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Abstract
The pollen morphology, viability, germination and pollen tube growth of six wide-spread plum genotypes (Prunus 
domestica), were studied. ‘Toptaste’, ‘Topfive’ and ‘Gras ameliorat’ had the largest pollen grains (> 50 µm), 
whereas ‘Jojo’, ‘Anna Späth’ and ‘Stanley’ cultivars were represented by slightly smaller pollen size (45.28 - 
48.41µm). Pollen shape was prolate-sheroidal (L/W ratio 1.18-1.02 µm) in the polar view and spherical-triangular 
in the equatorial view. Pollen viability varied with the genotype: the highest percentage was observed for ‘Jojo’ 
(40.96%) and ‘Toptaste’ (40.87%), the lowest was recorded for ‘Gras ameliorat’ (26.33%). The highest pollen 
germination (87.0%) at the end of 24 h incubation at 10°C was recorded for ‘Stanley’. ‘Anna Späth’ developed 
the longest pollen tubes (1061.1 µm) when the pollen grains were incubated at 15°C for 24 h. 
	
  Plum is an important stone fruit species 
for industrial and domestic processing and 
for fresh consumption (Glišić, 2012; Nikolić, 
2012). In Romania, plum is the major fruit 
species cultivated on 67,478 ha area with a 
yield of 424,468 tonnes (according to FAO, 
2012). Romania holds the 4th place in the 
production of plums following China, Ser-
bia and USA and the 2nd spot in Europe after 
Serbia (Coman, 2010; www.faostat.fao.org). 
Regarding this, many breeding initiatives are 
focused on developing new genotypes with 
favorable morphological traits, self-fertility, 
resistance to drought, frost and pest/dis-
eases (Sharafi, 2013). To carry our breeding 
research, determination of the viability and 
germination potential of pollen is one of the 
most important factors. Conserving and cryo-
preserving pollen of the highest viability and 
germination potential from desirable geno-
types/cultivars is important for the further 
improvement of valuable plums cultivars 
(Ćalić, 2013). Breeders, as well as growers, 
are often interested in the pollen viability sta-

tus of their crops (Pline, 2002; Cosmulescu, 
2015) to facilitate breeding programs.
  Many studies evaluated pollen grain qual-
ity through morphological observations 
(mainly pollen size determination), staining 
for viability estimation and in vitro germina-
tion analyzes (Ćalić, 2013; Nikolić, 2012). 
Scanning electron microscopy (SEM) can 
provide information about the surface of 
pollen. This method is used to identify, dis-
criminate and classify different genotypes 
(Komai, 2014). Pollen viability is crucial in 
breeding programs, in understanding the ste-
rility issues, while providing important data 
for taxonomy, systematics and evolutionism 
(Ćalić, 2013; Nikolić, 2012; Sharafi, 2011b). 
  Knowledge of pollen germination poten-
tial is instrumental not only in setting the 
value of a cultivar as pollinator in infertile 
combinations, but also in establishing the bi-
ological condition of pollen as a result of the 
influence of some exogenous factors (preser-
vation, pesticides, virus and fungal diseases). 
Generally, in order to obtain successful pol-
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lination, the pollen must have a germinability 
of 30% (Cordea, 2014).
  Viability and germination percentage de-
pends on genotypes and are strongly influenced 
by temperature, humidity and physiological 
processes (Petrișor, 2012) with direct impact 
on yield (Glišić, 2012; Sorkheh, 2011b). Sev-
eral staining method were used and tested to 
determine, pollen viability of plums and oth-
er species (Bolat, 1999; Ćalić, 2013; Tosun, 
2007). However, there are few studies in the 
literature where pollen viability was evaluated 
using potassium iodide staining.
  The aim of this communication is to de-
scribe pollen morphology and to determine 
the pollen viability and germination rate of 
six plum genotypes (‘Jojo’, ‘Toptaste’, ‘Top-
five’, ‘Anna Späth’, ‘Stanley’ and ‘Gras ame-
liorat’). In addition, the effect of temperature, 
incubation time upon pollen germination and 
pollen tube length was studied.

Materials and Methods
  The experiment was conducted at the 
University of Agricultural Sciences and Vet-
erinary Medicine Cluj-Napoca, Romania. 
Pollen grains of six plum genotypes (‘Jojo’, 
‘Toptaste’, ‘Topfive’, ‘Anna Späth’, ‘Stan-
ley’ and ‘Gras ameliorat’) were studied. In 
early April 2015, 10 white flower buds (bal-
loon stage) were harvested from 15 trees of 
each genotype, and brought to the laboratory 
where anthers (pre-anthesis stage) were ex-
tracted. Petals and sepals were separated and 
the anthers were wrapped in tracing paper 
and left to dry for 24 hrs at room temperature 
(20-24ºC), which allowed the anther to de-
hisce. Pollen grains thus collected were used 
immediately.
  SEM observations. SEM studies were con-
ducted to highlight any morphological dif-
ferences in pollen of the six plum genotypes. 
For the pollen grain morphological charac-
terization different aspects were studied: 
shape, length, width and number of colpi in 
the polar and equatorial view, as reported by 
Ćalić (2013). Scanning electron micrograph 
images were taken at 140 x and 900 x using 

VEGA SEM LSU microscope (TESCAN, 
Ltd.). Pollen grains were placed directly on 
the microscope stubs and were studied by 2D 
and 3D details. Ten pollen grains were ob-
served for each genotype. 
  Confocal microscope (Zeiss CLSM 710 
Confocal Laser Scanning Microscope, sup-
ported by Zeiss ZEN 2009 software) was 
used to find depth information of pollen 
ornamentation. Small quantities of pollen 
grains were placed by a brush on the micro-
scope slide. Ten pollen grains per genotype 
were observed. Exine architecture of pollen 
grains were taken at 10,000 x. 
  Pollen viability. Pollen viability was esti-
mated after the anthers were kept in a Car-
noy’s solution for 2 hrs, after which they 
were washed in 80% ethyl alcohol. Potas-
sium iodide (25%) stain was used to detect 
pollen viability or sterility (Bolat, 1999; Cor-
dea, 2014). Five Petri dishes were used per 
genotype. The pollen grains of each geno-
type were  observed in 4 fields (microscopic 
area) per Petri dish (20 fields/genotype). In 
each field, 40-60 pollen grains were counted, 
therefore a total of 4800 to 7200 grains were 
observed. The brown pollen was considered 
viable, and the colorless unviable. The per-
centage of viable pollen was determined with 
a digital microscope (LCD Aigo Digital Mi-
croscope EV5610). 
  Pollen germination. To assess germina-
tion, pollen grains were cultured in a medium 
containing 1.5 g agar, 15 g sucrose and 100 
ml distilled water heated until the mixture 
become transparent (but not boiled), accord-
ing to the methodology describe by Cor-
dea (2014) and used in the same studies by 
Radičević (2013) and Firmage (2001). So-
lidification of medium occurs in 10-15 min 
depending on the prepared layer thickness. 
When the medium became cold, the pollen 
grains were scattered uniformly with a brush 
on the solid medium. Five Petri dishes was 
used for each genotype. The pollen grains 
of each genotype were observed in 4 fields 
(microscopic area) per Petri dish (20 fields/
genotype). In each field, 30-45 pollen grains 
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were counted and a total of 3600 to 5400 pol-
len grains were observed. Germination was 
evaluated one, three and 24 hrs after sowing, 
by recording the total number of germinated 
and non-germinated grains (Cordea, 2014; 
Sestraș, 2004), using a digital microscope 
(Aigo Digital Microscope EV5610 - Beijing 
Research Institute of Precision Instrument 
Aigo Co., Ltd). To determine the effect of 
temperature, pollen was tested at 10, 13, 15 
and 20ºC. A pollen grain was considered ger-
minated when the pollen tube was equal to or 
greater than the diameter of the pollen grain 
(Sorkheh, 2011a; Wang, 2005).
  Pollen tube length. Pollen tube length 
(PTL) was observed as the germination ca-
pacity in the same medium at various tem-
peratures (10, 13, 15 and 20ºC) and time ex-
posures (1, 3 and 24 hrs). PTL was recorded 
directly with an ocular micrometer fitted to 
the eyepiece of the microscope based on the 
micrometer scale (µm). Mean pollen tube 
length was calculated as the average length 
of 15 pollen tubes measured randomly on 
four microscopic areas per Petri dish. The 

microscope area was 50.24 mm2.
  Statistical analysis. Experimental design 
was a completely randomized design and the 
treatment structure was a factorial with six 
temperature/time combinations and six gen-
otypes (plum cultivars), and five replicates 
per each variant. A 2-way ANOVA, includ-
ing the interaction term, had illustrated that 
the interactions were significant; an LSD 
was used to compare temperature/time com-
binations within each genotype. A one-way 
ANOVA for each genotype was performed 
in Excel, and Duncan’s New Multiple Range 
Test (Sestras et al., 2012), was used to com-
pare genotypes within each temperature/time 
combination. 

Results and Discussion
  SEM observations. Results described in this 
study regarding the pollen morphology and 
exine sculpturing are similar to the results re-
ported by Arazani (2005), Ćalić (2013), Gilani 
(2010), Youshihiro (1989) for pollen of the 
genus Prunus. Morphological observations of 
the genotypes are presented in Figures 1 and 

Fig. 1. (A, B, C). Mature flowers, pollen grain shape and germination in ‘Jojo’. (D, E, F) Mature flowers, pollen 
grain shape and germination in ‘Toptaste’. (G, H, I) Mature flowers, pollen grain shape and germination in 
‘Topfive’ (Bars=20 μm)
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2. All had isopolar, symmetrical and tricolpo-
rate pollen grains. ‘Toptaste’, ‘Topfive’ and 
‘Gras ameliorat’ had large pollen (> 50µm), 
whereas ‘Jojo’, ‘Anna Späth’ and ‘Stanley’ 
had medium pollen size (48.41-45.28 µm). 
Microscopic analysis reveals that the pollen 
shape was prolate-sheroidal in the polar view 
and spherical-triangular in the equatorial 
view. The length – width in the polar view was 
1.18-1.02 µm. Polar diameter (length) varied 
from 45.26 µm (‘Anna Späth’) to 55.45 µm 
(‘Topfive’). The horizontal distance (width) 
was between 38.18 µm (‘Anna Späth’) and 
54.17 µm (‘Topfive’). The length – width ra-
tio in the equatorial view was 0.84 µm and 
0.97 (Table1). The exine surface was striate 
confirmed by Ćalić (2013) with three colpi as 
reported by Gilani (2010) (Fig. 1 and 2). 
  Pollen viability. Pollen viability is im-
portant in the pollination process and seed 
production (Rodriguez – Riano, 2000). For 
most species, the viability deteriorated more 
rapidly if strict storage conditions were not 
maintained (Adhikari, 1998; Kearns 1993). 

  Previous results showed that pollen viabil-
ity estimation depends on staining method, 
genotypes and environmental changes (Ca-
vusoglu, 2013; Sorkheh, 2011a). Pollen via-
bility differed for various genotypes (Baya-
zit, 2011; Sorkheh, 2011a) of plum and al-
mond.
  In the current study, pollen viability var-
ied among the six genotypes. Pollen viability 
was significantly higher (<38%) for ‘Jojo’, 
‘Toptaste’ and ‘Anna Späth’s than for the 
other genotypes (26.3 to 34.4%). ‘Gras ame-
liorat’ had the lowest viability (26.33%) and 
‘Stanley’ had the lowest germination. 
  Pollen germination. Temperature is the 
important factor controlling plant growth and 
development and could affect pollen perfor-
mance. Pollen germination temperature is a 
major factor in fertilization success and im-
plicitly in crop production (Sorkheh, 2011b).  
  Temperature ranges and the influence of 
temperature on germination was studied for 
different plant species, including almond 
(Sorkheh, 2011b), sweet cherry (Radičević, 

Fig. 2. (A, B, C). Mature flowers, pollen grain shape and germination in ‘Stanley’. (D, E, F) Mature flowers, 
pollen grain shape and germination in ‘Anna Späth’. (G, H, I) Mature flowers, pollen grain shape and germination 
in ‘Gras ameliorat’ (Bars=20 μm)
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2013; Tosun, 2007), plum (Sharafi, 2013), 
medlar (Cavusoglu, 2013), pecan (Peng, 
2015) and sour cherry (Blidariu, 2008). The 
optimum temperature required for pollen ger-
mination was about 15°C to 20°C for apricot, 
sour cherry and sweet cherry (Bolat, 1999). 
  The results of pollen germination (%) at 
various time exposures and temperatures are 
summarized in the Table 2. The current study 
demonstrates that the pollen’s optimum ger-
mination temperature was 20°C for 24 h, 
for four of the six genotypes. Pollen germi-
nation at 20°C for 24 h ranged from 39.2% 
(‘Topfive’) to 85.6% (‘Jojo’), whereas some 
authors (Botu, 2002; Glišić, 2012) reported 
lower values. Lower temperatures were more 
effective for ‘Stanley’ and shorter exposure 
time was effective for ‘Gras ameliorat’.
  In this study, the higher germination per-
cent (87.0%) was recorded for ‘Stanley’ 
(10°C, 24 h) followed by ‘Anna Späth’ with 
84.5% (20°C, 24 h). ‘Anna Späth’ is able to 
germinate rapidly only in one hr after sow-

ing, at a temperature of 20°C (61.8%), but 
the means were not significantly differ-
ent than other genotypes. ‘Gras ameliorat’ 
achieved a low germination percent (9.20%) 
at the same exposure time and temperature 
level. ‘Gras ameliorat’ had a high germina-
tion level (58.7%), if the exposure time was 
longer (3 h) at the same temperature (20°C). 
  ‘Anna Späth’ had the higher germination 
rate (78.3%), followed by ‘Jojo’ (75.2%) 
and ‘Stanley’ (75.5%) and differences were 
significant. Surprisingly, at 10°C (24 h expo-
sure) ‘Stanley’ achieved the highest germina-
tion percent (87.0%), germination for ‘Jojo’ 
was 67.7% (Table 2) and the remaining gen-
otypes exceeded the minimum germination 
level (25-30%) according to Cordea (2014) 
and Nikolić (2012).
  Increasing the germination temperature 
to 15°C had a negative influence on ger-
mination of ‘Toptaste’ (28.6%), ‘Topfive’ 
(39.2%), ‘Gras ameliorat’ (23.6%) and 
‘Stanley’ (57.1%). ‘Jojo’ (75.2%) and ‘Anna 

Table 1. Morphological characteristics (length, width and L/W ratio) of pollen grains for six plum genotypes (µm)

       Morphological traits	                                         Plum genotypes 				  
           (μm) of pollen                    Jojo         Toptaste       Topfive       Anna Späth      Stanley      Gras ameliorat	
	 Length	 48.41	 54.25	 55.45	 45.26	 45.28	 52.13	
	 Width	 41.36	 52.03	 54.17	 38.18	 40.90	 45.71	
	 L/W ratio polar view	 1.17	 1.04	 1.02	 1.18	 1.10	 1.15	
	 L/W ratio equatorial view	 0.85	 0.95	 0.97	 0.84	 0.90	 0.87

Table 2. The influence of temperature for varying lengths of time on pollen germination (%) of six plum genotypes

 Temp.  	                                                                       Pollen germination (%)z

  (°C)      Hrs.               Jojo	    Toptaste	               Topfive	 Anna Späth          Stanley       Gras ameliorat		
	 20	 1	  43.8f	 B	 4.1e	 D	 7.0b	 D	 61.8cd	 A	 32.1c	 C	 9.2d	 D	
	 20	 3 	 45.8e	 CD	 70.5a	 AB	 35.5a	 D	 80.3ab	 A	 68.5b	 AB	 58.7a	 BC		
	 13	 3	  4.1d	 B	 47.2bc	 C	 26.4ab	 D	 78.3abc	 A	 73.9ab	 AB	 24.2c	 D		
	 10	 24 	 67.7c	 B	 33.8cd	 C	 36.1a	 C	 60.0d	 B	 87.0a	 A	 43.8b	 C		
	 15	 24 	 75.2b	 A	 28.6d	 C	 39.2a	 BC	 65.9bcd	 AB	 57.1b	 AB	 23.6c	 C		
	 20	 24 	 85.6a	 A	 59.7ab	 BC	 39.2a	 D	 84.5a	 A	 75.5ab	 AB	 56.2ab	 CD	
Average		  63.70	 	 40.38	 	 30.79	 	 71.90	 	 65.67	 	 35.97	
z 	 Values are means of five replicates per each variant: genotype x treatment combination (temperature and time). Mean separated 

by different letters denote significant differences (Duncan test, P < 0.05) for treatment combination across rows (upper case 
letters) and for genotypes down columns (lower case letters).



154 Journal of the American Pomological Society

Späth’ (65.9%) had an increased germination 
rate comparatively with 67.7%, respectively 
60.0% at 10°C (Table 2). Germination was 
improved when pollen was exposed to 20°C 
for 24 hrs. 
  Pollen tube length (PTL). Germination 
and pollen tube length are the most important 
properties in fruit trees related to pollen qual-
ity and reproduction capacity (Sharafi 2011b; 
Moshtagh, 2015). According to Sharafi 
(2011b) for some Prunus genotypes high 
pollen germination was not associated with 
high pollen tube length (PTL), however for 
some  genotypes high germination percent-
age was accompanied by high PTL. 
  Pollen tube length, in the current study, 
was measured at several temperature levels 
and time exposures (Table 3). Due to rapid 
development, pollen tube length at 20°C for 
24 h exposure couldn’t be measured. PTL 
varied from 62.1µm (‘Gras ameliorat’ 20°C, 
1h) to 1061.1 µm (‘Anna Späth’ 15°C, 24 h). 
According to other studies (Sharafi, 2013) 
PTL varied from 353.6-642.4 µm (24 h, 
24°C) in some plum genotypes. PTL mea-
sured by Sharafi (2011c) was between 70-
1201 µm (24 h, 22°C) in 20 loquat cultivars. 
According to Moshtagh (2015) apple pollen 
tube length ranged between 99.65 to153.62 
µm (36 h, 24°C). 
  In the current study, maximum pollen PTL 
(1061.1 µm) was observed for ‘Anna Späth’ 
at 15°C after 24 h. Ćalić (2013) recorded a 

maximum PTL of 822 µm (exposure 24 h) in 
Prunus domestica cv. Požegača.
  ‘Jojo’ had the significantly highest PTL 
(514.7 µm) at 20°C for 1 h whereas ‘Gras 
ameliorat’ had the shortest pollen tubes 
(62.1µm). ‘Toptaste’ had higher PTL (824.5 
µm) after 3 h at a temperature of 20°C but 
exposure to 13°C resulted in the lowest PTL 
(104.1 µm).   Similar results were reported 
in other studies for Prunus persica (Sharafi, 
2011a) and Prunus domestica (Sharafi, 
2013). ‘Topfive’ had the highest PTL (620.7 
µm) when pollen grains are held at 20°C for 
3 hrs and lower temperatures (10°C) caused 
shorter PTL (79.1 µm). 
  The highest PTL (1061.1 µm) in this study 
was for ‘Anna Späth’ when pollen were ex-
posed to 15°C for 24 hrs. However, the most 
studied cultivars develop the highest PTL at  
20°C, while Sorkheh (2011) found that PTL 
was greatest at 25°C.
  If the pollen grains were kept a longer time 
(24 h), but at a lower temperature (10°C), the 
PTL of ‘Anna Späth’ and ‘Gras ameliorat’ 
was significantly shorter (71.8 and 63.2 µm, 
respectively). ‘Stanley’ can develop rapidly 
(after 3 h) the highest PTL (806.8 µm) when 
the pollen grains are kept on solid medium at 
20°C, but in case of ‘Gras ameliorat’ the PTL 
can become higher (523.0 µm) after 3 h even 
if the temperature is lower (13°C). These re-
sults corresponds well with results in plum 
found by Ćalić (2013) and our results indi-

Table 3. The influence of temperature for varying lengths of time on pollen tube length (PTL) of six plum 
genotypes
Temp. 	                                                            Pollen tube length (μm)z

  (°C)   Hrs.          Jojo                 Toptaste               Topfive            Anna Späth           Stanley         Gras ameliorat        
	 20	 1	 514.7b	 A	 447.5b	 BC	 428.1b	 C	 488.2c	 AB	 492.2c	 AB	 62.1d	 D	
	 20	 3 	 847.6a	 A	 824.5a	 B	 620.7a	 D	 535.0b	 E	 806.8a	 C	 458.6b	 F	
	 13	 3 	 169.7e	 D	 104.1e	 E	 450.8b	 C	 453.4c	 C	 578.0b	 A	 523.0a	 B	
	 10	 24 	 331.6c	 A	 141.1d	 B	 79.1d	 D	 71.8d	 E	 109.4e	 C	 63.2d	 F	
	 15	 24 	 246.0d	 C	 218.0c	 CD	 289.3c	 B	 1061.1a	 A	 202.0d	 D	 130.5c	 E	
Average		 421.96	 	 347.05	 	 373.85	 	 521.95	 	 437.74	 	 247.52	
z	 Values are means of five replicates per each variant: genotype x treatment combination (temperature and time). Mean separated 

by different letters denote significant differences (Duncan test, P < 0.05) for treatment combination across rows (upper case 
letters) and for genotypes down columns (lower case letters).
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cate that pollen tube length can be genotype 
dependent.
  When pooled over all six combinations of 
temperature and exposure time there was a 
significant and positive linear relationship 
between pollen germination and pollen tube 
length (R2 = 0.72; Figure 3). 

Conclusions
  This study is important to understanding 
and improving plum reproduction biology, 
particularly pollen production, fruit set and 
fruit quality (Asma, 2008; Sutyemez 2011). 
Some size and index differences were meas-
ured among the genotypes; the pollen was 
generally similar in shape and exine struc-
ture. Pollen grain sizes varied depending on 
genotype (1.02 µm L/W for Topfive to 1.17 
µm L/W for ‘Jojo’).
  The results show that pollen germination 
can be influenced by temperature as found by 
Sorkheh (2011b). The germination rate was 
positively related to exposure time. Pollen 
germination responded to temperature dif-
ferently for genotypes reported by Nikolić 
(2012). 
  Pollen of self-fertile genotypes, such as 
‘Jojo’, ‘Anna Späth’, ‘Stanley’ can germi-
nate rapidly (after 3 h at 20ºC), and pollen of 

Fig. 3. Relationship between pollen tube length and pollen germination.

these genotypes could germinate at 10ºC and 
15ºC, respectively. For ‘Stanley’ the highest 
germination percentage (87.0%) occurred at 
10ºC for 24 h. 
  Pollen tube length (PTL) varied signifi-
cantly according to genotype and environ-
mental conditions (exposure time and tem-
perature). ‘Anna Späth’ had the highest PTL 
(1061.1 µm), after 24 h at 15°C. Similar 
PTL was recorded for ‘Stanley’ (578.0 µm) 
and ‘Gras ameliorat’ (523.0 µm) after 3 h at 
13°C. These results can be helpful in future 
breeding programs.
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