarpa or self-grafted (Corrêa et al., 2010). 
Likewise, when the purple passion fruit (P. edulis f. 
edulis) is grafted onto the yellow passion fruit (P. 
edulis f. flavicarpa) and onto a wild species (P. gibertii), 
they achieve over 80 % graft compatibility (Lima et 
al., 2018). The use of Passiflora species as rootstock 
is subject to the availability of information on the 
behavior of the plants in the nursery, as well as the 
compatibility between the scion and the rootstock.

In Colombia, studies on the etiology of species 
of the genus Fusarium spp. in passion fruit orchards 
have shown that the causal agent of passion fruit 
collar rot is F. solani f. sp. passiflorae (Henao-Henao et 
al., 2018; Osorio et al., 2020). In addition, evaluations 
of resistance to passion fruit collar rot showed that 
genotypes of the species P. edulis f. flavicarpa (yellow 
passion fruit), P. alata Curtis (sweet passion fruit), 
P. maliformis L. (stone granadilla), P. quadrangularis L. 
(giant granadilla), and P. edulis f. edulis (purple passion 
fruit) (pers. observ. on P. edulis f. edulis 23 June 2019) 
have showed tolerance to this soil-borne fungus 
(Campo-Arana and Vergara-Canedo, 2014; Patiño-
Pacheco and Pérez-Cardona, 2021). These genetic 
resources have been little used in yellow passion fruit 
orchards in Colombia and in recent years the use of 
P. maliformis rootstocks in passion fruit (P. ligularis 
Juss) and purple passion fruit orchards has been 
established (pers. observ. 3 April 2022). However, 
these agronomic practices based on grafting have not 
been validated with studies of genetic variability that 
allow selecting rootstocks with resistance to passion 
fruit collar rot, which puts producers’ investments 
at risk. For this reason, the goal of this study was to 
assess the effect of four rootstocks (P. maliformis, P. 
quadrangularis, P. alata, and P. edulis f. edulis), known 
for their tolerance to F. solani f. sp. passiflorae, on 
the development and vegetative growth of yellow 
passion fruit seedlings. This evaluation aims to 
establish a research baseline, offering potential future 
alternatives for mitigating the impact of this disease 
in yellow passion fruit orchards. 
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Materials and methods

Study area
The experiment was conducted in a mesh-covered 
greenhouse during 2021-2022 at Agrosavia Colombian 
Agricultural Research Corporation (Palmira Research 
Center). The experimental area is located at an 
elevation of 1001 m.a.s.l. in the municipality of Palmira 
(3°30’2756” N; 76°19’272 W), department of Valle del 
Cauca (Colombia), with an average temperature of 
24 °C, average annual total precipitation of 1050 mm, 
average relative humidity of 80 %, and average daily 
solar radiation of 10 hours.

Plant material
The genetic material “1506” of yellow passion fruit 
(P. edulis f. flavicarpa) was used as scion stem due to 
its high performance (high yielding ≥ 30  t/ha, STT 
≥ 15.5 ºBrix, and pulp percentage ≥ 50 %) in previous 
genetic improvement work carried out by Agrosavia 
C.I. Palmira and the Universidad Nacional de 
Colombia. The rootstocks used of the species P. alata, 
P. quadrangularis, P. maliformis, P. edulis f. edulis, and P. 
edulis f. flavicarpa were selected based on tolerance 
and/or resistance to Fusarium solani (Cavichioli et al., 
2011; Preisigke et al., 2017; Ocampo et al., 2021). The 
rootstock seeds were obtained from the Passiflora 
collection maintained at the Universidad Nacional 
de Colombia - Sede Palmira.

Grafting methodology
The seeds of each rootstock and scion were planted 
simultaneously in plastic trays, each containing 16 
cells of 5 x 20 cm, to ensure suitable stem diameter 
at grafting time, with a substrate composed of soil, 
rice husks, sand, and organic matter in a ratio of 
3:1:1:1. Seedlings were grafted between 20 to 30 
days after germination (DAG) in plants with a stem 
diameter greater than or equal to 2 mm. The stem 
of the seedlings used as rootstocks was cut with 
a stainless-steel blade previously disinfected with 
alcohol (70 %) at a height of 8 cm from the base of 
the root collar with a longitudinal incision of 1 cm 
from the decapitated base towards the base of the 

stem (Espinal, 2021). The scions selected for grafting 
of yellow passion fruit (1506) were between 3 to 
4 cm in length, 2 to 3 mm in diameter, and had 2 or 
3 buds, which were cut through a 1 cm longitudinal 
incision with a double bezel or shape “V” (cleft graft). 
Subsequently, the rootstock and the scion stem 
were secured with a plastic clip of 1 x 0.5 cm wide 
and the grafts were immediately staked with plastic 
tubes of 0.5  cm diameter and 60  cm height and 
protected with transparent plastic bags of 3 x 7 cm 
to avoid dehydration. The plastic bag was removed 
10 DAG to improve graft transpiration and prevent 
rotting. The grafted seedlings were irrigated every 
day directly to the soil at field capacity to avoid rot 
in the healing area.

Experimental design
A completely randomized design consisting of six 
treatments (Table 1) with six repetitions was adopted. 
The experimental unit was made up of four plants for 
each repetition, for a total of 144 plants evaluated 
during 90 DAG. Six variables were evaluated during 
the growth and development of the grafts every 
seven days and analyzed at 30, 60, and 90 DAG: 
scion–rootstock union (grafting percentage, %GP), 
rootstock stem diameter (RSD), scion stem diameter 
(SSD), plant height (PH), number of leaves (NL), and 
number of internodes (NI). The development and 
vigor of the plants was established through the RSD at 
5 cm above the root collar, and the SSD at 2 cm above 
the graft union, using a 0.001  mm digital caliper. 
Graft compatibility was calculated as the relationship 
between the diameters of the rootstock and the scion 
(RSD/SSD), values greater than or equal to 1 indicate 
high plant vigor (Kokalis-Burelle et al., 2009).

Data analysis 
The data obtained for each scion-rootstock 
combination were evaluated by analysis of variance 
with a Dunnett’s multiple comparison test of means 
following the criterion of Duncan’s multiple range 
test at a significance level of 5  %, and Pearson’s 
correlation tests, using the statistical program SAS 
version 9.4 (Institute Inc., Cary, NC, USA).

Table 1. Number of treatments evaluated, taxonomy, and transverse stem shape of the rootstocks.

Treatments Rootstock Supersection/Section Transverse stem shape

T1 P. alata Passiflora/Quadrangularae Quadrangular

T2 P. edulis f. edulis Passiflora/Passiflora Cylindrical

T3 P. maliformis Passiflora/Tiliifolia Cylindrical

T4 P. quadrangularis Passiflora/Quadrangularae Quadrangular

T5 P. edulis f. flavicarpa (self-grafted) Passiflora/Passiflora Cylindrical

T6 P. edulis f. flavicarpa (non-grafted) Passiflora/Passiflora Cylindrical

Development of yellow passion fruit seedlings grafted 
onto four rootstocks of Passiflora species
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Results and discussion

Graft junction
The formation of a successful graft includes a series 
of biological steps involving immediate responses 
to the wound (Baron et al., 2019). The first research 
step in the grafting technique is the evaluation of the 
scion–rootstock union (grafting percentage, %GP), 
which determines the potential of the rootstock.

The results showed that the grafting percentage 
(%GP) in this study was 100  % for all treatments 
or combinations, which demonstrates that the 
evaluated rootstocks showed potential for use with 
yellow passion fruit. Similarly, other studies carried 
out by Morgado et al. (2015) report a %GP greater 
than 90 % for 30, 60, and 90 DAG using P. edulis f. 
edulis, and P. alata as rootstock. In contrast, when 
the rootstocks P. mucronata (Lima et al., 1999), P. 
alata (Cavichioli et al., 2011), P. gibertii (Hurtado et al., 
2016), and P. setacea DC. and P. nitida Kunth (Hurtado 
et al., 2021) were used on passion fruit, the %GP did 
not exceed 85  %. Variations in the percentages of 
grafting junction are linked to several factors such 
as the anatomical compatibility between the scion-
rootstock (cylindrical or quadrangular shape of the 
stem), genetic or taxonomic proximity, as well as the 
technique and skill of the grafter (Hurtado et al., 2021; 
Ocampo et al., 2021). These latter conditions allow 
the rapid union, healing, and reconnection of the 
vascular tissues between the scion and the rootstock 
(Hartmann et al., 2014).

Scion-rootstock stem relations
The average stem diameter development at 90 
DAG for the scion and rootstock in all evaluated 
combinations (scion-rootstock) showed similar 
values, with 3.07  mm for the scion and 3.64  mm 
for the rootstock (Table 2). Passiflora alata (with 
quadrangular stem) presented the largest stem 
diameter at 90 DAG (4.66 mm), followed by P. edulis 
f. flavicarpa (non-grafted) with 4.24 mm. Regarding 
the rootstock diameter, Lenza et al. (2009) showed 
similar results for P. alata (3.6 mm), P. edulis f. edulis 
(3.5  mm), P. quadrangularis (3.8  mm), and P. edulis 
f. flavicarpa (3.6  mm) at 60 DAG. On the contrary, 
Cavichioli et al. (2011) reported superior values in 
P. alata (7.2 mm) and P. edulis f. edulis (7.7 mm) at 90 
DAG. The differences between rootstock diameters 
(RSD) can be explained by the specific conditions 
where the plants were germinated (substrate, fertility, 
irrigation, and luminosity) and by intraspecific 
genetic variability (Hurtado et al., 2021).

In relation to the diameter of the yellow passion 
fruit graft (SSD), significant differences were found at 
30, 60, and 90 DAG, except for self-grafted and non-
grafted yellow passion fruit (Table 2). The smallest 
graft diameters (GSD) at 90 DAG were observed with 

the rootstocks P. maliformis (2.30 mm), P. quadrangularis 
(2.48 mm), and P. edulis f. edulis (2.84 mm), while self-
grafted and non-grafted yellow passion fruit showed 
values of 3.97 and 4.24 mm, respectively. The results 
are consistent with those mentioned by Lenza et 
al. (2009) for P. alata (3.6 mm), P. edulis f. flavicarpa 
(3.7 mm), and P. quadrangularis (3.8 mm) rootstocks at 
60 DAG. In addition, when yellow passion fruit was 
self-grafted, the scion diameter reached 3.8 mm at 
60 DAG (Hurtado et al., 2021). Other studies reported 
different scion diameters for yellow passion fruit at 
60 DAG when grafted with P. alata, with values of 
1.21 mm (Filho et al., 2011) and 4.16 mm (Cavichioli 
et al., 2011).

The differences with these studies may be related 
to the grafting technique (hypocotyledonary vs. 
conventional) and the environmental conditions of 
each area that influence the vegetative growth of the 
graft. Likewise, the growth of the graft diameter is 
associated with high anatomical compatibility between 
the graft and the rootstock, which allows rapid healing 
and growth of the graft (Hurtado et al., 2021).

Graft compatibility
The relationship between the rootstock stem 
diameter and the scion is a signal of the scion–
rootstock compatibility (RSD/SSD), due to the 
physiological changes in the cellular interaction of 
the vascular bundles between two genotypes (Pina 
and Errea, 2005). A value greater than or equal to 
1 between the RSD/SSD diameter indicates high 
plant vigor or compatibility of the seedlings grafted 
(Kokalis-Burelle et al., 2009). Thus, the P. alata, P. edulis 
f. edulis, P. maliformis, and P. quadrangularis rootstocks 
used in this study showed a compatibility greater 
than 1 across the three measurements over time (30, 
60, and 90 DAG) with ranges between 1.01 to 1.52 
(Table 3). The highest average compatibility values 
were shown for P. alata (1.24) and P. quadrangularis 
(1.42) rootstocks at 90 DAG, while in the self-grafted 
yellow passion fruit, the values did not exceed 0.85. 
This indicates that the plants grafted on any of 
the rootstocks had greater vigor compared to the 
self-grafted yellow passion fruit. In addition, the 
transverse stem shape did not have a negative effect 
on the re-establishment of vascular connections in 
this study, as two of the rootstocks with the greatest 
compatibility had quadrangular stems (P. alata and 
P. quadrangularis), compared to the scion that has a 
cylindrical shape. Similar results were reported in 
Brazil, when the species P. gibertii and P. mucronata 
were used as rootstocks for yellow passion fruit. They 
showed a compatibility greater than 1, indicating a 
high potential of these species due to their high vigor 
(Darikova et al., 2011). 

Other species such as Cucumis sativus L., when 
grafted on Cucurbita ficifolia Bouché, showed a similar 
behavior, with greater vigor in the accumulation of 
dry matter in the stem and root, in relation to self-
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Table 3. Graft compatibility between the stem diameters of the rootstock and the scion evaluated at 30, 60, and 90 days after grafting.

TTO Rootstock/scion
Compatibility (RSD/SSD)

Days after grafting (DAG)

  30 60 90

T1 P. edulis f. flavicarpa/P. alata 1.18 c 1.12 c 1.24 b

Standard deviation (SD) 0.19 0.14 0.12

Coefficient of variation (CV%) 16.70 12.17 9.74

T2 P. edulis f. flavicarpa/P. edulis f. edulis 1.33 b 1.33 b 1.17 b

Standard deviation (SD) 0.17 0.16 0.11

Coefficient of variation (CV%) 12.66 11.75 9.16

T3 P. edulis f. flavicarpa/P. maliformis 1.01 d 1.03 cd 1.20 b

Standard deviation (SD) 0.11 0.12 0.13

Coefficient of variation (CV%) 10.52 11.27 10.64

T4 P. edulis f. flavicarpa/P. quadrangularis 1.51 a 1.52 a 1.42 a

Standard deviation (SD) 0.20 0.21 0.15

Coefficient of variation (CV%) 13.56 14.13 10.80

T5 P. edulis f. flavicarpa (self-grafted) 0.87 e 0.82 e 0.85 d

Standard deviation (SD) 0.11 0.01 0.06

Coefficient of variation (CV%) 13.11 12.11 6.7

T6 P. edulis f. flavicarpa (non-grafted) 1.00 d 1.00 d 1.00 c

Standard deviation (SD) 0.00 0.00 0.00

Coefficient of variation (CV%) 0.00 0.00 0.00

RSD: rootstock stem diameter; SSD: scion stem diameter.

Table 2. Relations between the stem diameter of the rootstock and the scion estimated at 30, 60, and 90 days after grafting.

Scion-rootstock stem diameter relations
RSD (mm) SSD (mm)

Days after grafting (DAG)

  30 60 90 30 60 90

P. edulis f. flavicarpa/P. alata 2.98 c 3.65 a 4.66 a 2.55 b 3.28 b 3.76 b 

Standard deviation (SD) 0.34 0.39 0.36 0.28 0.30 0.27

Coefficient of variation (CV%) 11.5 10.7 7.7 10.8 9.1 7.3

P. edulis f. flavicarpa/P. edulis f. edulis 3.11 b 3.20 c 3.33 c 2.37 c 2.41 c 2.84 c

Standard deviation (SD) 0.28 0.26 0.27 0.23 0.23 0.27

Coefficient of variation (CV%) 9.0 8.2 8.2 9.6 9.5 9.4

P. edulis f. flavicarpa/P. maliformis 2.16 e 2.23 d 2.78 d 2.14 d 2.17 d 2.30 e

Standard deviation (SD) 0.26 0.25 0.29 0.20 0.15 0.14

Coefficient of variation (CV%) 12.0 11.4 10.3 9.3 6.8 6.1

P. edulis f. flavicarpa/P. quadrangularis 3.30 a 3.42 b 3.51 c 2.19 d 2.25 d 2.48 d

Standard deviation (SD) 0.41 0.43 0.43 0.12 0.16 0.26

Coefficient of variation (CV%) 12.3 12.7 12.3 5.5 7.1 10.6

P. edulis f. flavicarpa (self-grafted) 2.81 c 3.09 c 3.36 c 3.24 a 3.76 a 3.97 a

Standard deviation (SD) 0.36 0.26 0.23 0.42 0.31 0.27

Coefficient of variation (CV%) 12.9 8.3 6.7 12.9 8.3 6.7

P. edulis f. flavicarpa (non-grafted) 2.47 d 3.17 c 4.24 b 2.47 b 3.17 b 4.24 a

Standard deviation (SD) 0.31 0.36 0.41 0.28 0.33 0.36

Coefficient of variation (CV%) 12.6 11.3 9.7 11.4 10.4 8.4

Note: Averages followed by equal lowercase letters in the columns do not differ by Dunnett’s test of means (p < 0.05). RSD: rootstock stem diameter; SSD: 
scion stem diameter.

Development of yellow passion fruit seedlings grafted 
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grafting (Hernández et al., 2014). Similarly, in Solanum 
lycopersicum L., the effect of grafting increased the 
accumulation of dry matter and greater plant vigor 
(Godoy et al., 2009). On the other hand, López et al. 
(2008) mention that Citrullus lanatus (thunb.) Matsum. 
and Nakai grafted onto other species of squash 
showed an intermediate vigor between the scion and 
the rootstock. In this study, the rootstocks evaluated 
showed a diameter greater than the scion, which 
favors the plant vigor so that it responds better to 
biotic and abiotic factors. This can be explained by 
fluid mechanics: when a solute flows from a larger 
diameter pipe to a smaller diameter pipe, the pressure 
increases and generates a rapid distribution of these 
solutes throughout the plant structure.

Effect of rootstock on growth
Plant height (PH), number of leaves (NL), and 
number of internodes (NI) showed significant 
differences in averages between treatments and 
across measurement times according to Dunnett’s 
test (Figure 1). The control treatment (non-grafted 
P. edulis f. flavicarpa) showed the highest values for 
the three variables at 90 DAG, followed by the 
combinations P. edulis f. flavicarpa/P. alata and self-
grafted yellow passion fruit.

The effect of the rootstock on the plant height 
(PH) was considerable for the combination P. edulis 
f flavicarpa (self-grafted) and P. alata with values that 
reached 32.82 and 53.55  cm, respectively, at 90 
DAG (Figure 1b). In general, most of the rootstocks 
evaluated showed a reduction of 35 % in PH compared 
to non-grafted yellow passion fruit (82.93 cm). 

On the other hand, al l  scion-rootstock 
combinations reached a PH of 15 cm at 90 DAG, and 
in some combinations, it occurred at 60 DAG (P. alata 
and non-grafted yellow passion fruit). These results 
contrast with those obtained by Morgado et al. (2015), 
which mention that the P. alata rootstock reaches 
more than 12 cm in height at 45 DAG, and for P. edulis 
f. flavicarpa, at 50 DAG. The effect of the rootstock 
on the scion growth depends on the formation or 
healing time of the parenchymal cells in the grafting 
area (Pina and Errea, 2005), which provides rapid 
reconnection of the vascular bundles, allowing the 
absorption of nutrients from the root to the graft, 
and of photoassimilates from the leaves to the entire 
plant (Hartmann et al., 2014). 

In this study, it was observed that the total healing 
of the graft takes between 20 to 25 days. Thus, some 
researchers recommend that yellow passion fruit 
plants are ready for transplant to their definitive 
site in the field when they reach 15  cm in height 
(Lima et al., 1999) or when the plant emits its first 
root tendril (Ocampo et al., 2021). In this research, 
the non-grafted yellow passion fruit plants reached 
this height at 60 DAG, and when they were grafted, 
it took an average of 70 DAG. In contrast, Cavichioli 

et al. (2011; 2017) and Morgado et al. (2015) mention 
that grafted plants are appropriate for planting at 
approximately 105 DAG and more than 15  cm in 
height. The genetic and taxonomic proximity of the 
rootstock as well as the technical conditions in which 
the seeds and seedlings are maintained influence the 
plant height (Hurtado et al., 2021). However, grafted 
plants exhibit greater precocity in flowering and 
fruit production, resulting in an earlier first harvest 
compared to traditional crops.

The number of leaves (NL) assessed presented 
significant differences at 30, 60, and 90 DAG 
(Dunnett’s test at 5 %), with average values between 
4.01 and 9.92 NL (Figure 1c). The control treatment 
(non-grafted P. edulis f. flavicarpa) presented the 
highest NL in the three measurements over time with 
6.79, 11.29, and 16.20, respectively. Likewise, when 
yellow passion fruit was self-grafted, the values at 
30 DAG were higher (4.91 NL) than those obtained 
with P. alata, P. maliformis, and P. quadrangularis (3.20, 
3.0, and 3.54  NL, respectively). However, P. alata 
had a greater average number of leaves at 90 DAG 
(10.91  NL), surpassing the other rootstocks. In 
contrast, the P. maliformis rootstock had 48.3 % fewer 
leaves at 90 DAG (8.37 NL) compared to the control 
(non-grafted yellow passion fruit). Other studies 
carried out by Lima et al. (1999) report superior 
results of yellow passion fruit with the “BRS-RUBI” 
cultivar grafted onto P. edulis f. flavicarpa (7 leaves) at 
30 DAG, and P. alata (8 leaves) at 90 DAG. However, 
Santos et al. (2016) found similar results at 90 DAG 
with the rootstocks P. alata (7.2 leaves) and P. edulis 
f. edulis (8.0 leaves).

In relation to the average number of internodes 
(NI), the results showed significant differences 
(Dunnett’s test at 5 %) between the different scion-
rootstock combinations at 30, 60, and 90 DAG, with 
average values between 3.14 and 8.8 NI (Figure 
1d). The control (non-grafted P. edulis f. flavicarpa) 
presented the highest number of internodes (6.0, 
10.3, and 15.2 NI), followed by P. alata (2.2, 5.6, and 
9.9 NI), at 30, 60, and 90 DAG, respectively. The 
other rootstocks presented significant differences 
compared to the control and did not exceed the 
average 7.1 NI at 90 DAG.

In general, the rootstock influenced graft growth 
in most treatments, with less than 20 % difference 
in the NI compared to the control (non-grafted 
yellow passion fruit). The number of leaves (NL) 
and number of internodes (NI) are dependent 
variables, and some studies suggest not using the 
NL as a descriptor of canopy growth, since it may be 
exposed to mechanical damage by pests and diseases 
(Staveley and Wolstenholme, 1990). For this reason, 
Vasconcellos et al. (2005) recommend using the 
number of internodes as a growth descriptor because 
it is subject to less variation. 
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Figure 1. Representation of the variables vs. treatments. a) Scion stem diameter (SSD), b) Plant height (PH), c) Number of leaves (NL), and d) Number of 
internodes (NI), with measurements every 30 days after grafting for the different scion-rootstock combinations. T1. P. edulis f. flavicarpa/P. alata, T2. P. edulis f. 
flavicarpa/P. edulis f. edulis, T3. P. edulis f. flavicarpa /P. maliformis, T4. P. edulis f. flavicarpa/P. quadrangularis, T5. P. edulis f. flavicarpa (self-grafted), and T6. P. edulis 
f. flavicarpa (non-grafted).

The results obtained in this research serve as the 
basis for producing seedlings in nurseries grafted 
on rootstocks resistant to Fusarium spp., which 
must be further evaluated in the field to establish 
their agronomic performance. These agronomic 
evaluations must be focused on plant health, yield 
(kg/plant), and fruit quality so that these materials 
can be offered to producers with a clear validation 
of the grafting technology. 

Conclusion
The scion-rootstock combinations evaluated in this 
study presented 100 % compatibility (≥ 1), indicating 
their potential as rootstocks in yellow passion fruit. 
Likewise, the grafted seedlings can be transplanted 
to field conditions once they reach a minimum height 
of 15 cm and exhibit the emergence of five leaves on 
the graft, typically occurring between 30 to 60 days 
after grafting (DAG).
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