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Abstract       Research aimed to pursuing the interaction effects from: cultivar 
- temperature - period of pollen germination for cultivars: Burgund mare, 
Muscat Ottonel, Coarnă neagră and Muscat Hamburg. Samples of pollen 
were collected from vineyard and have been germinated under controlled 
laboratory environment. Observations were carried out in 2011-2013. 
Research results shows that treatment time had the highest contribution to 
the variability of pollen germination, followed by temperature limits, while the 
cultivar contribution was considerably lower. The cultivar Burgund mare 
registered a higher germination capacity among the other cultivars.   
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Increasing fertility of grapevine cultivars represents a 

technological issue that should not be neglected, so 

observations are made on the capacity of flowering, 

pollination and fertilization for the improvement of 

their hereditary characteristics [1,4]. Coarnă Neagră 

was chosen for this study because it is a table grape 

cultivar of medium fertility and has functional female 

hermaphrodite flower with high percentage of sterile 

pollen. Muscat Hamburg has good fertility and is 

cultivated as a pollinator cultivar along with Coarna 

neagră, but has the disadvantage that in unfavorable 

environmental conditions flowers not fructify and 

heavily fall and also is prone to small berries (as millet 

or beads) [2,14]. Sometimes at Burgund mare, male 

sterility occurs [3,7,12]. Muscat Ottonel was chosen for 

study because it has abundant fertile pollen. 

 
Materials and Methods 

 
Biological material for research is represented by four 

grapevine cultivars: Burgund mare, Muscat Ottonel, 

Coarnă neagră and Muscat Hamburg. The research was 

carried out during 2011 – 2013; the varieties were 

placed in the vineyard of the Didactic Station 

Timisoara.  

Pollen samples were collected from flowers in 

the vineyard, and were brought to the laboratory and 

placed on culture medium. The composition of the 

nutrient medium consisted of sucrose in a 

concentration of 15%; agar-agar concentration 1.0%; 

boric acid in a concentration of 0.01%. The 

observations were made at various time intervals (3h, 

6h, 12h, 24h) and at different temperatures (28°C; 15-

16°C and 8-9°C). The recorded data were statistically 

analyzed with GraphPad Prism, ver 5, for 95 % 

significance level (p < 0.05). 

 

Results and Discussions 

 
Due to the combined effect of temperature on pollen 

germination during testing (tab. 1) in 2011, cultivars 

recorded amid 28
0
C temperature, an amplitude 

variation between 28.30% after 12 hours and 31.95% 

after three hours, within a variability between cultivars 

with values from 17.51% to 23.87%.  

In these circumstances, after three hours, Coarnă 

Neagră had significantly lower germination capacity 

compared to other cultivars, but statistically 

undifferentiated. The differences between cultivars are 

lower after six hours, considering that Burgund mare 

germination energy is significantly higher than Muscat 

Hamburg and Coarnă Neagră (the latest cultivar being 

lower than the other). From mid to end development of 

cultivars germination capacity and their hierarchy 

remains unchanged. At Burgund mare were recorded 

significantly higher values than the other three 

cultivars, followed by Muscat Hamburg (statistically 

undifferentiated) and Coarnă Neagră with a 

significantly lower germination. From mid to end, 

evolution of cultivars germination capacity and their 

hierarchy remains unchanged. Therefore, at Burgund 

mare cultivar were recorded significantly higher values 

than in the other three cultivars, followed by Muscat 

(statistically undifferentiated) and Coarnă Neagră (with 

a significantly lower germination). 

At 28°C, the highest dynamic germination capacity 

is observed at Coarnă Neagră, for amplitude of 12.5% and a 

middle variability (11.76%). For Muscat Hamburg, 

treatment duration had little effect on pollen germination 

which showed very low amplitude (1.45%) during testing 

period.
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Table 1 

The effect of temperature, cultivar and duration of germination on pollen germination  

capacity at grapevine in 2011 

Temperature 28
o
C 

Cultivar Germination duration  

 3 h 6 h 12 h 24 h 

Burgund mare u72.58a z77.42a y80.65a x82.26a 

Muscat Ottonel y71.43a y72.28ab y72.28b x73.95b 

Muscat Hamburg y65.22a y65.22b x66.67b x66.67b 

Coarnă Neagră z40.63b y48.44c x52.35c x53.13c 

Temperature 15-16
o
C 

Cultivar Germination duration 

 3 h 6 h 12 h 24 h 

Burgund mare z75.64a y78.20a x79.48a x79.48a 

Muscat Ottonel u64.04b z68.53b y69.65b x70.78b 

Muscat Hamburg z64.94b y66.24b x67.54b x67.54b 

Coarnă Neagră z37.63c y41.93c x45.16c x46.24c 

Temperature 8-9
o
C 

Cultivar Germination duration 

 3 h 6 h 12 h 24 h 

Burgund mare u16.05a z22.22a y28.38a x35.79a 

Muscat Ottonel u7.84bc z11.76c y14.70b x19.60b 

Muscat Hamburg u15.94ab z20.29ab y23.19a x27.55b 

Coarnă Neagră u5.10c z12.24bc y20.40ab x25.51b 

 

Duration DF5%=1.04          DF1%=1.40           DF0.1% = 1.80 (x.y.z) 

Cultivars DF5%=8.20          DF1%=11.50           DF0.1%=15.62 (a.b.c) 

Temp x Cultivar x Duration DF5%=10.06          DF1%=13.90           DF0.1%=19.24 

 

At a temperature of 15-16
0
C cultivars had an 

amplitude between 38.01% after the first three hours 

and 33.24% at the end of testing, while the inter-

population variability ranged from 21.38% to 26,70%. 

During testing the hierarchy of cultivars concerning the 

pollen germination capacity it was constant. Therefore 

Burgund cultivar presented the highest values for 

increases (statistically assured), compared to the other 

cultivars. Also, Muscat Ottonel and Muscat Hamburg 

showed significantly higher germination capacity than 

Coarnă Neagră (statistically undifferentiated). 

The average growth rate of germination capacity 

during testing ranged from 0.22%/h for Muscat 

Hamburg to 0.69%/h at Coarnă Neagră. At Muscat 

Ottonel, testing time had the highest influence on 

pollen germination given that there have been 

significant increases of germination capacity during 

this period. At the other varieties there is a significant 

and gradual increase of germination capacity up to 

mid-term (12 hours), then until the end, values remain 

equal or with an insignificantly changing [10]. 

Varieties have registered under the effect of 8-

9
0
C temperature, pollen germination capacity values 

with amplitudes of variation between 10.46% after six 

hours and 13.68% after 12 hours of testing, associated 

with a high variability (24.70 to 49.96%) as compared 

with the data previously presented. In the first phase of 

testing Burgund mare and Muscat Hamburg registered 

a significantly higher germination than Coarnă Neagră. 

Six hours later, the situation is generally the same 

except that now Coarnă Neagră has exceeded Muscat 

Ottonel (but not significantly). 

At mid-term (12 hours), germination energy of 

Burgund and Muscat Hamburg cultivars is significantly 

higher compared to the other two cultivars, but 

statistically undifferentiated. At the end of testing, 

Burgund mare reveal a pollen germination rate 

significantly higher than other cultivars, which showed 

significant values close and equal.  

Pollen germination in four cultivars, at 8-9°C 

temperature, has changed significantly and 

proportional with testing time, recording an average 

growth rates between 0.77%/h for Muscat Hamburg 

and 1.39%/h for Coarnă Neagră. 

 In 2012, amid temperatures of 28
0
C, cultivars 

have achieved a pollen germination capacity values 

with amplitudes of variation between 35.05% in the 

first phase and 30.66% at the end, associated with a 

medium-high inter-genotypic variability (18.8% to 

24.7%). Thus, throughout the testing period, cultivars 

hierarchy remained unchanged, while the Burgund 

mare recorded a significantly higher germination than 

Muscat Hamburg and Coarnă Neagră (the last one 

being significantly inferior to Muscat Hamburg) [9]. 

Also, Muscat Hamburg and Ottonel cultivars 

didn’t significantly differentiated as regards pollen 

germination at this level of temperature (tab. 2). 

Germination of pollen at all four cultivars at 28
0
C 
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temperature has changed significantly and 

proportionally with testing time, recording an average 

growth rates between 0.19% /h for Muscat Ottonel and 

0.76%/h at Coarnă Neagră. It was also found that at 

Burgund mare, treatment time had the highest 

influence on pollen germination, while at Muscat 

Hamburg, after six hours, germination capacity 

remained constant [16].

 

  Table  2 

The effect of temperature, cultivar and duration of germination on pollen germination  

capacity of grapevine in 2012 

Temperature 28
o
C 

Cultivar Germination duration  

 3 h 6 h 12 h 24 h 

Burgund mare u79.71a z82.61a y84.06a x84.06a 

Muscat Ottonel z73.53ab yz74.51ab xy75.49ab x76.47ab 

Muscat Hamburg y63.41b x67.07b x67.07b x67.07b 

Coarnă Neagră u44.66c z50.49c yz51.46c x53.40c 

Temperature 15-16
o
C 

Cultivar Germination duration 

 3 h 6 h 12 h 24 h 

Burgund mare x78.57a x78.57a x79.59a x79.59a 

Muscat Ottonel y65.77a xy66.66a xy66.66a x67.56a 

Muscat Hamburg y65.09a x66.97a x66.97a x66.97a 

Coarnă Neagră u35.71b z38.77b y44.89b x46.92b 

Temperature 8-9
o
C 

Cultivar Germination duration 

 3 h 6 h 12 h 24 h 

Burgund mare u15.15a z21.19a y30.28a x34.83a 

Muscat Ottonel u3.61a z12.04a y13.98b x18.79b 

Muscat Hamburg z15.15a y24.24a y25.25ab x27.27ab 

Coarnă Neagră u7.69a z12.82a y20.51ab x24.40ab 

 

Duration DF5%=1.22          DF1%=1.62           DF0.1%=2.10 (x.y.z) 

Cultivars DF5%=13.74          DF1%=18.78           DF0.1%=25.62 (a.b.c) 

Temp x Cultivar x Duration DF5%=13.16          DF1%=17.88           DF0.1%=24.04 

 

Regarding the effect of the testing time on 

pollen germination for the studied varieties at  15-16°C 

temperature, the highest dynamic of germination 

capacity is observed in Coarnă Neagră cultivar, amid an 

amplitude of 11.21% and a medium variability (12 

56%), associated with significant differences from one 

phase to another [16]. For Burgund mare, treatment 

duration had little effect on pollen germination which 

showed very low amplitude (1.45%) over the testing 

period. At this temperature threshold, germination of 

Muscat Hamburg remained constant after six hours, 

while in Muscat Ottonel is observed only a 

differentiation between the values of the first and last 

phase of testing [8]. 

Given the inter-genetic variability, is found that 

cultivars recorded amid 15-16
0
C temperature, an amplitude 

variation between 32.67% at the end and 42.86% after three 

hours. Accordingly, throughout the testing period Coarnă 

Neagră cultivar had significantly lower germination 

capacity than other varieties (statistically undifferentiated). 

At 8-9
0
C temperature, cultivars had an 

amplitude between 11.54% after the first three hours 

and 16.3% at mid-term testing while inter-population 

variability ranged from 25.36% to 55 12%. In the first 

two phases, ie after three and six hours of germination, 

cultivars were not significantly differentiated. During 

the other two phases of testing, varieties hierarchy in 

terms of pollen germination capacity it was constant. 

Burgund mare presented the highest values, 

corresponding to statistically assured increases only 

towards Muscat Ottonel. The average growth rate of 

germination capacity during testing ranged from 

1.12%/h for Muscat Hamburg, to 1.30%/h for Burgund 

cultivar. For all cultivars, a longer testing time resulted 

in a significant and gradual increase of germination 

capacity [15]. 

Considering the complex interaction among the 

three studied components (tab. 3), in 2013 is found that 

at 28
0
C temperature, cultivars had an amplitude 

between 28.87% after six hours and 23% at the end of 

testing, while inter population variability ranged from 

14.60% to 19.25%. The first two testing phases, as 

regards cultivars hierarchy for pollen germination 

capacity - was constant, so that the Coarnă Neagră 

presented significantly lower values compared to other 

cultivars (which registered similar values and 

statistically undifferentiated for this trait). At midterm, 

only Burgund mare and Muscat Ottonel cultivars 
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achieved significantly higher values than Coarnă 

Neagră. In the final experiment, Burgund mare exhibit 

high germination capacity correlated with increases 

statistically assured compared with Muscat Hamburg 

and Coarnă Neagră. The average growth rate of 

germination capacity during the testing ranged from 

0.02%/h for Muscat Ottonel to 0.59%/h at Coarnă 

Neagră. For Coarnă Neagră, testing time had the highest 

influence on pollen germination given that there have 

been significant increases of germination capacity 

during testing. At Muscat Hamburg there is a significant 

increase of germination till six hours, thereafter value 

remains constant until the testing end [5]. For Muscat 

Ottonel, germination capacity remains unchanged until 

the mid-term, registering a significant increase only in 

the last phase of testing. At Burgund mare, pollen 

germination exhibits a higher intensity in the first and 

final phase of testing [6]. 

 

Table 3 

The effect of temperature, cultivar and duration of germination on pollen germination  

capacity of grapevine in 2013 

Temperature 28
o
C 

Cultivar Germination duration 

 3 h 6 h 12 h 24 h 

Burgund mare z73.49a y77.10a y77.10a x78.30a 

Muscat Ottonel y67.86a y67.86a y67.86a x68.75ab 

Muscat Hamburg y60.87a x63.04a x63.04ab x63.04bc 

Coarnă Neagră u45.88b z48.23b y52.94b x55.30c 

Temperature 15-16
o
C 

Cultivar Germination duration 

 3 h 6 h 12 h 24 h 

Burgund mare z67.42a y69.67a x71.91a x71.91a 

Muscat Ottonel z60.40a y63.37a x64.36a x64.36ab 

Muscat Hamburg z57.83a y60.25a y60.25ab x61.45ab 

Coarnă Neagră u39.29b z45.24b y50.00b x53.57b 

Temperature 8-9
o
C 

Cultivar Germination duration 

 3 h 6 h 12 h 24 h 

Burgund mare u15.38a z20.87a y24.17a x29.66a 

Muscat Ottonel y3.80ab x13.93ab x13.93a x13.93a 

Muscat Hamburg u4.55ab z17.05ab y19.32a x23.87a 

Coarnă Neagră u1.16b z6.97b y15.11a x20.92a 

 

Duration DL5%=0.94          DL1%=1.24           DL0.1%=1.62 (x.y.z) 

Cultivars DL5%=13.06          DL1%=17.90           DL0.1%=24.38 (a.b.c) 

Temp x Cultivar x Duration DL5%=12.92          DL1%=17.58           DL0.1%=23.68 

 

The cultivars have achieved as a result of the 15-

16
0
C temperature effect, values of pollen germination 

capacity with amplitudes of variation between 18.16 

and 28.13% in the first three hours of testing, 

correlated with a medium-large variability (11.94 - 

21.34%). In the first two phases of testing Burgund 

mare, Muscat Ottonel and Muscat Hamburg registered 

a significantly higher germination than Coarnă Neagră. 

At mid-term, only Burgund mare and Muscat Ottonel 

achieved higher values compared to Coarnă Neagră, 

while at the end of testing the differences between 

cultivars are low, so that only between Burgund mare 

and Coarnă Neagră differences concerning germination 

become significant [11]. 

Pollen germination for Coarnă Neagră at 15-

16
0
C temperature has changed proportional and 

significantly correlated with testing time. For Burgund 

mare and Muscat Ottonel cultivars, pollen germination 

increases significantly until the mid-term, after which 

remains unchanged until the testing end. At Muscat 

Hamburg significant changes of germination capacity 

are found only in the first and final phase of testing 

[13]. Accordingly, the average growth rate has ranged 

between 0.30%/h for Muscat Hamburg and 1.03%/h 

for Coarnă Neagră cultivar. 

Cultivars had recorded at 8-9°C temperature, 

amplitudes of variation ranging from 10.24% after 12 

hours to 15.73% at the end of testing, due to high inter-

genotyping variability higher than 25.60%.  

In those circumstances, in the first two phases 

Coarnă Neagră had significantly lower germination 

capacity compared to Burgund mare; the other 

cultivars were statistically undifferentiated. In the last 

two phases, the differences between cultivars 

decreased substantially, and haven’t reached the level 

of significance [17]. 

At 28
0
C the highest dynamics of germination 

capacity can be noticed in Coarnă Neagră and Muscat 
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Hamburg, for amplitude of 19.32 to 19.76%. Besides 

these two cultivars, at Burgund mare there is also a 

progressive and significant change in the percentage of 

germination during the testing. For Muscat Ottonel, 

treatment duration had little effect on pollen 

germination which showed a significant increase only 

in the first phase; then, the value has remained constant 

until the end. 

 

Conclusions 

 
Duration of treatment showed the highest 

contribution to the variability of pollen germination 

(61.6 to 72.5%), followed by temperature level (6 to 

13.9%), while the cultivar has a considerably lower 

contribution (0.6 to 2.8%). Among factors interactions, 

combined effect of temperature and duration of 

treatment (9.4 to 10.9%) had the highest contribution to 

the variability of this trait. 

For the entire research, Burgund mare showed 

high germination capacity, superior to other cultivars 

corelated with relative very significant increases 

between 15 and 61%. Coarnă Neagră  showed pollen 

germination capacity significantly lower than Muscat 

Hamburg and Muscat Ottonel, but statistically 

undifferentiated. 

Extension of germination resulted in a very 

significant increase of pollen germination, with an 

average rate of 0.63 to 0.98%/h, more intensive at the 

beginning of the period (1.33 to 2.95%/h) and 

increasingly lower towards the end, with values among 

0.15-0.17%/h. 
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