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ABSTRACT

Two pot experiments were carried out during two successive winter seasons of 2015/2016 and 2016/2017 in a private
commercial nursery located at Damanhour City, El-Beheira Governorate, Egypt. The objective of this research was to
evaluate the effect of two synthetic cytokinins: benzyl amino purine (BAP) at 50 and 100 ppm and 6-furfuryl-aminopurine
(kinetin) at 25 and 50 ppm, each alone, on the growth performance, yield and quality of three varieties (pulchella, Mesa
Yellow and Lorenziana) of gaillardia (Gaillardia pulchella). The experiment was designed as a split-plot design
containing three replicates. The obtained results of the two seasons, generally, revealed that Gaillardia pulchella var.
pulchella had the highest plant and flowering growth parameters, (viz. number of inflorescence per plant and flowering
duration). While, Lorenziana variety showed the best diameter, longevity, fresh weight and dry weight of inflorescence
per plant. Spraying gaillardia plants with BAP and kinetin significantly enhanced vegetative, root and flowering
parameters compared to the control treatment. From that, BAP at 100 ppm or kinetin at 25 ppm recorded the highest mean
values of the most recorded data and might be considered as optimal treatment for the production of high yield and quality
of gaillardia plants under the environmental conditions of El-Beheira Governorate and other similar regions.
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INTRODUCTION

Galillardia (Gaillardia pulchella), a member of
the family Asteraceae, is native to Florida and
Central and Western United States (Anonymous,
2007). Its common name is blanket flower and it
may have come from the resemblance of the flowers
to brightly patterned Native American. The generic
name Gaillardia stands in honor of M. Gaillard, a
French patron of botany (Baily, 1947). Gaillardia is
a flowering herbaceous annual or short-lived
perennial (Helen et al., 2007). The annual gaillardia
is propagated by seeds. The perennial forms can be
propagated by cutting, division or seeds. Gaillardia
popularly cultivated for its attractive colour flowers
and for varied uses like cut flowers, making
garlands, floral decorations and required on
weddings, religious occasions, excellent for raising
in garden as borders and beds and other ceremonial
and social occasions. Gaillardia produces flowers in
a wide range of colors such as orange, yellow,
scarlet, cream, bronze, red and brick-red and can be
grown all around the year (Shreedhar, 1993).
Gaillardia flowers are small and numerous; born in
solitary, usually showy heads which is stated as
capitulam with 4 to 6 cm in diameter. Individual
flowers in a capitulam are called florets which range
from one to ten according to cultivar or genotype.
As a member of Asteraceae it has both ray and disc
florets which are pistillate and hermaphrodite,
respectively in nature. Flower has a long hairy stalk
and single, semi- double and double types with

single or multicolored heads (Cox and Klett, 1984).
Presently the area under this crop is less and it is
likely to be increased in the near future because this
is a heavy demand for its flowers. However, the
yield of flowers and its quality are low, which need
to be increased by adopting improved agro
techniques like using plant growth regulators.

The most important types of plant growth
regulator classes are grouped into plant growth
promoters such as auxins, gibberellins, and
cytokinins. In addition, plant growth inhibitors such
as abscisic acid and ethylene.

Plant growth regulators at small amounts can
adjust plant physiological process and play a vital
role in plant growth and development, such as
elongation and flower development (Yamaguchi and
Kamiya, 2000). Control of flowering is one of the
most important practical aspects in application of
plant growth regulators. There are numerous
examples of utilization of plant growth regulators,
which can regulate the flowering in aromatic plant
(Shukla and Farooqi, 1990), for example,
application of Ethrel (2-Chloroethyl phosphonic
acid), kinetin and NAA (Naphthalene acetic acid)
improved flowering in Rosa damascena and
Jasminum Sambac (Farooqi and Sharma, 1988;
Sharma and Farooqi, 1990; Farooqi et al., 1993).
Performance of plant growth regulators applied
depends on; the application method, amount of
active ingredient presents and the time of
application. The correct application method will
ensure proper coverage of all tissues or targets the
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responsible tissue. The most common method is a
foliar application as it is easy, convenient, cheap and
economical.

Plant growth regulators like cytokinins playing

a vital role from seed germination to senescence

stage, which enable to prolonging the vase life and

delaying the onset of senescence (Chatsudthipong
and Muanprasat, 2009). Cytokinins can be utilized
in variety of applications, from the treatment of
seeds (Riedell ef al., 1985) to applications during
flowering (Dyer et al., 1986). Synthetic Cytokinins
such as 6-furfuryl-aminopurin (kinetin) and benzyl
amino purine (BAP) can improve plant growth by
increasing cell division, break bud dormancy and
promote the growth of the lateral buds (Hossain et
al., 2006). Application of synthetic cytokinin on
shoot increased chlorophyll formation and protein

synthesis within tissues (George et al., 2008).

However, available literature has no reports so far

regarding the effect of cytokinins on growth and

flowering of Gaillardia particularly in Egypt.

Keeping these facts in view, an experiment was

conducted with following objectives:

1. Trying to enhancement flower size and quality
and increase the flower longevity.

2. To evaluate the effect of two synthetic cytokinin
types and levels (BAP and Kin) each alone; on
growth performance ,yield and quality of
flowers of the three varieties of Gaillardia.

MATERIALS AND METHODS

Greenhouse experimental design

Two pot experiments were carried out during
the two successive winter growing seasons,
2015/2016 and 2016/2017. The experiments were
accomplished in a private commercial nursery
located at Damanhour city in Beheira Governorate,
Egypt under greenhouse conditions. Gaillardia
varieties used during the study were Pulchella, Mesa
Yellow (both varieties have flower head appear
single with either a classic daisy form) and
Lorenziana (The central disc filled with trumpet-
shaped, S5-petaled flowers)”. These varieties were
chosen because of there fame. Seeds of Gaillardia
were obtained from Ontario Seeds Company Ltd.
Waterloo, Ont., Canada. Seeds were sown on 15
October in both seasons in 25 cm black plastic pots
filled with soil consist of sand, silt, and clay as
appeared in Table (1). After seed germination,
plants were thinned to one plant per pot.

Soil samples were collected then physically and
chemically analyzed according to Black et al.
(1965). The analyses were carried out at the Natural
Resourcse and Engineering Soil Department,
Agriculiture Faculty, Damanhour University.
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Table 1: Physical and chemical analyses of soil
samples of the experiment.

Physical analysis First Second
season season
Clay (%) 0.77 0.72
Silt (%) 7.00 8.03
Sand (%) 92.23 91.25
Texture class sand sand
Chemical analysis
EC (dS/m) 0.80 0.87
pH 7.90 7.80
Ca (meq/L) 20.10 20.52
Mg (meq/L) 6.23 6.98
SO4 (meg/L) 8.21 7.98
K (megq/L) 5.23 5.35

Aqueous solutions of Benzyl amino purine
(BAP) and kinetin (manufactured by the Sigma-
Aldrich Corporation) were applied as foliar spray at
the concentrations of 50, and 100 ppm for (BAP)
and 25 and 50 ppm for Kinetin and Distilled water
was used as a control. The pot surface was covered
with polyethylene before application to avoid falling
of spray drips on the growing medium. All
cytokinin concentrations were applied using a hand
sprayer and non-ionic surfactant tween 80 at 0.05%
(v/v) was added to all treatments to reduce the
surface tension and increase the contact angle of
sprayed droplets. Each plant was sprayed
individually, so that, all foliage was moistened until
the point of run-off. The spraying volume was 25
ml per plant. The untreated control plants were
sprayed with distilled water.

Spraying plants was applied two times; the
first one was carried out at flower initiation phase
(Saffari et al., 2004 and Khatun et al., 2016), almost
after five monthes from seed sowing. The second
application was done 7 days after the first one.

The reason behind spraying gaillardia plants
with cytokinin components when the plants entered
flower initiating phase is due to the fact that
spraying plants with cytokinins at the beginning of
the plant life and the plant still small, leads to
elongation in the plant cells and increases number of
lateral branches and due to the nature of blanket
flower growth where the plant is considered a tall
herbaceous annual (more than 1 m long), which is
usually subjects to slanting if it was grow alone in
pot (Noor El-Deen et al., 2014). Also, the yield of
flowers and its quality will be low because of the
apical dominance which limits the production of
flowers and reduces its quality. So the aim of this
study was increasing the quality of flowers by
increasing flower size and flower longevity or vase
life which are the most important characters for
commercial value of flowers (Saifuddin et al.,
2009).
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All cultural practices were applied whenever
they were necessary and as commonly
recommended in the commercial production of
gaillardia. Irrigation was done as needed.

The following data were recorded:
Plant growth characters

Three plants from each treatment in each
replicate were randomly chosen and tagged for
collect vegetative growth traits, notably; plant
height (cm) which was recorded from the first week
of treatments application (almost five months after
sowing of the seeds), number of branches per plant,
leaf area (cm’) according to Zidan (1962), shoot
fresh and dry weights per plant (g) were determined
without the inflorescences and also for roots by the
end of the experiment for all plants. Dry weights
were determined by drying the plant samples in the
oven at 70 °C till obtaining a constant weight, then
left to cool inside the oven and weighed in grams. In
all cases, the weight measurements were performed
using a digital scale with a precision of 0.001 digits.
Also, root growth parameters were measured such
as root length, root fresh and dry weights per plant
(8)

Flowering growth characters

Flowering growth parameters were measured
such as; inflorescence diameter (cm), flowering
duration (day), number of inflorescences per plant,
inflorescence  longevity on the plant and
inflorescence fresh weight (g; all fully opened
inflorescences per plant before the beginning of
fading stage were used), and inflorescence dry
weight (g) were estimated according to Elkinany
(2016).

The experimental design and statistical analysis

The experiments were designed as a split
plots design with three replicates (Snedecor and
Cochran, 1967). Where, the three varieties of
gaillardia were arranged as the main plots, and the
synthetic cytokinins concentrations were considered
as sub-plots. Data were analyzed by Statistical
Analysis Systems (CoStat, 2008) and the means
were compared by Tukey multiple comparison post-
hoc test at 0.05 probability.

RESULTS AND DISCUSSION

Vegatative characters

Data in Table (2) showing the main effects of
the two studied factors (Three varieties of gaillardia
and different levels of synthetic cytokinins) on plant
growth parameters of gaillardia plants during the
two growing seasons of 2015/2016 and 2016/2017.

Regarding the main effect of three gaillardia
varieties on plant growth parameters, data in Table
(2) indicated that the three gaillardia varieties
significantly differed in their vegetative growth
paramaters. Pulchella variety showed the highest
mean values of plant height, number of branches per
plant, leaf area, shoot fresh weight and dry weights
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per plant, root length and root fresh and dry weights
per plant in both seasons. However, there was no
significant difference between the two gaillardia
varieties “Pulchella and Mesa yellow” in plant
height during the first season, in number of branches
per plant in both season and root length in the
second season. Moreover, there was no significant
difference among the three varieties of gaillardia
“Pulchella, Mesa Yellow and Lorenziana” in leaf
area, shoot fresh weight per plant and root fresh
weight per plant in the second season. The detected
differences among the three tested varieties could be
attributed to their genetic features.

Concerning the main effect of different rates of
synthetic cytokinins (BAP and kinetin) on plant
growth parameters, data in Table (2) indicated that,
spraying gaillardia plants with benzyl amino purine
(BAP) and kinetin in general significantly increased
vegetative growth parameters compared to control
treatment. Spraying plants with BAP at 100 ppm
gave the highest mean values of plant height,
number of branches per plant, leaf area, shoot fresh
and dry weights per plant during both seasons
compared to the control treatments. However, there
was no significant difference between the two
concentrations of BAP (50, and 100 ppm) in number
of branches per plant and leaf area in both seasons.
On the other hand, spraying with kinetin
significantly increased root growth parameters i.e.
root length, root fresh weight per plant and root dry
weight per plant in both seasons compared to the
control treatment.

Results also indicated that the Ilow
concentration of kinetin (25 ppm) was more
effective than the high concentration of kinetin (50
ppm) in increasing root growth parameters.
However, there was no significant difference
between the two concentrations of kinetin (25 and
50 ppm) for leaf area in the first season, shoot dry
weight per plant in the second season and root fresh
and dry weights per plant in the second season.

Generally, the superior influence of benzyl
amino purine (BAP) treatments on stimulating the
vegetative growth parameters may be due to the role
of BAP in stimulating cell division and elongation
(Krug et al., 2006, Mazher et al. 2011, and Sadak et
al., 2013), which leads to stimulation of primordial
production and partially intermodal elongation on
the apex (Kumari, 2017), which reflected in the
increase of plant height. Cytokinins play an
important role in counteracting or eliminating the
apical dominance and stimulating the release of
axillary buds from apical dominance (Sachs and
Thimann, 1964, 1967; Tamas, 1995; Arteca, 1996
and Menaka et al., 2018) which lead to increment in
number of branches per plant.
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Table 2: The main effect of G. varieties and Kin. and BAP on plant growth parameters of gaillardia plants during 2015/2016 and 2016/2017 seasons.

Plant height N. of Branches Leaf area Shoot fresh Shoot dry Root length Root fresh Root dry
Treatments (cm) /plant (cm?) weight/plant (g) weight/plant (g) (cm) weight/plant (g)  weight/plant (g)
157 N:._ Hua N:._ —2 NE_ ng N-.._ Hw- N-:_ 18t NE_ 1t N_:_ Ha NE_
Gaillardia varictics
Mesa 84.93 85.27 12.93 13.33 36.80 3533 72.93 76.00 13.15 12.83 27.10 28.18 2582 2491 5.01 5.38
Yellow AB B A A B A AB A C C B A B A B AB
Dulchelt 86.80 87.40 13.53 3793 3727 7547 76.53 15.69 16.06 28.00 28.89 27.03 2732 552 576
ae A A A A A A A A A A A A A A A
] 83.07 83.60 820 3597 36.53 o7 75.33 14.60 14.63 2529 2717 24.24 2629 4.63 4.95
Lorenziana
B C B B A B A B B C B C A B B
Different levels of Kin. and BAP
66.56 . 3411 33.00 59.22 63.78 10.60 §.714 22.34 21.28 21.07 345
Control 66.44 E 900 C 833C c D B e B D D D D 324 D c
25 ppm 90,44 C 91.56 11.56 12.89 3633 36.89 71.00 74.11 12.66 13.24 33.56 34.99 30.78 30.55 767 A 748
kinetin ) C B A B B C C D C A A A A o A
50 ppm 10.22 10.56 3547 3489 68.33 68.89 14.02 13.94 3021 31.01 28.04 3076 6.60
33 78.33 :
kinetin e i C B B C D D C C B B B A A A
50 ppm 93.90 3 93.44 13.00 13.33 3936 3844 7922 8422 16.73 17.18 26.00 28.16 25.59 2599 118 C 350
BAP u. B A A A AB B B B B ¢ C C B . B
100 ppm o . 14.00 1422 3922 38067 88.00 88.78 18.39 18.46 2334 23.89 2.7 248 35
BAP AR R A A A A A A A A D D D C Ll C

18 and 2" first season and second season. Values marked wilh the same alphabelical letlers, do nol dilfere significantly, using Tukey's Honest Significanl Dilference tesl al 0.05 level of

probability.
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The obtained results are comparable with those
obtained by Eid and Abou-Leila (2006) on Coroton
plant, Mara (2017) on Echinacea Hybrids and
Mazher et al., (2011) on Codiaeum variegatum L.,
Sharief and El-hamady (2017) on Broad Bean and
Khandaker et al. (2018) on stevia plants.

Cytokinins are considered a growth control
hormones, which promote protein synthesis, cell
division, enlargement, cell number and nutrient
mobilization (Zhao et al, 2010 and Bairwa and
Mishra, 2017). When exogenous applications of
Cytokinins are made, they promote cell expansion
(Miller, 1956) which leads to increasing the leaf
area. The general increase in leaf area as a result of
BAP treatments is in agreement with the findings of
Reda et al., (2010) on chamomile plant, Henschke et
al., (2015) on Helleborus Orientalislam ‘Red
Hybrids’, Mansour et al., (2016) on Conocarpus
erectus L. Plants, Mara (2017) on Echinacea
Hybrids and Mohamed (2017) on aster plant.

The increment in the shoot fresh weight could
be explained through the role of cytokinin in
stimulating xylem differentiation and vascular
strand development, which lead to more absorption
of water and nutrients from the soil, which was
reflected in more growth, as mentioned by Sorokin
and Thimann (1964). These results are in harmony
with those obtained by Eid and Abou-Leila (2006)
on Coroton plant, Abdel El-Aziz (2007) on
Codiaeum variegatum L., Ghatas (2015) on
Hemerocallis aurantiaca and Neetu and Singh
(2016) on gladiolus. Similar increases in the dry
weight of shoot as a result of BAP treatments have
been reported by Mazrou (1992) on Datura innoxia
plants, Zaghloul (1998) on Codiaeum variegatum
and Cordyline terminalis and Mansour et al., (2016)
on Conocarpus erectus L. plants.

The positive effect of kinetin on stimulating the
root growth parameters may be due to accumulation
of greater photosynthates which leading to better
growth parameters (El-Keltawi and Croteau, 1987)
and the role of kinetin in stimulation of the cell
division, enlargement and number (Schmulling,
2002 and Khalighi e al., 2005) which leading to
increase root length and number of offsets and then
increasing root growth parameters. Our results are in
harmony with those of Sardoei et al., (2013) on Aloe
barbadensis, Aier et al., (2015) on Gladiolus Cv.
Red Candyman, Hembrom and Singh (2015) on
Lilium, Ghatas (2015) on Hemerocallis aurantiaca
and El-Bably and Rashed (2017) on Clivia miniata.

The interaction effect between the three
gaillardia varieties and different levels of BAP and
kinetin on plant growth parameters were significant
during both seasons (Table 3). The statistical
analysis revealed that the highest mean values of
plant height recorded at the combined treatment of
the three gaillardia varieties “Pulchella, Mesa
Yellow and Lorenziana” with 100 ppm BAP
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treatment. The combined treatment of Pulchella
variety with 100 ppm BAP treatment recorded,
generally, the highest mean values of number of
branches per plant, leaf area, shoot fresh and dry
weights in both seasons compared to the control
treatment. However, the highest mean values of root
length were obtained when Lorenziana cultivar
sprayed with 25 ppm kinetin in both seasons. On the
other hand the combined treatment which included
Pulchella variety with 25 ppm kinetin recorded the
highest mean values of root fresh and dry weights,
in the both seasons. The 100 ppm BAP level
increased number of branches per plant, leaf area ,
shoot fresh weight and shoot dry weight of Pulchella
variety by (62.14 and 81.11%) , (15.85 and 20.12
%), (35.3% and 38%) and (78.38% and 86.67%)
over than the control treatment for the first and
second seasons, respectively. Also, 25 ppm kinetin
level, increased root fresh and dry weights of
Pulchella variety by (48.8% and 56.52%) and
(94.6% and 119.44%) over than the control
treatment for the first and second seasons,
respectively.
Flowering growth characters

Concerning the main effect of the three
gaillardia varieties on flower parameters, the gained
results presented in Table (4) showed that the three
gaillardia  varieties significantly differed in
inflorescence characters. Lorenziana variety showed
highest mean values of the most data recorded i.e.
inflorescence diameter, inflorescence fresh and dry
weight per plant and inflorescence longevity in both
seasons. While, Pulchella variety showed highest
mean values of number of inflorescences per plant
and flowering duration in both seasons. However,
there was no significant difference between the two
gaillardia varieties “Lorenziana and Pulchella” in
inflorescence diameter in both seasons and
“Pulchella and Mesa Yellow” varieties in number of
inflorescence per plant in the first season only. The
detected difference among three gaillardia varieties
could be attributed to their genetic features.

Regarding the main effect of different rates of
BAP and kinetin on flowering growth parameters,
data in Table (4) indicated in general that, spraying
gaillardia plants with kinetin and benzyl amino
purine (BAP) significantly increased flowering
growth parameters compared to control treatment.
The obtained data indicated that spray plants with
kinetin gave the highest mean values of
inflorescence diameter, number of inflorescence per
plant, inflorescence fresh and dry weight per plant,
inflorescence longevity and flowering duration.
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Table 3: the interaction effect between G. varieties and Kin. and BAP on vegetative traits of G. varieties in during 2015/2016 and 2016/2017 seasons.

T Plant height . of brarichies fplait Leaf area Shoot fresh Shoot dry Root length Root fresh Root dry
(cm) (cm?) weight/plant (g) weight/plant (g) (cm) weight/plant (g) weight/plant (g)
varieties cytoKinins 1 b 1% 2 1% 2 1 2nd 1" 2 1% Vi 1% 2 1% 2
Control 633f 653h 9. 7fgh 20de 347 fg 333de S60c 6577 10.5gh 103 gh 2104 2B3cf  233cf 22.3 fgh 31f 38def
M 25 ppm kinetin 93.7b 933bc 133 becd 133 abe 36.3def 34.7cde 75.3 be 71.0 def 12.97 def 133 ef 32.0be 33.6ab 32.0a 28.5 bed 78 a 7.2 ab
vw 50 ppm kinetin 75.7d 76.7f  11.0defg 11.7 bed 343 fg 34.7cde 69.7d  67.7efg 11.4fgh 9.9 gh 31.0cd 283d 27.5bed 281cd 697ab 5.6 bede
W 50 ppm BAP 93.3b 93.0hc 15.0abc 16.0a 39.6 ab 36.3hed 78.0b 87.3 ab 14.9 bed 14.9 cdef 26.7fg 29.5cd 243 def 23.8 of 3.6 of 5.95abed
100 ppm BAP 98.7a 98.0a 15. 7 ab 16.7a 39.1 abe 37.7abc 85.7a 88.3 ab 15.9bc 15.7 cde 24.9gh 26.3 de 22.0fg 21.8 fgh 3.6 ef 4.4 def
Control 71.0e 69.0g 10.3 efg 9.0 de 34.7 fg 333 de 66.0d 65.0 fg 11.1 fgh 10.5gh 24.0h 23.1ef  209fg 20.7 gh 3.7 def 3.6 ef
= 25 ppm kinetin 92.0b 92.7bc 13.0bcde  14.7 ab 37.0cde 37.3abc 70.7¢d 747 cde 12.5ef 13.8 ef 34.0ab 355ab 31.1a 324a 2a 794a
.m 50 ppm kinetin 78.00d 82.0e 12.3cdef  11.7 bed 37.7bede 36.3bed 68.7 ef 16.4b 17.2bed 32 7abe 3ab 31.6ab 69 ab 7.5 ab
M 50 ppm BAP 94.67b 95.3abc  15.3ab 14.7ab 40.0 a 39.34b 8434 84.7 ab 18.74 19.1 ab 277l 28.5d  28.7abc 28.4 ¢cd 52¢d 5.9 abed
100 ppm BAP 98.3a 98.0a 167a 163 a 402a 40.0a 89.3a 89.7a 19.8a 19.6 ab 24.0h 247 e 24.0ef 23.6efg 4.6 cde 3.9 def
Control 65.0F 65.3h 70h 70¢ 330¢g 323 ¢ Te 607 ¢g 10.2h 83 h 17.7) 207 197¢g 203 h 29f 3003 f
m 25 ppm kinetin 85.7¢ 88.7d 83 gh 107 ed 35.7 ef 38.7 ab 67.0d 76.7 od 12.5 efg 12.6fg 34.7a 35.8a 29.2abc 30.8 abc 8la 7.4 ab
m 50 ppm kinetin 75.3d 76.3 f 7.3h 83 de 343 fg 33.7de 68.3d 70.3def 14.2 cde 14,7 def 29.3de 321bc 263 cde 26a 5.7bc 6.7 abe
m 50 ppm BADP 93.7b 92.0¢ 8.7 gh 9.3 dc 38.5abc 39.7ab 75.3 be 80.7 be 16.6 b 17.5 abc 237 h 26.5 de 23.7¢f 25.8 dc 3.8 def 4.7 cdef
100 ppm BAP 95.7ab 95.7ab 9.7 fgh 9.7 de 38.3abed 38.3ab 89.0a 88.3 ab 19.4a 201a 21.11 20.7f 223 fg 22.0 fgh 28f 3.0f

1%t and 2" first season and second season. Values marked with the same alphabetical letters, do not differe significantly, using Tukey's Honest Significant Difference test at 0.05 level of
probability.
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Table 4: The main effect of G. varieties and Kin. and BAP on flowering parameters of gaillardia plants
during 2015/2016 and 2016/2017 seasons.

Inflorescence Inflorescence

Inflorescence N. of fresh dry Inflorescence Flowering

diameter inflorescences . . longevity duration

Treatments weight/plant  weight/plant
(cm) / plant (day) (day)
® ®
lst 2nd lst 2nd lst 2nd lst 2nd lst 2nd lst 2nd
Gaillardia varieties

Mesa 5.05 543 2433 2367 212 225 094 0903 553 5.67 7353 71.07
Yellow B B A B C C C C C B C C
Pulchella 5.91 579 2440 2560 238 257 1.17 1.18 6.20 6.07 91.07 92.67

A A A A B B B B B B A A
Lorenziana 570 587 15.00 14.47 3.6 3.88 1.80 1.93 13.8 1393 81.13 82.47

A A B C A A A A A A B B

Different levels of Kin. and BAP

Control 447 448 1756 1644 245 246 091 1.05 6.44 644 70.00 74.44

C C C C C C D C C C C D
25 ppm 6.29  6.58 2522 2500 294 3.5 1.71 1.54 10.00 9.78 89.89 89.67
kinetin A A A A A A A A A A A A
50 ppm 6.16 652 2356 2433 2.89 3.10 1.42 1.47 9.56 933 89.22 86.11
kinetin A A AB A A A B A A A A AB
50 ppm 5.79 531 2156 21.89 2.63 3.05 1.37 1.41 8.44 9.11 84.00 82.67
BAP A B B AB B A B AB B A AB BC
100 ppm 5.08 562 1833 1856 259 275 1.11 1.21 8.11 811 7644 7744
BAP B B C BC BC B C BC B B BC CD

1" and 2™, first season and second season. Values marked with the same alphabetical letters, do not differe significantly,
using Tukey's Honest Significant Difference test at 0.05 level of probability.

Also, there was no significant difference between
the two concentrations of kinetin (25, and 50 ppm)
in inflorescence diameter, number of inflorescences
per plant, inflorescence fresh weight per plant,
inflorescence longevity, flowering duration in both
seasons, and inflorescence dry weight per plant in
the second season.

Generally, the greater influence of kinetin
treatments on stimulating the flowering growth
parameters may be due to the role of kinetin in
promoting protein synthesis, increasing cell
division, enlargement and chlorophyll synthesis
(Cheema and Sharma, 1982). Which lead to an
increase in flower diameter. These results are
comparable with those obtained by El-Bably and
Rashed (2017) on Clivia miniata. L. plants, Bairwa
and Mishra (2017) on African Marigold (7agetes
erecta Linn.) and Abou-El-Ghait et al., (2018) on
Dendranthema grandiflorium cv. Art Queen plants.

The increment in number of inflorescences per
plant with kinetin treatment could be due to delay of
senescence which enhanced the translocation of
photosynthesis from source to sink (Salisbury and
Ross, 1974 and Hugar and Nalawadi, 1999). The
obtained results of number of inflorescence per
plant are in harmony with those reported by Bairwa
and Mishra (2017) on African Marigold (7agetes
erecta Linn.), El-Bably and Rashed (2017) on Clivia

miniata. L. plants, Mara (2017) on Echinacea
Hybrids and Mohamed (2017) on aster plant.

Kinetin playing a vital role in promoting protein
synthesis, increasing cell division and enlargement
and chlorophyll synthesis (Cheema and Sharma,
1982) which lead to an increase in inflorescence
diameter and, then increment of inflorescence fresh
and dry weights. Results of inflorescence fresh
weight and flower dry weight per plant are
comparable with those obtained by Youssef (2004)
on Strelitzia reginae, Youssef and Ismaeil (2009) on
Livia minister plant, Ghatas (2015) on Hemerocallis
aurantiaca and El-Bably and Rashed (2017) on
Clivia miniata. L.

The increased longevity of kinetin-treated
inflorescence may be due to its effect on ethylene
synthesis processes in the tissue of flowers and
decreases the ethylene production within the flowers
(Bosse and Van Staden, 1989) and decreasing of
protein hydrolytic enzymes activity lipooxygenase
(Leshem et al., 1979). Also, it may attributed to its
role in decreaseing the respiration rate of kinetin-
treated flowers (MacLean and Dedolph, 1962). The
superior influence of kinetin on increasing flowering
duration may be due to the increasing of
inflorescence number and inflorescence longevity.

283



Alex. J. Agric. Sci.

Vol. 64, No. 5, pp. 277-288, 2019

Table 5: The interaction cffect between G. varieties and Kin. and BAP on flowering traits during 2015/2016 and 2016/2017 scasons

Teatments Inflorescence diameter N. of inflorescence /  Inflorescence fresh Inflorescence dry Inflorescence Flowering duration
(cm) plant weight/plant (g) weight/plant (g) longevity (day) (day)
varieties  Cytokinins 1t 2nd 1 2nd 1t 2nd 1t 2nd 1 2nd 1t Jnd
Cortrol 4.0 43 19.3 17.7 1.97 1.9 0.5 0.6 4.7 4.3 60.7 66.3
h g cde efg fg g i f gh f d fg
m 5 o Kinefin 88 ) 6.7 277 273 24 N.A, 14 1.237 o.q, 7.0 84.0 80.7
2 abedel abe i abe cde del cde ed del d abe cde
z 50 pom kinetin 5.6 6.3 27.7 27.0 22 2.4 1.0 0.99 6.0 6.0 81.0 76.3
3 PP abedefg ab a abe def def fgh def defe de abe def
: 50 ppm BAP 5.2 53 24.0 24.0 2.1 22 1.1 0.95 53 6.0 76.0 703
s cdefg cdef abe bede efg fg efg def efgh de bed efg
4.7 5.0 23.0 22.3 1.9 2.3 0.7 0.8 5.0 5.0 66.0 61.7
T B g defg abe odef o elg hi ) g of od o
Conirol 4.9 4.5 21.0 19.0 2.1 22 0.8 0.7 4.0 4.3 81.0 83.7
cfgh fo bed defg defg fg ghi cf h f abe bed
z 25t et 6.6 6.6 29.0 320 2.5 2.8 14 13 7.7 6.7 96.7 99.0
g a a a a cd cd cde cd d de a a
m 5% ppis Mt 6.5 6.4 2740 30.0 2.3 27 1.5 15 7.0 6.7 97.7 96.3
m ab ab ab ab de de de be de de a ab
= 6.2 555 26.0 2.8 2T 1.3 13 6.3 6.3 933 94.0
g S0pnBaAP abed L de de def cd defg de ab ab
54 59 19.0 21.0 2.7 2.4 1.0 6.0 6.3 86.7 90.3
100 ppm BAR bedefg abed cde cdef c def fgh 10de defg de ab abe
4.50 4.7 1233 12.7 3.2 32 14 1.9 10.7 W3 68.3 73.3
Control i . y
gh efg t g b be cde ab c 4 cd defg
m . 6.5 6.83 19.0 15.7 3.98 43 24 2.1 15.7 15.7 89.0 89.3
m - ab a cde fg a a a a a a ab abe
o , e 6.4 6.8 16.0 16.0 4.1 42 1.9 1.9 15.7 . 89.0 85.7
m oAt ARl abe a def fg a a b ab a 15 ab bed
o 5917 5.10 14.7 15.7 3.3 43 17 1.96 13.7 15.0 827 337
5  TmoBEP abede defe det fo b a be a b a abe bed
5.2 5.9 13.0 12.3 3.2 35 1.7 1.8 133 13.0 76.7 80.3
LIGppH Bp defg abed of g b b bed ab b b bed cde

1¥t and 2" first season and second season. Values marked with the same alphabetical letters, do not differe significantly, using Tukev's Honest Significant Difference test at 0.05 level of

probability.
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The general increase in inflorescence longevity and
flowering duration as a result of kinetin treatments
is in agreement with the findings of Reda ef al.,
(2010) on chamomile plant, Mara (2017) on
Echinacea  Hybrids, ~Mohamed (2017) on
Symphyotrichum novi-belgii L. and Abou-El-Ghait
et al., (2018) on Dendranthema grandiflorium cv.
Art Queen plants.

The effects of interaction between the gaillardia
varieties and different levels of BAP and kinetin on
flowering growth parameters of gaillardia plants
were significant during both seasons (Table 5). The
obtained results, generally, revealed that the
combined treatment which included Pulchella
variety and 25 ppm kinetin gave the highest mean
values of inflorescence diameter, number of
inflorescences per plant and flowering duration in
the both seasons. Whereas, the combined treatment
of the Lorenziana variety and either 25 or 50 ppm
kinetin presented the highest mean values of
inflorescence fresh weight, inflorescence dry weight
and inflorescence longevity in both seasons. The
estimated percentages increase in inflorescence
diameter, number of inflorescences per plant and
flowering duration for Pulchella variety were (34.69
and 46.67%), (38.1 and 68.42%) and (19.38% and
18.28%) compared to the control treatment for the
first and second seasons, resiectively. Whereas, the
estimated percentages increase in inflorescence
fresh weight, inflorescence dry weight and
inflorescence longevity for Lorenziana variety were
(24.38, 28.13 and 34.38, 31.25%), (71.43 and 10.53,
3.16%) and (46.73% and 46.73, 42.99, 40.19%)
compared to the control treatment for the first and
second seasons, resiectively.

CONCLUSIONS

This study recommends, generally, that the
interaction between Pulchella variety and either
BAP at 100 ppm or kinetin at 25 ppm considerd as a
best treatment for the production of admirable
vegetative and flowering growth of gaillardia plants
under the environmental conditions of this study.
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