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visible between the key word’s advanced 
search using CiteSpace and the cluster view. 
However, words like “agriculture”, “farm” and 
“modernisation” are the link between them, 
being essential keywords in our research. 
Though, the present analysis of the 
bibliography provided by the Web of Science 
database does not furnish us with a very rich 
basis for our research.  
Future research can be done in the respect of 
mapping the important literature regarding the 
subject of farm modernisation in the current 
context of the Common Agricultural Policy, by 
using other scientific databases (Scopus, 
Science Direct etc.).  
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Abstract 
 
Bees and bee technologies are highly depending on the environmental factors. The seasonal dynamics of the bee colony 
are influenced by the both, bee technologies and quality and quantity of the nectaro-pollenifer sources. It is known that 
the impact of losses through bee mortality and colony unification (26.09%) due to the evolution of nosemosis are almost 
equal with the losses considered normal for the winter period, respectively of maximum 30%. The present study is 
based on observations carried out on the evolution of nosemosis during of three consecutive years (September, 2016 - 
March, 2019) in a stationary apiary in Romania. Investigations for the presence of Nosema spores in both living and 
dead bees were performed. Additionally, the presence of Nosema spores in honey, inside of the nests, before and after 
extraction was determined. The evolution and involution of the bee colonies were monitored according to the level of 
Nosema infection, by laboratory analyses on dead bees, especially during the first period of winter. The results clearly 
emphasized that, due to the presence of Nosema spores in the hive, in order to reduce the infectious pressure, it is 
imposing that in the spring the frames on which the bees have wintered to be reformed, even though they still have food 
resources (honey and bee-bread). Additionally, the breeding of bee colonies is recommended to be performed using 
only colony without the frames with food or frames from which hatched the brood, in order to avoid infection of the new 
colony. 
 
Key words: honey bees, nosemosis, apiary, Romania. 
 
INTRODUCTION 
 
Nosemosis is a multifactorial pathological 
condition, endemic, without easily detectable 
clinical expressions (Bailey, 1955; Zander, 
2009). To date, two microsporid species 
(Microspora: Microsporidida) have been 
described parasitizing honey bee: Nosema apis  
and N. ceranae (Fries et al., 1996; Chen et al., 
2009). The main characteristic of the endemic 
diseases is the constant presence within an 
areal in different forms of the infectious agent. 
The endemic evolution of the disease is favored 
apart from the infectious reserve or pressure 
and by intrinsic factors (natural defense system, 
receptivity, homeostasis, caste, age etc.) and 
extrinsic (colony evolution according to the 
season, development conditions depending on 
the contribution nectar and pollen, climatic 
factors, colony power and applied technologies, 

stress factors etc.) (Fries, 1993; Mitrea, 2011; 
Gardi et al., 2015). The evolution of the disease 
can also be influenced by associated risk 
factors (associated diseases, poisonings, pest 
attack, uncontrolled propagation, loss of queens 
etc.). As spore reservoirs at the level of the bee 
colony, the relative importance of faecal 
contamination, honey and sheep reserves and 
bee carcasses are not fully clarified and 
understood. Without performing bee 
technologies, without veterinary (clinical and 
laboratory) health surveillance and without 
analyzing epidemiological indices (prevalence, 
incidence, mortality) we cannot control the 
evolution of the disease (OIE, 2013). The rapid 
and insidious development of the disease 
contributes to the underestimating severity of 
Nosema infection and its economic importance. 
The aims of this study were to investigate the 
occurrence and evolution of nosemosis and to 
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estimate the infectious pressure in the hives, in 
a stationary apiary in Romania. 
 
MATERIALS AND METHODS 
 
The present study is based on observations 
carried out on the evolution of nosemosis 
during of three consecutive years (September, 
2016 - March, 2019) in a stationary apiary, 
including 21 bee colonies, in Prahova county, 
Romania. Investigations for the presence of 
Nosema spores in both living and dead bees 
were performed. Additionally, the presence of 
Nosema spores in honey, inside of the 
honeycombs, before and after extraction was 
determined. The evolution and involution of 
the bee colonies were monitored according to 
the level of Nosema infection, by laboratory 
analyses on dead bees, especially during the 
first period of winter. 
Veterinary sanitary surveillance of bee colonies 
from the hive taken in the study-exploited 
stationary apiary was done through clinical, 
morpho-pathological and laboratory investiga-
tions, depending on the season and the physio-
logical status of the colony. The evolution of 
the bee colonies was followed by individual 
observation sheets and the applied technologies 
(revision, extraction, propagation, treatments) 
were recorded in the bee-hive book 
(Chioveanu, 2009; Fries et al., 2013; Dumitru 
et al., 2017).  
The laboratory investigations aimed to identify 
the colonies of bees infected with Nosema 
spores and to determine the level of infection 
and the infectious pressure in the colony both 
on the bees (living or dead) and in the food 
reserves. Identification of spores in the 
laboratory was done according to OIE 
standards (OIE, 2013). For this purpose, two 
analytical methods were used, namely: method 
of identifying the Nosema spores by direct 
microscopic examination and a quantitative 
method of determining the number of Nosema 
spores. The samples were analyzed at the 
National Reference Laboratory for Honey Bees 
Health in IDAH (Chioveanu et al., 2009).  
To identify Nosema spores in bees and to 
determine the level of infection, samples of at 
least 60 bee abdomens were processed. 
To identify the spores of Nosema spp. in food 
reserves, samples of 5 g of honey / nectar from 

the frames were collected before and after 
extraction. The food reserve sample was mixed 
with distilled water in a 1:1 ratio, homogenized 
very well and filtered. The resulting filtrate was 
centrifuged for 6 minutes at 800 g and 25°C. 
After centrifugation, the supernatant was 
removed and the deposit was resuspended in   
10 ml of distilled water, very well 
homogenized and samples were immediately 
microscopically examined on slides covered 
with cover slip, for detection of Nosema spores, 
accordingly the OIE standards.  
A positive sample was considered when at least 
one Nosema spore was detected in at least one 
microscopic field. When the number of spores 
exceeds 9,000,000 spores/bee, the lesions in the 
anterior (ventricular) and middle (small 
intestine) intestines were considered irrever-
sible, therefore the diagnosis of nosemosis was 
established (Chioveanu et al., 2009). In order to 
determine the number of spores/bees (Z) and 
implicitly the infection level, the calculation 
formula is used: Z = α1+ α2/2 x δ x 250,000 
where α represents the average of the readings 
from 10 microscopic fields and δ is the dilution 
factor. Unit to be analysed represents the 
average number of spores determined after 
reading two subsamples (α1 + α2), each 10 ml 
of triturate of bee abdomens or honey/nectar 
suspension. To determine the number of 
spores/bees, the resultant number / unit is 
multiplied by a constant characteristic for the 
Burker Turk hemocytometer counting chamber, 
which is 250,000. 
 
RESULTS AND DISCUSSIONS 
 
In order to investigate the incidence of 
nosemosis as an enzootic disease in the studied 
apiary (with 21 colonies) and to identify the 
sources of infection during the first period of 
the biopause (January 2017), live bees were 
collected and were subjected for determining 
the number of spores per bee. Subsequently, 
the degree of contamination was determined. 
The results are presented in Table 1. 
The results show that during the first period of 
wintering the disease does not occur 
(nosemosis) in the apiary because there is a low 
level of infection, 19.05% of colonies being 
positive, with a burden of Nosema spores ≥ 
5,000,000 spores/bee) (Figure 1).   

Table 1. Data on Nosema infection of bees in a stationary 
apiary (Prahova county, Romania), in the first period of 

winter 2016-2017 (data from exams on live bees 
collected in January, 2017) 

 

No. 
spores/unit 

No. 
spores/bees 

No. 
colonies  

Percentage 
(%) 

0 0 17/21 80.95  
> 10  < 2,500,000 3/21 14.29  

11-20  2,500,000-
5,000,000 

1/21 4.76  

 

 
Figure 1. Masive Nosema spores infection 

(> 9,000,000/unit) (x400) 
 

In the temperate zone, the biological evolution 
of the bee colony is in total dependence on the 
succession of seasons. Biopause - the first stage 
of winter rest - lasts 2-3 months when the bees 
are trapped in the winter hive and apparently 
inactive. Only in the second part of the winter, 
the colony intensifies its activity (the 
oviposition of queen starts, the consumption of 
food begins to increase, and the temperature in 
the hibernation increases from 8-10C to 34-
35C). In early winter, spores are rarely 
encountered or are found only in the case of a 
very severe infection of bees. Most hives are 
supposed to contain spore-carrier bees that 
under the influence of extrinsic and intrinsic 
factors can develop the disease (Doull, 1961). 
Any inherent natural defense of a bee colony 
against a severe infection depends on the 
colony as well as the prevailing weather 
conditions in the first part of the autumn of the 
previous year (Steche, 1985). If these 
conditions are unfavorable, the overall life 
expectancy of the colony is reduced. This can 
lead to premature death of bees during winter 
or early spring.  
For the second year included into the study 
(winter 2017-2018), dead bees collected from 
the bottom of the hive during the first period of 

winter, were tested and the results are presented 
in Table 2. 
 

Table 2. Data on Nosema infection of bees in the apiary, 
in the first period of winter 2017-2018  

(data from exams on dead bees collected in January, 2018) 
 

No.  
spores/unit 

No. 
spores/bees 

No. 
colonies 

Percentage 
(%) 

0 0 8/23 35.00% 
under 10 spores/unit < 2,500,000 3/23 13.04% 
11-20 spores/unit 2,500,000-

5,000,000 
4/23 17.39% 

21-30 spores/unit 5,000,000-
7,500,000 

3/23 13.04% 

31-40 spores/unit 7,500,000-
10,000,000 

3/23 13.04% 

41-50 spores/unit 10,000,000-
12,500,000 

1/23 4.34% 

over 50 spores/unit >12,500,000 1/23 4.34% 
 
In the beekeeping year 2017-2018, in the first 
wintering period, the results from the 
examination on dead bees collected from the 
bottom of the hive, showed that 65.20% of 
colonies were positive, emphasizing a very 
high infectious pressure. Overall, a mortality 
rate of 26.09% due to the evolution of 
nosemosis in the apiary was registered. The 
consequences of this evolution are presented in 
Table 3. 
 

Table 3. Consequences of Nosema infection on the apiary  
(data from spring, 2018) 

 

ID 
colony 

No. of 
Nosema 
spores/unit 

No. of Nosema 
spores/bee 

Clinical 
observations Consequences 

3629 28 7,000,000 Death of all 
bees  

Loss of colony 

R300 45 11,250,000 Death of all 
bees  

Loss of colony 

3623 19 4,750,000 Depopulation  Unification 
3620 18 4,500,000 Depopulation 
3618 8 2,000,000 Depopulation Unification 
R100  35 8,750,000 Depopulation 

 
The unification of colonies affected by the 
disease maintains subclinical nosemosis in the 
apiary. In the unified colonies there is a slow 
development, stagnation in evolution, 
depopulation and even a lack of production. 
Depopulation in hive by loss of the worker bees 
continues especially in autumn. In this case, the 
mortality rate registered (26.09%) due to the 
evolution of nosemosis and as a result of the 
unification of the affected families fall within 
the considered normal losses for the winter 
period, respectively of maximum 30%, as 
shown in the literature (Fries, 1993). Therefore, 
it could be neglected by the beekeeper and 
subsequently the true prevalence of nosemosis 



123

estimate the infectious pressure in the hives, in 
a stationary apiary in Romania. 
 
MATERIALS AND METHODS 
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carried out on the evolution of nosemosis 
during of three consecutive years (September, 
2016 - March, 2019) in a stationary apiary, 
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Romania. Investigations for the presence of 
Nosema spores in both living and dead bees 
were performed. Additionally, the presence of 
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analyses on dead bees, especially during the 
first period of winter. 
Veterinary sanitary surveillance of bee colonies 
from the hive taken in the study-exploited 
stationary apiary was done through clinical, 
morpho-pathological and laboratory investiga-
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logical status of the colony. The evolution of 
the bee colonies was followed by individual 
observation sheets and the applied technologies 
(revision, extraction, propagation, treatments) 
were recorded in the bee-hive book 
(Chioveanu, 2009; Fries et al., 2013; Dumitru 
et al., 2017).  
The laboratory investigations aimed to identify 
the colonies of bees infected with Nosema 
spores and to determine the level of infection 
and the infectious pressure in the colony both 
on the bees (living or dead) and in the food 
reserves. Identification of spores in the 
laboratory was done according to OIE 
standards (OIE, 2013). For this purpose, two 
analytical methods were used, namely: method 
of identifying the Nosema spores by direct 
microscopic examination and a quantitative 
method of determining the number of Nosema 
spores. The samples were analyzed at the 
National Reference Laboratory for Honey Bees 
Health in IDAH (Chioveanu et al., 2009).  
To identify Nosema spores in bees and to 
determine the level of infection, samples of at 
least 60 bee abdomens were processed. 
To identify the spores of Nosema spp. in food 
reserves, samples of 5 g of honey / nectar from 

the frames were collected before and after 
extraction. The food reserve sample was mixed 
with distilled water in a 1:1 ratio, homogenized 
very well and filtered. The resulting filtrate was 
centrifuged for 6 minutes at 800 g and 25°C. 
After centrifugation, the supernatant was 
removed and the deposit was resuspended in   
10 ml of distilled water, very well 
homogenized and samples were immediately 
microscopically examined on slides covered 
with cover slip, for detection of Nosema spores, 
accordingly the OIE standards.  
A positive sample was considered when at least 
one Nosema spore was detected in at least one 
microscopic field. When the number of spores 
exceeds 9,000,000 spores/bee, the lesions in the 
anterior (ventricular) and middle (small 
intestine) intestines were considered irrever-
sible, therefore the diagnosis of nosemosis was 
established (Chioveanu et al., 2009). In order to 
determine the number of spores/bees (Z) and 
implicitly the infection level, the calculation 
formula is used: Z = α1+ α2/2 x δ x 250,000 
where α represents the average of the readings 
from 10 microscopic fields and δ is the dilution 
factor. Unit to be analysed represents the 
average number of spores determined after 
reading two subsamples (α1 + α2), each 10 ml 
of triturate of bee abdomens or honey/nectar 
suspension. To determine the number of 
spores/bees, the resultant number / unit is 
multiplied by a constant characteristic for the 
Burker Turk hemocytometer counting chamber, 
which is 250,000. 
 
RESULTS AND DISCUSSIONS 
 
In order to investigate the incidence of 
nosemosis as an enzootic disease in the studied 
apiary (with 21 colonies) and to identify the 
sources of infection during the first period of 
the biopause (January 2017), live bees were 
collected and were subjected for determining 
the number of spores per bee. Subsequently, 
the degree of contamination was determined. 
The results are presented in Table 1. 
The results show that during the first period of 
wintering the disease does not occur 
(nosemosis) in the apiary because there is a low 
level of infection, 19.05% of colonies being 
positive, with a burden of Nosema spores ≥ 
5,000,000 spores/bee) (Figure 1).   
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apiary (Prahova county, Romania), in the first period of 

winter 2016-2017 (data from exams on live bees 
collected in January, 2017) 
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In the temperate zone, the biological evolution 
of the bee colony is in total dependence on the 
succession of seasons. Biopause - the first stage 
of winter rest - lasts 2-3 months when the bees 
are trapped in the winter hive and apparently 
inactive. Only in the second part of the winter, 
the colony intensifies its activity (the 
oviposition of queen starts, the consumption of 
food begins to increase, and the temperature in 
the hibernation increases from 8-10C to 34-
35C). In early winter, spores are rarely 
encountered or are found only in the case of a 
very severe infection of bees. Most hives are 
supposed to contain spore-carrier bees that 
under the influence of extrinsic and intrinsic 
factors can develop the disease (Doull, 1961). 
Any inherent natural defense of a bee colony 
against a severe infection depends on the 
colony as well as the prevailing weather 
conditions in the first part of the autumn of the 
previous year (Steche, 1985). If these 
conditions are unfavorable, the overall life 
expectancy of the colony is reduced. This can 
lead to premature death of bees during winter 
or early spring.  
For the second year included into the study 
(winter 2017-2018), dead bees collected from 
the bottom of the hive during the first period of 

winter, were tested and the results are presented 
in Table 2. 
 

Table 2. Data on Nosema infection of bees in the apiary, 
in the first period of winter 2017-2018  

(data from exams on dead bees collected in January, 2018) 
 

No.  
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No. 
spores/bees 

No. 
colonies 

Percentage 
(%) 

0 0 8/23 35.00% 
under 10 spores/unit < 2,500,000 3/23 13.04% 
11-20 spores/unit 2,500,000-

5,000,000 
4/23 17.39% 

21-30 spores/unit 5,000,000-
7,500,000 

3/23 13.04% 

31-40 spores/unit 7,500,000-
10,000,000 

3/23 13.04% 

41-50 spores/unit 10,000,000-
12,500,000 

1/23 4.34% 

over 50 spores/unit >12,500,000 1/23 4.34% 
 
In the beekeeping year 2017-2018, in the first 
wintering period, the results from the 
examination on dead bees collected from the 
bottom of the hive, showed that 65.20% of 
colonies were positive, emphasizing a very 
high infectious pressure. Overall, a mortality 
rate of 26.09% due to the evolution of 
nosemosis in the apiary was registered. The 
consequences of this evolution are presented in 
Table 3. 
 

Table 3. Consequences of Nosema infection on the apiary  
(data from spring, 2018) 

 

ID 
colony 

No. of 
Nosema 
spores/unit 

No. of Nosema 
spores/bee 

Clinical 
observations Consequences 

3629 28 7,000,000 Death of all 
bees  

Loss of colony 

R300 45 11,250,000 Death of all 
bees  
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3623 19 4,750,000 Depopulation  Unification 
3620 18 4,500,000 Depopulation 
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The unification of colonies affected by the 
disease maintains subclinical nosemosis in the 
apiary. In the unified colonies there is a slow 
development, stagnation in evolution, 
depopulation and even a lack of production. 
Depopulation in hive by loss of the worker bees 
continues especially in autumn. In this case, the 
mortality rate registered (26.09%) due to the 
evolution of nosemosis and as a result of the 
unification of the affected families fall within 
the considered normal losses for the winter 
period, respectively of maximum 30%, as 
shown in the literature (Fries, 1993). Therefore, 
it could be neglected by the beekeeper and 
subsequently the true prevalence of nosemosis 
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to be underestimated, by the lack of awareness 
and request for laboratory investigations.   
All these findings could be explained also by 
the maintenance of old frames in hives. It is 
known that maintaining the bee colonies on old 
frames increases the risk of disease appearance 
(Frirs, 1988). In Europe the replacement of old 
frames is an important sanitary measure 
(Jordan, 1960; Zdra 1964). The old frames also 
have a negative influence on the quality of 
honey (Bailey, 1955b; Baer, 1964; Irsunov, 
1982) and allow the spores to accumulate. 
To investigate the presence of Nosema spores 
in honeycombs, fragments of honeycombs, 
from three colonies, were collected before and 
after honey extraction, and analyzed (Figure 2). 
The results are presented in Table 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure. 2. Frames and honeycombs before and after  

honey-extraction (clean) 

Table 4. Presence of spores of Nosema spp. in honeycombs in 
the investigated apiary (three colonies were investigated) 

 

The results showed a high level of Nosema 
spores in honey combs (varying from 23.2 to 
67.6 spores per 5 grams of product). This could 
be a significant risk factor for outberack of acute 
diseases, in correlation with concurrent factors 
such as stress, unfavourable climatic factors. 
Therefore, it is confirmed that maintaining the 
infectious pressure of Nosema spores in the bee 
colony is favoured by the breeding and 
exploitation technologies applied by the 
beekeeper. Contamination and maintenance of 
infectious pressure in hive are realized by 
exchanging honeycomb frames with brood or 
exchanging brood between colonies. If honey 
frames are contaminated with Nosema spores 
and are re-introduced into the hive after honey-
extraction, the bees can be contaminated.  
As can be seen in the Table 4, after the 
introduction of the contaminated honeycombs, 
the laboratory analyses confirmed the presence 
of Nosema spores in the body of live bees.  
Additionally, crushing the sick bees during 
various activities, feeders and stagnant wate-
ring sourses with sick bees, all can favour the 
contamination of healthy bees. Existing honey 
and pasture reserves can exacerbate the disease 
and lead to the depopulation of the bee colony. 
To investigate the impact of the re-use of 
infected frames (after honey extraction), the 
dynamics of infection was determined, by 
analyses on live and dead honey bees from the 
three colonies included in the study (Table 5). 
  

Table 5. The dynamics of nosemosis in working bees in 
colonies in which frames were re-introduced  

(after honey extraction) 
 

Date 
Type of  
analyzed 
sample 

Number of spores/unit 
Colony 

3632 
Colony 

R200 
Colony  
9523 

29.01.2018 Live bees 
Dead bees 

nd 
31 

nd 
0 

nd 
0 

23.05.2018 Live bees 
Dead bees 

0 
3 

0 
nd 

0 
nd 

08.06.2018 Live bees 
Dead bees 

3 
51 

1 
32 

8 
13 

29.06.2018 Live bees 
Dead bees 

1 
nd 

58 
nd 

21 
nd 

Legend: nd =  not determined 

ID
 C

ol
on

y Honeycombs before 
extraction 

Honeycombs after 
extraction 

Live bees 

Sp/5 g 
product 

(no.) 

Sp/unit 
(millions) 

Sp/5 g 
product 

Sp/unit 
(millions) 

Sp/ 
unit 
(no.) 

Sp/bee 
(millions) 

3632 67.6 16.9 62.8 15.7 3 0.75 
R200 51.5 12.9 58.7 14.7 1 0.25 
9523 23.2 5.8 28.2 7.1 8 2.0 

After introducing in hive frames from which 
honey was extracted, we identified up to 58 
spores of Nosema per unit (in living or dead 
bees). So, it is known that contaminated honey 
and bee bread can exacerbate the disease and 
depopulate the bee colony. 
Old frames and honeycombs with food reserves 
represent source of spores, maintaining the 
infectious pressure within the hive. Therefore, 
in order to reduce the infectious pressure, in the 
spring, the frames on which the bees have 
wintered must be reformed, the honey and the 
remaining bee bread during the winter must be 
removed to avoid to be consumed by bees.  
Additionally, the breeding of bee colonies 
should be done with new bee-packs and new 
frames, avoiding re-using of frames with food 
reserves or frames from which the bee brood 
hatched. 
Based on the registered data it has been 
observed that the temporary dynamics of 
Nosema infection in the investigated apiary 
was characterized by a slow increase of the 
infection during the winter, with the worsening 
in the spring associated with the beginning of 
the brood growth, a low prevalence in summer, 
and a small peak in autumn. 
Subsequently, it is emphasized the importance 
of the correct diagnostic of disease, including 
the infectious pressure at the colony level, the 
spreading of infection within the apiary, and 
the dynamics of infection during the year 
following a well-defined and standardized 
protocol for the both sampling and diagnostic 
(Chioveanu et al., 2009; Fries et al., 2013; OIE, 
2013). Additionally, for the best health of the 
bee colonies, other indicators should be 
monitored: the number of dead bees in the first 
period of wintering; unhatched brood; detritus; 
microbial and fungal load of honey crowns. 
Also, adequate pastures with attractive 
vegetation for the honeybees would help to 
increase their population, with subsequent 
benefits for the both farmer economy and 
ecosystems (Gardi et al., 2015). 
The sanitary-veterinary surveillance should be 
done accordingly to the season and the 
physiologic status of the bee colony (Webster 
et al., 2004; Papini et al., 2017). Moreover, 
further investigations to establish the species of 
Nosema that are currently of high concern, are 
also planned for the near future. 

CONCLUSIONS 
 
The present study emaphasizes the evolution of 
nosemosis in a stationary hive in Romania, 
with seasonal features and also the influence of 
different technology actions in maintaining 
and/or exacerbating the disease, with serious 
consequences, including depopulation. 
Therefore, maintaining the stability of the bee 
colony through modern technologies and 
interventions as little as possible ensures its 
homeostasis. In case of nosemosis, similarly as 
in other endemic diseases, the main actions 
must refer to the reduction of infectious 
pressure by applying specific prevention and 
control measures.  
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to be underestimated, by the lack of awareness 
and request for laboratory investigations.   
All these findings could be explained also by 
the maintenance of old frames in hives. It is 
known that maintaining the bee colonies on old 
frames increases the risk of disease appearance 
(Frirs, 1988). In Europe the replacement of old 
frames is an important sanitary measure 
(Jordan, 1960; Zdra 1964). The old frames also 
have a negative influence on the quality of 
honey (Bailey, 1955b; Baer, 1964; Irsunov, 
1982) and allow the spores to accumulate. 
To investigate the presence of Nosema spores 
in honeycombs, fragments of honeycombs, 
from three colonies, were collected before and 
after honey extraction, and analyzed (Figure 2). 
The results are presented in Table 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure. 2. Frames and honeycombs before and after  

honey-extraction (clean) 

Table 4. Presence of spores of Nosema spp. in honeycombs in 
the investigated apiary (three colonies were investigated) 
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Table 5. The dynamics of nosemosis in working bees in 
colonies in which frames were re-introduced  

(after honey extraction) 
 

Date 
Type of  
analyzed 
sample 

Number of spores/unit 
Colony 

3632 
Colony 

R200 
Colony  
9523 

29.01.2018 Live bees 
Dead bees 

nd 
31 

nd 
0 

nd 
0 

23.05.2018 Live bees 
Dead bees 

0 
3 

0 
nd 

0 
nd 

08.06.2018 Live bees 
Dead bees 

3 
51 

1 
32 

8 
13 

29.06.2018 Live bees 
Dead bees 

1 
nd 

58 
nd 

21 
nd 

Legend: nd =  not determined 

ID
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ol
on

y Honeycombs before 
extraction 

Honeycombs after 
extraction 

Live bees 

Sp/5 g 
product 

(no.) 

Sp/unit 
(millions) 
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product 

Sp/unit 
(millions) 
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unit 
(no.) 

Sp/bee 
(millions) 
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and bee bread can exacerbate the disease and 
depopulate the bee colony. 
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represent source of spores, maintaining the 
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in order to reduce the infectious pressure, in the 
spring, the frames on which the bees have 
wintered must be reformed, the honey and the 
remaining bee bread during the winter must be 
removed to avoid to be consumed by bees.  
Additionally, the breeding of bee colonies 
should be done with new bee-packs and new 
frames, avoiding re-using of frames with food 
reserves or frames from which the bee brood 
hatched. 
Based on the registered data it has been 
observed that the temporary dynamics of 
Nosema infection in the investigated apiary 
was characterized by a slow increase of the 
infection during the winter, with the worsening 
in the spring associated with the beginning of 
the brood growth, a low prevalence in summer, 
and a small peak in autumn. 
Subsequently, it is emphasized the importance 
of the correct diagnostic of disease, including 
the infectious pressure at the colony level, the 
spreading of infection within the apiary, and 
the dynamics of infection during the year 
following a well-defined and standardized 
protocol for the both sampling and diagnostic 
(Chioveanu et al., 2009; Fries et al., 2013; OIE, 
2013). Additionally, for the best health of the 
bee colonies, other indicators should be 
monitored: the number of dead bees in the first 
period of wintering; unhatched brood; detritus; 
microbial and fungal load of honey crowns. 
Also, adequate pastures with attractive 
vegetation for the honeybees would help to 
increase their population, with subsequent 
benefits for the both farmer economy and 
ecosystems (Gardi et al., 2015). 
The sanitary-veterinary surveillance should be 
done accordingly to the season and the 
physiologic status of the bee colony (Webster 
et al., 2004; Papini et al., 2017). Moreover, 
further investigations to establish the species of 
Nosema that are currently of high concern, are 
also planned for the near future. 

CONCLUSIONS 
 
The present study emaphasizes the evolution of 
nosemosis in a stationary hive in Romania, 
with seasonal features and also the influence of 
different technology actions in maintaining 
and/or exacerbating the disease, with serious 
consequences, including depopulation. 
Therefore, maintaining the stability of the bee 
colony through modern technologies and 
interventions as little as possible ensures its 
homeostasis. In case of nosemosis, similarly as 
in other endemic diseases, the main actions 
must refer to the reduction of infectious 
pressure by applying specific prevention and 
control measures.  
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Abstract 
 
Drought is one of the abiotic stress factors which affects the global production of grain cereals and is an important risk 
factor even for consecrated cultivation sites. This is even more acute for spring grains which are the most vulnerable to 
drought. This is the case for two-row spring barley which is highly sensitive to heat, especially in the post-anthesis 
phenophase. To monitor drought tolerance, we assess a number of 27 genotypes from the germplasm collection to 
identify the tolerant ones, to turn them into valuable genitors for cultivars adaptable to the new climate changes. In 
order to evaluate drought tolerance was used the principle of inducing this phenomenon through the use of chemical 
desiccants (NaClO3). The method is based on sprinkling the plants with desiccants (NaClO3) with a 2% concentration, 
14 days after the anthesis. The genotypes that constitute the objective of this study are analysed through the prism of 
some components of production that are most significantly affected by the effects of drought appearing in the post-
anthesis phenophase, such as grain weight/spike and thousand grain weight (TGW). The most pronounced effect of the 
treatment is highlighted by the case of the genotypes Concerto and Vienna which reacts very favourably. 
 
Key words: drought tolerance, grains weight, TGW, two-row spring barley. 
 
INTRODUCTION 
 
Of all the abiotic stress factors that reduce crop 
productivity, drought is the most devastating 
and more resistant to the efforts of breeders 
(Tuberosa and Slavi, 2006). The complexity of 
this factor is determined by the number and 
diversity of the factors involved in plant 
response to stress. 
From a practical point of view, drought 
tolerance is related to final yield rather than to 
plant's ability to survive under water-poor 
conditions (Tuberosa and Slavi, 2006). On the 
other hand, it can also be described as a 
culture's ability to maintain constant yield, 
regardless of environmental conditions, a 
concept known as yield stability (Cattivelli et 
al., 2002).  
There are studies that reveal that in case of 
wheat, an increase in the average temperature 
by 1°C above the optimal value has caused a 3-
4% reduction in yield, worldwide. In this 
context, even when water is not a limiting 

factor, the yields of cereals that go through 
high temperature periods towards the end of the 
growing season have lower yields, especially 
due to the negative impact of heat during the 
grain filling period (McDonald et al., 1983; 
Tewolde et al., 2006). 
Development of wheat and cereal grains in 
general is influenced by: carbohydrates produ-
ced by the anthesis and translocated directly 
into the grains; carbohydrates produced after 
anthesis but temporarily stored in the stalk, 
then remobilized to the grains; carbohydrates 
produced before the anthesis, stored mainly in 
the stalk and remobilized to the grains during 
the filling of grains (Ehdaie et al., 2006). 
Regarding the critical period for growing and 
filling of grains, usually in June, the year 2017 
distinguish by increases of average monthly 
temperatures by 2.8°C and 54.2 mm deficit of 
rainfall compared to the multiannual average. 
Contrary to 2017, the year 2018 records closer 
values to thermal and rainfall normal level, 
with temperature increases of 1.5°C and 




