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INTRODUCTION

Rose is an ornamental plant, which to be 
marketed in pots should have small size. There are 
miniroses that are naturally small and are well accept-
ed in the market; however, for medium-sized roses 
(30-60cm), size reduction with growth retardants is 
an alternative.

There are various physiological and 
morphological responses in plants treated with growth 
retardants, such as: reduced height, augmented root 
growth, improved plant architecture, increased levels 

of chlorophyll, changes in leaf anatomy, longer cycle, 
reduced leaf area, increased antioxidant potential, 
increased production of alkaloids, and changes in gas 
exchange (JALEEL et al., 2007; MAO et al., 2014). 
Depending on the dose of the retardant and the plant 
species, phytotoxicity, chlorosis, and leaf or flowers 
deformation may occur (RADEMACHER, 2015). 

Growth retardants, such as paclobutrazol 
(PBZ), are important tools in floriculture that help obtain 
smaller plants with proper size for commercialization 
in pots. According to RADEMACHER (2016), these 
chemicals affect plant metabolism by inhibiting the 
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ABSTRACT: Growth retardants, such as paclobutrazol, reduce plant height, and thus enable commercialization of larger ornamental plants 
in pots. The aim of this research was to evaluate the size, yield and flower quality of two rose cultivars as a function of various paclobutrazol 
applications to growing substrate. Treatments consisted of two cultivars (Yellow Terrazza® and Shiny Terrazza®) planted in plastic pots and five 
paclobutrazol doses (0, 0.5, 1.0, 1.5, and 2.0mg pot-1). The experiment was carried out in a greenhouse. Experimental design was randomized 
blocks with four replications. The following traits were evaluated: plant height; stem diameter, number of flowers and leaves of floral stem; 
length of flower bud; floral cycle, leaf area; flower diameter and floral longevity; chlorophyll content in leaves; and yield. Paclobutrazol im-
proved the quality and esthetics of flowers of both cultivars. It also reduced leaf dry matter production, plant height, flower height and diameter 
and increased chlorophyll content and flower longevity. Paclobutrazol effectively reduced plant height, producing a harmonious relationship 
between the plant and the pot, without phytotoxicity. Therefore, we suggested applying 2.0mgpot-1 of paclobutrazol to the substrate of Yellow 
Terrazza® and Shiny Terrazza® rose cultivars.
Key words: Rosa hybrid L.; growth retardant; floriculture.

RESUMO: A aplicação de retardantes de crescimento, como o paclobutrazol, reduz a altura das plantas e tem possibilitado a comercialização 
de algumas espécies ornamentais de maior porte em vasos. Objetivou-se com este estudo avaliar porte, produção e qualidade da flor de duas 
cultivares de roseira cultivadas em vaso em função da aplicação de doses de paclobutrazol no substrato. Os tratamentos foram dispostos em 
esquema fatorial 2x5, com duas cultivares de roseira (Yellow Terrazza® e Shiny Terrazza®) e cinco doses de paclobutrazol (0; 0,5; 1,0; 1,5 
e 2,0 mg vaso-1). O experimento foi conduzido em vasos plásticos sob ambiente protegido, em delineamento de blocos ao acaso com quatro 
repetições. Foram avaliados a altura das plantas; diâmetro, número de flores e folhas da haste floral; comprimento do botão floral; ciclo, área 
foliar; diâmetro floral e longevidade floral; teor de clorofila nas folhas e produção. A aplicação de paclobutrazol no substrato proporcionou 
melhoria na qualidade floral e estética de ambas cultivares de roseira. Também reduziu a produção de matéria seca foliar, altura da planta e 
diâmetro floral e aumentou o teor de clorofila e a longevidade floral. O paclobutrazol foi eficiente em reduzir a altura, conferindo uma relação 
harmoniosa entre a planta e o vaso, sem causar sintomas de toxidez e alterações morfológicas. Sugere-se a aplicação no substrato de 2mg 
vaso-1 de paclobutrazol para as cultivares de roseira Yellow Terrazza® e Shiny Terrazza® produzidas em vasos.
Palavras-chave: Rosa hybrida L.; retardante de crescimento; floricultura.
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production of natural gibberellins, which are responsible 
for cell elongation, thus controlling plant height.

Paclobutrazol is a chemical compound 
within the group of triazoles. It is characterized by high 
chemical activity in almost all species of ornamental 
plants. It is registered in Europe and North America 
(GROSSI et al., 2009). Compact plants with suitable 
height for commercialization in pots are obtained after 
applying PBZ to species like cloves, zinnia, iris, lily and 
sunflower (PINTO et al., 2005; AL-KHASSAWNEH 
et al., 2006; FRANCESCANGELI et al., 2007; 
BARBOSA et al., 2009).

The most common application methods of 
growth retardants are foliar sprays and media drench. 
Paclobutrazol shows good results for both methods 
(RADEMACER, 2015); however, drenches act longer 
and provide uniform control of plant height with lower 
doses (FRANÇA, et al., 2017). 

Efficacy of growth retardants may vary within 
cultivars of the same species (WHIPKER & MCCALL, 
2000). Therefore, it is important to optimize their use 
by selecting adequate dosage, cultivars, production 
conditions, and the desired effect (COCHRAN & 
FULCHER, 2013). For that, it is important to evaluate 
the effect of paclobutrazol on different species, even 
cultivars, to check if there are any morphological 
changes that may impede its use and whether obtained 
plant size is suitable for commercialization in pots. 

Thus, the aim of this study was to assess 
the size, production and quality of flowers of two 
rose cultivars grown in pots on substrate amended 
with paclobutrazol. 

MATERIALS   AND   METHODS

The experiment was conducted in a 
greenhouse from October to December, 2008. During 
that period, the minimum and maximum daily average 
temperatures were 17.3°C and 33.9°C respectively, 
and day and night relative average humidity was 
65.6% and 85.5%, respectively. The plants were kept 
under natural photoperiod and received the same 
amount of water and fertilizer. 

Treatments consisted of two rose cultivars 
‘Yellow Terrazza®’ (YT) and ‘Shiny Terrazza®’ (ST), 
and five paclobutrazol doses applied to the substrate 
(0, 0.5, 1.0, 1.5, 2.0mg pot-1). The experimental 
design was randomized blocks with four replications. 
Each experimental block consisted of one plant. The 
active ingredient -paclobutrazol- was obtained from 
a commercial product Cultar® (25% paclobutrazol).

Paclobutrazol drenches were split into two 
applications: first was carried out when the plants 

reached 1-2cm and the other 3-5cm, based on the 
results of the previous assay.

Yellow Terrazza® has an average height of 
45cm, produces up to three (or more) flowers per stem 
of an average diameter of 7cm with colors ranging 
from yellow cream to white. Shiny Terrazza® has an 
average height ranging from 40 to 45cm, with yellow 
flowers of an average diameter of 8cm. Young plants 
with two flower stalks were individually transplanted 
into plastic pots No. 12, (10cm high and 800cm-

3 volume capacity) containing 0.6kg of Plantmax® 

substrate based on pine bark and vermiculite. Pots 
were spaced 25x25cm apart on benches. After 
transplanting and acclimatization, plants underwent 
pruning down to two stems.

Plants were irrigated daily. Fertigation 
was performed twice a week, applying 100mL pot-

1 of 1.4g L-1 of Peters® fertilizer (NPK+ Ca + Mg + 
micronutrients), providing the following nutrients 
and their amounts (mg L-1): N– 200; P – 29.4; K 
– 166, Ca – 66,6; Mg – 26.6; B – 0.2; Cu – 0.094; 
Fe – 1.0; Mn – 0.494; Mo – 0.094, and Zn – 0.532, 
according to CARVALHO-ZANÃO et al. (2017). 
Assessments were made using the scale proposed by 
CUSHMAN et al. (1994) for floral opening stages, 
which characterizes each stage as: (1) closed bud, (2) 
petals closed and sepals open, (3) early opening of 
petals (traditional flower bud stage), (4) several petals 
open, (5) fully open (6) end of vase life (wilting and/
or dimming of one petal) (Figure 1).

The following traits were evaluated at 
stage 2: plant height (measured from the top edge 
of the pot to end of the flower bud), stem diameter, 
and number of leaves and flowers per flowering stem. 
Later, flower bud length was evaluated at stage 3 and 
flower diameter at stage 5.

The cycle was determined by counting 
days between pruning and stage 2, and floral longevity 
by counting days between stage 2 and stage 6. After 
stage 6, leaf area was evaluated using the MK2 meter 
(AT Delta-T Devices).

To determine dry matter, leaves, flowers 
and roots were detached from plants, washed and 
dried in oven with forced air circulation at 70°C until 
they reached constant mass. 

The determination of total chlorophyll 
content was performed using the colorimetric method 
described by PORRA et al. (1989), with 80% acetone 
as extractor. The leaves were taken from the middle 
third of the stem of plants with flower at stage 6. 

The data were submitted to analysis of 
variance. The effects on the cultivars were evaluated 
by F test at 5% probability, and PBZ doses by 
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regression analysis, with coefficients tested up to 5% 
probability error by the t test.

RESULTS   AND   DISCUSSION

Both rose cultivars did not differ in: 
the number of leaves and flowers per floral stem, 
production cycle, dry matter of flowers, and flower 
diameter (Table 1). Plants produced about ten leaves 
and two flowers with 8.2cm in diameter per stem; 
their cycle was around 50 days and flower dry matter 
1.7g plant-1.

Shiny Terrazza produced taller plants, 
with more leaf area and dry matter of leaves and 

roots relative to Yellow Terrazza. However, Yellow 
Terrazza produced thicker flower stems-longer floral 
bud, more durable flowers and higher chlorophyll 
content in leaves (Table 1).

No interaction between the evaluated 
traits was observed for measured variables, which 
means that the effect of the retardant did not depend 
on the cultivar. The PBZ doses linearly reduced 
plant height with increasing retardant doses 
(Figure 2A). Application of 2mg PBZ pot-1 reduced 
plant height by 27% (7.3cm) relative to the control. 
Similar results were observed by AHMAD et al. 
(2014) who studied doses of the same retardant in 
sunflower and zinnia.

Figure 1 - Scale for floral opening stages used by CUSHMAN et al. (1994): (1) closed bud, (2) petals closed and sepals open, (3) early 
opening of the petals (traditional flower bud stage), (4) several petals open, (5) fully open (6) end of vase life (wilting and/
or dimming of one petal).

Table 1 - Plant height; flowering stem diameters; number of leaves and flowers per flowering stem; cycle; flower bud length; flower 
diameter; floral longevity; leaf area; total chlorophyll content; and dry matter production of leaves, flowers and roots of two 
rose cultivars as a function of paclobutrazol doses applied to the growing substrate (n = 20). 

Production components Yellow Terrazza Shiny Terrazza CV% 

Plant height, cm 21.13b 23.06a 12.61 
Flowering stem diameters, cm 0.27b 0.31a 9.93 
Leaves per flowering stem 10.0a 9.7a 11.58 
Leaf area, cm² 150.01b 246.15a 11.92 
Flowers per flowering stem 2.00a 2.00a 10.97 
Dry matter production of  leaves, g plant-1 1.11b 2.12a 15.03 
Dry matter production of  flowers, g plant-1 1.70a 1.74a 6.08 
Dry matter production of  roots, g plant-1 1.81b 3.35a 18.45 
Floral cycle, d 48.60a 50.15a 6.43 
Flower bud length, cm 3.18a 2.87b 5.00 
Flower diameter, cm 8.17a 8.16a 3.83 
Floral longevity, d 9.45a 8.35b 10.50 
Total chlorophyll content, mg L-1 4.24a 3.65b 7.23 

 

Mean values followed by different letters in the column differ at 5% probability by F test. 
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Figure 2 - Plant height (A); leaf area (B); flowering stem diameter (C); dry matter production of leaves (DMPL) (D), flower 
bud length (E), flower diameter (F); floral longevity (G) and total chlorophyll content (H) of two rose cultivars as 
a function of paclobutrazol doses applied to the growing substrate. **p<0,01; *p<0,05.
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Height reduction of ornamental plants caused 
by PBZ has been observed by some authors in herbaceous 
plants. Doses ranging from 0.025 to 2mg pot-1 produced 
satisfactory results according to PINTO et al., 2005; AL-
KHASSAWNEH et al., 2006; HWANG et al., 2008. 

According to BARROSO et al. (2012), 
harmony between the plant and the pot is achieved 
when the height of the plant is 1.5 to 2 times the height 
of the pot, i.e., between 15 and 20cm for plants grown 
in pots of 10cm, as in the present research. This ideal 
height was obtained in this study with 2.0mg PBZ 
pot-1, resulting in plants with height of 19cm.

Leaf area and stem diameter decreased 
linearly with increasing PBZ doses (Figures 2B and 
2C). Reduction of leaf area and plant height with PBZ 
doses has also been observed by NAVARRO et al. 
(2007) in Arbustus unedo, HWANG et al. (2008) in 
Kalanchoe blosfeldiana cv. Gold Strike, and SINGH 
et al. (2016) in Pelargonium x hortorum.

Paclobutrazol causes growth reduction by 
inhibiting gibberellin biosynthesis, which expands and 
elongates meristematic cells in the internodes (TAIZ & 
ZEIGER, 2004). This fact probably explains the reduc-
tion of plant height, stem diameter, and leaf area.

PBZ drench did not affect the number of 
leaves on the flowering stem (ŷ = 9.85 leaves). This 
fact was also reported by PINTO et al. (2005) and 
Al-KHASSAWNEH et al. (2006), who reported no 
effect of PBZ on the number of leaves in zinnia and 
iris, respectively. However, the effect of PBZ seems 
to depend on plant species and retardant dose, as 
an increase in the number of leaves in Kalanchoe 
(HWANG et al., 2008) and sunflower (BARBOSA et 
al., 2009) and reduction in Arbutus unedo (NAVARRO 
et al., 2007), were observed after PBZ applications.

Increasing PBZ dose reduced dry matter 
of leaves linearly (Figure 2D). This fact is due to 
reduced plant height and leaf area. Similar reduction 
of foliar dry matter with PBZ doses was also reported 
in zinnia (PINTO et al., 2005) and summer tulip 
(PINTO et al., 2006).

Dry matter production of flowers was not 
correlated with PBZ doses (ŷ = 1.72). But, probably 
there was more carbon partitioning in flowers with 
PBZ doses, because a reduction of dry mass of leaves 
without changing dry matter production of flowers 
was observed. According to KUMAR et al. (2012) 
and MABVONGWE et al. (2016), paclobutrazol 
can change partitioning of assimilates in favor 
of reproductive organs, such as flowers, in to the 
detriment of vegetative organs, such as leaves. 

Dry matter production of roots was 
not correlated with PBZ doses (ŷ = 2.62g plant-1). 

WILKINSON & RICHARDS (1987) report that the 
growth of the root system can be reduced if the media 
drench contains high paclobutrazol concentration, 
which did not occur in this study.

Increasing PBZ doses reduced bud length 
and flower diameter linearly (Figures 2E and 2F, 
respectively). Reduction of flower diameter was 
subtle -0.8cm on average- compared to the control. 
Therefore, doses did not sabotage the commercial 
aspect of the flowers.  YAO & FINLAYSON (2015) 
also observed that the use of growth regulator 
reduced the bud length in Arabidopsis thaliana and 
WANDERLEY et al. (2014) also observed reduced 
diameter of sunflower inflorescence and genotypic 
differences caused by PBZ drench applications. It 
is noteworthy that PBZ reduced plant size without 
changing the quality of flower, rendering more 
harmonic plants in relation to the pot. There were 
no deformations of buds and flowers at administered 
doses.

Floral cycle and the number of flowers per 
stem were not affected by PBZ doses. On average, 
plants bloomed after 49.4 days and produced two 
flowers per stem. In ornamental plants, growth 
retardants often control the height without affecting 
flowering (BASRA, 2000). Regarding the number 
of flowers, it seems that this trait is affected by plant 
species, the retardant, and its dose. SINGH et al. 
(2016) obtained the highest number of flowers per 
plant with PBZ applied to geranium. 

Floral longevity increased linearly with 
PBZ doses (Figure 2G). The highest dose of PBZ 
extended flower longevity by 2.5 days relative to the 
control. FRANCESCANGELI & ZAGABRIA (2008) 
reported increased floral longevity of petunia with PBZ 
doses; however, SINGH et al. (2016) observed reduced 
floral longevity of geraniums. According to OLSEN 
& ANDERSEN (1995), growth retardants generally 
reduce flower longevity, but it depends on the dose, 
species, and the retardant. These authors found that 
PBZ did not alter floral longevity of cape marguerite 
(Osteospermum ecklonis cv. Calypso), but uniconazol, 
chloride chlormequat and flurprimidol did. 

Total chlorophyll content was significantly 
correlated with PBZ dose (Figure 2H). Increasing PBZ 
dose produced linear increase of total chlorophyll. 
This effect has already been observed by JALEEL et 
al. (2007), TANNIS et al. (2015) and CARVALHO 
et al. (2016). Chlorophyll content increased due to 
elevated production of endogenous cytokinin with the 
application of PBZ, which enhances differentiation of 
chloroplasts, chlorophyll synthesis and prevents its 
degradation (FLETCHER et al., 2000). In addition, 
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plant cells treated with PBZ are smaller with low 
chlorophyll concentration and reduced intercellular 
space (CATHEY, 1975). According to BARBOSA 
et al. (2009), the contrast between the green of the 
leaves and the flowers, due to increased chlorophyll 
content after applying paclobutrazol, increases visual 
attractiveness of plants; and consequently, facilitates 
their commercialization. 

CONCLUSION

Paclobutrazol drench application improves 
floral quality and aesthetics of rose cultivars Yellow 
Terrazza® and Shiny Terrazza® by reducing their height and 
providing harmonious relationship between plant and pot 
without causing toxic symptoms and floral deformation. 
Suggested paclobutrazol on drench dose is 2mg pot-1 for 
Yellow Terrazza®  and Shiny Terrazza® cultivars.
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