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Abstract 

In this study, the effect of brassinosteroid on pollen germination and tube growth of Dianthus 

calocephalus, Dianthus carmelitarum, and Dianthus deltoides were investigated. Brassinosteroid 

treatments did not cause a significant increase in pollen germination of Dianthus calocephalus, while the 

pollen tube length significantly increased by 8.39% at 0.05 mM, 43.75% at 0.25 mM, 38.40% at 0.5 mM 

and 7.30% at 2.5 mM in compare the control. Also, brassinosteroid treatments did not cause a significant 

increase in pollen germination, and tube length in Dianthus carmelitanum. Although brassinosteroid 

treatments did not cause a significant change in pollen tube length in Dianthus deltoides, 0.05 mM, 0.025 

mM and 0.5 mM brassinosteroid treatments were found to have an increasing effect on pollen 

germination. Besides, brassinosteroid treatment did not cause a significant change in tube abnormality for 

all species and all concentration. 
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1. Introduction 

 

Dianthus belongs to the Caryophyllaceae family 

containing more than 300 species that mostly grow in 

Asia and Europe [1]. It is one of the major medicinal 

plants due to the effectiveness of various disease 

treatments, especially cancer and also an important 

commercial plant due to its common use in the cosmetic 

industry [2]. Due to these important features, in 

Dianthus breeding, it is frequently essential to enlarge 

genetic variability to generate various species or 

cultivars with advanced features like high antibacterial, 

antifungal, cytotoxic, antioxidant, and antidiabetic 

compounds to provide better content for the 

pharmaceutical and cosmetic industry. To enlarge the 

genetic diversity, interspecific hybridization is noticed 

as one of the most beneficial offers. [3]. Pollen 

performance is an important parameter during the 

interspecific hybridization process due to the lack of 

pollen performance during the process reduces the 

success of hybridization [4]. Pollen performance can be 

monitored by main pollen parameters such as 

germination and tube length. In addition to these 

characters, tube abnormalities are very useful indicators 

to evaluate the pollen performance in detail [5, 6]. 

Researchers have been described various substances as 

pollen performance enhancer such as inorganic ions [7], 

proteins [8], flavanols [9], boron [10], polyamines [11, 

6], and plant hormones [12].  

 

Brassinosteroid (BR) is natural plant hormones that 

have a considerable task in plant growth [13]. BR 

controls the very important courses like division, 

elongation, differentiation, nucleic acid and protein 

synthesis, like many other hormones [14]. Also, it has 

been reported by many researchers that BR encourage 

pollen germination and pollen tube growth, and 

subsequently fruit yield [12, 15, 16]. Stimulating effect 

of BR on pollen germination and tube growth 

previously reported in tomato, rice and almond [17, 18, 

19]. Also, Vogler et al [12] have stated that BR 

treatment induced in vitro pollen germination and tube 

growth in Arabidopsis. Moreover, Gökbayrak and Engin 

[20] have been stated that BR application increased 

pollen germination rate in pomegranate.  

 

The goal of this work is to investigate the effect of 

different concentrations of BR on pollen performance of 

three Dianthus species; Dianthus calocephalus, Turkey 

endemic Dianthus carmelitarum and Dianthus deltoids. 

The result may conduce promoting the pollen efficiency 

by species-specific concentrations of BR may ensure 

beneficial knowledge for optimize pollination and 

increase the fruit set, mainly in commercial plants such 

as carnation.  
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2. Materials and Methods 

 

Pollen materials of D. calocephalus, D. 

carmelitarum and D. deltoides were collected from 

Istanbul/Turkey in 2019 spring. Pollen grains were 

germinated in BK medium with %12 sucrose for 3 

hours at room temperature [21]. BK medium was 

supplemented with 0.05, 0.25, 0.5 and 2.5 mM of BR. 

BK medium that not contain BR was used for the 

control. Pollen grains with tubes twice as long as pollen 

diameter were considered as germinated. For each 

group, approximately 500 pollen grains were counted to 

measure the germination rates, and approximately 150 

pollen tubes were measured to define the pollen tube 

length. Besides, curling, swelling, fluctuation, and 

articulation were considered as an abnormality. For each 

group, approximately 150 germinated pollen grains 

were counted to measure the abnormality rates. All 

preparations were analysed and photographed with 

KAMERAM software, using an Olympus BX-51 light 

microscope. Statistical analyses were performed by 

SPSS 16.0 software, and data were subjected to one-

way analysis of variance (ANOVA) with a threshold P-

value of 0.05. 

 

3. Results and Discussion 

 

In order to determine the different BR concentrations on 

pollen performance of three different Dianthus species, 

pollen germination rates and tube lengths were 

measured. To make a more detailed comparison, tube 

abnormalities such as tube branching and swelling were 

investigated.  

 

According to results, BR treatments did not cause a 

significant increase in pollen germination of D. 

calocephalus (Figure 1a). However, pollen tube length 

significantly increased by 8.39% at 0.05 mM, 43.75% at 

0.25 mM, 38.40% at 0.5 mM and 7.30% at 2.5 mM in 

compare the control (Figure 1b). Besides, no significant 

increase in the abnormality rate of the tubes was 

detected (Figure 1c).  

 

In D. carmelitanum, BR treatments did not cause a 

significant increase in pollen germination, tube length 

and abnormality rate of the tubes (Figure 2a, b, c). 

Results pointed out that the applied BR concentrations 

have no effect on the pollen performance of D. 

carmelitanum. 

 

In D. deltoides, 0.05 mM, 0.025 mM and 0.5 mM BR 

treatments were found to have an increasing effect on 

pollen germination, significantly (Figure 3a). However, 

BR treatments did not cause a significant change in 

pollen tube length and abnormality rate of the tubes 

(Figure 3b, c).  

 

Pollen performance is an important parameter during 

the interspecific hybridization process due to the lack of 

pollen performance during the process reduces the 

success of hybridization [4]. Various substances 

improve pollen performance such as inorganic ions, 

proteins, plant growth regulators and, etc. [7,12]. For 

instance, Wu et al. [22] stated ATP encouraged pollen 

germination and tube growth in Nicotiana tabacum. 

Muhlemann et al. [23] indicated flavanols enhanced 

pollen tube growth in Solanum lycopersicum. Also, 

Çetinbaş-Genç [6] stated that putrescine stimulated 

pollen performance in Camellia sinensis. The most 

interesting of these substances that affect pollen 

performance is plant hormones [12]. Wu et al. [24] 

stated that indole acetic acid and gibberellin stimulated 

pollen tube growth in Torenia fournieri. Also, Chhun et 

al. [25] stated gibberellin coordinates pollen viability 

and pollen tube growth in rice. 

 

Figure 1. Pollen performance of D. calocephalus after 

BR treatmet. a. Pollen germination, b. Pollen tube 

length, c. Pollen tube abnormality rate. Distinct letters 

point out the statistically significant differences 

(P<0.05) and error bars indicate the standard deviations. 

 

 BRs are natural plant hormones accepted for their 

capability to support cell elongation [26]. Among the 

plant hormones, BRs are the least examined hormones 

in terms of their effects on pollen germination and tube 
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growth [20]. BRs were shown to promote in vitro pollen 

germination and tube growth in Camellia japonica [27], 

Arabidopsis thaliana [12], Punica granatum [28] and 

Vitis vinifera [29]. According to obtained results, BR 

treatments promoted pollen tube length in                     

D. calocephalus and increased germination rate (except 

2.5 mM) in D. deltoides.  

 

Researchers indicate that different chemicals can change 

pollen tube morphology [30]. However, BR treatment 

did not cause a significant change in tube abnormality 

for all species and all concentration. This means that 

when BR is used to improve pollen performance, there 

will be no damage to the morphology of the tubes. 

 

 
 

Figure 2. Pollen performance of D. carmelitarum after 

BR treatment. a. Pollen germination, b. Pollen tube 

length, c. Pollen tube abnormality rate. Distinct letters 

point out the statistically significant differences 

(P<0.05) and error bars indicate the standard deviations. 

 

Due to the pollen grain has a specific response to some 

various agents such as temperature, chemical, 

hormones, pollen is a useful marker to investigate and 

the comparate the effects of various agents on the pollen 

of various species [31]. Favourable or adverse impacts 

might be diverse for the species or even for the 

genotypes [32]. Parallel to this situation, pollen of three 

Dianthus species showed distinct pollen performance 

under different BR treatment. For instance, the 

germination rate was highest after 0.25 mM BR 

treatment in D. calocephalus, while germination rate 

was highest after 0.5 mM BR treatment in D. 

carmelitanum and D. deltoides. Also, tube length was 

maximum after 0.25 mM BR treatment in D. 

calocephalus and D. carmelitarum, while tube length 

was maximum after 0.5 mM BR treatment in D. 

deltoides.  

 

 
 

Figure 3. Pollen performance of D. deltoides after BR 

treatment. a. Pollen germination, b. Pollen tube length, 

c. Pollen tube abnormality rate. Distinct letters point out 

the statistically significant differences (P<0.05) and 

error bars indicate the standard deviations. 
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4. Conclusion  

 

In conclusion, BR can be used to improve pollen 

performance for D. calocephalus and D. deltoides.  
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