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The aim of this study was to investigate the effects of different doses and 
application methods of Trinexapac-ethyl (TE) and Paclobutrazol (PAC) on 
the growth, development, and flowering characteristics of safflower 
(Carthamus tinctorius L.) plants. This study will contribute to revealing and 
expanding the potential of this species, which is known to have high 
drought, cold, and salinity tolerance, in the ornamental plants sector. In 
the experiment, two safflower cultivars (Olas and Dinçer), two different 
plant growth inhibitors (TE and PAC), two different application methods 
(foliar and soil), and different doses (TE: foliar- 0, 4, 6, 8, and 12 ppm; 
PAC: soil- 0, 25, and 50 mg/pot, foliar- 0, 50, 100, and 500 ppm) were 
studied. Based on the results obtained, the use of TE and PAC, which are 
plant growth inhibitors, is seen as a suitable alternative to use ‘Olas’ and 
‘Dinçer’ cultivars of safflower plant as ornamental plants in landscape 
designs and to expand their use for this purpose. It was determined that 
PAC application at a dose of 500 ppm in the form of foliar spray was an 
appropriate application especially in terms of suppressing height growth, 
and the plants treated with TE had a wider plant width compared to those 
treated with PAC. 
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INTRODUCTION 
 

Safflower (Carthamus tinctorius L.) is an annual plant in the Asteraceae family and 

well adapted to arid conditions because it usually reaches a height of 30 cm to 150 cm and 

has deep taproots that enable it to draw water from deeper soil layers (Gürsoy et al. 2018). 

Bright yellow, orange, or red blooms are produced by the plant, and these blooms 

eventually turn into seed heads full of many oil-rich seeds (Weiss 2000). Its seeds are a 

marketable commodity, appearing in food items (Landau et al. 2004), cosmetics 

(Asgarpanah and Kazemivash 2013), and medication formulations (Mündel et al. 2004). 

The oil could also be used to produce biofuel (Mündel et al. 2004) and bagasse for animal 

feed additions. In addition to its health benefits and industrial uses, safflower is known to 

be used as a fresh and dry cut flower and ornamental plant (Pahlavani et al. 2004; Erbaş 

and Baydar 2017; Menegaes and Nunes 2020; Sefaoğlu 2022). Flower color, thornlessness 

characteristics and plant height are important characters for this type of use (Erbaş and 

Baydar 2017). The floriculture and ornamental plant industries are dynamic ones that are 

always looking to innovate and meet the latest trends in the market and this species has a 
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lot of potential in this regard for this market. Safflowers are a highly sought-after species 

in the floriculture industry due to their diverse floret color, size, and arrangement. They 

can be used as ornamental plants, cut stems, and made into bouquets. They can also be 

planted in gardens or pots and traded either fresh or dried (Bradley et al. 1999). Using 

specific cultivars of this herbaceous plant for floral arrangements is a common practice 

throughout Europe (Melo et al. 2019).  

The safflower is an annual herbaceous plant that is self-pollinating and tolerant of 

high temperature, salinity, and little water supply (Dantas et al. 2011; Zareie et al. 2013; 

Santos and Silva 2015; Melo et al. 2019). In many semi-arid parts of the world, it has 

adapted (Mündel et al. 1997). It can be grown in a variety of climates, from temperate to 

tropical, and it grows best on well-drained soils. Because it can withstand dryness, it is a 

desirable crop to grow in arid and semi-arid areas. Usually, safflowers are planted in the 

early spring and harvested in the early fall or late summer (Emongor 2010). However, it 

can also be planted as a winter crop in mild regions where winters are not too cold.   

Between 2010 and 2021, there was a growing tendency in Türkiye’s safflower 

production relative to the planting area until 2015 (Akgun and Soylemez 2022). However, 

due to the global spread of transgenic species, including cotton, soybean, and rapeseed, 

there has been a rapid fall in production in recent years (Ilkdogan and Olhan 2012). Türkiye 

does not fully realize the potential of safflower as an ornamental plant; instead, it is grown 

mostly for oil production and scientific research. For this reason, investing in the potential 

of this species is a promising strategy. In the developing and rapidly changing world, the 

ornamental plants sector has become a sector that changes rapidly in terms of the species 

and cultivars used and new options are needed. It has become necessary to select the right 

and high-quality plants for landscape design purposes and to use the latest production 

techniques in the production of these plants. However, given the growing relevance of 

floriculture in Türkiye's agriculture, it becomes important to search for and offer new 

commodities to increase and satisfy market demand. 

Safflower is very tolerant in terms of ecological requirements such as drought, cold 

and salinity and has a high value in terms of ornamental plant potential with its flower and 

leaf characteristics (Hussain et al. 2016; Kayaçetin 2022; Pasban Eslam et al. 2024). Plant 

height, which is a parameter of the growth of the shoots of the plant in non-woody, 

herbaceous species suitable for growing in pots and species used as cut flowers, is one of 

the factors limiting the healthy growth of the plant. If the plant height and shape is not 

proportional to the pot in which it is grown, it prevents the plant from standing upright and 

causes it to tip over (Latimer and Scoggins 2012). This problem has the potential to occur 

not only in ornamental plants grown in pots, but also in all ornamental plants of herbaceous 

character.  This process can cause the species to lean to the side, not get enough light, form 

shaded plant parts, touch the ground when it grows taller to access the sun, rot and die. As 

stated in the literature, studies should be carried out to create smaller and compact forms 

of such a valuable plant with high cold, drought and salt tolerance that can be used as an 

alternative with plant growth inhibitors. A quality ornamental plant is generally 

characterized by uniform flowering, a densely textured and erect stem, dark green leaves, 

and a plant height that is aesthetically compatible with the size of the pot. Growth inhibitors 

are widely used in ornamental plants for different purposes and are especially necessary to 

control plant height when tall plants are used in design. Growth inhibitors physiologically 

regulate plant height by retarding cell division and elongation in shoot tissues without 

deforming leaves and stems. These compounds are used to obtain stunted, more densely 

textured plants, to darken the color of green parts, to strengthen flower stalks, as well as to 
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program flowering and to increase resistance to environmental influences (Halevy 1985; 

Larson 1985; Karagüzel 1999; Seyidoğlu and Zencirkıran 2009). 

Trinexapac-ethyl (TE) is one of the newest growth regulators used in agriculture 

and horticulture and is from the carboxylic acid family. The TE inhibits the biosynthesis 

of gibberellins but inhibits gibberellin production in the biosynthetic pathway much later 

than chloromequat or triazole compounds (Rademacher 2000; Hafner 2001). It is one of 

the important growth retardants that inhibits the formation of GA1 from GA20 and the 

conversion of GA1 to GA8 (Adams et al. 1992; Rademacher 2000). TE has been found to 

reduce cell elongation and suppress vegetative growth (Adams et al. 1992) and stabilize 

stem growth in some cereal crops and oilseed rape (Rademacher 2000). It shortens the 

internodes of the plant, resulting in a shorter and more robust plant (Kerber et al. 1989; 

Adams et al. 1991, 1992). It is used as a stem stabilizer in cereals, rice, and sunflowers. 

Short-term TE spray application has been reported to have responses in cultivated plants, 

such as reducing plant height in sunflower and increasing dry weight of grapes, while 

having no effect on cotton (Correia and Leite 2012). In grass crops, TE is a widely used 

growth retardant that effectively reduces grass leaf growth and subsequent mowing 

requirements during the cool and warm season (Johnson 1994; Ervin and Koski 1998, 

Fagerness and Penner 1998a; Fagerness and Penner 1998b; Ervin and Koski 2001). There 

are scientific studies reporting that foliar application of TE can reduce vegetative growth 

(Johnson 1994; Ervin and Koski 1998) and increase drought and salinity tolerance 

(McCann and Huang 2007, 2008; Bian et al. 2009; Arghavani et al. 2012), reduce water 

consumption, and increase osmotic regulation, leading to increased drought resistance 

(Elansary and Salem 2015) in turfgrasses. Although many studies have been conducted on 

the effects of TE on turfgrass plants, research on its effects on other ornamental plants is 

quite limited (Gardner and Metzger 2005).  

Paclobutrazol (β-[(4-chlorophenyl)methyl]-2-(1,1-dimethylethyl)-1H-1,2,4-

trizole-1-ethanol), another plant growth inhibitor, is an inhibitor of gibberellin biosynthesis 

(Bilgener et al. 1998). Paclobutrazol (PAC), a triazole derivative, is a potent growth 

inhibitor that can control growth in many plants even at low doses by stopping gibberellin 

and sterol biosynthesis and its activity persists for a long time (Fletcher et al. 2000; Gent 

and McAvoy 2000). Transportation takes place through the xylem system. Although the 

applied dose varies according to plant species, it is used at rates between 2 ppm to 90 ppm. 

It is absorbed immediately and becomes active after absorption in the roots and stem. A 

small portion is absorbed in the leaves (Ören 2012). Many researchers have reported that 

PAC provides height control in many ornamental plants, mostly flowering potted plants 

(Ruter 1996; Karagüzel 1999; Francescangeli and Zagabria 2008) and increases the 

ornamental value of the plant by increasing flowering (Karagüzel 1999). In addition, it has 

been emphasized in many studies that PAC has the effect of changing the color of leaves 

in plants (Kim et al. 1999; Pinto et al. 2005) and is also used to give compact structure to 

plants, especially in potted plants (Roberts et al. 1990). Paclobutrazol, which inhibits 

gibberellin biosynthesis in some plants, has been reported to make the plant resistant to 

cold (frost) (Aydoğdu and Boyraz 2005). Paclobutrazol is commonly applied as foliar spray 

and substrate wetting (pouring). Application techniques have a significant effect on its 

efficacy on the crop and many studies have reported that pouring application is more 

effective in shortening plant height. The effect of PAC also depends on the application of 

the appropriate dose, which may vary with species, variety, and environmental conditions 

(Hazar and Bora 2018). Many applications have been encountered in the literature for the 
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use of PAC in ornamental plant cultivation (Karagüzel 1999; Köse and Kostak 2000; 

Banon et al. 2002; Seyidoğlu and Zencirkıran 2009; Ören 2012).  

The objective of this study is to investigate the effects of different doses and 

application methods of TE and PAC on the growth, development, and flowering 

characteristics of C. tinctorius plant. In this way, it is aimed to contribute to revealing the 

potential of this species, which is known to have high drought, cold, and salinity tolerance, 

in the ornamental plants sector and to make it more commonly used.  

 

 

EXPERIMENTAL 
 

Two different cultivars of safflower were used in this study. These cultivars are 

‘Olas’ developed by Thrace Agricultural Research Institute (Edirne, Türkiye) and ‘Dinçer’ 

cultivar developed and registered by Transitional Zone Agricultural Research Institute 

(Eskişehir, Türkiye) in 1977.  

‘Olas’ is a yellow-flowered and thorny cultivar and was developed as the first and 

only cultivar with high oil content and oleic fatty acid in Türkiye. Plant height is about 70 

cm to 80 cm, and it is resistant to lodging. It is suitable for cultivation in all regions (Turkish 

Ministry of Agriculture and Forestry 2024a). ‘Dinçer’ cultivar has orange flowers and is 

thornless/has medium thorns. Seeds are white in color (Turkish Ministry of Agriculture 

and Forestry 2024b).    

Safflower seeds of ‘Olas’ and ‘Dinçer’ cultivars were sown on 27th March 2023 in 

the cavities of the vials filled with peat-perlite-vermiculite (2:1:1) growing medium. 

Germination was observed one week after regular irrigation. When the first pair of true 

leaves appeared one month after sowing, the seedlings were transplanted into 15 × 15 cm 

diameter pots filled with peat-perlite-vermiculite (2:1:1) mixture. To encourage the growth 

and development of the seedlings, 18-18-18 balanced fertilizer (1 g/5 L) was applied one 

week after transplanting.  

After germination of the seeds, the first plant growth inhibitor was applied to the 

seedlings (approximately 8 weeks after sowing), which were transplanted into pots when 

6 to 8 leaves. The second plant growth inhibitor application was made one week after the 

first application. Trinexapac-ethyl (TE) sold under the trade name MODDUS of Syngenta 

brand and Paclabutrazol (PAC) sold under the trade name CULTAR 25SC of the same 

brand were used as plant growth inhibitors. The TE application was made by foliar spraying 

and application doses were 4 doses including control. These are 0 (control), 4, 6, 8, and 12 

ppm. Control group plants were sprayed with water. The PAC application was made both 

as foliar spray and soil drench. Soil application was 0 (control), 25, 50 mg/pot, and foliar 

spraying was 0 (control), 50, 100, and 500 ppm. Control group plants were sprayed with 

water, and thus 2 safflower cultivars (Olas and Dinçer), 2 different plant growth inhibitors 

(TE and PAC), 2 different application methods (foliar and soil), and different doses in each 

(TE; foliar - 0, 4, 6, 8, and 12 ppm, PAC; soil 0, 25, and 50 mg/pot, foliar 0, 50, 100, and 

500 ppm) were studied in the experiment. The experiment was planned according to the 

Randomized Block Design with three replications. 

Some morphological and physiological measurements and observations were taken 

every week during the experiment. Observations were plant height and width, number of 

branches, leaf color, leaf chlorophyll content, number of flowers after flowering. Plant 

height was measured weekly starting 1 week after TE and PAC treatments from the soil 

level to the top of the plant to determine the above-ground part of the plant. Plant diameter 

https://www.researchgate.net/institution/Transitional_Zone_Agricultural_Research_Institute?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Imluc3RpdHV0aW9uIiwicGFnZSI6Imluc3RpdHV0aW9uIn19
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was measured weekly starting 1 week after TE and PAC treatments using the widest 

diameter along the top of the plant and averaged for each plant. To assess the number of 

branches, branches from the main stem were counted per week. Leaf color was determined 

using the CIELAB L*, a*, and b* coordinate values, which were obtained with a CR-400 

Chroma meter (Konica Minolta Sensing, Inc., Osaka, Japan). Three measurements were 

made on two youngest, fully grown leaves every week and averaged. Using the formula of 

Banon et al. (2002), the hue angle or value that indicates the color of the leaf was 

determined. When a color is viewed in a closed 360° ring or wheel, its hue is the 

characteristic that determines whether it is red, orange, yellow, green, blue, purple, or 

anywhere in between neighboring pairings of these colors. The hue angles of the four 

fundamental colors are as follows: blue is 270°, green is 180°, yellow is 90°, and red is 0° 

(Kortei and Akonor 2015). A handheld chlorophyll meter (SPAD-502 (Minolta Camera 

Co., Osaka, Japan) was used to measure the relative leaf chlorophyll content once a week 

starting after TE and PAC treatments. Rapid and nondestructive measurements that closely 

match the chlorophyll concentration of the leaf were made possible by the chlorophyll 

meter (Azia and Stewart 2001; Richardson et al. 2002). Every week, measurements of 

SPAD were obtained from the centers of each plant's two youngest, fully grown leaves. 

Five measurements were taken from two youngest and well grown leaves and the average 

value was calculated for each plant. Flowering begins approximately 2 weeks after the 

second TE and PAC applications. For determining number of flowers, all flowers were 

counted weekly for each pot until the experiment finished. At the end of 8 weeks, the 

experiment was terminated due to the increase in air temperatures and plant senescence. 

When the experiment was terminated, the plants were carefully removed from their pots. 

The roots were washed, then the roots and stems were separated, placed in separate 

envelopes, immediately taken to the laboratory, and weighed separately to obtain a fresh 

weight. The weighed plant root and green parts envelopes were then dried in a 72 ℃ oven 

for 48 hours and their dry weights were weighed. The averages of all data were subjected 

to analysis of variance in SPSS 17 program (SPSS Inc., Chicago, IL, USA), and the 

parameters that were statistically different according to the analysis results were compared 

with Duncan’s multiple comparison test at the 5% significance level. 

 

 

RESULTS AND DISCUSSION 
 

The data presented in Fig. 1 show that the retarding effect of plant growth inhibitors 

on plant height can be seen in all applications. After the applications, significant differences 

were detected in plant height depending on the cultivars and plant growth inhibitor 

applications. It is seen in Fig. 1 that PAC application was more effective on plant height in 

both examined cultivars. On June 26, when the mean values of the last plant height were 

examined, it was observed that the control group was 60.83 cm in ‘Olas’ cultivar, this value 

varied between 53.78 cm and 57.83 cm in TE treated plants, and between 45.61 cm and 

39.28 cm in PAC-treated plants. In ‘Dinçer’ cultivar, the control group was found to be 

83.44 cm, and this value varied between 60.11 cm and 82.05 cm in TE treated plants and 

between 18.37 cm and 27.68 cm in PAC treated plants (Fig. 1). The authors’ findings are 

similar to results of other studies with PAC, such as narcissus (Narcissus tazetta L.) (Demir 

and Çelikel 2019), gypsophila (Gypsophila bicolor (Freyn & Sint.) Grossh.) (Parlakova 

Karagöz et al. 2023), Easter lily (Lilium longiflorum Thunb.) (Jiao et al. 1986), Camelina 

sativa (Sumit et al. 2012) and rice (Dewi et al. 2016). In Jerusalem artichoke (Helianthus 
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tuberosus), another member of the Asteraceae family, which is used both as an ornamental 

plant with its yellow flowers and its tuber is edible, 50 ppm PAC application was sufficient 

to reduce plant height compared to the control (Phasri et al. 2019). Similarly, in 

chrysanthemum (Chrysanthemum indicum), a widely used ornamental plant in the world 

belonging to the same family, 25 and 50 ppm PAC application had a positive effect in 

reducing plant height (Abou Elhassan et al. 2021). Likewise, it was determined that PAC 

application significantly reduced plant height compared to the control application in 

Calendula officinalis (Mahgoub et al. 2006). Qrunfleh and Suwwan (1988) also stated that 

PAC application significantly reduced plant height in Callistephus chinensis and 

Calendula officinalis species. Xiangting et al. (2020) similarly reported that PAC 

application by spray at 400 mg/L in Cymbidium hybridum reduced plant height up to 90%.  

According to the current findings, foliar application of PAC was more effective 

compared to soil drenching. This is thought to be due to the greater amount of active 

ingredients contained in the 100 ppm and 500 ppm foliar spray applications. The 

application method plays a major role in the effectiveness of PAC (Barrett and Bartuska 

1982). The application method of PAC in similar literature is largely foliar spray or soil 

drenching. Among these applications, soil drenching has been reported to give more 

positive results (Keever et al. 1990; Whipker and Dasoju 1998; Hawkins et al. 2015; 

Karaguzel et al. 2004), as it provides longer absorption time and greater absorption of 

active ingredients (Karaguzel et al. 2004; Desta and Amare 2021). Karaguzel et al. (2004) 

reported that in order to obtain a similar retarding effect on plant growth characteristics, 

foliar spray applications using more active ingredients per plant are required compared to 

media drench applications. In addition, plant growth inhibitory applications were seen to 

be more effective in the Dinçer cultivar (Fig. 1). 

 

 
 

a 
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Fig. 1. Effects of growth retardants application method on plant height of Carthamus tinctorius 
during growing period 

 

The ANOVA results showed that cultivar, plant growth inhibitor treatments, and 

cultivar × plant growth inhibitor treatment interactions all had significant effects on plant 

growth traits of safflower cultivars (Table 1). 

 

Table 1. Analysis of Variance (Means Squares) for PH, PW, NOB, LCC, NOF, 
LC, SDW, and RDW of Carthamus tinctorius Cultivars and Evaluated Growth 
Retardant Applications 

Source of 
Variation df 

Mean Square 

PH 
(cm) 

PW 
(cm) 

NOB 
(Branches 

Plant-1) 

LCC 
(spad) 

NOF 
(Flowers 
Plant-1) 

LC 
(°) 

SDW 
(g Plant-1) 

RDW 
(g Plant-1) 

Cultivar (C) 
 

1 103.42* 455.291*** 52.678*** 0.18NS 12.577*** 80.782*** 4.654NS 11.528*** 

Growth 
Retardants 

Applications 
(GRA) 

9 1815.969*** 22.495*** 39.770*** 26.057** 8.116*** 25..348** 99.702*** 17.511*** 

C × GRA 
 

9 598.451*** 9.529** 18.640*** 10.21NS 4.512*** 23.997** 27.860*** 2.055*** 

Error 40 24.883 2.841 2.923 7.01 0.834 7.642 1.151 0.099 

NS, ***,**,*: Non significant, significant at P ≤ 0.01, P ≤ 0.1, P ≤ 0.5, respectively.  
PH: Plant height; PW: Plant width; NOB: Number of branches; LCC: Leaf chlorophyll content; 
NOF: Number of flowers; LC: Leaf color; SDW: Stem dry weight; RDW: Root dry weight  

 

When the cultivar means are examined, it is seen that while no significant 

difference is observed in terms of plant height and stem dry weight characteristics, ‘Dinçer’ 

cultivar has higher values with significant differences in terms of other growth 
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characteristics (plant width, leaf chlorophyll content, number of flowers, leaf color, and 

root dry weight) (Table 2). Table 2 shows that in ‘Olas’ and ‘Dinçer’ cultivars, average 

plant height was 49.51 cm and 47.68 cm, plant width was 21.32 cm and 26.83 cm, number 

of branches was 10.6 and 8.73, leaf color was 65.34 SPAD and 64.40 SPAD, number of 

flowers was 5.22 and 6.13, leaf color was 182.15° and 184.48°, stem dry weight was 10.06 

g and 10.62 g and root dry weight was 11.53 g and 2.42 g, respectively. 

When the plant growth inhibitor application means were examined, it was seen in 

Table 2 that the height values varied between 72.14 cm and 28.82 cm. It was determined 

that plant heights decreased with increasing doses of plant growth inhibitors. Foliar 

applications of PAC were more effective compared to soil applications, and TE 

applications were more effective with increasing doses, showing a statistical difference 

from the control group, however, this effect was not as effective as PAC applications. As 

seen in Table 2, while the mean height values were 72.14 cm in the control group, this 

value was between 56.95 cm and 69.94 cm in TE treatments, between 28.82 and 33.53 cm 

in PAC treated plants as foliar spray and between 34.69 and 36.64 cm in PAC treated plants 

as a soil drench. Similarly, Vital et al. (2017) concluded that the plant height of sunflower 

plants was not affected by increasing TE doses (0 to 3, 12, 6.25 to 12.50, 25, and 75 g ha-

1), and the height increased 78% compared to the control. The TE is an effective growth 

regulator for many species of the Poaceae family, including turf grasses, and has been 

reported to be less active in dicotyledons than in Poaceae species, probably due to their 

relative inability to hydrolyze ethylester to the active acid form (Rademacher 2000; Sever 

Mutlu and Kurtulan 2015). The TE has also been reported to have little or no growth 

regulatory activity in various species, including marigold (Tagetes erecta L.), begonia 

(Begonia semperflorens), glasswort (Impatiens wallerana.), petunia (Petunia × hybrida), 

tomato (Lycopersicon esculentum), and pepper (Capsium annuum) (Gardner and Metzger 

2005). It is seen in Table 3 that in ‘Olas’ cultivar, plant height was shortened with 

increasing doses of TE application, but these differences were not significantly different 

from the control group. In the Dinçer cultivar, while increasing doses of PAC are not 

statistically significant, statistically significant differences are noted in increasing doses of 

TE. In both cultivars, the lowest average plant height values were determined in plants to 

which PAC was applied via leaves at a dose of 500 ppm. At this dose, plant height 

decreased by 78% in ‘Dinçer’ cultivar compared to the control group, while this rate was 

35% in ‘Olas’ cultivar. When these values were compared with the control group, it was 

determined that the change in plant height in the ‘Dinçer’ cultivar was greater. As a result 

of the research, it is seen in Table 3 that plant growth inhibitors are more effective in the 

‘Dinçer’ cultivar in terms of plant height values. 
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Table 2. Mean Comparisons on the Effects of PH, PW, NOB, LCC, NOF, LC, SDW, and RDW for Cultivars and Growth 
Retardant-applications of Carthamus tinctorius 

Treatments 

Growth Characteristic 

PH 
(cm) 

PW 
(cm) 

NOB 
(Branches Plant -1) 

LCC 
(SPAD) 

NOF 
(Flowers Plant -1) 

LC  (°) 
SDW  

(g Plant-1) 
RDW 

(g Plant-1) 

 
Cultivar 

        

Olas 49.51 az 21.32 b 10.60 a 65.34 a 5.22 b 182.15 b 10.06 a 1.53 b 
Dinçer 47.68 a 26.83 a 8.73 b 64.40 a 6.13 a 184.48 a 10.62 a 2.42 a 

 
Growth Retardants 

Applications 

        

Control 72.14 a 26.17 ab 11.85 ab 60.87 c 5.36 cd 184.06 ab 13.86 bc 2.44 c 

TE 4 ppm (FS) 69.94 a 27.72 a 13.16 a 63.49 bc 6.66 b 184.51 ab 14.89 b 4.13 a 

TE 6 ppm (FS) 62.03 b 25.10 bc 11.42 ab 65.09 ab 6.50 bc 185.76 a 13.05 c 2.73 c 

TE 8 ppm (FS) 60.62 b 25.27 bc 13.14 a 66.04 ab 8.11 a 184.07 ab 16.51 a 4.39 a 

TE 12 ppm (FS) 56.95 b 23.33 cd 9.83 bc 66.45 ab 5.5 cd 185.02 ab 11.61 d 3.75 b 
PAC 50 ppm (FS) 33.53 cd 21.53 d 7.5 de 66.75 ab 5.44 cd 178.68 c 7.50 e 0.44 d 

PAC 100 ppm (FS) 31.47 cd 23.23 cd 7.67 de 67.03 ab 5.28 d 181.88 bc 6.94 e 0.69 d 

PAC 500 ppm (FS) 28.82 d 22.25 d 6.06 e 68.18 a 3.83 e 184.03 ab 5.34 f 0.29 d 

PAC 25 mg/pot (SD) 36.64 c 22.56 d 8.33 cd 64.33 b 5.11 d 183.39 ab 6.32 ef 0.42 d 

PAC 50 mg/pot (SD) 34.69 cd 23.62 cd 7.67 de 65.33 ab 4.94 d 181.74 bc 7.39 e 0.38 d 
Z: In each column and treatment factor, means followed by the same letter are not significantly different at the 5% level according to Duncan’s multiple 
range tests.  
TE: Trinexapac-ethyl, PAC: Paclabutrazol, FS: Foliar spray, SD: Soil Drench; 
PH: Plant height; PW: Plant width; NOB: Number of branches; LCC: Leaf chlorophyll content; NOF: Number of flowers; LC: Leaf color; SDW: Stem dry 
weight; RDW: Root dry weight 
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Table 3. Mean Comparisons for Interaction Effects of Cultivar × Growth Retardant Applications on PH, PW, NOB, LCC, NOF, 
LC, SDW, and RDW of Carthamus tinctorius 

Cultivar 
Growth Retardants 

Application 

Growth Characteristic 

PH 
(cm) 

PW 
(cm) 

NOB 
(Branches  

Plant -1) 

LCC 
(SPAD) 

NOF 
(Flowers Plant -1) 

LC 
(°) 

SDW 
(g  

Plant-1) 

RDW 
(g  

Plant-1) 

Olas  
 

Control 

 
 

60.83 az 

 
 

21.1 bc 

 
 

14.11 a 

 
 

60.35 b 

 
 

3.94  c 

 
 

183.21 ab 

 
 

12.18 a 

 
 

1.41  c 

TE 4 ppm (FS) 57.83 a 24.28 a 10.98 ab 64.09 ab 5.11 bc 184.42 ab 12.54 a 2.87 b 

TE 6 ppm  (FS) 53.83 a 20.44 bc 11.11 ab 66.55 a 6.89 a 187.02 a 11.56 ab 1.48 c 
TE 8 ppm  (FS) 53.80 a 23.04 ab 11.89 ab 67.60 a 6.34 ab 184.14 ab 12.90 a 4.26 a 

TE 12 ppm  (FS) 53.78 a 21.9 abc 9.89 b 68.13 a 4.67 c 185.35 a 9.65 bc 2.91 b 

PAC 50 ppm (FS) 45.5 b 19.58 c 9.11 b 65.01 ab 5.33 abc 173.42 c 8.55 cd 0.36 d 

PAC 100 ppm (FS) 43.11 bc 20.59 bc 9.33 b 65.32 ab 5.00 bc 178.19 bc 8.80 cd 0.57 d 

PAC 500 ppm (FS) 39.28 c 20.71 bc 8.45 b 67.10 a 4.22 c 181.81 ab 7.40 d 0.39 d 

PAC 25 mg/pot (SD) 45.61 b 20.75 bc 10.78 ab 63.99 ab 5.34 abc 183.11 ab 7.35 d 0.54 d 
PAC 50 mg/pot (SD) 43.32 bc 20.8 bc 10.44 ab 65.25 ab 5.33 abc 180.86ab 9.69 bc 0.4 d 

Dinçer  
 

Control 

 
 

83.44 a 

 
 

31.19 a 

 
 

9.59 c 

 
 

61.39 b 

 
 

6.78 bc 

 
 

184.91 a 

 
 

15.54 bc 

 
 

3.47 c 

TE 4 ppm (FS) 82.05 a 31.16 a 15.44 a 62.90 b 8.22 b 184.61 a 17.23 b 5.40 a 

TE 6 ppm  (FS) 70.22 b 29.77 ab 11.72 b 63.63 b 6.11 cd 184.51 a 14.54 cd 3.99 bc 

TE 8 ppm  (FS) 67.45 b 27.5 bc 14.39 a 64.47 ab 9.89 a 183.99 a 20.12 a 4.51 b 

TE 12 ppm  (FS) 60.11 b 24.76 cd 9.78 c 64.76 ab 6.33 cd 184.69 a 13.58 d 4.60 b 

PAC 50 ppm (FS) 21.55 c 23.48 d 5.89 d 68.49 a 5.56 cd 183.93 a 6.45 e 0.53 d 
PAC 100 ppm (FS) 19.84 c 25.87 cd 6.00 d 68.75 a 5.56 cd 185.57 a 5.08 ef 0.81 d 

PAC 500 ppm (FS) 18.37 c 23.79 d 3.67 e 69.25 a 3.45 e 186.26 a 3.29 f 0.19 d 

PAC 25 mg/pot (SD) 27.68 c 24.38 cd 5.89 d 64.67 ab 4.89 de 183.67 a 5.28 e 0.29 d 

PAC 50 mg/pot (SD) 26.05 c 26.45cd 4.89 de 65.42 ab 4.55 de 182.62 a 5.09 ef 0.27 d 
Z: In each column and treatment factor, means followed by the same letter are not significantly different at the 5% level according to Duncan’s multiple 
range tests.  
TE: Trinexapac-ethyl, PAC: Paclabutrazol, FS: Foliar spray, SD: Soil drench; 
PH: Plant height; PW: Plant width; NOB: Number of branches: LCC: Leaf chlorophyll content; NOF: Number of flowers; LC: Leaf color; SDW: Stem dry 
weight; RDW: Root dry weight
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When the averages were examined in terms of plant width and branch number 

content, the highest values were determined in plants applied with foliar TE at a dose of 4 

ppm (Table 2). These values are 27.7 cm and 13.16 pieces, respectively. It is seen in Table 

2 that plant width and branch number values decreased with increasing doses of TE and in 

all applications of PAC compared to the control group. Similarly, in terms of plant width, 

Whipker and Dosoju (1998) reported that soil PAC application in sunflower plants 

(Helianthus annuus cv. ‘Pacino’) grown in pots shortened plant height 27% compared to 

the control, while reducing plant width 16%. Similarly, Piphatwatthanakul et al. (2024) 

determined that 400 ppm foliar and soil PAC application in Dendranthema grandiflora 

species significantly reduced plant width. The findings obtained in this study in terms of 

plant width are also parallel to the findings obtained in Cymbidium hybridum (Xiangting 

et al. 2020) and Dendranthema grandiflora (Piphatwatthanaku et al. 2024). In both species, 

PAC application significantly reduced plant width. The findings obtained in terms of 

branch number are parallel to Parlakova Karagöz et al. (2023) and (Taha and Sorour 2016). 

Parlakova Karagöz et al. (2023) determined that PAC application in Gypsophila bicolor 

caused a decrease in the number of branches compared to the control group. Similarly, in 

another potted ornamental plant, Pentas lanceolata, increasing PAC doses suppressed 

vegetative growth and caused a decrease in the number of branches (Taha and Sorour 

2016).  

It is noteworthy that leaf chlorophyll content increased with increasing doses of 

PAC in foliar and soil applications, while in TE application, this value did not show 

significant difference depending on the dose in general, but TE application caused a 

statistically significant increase compared to the control group (Table 2). The mean leaf 

chlorophyll content in control plants was 60.87. This value varied between 63.49 and 66.45 

spad in TE treated plants, between 66.75 and 68.10 in PAC treated plants as foliar spray 

and between 64.33 and 65.33 in PAC treated plants as a soil drench. It has been reported 

that PAC application effectively reduced the vegetative growth of rice plants while 

increasing the chlorophyll content (Dewi et al. 2016). Similarly, in chrysanthemum 

(Chrysanthemum indicum) species, 25 and 50 ppm PAC application increased the 

chlorophyll content (Abou Elhassan et al. 2021). Similarly, in peony (Paeonia lactiflora), 

it was shown that PAC-treated plants were superior in terms of increased photosynthetic 

properties compared to untreated controls (Xia et al. 2018). Similar results were obtained 

in gerbera (Gerbera jamesonii) species (Lee and Lee 1990). Chlorophyll, a critical 

component of the primary photosynthetic reaction, has a dual function in photosynthesis. 

It captures light and it serves as a medium for light-induced charge separation and electron 

transport. The biosynthesis of chloroplast pigments is significantly affected by PAC. 

Various studies on tef plant (Tsegaw et al. 2005) and camelina plant (Sumit et al. 2012) 

showed that the amount of chlorophyll was higher in PAC-treated plants compared to the 

control. The increase in chlorophyll content in PAC-treated plants may be due to 

minimization of the damage caused by reactive oxygen species and changes in the levels 

of carotenoids, ascorbate, and ascorbate peroxidase. Nivedithadevi et al. (2015) reported 

that PAC-treated plants synthesized more cytokinins, which increased chloroplast 

differentiation and chlorophyll biosynthesis and prevented chlorophyll degradation. In 

Camelina sativa L. species, PAC application also increased the chlorophyll content, 

leading to higher photosynthesis and higher yield (Sumit et al. 2012). The results of Dewi 

et al. (2016) showed that black rice plants treated with 25 or 50 ppm PAC had greener 

leaves compared to the control and the leaves also experienced delayed senescence. It was 

thought that this could be due to the increase in the activity of oxidative enzymes that 
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prevent cell maturation. Regarding TE application, Sever Mutlu and Kurtulan (2015) 

reported that TE application in ornamental pepper (Capsicum annuum L.) increased the 

chlorophyll content in plants. They reported that TE application increased the chlorophyll 

content in plants. It is known in the literature that TE increases the mesophyll cell density 

and chlorophyll concentration in grass plants (Ervin and Koski 2001; Heckman et al. 2005; 

McCullough et al. 2006a, 2006b). The current findings are parallel to the literature reports. 

The highest leaf color values were determined in plants applied with foliar TE at a 

dose of 6 ppm (185.8°), and the lowest values were found in plants applied with foliar PAC 

at a dose of 50 ppm (178.7°). In parallel with these findings, there are many studies 

reporting that TE application darkens leaf color, especially in turfgrass species (Ervin and 

Koski 2001; Heckman et al. 2001, 2005; McCullough et al. 2006; Anand 2023). Similarly, 

TE application in rosemary (Rosmarinus officinalis) and thuja (Thuja orientalis “Morgan”) 

species used as ornamental plants increased the leaf chlorophyll content, resulting in plants 

with darker green leaves (Zamani et al. 2016). Regarding PAC application, leaves treated 

with PAC in peony (Paeonia lactiflora) had a darker green color with decreased brightness 

(L*) and increased color tone angle (h°) (Xia et al. 2018). The PAC has also been reported 

to intensify leaf color in azalea, fuchsia, and poinsettia (Witt 1986), rhododendron (Heursel 

and Witt 1985), and carnation (Banon et al. 2002). Although the literature research found 

that PAC application darkened leaf color, it was observed in this study that PAC application 

doses had different effects on the species in terms of leaf color parameter. When the means 

were examined at the interaction level, it was seen that the differences in leaf color values 

and chlorophyll amount were not significant in Dinçer cultivar, while the differences 

observed in Olas cultivar were statistically significant (Table 3). 

Flowering is an important issue in species grown for ornamental plant purposes. 

While control plants had a mean number of 5.36 flowers, plants treated with 4 ppm, 6 ppm, 

8 ppm and 12 ppm TE had 6.66, 6.50, 8.11 and 5.5 flowers respectively, plants treated with 

50 ppm, 100 ppm and 500 ppm PAC as foliar spray had 5.44, 5.28 and 3.83 flowers 

respectively, plants treated with 25 mg and 50 mg PAC as soil drench 5.11 and 4.94 flowers 

respectively. In plants applied with PAC, the decrease in the number of flowers with 

increasing dose shows a statistically significant difference from the control application 

(Table 2). In contrast, it is noteworthy that the average number of flowers in plants applied 

with the highest dose of TE did not show a significant difference from the control group 

(Table 2). It is thought that the effect of PAC application on flowering may be highly 

dependent on the species (Hawkins et al. 2015). Although there are findings in the literature 

that PAC application increases the number of flowers (Haque et al. 2007; Mishra and 

Yadava 2011; Chauhan et al. 2021), there are also researchers who argue the opposite. In 

the literature, it has also been reported that PAC application delays flowering in some 

plants. For example, it delayed flowering in carnation (Atanassova et al. 2004) and 

Japanese rose (Hibiscus rosa-sinensis) species (Nazarudin 2012). Similarly, the findings 

we obtained regarding the number of flowers are parallel to the findings obtained in potted 

sunflower (Helianthus tuberosus L.), which is in the same family as the safflower plant 

examined in the scope of the current study. It was found that increasing PAC application 

decreased the number of flowers. In Bodrum daisy (Osteospermum ecklonis (DC.) Norl.) 

species, PAC applied from soil delayed flowering by 5 to 7 days (Barnes et al. 2009). 

Flower bud formation was reported to be delayed by 7 to 8 days in lily hybrids (Sharma et 

al 2009). Because delayed flowering can make plants less marketable, a plant growth 

inhibitor that delays growth while having a positive or neutral effect on flowering time is 

desirable (Hawkins et al. 2015). 
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When the data are considered in terms of growth inhibitor averages, the highest root 

and shoot dry weight values were found in plants treated with foliar TE at a dose of 8 ppm 

(4.39 g and 16.51 g, respectively), while the lowest values were found in plants treated 

with foliar PAC at a dose of 500 ppm (0.29 g and 5.34 g, respectively) (Table 2). 

In all doses and applications of PAC, low values were measured in terms of root 

dry weight averages without any statistically significant difference (Table 2). While the 

root dry weight was 2.44 g in the control plants, this value was between 0.29 g and 0.69 g 

in PAC treated plants (Table 2). Similarly, Taha and Sorour (2016) reported that PAC 

application caused a significant decrease in stem dry weight in Pentas lanceolata species. 

In terms of PAC application method, it was revealed that foliar spray application was more 

effective in reducing stem dry weight. Again, Zamani et al. (2016) reported that PAC 

application reduced root and stem fresh and dry weights in rosemary (Rosmarinus 

officinalis) and thuja (Thuja orientalis “Morgan) species used as ornamental plants. The 

PAC significantly reduced plant dry mass in petunia, pansy, geranium, and carnation 

species (Collado and Hernández 2021). Ruter (1994) reported it decreased as PAC 

application increased in Pyracantha coccinea species. Abod and Yasin (2002) reported that 

the root dry mass of Acacia mangium seedlings was 12% lower than control plants after 12 

weeks of exposure to PAC. Unlike the current findings with TE application, Elansary and 

Salem (2015) reported that a decrease in root dry weight was observed after TE sprays in 

Spirea nipponica, Pittosporum eugenioides, and Viburnum nadum species compared to 

plants without TE application, but this application had no effect on root dry weight in S. 

nipponica. When the means were considered at the interaction level, it was observed that 

the root dry weight values of Dinçer cultivar (2.42 g) were higher than Olas cultivar (1.53 

g) (Table 3). 

 
 
CONCLUSIONS 
 
1. This study investigated the effects of various doses and application methods of TE and 

PAC on growth and flowering characteristics of safflower (Carthamus tinctorius) 

plant. These plants are known to have high drought, cold, and salinity tolerance. Within 

the scope of this study, the utilization potential of this species in the ornamental plants 

sector was revealed and has contributed to its popularization. The appropriate doses 

and application methods of plant growth inhibitors were determined in terms of the 

parameters considered in 'Olas' and 'Dinçer' cultivars. 

2. The results from this study showed that the retarding effect of plant growth inhibitors 

on plant height can be seen in all applications and that the effectiveness of the applied 

plant growth regulators varies depending on the cultivars. 

3. It was determined that PAC application was more effective on plant height in both 

examined cultivars and that foliar spraying of PAC was more effective than soil 

drenching application.  

4. The decrease in the width, branch and flower number values of the plants with 

increasing doses of foliar spraying of PAC causes a decrease in the ornamental plant 

value of safflower cultivars. 
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5. Foliar application of PAC at a dose of 50 ppm can be used to increase the number of 

flowers and partially control plant height without reducing the ornamental value of 

safflower cultivars. 

6. The results of this study revealed that the effects of higher doses of TE should be 

investigated. 
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