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Significance of this study
What is already known on this subject?
• It was previously demonstrated that PBZ is effective 

in controlling plant height and enhancing colour of a 
large number of floriculture crops. However, differ-
ent species have their own needs as to way of appli-
cation (spray or substrate drench) and appropriate 
dosage.

What are the new findings?
• The study showed that PBZ as a substrate drench 

reduces plant height and enhances foliage colour in 
potted Dianthus barbatus × chinensis, a species at 
present cultivated as a cut flower. Appropriate dos-
age ranges from 0.5 to 1 mg a.i. per pot depending on 
pot size, cultivar and season.

What is the expected impact on horticulture?
• The ornamental plant market is characterized by 

being eager for novelties. Therefore, the use of  
Dianthus barbatus × chinensis as a new flowering pot 
crop, which is made possible by height control, may 
represent an opportunity for growers.

  Summary
Dianthus barbatus × chinensis is a perennial herb 

derived from the interspecific cross between Sweet 
Williams (D. barbatus L.) and China pink (D. chinen-
sis L.). At present cultivated as a cut flower, it could 
be potential as a flowering potted plant, but height 
control should be performed. In this study, the 
possibility to reduce plant height by the use of pa-
clobutrazol (triazole; PBZ) was investigated in four 
cultivars. In addition, the effect of PBZ on flowering 
(inflorescence number and size, and flowering time) 
and on leaf colour was evaluated. Two experiments 
were carried out in different seasons (correspond-
ing to autumn potting and summer potting, respec-
tively) and PBZ was applied as a substrate drench 
at different dosages: 0.5, 1, and 2 mg per pot for au-
tumn-potted plants; 0.25, 0.5, and 1 mg per pot for 
summer-potted plants. Paclobutrazol resulted to be 
effective in controlling plant height in all the studied 
cultivars without producing any toxicity symptoms. 
Neither effect of PBZ on number and size of inflores-
cences, nor on flowering time was observed. On the 
contrary, PBZ enhanced leaf colour.

Keywords
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Introduction
Dianthus barbatus × chinensis is a perennial herb ob-

tained from the interspecific cross between Sweet Wil-
liams (D. barbatus L.) and China pink (D. chinensis L.). The 
hybrid combines Sweet Williamsʼ phenotype with the abil-
ity to flower almost all year round, inherited from China 
pink.

D. barbatus × chinensis shows corymbs, 5–10 cm in di-
ameter, formed by dense flowers with five monochromatic 
or multi-coloured petals. The species is interesting as or-
namental crop due to the wide colour range, varying from 
white to pink, red, and violet, the stability of cultivar traits, 
ensured by cutting propagation, multi-season flowering, 
high pest and disease resistance, and tolerance to low tem-
peratures.

At present D. barbatus × chinensis is cultivated as a cut 
flower whose stems, about 40 cm long, are particularly ap-
preciated for their long vase-life. This interspecific hybrid 
could have potential as a flowering potted plant, but in that 
case height control should be performed in order to achieve 
a satisfying quality, being height one of the controversial 
features of ornamental plant pot cultivation (Larcher et 

al., 2011). Compact plants, which are balanced with their 
pot size, are more aesthetically pleasing and, consequently, 
more appreciated by customers; furthermore, smaller-
sized plants fit better in standard delivery trolleys and re-
sult in reduced shipping cost (Bañón et al., 2002; Newton 
and Runkle, 2010).

The most effective type of height control in plants re-
quires the application of chemicals acting as plant growth 
retardants (Larcher et al., 2011). Among them, paclobutra-
zol (triazole; PBZ) is the most widely used for green-
house-grown floriculture crops in the USA (Whipker and 
Latimer, 2013). Paclobutrazol has demonstrated to provide 
height control in a large number of floriculture crops, in-
cluding several flowering potted plants (Faust et al., 2001; 
Bañón et al., 2002; Meijon et al., 2009; Currey and Lopez, 
2010; Newton and Runkle, 2010; Larcher et al., 2011; 
Wahyuni et al., 2011). In addition, PBZ has been reported 
to increase plant ornamental value by enhancing flower-
ing (Mishra et al., 2005; Thompson et al., 2005) and foliage 
colour (Bañón et al., 2001, 2002, 2003; Mansuroglu et al., 
2009; Meijon et al., 2009).

Paclobutrazol is commonly applied as foliar spray or 
substrate drench, but the latter has been found to be more 
effective to reduce plant size (Barrett et al., 1994; Bañón 
et al., 2002). Effectiveness depends also on the adminis-
tration of appropriate dosage, that may vary with species, 

German Society for 
Horticultural Science



88 E u r o p e a n  J o u r n a l  o f  H o r t i c u l t u r a l  S c i e n c e

Lenzi et al.  |  Effect of PBZ in potted Dianthus barbatus × chinensis

cultivar, environmental conditions and desired magnitude 
of response (Gent and McAvoy, 2000). In this study the ca-
pability of PBZ to reduce plant height as well as its effect on 
flowering and leaf colour were investigated in four culti-
vars of D. barbatus × chinensis grown in pot.

Materials and methods

Plant material, growing conditions and experimental 
treatments

The effect of PBZ on D. barbatus × chinensis was stud-
ied in two different experiments, the first during an au-
tumn-to-spring cycle (autumn potting on 25 October 2011, 
end of the experiment on 6 June 2012) and the second in 
a summer-to-autumn cycle (summer potting on 11 July 
2012, end of the experiment on 19 December 2012). Pa-
clobutrazol treatment was performed on 15 February 2012 
and 21 August 2012 for the first and the second experi-
ment, respectively. The two experiments were carried out 
at A.B.R. Nursery in Viareggio (Lucca), on the west coast 
of central Italy (43°52’N, 10°14’E), in an unheated green-
house under natural sunlight. Main climatic conditions 
during the experiments were (mean±SE): 9.7±0.36°C min-
imum temperature, 29.5±0.43°C maximum temperature, 
52.2±1.12% minimum relative humidity (RH), 88.8±0.39% 
maximum RH (autumn potting experiment); 16.4±0.49°C 
minimum temperature, 31.4±0.63°C maximum tempera-
ture, 51.3±0.75% minimum RH, 79.9±0.69% maximum RH 
(summer potting experiment).

As starting material rooted cuttings (6–8 cm in height, 
4–5 leaves) of four cultivars of D. barbatus × chinensis of dif-
ferent colour [‘Bianco Poggio’ (white), ‘Malva Bruno’ (pink), 
‘Rosso Pinò’ (red), ‘Bicolore Viola Nuovo’ (violet)], provided 
by Artemisia Nursery (Vecchiano, Pisa, Italy), were used 
in both the experiments. Cuttings were potted into plastic 
pots (one cutting per pot) filled with a mixture of peat and 
perlite (Special C, Gebr. Brill Substrate GmbH and Co. KG, 
Germany). Pots 14 cm in diameter (1.2 L in volume) were 
used for autumn potting. For summer potting, hypothe-
sizing that, during the summer-to-autumn cycle, an ear-
lier flower differentiation could bring to smaller finished 
plants, pots 12 cm in diameter (0.75 L in volume) were used 
to ensure an adequate equilibrium between plant and pot.

Plants were fertigated with 0.6 g L-1 of 8-16-24 (N-P2O5-
K2O) water-soluble fertilizer every 7–10 days until flow-
ering, and manually irrigated as necessary. Pinching was 
performed twice on plants 8–10 cm high, leaving three or 
four nodes. After the second pinching, when plants reached 
again 8–10 cm in height, PBZ was applied as a substrate 
drench of Cultar (25% a.i., w/v; Syngenta, Switzerland) at 
different dosages: 0.5, 1, and 2 mg a.i. per pot in the first 
experiment; 0.25, 0.5, and 1 mg a.i. per pot in the second 
experiment. The different dosages were obtained by sup-
plying pots with the same volume (100 and 65 ml per pot 
for 14 and 12 cm pots, respectively) of Cultar solutions con-
centrated as follows: 20, 40, and 80 μL L-1 in the first exper-
iment; 15.4, 30.8, and 61.5 μL L-1 in the second experiment. 
Control plants were supplied with the same volume of only 
water.

Pots were arranged in a completely randomized design 
with 16 replicates in the autumn potting experiment and 9 
replicates in the summer potting experiment (one replicate 
corresponding to one pot).

Data collection and statistical analysis
Flowering was monitored by recording the number of 

flowering plants once a week from the beginning of bloom 
for eight weeks (end of the experiments). Plants were con-
sidered to be in flower when they showed at least one in-
florescence with five open flowers. At the end of the exper-
iments, the following parameters were measured on single 
flowering plants: height (from the pot rim to the apical tip), 
number of corymbs, diameter of corymbs showing at least 
five open flowers. Plants that did not flower within eight 
weeks since the beginning of bloom were considered too 
late and consequently excluded from measurements. In ad-
dition, leaf colour was evaluated at the beginning of bloom 
by measuring SPAD values with a Chlorophyll-Meter SPAD-
502 (Konica Minolta Sensing, Inc., Osaka, Japan). Leaf SPAD 
was measured in one leaf per plant, choosing leaves in the 
medial part of the stem.

Data were submitted to two-way ANOVA (PBZ × cul-
tivar) using the IBM SPSS Statistics for Windows, version 
20 (IBM Corp., Armonk, NY, USA). Treatment means were 
separated by Tukey Test at P<0.05. When interaction PBZ 
× cultivar was significant, linear regression analysis was 
performed.

Results

Plant height
Paclobutrazol treatment produced a significant de-

crease in plant height with respect to control depending 
on the dosage (Table 1). A level of 0.25 mg per pot, applied 
only in the summer potting experiment, was not effec-
tive, while, above 0.25 mg, increasingly high effects were 
observed with increasing dosages. As the average of the 
four cultivars, in the autumn potting experiment the three 
dosages (0.5, 1, and 2 mg PBZ per pot) reduced plant height 
by 43%, 56%, and 68%, respectively, and in the summer 
potting experiment 33% and 55% height reductions were 
produced respectively by 0.5 and 1 mg PBZ per pot.

A significant effect of the cultivar on plant height was 
also noticed (Table 1). Considering the average of all the 
PBZ-treated and non-treated plants, ‘Bianco Poggio’ and 
‘Bicolore Viola Nuovo’ showed shorter PBZ-treated plants 
than ‘Rosso Pinò’, while in ‘Malva Bruno’ an intermediate 
height was observed. 

The interaction PBZ × cultivar was significant only 
in the summer potting experiment, when PBZ showed a 
stronger effect in ‘Bianco Poggio’ and ‘Malva Bruno’ than in 
‘Rosso Pinò’ and ‘Bicolore Viola Nuovo’ (Table 1). Anyway, 
height reduction in response to PBZ increase fit a linear re-
gression model in all the cultivars (Table 2).

Corymb number
Corymb number was not affected by PBZ (Table 1). A 

varietal effect on this parameter was observed in both the 
experiments, although with some differences between the 
two seasons (Table 1). In fact, in the autumn potting experi-
ment ‘Malva Bruno’ developed a higher number of corymbs 
than ‘Bicolore Viola Nuovo’ and especially ‘Bianco Poggio’, 
while in the summer potting experiment a higher number 
of flowers was detected in ‘Bicolore Viola Nuovo’ than in 
‘Bianco Poggio’ and ‘Rosso Pinò’ (Table 1). Furthermore, 
in the summer-potting experiment the two-way ANOVA 
showed a significant interaction PBZ × cultivar, and regres-
sion analysis revealed a linear dependency of corymb num-
ber on PBZ level only in ‘Bianco Poggio’ (Table 2).
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Table 1. Effect of PBZ on plant height, corymb number, corymb diameter, leaf colour, and flowering time in four cultivars 
(BP = ‘Bianco Poggio’, MB = ‘Malva Bruno’, RP = ‘Rosso Pinò’, BVN = ‘Bicolore Viola Nuovo’) of D. barbatus × chinensis in two 
different experiments.

Parameter PBZ
(mg per pot)

Cultivar ANOVA

BP MB RP BVN PBZ Cultivar PBZ x
cultivar

Autumn potting experiment

Plant height
(cm)

0 (control) 28.0 27.2 28.3 24.8

*** *** n.s.
0.5 14.7 15.8 17.3 13.6
1 10.5 12.6 13.2 8.7
2 7.5 8.9 9.5 8.6

Corymbs
(number per plant)

0 (control) 2.1 2.6 2.8 2.0

n.s. *** n.s.
0.5 1.9 2.7 2.1 1.8
1 1.6 3.2 2.7 2.4
2 1.7 3.5 3.0 2.0

Corymb diameter
(cm)

0 (control) 5.7 5.1 5.9 6.0

** *** n.s.
0.5 5.2 5.2 6.1 6.4
1 5.0 6.3 5.8 5.7
2 5.1 5.0 5.7 5.4

Leaf colour
(SPAD)

0 (control) 38.4 37.1 33.0 36.8

*** *** ***
0.5 43.2 51.2 30.7 45.0
1 50.0 56.2 40.7 47.1
2 54.1 53.3 46.8 50.2

Flowering time
(weeks after potting)

0 (control) 29.1 27.6 29.8 28.8

n.s. *** n.s.
0.5 29.5 27.0 29.5 27.6
1 29.4 27.6 28.3 26.2
2 29.1 28.4 28.6 26.4

Summer potting experiment

Plant height
(cm)

0 (control) 27.2 26.7 26.1 24.8

*** *** **
0.25 25.2 29.7 29.7 23.4
0,5 12.6 18.1 24.3 17.4
1 8.9 10.4 13.9 14.5

Corymbs
(number per plant)

0 (control) 3.4 3.4 1.3 3.3

n.s. *** **
0.25 3.1 2.7 2.3 3.4
0,5 2.8 3.8 2.0 3.4
1 2.2 2.6 1.9 4.2

Corymb diameter
(cm)

0 (control) 5.5 5.8 6.6 6.3

n.s. * n.s.
0.25 5.7 6.4 6.2 6.0
0.5 5.6 5.8 5.8 5.8
1 5.2 5.8 5.7 5.9

Leaf colour
(SPAD)

0 (control) 69.4 72.8 67.1 66.9

*** *** **
0.25 71.9 73.8 72.0 70.1
0.5 80.9 77.7 79.1 66.2
1 80.2 82.6 80.4 72.8

Flowering time
(weeks after potting)

0 (control) 16.8 18.4 19.1 16.1

n.s. *** n.s.
0.25 16.3 17.1 19.4 15.4
0.5 16.1 16.3 20.0 15.4
1 17.4 17.0 20.2 15.6

n.s.: non-significant; * significant at P<0.05; ** significant at P<0.01; ***significant at P<0.001.
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Corymb diameter
Corymb size was affected by PBZ only in the autumn 

potting experiment, when dosages of 1 and 2 mg PBZ per 
pot reduced corymb diameter in comparison with 0.5 mg 
per pot (Table 1). Among the cultivars, ‘Bianco Poggio’ 
showed smaller corymbs than ‘Rosso Pinò’ and ‘Bicolore  
Viola Nuovo’ in both the experiments (Table 1). The interac-
tion between the two factors was not significant (Table 1).

Leaf colour (SPAD)
As revealed by SPAD values, leaf colour was enhanced 

by PBZ treatment with increasing effects at increasing dos-
ages (Table 1). As the average of the four cultivars, in the 
autumn potting experiment SPAD increased by 17%, 34%, 
and 42% with respect to control in plants treated respec-
tively with 0.5, 1, and 2 mg PBZ; in the summer potting 
experiment, 3%, 10%, and 13% increases of SPAD values 
were detected in plants treated with 0.25, 0.5, and 1 mg 
PBZ, respectively.

Cultivars differed in leaf colour and responded dif-
ferently to PBZ, as revealed by the significant interaction 
between the two factors (Table 1). ‘Malva Bruno’ showed 
darker leaves than the other cultivars, although the differ-
ences with respect to ‘Bianco Poggio’ and ‘Rosso Pinò’ were 
significant only in the autumn potting experiment; in the 
summer potting experiment ‘Bicolore Viola Nuovo’ showed 
paler leaves than all the other cultivars (Table 1). In every 
cultivar, except ‘Bicolore Viola Nuovo’ in the summer pot-
ting experiment, SPAD varied in response to PBZ increase 
according to a linear regression model, but with some dif-
ferences among cultivars in the effectiveness of the differ-
ent dosages (Tables 1 and 2). In the autumn potting exper-
iment, 0.5 mg PBZ per pot were enough to enhance colour 
in ‘Bianco Poggio’, ‘Malva Bruno’, and ‘Bicolore Viola Nuovo’ 
but not in ‘Rosso Pinò’, that, on the contrary, in the summer 
potting experiment was the only cultivar in which 0.25 mg 
PBZ per pot were effective in producing darker leaves as 
compared with control.

Flowering time and percentage
Considering flowering time of single plants, statistical 

analysis revealed significant differences among the culti-
vars, while no effect of PBZ was observed, and interaction 
PBZ × cultivar was not significant (Table 1). In the autumn 
potting experiment, on average, ‘Bianco Poggio’ and ‘Rosso 
Pinò’ plants flowered about one week later (29 weeks af-

ter potting) than ‘Malva Bruno’ and ‘Bicolore Viola Nuovo’ 
plants (28 weeks after potting). In the summer potting 
experiment, ‘Rosso Pinò’ was the latest cultivar to flower 
(19.7 weeks after potting as the average of all the PBZ 
treatments), while ‘Bicolore Viola Nuovo’ was the earliest 
(on average, 15.7 weeks after potting), but not significantly 
earlier than ‘Bianco Poggio’.

Depending on the cultivar and the applied dosage of 
PBZ, flowering started 25–28 weeks and 13–18 weeks after 
potting respectively in the autumn potting experiment and 
in the summer potting experiment, and showed to be quite 
asynchronous even within the same PBZ × cultivar com-
bination (Figures 1 and 2). In the autumn potting experi-
ment, on the whole, more PBZ-treated plants than controls 
reached flowering at the end of the experiment; however, 
flowering occurred in 100% of plants only in ‘Rosso Pinò’ 
treated with 1 or 2 mg PBZ per pot (Figure 1). Among the 
cultivars, ‘Bianco Poggio’ and ‘Bicolore Viola Nuovo’ showed 
a lower number of flowering plants than ‘Malva Bruno’ and 
‘Rosso Pinò’ (Figure 1). In the summer potting experiment, 
‘Bianco Poggio’ and ‘Bicolore Viola Nuovo’ reached 100% of 
flowering plants in eight weeks, irrespective of PBZ treat-
ment, while, at the end of the experiment, ‘Malva Bruno’ 
reached 100% of flowering plants only when it was treated 
with 0.25 and 1 mg PBZ, and ‘Rosso Pinò’ only at the highest 
dosage of PBZ (Figure 2).

Discussion
Paclobutrazol is effective as growth retardant on a wide 

range of plants including Dianthus L. In this genus, PBZ is 
more frequently used to control plant height in bedding 
plants (Whipker, 2013), but it has been successfully ap-
plied also to pot crops of D. caryophyllus (Foley and Keever, 
1991; Bañón et al., 2002) and D. chinensis (Foley and Keever, 
1991). Our results proved the effectiveness of PBZ in reduc-
ing height also in the hybrid D. barbatus × chinensis grown 
in pot in different seasons. Four cultivars were tested, and 
all of them responded to PBZ treatment.

Foley and Keever (1991) used PBZ as foliar spray, but 
Bañón et al. (2002) demonstrated that drench applications 
were more effective, allowing to use lower quantity of PBZ, 
which is desirable for both ecological and economic rea-
sons. For D. caryophyllus ‘Mondriaan’, assuming an ideal 
height of 14 cm for plants grown in 10.5 cm pots, Bañón et 
al. (2002) recommended dosages of 0.25 mg PBZ per pot 
in case of winter cultivation (autumn potting). For spring-

Table 2. Linear regression of plant height, corymb number, and leaf colour on PBZ dosage in four cultivars (BP = ‘Bianco 
Poggio’, MB = ‘Malva Bruno’, RP = ‘Rosso Pinò’, BVN = ‘Bicolore Viola Nuovo’) of D. barbatus × chinensis in two different 
experiments. Analysis was performed when interaction PBZ × cultivar was significant (see Table 1).

Parameter Experiment Cultivar
BP MB RP BVN

Plant height Summer potting R2 = 0.87**
y = -19.81x + 27.14

R2 = 0.84**
y = -18.78x + 29.44

R2 = 0.78**
y = -13.99x + 29.62

R2 = 0.92**
y = -10.96x + 24.82

Number of corymbs Summer potting R2 = 1**
y = -1.20x + 3.40 n.s. n.s. n.s.

Leaf colour (SPAD)
Autumn potting R2 = 0.94**

y = 7.91x + 39.50
R2 = 0.50**

y = 7.01x + 43.32
R2 = 0.85**

y = 7.93x + 30.86
R2 = 0.82**

y = 6.07x + 39.46

Summer potting R2 = 0.72**
y = 11.57x + 70.54

R2 = 0.98**
y = 10.30x + 72.22

R2 = 0.84**
y = 6.69x + 68.8 n.s.

n.s.: non-significant; ** significant at P<0.01.
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Figure 1. Cumulative flowering of four cultivars of D. barbatus × chinensis during the first experiment (autumn potting).

Figure 2. Cumulative flowering of four cultivars of D. barbatus × chinensis during the second experiment (summer potting).



92 E u r o p e a n  J o u r n a l  o f  H o r t i c u l t u r a l  S c i e n c e

Lenzi et al.  |  Effect of PBZ in potted Dianthus barbatus × chinensis

grown plants (spring potting) the lowest applied dosage 
was 0.45 mg per pot, but authors suggested the opportu-
nity to reduce it (Bañón et al., 2002).

In D. barbatus × chinensis we assumed heights of 15±2 
cm and 13±2 cm to be desirable for plants grown in 14 cm 
pots (12 cm in height) and 12 cm pots (10 cm in height), re-
spectively. In the autumn potting experiment, when 14 cm 
pots were used, 0.5 mg PBZ per pot proved to be effective 
to provide the desired height control in this species. In fact, 
height fell in the ideal range in all the tested cultivars after 
a drench application of this dosage. In the summer potting 
experiment a significant interaction PBZ × cultivar was de-
tected, that is plants approached the ideal height at differ-
ent PBZ dosages depending on the cultivar. It is reasonable 
to suppose that some condition occurring in the summer 
season (temperature, light intensity, daylength, etc.) differ-
ently affected height response of the different cultivars to 
PBZ. Despite that, it is possible to suggest, if not an exact 
dosage, a PBZ range (0.5–1 mg PBZ per pot) to obtain a sat-
isfying height in D. barbatus × chinensis grown in 10 cm pots 
with a summer-to-autumn cycle. In fact, in ‘Bianco Poggio’ 
0.5 mg PBZ per pot were sufficient to produce the desired 
effect, for ‘Malva Bruno’ an intermediate dosage between 
0.5 and 1 mg per pot was presumably the most appropriate, 
and ‘Rosso Pinò’ and ‘Bicolore Viola Nuovo’ required the ap-
plication of 1 mg.

Different effects of PBZ on the number and size of flow-
ers/inflorescences and on flowering time of ornamental 
plants have been reported in literature. In our experiments, 
the number of corymbs was not affected by PBZ treatment. 
Only summer-potted plants of ‘Bianco Poggio’ showed a lin-
ear dependency of this parameter on PBZ level with slight 
reduction at higher PBZ dosages. No effect of PBZ on flower 
number was observed also by Foley and Keever (1991) in 
both D. chinensis and D. caryophyllus, and by Bañón et al. 
(2002) in D. caryophyllus grown in winter. On the contrary, 
in spring-grown plants of this species, Bañón et al. (2002) 
noticed a reduction in the number of flowers caused by 
PBZ, especially in case of drench application.

No PBZ dosages applied to D. barbatus × chinensis al-
tered the corymb diameter with respect to control. In other 
species, both cases of no PBZ effect on flower/inflorescence 
size (Yewale et al., 1998; Bañón et al., 2003; Mansuroglu et 
al., 2009) or, on the contrary, a reducing effect (Ranney et 
al., 1994; Al-Khassawneh et al., 2006) have been reported. 

Time to flower in D. barbatus × chinensis was markedly 
longer in autumn-to-spring cycle than in summer-to-au-
tumn cycle probably for climatic reasons, and some dif-
ferences in flowering time were observed among the culti-
vars, but PBZ treatment did not affect this parameter in any 
season and any cultivar. A seasonal effect on flowering time 
was detected also by Bañón et al. (2002) in D. caryophyllus, 
but these authors observed also a delay in flowering due to 
PBZ in both winter-grown and spring-grown plants. On the 
contrary, in Foley and Keever (1991), days to flower did not 
differ from the control when plants of D. caryophyllus and  
D. chinensis were treated with PBZ.

There is much evidence that PBZ has an enhanc-
ing effect on leaf colour. Darker foliage was observed in  
PBZ-treated plants of different ornamental plants, like 
Cymbidium (Pan and Luo, 1994), Dicentra spectabilis 
(Kim et al., 1999), oleander (Bañón et al., 2001), Dianthus  
caryophyllus (Bañón et al., 2002), Reichardia tingitana 
(Bañón et al., 2003), Consolida orientalis (Mansuroglu et al., 
2009), and azalea (Meijon et al., 2009). The darkening of 

the leaves due to PBZ has been related to their increased 
chlorophyll level (Pan and Luo, 1994; Nasr, 1995). This ef-
fect was confirmed also in D. barbatus × chinensis, in which 
leaf SPAD values were measured after PBZ treatment. 
SPAD was higher in summer-potted than in autumn-pot-
ted plants and differed among the cultivars, but a clear en-
hancing effect of PBZ on it was noticed in both the seasons 
and in all the cultivars, with the only exception of ‘Bicolore 
Viola Nuovo’ in the summer potting experiment, and with 
some differences among the cultivars as far as the required 
dosage. A PBZ dosage of 0.5 mg per plant was effective in 
enhancing leaf colour in ‘Bianco Poggio’, ‘Malva Bruno’, and 
autumn-potted ‘Bicolore Viola Nuovo’, while in ‘Rosso Pinò’ 
leaves resulted to be darker respect to control when plants 
were treated with 1 mg or 0.25 mg PBZ in case of autumn 
potting or summer potting, respectively.

In conclusion, D. barbatus × chinensis can be used as a 
new flowering pot crop since its height can be controlled 
by means of PBZ treatment. Paclobutrazol was applied as 
a substrate drench, a method considered more environ-
mentally friendly than spray application due to the lower 
required dosages, and resulted to be effective in reducing 
height of different cultivars of D. barbatus × chinensis with-
out causing undesirable effects on flowering or any toxicity 
symptoms. The required PBZ dosage depended on the ex-
pected height that, in turn, is related to pot size. Besides, 
varietal and seasonal influence may play a role in determin-
ing the final result. Anyway, the most appropriate dosages 
fell in the range 0.5–1 mg per pot. Neither effect of PBZ on 
number and size of inflorescences, nor on flowering time 
was observed. On the contrary, PBZ enhanced foliage co-
lour. Nevertheless, leaf colour enhancement might require 
different PBZ dosages compared with those necessary to 
obtain the expected plant height reduction.
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