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Abstract
Banana passionfruit (Passiflora tripartita var. mollissima) grows in the Andes. Given its biochemical 
and organoleptic properties, it has great potential for bioprospecting. There is little information about 
the plant’s ecophysiological characteristics that may be useful to optimize its productive system. 
Here, we sought to identify the physiological behavior of banana passionfruit plants growing in 
two altitudinal conditions through their distinct phenological phases. We established crops of this 
species in low (2,006 m) and high altitudinal areas (2,498 m) in Pasca municipality in Cundinamarca 
(Colombia), and we monitored the climatic characteristics. We evaluated the water potential, gas 
exchange, and chlorophyll fluorescence in plants at different phenological stages, and we generated 
light photosynthetic response curves. We found that the higher altitude (2,498 m) area was colder, with 
higher photosynthetically active radiation (PAR) and relative humidity, but less vapor pressure deficit. 
The high-altitude plants showed higher rates of photosynthesis, water potential, stomatal conductance, 
water use efficiency, and reduced transpiration compared to the low zone (2,006 m) plants, while at 
this lower altitude, the plants showed better PSII performance and a higher photosynthetic efficiency. 
Photosynthetic rates decreased along the phenological stages. During flowering and the early stages 
of fruit development, the transpiration rates decreased, the water use efficiency improved, while leaf 
water potential increased. The plants showed physiological responses and adaptation to the different 
ecophysiological conditions at the two altitudes, but the climatic characteristics of the higher elevation 
allowed the banana passionfruit plants to develop a higher physiological performance.
Keywords: Phenology; Leaf water potential; Chlorophyll fluorescence-a; Gas exchange; Climatic 
factors.

Resumen
La curuba (Passiflora tripartita var. mollissima) es originaria de los Andes y tiene un alto potencial 
para la bioprospección debido a sus propiedades bioquímicas y organolépticas. Existe poca 
información sobre las características ecofisiológicas de la planta útiles para optimizar sus sistemas 
productivos. Nuestro objetivo fue determinar el comportamiento fisiológico de las plantas de curuba 
en sus distintas fases fenológicas en dos condiciones altitudinales. Se establecieron cultivos de la 
especie en una zona altitudinal baja (2.006 m) y en otra más alta (2.498 m) del municipio de Pasca, 
Cundinamarca, Colombia, y se monitorearon las características climáticas. Se evaluó el potencial 
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hídrico, el intercambio gaseoso, y la fluorescencia de clorofila a en plantas en diferentes estados 
fenológicos y se generaron curvas de respuesta fotosintética a la luz. Se encontró que las condiciones 
de mayor altitud (2.498 m) fueron más frías, con mayor radiación fotosintéticamente activa (PAR) y 
humedad relativa, pero con menor déficit de presión de vapor. Las plantas de la zona alta presentaron 
mayores tasas de fotosíntesis, potencial hídrico, conductancia estomática y uso eficiente del agua, 
y menor transpiración que las plantas de la zona baja (2.006 m); en la altitud menor las plantas 
mostraron un mejor rendimiento del PSII y una mayor eficiencia fotosintética. Las tasas fotosintéticas 
se redujeron a lo largo de las etapas fenológicas. Durante la floración y los primeros estadios de 
desarrollo del fruto, las tasas de transpiración disminuyeron, el uso eficiente del agua mejoró, y el 
potencial hídrico foliar aumentó. Las plantas tuvieron respuestas fisiológicas de adaptación a las 
diferentes condiciones ecofisiológicas en las dos altitudes, pero las características climáticas de la 
mayor elevación permitieron a las plantas de curuba desarrollar un mayor rendimiento fisiológico.
Palabras clave: Fenología; Potencial hídrico foliar; Fluorescencia de la clorofila a; Intercambio 
gaseoso; Factores climáticos.

Introduction
In agricultural production, understanding the response of plants and their mechanisms 
to different environmental conditions contributes to the selection of crop establishment 
sites with optimal conditions for growth, development, and production (Flórez-Velasco et 
al., 2024; Fischer et al., 2024a; Lambers & Oliveira, 2019; Melgarejo et al., 2010). In 
tropical regions, climatic factors, among others, are influenced by elevation (Fischer et al., 
2022; Sandoval et al., 2019), and they have effects on the physiological response of plants, 
their metabolite content, fruit ripening, and quality (Mayorga et al., 2020; Solarte et al., 
2014; Balaguera-López et al., 2024). Climate change has led to increased interest in fruit 
production in tropical highland areas (Fischer et al., 2024b).

Depending on the plant species, physiological responses to certain environmental 
conditions may vary between phenological stages. The methods applied in ecophysiology 
are generally based on the study of in situ responses (Crous et al., 2016) and involve the 
evaluation of parameters such as stomatal aperture that vary continuously with diurnal 
changes in the environment (Jones, 2013), influencing photosynthesis, water status, biomass 
accumulation, crop yield, and carbon sequestration in agroecosystems (Raquel et al., 
2016). Therefore, stomatal regulation in a changing environment is fundamental for plant 
adaptation (Franks & Britton-Harper, 2016; Li et al., 2015). Chlorophyll fluorescence, 
a fast and effective tool for analyzing light-dependent photosynthetic reactions in response 
to given conditions (Aucique-Perez & Ramos, 2024), allows the identification of possible 
causes of photosynthesis changes and plant development (Maxwell & Johnson, 2000; 
Murchie & Lawson, 2013). Knowing the dynamics in plant water potential facilitates an 
understanding of local water demand, availability of soil water, stomatal regulation, and 
plant internal hydraulic conductivity and its effect on plant development (Choné et al., 
2001; Larcher, 2003).

Banana passionfruit [Passiflora tripartita var. mollissima (Kunth) Holms-Niels. & 
P.M. Jørg.] is a tropical semi-evergreen fruit belonging to the subgenus Tacsonia, genus 
Passiflora (Passifloraceae) (Coppens et al., 2001; Segura et al., 2005). The species 
originated in the Andes, and it grows in high tropical forests from Bolivia to Venezuela 
between 1,800 and 3,600 m of altitude. Due to its organoleptic and nutraceutical 
characteristics, the fruit is one of the most appreciated passionflower species (Fischer 
et al., 2020). It also has nutraceutical importance given its high antioxidant potential 
(Simirgiotis et al., 2013; Rojano et al., 2012) and the active principles in its leaves (Costa 
et al., 2016) containing pasiflorin (Dhawan et al., 2004), an alkaloid with sedative action. 

Some aspects of P. tripartita var. mollissima cultivation ecophysiology are little known 
(Fischer & Miranda, 2021), as studies have been conducted mainly on other fruiting 
passionflower species such as Passiflora ligularis Juss. (Fernández et al., 2014; Rodríguez-
Castillo & Melgarejo, 2015), Passiflora edulis Sims (Pérez-Martínez & Melgarejo, 
2015; Rodríguez et al., 2019; Rodríguez et al., 2020), and Passiflora edulis Sims. f. 
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flavicarpa Degener (Gama et al., 2013; Melo et al., 2014; Rodríguez et al., 2019). In the 
present study, we determined the physiological response of P. tripartita var. mollissima 
plants at different phenological stages in two contrasting environmental conditions and 
estimated the effect of climatic variables on plant physiology as a contribution to the 
optimization of their productive system in constantly changing environmental conditions. 

Materials and methods
Plant material and growth conditions 
Three-month-old banana passion fruit seedlings, obtained from a nearby fruit nursery, were 
planted in two zones of the municipality of Pasca (Cundinamarca, Colombia). In the high 
altitude (2,498 m), we established the crop at El Refugio farm in Santa Teresita village, at 
4°16’20.9 ̓ ̓ N & 74°19’21.7 ̓ ̓ W. In the low altitudinal zone (2,006 m), we established the 
crop at Bellavista farm in San Pablo village, at 4°18 ̓45.52 ̓ ̓ N, 74°19 ̓58.3 ̓ ̓ W. Fifty plants 
were planted at each site in a 600 m2 area, at a distance of 4 m between plants and 3 m 
between rows. We used a single trellis trellising system with double wire (at 1.5 m and 2 m 
height). In the high-elevation site, the soil had a pH of 4.7 with a sandy loam texture, ECEC 
4.53 meq/100 g, 9.57% OC, 0.82% N, 2.1 meq/100 g Ca, 0.51 meq/100 g K, 0.48 meq/100 
g Mg, 33.9 mg kg-1 P, 11 mg kg-1 S, 1.19 mg kg-1 Cu, 103 mg kg-1 Fe, 1.53 mg kg-1 Mn, 2.05 
mg kg-1 Zn, and <0.12 mg kg-1 B. In the lower-altitude site, the soil had a pH of 4.5, clay 
texture, ECEC 10.96 meq/100 g, 2.78% OC, 8.74 meq/100 g Ca, 0.31 meq/100 g K, 2.02 
meq/100 g Mg, 0.34 mg kg-1 P, 24.56 mg kg-1 S, 0.033 mg kg-1 Cu, 2.51 mg kg-1 Fe, 0.18 
mg kg-1 Mn, 0.17 mg kg-1 Zn, and 0.14 mg kg-1 B (Mayorga, 2017; Mayorga et al., 2020).

The cultivated sites were treated with dolomite lime; before planting, the seedlings 
were treated with a sulfur-based product. Each crop was fertilized seven times during the 
growing season, on average every 2 to 2.5 months, using compound edaphic fertilizers 
and foliar fertilizers. Given the limited information available for banana passion fruit 
cultivation, fertilization plans in each zone were based on soil analyses and nutritional 
levels reported as optimal for Passiflora ligularis L. (Castro & Gómez, 2010). The 
plants were irrigated when necessary, considering rainy or dry environmental conditions. 
Manual control of weeds and integrated pest and disease management was done through 
phytosanitary pruning, ethological control, and applications of biological and chemical 
products in rotation. Training pruning was done according to the established trellising 
system (Mayorga, 2017).

Climatic variables
Following the studies by Mayorga (2017) and Mayorga et al. (2020), we used a weather 
station (Coltein Ltda., Bogotá, Colombia; Hobo U12-006, Onset Computer Corporation, 
Bourne, USA) to record temperature, relative humidity (THR 102 sensors, USA) and 
photosynthetically active radiation (PAR; LI 190 B sensors, LI-COR, Lincoln, NE) in the 
two areas. Data recording was set every 15 minutes. Vapor pressure deficit (VPD) was 
determined from relative humidity and temperature data as recommended by Allen et al. 
(1998). We recorded the data at the high elevation zone from November 2014 to March 
2016, and at the low elevation from April 2015 to March 2016.

Photosynthetic rate/photosinthetic photon flux density curves 
The photosynthetic rate/photosynthetically photon flux density (AN/PPFD) curves 
(Mayorga, 2017) were based on the BBCH (Biologische Bundesanstalt, Bundessortenamt, 
and Chemische Industrie) codes for three plants with stem heights between 80 and 160 cm 
(BBCH 34-38) in their vegetative stage, as applied to Passiflora ligularis by Rodríguez-
León et al. (2015), and for three plants in their reproductive stage (flowering, BBCH 56-
60) in each of the two study areas. Measurements were recorded between 8:00 and 13:00 
h. We selected fully expanded leafs in optimal nutritional and phytosanitary state from the 
middle third of the plant at the vegetative stage or source leaves at the reproductive stage 
to measure the photosynthetic rate (AN) at photosynthetically photon flux density (PPFD) 
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levels of 1800, 1600, 1400, 1200, 1000, 800, 600, 400, 300, 200, 100, 50, 40, 30, 20, 10, 
and 0 µmol m-2 s-1 photons. Measurements for each PPFD level were registered using 
an infrared gas analyzer (ADC BioScientific Ltd., Hoddesdon, UK), taking six technical 
replicates in each PPFD level. The CO2 flux was adapted to maintain a concentration 
of 400 μmol mol-1 s-1 inside the chamber at a constant temperature of 18°C. Data were 
adjusted to the Michaelis-Menten hyperbolic model by nonlinear regression to obtain the 
parameters of maximum photosynthetic rate (Amax), light saturation point (LSP), light 
compensation point (LCP), respiration in darkness (RD), and apparent quantum yield (φ) 
(Rodríguez et al., 2019). We selected the curve with the best fit (R2) for each zone and 
phenological stage.

Gas exchange, leaf water potential, and chlorophyll fluorescence
As reported by Mayorga (2017), samples were collected at the following phenological 
stages using the BBCH commercial code: vegetative I (Veg_I) when plants’ main stem 
had reached 60-70% of their maximum length (BBCH 36-37); vegetative II (Veg_II) when 
plants’ main stem had 90-100% of their maximum length (BBCH 39); flowering (Flower) 
when flower buds reached 60% of their typical size (first open flowers; BBCH 56-60); 
fructification I (Fruit_I) when the fruits reached 30-40% of their final size (BBCH 73-74); 
fructification II (Fruit_II) when the fruits reached 60-70% of their final size (BBCH 76-
77), and fructification III (Fruit_III) when the fruits reached 90-100% of their final size 
(BBCH 78-79). 

In the vegetative phase, measurements were taken on leaves from the middle third of 
the plants’ main stems; in the reproductive phase, they were made on source leaves of the 
reproductive organs (flowers or fruits) selected on secondary branches (productive branches). 
For the sampling in the reproductive phase, we considered that reproductive organs with 
the characteristics of the stage being evaluated predominated due to the overlapping of 
phenological stages of Passifloraceae, given their indeterminate growth habit.

In each phenological stage under evaluation, we took measurements at two-hour 
intervals from 8:00 to 18:00 h on eight plants, using three leaves per plant selected as 
described above. We recorded three measurements of photosynthetic rate (AN), stomatal 
conductance (gs), and transpiration (E) for each leaf using an infrared gas analyzer (IRGA) 
(ADC BioScientific Ltd., Hoddesdon, UK) with a narrow-leaf light chamber setting the 
PPFD equivalent to the LSP obtained from the AN/PPFD curve corresponding to the 
phenological stage and zone. The CO2 flow inside the chamber was adjusted to maintain a 
concentration of 380 μmol mol-1 and a constant temperature of 18°C. The extrinsic water 
use efficiency (WUEe) was calculated as the ratio of AN to E, while the intrinsic water 
use efficiency (WUEi) was calculated as the ratio of AN to gs (Fischer & Turner, 1978; 
Rodríguez et al., 2019).

The maximum potential quantum efficiency of photosystem II (Fv/Fm) was determined 
using a modulated fluorometer (Hansatech FMS2, Norfolk, UK) on selected dark-adapted 
plants and leaves. The measurements were recorded at pre-dawn (4:00 h), ensuring dark-
adapted leaves throughout the night. 

We determined the leaf water potential (Ψleaf) on eight plants, one leaf per plant, 
using a Schöllander pressure chamber (model 1000, PMS Instruments Co., Albany, 
USA) at pre-dawn and midday, i.e., when the plants had the highest and lowest leaf 
water potential, respectively.

Statistical analysis 
The AN/PPFD curves were adjusted using the R Core Team (2024) statistical software 
(version 4.4.1). We validated normality and homoscedasticity assumptions on the model 
residuals and performed a factorial analysis of variance for each response variable (P≤0.05), 
taking the phenological stage and the zone as factors and using the SAS® software (version 
9.4). For the gas exchange variables, we applied the square root transformation that allowed 
the adjustment of the data to the assumptions. We constructed models with the response 
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variables based on the climatic variables, using longitudinal models in which the plant was 
taken as an individual and the phenological stages as time. This analysis allowed modeling 
the autocorrelation of the physiological variables of the plant in the different stages through 
the autoregressive structures of order 1 AR (1) and the symmetrical compound for Fv/Fm 
that showed the best fit. We limited the estimation method for the parameters using the 
restricted maximum likelihood (REML), and we used the Akaike information criterion 
(AIC) to fit the models. We performed these analyses using the R software, version 4.4.1 
(R CoreTeam, 2024).

Results
Climatic conditions of the study zones
The high altitudinal zone (2,498 m) had lower daily minimum  (11.9°C), average (14°C), 
and maximum temperatures (16°C). There, a high relative humidity close to 90% was 
maintained throughout the day. The highest average PAR (405.75 µmol photons m-2 s-1) 
and low to medium VPD ranged between 0.3 and 0.5 kPa (Figure 1). 

The lower altitudinal zone (2,006 m) had higher daily minimum (14.7°C), mean 
(17.9°C), and maximum temperatures (21.3°C), and lower relative humidity ranging from 
75.9% at 16:00 h to 90.2% at 6:00 and 19:00 h. The lowest PAR was 352.4 µmol photons 
m-2 s-1; the VPD was 0.4 kPa in the hours of high relative humidity and low temperature 
and reached 0.8 kPa in times of low relative humidity and high temperature (Figure 1).

In the two zones, the highest PAR level was recorded at 10:00 h, the lowest temperature 
at 6:00 h, and the highest one at 15:00 h. The differences between the minimum and 
maximum daily temperatures were greater in the lower altitude (6.6°C) compared to the 
high zone (4.1°C), indicating smaller temperature fluctuations at the higher elevation. 
Additionally, in the low zone, the VPD showed daily behaviors similar to that of the 
temperature and opposite to that of the relative humidity, while in the high altitude, VPD 
and relative humidity did not show marked oscillations during the day (Figure 1).

Figure 1. Average daily course of climatic variables in the two altitudinal zones for P. tripartita 
var. mollissima crops in Pasca, Cundinamarca (Colombia): high altitudinal zone (2,498 m) from 
November 2014 to March 2016, and low altitudinal zone (2,006 m) from April 2015 to March 2016.  
Temperature (a), relative humidity (b), photosynthetically active radiation (c), and vapor pressure 
deficit (d)
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Photosynthetic response curves to light 	
The parameters derived from the AN/PPDF curves indicated that plants grown in the low 
zone showed a higher Amax and apparent quantum yield φ than plants grown in the high 
zone (Table 1). In the two altitudes, we found differential photosynthetic responses to light 
between plants in the vegetative and reproductive stages; plants in the vegetative stages 
showed higher Amax, LSP, LCP, and RD, while plants in the reproductive stage had a higher 
φ (Table 1).

Gas exchange and chlorophyll-a fluorescence
The AN gradually decreased as phenological development progressed, showing the 
highest values in vegetative I stage (11.4-12.7 µmol CO2 m

-2 s-1) and the lowest at fruit III 
reproductive stage (7.4-8 µmol CO2 m

-2 s-1), when fruits showed harvest maturity (Figure 
2a). A slight increase in AN was recorded in plants from the low altitude at the early stage of 
fruit development and at the intermediate stage of fruit development in the high elevation 
(Figure 2a). The highest E rates in plants from the high altitude area occurred in the 
vegetative I stage (3.5 mmol H2O m-2 s-1) and fruit III stage (2.2 mmol H2O m-2 s-1), and 
the lowest rates occurred at flowering and fruit I stage (1.3 mmol H2O m-2 s-1). Although 
the behavior of E showed a similar behavior to that seen in the high altitude, in the low 
elevation, an increase in this variable was clear in the fruit I stage (3.3 mmol H2O m-2 s-1) 
(Figure 2b). In the two zones, the lowest gs values were recorded in the vegetative I stage 
and the last stages of fruit development, at 0.2-0.3 mol H2O m-2 s-1. The highest gs was seen 
in the flowering stage, with values of 0.6 and 0.36 mol H2O m-2 s-1 for the high and low 
zones, respectively (Figure 2c).

Plants increased their WUEe after the vegetative I stage. In the low zone, the maximum 
WUEe occurred at the vegetative II stage and flowering (5.3 and 5.7 µmol CO2 mmol-1 
H2O). In the high altitude area, this maximum was obtained at flowering (8.1 µmol CO2 
mmol-1 H2O). In the two zones, WUEe decreased after flowering, presenting levels of 2.4 
and 3.8 µmol CO2 mmol-1 H2O at fruit III stage for the low and high zones, respectively 
(Figure 2d). In the low zone, plants at the vegetative I stage presented a WUEi of 47.1 
µmol CO2 mol-1 H2O, which decreased to 33 µmol CO2 mol-1 H2O at flowering and fruit 
I stage and then increased during fruit development until reaching the maximum value 
of 50.9 µmol CO2 mol-1 H2O when the fruit showed harvest maturity. In the high zone, 
the WUEi behavior was similar: plants in the vegetative I stage presented the highest 
WUEi (65.1 µmol CO2 mol-1 H2O), then decreased until reaching the minimum value 
at flowering (16.5 µmol CO2 mol-1 H2O), and increased again during fruit development 
(Figure 2e).

Table 1. Parameters estimated from the photosynthetic response to the light (AN/PPFD) curve fit 
on the Michaelis-Menten model in P. tripartita var. mollissima plants in the vegetative and the 
reproductive states grown in a high altitudinal (2,498 m) zone and a low altitudinal zone (2,006 m) in 
Pasca, Cundinamarca (Colombia). Photosynthetic rate at light saturation (Amax), light compensation 
point (LCP), respiration in darkness (RD), light saturation point (LSP), and apparent quantum yield 
(φ). Values correspond to the mean (n=6) ± standard error.

Altitudinal 
zone

Development 
state

R2 Amax

(µmol CO2 
m-2 s-1)

LCP
(µmol photons 

m-2 s-1)

RD

(µmol CO2 
m-2 s-1)

LSP
(µmol photons

m-2 s-1)

φ
(µmol CO2 

µmol photons-1)

High
Vegetative 0.99 19.19±0.19 24.05 1.25±0.10 689.96±28.38 0.030±0.0007

Reproductive 0.99 16.09±0.11 19.07 0.99±0.08 584.78±18.82 0.031±0.0004

Low Vegetative 0.99 24.71±0.38 38.64 2.31±0.14 748.78±40.04 0.039±0.0009

Reproductive 0.99 20.55±0.34 11.25 0.82±0.13 542.18±21.24 0.045±0.0023
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The Fv/Fm in plants in the vegetative phase in the low altitudinal zone (0.82-0.83) was 
slightly higher than that of plants in the high zone (0.81-0.82). In the reproductive stage, 
the Fv/Fm was similar in the two zones, except in the fruit II stage, with an Fv/Fm of 0.83 
here in the high elevation and of 0.82 in the low one (Figure 2f).

Plants grown in the high altitudinal zone presented higher AN, gs, and WUEe values 
than plants in the low zone, while in the latter, there were higher rates of E, WUEi, and 
Fv/Fm (Figure 2).

When we evaluated the daily behavior of gas exchange variables during the vegetative 
phase (Figure 3 a,b,c,d,e) in the high altitudinal zone, plants presented the maximum AN 
(13.7 µmol CO2 m

-2 s-1) and E (3. 3 mmol H2O m-2 s-1) between 12:00-14:00 h (Figure 
3a,b), while gs remained between 0.33 and 0.36 mol H2O m-2 s-1 during most of the day, 
declining to 0.28 mol H2O m-2 s-1 between 16:00-18:00 h (Figure 3 c). In the lower altitude, 
the maximum AN (13 µmol CO2 m

-2 s-1), E (2.4-2.5 mmol H2O m-2 s-1), and gs (0.42 mol H2O 
m-2 s-1) were recorded between 8:00-10:00 h and decreased as the day progressed, except 
for gs which, after showing a marked decrease between 10:00-12:00 h, increased again 
between 12:00-14:00 (Figure 3 a, b, c), times when PAR decreased and then increased in 
this zone (Figure 1).

WUEe in plants in the low altitude area was high during the early hours of the day 
(5.9 µmol CO2 mmol-1 H2O), coinciding with the time of highest AN. It then remained 
constant during the rest of the day, at levels between 4.8-5.1 µmol CO2 mmol-1 H2O. In 

Figure 2. Gas exchange in P. tripartita var. mollissima plants at different phenological stages in a high 
altitudinal zone and a low one (2,498 and 2,006 m, respectively) in Pasca, Cundinamarca (Colombia). 
(a) Photosynthetic rate (AN). (b) Transpiration (E). (c) Stomatal conductance (gs). (d) Extrinsic water 
use efficiency (WUEe). (e) Intrinsic water use efficiency (WUEi). (f) Maximum potential quantum 
efficiency of photosystem II (Fv/Fm). Vertical error bars indicate standard error (n=8)
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the high altitude, the highest WUEe was also recorded in the early hours of the day (5.5 
µmol CO2 mmol-1 H2O) and the lowest (3.9 µmol CO2 mmol-1 H2O) between 16:00-18:00 
h (Figure 3d).

Plants in the high zone presented the highest WUEi between 12:00-14:00 h (52.7 µmol 
CO2 mol-1 H2O) (Fig. 3e), suggesting a possible stomatal closure at this time of the day 
when there is a high VPD (Figure 1d). For the rest of the day, WUEi remained between 43-

Figure 3. Daily behavior of gas exchange in P. tripartita var. mollissima plants in the vegetative (a, 
b, c, d, e) and the reproductive (f, g, h, i, j) stages in a high (2,498 m) and a low altitudinal zone 
(2,006 m) in Pasca, Cundinamarca (Colombia). Photosynthetic rate (AN) (a and f), transpiration 
(E) (b and g), stomatal conductance (gs) (c and h), extrinsic water use efficiency (WUEe) (d and i), 
intrinsic water use efficiency (WUEi) (e and j). Vertical bars indicate standard error (n=8).
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46.1 µmol CO2 mol-1 H2O. In the low altitude area, WUEi gradually increased throughout 
the day, except between 12:00-14:00 h, when a slight decrease in WUEi coincided with an 
increase in gs (Figure 3e).

In the reproductive phase (Figure 3f,g,h,I,j), plants grown in the low altitude area had 
the highest AN (10.4 µmol CO2 m

-2 s-1) and gs (0.5 mol H2O m-2 s-1) between 8:00-10:00 h. 
These values decreased as the day progressed. In the high elevation area, the highest AN 
was recorded between 10:00-12:00 h (10 µmol CO2 m

-2 s-1), and gs was maintained at levels 
between 0.34-0.38 mol H2O m-2 s-1 over the day (Figure 3f,h). In the low altitudinal zone, 
the highest E rate (3.2 mmol H2O m-2 s-1) was recorded between 10:00-12:00 h, while in 
the high zone, the highest E rate (1.8 mmol H2O m-2 s-1) occurred between 12:00-14:00 h 
(Figure 3g). In the two altitudes, plants in the fruiting phase had the highest WUEe at the 
time of day when they had the highest AN: 4.1 µmol CO2 mmol-1 H2O for the low zone and 
6.5 µmol CO2 mmol-1 H2O for the high zone (Figure 3i), with WUEi behaving inversely to 
the gs (Figure 3j).

Leaf water potential
The Ψleaf was higher at pre-dawn than at midday in all phenological stages evaluated in 
the two altitudes (Figure 4). Under pre-dawn conditions, Ψleaf in the high elevation at the 
vegetative I stage was -0.38 MPa, then it increased during the phenological development of 
the plants until reaching the highest value at the fruit II stage (-0.24 MPa) to subsequently 
decrease at the fruit III stage (-0.62 MPa). In the lower altitude, a gradual increase of Ψleaf 
was also observed in the early stages of plant development, from vegetative I stage (-0.53 
MPa) to flowering (-0.2 MPa); then, Ψleaf decreased during fruit formation and growth until 

Figure 4. Leaf water potential at different phenological stages of P. tripartita var. mollissima plants 
at pre-dawn (a) and midday (b) in the high (2,498 m) and the low altitudinal zone (2,006 m) in Pasca, 
Cundinamarca (Colombia). The vertical bars indicate the standard error (n=8).
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it reached -0.43 MPa (Figure 4a). In midday conditions, this trend was also seen in plants 
of the high zone, with Ψleaf increasing during the phenological development until reaching 
a maximum at fruit I stage (-0.51 MPa) and, then, decreasing in fruit III stage (-1.52 MPa). 
In the low altitudinal zone, Ψleaf was constant during the crop cycle, except in the last stages 
of fruit development, when the highest Ψleaf (-1.07 MPa) was reached but lower than in the 
higher zone for these stages of development at this time of the day. For the other stages, 
Ψleaf was higher in the high-altitude plants (Figure 4b).

The ecophysiological variables related to gas exchange, chlorophyll fluorescence, and 
water potential showed statistically significant differences between phenological stages 
and zones, and the interaction between stage and zone (P≤0.05). The only exception was 
the Ci/Ca ratio, which did not show significant differences between zones but did between 
stages and in the interaction of both factors (Table 2).

Effects of climatic conditions on physiological variables
Longitudinal analyses indicated that PAR only had a significant impact on the variable 
related to chlorophyll fluorescence (P≤0.05) (Table 3). In general, with a one-unit increase 

Table 2. Analysis of variance for gas exchange variables, chlorophyll fluorescence, and water 
potentials. *P≤0.05; **P≤0.01; ***P≤0.001; ns: not significant

Source of 
variation AN E gs Ci/Ca WUEe WUEi ΦPSII Fv/Fm Ψleaf predawn Ψleaf midday

Stage *** *** ** *** *** *** ** *** *** **

Zone ** *** *** ns *** *** *** *** *** ***

Stage ×
Zone ** *** *** *** *** *** ** *** *** ***

Table 3. Estimation and significance of the longitudinal model parameters for the physiological 
variables in P. tripartita var. mollissima plants at different phenological stages in the high (2,498 
m) and low altitudinal zones (2,006 m) in Pasca, Cundinamarca (Colombia). The upper value of 
each cell expresses the parameter value ± EE (n=8), and the lower value in italics indicates the 
significance level. ns: not significant (P≤0.1)

Variable AN E gs Fv/Fm Ψleaf

PAR ns ns ns -0.0003±0.00001
0.028 ns

Temperature 0.08±0.02
0.0003

0.05±0.02
0.0029

-0.02±0.01
0.0216

-0.006±0.003
0.0338

-0.06±0.02
0.0091

Relative 
humidity

-0.02±0.01
0.06

-0.05±0.01
0.0000

0.02±0.01
0.0005

0.01±0.002
0.0047 ns

VPD -1.36±0.49
0.0052

-1.9±0.37
0.0000

0.54±0.21
0.0110

0.47±0.15
0.0025 ns

Stage -0.32±0.08
0.0000

-0.34±0.07
0.0000

0.12±0.04
0.0007

0.003±0.0006
0.0338

0.31±0.08
0.0001

Zone 0.2±0.07
0.0021

-0.09±0.05
0.0927 ns ns ns
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in PAR, Fv/Fm decreased 0.0003 units if the other variables remained constant. Temperature 
also had a significant impact on all the variables evaluated (P≤0.05). With a one-unit 
increase in temperature, AN and E increased 0.08 and 0.05 units, respectively, while gs 
decreased 0.02 units, Fv/Fm 0.006 units, and Ψleaf 0.06 units when the other variables 
remained constant. Relative humidity influenced all the variables, except Ψleaf, with a 10% 
significance for AN and 5% for the other variables. With a one-unit increase in relative 
humidity, AN and E decreased 0.02 and 0.05 units, respectively. In contrast, gs increased 
0.02 units and Fv/Fm 0.01 units when the other variables remained constant. The VPD had 
a significant effect on gas exchange variables and Fv/Fm (P≤0.05): with a one-unit increase 
in the VPD, AN and E decreased 1.36 and 1.9 units, respectively, while gs increased 0.54 
units and Fv/Fm 0.47 units when the VPD had the greatest impact on the physiological 
variables evaluated. The phenological stage had a significant effect on all evaluated 
variables (P≤0.05). For each plant developmental stage, the square root of AN decreased 
by 0.32 units, the square root of E by 0.34 units, while the square root of gs increased by 
0.12 units, the Fv/Fm by 0.003 units, and the Ψleaf by 0.31 units when all the other variables 
remained constant. The zone had a significant effect only on AN (P≤0.05) and E (P≤0.1). A 
plant growing in the high zone gained 0.2 units in the AN square root and lost 0.09 units in 
the E square root compared to plants growing in the low zone (Table 3). 

Discussion
The parameters derived from the AN/PPFD curve in P. tripartita var. mollissima plants 
in the vegetative phase were close to those reported for ornamental passionflower 
species (Abreu et al., 2014; Pires et al., 2011), while in the reproductive phase, they 
remained in the ranges reported for passionflowers of fruiting interest (Fernández et al., 
2014; Pérez-Martínez & Melgarejo, 2015; Rodríguez et al., 2019). The higher Amax 
and φ in plants from the lower zone could be explained by the higher temperatures and 
lower PAR characteristic of the zone (Greer & Weedon, 2012a, 2012b). High Amax and 
φ are associated with high night-time temperatures due to increased RD and, therefore, 
decreased carbohydrate concentrations in the leaves (Lin et al., 2021; Flórez-Velasco et 
al., 2024), which increases the strength of sinks (Turnbull et al., 2002). However, some 
plants improve efficiency in light uptake and use it as an adaptation strategy to low PAR 
environments (Abreu et al., 2014).

Amax and LSP higher values in plants in the vegetative stages have also been reported, 
related to growth during this period and its interaction with the environment. Plant processes 
that enhance carbohydrate demand promote the photosynthetic rate (Lambers & Oliveira, 
2019). Lower RD and LCP and higher φ in plants in the reproductive stage could answer to 
a minimization of carbon losses via low respiration rates as a strategy of plants requiring 
high efficiency in carbon use at this stage of development to meet the high demand of 
sinks. An example of this could be fruits of higher weight in banana passionfruit plants 
grown at higher altitudes with lower night temperature (Mayorga et al., 2020). Besides 
allowing a positive carbon balance, low LCP values associated with low RD levels are 
indicators of a successful acclimatization, as also seen from high φ (Abreu et al., 2014).

AN tendency to decrease as phenological development progresses may be due to 
increased leaf age and development (Jahan et al., 2023; Salazar-Parra et al., 2012). The 
slight increase in AN observed in the lower zone at fruit I stage and in the upper zone at 
fruit II stage coincides with high AN rates reported in other species at fruit set and post fruit 
set stages (Hunter & Visser, 1988; Lebon et al., 2005) in response to a high demand for 
photoassimilates in the sinks. This suggests that the decrease in photosynthesis due to leaf 
age is arrested by the presence of fruit (Poni et al., 1994).

In the two study areas, flowering was the stage with the lowest E levels, the highest 
gs and WUEe levels, and high Ψleaf because it is a phenological stage with high water 
and carbon demand to ensure the supply of photoassimilates for the sinks. Additionally, 
the continuous AN decrease and high gs at the flowering stage indicate AN non-stomatal 
limitations, possibly due to biochemical changes (Sawicki et al., 2015). The highest diurnal 
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AN levels in each zone coincide with high-PAR times, as the increase of this environmental 
factor is determinant on stomatal opening. In the low zone, the AN decrease throughout the 
day may respond to temperature and VPD (>0.7 kPa) increases in early morning hours that 
gradually induce stomatal closure to avoid water loss through E (Cuevas et al., 2006). In 
the high altitude area, the high E rate and low Ψleaf at midday were related to a 0.5 kPa VPD 
that induced stomatal opening. In this sense, grape cultivars have shown lower AN, gs, and 
E values in growing seasons with high cloudiness conditions (lower PAR) (Evangelista 
et al., 2023).

Generally, changes in E answer to temperature variations and Ψleaf (Farquhar & 
Sharkey, 1982). However, in our study, we found a marked dependence of E on VPD. The 
initial response was characterized by an increase in E as VPD increased, until reaching a 
limit (0.7 kPa) where it began to decrease (Abreu et al., 2014; Monteith, 1995) as a result 
of stomatal closure to minimize water loss or a possible limitation in the plants’ hydraulic 
conductivity (Duursma et al., 2014; Macfarlane et al., 2004).

The Fv/Fm values found in P. tripartita var. mollissima plants were similar to those 
reported for common passionflowers (Fernández et al., 2014; Gomes et al., 2012; Pires et 
al., 2011; Rodríguez et al., 2019; Rodríguez-Castillo & Melgarejo, 2015). They were in 
an optimal range of 0.8-0.83, indicating an efficient conversion of PSII light energy for ATP 
and NADPH production (Abreu et al., 2014). Likewise, they indicate good functioning of 
the photosystem that directly influenced AN, since the energy captured and transported in 
the photochemical pathway favored CO2 fixation capacity (Gama et al., 2013).

High Ψleaf during flowering in the low altitude and fruit development in the high 
elevation may indicate the need for plants to maintain optimal water status at these stages 
of high photoassimilate mobilization to sinks. In the high altitudinal zone, water losses 
were minimized by decreasing E rates and gs, thus maintaining high WUEe levels, while 
in the low zone, there would only be a reduction in E rate with a consequent increase in 
WUEe. Ψleaf decrease at pre-dawn in the two study zones during the fruit ripening stage 
(fruit III) is a behavior also observed in other species (Leibar et al., 2015) that, together 
with the increase in E, the decrease in WUEe, and the trend in WUEi, would indicate low 
stomatal control at this phenological stage. 

Conclusions
Passiflora tripartita var. mollissima plants showed to be physiologically adapted to the 
differential ecophysiological conditions in the two altitudes, as reflected in the Amax, LCP, 
RD, LSP, and φ levels consistent with the plants’ phenology, and the good photosystems 
functioning with Fv/Fm optimal values, appropriate water potentials, and daily behavior 
of gas exchange parameters dependent on the climatic conditions of each zone. The 
low temperature, high relative humidity, and low vapor pressure deficit in the high zone 
contributed to maintaining a better water status for the plants, given the lower E rates, AN, 
gs, Ψleaf higher levels, and better WUEe. As the phenological development of the plants 
progressed, there was a decrease in AN due to age and leaf development; however, in the 
initial stages of the fruiting phase, CO2 and WUE uptake and assimilation were optimized, 
and there was also a higher Ψleaf.

Acknowledgments
The authors want to thank MINCIENCIAS and Universidad Nacional de Colombia in 
Bogotá for funding the present study within the framework of the project “Ecophysiology, 
mineral nutrition, and integrated management of pests and diseases in avocado, banana 
passionfruit, purple passionfruit, and tree tomato oriented towards their agronomic 
management, as raw material for the development of products of commercial interest” 
(National Network for the Bioprospecting of Tropical Fruits-RIFRUTBIO, Contract 
RC No. 0459-2013), and the Government of Cundinamarca (Colombia) and the CEIBA 
Foundation for funding Mildred Mayorga’s Master’s final work. 



374

Mayorga M, et al.
49(191):362-377, abril-junio de 2025. doi: https://doi.org/10.18257/raccefyn.3215

Revista de la Academia Colombiana de Ciencias Exactas, Físicas y Naturales

Author contributions
Study design and conceptualization: LMM, MM, GF. Field work: MM, LMM. Provision 
of data for the study: MM. Data analysis: SEM, MM. Writing and correction of preliminary 
manuscripts: MM, GF, SEM, LMM. Reading and editing of final manuscript: MM, GF, 
SEM, LMM. Resources, project administration, and funding acquisition: LMM.

Conflict of interest	
The authors declare that there is no conflict of interest related to the publication of this 
article.

References
Abreu, P. P., Souza, M. M., de Almeida, A. A. F., Santos, E. A., de Oliveira Freitas, J. C., 

Figueiredo, A. L. (2014). Photosynthetic responses of ornamental passionflower hybrids 
to varying light intensities.  Acta Physiologiae Plantarum,  36, 1993-2004. https://doi.
org/10.1007/s11738-014-1574-0 

Allen, R. G., Pereira, L. S., Raes, D., Smith, M. (1998). Crop evapotranspiration (guidelines for 
computing crop water requirements). FAO Irrigation and Drainage Paper 56. FAO.

Aucique-Pérez, C. E. & Román-Ramos, A. E. (2024). Chlorophyll a fluorescence: A method 
of biotic stress detection. In A. Bahadur (ed.), Challenges in Plant Disease Detection and 
Recent Advancements. IntechOpen. p. 1-22. https://doi.org/10.5772/intechopen 1004830

Balaguera-López, H.E., Fischer, G., Yahia, E.M. (2024). Environmental conditions during 
preharvest influence bioactive compounds in fruits: A review with emphasis on tropical and 
subtropical species. Agronomía Colombiana, 42(3), 1-16. https://doi.org/10.15446/agron.
colomb.v42n3.116951

Castro, H. & Gómez, M. (2010). Fertilidad de suelos y fertilizantes. In H. Burbajo Orjuela, & 
F. Silva Mojica (eds.), Ciencia del suelo: principios básicos.  Sociedad Colombiana de la 
Ciencia del Suelo.

Choné, X., Van Leeuwen, C., Dubourdieu, D., Gaudillère, J. P. (2001). Stem water potential is 
a sensitive indicator of grapevine water status. Annals of Botany, 87, 477-483, https://doi.
org/10.1006/anbo.2000.1361 

Coppens, G., Barney, V., Jorgensen, P. M., MacDougal, J. M. (2001). Passiflora tarminiana, a 
new cultivated species of Passiflora subgenus Tacsonia (Passifloraceae). Novon, 11, 8-15. 
https://doi.org/10.2307/3393199 

Costa, G. M., Gazola, A. C., Zucolotto, S. M., Castellanos, L., Ramos, F. A., Reginatto, F. H., 
Schenkel, E. P. (2016). Chemical profiles of traditional preparations of four South American 
Passiflora species by chromatographic and capillary electrophoretic techniques.  Revista 
Brasileira de Farmacognosia, 26, 451-458, https://doi.org/10.1016/j.bjp.2016.02.005 

Crous, C. J., Malan, F. S., Wingfield, M. J. (2016). Securing African forests for future drier 
climates: applying ecophysiology in tree improvement. Southern Forests: a Journal of Forest 
Science, 78, 241-254. http://dx.doi.org/10.2989/20702620.2016.1207131 

Cuevas, E., Baeza, P., Lissarrague, J. R. (2006). Variation in stomatal behavior and gas exchange 
between mid-morning and mid-afternoon of north–south oriented grapevines (Vitis vinifera 
L. cv. Tempranillo) at different levels of soil water availability. Scientia Horticulturae, 108, 
173-180. https://doi.org/10.1016/j.scienta.2006.01.027 

Dhawan, K., Dhawan, S., Sharma, A. (2004). Passiflora: a review update.  Journal of 
Ethnopharmacology, 94, 1-23. https://doi.org/10.1016/j.jep.2004.02.023 

Duursma, R. A., Barton, C. V., Lin, Y. S., Medlyn, B. E., Eamus, D., Tissue, D. T., Ellsworth, 
D. S., McMurtrie, R. E. (2014). The peaked response of transpiration rate to vapor 
pressure deficit in field conditions can be explained by the temperature optimum of 
photosynthesis.  Agricultural and Forest Meteorology, 189, 2-10, https://doi.org/10.1016/j.
agrformet.2013.12.007 

Evangelista, T. Y. L., dos Santos, A. S., da Cunha, J. G., Pereira, G. A., de Souza Miranda, R. 
(2023). Impacts of seasonality on the phenology of three grapevine cultivars in the semi-arid 
climate. Preprint. https://doi.org/10.21203/rs.3.rs-2885893/v1 

Farquhar, G. D. & Sharkey, T. D. (1982). Stomatal conductance and photosynthesis. Annual Review 
of Plant Physiology, 33, 317-345. https://doi.org/10.1146/annurev.pp.33.060182.001533 



375

Banana passionfruit physiological behavior in two altitudinal 
conditions, Pasca, Cundinamarca (Colombia)49(191):362-377, abril-junio de 2025. doi: https://doi.org/10.18257/raccefyn.3215

Revista de la Academia Colombiana de Ciencias Exactas, Físicas y Naturales

Fernández, G. E., Melgarejo, L. M., Rodríguez, N. (2014). Algunos aspectos de la fotosíntesis 
y potenciales hídricos de la granadilla (Passiflora ligularis Juss.) en estado reproductivo en 
el Huila. Colombia. Revista Colombiana de Ciencias Hortícolas, 8, 206-216. http://dx.doi.
org/10.17584/rcch.2014v8i2.3214 

Fischer, G., Balaguera-López, H. E., Parra-Coronado, A., Magnitskiy, S. (2024a). Adaptation 
of fruit trees to different elevations in the tropical Andes. In S. Tripathi, R. Bhadouria, P. 
Srivastava, R. Singh, & R. S. Devi (eds.), Ecophysiology of Tropical Plants - Recent Trends 
and Future Perspectives.  CRC Press.

Fischer, G., Casierra-Posada, F., Magnitskiy, S. (2024b). Sustainable production of some fruit 
species in the tropical highlands of Colombia, South America. In W.F. Abobatta & W. Hussain 
(eds.), Achieving Food Security Through Sustainable Agriculture. IGI Global. https://doi.
org/10.4018/979-8-3693-4240-4.ch013

Fischer, G. & Miranda, D. (2021). Review on the ecophysiology of important Andean fruits: 
Passiflora L. Revista Facultad Nacional de Agronomía Medellín, 74(2), 9471-9481. https://
doi.org/10.15446/rfnam.v74n2.91828 

Fischer, G., Parra-Coronado, A., Balaguera-López, H. E. (2022). Altitude as a determinant of fruit 
quality with emphasis on the Andean tropics of Colombia. A review. Agronomía Colombiana, 
40(2), 212–227. https://doi.org/10.15446/agron.colomb.v40n2.101854 

Fischer, G., Quintero, O. C., Téllez, C. P., Melgarejo, L. M. (2020). Curuba: Passiflora tripartita 
var. mollissima y Passiflora tarminiana. In A. Rodríguez, A., F. G. Faleiro, M. Parra, A. M. 
Costa (eds.), Pasifloras - Especies Cultivadas en el Mundo. ProImpress-Brasilia and Cepass-
Neiva. 

Fischer, R. A. & Turner, N.C. (1978). Plant productivity in the arid and semiarid zones. Annual Review 
of Plant Physiology, 29, 277-317. https://doi.org/10.1146/annurev.pp.29.060178.001425 

Flórez-Velasco, N., Fischer, G., Balaguera-López, H. E. (2024). Photosynthesis in fruit crops of 
the high tropical Andes: A systematic review. Agronomía Colombiana, 42(2), 1-18. https://
doi.org/10.15446/agron.colomb.v42n2.113887

Franks, P. J. & Britton‐Harper, Z. J. (2016). No evidence of general CO2 insensitivity in ferns: 
one stomatal control mechanism for all land plants? New Phytologist, 211, 819-827. https://
doi.org/10.1111/nph.14020 

Gama, V. N., Cunha, J. T., de Melo, I., Bacarin, M. A., Silva, D. M. (2013). Photosynthetic 
characteristics and quality of five passion fruit varieties under field conditions.  Acta 
Physiologiae Plantarum, 35, 941-948. https://doi.org/10.1007/s11738-012-1137-1   

Gomes, M. T., da Luz, A. C., dos Santos, M. R., Batitucci, M. C., Silva, D. M., Falqueto, 
A. R. (2012). Drought tolerance of passion fruit plants assessed by the OJIP chlorophyll 
a fluorescence transient.  Scientia Horticulturae,  142, 49-56. https://doi.org/10.1016/j.
scienta.2012.04.026 

Greer, D. H. & Weedon, M. M. (2012a). Modelling photosynthetic responses to temperature of 
grapevine (Vitis vinifera cv. Semillon) leaves on vines grown in a hot climate. Plant Cell 
Environment, 35, 1050-1064. https://doi.org/10.1111/j.1365-3040.2011.02471.x 

Greer, D. H. & Weedon, M. M. (2012b). Interactions between light and growing season temperatures 
on growth and development and gas exchange of Semillon (Vitis vinifera L.) vines grown in an 
irrigated vineyard. Plant Physiology and Biochemistry, 54, 59-69. https://doi.org/10.1016/j.
plaphy.2012.02.010 

Hunter, J. J. & Visser, J. H. (1988). Distribution of 14C-photosynthetate in the shoot of Vitis 
vinifera L. cv. Cabernet Sauvignon. II. The effect of partial defoliation. South African Journal 
of Enology and Viticulture, 9, 10-15.

Jahan, E., Sharwood, R. E., Tissue, D. T. (2023). Effects of leaf age during drought and recovery 
on photosynthesis, mesophyll conductance and leaf anatomy in wheat leaves. Frontiers in 
Plant Science, 14. https://doi.org/10.3389/fpls.2023.1091418

Jones, H. G. (2013).  Plants and microclimate: a quantitative approach to environmental plant 
physiology. 3rd ed. Cambridge University Press. https://doi.org/10.1017/CBO9780511845727 

Lambers, H. & Oliveira, R. S. (2019). Plant physiological ecology. 3rd ed. Springer Nature 
Switzerland AG. https://doi.org/10.1007/978-3-030-29639-1 

Larcher, W. (2003). Physiological plant ecology: ecophysiology and stress physiology of functional 
groups. Springer Verlag.

Lebon, G., Brun, O., Magné, C., Clément, C. (2005). Photosynthesis of the grapevine (Vitis 
vinifera) inflorescence. Tree Physiology, 25, 633-639.



376

Mayorga M, et al.
49(191):362-377, abril-junio de 2025. doi: https://doi.org/10.18257/raccefyn.3215

Revista de la Academia Colombiana de Ciencias Exactas, Físicas y Naturales

Leibar, U., Aizpurua, A., Unamunzaga, O., Pascual, I., Morales, F. (2015). How will 
climate change influence grapevine cv. Tempranillo photosynthesis under different soil 
textures? Photosynthesis Research, 124, 199-215. https://doi.org/10.1007/s11120-015-0120-2 

Li, T., Ding, Y., Hu, Y., Sun, L., Jiang, C., Liu, Y. (2015). Diurnal changes in photosynthesis in 
Sclerocarya birrea from South Africa and Israel after introduction and acclimatization in 
Wenshan, Yunnan Province, China. South African Journal of Botany, 100, 101-107. https://
doi.org/10.1016/j.sajb.2015.05.021

Lin, T., Okamoto, Y., Nagasaki, Y., Shiraiwa, T. (2021). The influence of high night temperature 
on yield and physiological attributes of soybean cv. Fukuyutaka. Plant Production Science, 
24(3), 267-278. https://doi.org/10.1080/1343943X.2020.1842215

Macfarlane, C., White, D. A., Adams, M. A. (2004). The apparent feed‐forward response to vapor 
pressure deficit of stomata in droughted, field‐grown Eucalyptus globulus Labill. Plant Cell 
and Environment, 27, 1268-1280. https://doi.org/10.1111/j.1365-3040.2004.01234.x 

Maxwell, K. & Johnson, G. N. (2000). Chlorophyll fluorescence - a practical guide. Journal of 
Experimental Botany, 51, 659-668. https://doi.org/10.1093/jexbot/51.345.659 

Mayorga, M. J. (2017).  Caracterización ecofisiológica de curuba (Passiflora tripartita var. 
mollissima) en dos condiciones ambientales (M. Sc. thesis. Faculty of Agricultural Sciences, 
Universidad Nacional de Colombia.

Mayorga, M., Fischer, G., Melgarejo, L. M., Parra-Coronado, A. (2020). Growth, development 
and quality of Passiflora tripartita var. mollissima fruits under two environmental tropical 
conditions. Journal of Applied Botany and Food Quality, 93(1), 66-75. https://doi.
org/10.5073/JABFQ.2020.093.00X 

Melgarejo, L. M., Hernández, S., Barrera, J., Solarte, M. E., Suárez, D., Pérez, L. V., Rojas, Y. 
A., Cruz-Aguilar, M., Moreno L., Crespo, S., Pérez W. (2010). Experimentos en fisiología 
vegetal. Universidad Nacional de Colombia. https://repositorio.unal.edu.co/bitstream/handle/
unal/11144/Experimentos%20en%20Fisiolog%C3%ADa%20Vegetal%209789587196689.
pdf?sequence=1&isAllowed=y  

Melo, A. S., da Silva, J. M., Fernandes, P. D., Dutra, A. F., Brito, M. E. B., da Silva, F. G. (2014). 
Gas exchange and fruit yield of yellow passionfruit genotypes irrigated with different rates of 
ETo replacement. Bioscience Journal, 30, 293-302.

Monteith, J. L. (1995). A reinterpretation of stomatal responses to humidity. Plant Cell Environment, 
18, 357-364. https://doi.org/10.1111/j.1365-3040.1995.tb00371.x 

Murchie, E. H. & Lawson, T. (2013). Chlorophyll fluorescence analysis: a guide to good practice 
and understanding some new applications. Journal of Experimental Botany, 64, 3983-3998. 
https://doi.org/10.1093/jxb/ert208 

Pérez-Martínez, L.V. & Melgarejo, L. M. (2015). Photosynthetic performance and leaf water 
potential of gulupa (Passiflora edulis Sims, Passifloraceae) in the reproductive phase in three 
locations in the Colombian Andes.  Acta Biológica Colombiana,  20, 183-194. https://doi.
org/10.15446/abc.v20n1.42196 

Pires, M. V., Almeida, A. A., Figueiredo, A. L., Gomes, F. P., Souza, M. M. (2011). Photosynthetic 
characteristics of ornamental passion flowers grown under different light intensities. 
Photosynthetica, 49, 593-602. https://doi.org/10.1007/s11099-011-0075-2 

Poni, S., Intrieri, C., Silvestroni, O. (1994). Interactions of leaf age, fruiting, and exogenous cytokinins 
in Sangiovese grapevines under non-irrigated conditions. I. Gas exchange. American Journal 
of Enology and Viticulture, 45(1), 71-78.

Raquel, C. S. M., Montalto, F. A., Palmer, M. I. (2016). Potential climate change  impacts on 
green infrastructure vegetation. Urban Forestry and Urban Greening, 20, 128-139, https://
doi.org/10.1016/j.ufug.2016.08.014

R Core Team (2024). R: A language and environmental for statistical computing R. Foundation for 
Statistical Computing, Vienna Austria. https://www.R-project.org/  

Rodríguez, G., Hernández, M., Basso, C., Miranda, T., León, R. (2019). Déficit hídrico en 
diferentes fases fenológicas y su efecto sobre el desarrollo, rendimiento y calidad de fruta en 
maracuyá (Passiflora edulis Sims). Revista Unellez de Ciencia y Tecnología, 37, 1-13. 

Rodríguez, N. C., Melgarejo, L. M., Blair, M. W. (2020). Morphological and agronomic variability 
among cultivars, landraces, and genebank accessions of purple passionfruit, Passiflora edulis 
f. edulis. HortScience, 55(6), 768-777. https://doi.org/10.21273/HORTSCI14553-19 

Rodríguez, N. C., Melgarejo, L. M., Blair, M. W. (2019). Purple passion fruit, Passiflora edulis 
Sims f. edulis, variability for photosynthetic and physiological adaptation in contrasting 
environments.  Agronomy, 9, 231-248. https://doi.org/10.3390/agronomy9050231     



377

Banana passionfruit physiological behavior in two altitudinal 
conditions, Pasca, Cundinamarca (Colombia)49(191):362-377, abril-junio de 2025. doi: https://doi.org/10.18257/raccefyn.3215

Revista de la Academia Colombiana de Ciencias Exactas, Físicas y Naturales

Rodríguez-Castillo, N. & Melgarejo, L. M. (2015). Caracterización ecofisiológica de la granadilla 
(Passiflora ligularis Juss) bajo dos condiciones ambientales en el departamento del 
Huila. In Melgarejo, L. M. (Ed.), Granadilla (Passiflora ligularis Juss): Caracterización 
Ecofisiológica del Cultivo. Universidad Nacional de Colombia. https://repositorio.unal.edu.
co/handle/unal/84150?show=full 

Rodríguez-León, K., Rodríguez, A., Melgarejo, L. M., Miranda, D., Fischer, G., Martínez, O. 
(2015). Caracterización fenológica de granadilla (Passiflora ligularis Juss) crecida a tres 
altitudes en el departamento del Huila. In Melgarejo, L. M. (ed.), Granadilla (Passiflora 
ligularis Juss): Caracterización Ecofisiológica del Cultivo. Universidad Nacional de 
Colombia.  https://repositorio.unal.edu.co/handle/unal/84150?show=full 

Rojano, B. A., Zapata-Acosta, K., Cortés-Correa, F.B. (2012). Capacidad atrapadora de radicales 
libres de Passiflora mollissima (Kunth) LH Bailey (curuba).  Revista Cubana de Plantas 
Medicinales, 17, 408-419.

Salazar‐Parra, C., Aguirreolea, J., Sánchez‐Díaz, M., Irigoyen, J. J., Morales, F. (2012). 
Photosynthetic response of Tempranillo grapevine to climate change scenarios.  Annals of 
Applied Biology, 161, 277-292. https://doi.org/10.1111/j.1744-7348.2012.00572.x

Sandoval, D., Rada, F., Sarmiento, L. (2019). Stomatal response functions to environmental stress 
of dominant species in the tropical Andean paramo. Plant Ecology & Diversity, 12(6), 649-
661. https://doi.org/10.1080/17550874.2019.1683094 

Sawicki, M., Jacquens, L., Baillieul, F., Clément, C., Vaillant‐Gaveau, N., Jacquard, C. (2015). 
Distinct regulation in inflorescence carbohydrate metabolism according to grapevine cultivars 
during floral development. Physiologiae Plantarum, 154, 447-467. https://doi.org/10.1111/
ppl.12321 

Segura, S. D., Coppens, G., Ocampo, C. H., Ollitrault, P. (2005). Isozyme variation in 
Passiflora subgenus Tacsonia: geographic and interspecific differentiation among the three 
most common species.  Genetic Resources and Crop Evolution,  52, 455-463. https://doi.
org/10.1007/s10722-005-2255-z 

Simirgiotis, M. J., Schmeda-Hirschmann, G., Bórquez, J., Kennelly, E. J. (2013). The Passiflora 
tripartita (Banana Passion) fruit: A source of bioactive flavonoid C-glycosides isolated by 
HSCCC and characterized by HPLC–DAD–ESI/MS/MS. Molecules, 18, 1672-1692. https://
doi.org/10.3390/molecules18021672

Solarte, M. E., Melgarejo, L. M., Martínez, O., Hernández, M. S., Fernández-Trujillo, J. P. 
(2014). Fruit quality during ripening of Colombian guava (Psidium guajava L.) grown at 
different altitudes. Journal of Food, Agriculture & Environment, 12(2), 669-675. 

Turnbull, M. H., Murthy, R., Griffin, K. L. (2002). The relative impacts of daytime and night‐time 
warming on photosynthetic capacity in Populus deltoides. Plant Cell and Environment, 25, 
1729-1737. https://doi.org/10.1046/j.1365-3040.2002.00947

https://doi.org/10.3390/molecules18021672
https://doi.org/10.3390/molecules18021672

	_Hlk193064042
	_Hlk163546239
	_Hlk163546201
	_Hlk163546512
	_Hlk164634518
	_Hlk195119474
	_Hlk193063827
	_Hlk196326609

