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Abstract 

Paclobutrazol (PBZ) is a plant growth regulator of the triazole group that can block the 

biosynthesis of gibberellic acid, resulting in reduced plant height and increased stem diameter. 

This study aimed to evaluate the effect of different paclobutrazol concentrations on seedling 

quality of Passiflora mucronata Lam. Two Passiflora mucronata genotypes were used, one 

resistant (G5) and one tolerant (G7) to fusariosis, prepared as cuttings treated with PBZ. The 

experimental design was completely randomized, in a 2 x 4 factorial arrangement 

corresponding to two genotypes (G5 and G7) and four PBZ concentrations (0, 5, 10, and 15 

mg plant-1), with three replications of four plants. Data were subjected to analysis of variance, 

regression analysis, and the F-test, followed by Pearson’s correlation test between variables. 

PBZ promoted an increase in the plagiotropic shoot diameter and the leaf area index of 

genotypes G5 and G7, in addition to increased shoot length in genotype G5 and increased 

number of leaves in genotype G7. PBZ also resulted in increased photosynthesis and stomatal 

conductance. There was a positive correlation for genotype G5, between the plagiotropic 

shoot diameter and the leaf transpiration rate, and for genotype G7, between the plagiotropic 

shoot diameter and the number of leaves. Genotypes G5 and G7 showed different phenotypic 

responses when subjected to PBZ doses, highlighting the intraspecific divergence of the 

species. 

Keywords: Passifloraceae; Passion fruit; Wild species; Triazole. 

 

Resumo 

O paclobutrazol (PBZ) é um regulador de crescimento de plantas do grupo dos triazois, capaz 

de bloquear a biossíntese do ácido giberélico, acarretando a redução da altura e aumento da 

espessura da haste da planta. Objetivou-se estudar o efeito de diferentes doses de 

paclobutrazol sobre a qualidade das mudas de Passiflora mucronata Lam. Foram utilizados 

dois genótipos de Passiflora mucronata, G5 (resistente) e G7 (tolerante) à fusariose, oriundos 

de estaquia tratados com PBZ. O delineamento experimental utilizado foi inteiramente 

casualizado, em esquema fatorial 2x4, dois genótipos (G5 e G7) e quatro concentrações de 
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PBZ (0; 5; 10 e 15 mg planta-1) com três repetições de quatro plantas. Os dados foram 

submetidos a uma análise de variância geral, de regressão e teste de F, e realizado um teste de 

correlação linear de Pearson entre as variáveis. O PBZ promoveu aumento do diâmetro do 

broto plagiotrópico e do índice de área foliar nos genótipos G5 e G7; aumentou o 

comprimento dos brotos do genótipo G5 e o número de folhas do genótipo G7. O PBZ 

resultou na elevação da fotossíntese e condutância estomática. Houve correlação positiva para 

o genótipo G5 entre o diâmetro do broto plagiotrópico e a taxa de transpiração foliar e para o 

genótipo G7 entre a variável do diâmetro do broto plagiotrópico e o número de folhas. Os 

genótipos G5 e G7 apresentaram respostas fenotípicas diferentes quando submetidas às doses 

de PBZ, proporcionando divergência intraespecífica da espécie. 

Palavras-chave: Passifloraceae; Maracujá; Espécie silvestre; Triazol. 

 

Resumen 

Paclobutrazol (PBZ) es un regulador de crecimiento vegetal del grupo triazois que puede 

bloquear la biosíntesis del ácido giberleico, lo que resulta en una reducción en la altura y un 

mayor espesor del tallo de la planta. El objetivo de este estudio fue estudiar el efecto de 

diferentes dosis de paclobutrazol en la calidad de las plántulas Passiflora mucronata Lam. Se 

utilizaron dos genotipos de Passiflora mucronata, G5 (resistente) y G7 (tolerante) a 

fusariosis, preparado como esquejes tratados con PBZ. El diseño experimental fue 

completamente aleatorizado, en una disposición factorial de 2 x 4 correspondiente a dos 

genotipos (G5 y G7) y cuatro concentraciones de PBZ (0, 5, 10 y 15 mg planta-1), con tres 

repeticiones de cuatro plantas. Los datos fueron sometidos a análisis de varianza, análisis de 

regresión y la prueba F, seguido de la prueba de correlación de Pearson entre variables. El 

PBZ promovió un aumento en el diámetro del brote plagiotrópico y el índice de área de la 

hoja de los genótipos G5 y G7; aumentó la longitud de los brotes del genotipo G5 y el número 

de hojas del genotipo G7. PBZ también resultó en un aumento de la fotosíntesis y la 

conductancia estomatal. Hubo una correlación positiva para el genotipo G5 entre el diámetro 

del brote plagiotrópico y la tasa de transpiración de la hoja, y para el genotipo G7 entre el 

diámetro del brote plagiotrópico y el número de hojas. Los genotipos G5 y G7 mostraron 

diferentes respuestas fenotípicas cuando se sometieron a dosis de PBZ, proporcionando la 

divergencia intraespecífica de la especie.  

Palabras clave: Passifloraceae; Fruta de la pasión; Especies silvestres; Triazole. 

 



Research, Society and Development, v. 9, n. 12, e10891210862, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i12.10862 

4 
 

1. Introduction 

 

 Brazil stands out as the leading passion fruit producer and consumer in the world 

(Passiflora spp.), with a production of 593,429 tons obtained in 41,584 hectares (Ibge, 2019), 

mainly cultivated by smallholder farmers in small and medium-sized properties (Furlaneto et 

al., 2014; Santos et al., 2016). Passion fruit yield, however, is still low (14.10 t ha-1) due to the 

use of seeds of unknown genetic origin, coming from fruits produced in commercial orchards, 

in addition to the use of inappropriate crop management technologies associated with the 

occurrence of phytosanitary problems that have accentuated with crop expansion, especially 

the occurrence of soil fungi (Faleiro & Junqueira, 2016; Ibge, 2019; Flora Do Brasil, 2020).  

Passiflora mucronata Lam., found in the coastal restinga vegetation of the states of 

Espírito Santo and Rio de Janeiro (Magnago et al., 2011; Garbin et al., 2012), is a species of 

high agronomic interest for investigations due to its resistance to diseases such as bacterial 

leaf blight, fruit and branch anthracnose, and microorganisms such as Fusarium (Correia, 

2019). In this context, the species becomes a viable alternative as a control method for 

resistance detection and studies on graft compatibility with commercial species for use as 

rootstocks (Alexandre et al., 2013; Oliari et al., 2016; Schmildt et al., 2018). Grafting is a 

form of vegetative propagation that, using resistant/tolerant rootstocks, such as P. nitida, P. 

gibertii, P. setacea, and P. alata, allows establishing technically superior orchards compared 

with those formed by seeds, with greater disease and premature plant death control, enabling 

the multiplication of plants with better quality fruits and increased productivity, in addition to 

obtaining more homogeneous orchards with increased resistance to pests and diseases 

(Ruggiero; Corrêa, 1980), especially considering that, in areas under crop succession and 

irrigation, the decrease in yield caused by Fusarium wilt has been increasing (Toledo-Souza et 

al., 2012).  

In a study conducted with mini-grafting, which consists of grafting apical segments 

from adult plants on young rootstocks, P. edulis f. flavicarpa was grafted on P. mucronata 

rootstocks, with an 80% success rate (Alexandre et al., 2013). In another study, the P. edulis f. 

flavicarpa scion grafted on P. mucronata resulted in more than 90% success (Morgado et al., 

2015). Likewise, the mini-grafting of P. edulis on P. mucronata resulted in an 89% success 

rate (Oliari et al., 2016). 

However, despite the viability of grafting P. edulis on P. mucronata, the stem of P. 

mucronata has a smaller diameter than other Passifloraceae commercial species (Mauri et al., 



Research, Society and Development, v. 9, n. 12, e10891210862, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i12.10862 

5 
 

2020), which may hinder the growth of the commercial species due to their likely greater 

radial expansion, making the grafting process unfeasible. However, for better use of the 

species for grafting, it is necessary to use plants with larger diameters, justifying the need to 

study alternatives to modify the structure of the stem in P. mucronata, such as stem 

thickening, among which is the use of growth regulators. 

Among these growth regulators, paclobutrazol (PBZ) or β-[4(chlorophenyl) methyl-

1H-1,2,4,- triazole-1-ethanol] is one of the triazoles that has been used in agricultural crops, 

acting as an inhibitor of gibberellin biosynthesis and effectively promoting root formation in 

several species, such as tomato (Solanum lycopersicum L.) (Silva & Faria Junior, 2011) and 

wheat (Triticum aestivum L.) (Peng et al., 2014; Wang et al., 2014; Tesfahun & Menzir, 

2018). PBZ can block the biosynthesis of gibberellic acid, resulting in reduced height and 

increased stem thickness (Berova & Zlatev, 2000; Téllez et al., 2020). 

 However, the effect varies according to the developmental stage of the plant, the 

product concentration, species, cultivar, time, and type of application (Rademacher, 

2000; Mabvongwe et al., 2016; Oliveira et al., 2020). In Solanum lycopersicum L., PBZ 

application resulted in reduced plant height, increased stem diameter and leaf number, and 

altered root architecture (Pal et al., 2016), while in Solanum tuberosum L., PBZ application 

increased stem diameter by 74% (Mabvongwe et al., 2016). 

It is then verified that PBZ use can assist in increasing stem thickness in P. mucronata, 

allowing the grafting of other commercial species. Thus, this study aimed to evaluate the 

effect of different paclobutrazol concentrations on seedling quality of genotypes of Passiflora 

mucronata. 

 

2. Material and Methods 

 

The study was conducted from January to May 2020 in a plant nursery at the Center of 

Agricultural Sciences and Engineerings of the Federal University of Espírito Santo 

(CCAE/UFES), in Alegre, ES, Brazil. Two P. mucronata genotypes were used in the 

experiment, originated from the Cedro Farm, located in the municipality of Jaguaré, in the 

northern region of the state of Espírito Santo. The genotypes were grown in a vertical shoot 

positioning system in the experimental area of CCAE/UFES (20º 45'50" S and 41º 31' 58'' W, 

250 m) and in the Ponte da Braúna Farm (20º 45' S and 41º 29' W, 138 m), Rive district, 
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Alegre, ES. According to the Köppen international classification, the climate of the region is 

classified as Cwa, humid hot tropical, with cold and dry winters (Inmet, 2020). 

Two genotypes were used, namely G5 (resistant) and G7 (tolerant), respectively 

resistant and tolerant to Fusarium solani and Fusarium oxysporum f. sp. passiflorae (Correia, 

2019), originated from parent plants of Passiflora mucronata Lam. with five years of age 

grown in a vertical shoot positioning system. The herbaceous cuttings, each with two buds 

and measuring 10 cm, were prepared by removing the leaves, cutting the upper portion in a 

straight cut above the bud, and the lower portion in a bevel cut in the opposite position to a 

bud. Subsequently, the cuttings were treated with an aqueous solution in their basal portion 

for 10 seconds, with the application of 1,000 mg L-1 of indolebutyric acid (IBA) (Alexandre et 

al., 2014), and planted in 50 cm³ polyethylene tubes filled with the Bioplant® substrate, being 

kept in a plant nursery provided with a mist irrigation system. After 60 days of planting, the 

seedlings were transplanted to black plastic bags (9 x 15 cm) filled with the Bioplant® 

substrate, acclimatized for seven days under a polyolefin fabric (50% shading), and selected 

according to the size of the shoots, which were standardized in a 20 cm length, keeping only 

one shoot per plant. 

After 30 days, the plants were treated with different concentrations of the 

paclobutrazol (PBZ) plant regulator (0, 5, 10, and 15 mg plant-1), and applied via soil. 

The experimental design was completely randomized, in a 2 x 4 factorial arrangement 

corresponding to two genotypes (G5 and G7) and four paclobutrazol concentrations (0, 5, 10, 

and 15 mg plant-1) with three replications of four plants. Based on the work carried out by 

Siqueira et al., (2008) and França et al., (2018). 

At 45 days after PBZ application, the following variables were analyzed: plagiotropic 

shoot length (cm) – (CP) - measured from the base to the top of the shoot using a measuring 

tape; orthotropic shoot diameter (cm) – (DO) - measured at two centimeters from the base of 

the cutting; plagiotropic shoot diameter (cm) – (DP) - measured at two centimeters from the 

base of the shoot; leaf area index (cm2) – (IAF) - obtained with a millimeter ruler by 

measuring the largest leaf blade width (L) and determined by the model: AFE = 1.8963 L1.7275 

(Schmildt et al., 2017); and the number of leaves per plant – (NF). The following 

physiological variables were also measured: net CO2 assimilation rate (A, µmol CO2 m
-2 s -1), 

stomatal conductance (Gs, mol H2O m2 s-1), substomatal concentration (Ci, μmol mol-1), and 

leaf transpiration rate (E, mmol H2O m-2 s -1), measured with an infrared gas analyzer (IRGA 

Licor 6800XT). The physiological analyses with the IRGA were conducted from 9:00 a.m. to 
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12:00 p.m., on cloudless days, by sampling intermediate, three fully expanded leaves without 

any visual anomaly per plant. The photosynthetically active radiation was standardized under 

an artificial saturating light source of 1,000 μmol photons m-2 s-1, and the CO2 concentration 

within the chamber was established at 400 ppm. 

The data were subjected to regression analysis due to the high coefficient of 

determination (R2) and the significance of all regression coefficients. In all tests, p <0.01 was 

used as the significance value. The free software R was used for all statistical analyses (R 

Core Team, 2020). 

 

3. Results and discussion 

 

It was found that the length of the shoots of genotype G5 did not differ statistically 

between PBZ doses, showing a mean of 28.33 centimeters. However, genotype G7 showed a 

cubic behavior; initially increasing up to the dose of 5.0 mg plant-1, when it reached the 

highest shoot length value. However, with the further increase of PBZ doses, shoot size 

decreased along with internode elongation, without affecting the number of leaves (Figure 

1A). This behavior suggests that high PBZ doses are associated with a reduction in plant 

height, with an antagonistic and inhibitory action on the biosynthesis of gibberellins (GAs), 

affecting shoot elongation and corroborating the results obtained in Eragrostis tef (Zucc.) 

Trotter (Tesfahun & Menzir, 2018). 

For the orthotropic shoot diameter (DO), there was no significant interaction between 

genotypes G5 and G7 and between PBZ concentrations within each genotype, with a mean of 

0.34 and 0.35 cm, respectively. 

The plagiotropic shoot diameter (DP) of genotypes G5 and G7 was significantly 

affected by the PBZ doses, with quadratic growth. There was an increase in diameter with 

PBZ application, with the maximum efficiency achieved at the concentrations of 12.75 and 

14.75 mg plant-1, determining diameters of 0.1284 and 0.1519, with an increase of 33.88 and 

40.12%, respectively (Figure 1B). This growth can be explained by the plant growth 

regulating properties of PBZ, which acts by altering the levels of plant hormones such as 

gibberellins, abscisic acid (ABA), and cytokinins (Fletcher & Hofstra, 1990). PBZ acts as a 

gibberellin antagonist, which, besides reducing cell elongation, also increases shoot diameter 

and lignin accumulation (Pal et al., 2016; Rademacher, 2018). Thicker shoots favor 

maintenance and the production phase of the plant and act against the possible rupturing 
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caused by abiotic factors such as wind and rain and plant handling during crop management 

practices, constituting an essential characteristic that facilitates grafting. 

 

Figure 1. A. Plagiotropic shoot length (cm); B. Plagiotropic shoot diameter (cm); 

 

 

 
 
 
 
Ŷ5 = 19.8333+6.8167**x-
1.1650**x²+0.0490**x3; R²=0.99 
Ŷ7 = 28.3333ns 
 

 

 
 
 
 
 
 
 

Ŷ5 = 0.0959+0.0051**x-0.0002**x²; R²=0.99 
Ŷ7 = 0.1084+0.0059**x-0.0002**x²; R²=0.80 
 
 
 

**(p≤0.001); nsnot significant; Source: Elaborated by authors (2020). 

 

The leaf area indexes (IAF) between genotypes G5 and G7 did not differ significantly 

in response to the PBZ doses. A quadratic adjustment was observed for the genotypes, with 

the maximum response at the PBZ dose of 7.89 mg plant-1, resulting in an IAF of 14.03 cm2, 

20.29% higher than the control (Figure 2A). These results disagree with those found by 

Benett et al. (2014), who observed a reduction in the leaf area index (IAF) of plants treated 

with PBZ. However, with the increase in the PBZ doses, the leaf area index decreased. The 

leaf area index provides an indication of the photosynthetic surface, allowing to obtain an 

essential indicator for the compensation of plant responses to environmental factors (Lopes et 

al., 2004). 

 

A 

 

B 
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Figure 2. A. Number of leaves; B. Leaf area index (cm²). 

 

 
 
 
 
 
 
Ŷ5 Ŷ7 = 11.6696+0.5998**x-0.038**x²; R²=0.60 

 

 
 
 
 
 
 

Ŷ5 = 8.5ns 
Ŷ7 = 10.9467+0.18833**x; R²=0.97 
 

**(p≤0.001); nsnot significant; Source: Elaborated by authors (2020). 

 

The number of leaves (NF) of genotype G5 showed no statistical difference between 

the PBZ doses applied, with a mean of 8.5 leaves plant-1 (Figure 2B). These results suggest 

that PBZ, applied at low concentrations, does not change the number of leaves. However, leaf 

emission is reduced at higher doses (Braun & Garth, 1986; Jiao et al., 1986; Sankhla et al., 

1986; Vu & Yelenosky, 1992; Siqueira et al., 2008), an opposite behavior to that of genotype 

G7, which showed an increasing linear growth of this variable with PBZ application (Figure 

2B). Different phenotypic responses were observed in the studied genotypes (G5 and G7), 

suggesting the existence of intraspecific divergence between populations of P. mucronata, 

corroborating the results observed by França et al. (2018). 

Photosynthesis (A) showed a cubic response in the plants of genotype G7, while the 

plants of genotype G5 showed quadratic growth, increasing up to the maximum efficiency 

dose of 7.97 plant-1, with maximum values of 3.99 µmol CO2 m
-2 s-1, 23.91% higher than the 

control. However, as the dose increased, photosynthesis reduced (Figure 3A). This may be 

A 

 

B 
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related to the effect of PBZ in increasing the levels of endogenous cytokinins, consequently 

resulting in increased chloroplast differentiation, increased biosynthesis and lower 

degradation of chlorophyll in the leaves, and delayed degradation of the ribulose 1.5-

bisphosphate carboxylase-oxygenase (rubisco) enzyme, optimizing the carboxylation capacity 

of the plant (Skowron et al., 2016; Moura et al., 2017). 

 

Figure 3. A. Net CO2 assimilation rate (A, µmol CO2 m
-2 s-1); B. Stomatal conductance (gs, 

mol H2O m-2 s-1); C. Transpiration rate (E, mmol H2O m-2 s-1). 

 

 
 

 
 
 
 
 
Ŷ5 = 3.2285+0.1914**x-0.0120**x²; R²=0.91 
Ŷ7 = 2.33+0.508**x-0.082**x²+0.0034**x3; 
R²=0.99 

 

 

 
 
 

 
 
Ŷ5 = 0.09-0.0182**x+0.0039**x²-0.002**x3; 
R²=0.99 
Ŷ7 = 0.08+0.0204**x-0.0039**x²+0.002**x3; 
R²=0.99 
 
 

A 

B 
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Ŷ5 = 2.9485+0.1120**x-0.0039**x²; R²=0.88 
Ŷ7 = 2.61+0.6468**x-0.1387**x²+0.0062**x3; 

R²=0.99 
 

**(p≤0.001); nsnot significant; Source: Elaborated by authors (2020). 

 

The stomatal conductance (gs) of genotypes G5 and G7 showed opposite cubic 

responses. 

The leaf transpiration rate (E) of genotype G5 showed a similar quadratic response to 

that of gs with growing PBZ doses up to 14.35mg plant-1, with a transpiration rate (E) of 3.75 

mmol H2O m-2 s-1, 27.55% higher than the control (Figure 3C). This result may reflect a better 

soil-plant-atmosphere continuum (Paul et al., 2017), which directly influences the nutrient 

absorption capacity and, as mentioned, may have influenced the increase in the diameter and 

length of plagiotropic shoots. However, when applying the PBZ doses, genotype G7 showed a 

cubic response (Figure 3C). Nevertheless, although G7 showed lower rates of leaf 

transpiration, stomatal conductance, and photosynthesis, it showed higher values for the 

number of leaves and plagiotropic shoot length than genotype G5, which may have resulted in 

the larger plagiotropic shoot diameter of genotype G7. 

Regarding the physiological variable of substomatal CO2 concentration (Ci) between 

genotypes G5 and G7, there were no interactions or isolated effects of the PBZ concentrations 

within each genotype. This may be associated with the little variation in stomatal conductance 

values, promoting similar CO2 entry into the substomatal cavity of the plants treated with 

PBZ.  

 

C 
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Table 1. Orthotropic shoot diameter, plagiotropic shoot diameter, shoot length, leaf area 

index, number of leaves, photosynthesis, stomatal conductance, leaf transpiration rate, and 

substomatal CO2 concentration of clonal seedlings of Passiflora mucronata Lam. genotypes 

subjected to paclobutrazol doses. 

 

Genotypes 

Orthotropic shoot diameter (cm) Plagiotropic shoot diameter (cm) 
PBZ (mg Plant) PBZ (mg Plant) 

0.0 5 10 15 0.0 5 10 15 

G5  0.31a 0.40a 0.32a 0.32a 0.1008b 0.1225b 0.1341b 0.1316b 

G7 0.33a 0.38a 0.40a 0.33a 0.1183a 0.1300a 0.1683a 0.1541a 

CV (%) 6.80 2.16 

Genotypes Shoot length (cm) Leaf area index (cm2) 

G5 19.83b 30.91a 20.50b 25.33b 11.9a 15.9a 11.7a 13.2a 

G7 28.41a 27.25b 26.66a 31.00a 10.8a 13.6a 13.9a 11.7a 

CV (%) 6.56 9.34 

Genotypes Number of leaves Photosynthesis 

G5 8.0b 9.91b 7.25b 8.91b 3.27a 3.76a 4.06a 3.35a 

G7 10.75a 12.16a 12.83a 13.66a 2.33b 3.23b 2.51b 2.70b 

CV (%) 13.33 7.54 

Genotypes Stomatal conductance Leaf transpiration rate 

G5 0.09a 0.073b 0.116a 0.086a 3.00a 3.25a 3.83a 3.70a 

G7 0.08a 0.106a 0.066b 0.086a 2.61b 3.40a 1.94b 2.90b 

CV (%) 14.98 5.28 

Genotypes Substomatal CO2 concentration 

G5 292.8a 303.3a 297.5a 308.3a 
G7 321.4a 312.7a 302.8a 322.4a 

CV (%) 3.37 
 

1Means followed by the same lowercase letter in the column do not differ by the Tukey test (p≤0.005); 
Source: Elaborated by authors (2020). 

 

 

When comparing the genotypes G5 and the genotype G7 within each dose, the 

diameter of the orthotropic branch did not differ, however the diameter of the plagiotropic 

branch of the genotype G7 was greater than the genotype G5 in all doses tested, which can 

improve the grafting process, facilitating the growth of commercial species due to its greater 

radial expansion (Table 1).  

The shoot length of the G7 genotype was greater than the genotype G5 at doses of 0; 

10 and 15 mg Plant-1. Consequently, the highest number of leaves presented by the genotype 

G7 is observed in all doses, which may be correlated with the greater length of the shoots. 

The leaf area index did not differ between genotypes (Table 1).  

For the physiological variables, the genotype G5 has a higher photosynthetic rate than 

the genotype G7 at all doses. However, the substomatic concentration of CO2 did not differ 

between the genotypes. The rate of leaf transpiration of the genotype G5 was higher at doses 

0; 10 and 15 mg planta-1 (Table 1). 
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Thus, the dissimilar behavior between P. mucronata genotypes submitted to doses of 

paclobutrazol, corroborates the results observed by França et al. (2018), suggesting that there 

is intraspecific divergence between populations. 

Considering the better interpretation of agronomic traits obtained, comparisons were 

made between the variables. Pearson's linear correlation (r) was used to verify the associations 

between variables for genotypes G5 (Figure 4) and G7 (Figure 5).  

The plagiotropic shoot diameter (DP) and the leaf transpiration rate (E) showed a 

positive linear correlation with the PBZ concentrations (C), resulting in 0.85 and 0.83, 

respectively (Figure 4), suggesting that the PBZ dose applied linearly interferes with the 

plagiotropic shoot diameter and the leaf transpiration rate in genotype G5. Similarly, it is 

worth noting that DP showed a strong correlation with E (0.87). These responses obtained 

may be related to the effects of PBZ on the hormonal changes induced in plants, characterized 

by the inhibition of the synthesis of gibberellins, increasing the content of abscisic acid and 

gibberellin in the cells (Jaleel et al., 2007), corroborating the results of increased diameter 

observed in young coffee plants treated with PBZ up to the dose of 600 mg L-1 (D’arêde et al., 

2017). 

 

Figure 4 – Pearson’s correlations for genotype G5. 

 
 

C- PBZ doses; DP- plagiotropic shoot diameter; NF- number of leaves; CB- plagiotropic shoot length; 
AF- total leaf area index; DO- orthotropic shoot diameter; A- photosynthesis; gs-stomatal conductance; 

Ci- substomatal CO2 concentration; E- and leaf transpiration rate; Source: Elaborated by authors 

(2020). 

 

The number of leaves (NF) showed a positive linear correlation with shoot length 

(CP), resulting in 0.84. Likewise, CP showed a positive linear correlation with the total leaf 
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area index (AF), resulting in 0.78 (Figure 4), suggesting that shoot growth in length increases 

the number of internodes, consequently emitting a higher number of leaves. However, NF and 

CP showed a negative linear correlation with stomatal conductance (gs), corresponding to -

0.78 and -0.65, respectively (Figure 4), suggesting that while one trait increases, the other 

decreases, and vice-versa. This behavior shows that the plant can still control stomatal 

conductance even with greater length and number of leaves. PBZ can promote the activation 

of systems that increase resistance to abiotic stresses, such as the ability to control the total or 

partial closure of stomata, changing the plant source-sink relationship; that is, despite the 

greater length and number of leaves, the plant still has mechanisms to control stomatal 

conductance (Mohan et al., 2015; Srivastava et al., 2016) 

In genotype G7, the plagiotropic shoot diameter and the number of leaves showed a 

positive linear correlation with the PBZ concentrations applied, resulting in 0.8 and 0.86, 

respectively; that is, the higher the PBZ dose, the higher the DP and NF values. There was 

also a positive linear correlation between DP and NF, resulting in 0.73 (Figure 5). 

 

Figure 5 – Pearson's correlations for genotype G7. 

 
C- PBZ doses; DP- plagiotropic shoot diameter; NF- number of leaves; CB- plagiotropic shoot length; 

AF- total leaf area index; DO- orthotropic shoot diameter; A- photosynthesis; gs-stomatal conductance; 

Ci- substomatal CO2 concentration; E- and leaf transpiration rate; Source: Elaborated by authors 
(2020). 

 

The physiological variables related to stomatal conductance (Cs) and the leaf 

transpiration rate (E) showed a linear correlation with photosynthesis (A), resulting in 0.74 

and 0.63, respectively (Figure 5). Likewise, gs and E showed a linear correlation of 0.73; that 

is, when one variable increases, the other also increases, and vice versa. 
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4. Conclusions 

 

The studied genotypes (G5 and G7) showed different phenotypic responses when 

subjected to PBZ doses, highlighting the intraspecific divergence of the species. 

The plagiotropic shoots of the seedlings of genotypes G5 and G7 of Passiflora mucronata 

show larger diameters with the application of 10 mg plant-1 of paclobutrazol.  

The application of the 10 and 5 mg plant-1 PBZ doses increases photosynthesis in the 

seedlings of genotypes G5 and G7 of Passiflora mucronata. 

For further studies, it is recommended to apply paclobutrazol doses in other genotypes of P. 

mucronata and as they can be applied over time and prolong the evaluation time until fruit 

harvesting. 
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