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Abstract

The objective of this trial was to determine the effect of two growth 
regulators on the fruit crown of Ananas comosus L. Merr. cv ‘MD-
2’ in San Ramón, Chanchamayo, Peru. Folicur® EW (Tebuconazole) 
and Big Hor (Auxin + Cytokinin + Gibberellin) were tested, both with 
two doses (1 and 2 %) and at 45, 55 and 65 days after flower induction 
treatment [FIT]. A DBCA with 13 treatments and four replications was 
used. Harvesting was done 170 days after FIT and crown length, crown 
weight, number of leaves per crown, fruit weight (with and without 
crown), fruit height and diameter, brix degrees, pH and titratable aci-
dity were evaluated. Both products decreased crown growth; this effect 
was on crown length and weight, not on the number of leaves in the 
crown, always the effect of Tebuconazole was significantly greater than 
that of Big Hor. In no case was there an effect on fruit weight and che-
mical characteristics. However, in some Tebuconazole treatments, fruit 
diameter was significantly increased. It is recommended to continue 
investigating growth regulators in other varieties, different agronomic 
management conditions and varying climates.

Keywords: crown size; fruit size; fruit quality; pineapple; Tebuconazole 

Resumen

Este trabajo tuvo como objetivo determinar el efecto de dos regula-
dores de crecimiento sobre la corona del fruto en Ananas comosus L. 
Merr. cv ‘MD-2’ en San Ramón, Chanchamayo, Perú. Se probaron 
el Folicur® EW (Tebuconazole) y Big Hor (Auxina + Citoquinina + 
Giberelina), ambos con dos dosis (1 y 2 %) y a 45, 55 y 65 días después 
del tratamiento de inducción floral [TIF]. Se usó un DBCA con 13 tra-
tamientos y cuatro repeticiones. La cosecha se hizo 170 días después 
del TIF y se evaluó longitud de la corona, peso de la corona, número 
de hojas/corona, peso del fruto (con y sin corona), altura y diámetro de 
fruto, grados brix, pH y acidez titulable. Ambos productos disminuye-
ron el crecimiento de la corona, este efecto fue sobre la longitud y el 
peso, no sobre el número de hojas de la corona, siempre el efecto del 
Tebuconazole, fue significativamente mayor que el Big Hor. En ningún 
caso, hubo un efecto sobre el peso y las características químicas del 
fruto, aunque en algunos tratamientos con Tebuconazole, el diámetro 



2/9 Effect of two growth regulators on the fruit crown of Ananas comosus L. Merr. cv 'MD-2'

Siembra 11(2) (2024) | e6284 ISSN-e: 2477-8850 

del fruto se incrementó significativamente. Se recomienda continuar investigando los reguladores de crecimiento en 
otras variedades, diferentes condiciones de manejo agronómico y climas.

Palabras claves: tamaño de la corona; tamaño de fruto; calidad del fruto; piña; Tebuconazole

1. Introduction

Pineapple is a fruit whose center of origin is in in tropical America, specifically in South America, where it 
was used diversely by indigenous peoples (Maraví Loyola, 2018). Currently, in the world, pineapple pro-
duction is led by Indonesia, Philippines, Costa Rica and Brazil (Shahbandeh, 2024). In the case of Peru, 
pineapple has been gaining consumer acceptance. It is among the top 30 crops on the domestic market. There 
were 16 000 ha of this crop in 2018 (Ministerio de Agricultura y Riego [MINAGRI], 2019). The main produ-
cing regions are Junín (42.0 %) and Loreto (13.7 %), and the main cultivar planted is Golden (Redagricola, 
2021). Globally, Peru ranks 48th as a pineapple exporter (PortalFrutícola, 2021). Although practically all of 
it is consumed by the domestic market, this fruit has a high potential for agroexport (Servicio Nacional de 
Sanidad Agraria del Perú [SENASA], 2017); which is why there is   increasing concern for achieving high 
quality standards.

Fruit quality is evaluated considering various characteristics, including the appearance and size of the 
crown. The latter should be in proportion to the fruit (crown length/fruit length ratio), being a desirable 
range between 0.33-1.5 (Paull & Chen, 2014); although this interval may change slightly, according to the 
Food and Agriculture Organization of the United Nations (FAO, 2011), the crown should represent between 
0.59 and 1.5 times the fruit length. These data suggest the visual importance of the size of the crown, which 
obviously affects its commercialization and sale price. Also, and from a logistical point of view, it is impor-
tant to control the size of the crown, as it is closely related to the size of the containers used for transport 
(Paull & Chen, 2014). However, in warm and humid conditions crown growth can be excessive.  

In the past, to achieve the desired fruit size and reduce crown size, the crown meristem was removed 
without damaging the fruit (Bello, 1991); however, this method was delicate, tedious and costly. In that 
sense, in recent years, fruit and crown size have been controlled with growth regulators (Norman, 1977; 
Sahoo et al., 2015; Yasser-Lorente et al., 2021) which are defined as chemical compounds synthesized in 
laboratories capable of regulating molecular, physiological and biochemical processes, which in turn, regu-
late crop growth and development, i.e., these substances, working at low concentrations, can promote or 
limit growth (Ferguson & Lessenger, 2006; Tadeu Dias, 2019). 

Among the latter, it can be mentioned auxins, cytokinins and gibberellins (Ferguson & Lessenger, 
2006) whose uses range from plant propagation to increasing fruit quality and size (Borjas-Ventura et al., 
2020; Rodrigues et al., 2020; Sáez Reyes, 2016). The use of these regulators in pineapple is scarce; but the 
few experiences have given positive results, and it is considered that, depending on the dose and compo-
sition, their application can improve fruit weight and quality (Padilla Laso, 2015). But there are chemical 
compounds that inhibit growth in the plant, one of these are the triazoles (Desta & Amare, 2021), which 
interfere in the synthesis of gibberellic acid by interrupting the oxidation of kaurene, kaurenol and kaure-
nal bringing about a decrease in cell division (Grossmann, 1990), and consequently a reduction in plant size 
without affecting other characteristics, such as yield. Among the different chemical substances belonging to 
the triazole group, we have Tebuconazole, a product widely used in agriculture as a fungicide. But the effect 
of this product on the growth of the pineapple fruit crown is poorly known, which limits its good use in the 
management of this crop in the field.

Pineapple is a crop that has been greatly technified in recent years in Peru, but there are some aspects 
in which more research is still needed; for example, in the use of growth regulators. Also, there is a large 
number of growth regulators on the Peruvian market that have not been tested on this crop, which makes it 
difficult to make a good choice of the molecule to use, especially among small farmers. Considering the afo-
rementioned considerations, this study was carried out with the objective of determining the effect of two 
growth regulators on fruit crown size in Ananas comosus L. Merr. cv ‘MD-2’ in San Ramón, Chanchamayo, 
Peru.
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2. Materials and Methods

This trial was carried out in the Fundo La Bretaña (840 m asl, 11°07’17” S and 75°21’10” W) located in the 
district of San Ramón, province of Chanchamayo, Junin region, Peru. The area is characterized by having an 
average temperature of 32°C and a rainfall of 1 850 mm, irregularly distributed throughout the year. It is con-
sidered that there are three periods of precipitation: high (January-April), medium (September-December) and 
low (May-June).

The trial lasted 16 months. Sowing started in March 2015 and harvest in March 2017, pineapple suckers 
cv MD2 were planted, each with an approximate weight of 300 g. The planting density was 50,000 plants per 
ha-1. The chemical characteristics of the soil were: pH 4.6, organic material content of 1.8 %, phosphorus con-
tent of 5.5 ppm, potassium content of 201 ppm, and a CEC of 5.32 meq 100 g-1 of soil.

The crop was managed following commercial criteria of Fundo La Bretaña; for fertilization 500, 100, 600 
and 50 kg ha-1 of N, P2O5, K2O and MgO were applied using Urea, diammonium phosphate, potassium chloride 
and Sulpomag as sources. Phosphorus was applied in its entirety at the time of transplantation, while nitro-
gen, potassium and magnesium were applied at 2, 4, 6 and 8 months after transplantation. The Floral Induction 
Treatment [FIT] was applied by applying Ethrel (480 g l-1 of Ethephon), in 10 month-old plants, at a dose of 
2 l ha-1. Additionally, and together with the application of Ethrel, 2 kg of urea dissolved in 200 liters of water 
were applied.

In this experiment, the effect of two growth regulators was studied, for which two commercial pro-
ducts were used: Folicur® EW and Big Hor. The first of them has Tebuconazole as an active ingredient, 
which belongs to the family of triazoles (growth inhibitor or retardant); while the second has in its composi-
tion Auxins (0.13 g l-1), Cytokinins (2.50 g l-1), Gibberellins (0.13 g l-1) that are considered growth stimulants 
(Ferguson & Lessenger, 2006). In addition, the product is easily found in the Peruvian market. Both products 
were applied at three times (45, 55 and 65 days after FIT) and at two different doses (1 % and 2 %). The details 
of the treatments are presented in Table 1, in each plant 10 ml of the solution was applied.

Table 1. Treatments applied to pineapple cv ‘MD-2’ in Chanchamayo, Peru.
Treatment Description Dosage Application time [DAFIT]*

T1 Folicur® EW 1% 45 

T2 Folicur® EW 1% 55 

T3 Folicur® EW 1% 65 

T4 Folicur® EW 2% 45 

T5 Folicur® EW 2% 55 

T6 Folicur® EW 2% 65 

T7 Big Hor 1% 45 

T8 Big Hor 1% 55 

T9 Big Hor 1% 65 

T10 Big Hor 2% 45 

T11 Big Hor 2% 55 

T12 Big Hor 2% 65 

T13 Control -- --
* DAFIT: Days after flower induction treatment

The pineapple fruits were harvested 170 days after the FIT, in each fruit the following variables were evalua-
ted: crown length (cm), from the base to the apex of the longest leaf, crown weight (g), number of leaves in 
each crown, fruit weight (with/without crown), fruit height and diameter (cm), soluble solids (Brix), pH and 
titratable acidity (%) using 0.1 N NaOH and phenolphthalein, and 5 ml of diluted pineapple juice in 25 ml of 
distilled water.

In this trial, a Completely Randomized Block Design [CRBD] was used, with 13 treatments and four 
repetitions. Each experimental unit consisted of four rows of 16 plants each (64 plants per e. u.), of which 16 
plants from the two central rows were evaluated to avoid the edge effect. For the variables number of leaves/
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crown, weight of the fruit with crown and titratable acidity, a data transformation was made, because they did 
not meet the assumptions of normality and homogeneity of variance (Box et al., 2008). Subsequently, a compa-
rison of means was made with the Tukey test (95 %) using the R software. In addition, the Pearson correlation 
coefficient was determined.

3. Results and Discussion

The control of the size of the pineapple fruit crown is very important since its uncontrolled growth can be detri-
mental to the commercialization of this tropical fruit. In this sense, this trial sought to determine the best way 
to control the growth of this tissue by using a growth stimulant Big Hor containingauxins, cytokinins and gib-
berellins and by using a growth inhibitor Folicur® EW whose active ingredient is Tebuconazole. The growth 
of the crown was evaluated by measuring its length, weight and the number of leaves (Figure 1). Statistical 
differences were only observed in the first two variables, in fact, in both cases the control treatment showed the 
highest values followed by Big Hor and Folicur® EW (p ≤ 0.05).

In particular, the control treatment showed a crown length of 32.68 cm, which was around 24 % and 114 
% higher than the values obtained by the plants that received Big Hor and Folicur® EW, respectively. In the 
case of crown weight, the control had 320.55 g, which was 22 % and 132 % higher than the weights obtained 
by the plants applied with Big hor and Folicur® EW (p ≤ 0.05). Although, for both variables, the most dras-
tic falls were those plants subjected to Folicur® EW applications: T3 (Folicur® EW: 1 % and 65 DAFIT), T5 
(Folicur® EW: 2 % and 55 DAFIT), and T6 (Folicur® EW: 2 % and 65 DAFIT), as shown in Figure 1. This drop 
in crown length caused by Tebuconazole is related to its ability to inhibit gibberellin synthesis, by preventing 
the formation of ent-kaurenoic from ent-kaurene and thus stunt growth (Rademacher, 2016). Growth reduction 
using Triazoles has been reported for other crops such as melon (Mohsin et al., 2019), tomato (Arivalagan & 
Somasundaram, 2017) and passion fruit (Teixeira et al., 2019). Likewise, no symptoms of phytotoxicity were 
observed, and there was also a high correlation between weight and crown length (Table 2).

From these results it can be inferred that Tebuconazole applications made at 65 DAFIT (both at 1 % 
and 2 %) were much more efficient in reducing the weight of the crown tissue, as shown in Figures 1 and 2. 
According to Cunha (2005), after 60 days of floral induction, the crown begins to form. The result was simi-
lar when the Big Hor was applied, at 65 DAFIT, it also significantly decreased the length of the crown (Figure 
1A); but the application of this type of product could be extended up to 70 and 100 DAFIT, as indicated by 
other authors (Barrantes Jiménez, 2008).

Although there was a decrease in crown height due to Tebuconazole, the number of crown leaves was sta-
tistically the same (73) for all treatments (p ≤ 0.05). This behavior was expected since one of the characteristics 
of these compounds is that they do not affect the number of leaves (Grossmann, 1990).

It is interesting to note that the application of the Big Hor stimulant (auxins + cytokinins + gibberellins) 
inhibited crown length and weight when compared to the Control treatment (p ≤ 0.05) (Figure 1). A similar 
result was observed by Barrantes Jiménez (2008) who found that applying a growth stimulator reduced the 
weight of the crown. This response may be due to an alteration in the flow of nutrients and sugars (Harms & 
Oplinger, 1988) in favor of the fruit caused by this growth regulator. In fact, an increase in the diameter of the 
fruit was evidenced, although it was not significant (Figure 3). On the contrary, the application of treatments 
T2 (Folicur® EW + 1 % + 55 DAFIT), T3 (Folicur® EW + 1 % + 65 DAFIT) and T6 (Folicur® EW + 2 % 
+ 65 DAFIT) significantly increased the diameter of pineapple compared to the control treatment (T13) (p ≤ 
0.05), as shown in Figure 3. Regarding the chemical characteristics of the fruit (brix, pH and titratable acidity), 
no changes were found caused by the treatments applied at a p ≤ 0.05 (Figure 4). This is because the products 
used are basically related to plant growth and not to the chemical characteristics of the fruit, although some 
cytokinins, such as benzylaminopurine [BAP], increase the content of capsaicin and ascorbic acid in Capsicum 
annum, according to what refer Borjas-Ventura et al. (2020) and Big Hor is a product that contains cytokinins 
(2.50 g l-1), although the available commercial information does not indicate what type.
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Figure 1. Effect of two regulators on pineapple crown growth cv. MD2, crown length (A), crown weight (B) and 
number of leaves per crown (C), in the province of Chanchamayo, Peru.*

* T1: [Folicur® EW (1 %), 45 DAFIT]; T2: [Folicur® EW (1 %), 55 DAFIT]; T3: [Folicur® EW (1 %), 65 DAFIT]; T4: [Folicur® EW (2 %), 45 
DAFIT]; T5: [Folicur® EW (2 %), 55 DAFIT]; T6: [Folicur® EW (2 %), 65 DAFIT]; T7: [Big Hor (1 %), 45 DAFIT]; T8: [Big Hor (1 %), 55 DAFIT]; 
T9: [Big Hor (1 %), 65 DAFIT]; T10: [Big Hor (2 %), 45 DAFIT]; T11: [Big Hor (2 %), 55 DAFIT]; T12: [Big Hor (2 %), 65 DAFIT]; T13: Control. 
DAFIT: Days after flower induction treatment. Different letters indicate statistical difference (Tukey test 95%).

Figure 2. Size of the pineapple fruit crown cv. MD2 in the control without application (A) and due to the effect of the application of 
Tebuconazole at 2% and 65 days after the FIT (B), in Chanchamayo, Peru.
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Figure 3. Effect of two growth regulators on the characteristics of the fruit of pineapple cv. MD2 in fruit weight with 
crown (A), fruit weight without crown (B), fruit length (C) and fruit diameter (D) in the province of Chanchamayo, Peru.*

* T1: [Folicur® EW (1 %), 45 DAFIT]; T2: [Folicur® EW (1 %), 55 DAFIT]; T3: [Folicur® EW (1 %), 65 DAFIT]; T4: [Folicur® EW (2 %), 45 
DAFIT]; T5: [Folicur® EW (2 %), 55 DAFIT]; T6: [Folicur® EW (2 %), 65 DAFIT]; T7: [Big Hor (1 %), 45 DAFIT]; T8: [Big Hor (1 %), 55 DAFIT]; 
T9: [Big Hor (1 %), 65 DAFIT]; T10: [Big Hor (2 %), 45 DAFIT]; T11: [Big Hor (2 %), 55 DAFIT]; T12: [Big Hor (2%), 65 DAFIT]; T13: Control. 
DAFIT: Days after flower induction treatment. Different letters indicate statistical difference (Tukey test 95%).

Figure 4. Effect of two growth regulators on the chemical characteristics of pineapple fruit cv. MD2, 
brix (A), pH (B) and titratable acidity (C), in the province of Chanchamayo, Peru.

* T1: [Folicur® EW (1 %), 45 DAFIT]; T2: [Folicur® EW (1 %), 55 DAFIT]; T3: [Folicur® EW (1 %), 65 DAFIT]; T4: [Folicur® EW (2 %), 45 
DAFIT]; T5: [Folicur® EW (2 %), 55 DAFIT]; T6: [Folicur® EW (2 %), 65 DAFIT]; T7: [Big Hor (1 %), 45 DAFIT]; T8: [Big Hor (1 %), 55 
DAFIT]; T9: [Big Hor (1 %), 65 DAFIT]; T10: [Big Hor (2 %), 45 DAFIT]; T11: [Big Hor (2 %), 55 DAFIT]; T12: [Big Hor (2%), 65 DAFIT]; 
T13: Control. DAFIT: Days after flower induction treatment. Different letters indicate statistical difference (Tukey test 95%).
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Table 2. Correlations between the variables of fruit size, crown length and fruit quality 
of pineapple cv. MD2 in Chanchamayo, Peru.*

CW NL-C CL FWwC FWwoC FL FD Brix pH TAc
CW - 0.25 0.96 -0.05 0.48 -0.21 -0.19 -0.09 0.06 -0.22
NL-C - - 0.28 -0.01 -0.18 0.02 0.07 0.10 0.02 0.08
CL - - - -0.07 -0.48 -0.22 -0.17 -0.09 0.03 -0.22
FWwC - - - - 0.84 0.07 -0.15 -0.02 0.11 0.05
FWwoC - - - - - 0.26 -0.01 0.02 0.00 0.21
FL - - - - - - 0.32 0.00 -0.18 0.32
FD - - - - - - - 0.10 -0.03 0.30
Brix - - - - - - - - 0.06 0.13
Ph - - - - - - - - - -0.06
TAc - - - - - - - - - -

* CW: Crown weight. NL-C: Number of crown leaves. CL: Crown length. FWwC: Fruit weight with crown. FWwoC: Fruit weight without crown. FL: 
Fruit length. FD: Fruit diameter. TAc: Titratable acidity.

4. Conclusion

The two products studied decreased crown growth; however, this effect was on length and weight and not on 
the number of leaves in the crown. In all cases the effect of Tebuconazole was significantly higher than that 
of Big Hor. In none of the cases was there an effect on the weight and chemical characteristics of the fruit, 
although in some treatments with Tebuconazole, the diameter of the fruit increased significantly. The results 
are interesting for future commercial use, but it is recommended to continue investigating the effect of growth 
regulators on other pineapple varieties, as well as different agronomic management and climate conditions.
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