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Abstract: Ornamental plants are cultivated worldwide. Chrysanthemum is classified as one of
the most important cut and potted flowers in most of the countries. The consumer’s expectation
is to find small–compact, and full of inflorescences plants. To meet these demands, growers are
tending to use plant growth retardants. Three Chrysanthemum indicum L. varieties (‘Smola White’,
‘Arber’ and ‘Vienna White’) were assessed by using four plant growth regulators (PP–Bumper 250 EC;
CC–Stabilan SL; MP–Medax Top SC; and PD–Toprex SC). Results indicate that treated plants show
significant decrease in the assessed parameters, although in some cases growth could be a variety–
dependent factor. It can also be concluded that retardants inhibit chrysanthemum growth. PD
treatments greatly inhibited the growth of the plant, and also had a negative effect on inflorescences.
In conclusion, the present work strengthens the possibility of using retardants as plant growth
inhibitors in Chrysanthemum cultivation.
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1. Introduction

Flower cultivation is widely spread through the whole world and represents a signifi-
cant economic income. The ornamental plant industry embraces the cultivation and trade
of cut greens and flowers, potted and bedding flowers, and house–plants [1,2].

Ornamental plants are cultivated in many regions around the world. Europe being an
important production and consumption center for floriculture. Here, the main producer
countries are the Netherlands, Germany, Belgium, France, Spain [3–5], and also Romania
with smaller areas of ornamental plant production. Producers from smaller countries,
in order to cope with the big flower industries, are more less forced to use fertilizers,
pesticides, growth retardants, to produce a higher flower quality to lure the consumers
with a better product.

Chrysanthemums are one of the most important cut and potted flowers on the world-
wide market [6]. According to Van Huylenbroeck [1] potted chrysanthemum occupies the
seventh place in the number of turnovers on the Dutch market.

Chrysanthemum indicum L. is a member of the Asteraceae family; a perennial plant
originating from Asia [6–8]. Many chrysanthemum species are appreciated for their
medicinal use (anti-inflammatory, humoral and cellular immunomodulatory, pemphigus,
scrofula, swelling and pain) [9–11]. The plant’s extract was also efficient for treating
age-associated disorders (brain and liver injury, or obesity) in mice [12,13]; however,
most of them are used for ornamental purposes. In some European countries (Hungary,
Romania, Austria) chrysanthemums are known and used mostly as “All Souls’ Day”
flowers; nevertheless, in recent years these plants have also started to be used for floral
bouquets or arrangements. Its usage as cut flowers is due to the wide popularity of the
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large number of varieties with different size, shape of the inflorescences, color, and for the
long lasting and excellent quality of the blooms as cut flowers [14,15].

Yet, potted chrysanthemums are preferred to have a more compact, smaller growth in
height, this additionally can add a better, dense look and a higher value. There are some
new varieties which can meet these consumer expectations, however additional effects can
be achieved using different growth regulators. Plant growth regulators can influence the
yield and the quality of the blooms, foliage and production; several of them are widely
used for many ornamental plants, and their effect has been demonstrated in previous
research [16–18]. Plant development can also be controlled by plant growth retardants,
which can be applied to almost all horticultural crops, to reduce the longitudinal growth
without affecting plant productivity [19,20]. Plant growth retardants consist of chemical
antagonists to gibberellins, the hormone responsible for plant growth [21,22].

Paclobutrazol is a widely used growth regulator in agricultural crops [23]. It is an
internode extension and cell elongation inhibitor which inhibit plant growth by influencing
gibberellins biosynthesis. Cell elongation is stimulated by gibberellins, when the produc-
tion is inhibited, the new cells stop the elongate process [24]. The result of paclobutrazol
could be noticed by a more compact growth plant, with the same number of leaves and
internodes on shoots, but more compressed into a shorter length [25]. Additionally, pa-
clobutrazol could increase number of inflorescences, accelerate the inflorescence opening
and reduce plant height significantly [26].

Mepiquat chloride is a growth regulator widely applied in different crop production;
it improves the allocation of biomass to a reproductive structure and by that leaf area and
node length is reduced [27,28]. Mepiquat chloride inhibits gibberellins biosynthesis, has a
high potential to restrict cell elongation, and so it is reducing the growth of plants [29,30].
However, it was reported that mepiquat chloride could also increase resistance to water
deficit [31,32].

Propiconazole is a systematic azole fungicide [33]; beside the previously mentioned
effect, propiconazole targets the brassinosteriod biosynthesis pathway in plants [34]. Brassi-
nosteroids is an important group of phytohormones that has multiple functions in plants
such as growth and development [35]. Gibberellins and brassinosteroids work together
to regulate plant growth, and through affecting these parameters plants show dwarf
phenotype [36].

Chlormequat chloride blocks multiple biosynthesis pathways of gibberellins [37] and
is used successfully in floriculture as a plant growth retardant. It is easily absorbed by
leaves and roots of plants and works efficiently [38], it was found to inhibit stem elongation,
increases stem thickness and controls the flowering appearance [39].

The aim of our research was to investigate the effect of four plant growth retardants
(Toprex SC, Medax Top SC, Bumper 250 EC and Stabilan SL) mostly used in Romania in
the potted Chrysanthemum cultivation through comparison of the selected plant parameters.
The main role is to fulfill consumer expectations towards a compact, affluent, dwarf
and more aesthetically pleasing potted chrysanthemums. The selected Chrysanthemum
varieties were ‘Smola White’, ‘Arber’ and ‘Vienna White’. Growth parameters as the
number of leaves, the width and length of the leaves, the distance between internodes,
shoots number and length, pedicel elongation were evaluated together with bud and
inflorescence diameters.

2. Materials and Methods
2.1. Experimental Set-Up and Plant Material

The experiment was conducted under greenhouse conditions between July and
November 2018 at the Sapientia Hungarian University of Transylvania, Târgu Mures, .
The humidity and the temperature were measured using Testo 175H1 (Testo Romania, Cluj-
Napoca, Romania), the average temperature was between 22 and 28 ◦C and the relative
humidity average 70–90% (Figure 1).
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• ‘Vienna White’: middle–compact growing, mostly can be found as cut flower, but 
with application of retardants could be used also as potted chrysanthemum, response 
time nine weeks, producing ball form type inflorescences with a diameter of 15 cm. 
The rotted plant material was obtained at 7–8 leaf stage from the Brandkamp Com-

pany (Isselburg-Anholt, Germany). The 150 cuttings per variety (total of 450 cuttings) 
were planted in 14 cm pots in five/row, each row containing 10 chrysanthemums per va-
riety in 3 replications. 
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season, a single pinch back was done on 27 July 2018. The one-time pinch back in the case 
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type of Chrysanthemums it is essential to remove the side buds around the main bud and 
the axillary shoots to achieve a quality product, this was done on 17 September. All three 
selected Chrysanthemums were between 9 and 9.5 flowering induction period, so these 
varieties are suitable for “All Souls’ Days” which is their main purpose for cultivation in 
Romania. Under normal conditions the short daylight periods in Romania start from mid-
September, therefore artificial shading/darkening were applied from 19 August until 16 
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watered directly through soil with drip irrigation system; the dripping mushroom used 
in the experiment was Netafim PCJ-CNL (Netafim, Tel Aviv, Israel). The plants were fer-
tilized 3–4 times a week. The frequency of the fertilization was determined by the external 
environmental conditions (temperature and humidity). During the whole growing pe-
riod, Plantaaktiv (Hauert HBG Dünger, Grossaffoltern, Switzerland) was used, a water-
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The substrate used in experiments was Hawita UNI 20 II (Beppler, Arcus, , Sfântu
Gheorghe, Romania) peat. The pH of the substrate was 5.5–6.5, the granulation 5–25 mm,
and N:P:K content of 14:16:18. The experiment was designed in RCBD (Randomized
Complete Block Design).

Morphological description of the selected Chrysanthemum varieties were the followings:

• ‘Smola White’: medium–compact growing potted chrysanthemum with an eight-week
response time, producing 11 cm (diameter) filled, white decorative inflorescences,
resistant to white rust and to thrips.

• ‘Arber’: medium–compact growing potted variety with greenish-white, ball type
inflorescences, 13 cm in diameter, with response time of nine weeks.

• ‘Vienna White’: middle–compact growing, mostly can be found as cut flower, but with
application of retardants could be used also as potted chrysanthemum, response time
nine weeks, producing ball form type inflorescences with a diameter of 15 cm.

The rotted plant material was obtained at 7–8 leaf stage from the Brandkamp Company
(Isselburg-Anholt, Germany). The 150 cuttings per variety (total of 450 cuttings) were
planted in 14 cm pots in five/row, each row containing 10 chrysanthemums per variety in
3 replications.

The Chrysanthemum cuttings were planted in pots on 13 July 2018; during the growing
season, a single pinch back was done on 27 July 2018. The one-time pinch back in the case
of the big flower potted Chrysanthemum results in 2–3 new shoots. Additionally, for this
type of Chrysanthemums it is essential to remove the side buds around the main bud and
the axillary shoots to achieve a quality product, this was done on 17 September. All three
selected Chrysanthemums were between 9 and 9.5 flowering induction period, so these
varieties are suitable for “All Souls’ Days” which is their main purpose for cultivation
in Romania. Under normal conditions the short daylight periods in Romania start from
mid-September, therefore artificial shading/darkening were applied from 19 August until
16 September, to induce uniform/unvaried flowering. During the experiment, plants were
watered directly through soil with drip irrigation system; the dripping mushroom used in
the experiment was Netafim PCJ-CNL (Netafim, Tel Aviv, Israel). The plants were fertilized
3–4 times a week. The frequency of the fertilization was determined by the external
environmental conditions (temperature and humidity). During the whole growing period,
Plantaaktiv (Hauert HBG Dünger, Grossaffoltern, Switzerland) was used, a water-soluble
fertilizer, which every two weeks was supplemented with Mikromix (Blondy, Târgu Mures, ,
Romania) liquid nutrition. After the Chrysanthemums were potted, 0.1% phosphorus
(Plantaaktiv Starter) was added to the irrigation water two times. During the vegetation
period (23 July–4 September) 0.1% nitrogen (Plantaaktiv Red) nutrient solution was added
through the irrigation water. At the beginning of the generative phase (5–11 September)



Horticulturae 2021, 7, 532 4 of 15

phosphorus nutrient was added two times, because it is an important element in the
flowering induction process, from 20 September 0.1% potassium (Plantaaktiv Blue) was
added, to promote the inflorescence development. Calcium nitrate at a concentration of
0.1% was applied two times through irrigation water during the growing season, after
pinching and budding of the plants.

2.2. Retardants Application

The growth regulators were selected because of their availability to chrysanthemum
growers to be approved for use, and because they were also used in previous studies for
other plants, or were recommended [40–43] by Chrysanthemum growers (Beppler, Sziget-
szentmiklós, Hungary). In the experiment five different treatments were used: Control
(plants were sprayed with clean water, on the same date when to the other treatments
were applied), PD–Toprex SC (Adama, Ilfov, Romania), MP–Medax Top SC (BASF SRL,
Bucharest, Romania), PP–Bumper 250 EC (Adama, Ilfov, Romania) and CC–Stabilan SL
(Nufarm, Bucharest, Romania).

A combination of 250 g L−1 difenoconazole + 125 g L−1 paclobutrazol (PD) was used
at a concentration of 0.05%. Regarding the MP, a combination of 300 g L−1 mepiquat
chloride + 50 g L−1 prohexadione—calcium at a concentration of 0.25%; and 250 g L−1

propiconazole (PP) was used at a concentration of 0.10%. Respectively, at the CC, 400 g
L−1 of chlormequat chloride was sprayed at a concentration of 0.3%. Additionally, for PD,
MP and PP treatment spraying were used. The application of the treatments was done
with a hand sprayer, equipped with Lechler FD 15 POM (Farmcenter, Gödöllő, Hungary)
nozzle pressure range between 1.5–4 bars. After each application of treatment, the hand
sprayer was well washed to not mix the retardants. First spraying treatment was applied
on 3 August 2018, the second on 13 August 2018, followed by the third in 27 August 2018
and the last on 11 September 2018.

2.3. Measurements and Treatments

During the experiment, five measurements on 150 Chrysanthemum plants per variety,
in a total of 450 cuttings at four treatments were performed.

The pH and electrical conductivity (EC) of the peat were measured at the beginning
and at the end of the experiment. These parameters were recorded using Stelzner pH
AGRAR 2000 (Pronova, Berlin, Germany) and PET 2000 digital meters (Akytec,
Berlin, Germany).

The first measurement was made three weeks after the plants were planted in the
pots and one week after the first pinching, when the leaves of the new shoots were already
measurable. The following parameters were measured and recorded: the number of leaves,
width and length of mature and new leaves, distance between the internodes, shoot number
and length.

The second measurement was performed seventeen days after the first treatment
and seven days after the second treatment (20 August 2018) and the third, nineteen days
(15 September 2018) after the third treatment. The following parameters were assessed:
number of leaves, width and length of mature and new leaves, distance between the first,
second and third internodes, shoot number and length.

The fourth measurement was made nineteen days (30 September 2018) after the
last treatment. Number of leaves, width and length of mature and new leaves, distance
between the first, second and third internodes, shoot number and length, bud diameter
were assessed. The fifth measurement was performed twenty days after the fourth also
assessing the pedicel elongation and the inflorescence diameter.

2.4. Statistical Analysis

Firstly, all data were tested for normality of errors and homogeneity of variance. As
all data were normally distributed, ANOVA followed by Tukey test was used to compare
variances. The significance of the differences between the treatments was tested by applying
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two-way ANOVA, at a confidence level of 95%. When the ANOVA null hypothesis was
rejected, Tukey’s Post hoc test was carried out to establish the statistically significant
differences at p < 0.05.

3. Results
3.1. The pH and EC of the Peat

At the beginning of the experiment, the substrate in all pots did not show any sig-
nificant differences in pH or EC (electrical conductivity), varying between the average
values of 5.60 (SD = 0.001) and 0.50 (SD = 0.003). As it was expected, after the treatments,
these two parameters showed significant differences from the initial values. However, the
levels were almost identical for the five treatments (Control, PP, CC, MP, PD). Comparing
the treatments to the control, small differences were detected at the PD (Toprex SC), MP
(Medax Top SC) in both levels of pH and peat EC (Figure 2).

 

Figure 2. Peat pH and EC (electrical conductivity) values at the beginning and at the end of the
experiment, under the effect of retardant treatments (PP–Bumper 250 EC; CC–Stabilan SL; MP–Medax
Top SC; PD–Toprex SC;). Bars represent the means ± SE (n = 30). Different lowercase letters above
the bars indicate significant differences between the measurements at the start (15 August 2018) and
the end (30 August 2018) of the experiment, and different uppercase letters indicate the significant
differences between the treatments, according to Tukey test (α = 0.05).

3.2. Leaves Number Influenced by the Retardants

According to the results, retardants influenced the number of leaves appearance in
a positive way for all varieties. A small decrease in leaves numbers was reported for PD
treatment and for all three varieties. On the other hand, the three retardants (MP, PP, CC)
increased the number of leaves appearance for each Chrysanthemum variety.

At ‘Smola White’ variety the average leaf amount was significantly improved using
PP (123.33), CC (136.33) and MP (150) treatments compared to control (93.33). PD treatment
negatively influenced the chrysanthemums’ number of leaves. Additionally, the number of
leaves at ‘Arber’ was inhibited by PD (61.67) treatment, and no significant differences were
observed compared with the other three treatments and with untreated plants (84.33). A
greater increase was observed at plants under MP (94.67) treatments and slight increases
at PP and CC treatments were detected compared to control. Significant differences were
reported between the ‘Smola White’ and the other two varieties in number of leaves under
PP, CC, and MP treatments(Figure 3).
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Figure 3. Effect of plant growth retardants on number of leaves parameters in Chrysanthemum
indicum L. varieties: ‘Smola White’, ‘Arber’ and ‘Vienna White’. Plants number of leaves under
control conditions, in the presence of the indicated plant growth retardant: PP–Bumper 250 EC;
CC–Stabilan SL; MP–Medax Top SC; PD–Toprex SC. Bars represent the means ± SE (n = 30). Different
lowercase letters above the bars indicate significant differences between the treatments, and different
uppercase letters indicate the significant differences between the varieties, according to Tukey test
(α = 0.05).

3.3. Length and Width of Leaves under the Effect of Retardants

The inhibition of the retardants on the length of the mature leaves was observed
at PD treatment (‘Smola White’-4.96 cm, ‘Arber’-6.52 cm, and ‘ViennaWhite’-7.87 cm)
(Figure 4a). The ‘Arber’ variety leaves length decreased under the retardant treatments
at PP (5.73 cm), CC (4.24 cm) and PD (2.82 cm) compared to the control (5.73 cm). On
the other hand, ‘Vienna White’ recorded inhibition of leaf length at PD treatments where
differences were approximatively 2 cm smaller than control. ‘Smola White’ new leaves
length was significantly smaller than for the other two varieties, however on the opposite
side PD treatment increased the length of the leaves. Additionally, the highest decrease
was observed in all three varieties under the Toprex SC (PD) treatment (Figure 4b).

Considering the width of the mature Chrysanthemum leaves, no significant differences
were reported during the experiment in any of the varieties, although among the varieties,
increases at ‘Arber’ and ‘Vienna White’ compared to the ‘Smola White’ were observed
(Figure 4c). The new leaves’ width decreased under the retardant treatments at ‘Smola
White’ (Figure 4d). Inhibition of width was only observed at PD, while at ‘Vienna White’
an increase was reported at MP treatments compared to control. Significant differences
between the varieties were observed at ‘Smola White’ and ‘Arber’ where width of the new
leaves greatly increased at all treatments.

3.4. Distance between the Internodes under the Effect of Retardants

Retardant treatments decreased growth of all three internodes measured, the highest
inhibition was observed at PD (Figure 5). When comparing the varieties, significant changes
were determined at ‘Vienna White’ treated with PP, and CC, where first internodes length
was higher than the other two. Yet ‘Smola White’ first internode length under PD treatment
was significantly higher comparing with the other varieties (Figure 5a).
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Figure 4. Effect of plant growth retardants on length of mature leaves (a), length of new leaves (b),
width of mature leaves (c), and width of new leaves (d) parameters in Chrysanthemum indicum L.
varieties: ‘Smola White’, ‘Arber’ and ‘Vienna White’. Plants under control conditions, in the presence
of the indicated plant growth retardant: PP–Bumper 250 EC; CC–Stabilan SL; MP–Medax Top SC;
PD–Toprex SC. Bars represent the means ± SE (n = 30). Different lowercase letters above the bars
indicate significant differences between the treatments, and different uppercase letters indicate the
significant differences between the varieties, according to Tukey test (α = 0.05).

Retardants also influenced the growth of the second internodes; the highest decrease
was reported at PD treatment (Figure 5b). ‘Arber’ and ‘Vienna White’ had a higher
increase in the second internodes than the ‘Smola White’ under control and PP. Similar
data were determined at the third internodes measurements; almost all treatments affected
the internodes’ length (Figure 5c).

3.5. Chrysanthemum Shoots under the Effect of Retardants

Length of the shoots in most cases was influenced by the plant growth retardants;
however, significant increases were observed at the PD retardant. In the case of ‘Smola
White’ inhibition of shoot length was detected in all treatments (PP-39.95 cm, CC-34.9 cm,
MP-29.94 cm, and PD-7.86 cm). At ‘Arber’ significant differences were determined only
at PD treatments (27.47 cm). At ‘Vienna White’ CC, MP and PD inhibited the length, no
significant differences were observed at PP compared to control (Figures 6a and 7). The
shoot lengths at ‘Smola White’ and ‘Arber’ were significantly smaller than for ‘Vienna
White’ variety.
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Figure 5. Effect of plant growth retardants on the first (a), second (b), and third (c) internodes in
Chrysanthemum indicum L. varieties: ‘Smola White’, ‘Arber’ and ‘Vienna White’. Plants under control
conditions, in the presence of the indicated plant growth retardant: PP–Bumper 250 EC; CC–Stabilan
SL; MP–Medax Top SC; PD–Toprex SC. Bars represent the means ± SE (n = 30). Different lowercase
letters above the bars indicate significant differences between the treatments, and different uppercase
letters indicate the significant differences between the varieties, according to Tukey test (α = 0.05).
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Figure 6. Effect of plant growth retardants on length of the shoots (a) and number of the shoots (b) in
Chrysanthemum indicum L. varieties: ‘Smola White’, ‘Arber’ and ‘Vienna White’. Plants under control
conditions, in the presence of the indicated plant growth retardant: PP–Bumper 250 EC; CC–Stabilan
SL; MP–Medax Top SC; PD–Toprex SC.; Bars represent the means ± SE (n = 30). Different lowercase
letters above the bars indicate significant differences between the treatments, and different uppercase
letters indicate the significant differences between the varieties, according to Tukey test (α = 0.05).

Altogether it can be determined that the treatments did not influence the number of
shoots of the assessed chrysanthemum varieties, only a small decrease was reported at
the ‘Smola White’ under the PD retardant. The largest shoot number was recorded at the
‘Smola White’, the average shoot number being four (Figure 6b).
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‘Arber’ (b) and ‘Vienna White’ (c). Plants under control conditions, in the presence of the indicated
plant growth retardant: PP–Bumper 250 EC; CC–Stabilan SL; MP–Medax Top SC; PD–Toprex SC.

3.6. Inflorescences

Plant growth retardants induced pedicel elongation; the highest increase was recorded
using PD treatment at ‘Arber’ and ‘Vienna White’ (Figure 8a), considering ‘Smola White’
retardants inhibited the pedicel elongation with ~1 cm, compared to control. ‘Arber’
presented the smallest pedicel at PD; however, PP, CC, and MP treatments also slowly
inhibited the elongation. The difference between PD and untreated plants was 3.49 cm.
The highest inhibition of pedicel was reported using PD at ‘Vienna White’. The results
indicate that the pedicel elongation was variety- and treatment-dependent; the strongest
decrease in pedicel elongation was observed at the ‘Smola White’.
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cence diameter (c) in Chrysanthemum indicum L. varieties: ‘Smola White’, ‘Arber’ and ‘Vienna White’.
Plants under control conditions, in the presence of the indicated plant growth retardant: PP–Bumper
250 EC; CC–Stabilan SL; MP–Medax Top SC; PD–Toprex SC. Bars represent the means ± SE (n = 30).
Different lowercase letters above the bars indicate significant differences between the treatments,
and different uppercase letters indicate the significant differences between the varieties, according to
Tukey test (α = 0.05).

Bud diameters were significantly influenced (decreased) in all three varieties of
Chrysanthemum, under the PD, PP and CC treatments (Figure 8b). Bud diameter in all
three varieties was highly inhibited by PD with ~2 cm, compared to control. PP and CC
treatments inhibited bud diameter but not in such a drastic way as for the other treatments.
Significant inhibition was determined between ‘Smola White’ and ‘Arber’ in all tested
retardants. ‘Vienna White’ bud diameter was significantly increased under PP and PD
retardants compared to ‘Smola White’.

Results also indicate that retardants could influence the inflorescence diameter; a
strong decrease was determined at plants under PD treatments in all three varieties
(Figure 8c). The ‘Smola White’ inflorescences diameter decreased with 5.87 cm, ‘Arber’
reported significant inhibition of inflorescences compared to control, and at ‘Vienna White’
high inhibition was only observed at PD treatment. MP treatments increased inflorescences
diameter, with 1.1 cm compared to untreated plants.

4. Discussion

The results of this experiment showed that proper plant growth retardant may have a
significant influence on the growth parameters of the Chrysanthemum to meet consumers’
demands. In some studies, it was found that retardants do not affect the shape of the leaves,
but the leaf area is reduced compared to non-treated plants [17,20,44,45]. However, other
papers mentioned that the treatment effect could be variety-dependent, or influenced by
the frequency of the application and/or other climatic conditions, which could affect the
uptake of nutrients [46,47]. These results are also recorded in our experiment where in
some cases the three varieties behaved differently. Moreover, in some experiments plant
growth retardants are recommended to be used after one week of pinching [48,49].

According to the present experiment it can be reported that plant growth retardants
could increase or even inhibit the number of leaves; PD (Toprex SC) reported small de-
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creases, in contrast with the other three retardants (MP, PP, CC) where increases were
observed in all varieties of Chrysanthemums. However, PD inhibited the number of leaves of
the selected varieties, for chrysanthemum growers this is a negative effect, because leaves
are an important part of the plant’s compact look, this effect therefore reducing the plant
quality and value. The highest number of leaves was observed at ‘Smola White’ under
PP, CC, and MP treatments compared to the other two varieties. In a study conducted by
Bidave and Munde [50] retardants beneficially decreased the plant height in Abelmoschus
esculentus L., and minimized the days to open first flowers. Even in potato cultivation
retardants are used for increasing production, which can cope with a reduced agronomic
input [51].

The present experimental data clearly showed that retardants can influence in a
positive way leaf length and width, in some cases by just a small percentage; this could
help the inflorescence growth, and the leaf color became darker green. Furthermore, with
the PD (Toprex SC) retardant the best results compared to control were obtained; with this
treatment both mature and new leaves recorded the smallest diameters. Interestingly, in
some cases the other three retardants used increased leaf length and width of both mature
and new leaves. When comparing the varieties, it can be concluded that ‘Vienna White’
obtained the highest increases in length and width of leaves, on the other hand ‘Smola
White’ reported the contrary. Similarly, to our study, other researchers also reported that
retardants can reduce leaf appearance, however they can affect leaf color due to increased
chlorophyll, and can reduce cell size in leaves [47,52].

It should be highlighted that all used plant growth regulators decreased the internodes
length at all Chrysanthemum varieties, in some cases even by 50%. However, the highest
decrease was detected at plants under the PD treatment in all three varieties. Altogether
it can be concluded that PD treatment has the highest effect on internodes length; these
retardant plays and important role on blocking gibberellins biosynthesis, which is the
key product for cell elongation, and because of this effect internodes length are inhibited.
In other studies, it was also reported that plant growth regulators can inhibit internodes
growth in Gossypium hirsutum L. [53,54], Bougainvillea [55], Vigna radiata L. [56] and on
Zinnia elegans [57].

Like the other parameters, shoots length was influenced in a positive way by the
retardants used in the experiment. The highest decrease was reported at the plants under
PD treatment; in some cases, the shoot length was five times smaller than the control.
PD retardant effect on shoot length could be an important data, because the purpose of
the study was to obtain the mostly inhibiting retardant from the selected ones. When
analyzing the shoot numbers, it can be concluded that the retardant did not affect these
parameters at ‘Arber’ and ‘Vienna White’; contrarily, inhibition was determined at ‘Smola
White’ under the PD retardants, which could be a positive matter in plants cultivation,
because the necessary nutrients could be transported to the inflorescences. Contrary to the
shoot’s length, ‘Smola White’ reported the highest number of shoots per plant. Similarly, to
our study, some researchers reported that retardants did not affect shoot numbers [58,59].

In the floriculture cultivation, the most important part is the inflorescence of the plants.
If the inflorescences are small, weak plants cannot be vended. However, under our exper-
imental conditions, pedicel elongation decreased in all treatments compared to control,
which has resulted in a smaller–compact plant; the varieties’ pedicel elongation differed,
which can be explained with the fact that this factor is variety-dependent. The highest
pedicel elongation was detected at ‘Vienna White’. Bud diameter of the treated plants in
most of the cases was inhibited compared to control, only MP resulted in a similar bud
diameter, which could be a good finding, even if chrysanthemums are under plant growth
retardants, some of the applied treatments could influence morphological parameters, how-
ever they have no effect on bud diameter. Even if some growth parameters were affected
by retardants, flowers quality and growth was not significantly affected. However, the MP,
PP, CC retardants did not record significant increase in diameter: they recorded almost
similar data to control. For chrysanthemum growers, the most important part of a potted
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plants is the inflorescence, if the flowers are small, weak and the plants are loose, they
could even lose the consumers, also reported by other authors in Asiatic Lilium [60] Tagetes
erecta L. [61,62], and Nerium oleander L. [63]. Plant growth retardants could even have a
positive effect on flowering time, flower size, even vase life of Chrysanthemums [64–66].
On contrary, retardants being gibberellin inhibitors, and by this decreasing cell elongation,
could reduce the growth and development of the plants, but even have negative influence
on cultivated potted flowers, by decreasing/inhibiting the inflorescences [64,67].

5. Conclusions

The present study provides new experimental data on the comparison of three potted
Chrysanthemum indicum L. varieties and the effect of four plant growth retardants on growth
parameters. According to the results, it can be concluded that all selected retardants, PP,
CC, MP, and PD inhibited chrysanthemum growth parameters. PD treatments obtained the
highest inhibition effects of all measured morphological parameters, yet also reported a neg-
ative effect on the Chrysanthemums’ inflorescences (smaller or even fewer inflorescences),
which decreases the plants’ value. MP affected the measured parameters numbers and
growth, however did not inhibit inflorescences diameter. Altogether, it could be concluded
that MP has the most desirable influence as plant growth retardant on chrysanthemums. Is
important to mention that these recorded changes could also be variety-dependent factors.
The work presented here strengthens the possibility of using retardants as plant growth
inhibitors, but future experiments need to be conducted.
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