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Fruit growth and fruit drop in banana passion fruit plants 
(Passiflora tripartita var. mollissima)
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ABSTRACT
Growth is an irreversible increase in the size of plant organs that may involve changes in their form, and is 
accompanied by processes such as morphogenesis and cell differentiation. The mathematical expression of 
fruit growth in cultivated plants allows one to estimate aspects related to production, and contributes to de-
fining protocols applicable to the agronomic management of the crop. A field trial was carried out in Caldas 
(Boyaca, Colombia), to describe the dynamics of different variables involved in the growth and fall of fruits 
in Banana passion fruit plants (Passiflora tripartita var. mollissima). Mathematical models were developed for 
variables commonly used to describe fruit growth. The evaluated variables presented values of R2 higher than 
0.98, except for the absolute growth rate of fruit length and at the time of fruit drop, whose R2 values were 
0.82 and 0.76, respectively. The results showed that the relative growth rate presented maximum values   up 
to 22 days after floral opening, whereas the absolute growth rate presented the highest value between 15-22 
days after floral opening. The length and width of the fruits showed a sigmoid-shaped curve, typical of other 
previously reported Passifloraceae. The maximum fruit fall occurred at 15 days after the floral opening and 
it was found that only 38.9% of the flowers develop fruits that reach the time of harvest. This information 
contributes to the technical management and optimal production of banana passion fruit.

Additional key words: relative growth rate, absolute growth rate, 
length/width ratio, fruit weight, total soluble solids.
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The genus Passiflora belongs of the Passifloraceae fa-
mily originating from the tropical American region 
(Esquerre-Ibañez et al., 2014). Malacrida and Jorge 
(2012) reported about 500 species, while Ocampo et 
al. (2007) mention a number closer to 630. Production 
of the banana passion fruit can be found through- 
out the Andean Mountain Range, from Venezuela 
and Colombia to Bolivia, and in countries of Central 
America and Oceania (Esquerre-Ibañez et al., 2014). 
Most of the 58 endemic species in Colombia are found 
between altitudes of 1,500 and 2,500 m, belonging 
mainly to the sections Tacsonia and Decaloba, in the 
genus Passiflora (Casierra-Posada and Jarma-Orozco, 
2016). The fruit of Passifloras is a fleshy berry, with 
dimensions of 6-11 × 3-4.5 cm. Passiflora tripartita var. 
mollissima is easy to distinguish from other species 
of the super-section Tacsonia, due to the abundant 
pilosity of its organs, its pink to magenta pendulous 
flowers with their long floral tube, as well as, for its 
oblong shape, pubescent and pale yellow when mature 
(Esquerre-Ibañez et al., 2014). The pulp is formed by 
an orange aryl that wraps the numerous seeds and 

corresponds to 60% of the weight of the fruit. The 
fruit is made up of 77.93% moisture, 0.55% ash, 
0.06% total nitrogen, 0.36% total protein, 21.13% 
total carbohydrates and 86.26 kcal 100 g-1 (Chaparro 
et al., 2015). In addition, it is important to mention 
that the fruits of this species exhibit climacteric be-
havior (Téllez et al., 2007). In fruit extracts alcohols, 
terpenic alcohols, diols, C13 norisoprenoids, and aro-
matic compounds have been detected. These fruits 
are also an important source of vitamins A, B, and 
C, antioxidant compounds, and phenols that have 
anti-inflammatory properties (Casierra-Posada and 
Jarma-Orozco, 2016).

Casierra-Posada and Cardozo (2009) found that crop 
management can be improved by following models 
of growth in fruit. Fruit growth represents an impor-
tant element directly related to crop productivity and 
therefore, management of relevant techniques rela-
ted to harvesting, storage and marketing. Franco et 
al. (2014) point out that the mathematical modelling 
of fruit growth in Passiflora edulis is an important 

RESUMEN 
El crecimiento es un aumento irreversible en el tamaño de los órganos de las plantas que puede implicar cambios en 
su forma, y está acompañado de procesos como la morfogénesis y la diferenciación celular. La expresión matemática 
del crecimiento del fruto en plantas cultivadas es una herramienta que permite estimar aspectos relacionados con 
la producción, y además contribuye a definir protocolos aplicables al manejo agronómico del cultivo. Se desarrolló 
en el municipio de Caldas (Boyacá, Colombia), un ensayo en condiciones de campo, con el objetivo de describir la 
dinámica de diferentes variables implicadas en el crecimiento y caída de frutos de curuba (Passiflora tripartita var. 
mollissima). Se calcularon modelos matemáticos para la estimación de algunas variables, usadas comúnmente para 
describir el crecimiento de frutos. Las variables evaluadas presentaron valores de R2 superiores a 0,98 con excepción 
de la tasa de crecimiento absoluto de la longitud del fruto y la caída instantánea de frutos, cuyos valores de R2 fueron 
de 0,82 y 0,76, respectivamente. Los resultados mostraron que la tasa de crecimiento relativo presentó los valores 
máximos hasta 22 días después de la apertura floral, mientras que la tasa de crecimiento absoluto presentó el mayor 
valor entre 15-22 días después de la apertura floral. La longitud y el ancho de los frutos mostraron una curva de 
forma sigmoide, típica de otras Passifloraceae reportadas previamente. La máxima caída de frutos de presentó a los 
15 días después de la apertura floral y se encontró que sólo el 38,9% de las flores desarrollan frutos que alcanzan el 
momento de la cosecha. Esta información es de gran importancia cuando se pretende efectuar un manejo tecnificado 
del cultivo, con el propósito de optimizar la producción de curuba. 

Palabras clave adicionales: tasa de crecimiento relativo, tasa de crecimiento absoluto, 
relación largo/ancho, peso del fruto, sólidos solubles totales. 
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contribution to the development of the crop. This 
tool allows estimate aspects related to harvest, with 
the purpose of defining protocols applicable to its 
agronomic management.

Due to its specific biochemical and molecular pro-
perties and nutritional importance, tomato (Solanum 
lycopersicum) has been established as a model fruit to 
study growth and development (Stikić et al., 2015). 
Stikić et al. (2015) report that the diameter of the 
fruit follows a sigmoid growth pattern, and descri-
be the events that take place in each of the phases 
of fruit growth. Casierra-Posada et al. (2007) report 
a series of regression equations that can be used to 
estimate different parameters of fruit growth of three 
Solanum lycopersicum cultivars. These equations can 
measure time after flowering, and present the grow-
th dynamics of the transversal diameter of the fruits, 
the polar diameter / transverse diameter ratio, the 
total soluble solids (TSS), the relative growth rate, 
(RGR) and the absolute growth rate (AGR).

Based on these approaches, the objective of this study 
was to describe the dynamics of different variables, 
commonly used to quantify the growth and fall of 
fruits in Banana passion fruit plants as a function of 
time. In addition, with the observed information, the 
mathematical models that express the most accurate 
values   of the observed variables were calculated. The 
larger purpose of this study was to disseminate expe-
rimental information relevant to the management of 
this crop, given that much of the information presen-
ted in this work did not previously exist or was based 
solely on empirical observations.

MATERIALS AND METHODS

The experiment was performed under field con-
ditions, in Caldas (Boyaca, Colombia), located at 
5°33’24’’ N and 73°54’29’’ W at an altitude of 2,709 
m a.s.l. The region has an average annual temperatu-
re of 15.7°C with a relative humidity of 86.2%. The 
crop was traditionally managed, involving manual 
weed management, spraying against sanitary pro-
blems, specifically against anthracnose and pruning. 
107 flowers of 10 two years old banana passion fruit 
plants (Passiflora tripartita var. mollissima) were mar-
ked and investigated. After the opening of the flower, 
the length and width of each fruit were measured 
every 7 d, using a Vernier scale. This information was 
collected 8 d after the floral opening to the time of 
harvest maturity (when 50% yellow pericarp was 

reached). With the collected information, the abso-
lute growth rate (AGR) of fruit length, the absolute 
growth rate of fruit width, the relative growth rate 
(RGR) of fruit length, and the relative growth rate of 
fruit width, were calculated according to the metho-
dology proposed by (Hunt, 1990). The length to wi-
dth ratio of fruits was also measured as the product 
of the length by the width of each fruit; the accumu-
lated fruit drop, was measured as the difference be-
tween the accumulated value of two measurements. 
The fruit drop was measured as the number of fallen 
fruits recorded in a week. In the fruits of the marked 
flowers reaching the point of maturity (37 fruits), the 
weight of each fruit was recorded. Finally, at the time 
of harvest, 30 fruits of unmarked flowers from the 
same plants that had 50% of the yellow pericarp and 
30 fruits with full yellow pericarp maturation were 
analysed. In these two fruit groups the total soluble 
solids were determined using a handheld refractome-
ter RHB0-90 (Spectrum Technologies, Plainfield, IL, 
USA).

With recorded data on weekly fruit size, a curvili-
near regression analysis was performed using the 
IBM®SPSS® version 20.0 application. All the regres-
sion functions offered by the application were cal-
culated and the one with the highest coefficient of 
determination (R2) was selected.

RESULTS AND DISCUSSION

The most adjusted regression equations for the es-
timation of the evaluated variables are presented in 
table 1. All calculated mathematical models were 
statistically significant (P≤0.01). For most parame-
ters, it was found that the cubic model was the most 
appropriate based on the highest value of R2. With the 
use of these equations it is possible to estimate each 
of the studied variables, as a function of the time, ex-
pressed as days after the opening of the flower. The 
values of the determination coefficients (R2) found 
for the set of equations vary between 0.82 and 0.99, 
so the fraction of the total variation in Y is scarce, 
because the value calculated for each parameter (Y) 
with the use of the respective equation, is largely ad-
justed to the actual observed data. Additionally, the 
models found by regression analysis can be used for 
both time series forecasts and for predictions of cau-
sal relationships. In particular, when the dependent 
variable changes as a result of time it is a time series 
analysis, as is the case of the present work. On the 
other hand, the assessment of the predictive capacity 
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of each found regression equation can be done using 
the determination coefficient. Therefore, it is possi-
ble to use these models for predictive purposes, and in 
this way, an efficient crop management can be achie-
ved from an agronomic and economic perspective. 

The use of empirical models for the non-destructive 
estimation of plant organ growth is common. These 
mathematical models are based on allometry, and use 
statistical relationships between a variable of interest 
and one or several variables used as predictors. Howe-
ver, it should be considered that the abiotic and bio-
tic factors, as well as the interaction between them, 
can potentially affect the observed allometric values   
(Niklas, 1994). With these factors considered, Jorque-
ra-Fontena et al. (2017) suggest that it is possible to 
use stable mathematical models that express the re-
lationship between fresh weight and fruit diameter, 
regardless of the genotype and growing season of any 
species. Based on the high values   of the coefficient of 
determination and the statistically significant calcu-
lated models, it is possible to use these models on the 
plants of P. tripartita in this study (Tab. 1) to estimate 
each of the evaluated variables as a function of time.

Vanclay (1994) and Hunt (1982) agree that growth 
estimates using mathematical models require the 
calculation of absolute growth rate (AGR) and rela-
tive growth rate (RGR). For these calculations, it is 
necessary to measure the dry mass or the leaf area 
sequentially. Generally speaking, growth in plants is 
quantified based on linear or exponential equations 
as a logistic model. Jorquera-Fontena et al. (2017) 
mention that using mathematical models with fruit 

diameter as an input can be an economical and rapid 
alternative to accurately evaluate fruit weight.

The values   found for the relative growth rate (RGR) 
define three phases of fruit growth (Fig. 1). The first 
phase was until 22 d after floral opening, and was 
the period in which the growth occurred with great 
intensity. Between 22 and 83 d, the value of RGR de-
creases, however the diameter of the fruit increases 
as seen in figure 2. Finally, from 83 d until harvest the 
RGR, as well as growth in length and width of fruits 
remained low.

As in our study, Franco et al. (2014) used RGR va-
lues   to determine that the fruits of Passiflora edulis 
have three growth phases with periods and duration 
that differ from those found for P. tripartita in our 
work, since despite their relationship, each species is 
genetically different and grows in different climates. 
Franco et al. (2014) mention that the identified pha-
ses for fruit growth are related to the development 
of the seeds of P. edulis, and in addition, in the first 
35 d after flowering an expansion of the intercellu-
lar spaces occurs within the fruits of P. edulis. Beadle 
(1993) mentions that, in general, fruit growth can be 
represented by curves that depict absolute and rela-
tive growth rates, allowing one to forecast fruit size 
and growth, which facilitates the optimization of 
crop management.

In most plants, the first phase of early development 
in the growth of the fruits is formed by three stages. 
During the initial stage, the development of the ovary 
occurs. This is the time when abortion can occur or 

Table 1. Regression equations calculated for the different parameters used to determine the growth and fall of fruits in Passi-
flora tripartita var. mollissima.

Parameters Regression equation R2 Sig.

Length to width ratio of fruits y=3.59342245-0.0401180768x+4.494465608*10-4x2-1.688337575*10-6x3 0.99 **

Fruit length (cm) y=-0.654821057+0.31808913x-3.4014327271*10-3x2+1.2611478*10-5x3 0.99 **

Fruit width (cm) y=-0.464272449+0.121931204x-1.11153295*10-3x2+3.50382483*10-06x3 0.99 **

Absolute growth rate of fruit length (cm d-1) y=0.234691753-2.90363953*10-3x-2.20259548*10-5x2+2.892063*10-07x3 0.82 **

Absolute growth rate of fruit width (cm d-1) y=0.152819178078798*e(-0.0344477039208571x) 0.90 **

Relative growth rate of fruit length (cm cm-1 d-1) y=0.0978758768-3.72563941*10-3x+4.787098*10-5x2-2.0284870*10-7x3 0.97 **

Relative growth rate of fruit width (cm cm-1 d-1) y=0.10855909-3.87240302*10-3x+4.7093444*10-5x2-1.90790283*10-7x3 0.97 **

Accumulated fruit drop (%) y=e(4.32428478209895-(15.0267000241898/x)) 0.98 **

At time fruit drop (%) y=19.0927760-0.5017661609x+3.861872302*10-3x2-7.66605349*10-6x3 0.76 **

y: parameters to calculate. x: days after floral opening. e: Euler’s constant (2.718281828459045235360)

** P≤0.01
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when the following stages continue, such as the pha-
se of cell division and the major development phase 
of the fruit, which is generally known as the fruit set. 
In the second phase, fruit growth is the result of cell 
division. The third phase begins after cell division fi-
nishes. During this last phase, fruit growth occurs be-
cause of cell expansion, until the fruit reaches its final 
size or harvest maturity. This last stage of growth is 
the most obvious and physiologically the most repre-
sentative because of the strong sink activity of the ex-
panding cells. However, although this timeline occurs 
in most fruit species, some show variation (Gillaspy 

et al., 1993). The results of this current study are in 
accordance with the Gillaspy et al. (1993) three pha-
ses of growth. The steps in which phase I was divided 
could not be proven since the growth monitoring be-
gan 8 d after the floral opening.

The absolute growth rate (AGR) of fruit length and 
width showed maximum values   between 15-22 d af-
ter floral opening, which is the time that makes of 
the first phase. Maximum values of the AGR in this 
period are 0.23 and 0.09 cm d-1 for growth in leng-
th and width, respectively. Later, during phase II, a 
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Figure 1. Relative growth rate of the length and width of fruits in banana passion fruit plants (Passiflora tripartita var. 
mollissima).

Figure 2. Length and width of the fruits of fruits in Banana passion fruit plants (Passiflora tripartita var. mollissima).
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reduction in the values   of this variable was observed 
until the end of this phase (83 d after the opening of 
the flower). The mean AGR values   during phase II 
were 0.07 and 0.03 cm d-1 for the AGR of the length 
and width of the fruits, respectively. Finally, during 
phase III, the AGR values   were significantly reduced 
and presented an average of 0.011 and 0.005 cm d-1, 
respectively for fruit length and width (Fig. 3).

Casierra-Posada et al. (2004) suggest the use of fruit 
growth dynamics in Prunus persica to identify the 
best time to perform some agricultural tasks, such as 
pruning and fruit thinning. Casierra-Posada and Car-
dozo (2009) mention that it is important to recognize 
that the agricultural practices to improve the accu-
mulation of dry matter in fruits should be carried out 
in the periods in which the RGR and the AGR values 
are higher, since it is the time when the fruit is most 
sensitive. These practices include foliar fertilization 
and water and light management. These approaches 
would function in the case of fruit species that have 
a uniform phenology with well-defined phenological 
phases throughout the growing season. According to 
Campos (2001), P. tripartita can exhibit constant pro-
duction from 18 months after planting, since flowe-
ring takes place in new branches that grow throughout 
the year. The periods of maximum production oc-
cur between December and January and between 
July and August in the region of Boyaca, Colombia.  
Based on Campos (2001) and on the results of this 
study, the periods in which the maximum values   of 
RGR and AGR occur, should be calculated in the crop, 

using the equations presented in table 1, starting 
from the period in which a high percentage of open 
flowers in the crop is observed.

The curve of the length of the fruit is a sigmoid shape 
in phases I and II. The first phase corresponds to the 
stage of cell division and ends 22 d after the floral 
opening. In this period the slope of the long and wide 
curve of the fruit was 0.19 and 0.07, respectively. In 
the second phase the growth of the fruit occurred 
between 22 and 83 d after floral opening. In this pe-
riod, the slopes of the curves for length and width 
of the fruits were 0.06 and 0.02, respectively. In the 
last phase, the physiological maturation of the fruits 
occurred, occurring between 83 and 111 d after floral 
opening, with slopes for the fruit length and width 
curves of 0.01 and 0.005, respectively (Fig. 2).

As in the present work, Arjona et al. (1991) found a 
sigmoid curve for the diameter of the fruits of Passi-
flora edulis and P. incarnata. Franco et al. (2014) also 
report that the growth dynamics of the polar and 
longitudinal diameter of P. edulis fruits are sigmoid. 
Stikić et al. (2015) mention that the dynamics of fruit 
growth usually occurs in sigmoid form, in which the 
increase in fruit diameter is represented as a function 
of time. This curve has, in most cases, three distinct 
regions that indicate cell division, followed by a cell 
elongation phase and finally a stable phase when the 
growth practically stops. The average region of the 
curve shows the period of exponential growth where 
fruits exhibit the greatest growth in diameter.

Figure 3.  Absolute growth rate of fruit length and width of banana passion fruit plants (Passiflora tripartita var. mollissima).
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In the case of P. tripartita, the value of length to width 
ratio, at the time of harvest (111 d after floral ope-
ning) was 2.3, indicating an oblong shape typical of 
the fruits of this specie. According to Casierra-Posada 
et al. (2007), the form that the fruit acquires during 
the first stages of its growth is an effect of growth re-
gulators produced by immature seeds, among which 
gibberellins play a relevant role. Corner (1976) men-
tions that the morphological characters of fruits and 
seeds provide useful information on the evolutionary 
relationships in flowering plants, therefore, the va-
lues   found for this parameter may be useful for those 
interested in the evolutionary state of this specie.

The fruit fall was more intense at 15 d after the ope-
ning of the flower, with a value of 20.9% and conti-
nued until the 62 d. Afterwards, no more fallen fruits 
were observed and at this time, the accumulated va-
lue of the fruit fall was 61.1%, implying that only 
38.9% of the flowers develop fruits that reach the 
time of harvest (Fig. 5).

Estornell et al. (2013) suggest that abscission inclu-
des four major events. First, cell differentiation must 
occur in the abscission zone, when there is an induc-
tion of response to changes in metabolism. Then cell 
separation occurs, and finally, a protective layer de-
velops on the exposed surface. Sexton and Roberts 
(1982) point out that cell separation resulting in 
fruit drop is the simplest process to observe, based 
on visual and identifiable changes in the abscission 
zone and easier to study as an obvious event during 
growth and development of the fruits. According to 
Arseneault and Cline (2016), pre-harvest fruit fall is 

Reina (1995) mentions that in a sample of 20 fruits 
of P. tripartita, the fruits had an average length of 9.0 
cm and diameter of 4.2 cm. Campos (2001) mentions 
that for the same specie, the fruit reaches 11 cm in 
length with 4.5 cm in diameter 90 d after the opening 
of the flower. It was found in the present work that 
to achieve fruits of 9.9 cm in length and 4.1 cm in dia-
meter, 111 d are required, as shown in figure 2. These 
differences among the reports of other authors are 
probably due to the environmental conditions of the 
regions where the sampling was carried out as well as 
the respective management of the crop.

The length to width ratio is decreasing throughout 
the fruit growth period. The value of this relations-
hip starts with 3.2, and at the time of harvest, it de-
creases to 2.3. With these values   it can be understood 
that the fruit length is greater than width, since the 
beginning of its growth period (Fig. 4), since the value 
of this ratio, in all cases, is higher than 1.0. Based on 
their own results and those of other authors, Casie-
rra-Posada et al. (2003), mention that this relations-
hip is the most important parameter for expressing 
the fruit form. They found that in Malus domestica, 
the value of the length / diameter ratio of the fruits 
is drastically reduced between 30 and 98 d after full 
bloom and then tends to stabilize until the time of 
harvest. This reduction in the longitudinal diameter/
equatorial diameter ratio implies that in the first days 
of fruit development, longitudinal growth prevails 
over the equatorial, but in the last third of its develo-
pment period, the value of this ratio approaches 1.0, 
which results in an equivalence between the length 
and the equatorial diameter, resulting in round fruits.

Figure 4.  Length to width ratio in fruits of banana passion fruit plants (Passiflora tripartita var. mollissima).
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a challenge for production in fruit species. In addi-
tion, these authors indicate that the perception of 
alterations in metabolism leads to regulatory changes 
that induce degradation of the cell wall, in which the 
polygalacturonase and cellulase hydrolytic enzymes 
are involved. Ethylene has a clear association with 
the promotion of abscission, while the function of 
other plant hormones is unclear and will depend on 
the species under study.

After the fruit set, there is a strong competition for 
nutrients, which can reach a level where the fruit be-
comes dominant, resulting in a decrease in vegetati-
ve growth (Smith and Samach, 2013). The negative 
effect of fruit on vegetative growth has been obser-
ved in different fruit species. Thus, the fruit bearing 
process can be interrupted at different stages of fruit 
growth and development, so most flowers do not set 
to fruit and a significant number of fruits fall befo-
re reaching the harvest maturity (Valdebenito et al., 
2017). Campos (2001) reports that between 20-25% 
of the flowers of P. tripartita reach the state of fruit 
for harvest, however, in the present study 38.9% of 
the flowers managed to mature into fruits that could 
be harvested.

It was found that when the fruits had 50% yellow 
pericarp, the average value of the total soluble so-
lids (TSS) was 10.9±1.4 °Brix, whereas when the 
fruit pericarp was completely yellow, the TSS was 
of 12.5±0.8 °Brix. In addition, an average value of 
101.2±11.8 g was recorded as the weight of the fruits 

evaluated. Reina (1995) reports an average weight of 
79.9 g per fruit, in a sample of 20 fruits of P. tripartita. 
In these fruits a TSS content of 11.8 °Brix was found. 
The results agree with the findings of this study, in 
relation to the physicochemical parameters evalua-
ted. Finally, it should be made clear that the fruits in 
which the information was recorded for the monito-
ring of the parameters to express the growth of the 
fruits, were harvested when they had 50% of yellow 
pericarp.

CONCLUSIONS

A series of mathematical models were calculated to 
describe fruit growth. The values   of the coefficients 
of determination (R2) for the set of variables evaluated 
ranged from 0.82 to 0.99, indicating the high degree 
of adjustment of the calculated equation with the 
data observed in the field. Both the length and width 
increase in fruits of Banana passion fruit presented 
sigmoid curves, typical of other Passifloraceae. Based 
on the relative growth rate, three phases of growth 
were defined, in which the first phase occurs up to 22 
d after floral opening; the second phase between 22 
and 83 d, and the last phase 83 d until the time of har-
vest (111 d after floral opening). The relative growth 
rate presented the maximum values   up to 22 d after 
the floral opening, while the absolute growth rate 
presented the highest value between 15-22 d after 
the floral opening. The maximum fruit fall occurred 
at 15 d after the floral opening and only 38.9% of the 

Figure 5. Fruit drop in banana passion fruit plants (Passiflora tripartita var. mollissima).
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flowers were found to develop fruits that reached the 
time of harvest. This information can be used when 
making decisions related to the agronomic manage-
ment of the crop to improve its production. Based 
on these findings, and especially on the dynamics of 
RGR between 15-22, special care must be taken in the 
agronomic management of the crop at this time, in 
which the fruits achieve their highest growth rate. 
Thus, in the first few weeks after fruits appear, the 
crop needs immediate availability of nutrients and 
water, so that these factors do not affect fruit grow-
th. Additionally, based on the information related to 
fruit fall, it is possible to forecast the number of fruits 
to be harvested in relation to the flowering intensity. 
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