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 The studying the morphology properties of pollen grains from specific genotypes and 

cultivars are important for breeding programmes and germplasm of jujube. The present 

research aimed to evaluate pollen grains morphological characteristics of ten Iranian 

jujube by using scanning electron microscopy (SEM). The pollen grains collected from 
un-opened-flowers of Al-Ghour’,‘Bardaskan’, ‘Doroh’, ‘Gazik’, ‘Ghom’, ‘Giouk’, 

‘Kangan’, ‘Kalkestan’, ‘Magham Sari’ and ‘Noghab’ cultivars at balloon stage. A 

factorial trial based on completely randomized design with 5 replications was carried 
out. This study showed that there were significant differences among the cultivars in all 

measured factors. The polar axis and equatorial diameter of pollen grains values were 

varied from 15.60 to 19.18 µm and 12.70 µm and 17.11 µm, respectively. Based on the 
polar axis to equatorial diameter ratio of pollen grains, two distinct pollen shape classes 

could be recognized among the studied cultivars: oblate spheroidal and subprolate. 

SEM investigations showed that the sculpturing of exine surface of all cultivars is 
striate with an irregular pattern. These data demonstrated that cultivar is the main factor 

determining the pollen grains morphology characteristics in jujubes, which this 

important information can be useful for assessing taxonomic position within Iranian 
jujube cultivars. 
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INTRODUCTION 

 

 Jujube (Ziziphus jujuba M.) belongs to the Rhamanaceae family, which the genus comprises of about 100 

species of deciduous or evergreen trees and shrubs, distributed in many tropical and subtropical regions of the 

world [26], such as: Iran. Jujube fruits are consumed fresh or processed into beverage and food. 

 Jujube is known to contain considerable of minerals (potassium, phosphorus, calcium, manganese, iron, 

sodium, zinc and copper), vitamins (A, C and B complexes), carotenoids alkaloids, flavonoids, sterols, tannins, 

and fatty acids [8,25,1,7,17,26]. On the other hand, existence the high levels of antioxidant activity, reducing 

power, and scavenging effect on free radicals [19] have been led to be used in folk medicine for the treatment of 

some diseases in the world [6,8,1,19]. Johnstone [16] has been reported that the anti-oxidant content of fresh 

jujubes is greater than strawberries, plums, apples, blueberries, blackberries and raspberries. 

 The importance of pollen development and morphology in clarifying the classification of many plants, e.g., 

european plum [12], apple [9,13], crabapple [21], olive [15,18] and peach, nectarine, sweet cherry has been 

recognized from taxonomists, paleobotanists and breeders. Also, Mert [23] has been reported that the pollen 

grains have a definite shape, size, color, and structure for each species, genus, and family, and these characters 

are useful for systematic botany. Therefore, the studying the morphology properties of pollen grains from 

specific genotypes and cultivars are important and useful for taxonomy, phylogeny, palaeobotany, breeding 

programmes and germplasm. The pollen grains morphological characteristics been used to distinguish different 

cultivars in strawberry [22], pear [27], grape [3], apple [20], pecan [14], olive [15], apricot [4], chestnut [24], 

walnut [23] and sweet cherry. 
 In spite of various jujube cultivars grown in different regions of the Iran, the properties of the pollen grains 
of different cultivars have not been evaluated in detail yet. In the other hand, the Knowledge of pollen 
morphological characteristics can be an adequate method for identification and the newly-developed cultivars in 
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jujube. Thus, the objective of present research was to investigate the pollen grains morphological characteristics 
of 10 jujube cultivars grown in Iran by using scanning electron microscopy. 
 

MATERIALS AND METHODS 
Plant genotypes: 
 The present research was carried out using jujube cv. ‘Al-Ghour’, ‘Bardaskan’, ‘Doroh’, ‘Gazik’, ‘Ghom’, 
‘Giouk’, ‘Kangan’, ‘Kalkestan’, ‘Magham Sari’ and ‘Noghab’ in Agricultural Research Center of Birjand 
(South Khorasan province, Iran) in the 2011 growing season. Birjand is located on the south east part of Iran at 
32° 52' 26" N latitude and 59° 12' 51" E longitude. The average temperature, the amount of rainfall and relative 
humidity in growing season were 28.65°C, 20 mm and 28%, respectively. Soil characteristics were texture being 
sandy-loam, EC = 4.12 (ds/m) and soil pH = 7.21. The trees were spaced 7 and 5 m between and along the rows, 
respectively. Trees were grown under traditional irrigation and routine cultural practices suitable for commercial 
fruit production. All cultivars were grown under the same geographical conditions and with the same applied 
agronomic practices. 
 
Pollen grains collection: 
 Freshly flowers (not opened) were collected randomly from the different cultivars at the balloon stage (May 
2011). The flowers were transferred to the laboratory immediately. Anthers were removed and placed among 

silica pellets in a glass jar and left to dry for 2-3 days at room temperature (20-25C), which allowed the anthers 

to dehisce. The pollen grains were kept into silica pellets in glass jars fitted with air-tight caps at 3-5C until 
analysis. 

 
Scanning electron microscopy (SEM): 
 The pollen grains (without the usual fixation and dehydration procedures) were directly covered with a thin 
layer of gold (ion sputtering coating) in sputter coater (SC7620) and examined using a scanning electron 
microscopy (Loua, Germany), and the microphotographs were taken. Typical exine patterns, shape, size and the 
dimensions of pollen grains for each jujube cultivar were determined by using a scanning electron micrograph 
(SEM). The measurements were made in micrometer (µm). 

 
Statistical analysis: 
 This experiment was conducted according to factorial based on completely randomized block design with 4 
replications. Data were analyzed by statistical analysis system (SAS) software version 9.1 using analysis of 
variance (ANOVA) and differences among means were determined for significance at P < 0.05 using Tukey’s 
test.  

RESULTS AND DISCUSSION 

  
 The polar axis (P), equatorial diameter (E) and polar axis to equatorial diameter (P/E) ratio of pollen grains 
of ten jujube cultivars were measured using scanning electron microscopy (SEM), and the results are displayed 
in Table 1.  
 Significant variation in polar axis of pollen grains was found among the ten jujube cultivars. The polar axis 
of pollen grains values ranged between 15.60 and 19.18 µm. The highest amount of pollen grain polar axis was 
observed for ‘Bardaskan’, followed by ‘Gazik’, while the lowest was in ‘Al-Ghour’ (Table 1). As shown in 
Table 1, significant differences were revealed among the jujube cultivars for equatorial diameter of pollen 
grains. The highest values of pollen grain equatorial diameter was in ‘Bardaskan’ (17.11 µm) and the lowest 
was in ‘Al-Ghour’ (12.70 µm). In this study, the differences in polar axis to equatorial diameter ratio of pollen 
grains among the jujube cultivars were statistically significant. The values of polar axis to equatorial diameter 
ratio varied from 1.05 to 1.23 µm, which ‘Giouk’ had the highest amount of polar axis to equatorial diameter 
ratio (1.38 µm) than the other cultivars (Table 1). 
 
Table 1: Polar axis (P), equatorial diameter (E) and polar axis to equatorial diameter (P/E) ratio of pollen grains of ten Iranian jujube 

cultivars  

Cultivars Parameters 

Polar axis (µm) Equatorial diameter (µm) P/E ratio Shape 

Magham Sari 17.60 b 15.67 b 1.12 c oblate-spheroidal 

Ghom 17.15 c 15.08 bc 1.13 c oblate-spheroidal 

Gazik 17.67 b 16.58 a 1.06 de oblate-spheroidal 

Bardaskan 19.18 a 17.11 a 1.12 c oblate-spheroidal 

Al-Ghour 15.60 e 12.70 f 1.23 a Subprolate 

Giouk 16.56 d 13.40 e 1.23 a Subprolate 

Noghab 17.21 c 15.67 b 1.10 cd oblate-spheroidal 

Darh 17.14 c 14.36 d 1.19 b Subprolate 

Kangan 17.36 bc 16.48 a 1.05 e oblate-spheroidal 

Kalkestan 16.26 d 14.62 cd 1.11 c oblate-spheroidal 

Means in each column followed by different letters are not significantly different (P≤0.05). 
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 The shape classes of pollen grains were determined according to the polar axis to equatorial diameter (P/E) 

ratio. Based on this ratio, pollen shape was identified as suboblate (0.75-0.88), oblate spheroidal (0.88-1.00), 

subprolate (1.14-1.33), prolate (1.33-2.00) and perprolate (>2.00) [11]. Two distinct pollen shape classes could 

be recognized: oblate spheroidal (‘Al-Ghour’,‘Bardaskan’, ‘Gazik’, ‘Ghom’, ‘Kangan’, ‘Kalkestan’, and 

‘Magham Sari’) and subprolate (‘Al-Ghour’, ‘Doroh’ and ‘Giouk’) (Table 1).  

 Scanning electron micrographs of pollen grains are illustrated in Figure 1, 2 and 3. In all cultivars 

examined, the outline of pollen grains seen in polar view is circular and triangular and in equatorial view is 

elliptic. According to aperture in the outer layer of pollen grains (ectoaperture), cultivars can be divided into two 

groups: 1) with pores (‘Bardaskan’ and ‘Al-Ghour’) and 2) with slits (Doroh’, ‘Gazik’, ‘Ghom’, ‘Kangan’, 

‘Kalkestan’, ‘Noghab’, Magham Sari’ and ‘Giouk’). The sculpturing of exine surface of all cultivars is striate 

with an irregular pattern. 

 

 

 

 

 
 

Fig. 1: Pollen shape and exine pattern in four Iranian jujube cultivars. A and B: ‘Noghab’, C and D: ‘Magham 

Sari’, E and F: ‘Giouk’, G and H: ‘Kangan’. Scale bars represent 2 µm for left photomicrographs and 

200 nm for right ones. 
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Fig. 2: Pollen shape and exine pattern in four Iranian jujube cultivars. A and B: ‘Kalakestan’, C and D: ‘Ghom’, 

E and F: ‘Gazik’, G and H: ‘Doroh’. Scale bars represent 2 µm for left photomicrographs and 200 nm 

for right ones. 

 

 
Fig. 3: Pollen shape and exine pattern in two Iranian jujube cultivars. A and B: ‘Bardaskan’, C and D: ‘Al-

Ghor’. Scale bars represent 2 µm for left photomicrographs and 200 nm for right ones. 
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 The Pollen morphology properties of peach, nectarine, plum, apple, and sweet cherry [12,13], apricot 

[4,5,10], olive [15] were also evaluated using a scanning electron microscope (SEM). Dezhong et al. [10] 

reported big differences in morphology of pollen grains in different apricot varieties. Javady and Arzani [15] 

observed that specific differences among pollen grains of five Iranian olive cultivars. Significant variation in 

length, diameter and length to diameter of pollen grains were found among the five Iranian apricot cultivars by 

Arzani et al. [4]. Their results were in agreement with our results. 

 With regards to the results, the jujube cultivars were easily separated into two groups according to their 

pollen grain size: lager (‘Bardaskan’, ‘Doroh’, ‘Gazik’, ‘Ghom’, ‘Kangan’, ‘Magham Sari’ and ‘Noghab’) and 

medium (‘Al-Ghour’, ‘Giouk’ and Kalkestan’). The shape of pollen grains of ten jujube cultivars were mostly 

oblate spheroidal and were rarely subprolate. These results indicated that the morphology properties of pollen 

grains varied among different cultivars of jujube. Therefore, there was a high genetic heterogeneity within the 

studied cultivars. 

 

Conclusion: 

 The studying the morphology properties of pollen grains from specific genotypes and cultivars are 

important for breeding programmes and germplasm. Thus, the detailed pollen morphological characteristics of 

10 cultivars as representatives of jujube distributed in Iran was investigated by using scanning electron 

microscopy. Statistically significant differences were observed between jujube cultivars investigated in 

measured parameters. These data demonstrated that the cultivar is the main factor determining the morphology 

properties of pollen grains in jujubes. In addition, the results provide important information of the pollen grains 

morphology characteristics of jujube cultivars which can be useful tool for assessing taxonomic position within 

Iranian jujube cultivars. 
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