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Abstract       The research was carried out during 2019 growing season in 
three vineyards, located on Dealul Silagiului in the Buzias Silagiu area; 
varieties with imperfect flowers or those with berries set failure and pollination 
disorders in certain years were chosen for research. Usually the grapevine 
does not have problems regarding the berry setting, but in less favourable 
climatic conditions during the flowering stage (more frequent in the last 
years), certain varieties due to poor fertilization have clusters with significant 
ratio of millerandage and coulure berries or poor fruit set. In the experimental 
plots of Merlot, Muscat Hamburg, Black Magic, Victoria, Feteasca Neagra and 
Muscat Ottonel varieties were introduced beehives for additional pollination. 
Observations and measurements concerning the rate of berry set, length of 
flowering and berry set stages, the millerandage and coulure rate and the 
grape yield. The most obvious results both in terms of grape yield and the 
berry set rate were found in the Muscat Hamburg, Black Magic and Merlot 
varieties. Although the other varieties do not have flower pollination or berry 
setting disorders, bee pollination increased yield components. Additional 
pollination methods are expensive, difficult to manage and require a lot of 
manual labour, while bees are inexpensive, non-polluting, and efficient 
pollinators.   
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During the growing season, the grapevine 

has a cycle of certain morphological and biological 
changes [12]. These changes are heritable in each 
variety and greatly influence the grape production, 
berry quality, lifespan of the vine, and not least the 
vineyard management efficiency [24]. However, the 
development of reproductive and vegetative 
phenophases is greatly influenced by the climate from 
each growing season and the vineyard location [2].  
Among the most important are the fruiting 
phenophases, especially the flowering and fruit set 
stages, because both have large influence on grape 
yield and quality [5]. Obviously, flowering and fruit set 
are influenced by the climate and pollination success 
[11]. Grapevine is a highly productive crop, with a 
large amount of fruits after pollination [9]; however 
there are several varieties with lower rate of fruit set 
[13]. In lately decades, the climate variability, with 
heavy rainfall in late May and early June, decreased the 
pollination and fruit set rate in many grapevine 
varieties [20]. During self-pollination, the pollen dries 
quickly or can be blown away after the flowers cap fall 
[21]. Most crops pollination and productivity 
significantly increase in the presence of insects, 

especially honey bees [19]. Flower cap removing by 
bees increases pollination rate by 70% compared to 
pollen collection from flowers after free fall of the cap 
[8]. Honey bees also contribute to the shortening of 
flowering and fruit set stages, which is an advantage 
for achieving a high rate of pollination during 
favourable days [1]. 

In order to evaluate the influence of honey bee 
pollination on grape yield and berry quality, different 
number of honeybee colonies were used for pollination 
in experimental plots of Muscat Hamburg, Victoria, 
Merlot and Feteasca Neagra varieties, from Dealurile –
Silagiului Vineyards during 2019 growing season. 

 
Material and Method 
 

The research was carried out during the 
2019 growing season, in three locations from Dealul 
Silagiului Vineyards, with maximum slopes of 324 m 
altitude; the area is located in south west of Romania in 
the south-eastern of Timiş County, and belongs to the 
western Banat hills. The focus of the study is on 
varieties with flower defects, or those that cause 
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pollination and fruit setting problems in certain years 
(Muscat Hamburg, Victoria, Merlot and Feteasca 
neagra). The experimental variants consisted of several 
pollination treatments with contribution of honey bee 
families in order to improve the fruit set rate and 
therefore the grape yield. Observations and 
determinations were made regarding: the influence of 
insects (honey bees) pollination on the fruit set rate; the 
influence of insects (honey bee) on duration of 
pollination and fruit set rate; the influence of insect 
(honey bee) pollination on the poor fruit set 
(millerandage and coulure) and the influence of insects 
(honey bee) pollination on grape yield. 

For statistical analysis, XLStat Version 
2014.5.03 (Copyright Addinsoft 1995-2014) software 
was used. One-way ANOVA (analysis of variance) for 
multiple comparisons was carried on. 
 

Results and Discussions 
 

Fruit set rate is influenced by climate, cold 
rainfall and strong winds during flowering stage [15]. 
Poor fruit set decreased the grape yield and production 
and certainly the vineyard and winemaking profit [6].  
The table grapes varieties –Muscat Hamburg and 
Victoria develop different flowering, pollination and 
fruit set stages [16]. Muscat Hamburg variety is well-
known as self-incompatible and usually needs cross-
pollination or additional pollination treatments [24]. 
Special pollination treatments are difficult to manage 
and increase the cost of grape production [23]. 
However, Vitoria variety has a good self-pollination 
and fruit set rate, excepting rainy days during flowering 
and pollen release which influence the grape berry 
dimensions and cluster shape. 

Table 1  
The influence of insect pollination (honey bees) on the fruit set rate in Muscat Hamburg variety 

Experimental plot Fruit set rate Difference to control Significance 
V1 (control-without honey bees) 22 - - 
V2 (with one honey bee colony) 27 5 * 
V3 (with 2 honey bee colonies) 31 9 ** 
V4 (with 3 honey bee colonies) 36 14 *** 
V5 (with 5 honey bee colonies) 37 15 *** 
V6 (with 10 honey bee colonies) 37.1 15.1 *** 

 
DF 5% - 4.27 DF 1% - 7.93 DF 0.1% - 13.79 

 
By placing the bee colonies for 3 weeks 

inter-rows, was observed their pollination contribution 
correlated with the fruit set rate. The influence of bee 
colonies was positive in both table grape varieties but 

more evident in the Muscat Hamburg variety. In all the 
experimental plots for Muscat Hamburg were 
registered significant higher rates of fruit set related to 
control. 

 
Table 2  

The influence of insect pollination (honey bees) on the fruit set rate in Victoria variety 
Experimental plot Fruit set rate Difference to control Significance 

V1 (control-without honey bees) 32 - - 
V2 (with one honey bee colony) 33 1 - 
V3 (with 2 honey bee colonies) 35 3 - 
V4 (with 3 honey bee colonies) 37 5 * 
V5 (with 5 honey bee colonies) 40 8 ** 
V6 (with 10 honey bee colonies) 40.2 8.2 ** 

 

DF 5% - 4.96 DF 1% - 7.91 DF 0.1% -  13.35 
 

Victoria variety showed significant 
differences to the control were only in the experimental 
plots with 3, 5, and 10 bee colonies. The influence of 
honeybee pollination on fruit set is less significant in 
Victoria variety due to the natural-pollination. 

For wine varieties, the grapes general 
appearance is less important; however, a favourable 

pollination ensures larger fruit set rate further 
developed in higher grape yields. Reproduction of wine 
grape varieties chosen for experimental pollination is 
variable: Feteasca Neagra has flowers self-compatible 
while Merlot flowers pollination decrease when 
humidity and temperature are less favourable.  
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Table 3  
The influence of insect pollination (honey bees) on the fruit set rate in Feteasca Neagra variety 

Experimental plot Fruit set rate Difference to control Significance 
V1 (control-without honey bees) 34 - - 
V2 (with one honey bee colony) 36 2 - 
V3 (with 2 honey bee colonies) 38 4 - 
V4 (with 3 honey bee colonies) 30 6 * 
V5 (with 5 honey bee colonies) 43 9 ** 
V6 (with 10 honey bee colonies) 43.5 9,5 ** 

 

DF 5% - 5.08 DF 1% - 8.76 DF 0.1% -  15.85 
 

Honey bee colonies had positive 
contribution in Feteasca Neagra variety fruit set rate; in 
the experimental plots pollinated with 3, 5 or 10 
colonies,  results were significant positive compared to 
control. In Merlot variety, cold rains from the first 

decades of June had increased the honey bee 
pollination; therefore, when 5 and 10 honeybee 
colonies contribute to pollination, the difference of 
fruit set rate was very significant related to the control 
experimental plot.  

Table 4 
The influence of insect pollination (honey bees) on the fruit set rate in Merlot variety 

Experimental plot Fruit set rate Difference to control Significance 
V1 (control-without honey bees) 27 - - 
V2 (with one honey bee colony) 29 2 - 
V3 (with 2 honey bee colonies) 31 4 - 
V4 (with 3 honey bee colonies) 35 8 ** 
V5 (with 5 honey bee colonies) 39 12 *** 
V6 (with 10 honey bee colonies) 39.4 12.4 *** 

 

DF 5% - 5.03 DF 1% - 7.98 DF 0.1% -  11.96 
 

Usually the flowering and fruit setting stage 
lasts around two weeks, but the climate variability from 
last years extends this stage, with negative influences 
on fruit setting and finally on grape production [14].  

The extended reproductive cycle, exposes 
the vine to additional risks of diseases and pests, 
because during flowering and fruit set stages which are 
critical for grape yield, cannot be applied chemical 
treatments for control [22]. 

Table 5  
The influence of insects (honey bees) pollination on duration of pollination and fruit set rate in Muscat Hamburg 

variety 
Experimental plot Number of days from flowering 

starting until fruit set 
Difference to 

control 
Significance 

V1 (control-without honey bees) 37 - - 
V2 (with one honey bee colony) 34 3 - 
V3 (with 2 honey bee colonies) 29 6 * 
V4 (with 3 honey bee colonies) 28 9 ** 
V5 (with 5 honey bee colonies) 26 11 *** 
V6 (with 10 honey bee colonies) 25 12 *** 

 

DF 5% - 3.96  DF 1% - 6.21 DF 0.1% - 10.77 
Table 6  

The influence of insects (honey bees) pollination on duration of pollination and fruit set rate in Victoria variety 
Experimental plot Number of days from flowering 

starting until fruit set 
Difference to 

control 
Significance 

V1 (control-without honey bees) 30 - - 
V2 (with one honey bee colony) 29 1 - 
V3 (with 2 honey bee colonies) 26 4 - 
V4 (with 3 honey bee colonies) 22 8 ** 
V5 (with 5 honey bee colonies) 19 11 ** 
V6 (with 10 honey bee colonies) 19 11 ** 

 

DF 5% - 4.12 DF 1% - 6.92 DF 0.1% - 13.01 
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Table 7  
The influence of insects (honey bees) pollination on duration of pollination and fruit set rate in Merlot variety 

Experimental plot Number of days from flowering 
starting until fruit set 

Difference to 
control 

Significance 

V1 (control-without honey bees) 33 - - 
V2 (with one honey bee colony) 31 2 - 
V3 (with 2 honey bee colonies) 27 6 * 
V4 (with 3 honey bee colonies) 24 9 ** 
V5 (with 5 honey bee colonies) 20 13 ** 
V6 (with 10 honey bee colonies) 20 13 ** 

 

DF 5% - 4.56 DF 1% - 7.85 DF 0.1% - 13.71 
 
Besides the positive influence on the fruit set 

stage, in all four wine grape varieties there was also a 
shortening of reproductive cycle, corresponding to the 
number of honey bees colonies for pollination. Honey 
bees increased the pollination rate and therefore the 
pollination process was finished with 2-9 days earlier, 

which greatly decreased the risk of disease and pests 
attack. In the experimental plots pollinated with the 
honey bees contribution, the veraison and maturation 
stages were few days longer, which finally increased 
the grape yield and the berry quality due to the early 
maturation.  

Table 8 
The influence of insects (honey bees) pollination on duration of pollination and fruit set rate  

in Feteasca Neagra variety 
Experimental plot Number of days from flowering 

starting until fruit set 
Difference to 

control 
Significance 

V1 (control-without honey bees) 28 - - 
V2 (with one honey bee colony) 26 2 - 
V3 (with 2 honey bee colonies) 24 4 - 
V4 (with 3 honey bee colonies) 22 6 * 
V5 (with 5 honey bee colonies) 19 9 ** 
V6 (with 10 honey bee colonies) 19 9 ** 

 

DF 5% - 4.21 DF 1% - 6.73 DF 0.1% - 11.97 
 

In Muscat Hamburg and Victoria varieties, 
reaching the maturity for consumption with 10-12 days 
earlier allow the possibility of grapes selling at higher 
prices, with better profit. 

In wine grape varieties, longer veraison and 
maturation stages contributed to more sugars amounts 
accumulation which is critical for producing high 
quality wines [4]. 

Poor fruit set (millerandage and coulure) 
negatively influenced the grape yield and berry quality. 
In table grape varieties, bunches with different berry 
size has negative influence on bunch appearance and 
certainly on selling possibility, because doesn’t 
correspond to the consumers demand [3]. 

The grape consumers are very selective, 
with visual desire for bunches with large berry size, 
firm, rich in flavour, sugar and less acidity [17]. 
According to the consumers preferences, bunches with 
uniform berry size and colour, with thin skin, firm, 
juicy and tasty are appreciated and increase the 
successful selling on the market [10]. No doubt in all 
grape varieties was observed the positive influence of 
honey bee pollination on fruit set, considering that are 
varieties susceptible to millerandage (hens-and-chicks)  
and coulure (shatter). 

 

Table 9  
The influence of insects pollination (honey bees) on poor fruit set (millerandage or coulure)  

in Muscat Hamburg variety 
Experimental plot Poor fruit set rate  

(millerandage and coulure) 
Difference to control Significance 

V1 (control-without honey bees) 16.12 - - 
V2 (with one honey bee colony) 14.1 2.02 - 
V3 (with 2 honey bee colonies) 11.5 4.62 ** 
V4 (with 3 honey bee colonies) 9.12 7 *** 
V5 (with 5 honey bee colonies) 4.9 11.22 *** 
V6 (with 10 honey bee colonies) 4.12 12 *** 

 

DF 5% - 2.27 DF 1% - 4.12 DF 0.1% - 6.21 
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Table 10  
The influence of insects pollination (honey bees) on poor fruit set (millerandage or coulure)  

in Victoria variety 
Experimental plot Poor fruit set rate  

(millerandage or coulure) 
Difference to control Significance 

V1 (control-without honey bees) 9.75 - - 
V2 (with one honey bee colony) 8.93 0.82 - 
V3 (with 2 honey bee colonies) 7.28 2.47 - 
V4 (with 3 honey bee colonies) 5.73 4.02 * 
V5 (with 5 honey bee colonies) 3.23 6.52 ** 
V6 (with 10 honey bee colonies) 3.19 6.56 ** 

 

DF 5% - 2.54 DF 1% - 3.98 DF 0.1% - 6.34 
 

The largest differences between 
experimental plots results and control plots concerning 
the poor fruit set rate was recorded in the Muscat 
Hamburg variety. In this table grape variety honey bees 
pollination decreased with 11-12% the poor fruit set 
rate. The positive influence of honey bees pollination 

in decreasing the grape berry rate with millerandage 
and coulure, was also observed in the other grape 
varieties, with less susceptibility for poor fruit set; 
however, results related to control were clear less and 
were not significant in all experimental plots. 

 
Table 11  

The influence of insects pollination (honey bees) on poor fruit set (millerandage or coulure)  
in Merlot variety 

Experimental plot Poor fruit set rate  
(millerandage or coulure) 

Difference to control Significance 

V1 (control-without honey bees) 11.7 - - 
V2 (with one honey bee colony) 10.21 1.49 - 
V3 (with 2 honey bee colonies) 8.12 3.58 * 
V4 (with 3 honey bee colonies) 6.11 5.59 * 
V5 (with 5 honey bee colonies) 4.01 7.69 ** 
V6 (with 10 honey bee colonies) 3.99 7.71 ** 

 

DF 5% - 2.73 DF 1% - 5.98 DF 0.1% - 11.57 
 

Table 12 
The influence of insects pollination (honey bees) on poor fruit set (millerandage or coulure)  

in Feteasca Neagra variety 
Experimental plot Poor fruit set rate  

(millerandage or coulure) 
Difference to control Significance 

V1 (control-without honey bees) 8.5 - - 
V2 (with one honey bee colony) 8.11 0.39 - 
V3 (with 2 honey bee colonies) 6.93 1.13 - 
V4 (with 3 honey bee colonies) 5.26 3.24 * 
V5 (with 5 honey bee colonies) 3.31 5.19 * 
V6 (with 10 honey bee colonies) 3.28 5.22 ** 

 

DF 5% - 3.17 DF 1% - 5.21 DF 0.1% - 9.75 
 

High production and profit is the objective 
of each crop manager [6]. Grape production and profit 
greatly depend on vineyard management [18]. Grape 
yield is influenced by climate, soil management winter 

and summer pruning technologies, training, diseases 
and pest attack, and neither can be neglected in the 
desire to finally have a high quality wine [7].  
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Table 13 
The influence of insects pollination (honey bees) on grape production in the Muscat Hamburg variety 

Experimental plot Grape production  
(kg/ha) 

Difference to control Significance 

V1 (control-without honey bees) 12353 - - 
V2 (with one honey bee colony) 12894 541 * 
V3 (with 2 honey bee colonies) 13302 949 ** 
V4 (with 3 honey bee colonies) 13720 1367 ** 
V5 (with 5 honey bee colonies) 14329 1976 *** 
V6 (with 10 honey bee colonies) 14462 2109 *** 

 

DF 5% - 493.1 DF 1% - 948.2 DF 0.1% - 1874.19 
 

Table 14 
The influence of insects pollination (honey bees) on grape production in Victoria variety 

Experimental plot Grape production  
(kg/ha) 

Difference to control Significance 

V1 (control-without honey bees) 13974 - - 
V2 (with one honey bee colony) 14267 293 - 
V3 (with 2 honey bee colonies) 14693 719 * 
V4 (with 3 honey bee colonies) 14982 1008 * 
V5 (with 5 honey bee colonies) 15126 1152 ** 
V6 (with 10 honey bee colonies) 15133 1159 ** 

 

DF 5% - 587.3 DF 1% - 1102.8 DF 0.1% - 2105.4 
 

Table 15 
The influence of insects pollination (honey bees) on grape production in Merlot variety 

Experimental plot Grape production  
(kg/ha) 

Difference to control Significance 

V1 (control-without honey bees) 11510 - - 
V2 (with one honey bee colony) 11963 453 - 
V3 (with 2 honey bee colonies) 12345 835 * 
V4 (with 3 honey bee colonies) 12694 1184 ** 
V5 (with 5 honey bee colonies) 13082 1572 ** 
V6 (with 10 honey bee colonies) 13128 1618 ** 

 

DF 5% - 472.1 DF 1% - 898.6 DF 0.1% - 1639.3 
 

Table 16 
The influence of insects pollination (honey bees) on grape production in Feteasca Neagra variety 

Experimental plot Grape production  
(kg/ha) 

Difference to control Significance 

V1 (control-without honey bees) 12523 - - 
V2 (with one honey bee colony) 12874 351 - 
V3 (with 2 honey bee colonies) 13036 513 * 
V4 (with 3 honey bee colonies) 13258 735 * 
V5 (with 5 honey bee colonies) 13461 938 * 
V6 (with 10 honey bee colonies) 13482 959 ** 

 

DF 5% - 501.3 DF 1% - 958.64 DF 0.1% - 1872.58 
 

The positive influence of honey bees 
pollination, and their contribution in decreasing the 
poor fruit set rate and in the shortening of the 
reproductive cycle duration, associated with vineyard 
management and other multitude of factors, contributed 
to the increasing of  grape yield,  with 1500 - 2000 kg 
/ha. For the grape table varieties, the yields were 

variable; the largest differences compared to control 
were reported in Muscat Hamburg variety. For this 
variety, all the experimental plots recorded very 
significant differences compared to control. It is 
obvious that for Muscat Hamburg - which has a higher 
susceptibility for poor pollination and fruit set rate - 
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honey bees colonies had major influence on pollination 
and final grape production. 

In the Victoria variety, the results from 
experimental plots showed slightly lower differences to 
control, but statistically significant when 2, 3, 5, or 10 
honey bees colonies/ha contributed to pollination. 

However, the smaller differences registered 
in the experimental plots for Victoria variety, were 
fully covered by the higher price for grapes sold on the 
market. 

In the Merlot and especially Feteasca Neagra 
varieties, the differences recorded in the experimental 
plots were smaller, but still several were statistically 
significant. 
 
Conclusions 
 

Grapevine is a sustainable and versatile 
crop, with high profit and many products. However, 
among the many table and wine grapes varieties there 
are some with pollination disorders, like Muscat 
Hamburg, which required additional pollination for 
higher fruit set rate. The grape yield for all the varieties 
from the study could be improved by supplementary 
pollination, especially when flower cap was removed 
by honey bees and higher pollen was released from 
flowers. Most significant positive results and higher 
grape yields after honey bees pollination was recorded 
in Muscat Hamburg variety. Similar, in Victoria, 
Merlot, or Feteasca neagra varieties were found 
significant grape yield improvements after honey bees 
pollination. Apart from grape production increase, the 
honey bees pollination contributed to the millerangage 
and coulure decreases. 

The positive influence of honey bees 
pollination was reflected on grape yield and bunch 
appearance, mainly when 3 to 10 colonies /ha were 
used. Therefore, the supplementary pollination in Vitis 
vinifera L. cultivars/varieties promotes the grape yield 
and quality with low inputs and also provides pollen 
for bees. 
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