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ABSTRACT 

This study investigated the flower structures of a black mulberry population in Tokat province 

and its surroundings. Of the investigated black mulberry trees of the population, 49% were 

identified as monoecious-male, 43% as dioecious-female, 5.7% as dioecious-male and 2.3% 

as monoecious-mixed. Generally, four stamens were identified in male flowers and especially 

in mixed catkins, 3 or 2 stamens were also identified in male flowers. Female flowers were 

composed of a long two-lobed stigma and an ovary. Catkin lengths of male flowers varied 

between 42.7-22.8 mm and catkin lengths of female flowers varied between 24.1-4.3 mm. 

The number of male flowers per catkin varied between 26.36-10.62 in dioecious trees and 

26.3-14.1 in monoecious trees. The number of female flowers per catkin varied between 

36.16-13.5 in monoecious trees and between 52.0-15.6 in dioecious trees. There were 

significant differences in the phenological stages of the flowers. Flowering lasted about 60 

days in all genotypes. 
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1. Introduction 

There are several different mulberry species around the 

world and the most widely cultivated ones include black 

mulberry (Morus nigra), white mulberry (Morus alba) and 

red mulberry (Morus rubra) (De Candolle, 1967). The 

potential growth of various mulberry species in several 

regions of the world with different climates indicates quite a 

high adaptation capacity of the mulberry species (Zhang et 
al., 1998). With this high adaptation capacity, mulberries are 

widespread in tropics, sub-tropics and temperate zones of 

Asia, Europe, North and South America (Özgen et al., 2009). 

Among mulberry species, black mulberry with delicious 

fruits, high phenolics and pharmaceutical effects is 

prominent in different sectors (Anşin and Özkan, 1993; 

Gökmen, 1973). Black mulberry is an important plant with 

medical characteristics, thus commonly used in both modern 

and traditional medicine. Since the Roman and Greek era, 

black mulberry fruits, leaves and roots have been used in 

traditional medicine (Datta, 2002). 

In Turkey, mulberry studies are primarily composed of 
selection studies conducted to bring out the prominent 

individuals in fruit characteristics from the natural 

populations of different regions (Yılmaz et al., 2012). 

However, especially in India, collection orchards have been 

established with different mulberry species collected from 

different regions of the world and hybridization studies have 

been conducted between them (Das and Krishnaswami, 

1965; Dwivedi et al., 1989; Tikader and Dandin, 2007). To 

utilize available quite a rich genetic source, besides selection 

studies, large-scale breeding programs with different 

breeding methods should be carried out also in Turkey. To 

that end, initially, flower structures and pollination biology 

of mulberries should be investigated in detail. On the other 

hand, the primary target in fruit culture is to get abundant and 

quality yield. Thus, the structure of the flower, constituting 

the origin of the fruit, should be well-known in plants grown 

for fruit.   
There are a limited number of studies conducted on 

flower structure of mulberries. The majority of them have 

been conducted on white mulberry. Black mulberry has 

increasingly been produced in both the world and Turkey. 

However, there are not many studies conducted on flower 

structure and pollination biology of black mulberry. 

Therefore, the present study was designed to investigate the 

flower structure of mulberry genotypes of Tokat province 

with a significant mulberry population. 

2. Materials and methods 

2.1. Materials 

The mulberry population available in Tokat province, towns 

and districts was used as the primary material of the present 

study.   

2.1. Methods 

Initially, flower structures and genders of population trees 
were investigated and trees were grouped based on identified 

flower structures and the ratio of these groups within the 

population was determined. Simultaneously, phenological 

data were recorded for 31 genotypes selected from the 

mailto:mehmetakifdemirel60@gmail.com
https://orcid.org/0000-0003-0131-0185
https://orcid.org/0000-0003-3455-5146


Demirel and Yıldız/ Turk J. Food Agric. Sci. / 3 (2): 60-65, 2021 

 

 

61 

 

population. In phenological observations, bud swell (the data 

at which brown scales covering the buds opened and green 

color is started to be seen), initial flowering (the period in 

which first flowers are seen in a cluster) and post-bloom were 

determined (Figure 1). 

 

 
           a              b               c 

Figure 1. Phenological stages of black mulberry flowers a) 

Bud swell, b) Initial flowering c) Post-bloom  

Different flower structures of mulberry trees of the 

relevant population were investigated and imaged. Peduncle 

length of a catkin, catkin length, catkin width and the number 

of flowers per catkin were determined in 11 monoecious, 11 

dioecious female and two dioecious, male trees. Also, stigma 

length was measured in female flowers and anther and 

filament lengths were measured in male flowers. In a 
monoecious-hermaphrodite tree, peduncle length of a catkin, 

catkin length, catkin width, number of male flowers per 

catkin, number of female flowers per catkin, anther length, 

filament length and stigma lengths were measured. 
 

3. Results and discussions 

3.1. Gender status of mulberry trees 

Investigated mulberry trees were divided into four different 
groups based on the gender of flowers they bear. The first 

group of trees was dioecious-male and they had only male 

catkins. The second group of trees was dioecious-female and 

they had only female catkins. The third group was composed 

of monoecious trees and they had both female and male 

catkins. The fourth group was composed of trees with only 

male or female catkins on the same tree besides both male 

and female flowers in the same catkin. In previous studies 

investigating the flower structure of mulberry, such flowers 

were so called as mixed (Jaiswal and Kumar, 1981).  

Of 122 trees of the present population, 60 trees were 
monoecious, 52 trees were dioecious with female catkin, 

seven trees were dioecious with male catkin and three trees 

had mixed catkins. Tikader et al. (1995) studied different 

mulberry species and identified 56% of investigated trees as 

female, 31.3% as monoecious and 12% as male. 

 

3.2. Morphological structure of the flowers 

In the present study, mulberry trees forming only male 

flowers and not bearing female flowers were defined as 

dioecious-male. Dioecious-male genotypes constituted the 

minor portion of the investigated population. Images of male 

flowers are presented in Figure 2. Koyuncu and Vural (2003) 

investigated morphological characteristics of black mulberry 

trees and reported four stamens in a single flower. Similarly, 

in the present study, generally, four stamens were identified 

in male flowers and especially in mixed catkins, 3 or 2 

stamens were also identified in male flowers.  

 

 (a) (b) 

(c) (d) 

Figure 2. Male flowers a) Microscopic image of a single 

male flower b) Emergence of male catkin from the 

bud, c) Male flowers on branch d) Pollinated male 

flowers  

Morphological data for flowers of two dioecious-male 

genotypes are provided in Table 1. While similar catkin 
peduncle lengths and catkin widths were seen in both 

genotypes, catkin length and number of flowers per catkin 

values were greater in Genotype 5. Longer catkins and a 

resultant greater number of flowers per catkin increase the 

value of the genotype as a pollinator.  

Table 1. Morphological characteristics of flowers of dioecious-male genotypes 

Genotype 
Peduncle length  

(mm) 

Catkin length 

(mm) 

Catkin width  

(mm) 

Number of male  

flowers 

Anther length  

(mm) 

Genotype 5 10 ± 0.78 42.50±1.48 6.25±0.34 26.36±1.09 1,44±0.08 

Genotype 28 8.24 ± 0.75 19.88±1.19 5.35±0.27 10.62±0.87 1.72±0.07 
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Morphological characteristics of male flowers of 

monoecious trees are provided in Table 2. Catkin 

peduncle lengths varied between 11.32 - 5.31 mm. 
Similarly, catkin lengths also varied with the 

genotypes. Catkin length was measured as 42.7 mm in 

Genotype 2 and 22.8 mm in Genotype 1. Present 
findings comply with Ahlawat et al. (2016) reported for 

black mulberries grown in India. It was reported that 

catkin lengths varied between 2-4 cm. Catkin lengths 
of the genotypes were similar to each other. There were 

significant differences in the number of male flowers 

per catkin of the genotypes. The number of male 

flowers was identified as 14.2 in Genotype 1 and 24.3 
in Genotype 2. Anther lengths of male flowers of 11 

monoecious genotypes varied between 1.19 and 1.83 

mm; filament lengths varied between 1.93 and 2.70 
mm.  There is no information in the literature about 

anther or filament length of black mulberry flowers. 

However, anther lengths of another mulberry species 
(M. laevigata) were reported as between 0.9-1.16 mm 

(Tikader and Kamble, 2008).    
The structure of female flowers of black mulberry 

genotypes is presented in Figure 3. The structure of a single 

flower is presented in Figure 3a. As can be inferred from the 

figure, the flower was composed of a two-lobed stigma, a 

short style and an ovary. Koyuncu et al. (2004) conducted a 

study on the black mulberry population of Isparta province. 

They reported that female flowers of black mulberry had a 
two-lobed stigma and the stigma connected to the ovary 

through a short style. Ahlawat et al. (2016) conducted a study 

on Indian black mulberry genotypes. They indicated that 

female flowers were composed of a two-lobed hairy stigma 

connected to the ovary through a subtle style. The flowers on 

catkin ready for pollination are presented in Figure 3b and 

pollinated female catkins are presented in Figure 3c. As can 

be inferred from the figure, female catkins were tighter and 

shorter than male catkins. Similar findings were also 

reported by Koyuncu et al. (2004).   

(a) (b) 

(c) (d) 

Figure 3. Images of female flowers a) Microscopic image of 

a single female flower, b) Female flowers on 

branch, c) Pollinated female flowers, d) 

Conversion of female flowers into fruit  

Morphological characteristics of female flowers of 

monoecious trees are provided in Table 3. Peduncle lengths 

of female catkins varied between 1.36 mm (Genotype 16) 

and 5.74 mm (Genotype 1). Catkin lengths of female flowers 

of monoecious trees varied between 9.18-8.21 mm and 

catkin widths varied between 7.72-4.6 mm. There were 
remarkable differences in the number of female flowers per 

catkin of the genotypes. The average length of female catkins 

was measured as 13.5 mm in Genotype 16 and 36.16 mm in 

Genotype 1. Regarding the stigma length of female flowers, 

Genotype 1 and Genotype 2 were clearly differentiated from 

the others and had flowers with longer stigma lengths.  

Table 2. Morphological characteristics of male flowers of monoecious genotypes  

Genotype Peduncle length 

(mm) 

Catkin 

length (mm) 

Catkin width 

(mm) 

Number of 

male flowers 

Anther length 

(mm) 

Filament length 

(mm) 

Genotype 1 7.92±0.72 22.8±1.98 7.04±0.36 14.2±2.23 1.42±0.09 2.11±0.21 

Genotype 2 11.32±0.99 42.7±2.27 8.21±0.25 24.3±1.30 1.19±0.08 1.93±0.14 

Genotype 13 9.41±1.03 34.4±3.37 7.62±0.25 24.2±1.55 1.59±0.11 2.49±0.20 

Genotype 7 7.19±0.35 28.9±1.29 7.42±0.32 20. 5±1.09 1.47±0.07 2.04±0.13 

Genotype 14 6.83±0.54 28.0±1.51 6.72±0.28 19. 5±1.03 1.43±0.09 2.13±0.16 

Genotype 16 7.16±1.27 26.4±2.38 7.80±0.49 21.3±1.67 1.32±0.08 2.36±0.15 

Genotype 27 8.57±1.24 27.1±1.90 6.38±0.67 19.1±1.56 1.48±0.03 1.94±0.09 

Genotype 22 5.31±0.58 23.9±1.32 5.00±0.03 20.25±1.08 1.63±0.09 2.65±0.09 

Genotype 10 7.29±0.69 30.7±1.59 6.53±0.32 23.4±1.50 1.83±0.22 2.70±0.22 

Genotype 8 9.34±0.80 28.4±1.96 6.44±0.21 26.3±1.27 1.40±0.06 1.95±0.07 

Genotype 4 8.26±0.79 30.5±1.50 6.28±0.30 25.7±1.44 1.62±0.06 2.29±0.10 
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Table 3. Morphological characteristics of female flowers of monoecious genotypes  

Genotype Peduncle length 

(mm) 

Catkin length 

(mm) 

Catkin width 

(mm) 

Number of female 

flowers 

Stigma length 

(mm) 

Genotype 1 5.74±0.26 19.18±0.75 7.72±0.18 36.16±1.17 3.08±0.15 

Genotype 2 5.02±.043 15.71±0.95 6.66±0.18 27.11±1.75 3.02±0.17 

Genotype 13 3.03±0.51 12.22±0.94 6.44±0.23 28.11±2.55 1.80±0.13 

Genotype 7 2.73±0.31 11.14±0.56 5.68±0.17 21.46±0.80 1.33±0.10 

Genotype 14 5.05±.0.60 18.16±1.78 7.65±0.49 27.81±2.03 1.36±0.09 

Genotype 16 1.36±0.37 8.21±0.19 6.12±0.19 13.50±0.50 1.85±0.68 

Genotype 27 3.56±0.33 11.49±1.04 5.78±0.80 17.25±2.78 1.37±0.13 

Genotype 22 3.19±0.24 11.21±0.53 6.40±0.21 23.16±1.56 2.71±0.09 

Genotype 10 4.63±0.45 16.30±0.76 7.36±0.17 33.63±1.53 2.18±0.18 

Genotype 8 3.74±0.63 11.26±1.73 4.60±0.46 27.75±2.72 1.50±0.07 

Genotype 4 5.58±0.43 16.99±0.80 7.28±0.26 29.00±1.61 1.86±0.09 
 

In the present study, the black mulberry trees forming 

only female flowers and not bearing male flowers were 

defined as dioecious-female. Dioecious-female genotypes 

constituted the second greatest portion of the investigated 

population after monoecious genotypes. Morphological 

characteristics of flowers of dioecious-female genotypes are 

provided in Table 4. Genotype 26 was significantly different 
from the others and had greater values in terms of catkin 

peduncle length and catkin length. Catkin widths of the 

genotypes were generally similar to each other. There were 

remarkable differences in the number of flowers per catkin 

of the genotypes. Besides Genotype 26, Genotype 29 also 

had greater number of flowers per catkin. Koyuncu and 

Vural (2003) worked on black mulberry and reported 

average catkin length as 1.85 cm, catkin width as 1.04 cm 

and the number of flowers per catkin as 33. Similar findings 

were observed in the present study, but Genotype 26 had a 

greater catkin length (24.1 mm) and the number of flowers 
per catkin (52.0 mm). Longer catkin and more flowers per 

catkin result in larger fruits, thus making these genotypes 

prominent in selection breeding. There were differences in 

the stigma lengths of the genotypes. The most extended 

stigma lengths were observed in Genotype 3 and Genotype 

11 and the shortest in Genotype 29. Stigma length provides 

an advantage to the tree in pollination. 

It was reported in a study conducted in India that besides 

the catkins composed only of male or female flowers in black 

mulberries, there were also flower structures with both male 

and female flowers in the same catkin or hermaphrodite 
flowers besides female flowers in the same catkin or 

hermaphrodite flowers besides male flowers in the same 

catkin (Jaiswal and Kumar, 1980). In the present study 

conducted with the black mulberry population of Tokat 

province, besides the catkins composed only of female or 

male flowers, there were a few trees with both flower 

genders. In the present study, hermaphrodite flower structure 

was not encountered. The mixed catkin and fruits of these 

flowers are presented in Figure 4. As can be inferred from 

the figure, besides female flowers, there were also male 

flowers in the same catkin. In these catkins, female flowers 
develop and form the fruits. Since the section including male 

flowers is not well-developed, misshaped fruits are then 

encountered.  

 

  
  

Figure 4. Mixed flower structure and resultant black mulberry fruits  
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Table 4. Morphological characteristics of flowers of dioecious-female genotypes 

Genotype Peduncle length 

(mm) 

Catkin length 

(mm) 

Catkin width 

(mm) 

Number of female 

flowers 

Stigma length 

(mm) 

Genotype 3 5.03±0.39 18.16±1.31 7.35±0.32 31.40±1.85 3.31±0.13 

Genotype 6 3.93±0.56 16.10±1.30 6.76±0.39 32.30±1.87 2.04±0.09 

Genotype 9 2.88±0.35 10.34±0.90 5.69±.022 15.60±2.27 2.19±0.17 

Genotype 23 5.41±0.39 16.52±1.00 7.01±0.41 24.16±1.99 2.65±0.10 

Genotype 29 6.78±0.47 17.52±1.08 6.95±0.31 47.42±3.27 1.46±0.07 

Genotype 11 3.29±0.22 10.94±0.29 5.26±0.29 18.00±0.85 3.29±0.13 

Genotype 12 3.99±0.37 12.32±0.69 5.62±0.23 20.41±1.88 2.50±0.10 

Genotype 25 4.00±0.29 12.49±0.48 6.09±0.21 23.36±1.50 2.48±0.12 

Genotype 18 4.04±0.22 13.73±0.74 6.29±0.23 25.76±1.35 2.83±0.14 

Genotype 21 4.30±0.25 4.30±0.57 6.66±0.26 25.93±1.05 2.60±0.08 

Genotype 26 11.47±0.98 24.10±1.59 7.78±0.34 52.00±3.72 1.76±0.12 
 

There were a few trees with mixed flower structures in the 

present population. The morphological characteristics of the 

flowers taken from a healthy one are provided in Table 5.     

In the present mixed catkins. there was an average of 21.83 

female flowers and 6.33 male flowers. 
 

Table 5.  Morphological characteristics of the flowers of monoecious-mixed genotype 

Genotype Peduncle 

length 

(mm) 

Catkin length 

(mm) 

Catkin width 

(mm) 

Number 

of male 

flowers 

Number 

of female 

flowers 

Anther 

length 

(mm) 

Filament 

length 

(mm) 

Number 

of anthers 

Stigma 

length 

(mm) 

Genotype 2 8.8±1.7 25.8±4.9 6.79±0.1 6.33±2.4 21.8±2.7 1.64±0.2 2.38±0.5 11.7±4.7 2.65±0.2 
 

3.3. Phenological observations 

Bud swell, initial flowering and post-bloom dates of 31 

genotypes were determined and relevant dates are provided 

in Table 6. The earlies bud swell was encountered in 

Genotype 31 (April 9) and the latest bud swell was 

encountered in Genotype 20 (April 20). Koyuncu et al. 

(2004) studied black mulberries and reported bud swelling 

dates between April 20-30. The initial flowering was 

encountered on May 1 in early genotypes and on May 8 in 

late genotypes. The earliest post-bloom was encountered in 

Genotype 22 (May 29) and the latest in Genotype 28 (July 

9). Flowering lasted about 60 days in all genotypes. Such a 

case indicated that black mulberry had an advantage of not 

being influenced by late spring frosts compared to various 

other fruit species. 

4. Conclusion 

Present findings revealed that there were genotypes with 

different flower structures in investigated population. The 

majority of the black mulberry trees were monoecious or 

dioecious-female. but there were also a few dioecious-male 

or monoecious-mixed trees in the population. Present 

findings may have significant contributions to further black 

mulberry breeding programs. Further research is 
recommended for detailed investigation of pollination and 

resultant fruit set and development of black mulberries. Such 

knowledge gained from the present study and prospective 

future studies will lead to better black mulberry orchards. 
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Table 6. Phenological observations of the specified genotypes  

Genotype Gender Bud swell Initial flowering Post-bloom 

Genotype 1 Monoecious 13.04.2019 2.05.2019 30.06.2019 

Genotype 2 Monoecious-Mixed 12.04.2019 30.04.2019 5.07.2019 
Genotype 3 Dioecious-Female 16.04.2019 1.05.2019 30.06.2019 

Genotype 4 Monoecious 16.04.2019 5.05.2019 30.06.2019 

Genotype 5 Dioecious-Male 14.04.2019 5.05.2019 2.07.2019 

Genotype 6 Dioecious-Female 12.04.2019 5.05.2019 30.06.2019 

Genotype 7 Monoecious 14.04.2019 5.05.2019 2.07.2019 

Genotype 8 Monoecious 19.04.2019 8.05.2019 4.07.2019 

Genotype 9 Dioecious-Female 19.04.2019 8.05.2019 08.07.019 

Genotype 10 Monoecious 19.04.2019 8.05.2019 4.07.2019 

Genotype 11 Dioecious-Female 19.04.2019 8.05.2019 4.07.2019 

Genotype 12 Dioecious-Female 16.04.2019 5.05.2019 4.07.2019 

Genotype 13 Monoecious 19.04.2019 8.05.2019 4.07.2019 

Genotype 14 Monoecious 16.04.2019 5.05.2019 2.07.2019 

Genotype 15 Dioecious-Female 14.04.2019 1.05.2019 30.06.2019 

Genotype 16 Monoecious 20.04.2019 7.05.2019 5.07.2019 

Genotype 17 Monoecious 15.04.2019 7.05.2019 6.07.2019 

Genotype 18 Dioecious-Female 13.04.2019 6.05.2019 6.07.2019 

Genotype 19 Monoecious 16.04.2019 1.05.2019 29.06.2019 

Genotype 20 Monoecious 16.04.2019 2.05.2019 30.06.2019 

Genotype 21 Dioecious-Female 15.04.2019 1.05.2019 30.06.2019 

Genotype 22 Dioecious-Female 15.04.2019 2.05.2019 29.06.2019 
Genotype 23 Dioecious-Female 16.04.2019 5.05.2019 3.07.2019 

Genotype 24 Monoecious 13.04.2019 7.05.2019 5.07.2019 
Genotype 25 Dioecious-Female 13.04.2019 7.05.2019 5.07.2019 
Genotype 26 Dioecious-Female 16.04.2019 5.05.2019 3.07.2019 

Genotype 27 Monoecious 14.04.2019 6.05.2019 3.07.2019 

Genotype 28 Dioecious-Male 12.04.2019 8.05.2019 9.07.2019 

Genotype 29 Dioecious-Female 11.04.2019 6.05.2019 5.07.2019 

Genotype 30 Monoecious 10.04.2020 5.05.2020 6.07.2020 

Genotype 31 Monoecious 09.04.2020 8.05.2020 8.07.2020 
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