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ABSTRACT: Blanketflower (Gaillardia pulchella Foug.) is a tall
herbaceous annual (more than 1 m long), usually subjects to slanting if
it was grow alone in pot. So, the present investigation was carried out
at Orman Botanical Garden, Giza, Egypt during the seasons of
2012/2013 and 2013/2014 in order to reduce its tall and branched stem
by spraying the foliage with the aqueous solution of -either
paclobutrazol (PP-333) at 0, 50 and 100 ppm or cycocel (CCC) at 0,
1000 and 2000 ppm concentrations, two times with 3 weeks interval,
and to study the effect of these treatments on flowering and chemical
composition of 75-days-old seedlings of such winter annual when
grown in 15-cm-diameter plastic pots filled with about 1.5kg of an
equal mixture of sand and clay (1:1, v/v).

The obtained results indicated that both PP-333 and CCC at various
concentrations significantly decreased all vegetative and root growth
criteria, with few exceptions compared to control in the two seasons.
The low level of PP-333 caused about 20% reduction in height and
branching of treated plants giving plants near at its size to those of
control ones. On the contrary, the high level of CCC (2000 ppm)
excessively decreased these parameters to more than 65% compared to
control treatment, and that was accompanied with reducing root length
to less than 10 cm in both seasons. However, the most appropriate size
wherefrom height, branching and number of leaves was gained from
applying either PP-333 at 100 ppm or CCC at 1000 ppm, with the
preference 100 ppm PP-333 treatment which resulted the most suitable
plant size in harmony with the pot size.

The flowering was delayed due to all the used treatments, but
delaying by CCC treatments was more than that by PP-333 ones (about
7-9 days against only 4-5 days, respectively). All other flowering
characters were significantly decreased by the different levels of
growth retardants used in this work in most cases of both seasons,
except for the two rates of PP-333 which were raised inflorescence
diameter and number of ray florets/inflorescence, with the superiority
of PP-333 at 100 ppm treatment, as it gave the widest inflorescence
with the utmost high number of ray florets per inflorescence at all. This
treatment also resulted the shortest stalk length which was useful in
restricting flower head nutation phenomenon in this plant.
Paclobutrazol at any rate markedly increased chlorophyll a and b,
carotenoids, total soluble sugars, total indoles and total phenols content
in the leaves, whereas CCC treatments decreased content of these
constituents with the exception of total phenols content that was
greatly increased.
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From the previous results, it is recommended to spray the foliage of
75-days-old seedlings of Gaillardia pulchella winter annual plant with
PP-333 at 100 ppm level, twice with 3 weeks interval for production of
petit, dwarfed, flowering-pot-plant from commercial point of view.

Key words: Gaillardia pulchella, Blanket flower, vegetative growth,
flowering, dwarfing, flowering-pot-winter annual, PP-

333, CCC.
INTRODUCTION
Gaillardia pulchella Foug,
Blanketflower (Fam. Asteraceae

"Compositae") is an annual 3 ft. or more;
lower leaves oblanceolate to spatulate, to 5-6
inch long, toothed or pinnately lobed, sessile
or short-petioled, upper leaves oblong or
oblanceolate, usually entire, sessile; heads 2
inch across, long peduncled, involucral
bracts green with short papery base; disc
flowers yellow or with red tips, the lobes
long-acuminate, ray flowers red, tipped with
yellow or entirely yellow or red. Gaillardias
grow best in light, open, well-drained soils
and full sunlight. They are favorites for cut
flowers and propagated by seeds (Bailey,
1976).

Until now, a huge number of consumers
and amateurs are fond of dwarfed
ornamentals to use them for beautifying their
balconies, terraces and petit gardens. So,
trials are still continuous to produce new and
unique specimens suitable for these
purposes. Among of these trials, that of
Hugar and Nalawadi (1999) who reported
that CCC at 750 ppm reduced height of
Gaillardia pulchella cv. Picta plants, but
produced a higher flowers yield than the
control due to increasing flowers
number/plant and the weight of 10 flowers.

On the other ornamentals, Dasoju et al.
(1998) remarked that leaves of potted
sunflower plants treated with PP-333 at 16 or
32 mg/pot were smaller and greener than
those of control. Barett et al. (2003) revealed
that uniconazole application as a spray to the
surface of media prior to planting at the level
of 200 ml/m” decreased plant height and
flower number of Petunia hybrida and
Catharanthus roseus plants. On Rudbeckia
hirta, Shahin et al. (2006) observed that

spraying the foliage with CCC at 2000 ppm
rate gave the best dwarfing effect on shoot
and root growth. The flowering was delayed
and flower heads number/plant, flower head
diameter, flowering stalk length and period
of flowering were decreased. Furthermore,
total indoles content in the leaves was
cumulatively decreased with increasing CCC
level, while total phenols content was
increased. Pigments content (chlorophyll a, b
and carotenoids) in the leaves, as well as
total carbohydrates, N and K content in the
leaves and roots were linearly decreased with
rising CCC rate, while P content showed a
slight increment. Similarly, were those
results indicated by Criley (2000) on
rhododendron, Li (2013) on Achillea
"Coronation  Gold" and  Coreopsis
verticillata "Moonbeam", Baloch et al
(2013) on snapdragon cv. Coronette, petunia
cv. Dreams and annual verbena cv.
Obsession and Pethybridge et al. (2014) on
pyrethrum.

This study, however aims to produce a
high quality and medium-sized flowering pot
plants of gaillardia for decoration of sunny
terraces, verandah and any other open field.

MATERIALS AND METHODS

A pot experiment was carried out at
Orman Botanical Garden, Giza, Egypt
during the two consecutive seasons of
2012/2013 and 2013/2014 to study the
response of Blanketflower to foliar spraying
with pacloburazol and cycocel at the
different concentrations, and to detect the
most suitable treatment for production of a
miniature and picturesque specimen from
such plant in an appropriate size.

Therefore, seeds of Gaillardia pulchella
Foug. (obtained from Orman Botanical
Garden, Giza, Egypt) were sown in nursery
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bed on mid of September for the two
seasons. After 75 days from sowing (on
December, 1%), the produced seedlings with
8-10 leaves were transplanted into 15-cm-
diameter plastic pots (one seedling/pot) filled
with about 1.5 kg of sand + clay mixture at
equal parts by volume (1:1, v/v ). Some
physical and chemical properties of the used
sand and clay soils in both seasons are
shown in Table (a).

The pots were arranged in the open field
under the full sun in a complete randomized
design (Das and Giri, 1986) for the two
seasons, with 3 replicates, as each replicate
contained 5 plants. All plants were fertilized
with 2 g/pot of kristalon fertilizer (19:19:19
+ micronutrients, manufactured by DSM
Agrospecialists, Holland), twice, as the first
batch drenched in the pot mixture 3 weeks
after transplanting, while the second one was
added 3 weeks after the first. Three weeks
later (on January, 31%), the plants received
the following treatments as a foliar spray till
the solution was run-off, 2 times with 3
weeks interval:

1- No treatment, as the foliage was sprayed
with a tap water, referred to as control.

2- Paclobutrazol (PP-333) at the
concentrations of 50 and 100 ppm as an
aqueous solution.

3- Cycocel (CCC) at the concentrations of
1000 and 2000 ppm, also as an aqueous
solution.

During the course of this study, all
agricultural practices needed for such
plantation were carried out. At the end of
each season (on March, 30™), data were
recorded as follows: plant height (cm), stem
diameter at the base (cm), branch
number/plant, leaf number/plant, leaf length
(cm), root length (cm) as well as fresh and
dry weights of top growth and roots (g).

Furthermore, number of days from
transplanting to the first inflorescence
opening (day), number of
inflorescences/plant, inflorescence stalk

length (cm), inflorescence diameter (cm),
number of petals (ray florets)/inflorescence

and fresh and dry weights of inflorescence
(g). In fresh leaf samples taken from the
middle parts of the plants after the second
spray by 10 days in the only 2™ season,
photosynthetic pigments (chlorophyll a, b
and carotenoids, mg/g F.W.) were
determined according to the method of
Moran (1982), total soluble sugars content as
g/100 g F.W. (Dubois et al., 1966), total
indoles (A.O.A.C., 1980) and total phenols
(William et al., 1965) as ppm were also
measured.

Data were then tabulated and subjected
to analysis of variance using SAS Institute
Program (1994) and Duncan's Multiple
Range Test (Duncan, 1955) was employed to
test the significancy among the means of
various treatments.

RESULTS AND DISCUSSION

Effect of paclobutrazol
treatments on:

and cycocel

1-Vegetative and root growth parameters:

Data presented in Tables (1 and 2) show
that both PP-333 and CCC at the various
levels significantly decreased all vegetative
and root growth measurements, with few
exceptions relative to control in the two
seasons. The low level of PP-333 (50 ppm)
only caused about 20% reduction in height
and branching giving plants near at its size to
those of control ones, whereas the high level
of CCC (2000 ppm) greatly reduced these
parameters to more than 65% reduction, and
that was coupled with reducing root length to
less than 10 cm in both seasons. So, the
produced plants were more compressed. On
the other side, PP-333 at 100 ppm and CCC
at 1000 ppm gave the most appropriate size
wherefrom height, branching and number of
leaves, with the preference of the former
treatment (100 ppm PP-333) which gave the
most suitable plant size going with the pot
size (Photo, 1). It was noticed that control
plants were falling because of their longer
stems, more leaves and heavier weight, but
the opposite was the right regarding the
dwarfed plants which were less tall,
branching and weight.
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Table a. Physical and chemical analysis of the used soils in the two seasons.
Particle size distribution (%) Cations (meq/L) Anions (meq/L)
Soil type Coarse Fine S.P. E.C. pH
Silt Clay (dS/m) Ca”™ Mg™ Na" K' HCOy CI' SO4
sand  sand

Clay 746 1675 3453 40.89 4176 2.18 833 1693 933 2044 037 3.82 146 41.79

Sand 18.72 7128  4.76 534 2183 158 820 265 248 21.87 0.78 3.85 13.00 1093

Table 1. Effect of paclobutrazol and cycocel concentrations on some vegetative and root
growth traits of Gaillardia pulchella Foug. plants during 2012/2013 and

2013/2014 seasons.
Growth retardants Plant height .Stem Branch  Leaf No. per Leaflength Root length
concentration (cm) dli(‘?lnf)ter No. per plant plant (cm) (cm)
First season: 2012/13
Control 99.78a 0.93a 8.00a 136.00a 19.07a 28.73b
PP-333 at 50 ppm 79.86b 0.86b 6.53b 108.00b 15.10b 32.00a
PP-333 at 100 ppm 60.72¢ 0.80b 5.00c 76.38¢ 13.36¢ 27.50b
CCC at 1000 ppm 43.50d 0.63¢ 4.00d 44.00d 12.10cd 18.00¢
CCC at 2000 ppm 34.10e 0.51d 3.00e 35.00e 10.33d 9.33d
Second season: 2013/14

Control 102.33a 0.95a 9.00a 138.33a 20.40a 32.00a
PP-333 at 50 ppm 85.60b 0.87b 7.33b 102.76b 16.31b 28.67b
PP-333 at 100 ppm 65.18¢ 0.86b 5.00c 80.90c 15.25¢ 28.76b
CCC at 1000 ppm 42.10d 0.70c 3.33d 42.00d 12.60cd 19.33¢
CCC at 2000 ppm 33.62¢ 0.50d 2.56d 36.10e 9.78d 8.39d

* Means within a column having the same letters are not significantly different according to Duncan's
Multiple Range Test at 5% confidence level.

Table 2. Effect of paclobutrazol and cycocel concentrations on top growth and root
fresh and dry weights of Gaillardia pulchella Foug. plants during 2012/2013

and 2013/2014 seasons.
Growth retardants Fresh weight (g) Dry weight (g)
concentration Top growth Roots Top growth Roots
First season: 2012/13
Control 144.38a 3.18a 18.54a 1.25a
PP-333 at 50 ppm 113.47b 2.56b 13.87b 1.01b
PP-333 at 100 ppm 46.72d 2.49b 7.18¢ 0.98b
CCC at 1000 ppm 61.90c 1.36¢ 7.00c 0.58¢c
CCC at 2000 ppm 40.58¢ 1.05¢ 6.10d 0.42¢
Second season: 2013/14

Control 147.65a 3.55a 18.98a 1.40a
PP-333 at 50 ppm 108.96b 3.10ab 12.33b 1.23b
PP-333 at 100 ppm 47.84d 3.20ab 7.42¢ 1.30a
CCC at 1000 ppm 59.73¢ 1.51b 8.16¢ 0.61c
CCC at 2000 ppm 41.36e 1.18¢ 6.24d 0.50d

* Means within a column having the same letters are not significantly different according to Duncan's
Multiple Range Test at 5% confidence level.
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Photo 1. Effect of PP-333 at 100
ppm (left) compared to
control (right).

The previous results can be discussed as
done before in case of vegetative and root
growth parameters of  Chrysanthemum
carinatum (Part, I). Similarly, were those
findings of Hugar and Nalawadi (1999) on
Gaillardia pullchella, Shahin et al. (2006) on
Rudbeckia hirta and Li (2013) on Achillea
"Coronation  Gold" and  Coreopsis
verticillata "Moonbeam".

2- Flowering parameters:

It is obvious from data presented in
Table (3) that flowering was significantly
delayed as a result of spraying with either
PP-333 or CCC at the different
concentrations in both seasons. However,
CCC treatments caused delaying more than
PP-333 ones (about 7-9 days against only 4-
5 days, respectively). All other flowering
traits were markedly decreased by the
various levels of both chemicals used, except
for the two levels of PP-333 which were
raised inflorescence diameter (cm) and
number of ray florets/inflorescence, with the
prevalence of PP-333 at 100 ppm treatment
that gave the widest inflorescence with the
highest number of ray florets/inflorescence at
all in the two seasons. Moreover, such
treatment resulted the shortest stalk length

(15 cm in both seasons) compared with
control and all other retarding treatments.
That, of course was benefit in preventing
head nutation phenomenon, to some extent
in this plant.

These gains may be explained as
previously mentioned when the authors
discussed these characters in
Chrysanthemum carinatum plant at part (I).
Equal observations were also attained by
Barett et al. (2003) on Petunia hybrida and
Catharanthus roseus and El-Sayed et al.
(2010) who found that PP-333 at 50, 100,
150 and 200 ppm significantly delayed
flowering of jasmine plant in a gradual
manner. Number of flowers per plant was
markedly decreased with increasing the rate
of paclobutrazol, while flower diameter was
not affected by either concentration, except
for 200 ppm one which significantly reduced
this trait to the minimum value.

3- Chemical composition:

As shown in Table (4), it is clear that
PP-333 at either low (50 ppm) or high (100
ppm) level pronouncedly increased content
of the different photosynthetic pigments
(chlorophyll a, b and carotenoids) in the
leaves (mg/g F.W.). The higher level gave
the higher content. The opposite was the
right concerning CCC treatments, which
linearly reduced content of these pigments.

A similar response occurred as well in
respect of total soluble sugars content (g/100
g F.W.) in the leaves of plants sprayed with
these two retardants. Both concentrations of
PP-333 induced a marked increment in total
indoles and phenols contents, but the rate of
increment in total indoles was less than 50%
relative to total phenols, while increment rate
of total indoles in control leaves was about
100% compared to phenols. So, control
plants flowered early. On the other hand,
CCC treatments slightly diminished total
indoles content, meanwhile caused the
mostly highest increase in total phenols
content which reached more than 8-fold and
11-fold for 1000 and 2000 ppm, respectively,
so the plants greatly delayed in flowering.
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Table 3. Effect of paclobutrazol and cycocel concentrations on flowering traits of
Gaillardia pulchella Foug. plants during 2012/2013 and 2013/2014 seasons.

Growth re?ardants l\iloévg:ziltgo inﬂotl‘\i:(s,-cence :ltl:l]l(;: e;z:;:;: In(;li(;l;le‘s:teenrce ﬂoNr(:;t:?;r Inflorescenc Inflorescence
concentration (day) per plant (cm) (cm) inflorescence © F.W.(g D.W.(g
First season: 2012/13
Control 128.00d 8.00a 20.50a 5.00b 28.00b 1.47b 0.42b
PP-333 at 50 ppm 132.50¢ 6.00b 18.71b 5.50ab 28.00b 1.58ba 0.50ba
PP-333 at 100 ppm 133.46¢ 5.00¢ 15.00c 6.21a 34.00a 1.83a 0.6la
CCC at 1000 ppm 135.00b 4.00d 18.58b 5.33b 25.46¢ 1.34bc 0.35bc
CCC at 2000 ppm 137.68a 3.00e 18.00b 4.50c 22.10d 1.16¢ 0.30c
Second season: 2013/14

Control 126.33d 8.00a 22.30a 4.67bc  26.33bc 1.62b 0.38b
PP-333 at 50 ppm 129.85¢ 7.00b 20.51b 5.36ba 28.00b 1.70ba 0.41b
PP-333 at 100 ppm 131.00c 5.00¢ 15.00d 5.98a 31.76a 1.96a 0.56a
CCC at 1000 ppm 133.30b 3.00d 20.27b 5.00b 23.00c 1.31c 0.30c
CCC at 2000 ppm 137.00a 3.00d 17.50¢ 4.50c 21.33d 1.09d 0.27¢

* Means within a column having the same letters are not significantly different according to Duncan's
Multiple Range Test at 5% confidence level.

Table 4. Effect of paclobutrazol and cycocel concentrations on some chemical
constituents in the leaves of Gaillardia pulchella Foug. plants during

2013/2014 season.
Growth retardants Fhotosynthetic pigments (mg/g F.W.) TOt:l:gs::ls]ble Total Total

. indoles phenols
concentration (g/100g

Chl. a ChL.b  Carotenoids  F.W.) (ppm) (ppm)
Control 0.859 0.590 0.436 1.130 0.084 0.042
PP-333 at 50 ppm 0.901 0.682 0.577 1.339 0.103 0.058
PP-333 at 100 ppm 1.033 0.713 0.605 1.446 0.106 0.067
CCC at 1000 ppm 0.729 0.501 0.410 0.891 0.075 0.619
CCC at 2000 ppm 0.672 0.482 0.413 0.814 0.062 0.734
These results are in accordance with  branched Gaillardia pulichella annual

those revealed by Shahin et al. (2006) on
Rudbeckia hirta, Baloch et al. (2013) on
snapdragon cv. Coronette, petunia cv.
Dreams and annual verbena cv. Obsession
and Pethybridge et al. (2014) on pyrethrum.

From the aforementioned results, it is

plants suitable for decoration of limited and
sunny places.
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