


















Fig. 5. Land suitability map for sprinkler irrigation: S1 – highly suitable; S2s – moderately suitable;
S3snw, S3sw – marginally suitable

classified as moderately suitable (S2) and further, soil series coded 10 and 12
(9190.1 ha, 18.5%) were found to be slightly suitable (S3) for drip irrigation.
In this case (Figure 6), the highly suitable area can be observed in the some part
of the cultivated zone located in the center and east area. They were due to deep
soil, good drainage, suitable texture, salinity and proper slope of the area. The
largest portion of the cultivated area in the plain was evaluated as moderately
suitable for drip irrigation; because of the medium calcium carbonate content.
The map also indicated that the smallest portion of the cultivated area in this
plain which is located in the south and center of the zone was evaluated as
marginally suitable; due to the high calcium carbonate content and severe
drainage, salinity and alkalinity limitations. The current non-suitable lands and
permanently not-suitable lands do not exist in this plain. For almost the entire
study area slope, soil depth and soil texture were not as limiting factors.
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Fig. 6. Land Suitability Map for Drip Irrigation : S1 – highly suitable; S2s – moderately suitable;
S3sn, S3sw – marginally suitable

The comparison of the capability indexes for surface, sprinkler and drip
irrigation (Table 11 and Table 13) indicated that in soil series coded 3 applying
drip irrigation systems was the most suitable option as compared to surface
and sprinkler irrigation systems. In soil series coded 1–12 applying sprinkler
irrigation systems was more suitable then surface and drip irrigation systems.
Figure 7 shows the most suitable map for surface, sprinkler and drip irrigation
systems in the Shoibieh Plain as per the capability index (Ci) for different
irrigation systems. As seen from this map, the largest part of this plain was
suitable for sprinkler irrigation systems and very small parts of this area was
suitable for drip irrigation systems.
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Table 13
The most suitable soil series for surface, sprinkler and drip irrigation systems by notation to

capability index (Ci) for different irrigation systems

The maximum
Codes of soil capability index Suitability The most suitable Limiting

series for irrigation classes irrigation systems factors
(Ci)

1 75.02 S2s sprinkler S

2 81 S1 sprinkler no exist

3 68.4 S2s drip S

4 70.2 S2s sprinkler S

5 85.5 S1 sprinkler no exist

6 80 S1 sprinkler no exist

7 90 S1 sprinkler no exist

8 85.5 S1 sprinkler no exist

9 85.5 S1 sprinkler no exist

10 52.65 S3snw sprinkler SNW

11 85.5 S1 sprinkler no exist

12 57.37 S3sw sprinkler SN

Limiting factors for sprinkler irrigations: S – calcium carbonate; N – salinity & alkalinity; W – drainage.
Limiting factors for drip irrigation: S – calcium carbonate

The comparison between different irrigation systems (surface and
pressurized systems) shows a big difference in the suitability of the different
irrigation methods. Pressurized irrigation systems (sprinkler and drip irriga-
tion systems) can be a good irrigation method, if properly managed (good
planning, use of filters, etc) (BAVI et al. 2009, NASERI et al. 2009, ALBAJI et al.
2010b, ALBAJI et al. 2010c, DIOUF-SARR 2011, ALBAJI-HEMADI 2011, JOVZI et al.
2012, ALBAJI et al. 2013).

The results of Table 11 and Table 13 indicated that by applying sprinkler
irrigation instead of surface and drip irrigation methods, the land suitability of
48 805, 43 ha (98.3%) of the Shoibieh Plain’s land could be improved substan-
tially. However by applying drip irrigation instead of surface and sprinkler
irrigation methods, the suitability of 582, 53 ha (1.2%) of this Plain’s land
could be improved. The comparison of the different types of irrigation revealed
that sprinkler irrigation was more effective and efficient then the drip and
surface irrigation methods and improved land suitability for irrigation pur-
poses. Moreover, the main limiting factors in using surface irrigation methods
in this area were calcium carbonate content and drainage and the main
limiting factor in using sprinkler and drip irrigation methods in this area was
calcium carbonate content.
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Fig. 7. The most suitable map for different irrigation systems

Conclusions

Several parameters were used for the analysis of the field data in order to
compare the suitability of different irrigation systems. The analyzed par-
ameters included soil and land characteristics. The results obtained showed
that sprinkler irrigation systems are more suitable than drip and surface
irrigation methods for most of the study area. The major limiting factor for
both sprinkler and drip irrigation methods was soil calcium carbonate content.
However for surface irrigation method, soil calcium carbonate content and
drainage were restricting factors. The results of the comparison between the
maps indicated that the introduction of a different irrigation management
policy would provide an optimal solution in as such that the application of
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sprinkler irrigation technique could provide beneficial and advantageous. This
is the current strategy adopted by large companies cultivating in the area and
it will provide to be economically viable for Farmers in the long run.

Such a change in irrigation management practices would imply the avail-
ability of larger initial capitals to farmers (different credit conditions, for
example) as well as a different storage and market organization.

In this study, an attempt has been made to analyze and compare three
irrigation systems by taking into account various soil and land characteristics.
The results obtained showed that sprinkler irrigation methods are more
suitable than drip and surface irrigation methods for most of the soils tested.
Moreover, because of the insufficiency of surface and ground water resources,
and the aridity and semi-aridity of the climate in this area, sprinkler irrigation
methods are highly recommended for a sustainable use of this natural re-
source; hence, the changing of current irrigation methods from gravity (sur-
face) to pressurized (sprinkler) in the study area are proposed.
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A b s t r a k t

Multisensoryczna waloryzacja krajobrazu ma na celu wyodrębnienie stref wymagających
dowartościowania. Autorska modyfikacja podejść metodycznych pozwoliła na kompleksową analizę
terenu badawczego. Stanowiło go jezioro Rusałka w Poznaniu w środkowozachodniej Polsce.
Waloryzację oparto na odbiorze wrażeń wszystkimi zmysłami. Przeprowadzenie procesu w sposób
multisensoryczny wraz z bonitacją punktową przypisaną odpowiednim bodźcom umożliwiło
całościową i kompleksową ocenę analizowanego terenu. Wyznaczone w ten sposób strefy wskazały
miejsca, które potrzebują zabiegów technicznych i planistycznych do poprawienia ich odbioru.

Introduction

Ambiguity is a most adequate term for describing a landscape. It is the
common denominator of all definitions that have been constructed over the
centuries (ZUBE et al. 1982, Europejska... 2000, MYGA-PIĄTEK 2001, Ocena
i wycena... 2007, JANZ 2010, MAZURSKI 2012). But nowadays we may observe
that the aesthetics of a landscape is becoming increasingly important in
modern society (PORTEOUS 2004) and accordingly we have observed a growing
number of projects aimed at revitalizing various areas through technical
improvements and planning (ANIČIĆ et al. 2007, HUZUI et al. 2011, JASZCZAK

and DREKSLER 2011, KAČIČ and LIDÉN 2011).
It is worth emphasizing that a perception of a landscape is multisensory

(PORTEOUS 1985, PORTEOUS and MASTIN 1985, CARLES et al. 1999, Land-
scapes... 2003, PIETRZAK 2008). According to KOWALCZYK (1992), this concept
means that the perception of surroundings involves vision, hearing, smell and
feeling. Landscapes influence us in many aspects, creating positive or negative
feelings which affect the individual assessment (valorization) of the landscape
(WOJCIECHOWSKI 1986, 1994).

Valorization is a subjective term which can, similar to the notion of
landscape itself, also be considered quite ambiguous (DAKIN 2003, KISTOWSKI

2006, SUROVA and PINTO-CORREIA 2008, STEPHENSON 2010, BATISTA et al.
2012). First of all it consists in defining problems and opportunities in the
analyzed landscape. A thorough and careful approach makes it possible to
eliminate the existing threats and to develop opportunities for the area that
would ensure sustainable development and spatial order that is so much in
demand in modern times (RASZEJA 2005, VIZZARI 2011, MIRSANJARI and
MIRSANJARI 2012, HEŁDAK and RASZKA 2013).

In this study we perform valorization of the most neglected areas in the
vicinity of Lake Rusałka in Poznań, which should enable the recovery of the
area.
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Materials and Methods

The research involved the immediate surroundings of Lake Rusałka,
located in the center of Poznan, a major city (580,000 people) in the central
western part of Poland (Figure 1). The lake is an artificial body of water,
previously a clay excavation site used for the production of bricks. It was
created by damming of the Bogdanka River in 1943 to an average depth of
about 1.9 m (maximum depth of 9.0 m), covering an area of 36.7 hectares and
3330 m of shoreline.

Fig. 1. Location of the study area

Lake Rusałka is a popular recreational site, often frequented by city
residents, especially in the summer. Its popularity has increased since 2011,
when bathing opportunities were limited at another lake in Poznan, i.e. Lake
Strzeszyńskie (JONIAK et al. 2013). On the northern shore of Lake Rusałka is
a patrolled swimming area which can accommodate 10,000 people (according to
data from the Poznań City Hall). Such a large concentration of people in one
place reduces the comfort of visitors, which is additionally exacerbated by the
excessive wear or even a lack of adequate infrastructure around the lake.

In order to determine sites that require value, we performed field tests
involving an inventory of the current state of development, and the designa-
tion of areas with different aesthetic values based on our unique modification
of multisensory landscape assessment. This modification was based on the
combination of two methodologies, i.e. by SKARŻYŃSKI (1992) and KOWALCZYK

(1992).
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The first method (SKARŻYŃSKI 1992) was based on the assessment of
landscape aesthetics perceived only visually, taking into account the basic
conditions of the assessment. Its author distinguished five sets of criteria for
landscapes, with a maximum of 5 points and a minimum of –2 points, which
can be assigned to the criteria. In this paper, Skarżyński’s method (1992) was
modified by introducing a more varied scoring. It was assumed that the
assessment of aesthetics and order is definitely most important and affects the
sense of sight more strongly than other factors. The score ranges were
increased, to (–10, +10) in group III for the assessment of natural sites and
man-made objects, and to (–5, +10) in group IV for the sense of harmony.
A slight modification was introduced in the number of landscape elements in
the 2nd group of criteria.

The approach of KOWALCZYK (1992) focused on using a variety of methods
to examine selected landscape elements, including the analysis of scientific
literature to identify types of multisensory landscapes and surveys. One of the
most important parts of this landscape evaluation was selecting the appropri-
ate type of multisensory landscape. The next step was to determine the
suitability of the landscape for recreation. KOWALCZYK (1992) conducted this
assessment using a method proposed by Ocena krajobrazu... 1991, based on the
assessment of 12 features of a landscape and assigning them scores ranging
from –2 to +3 points. In this paper a modified WYRZYKOWSKI method was used
to evaluate the suitability of Lake Rusałka for recreation.

This modification was based on a more accurate determination of the
individual features of the landscape by assigning respective scores that corre-
sponded to their intensity. In addition, some features covered by WYRZYKOWSKI

(Ocena krajobrazu... 1991) were omitted as they overlapped criteria specified
by SKARŻYŃSKI (1992). The first two properties, solar exposure and light, were
combined into a joint category of sunlight with different degrees of intensity
(Table 1). They were divided into two subgroups, i.e. open areas and closed
areas. Another criterion was the number of perceived natural colors in the
landscape. The next category were odors, perceived as positive or negative,
with 3 degrees of intensity. Other categories included aeration, perceived
humidity and noise.

Table 1 shows the separate categories and sub-categories, and scores from
–10 to +10. The increased scale of points in the modification of the method by
SKARŻYŃSKI (1992), involved categories that were assumed to have the greatest
impact on the senses, i.e. smell and noise, the strongest factors of comfort for
a visitor at a particular place. In order to obtain the most comprehensive
assessment of the analyzed area which would combine the visual aspect with
other senses, we combined both aforementioned methods. Assigning point
scales to individual categories was used to reduce the subjectivity of the
valorization, which was difficult to eliminate completely.
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Table 1
Criteria of multisensory landscape characterization and point bonitation

Point
bonitation

Group Criteria and their distribution

1 2 3

Number of planes in the landscape:
– three planes (and more) 5

I – two distinct planes with sporadic clearances of the third plane 4
– two planes 3
– one plane 1

Number of elements constituting the landscape and the possibility of their
identification

II – varied landscape (> 5 elements) 5
– moderately varied landscape (3-5 elements) 3
– poor landscape (< 3 elements) 1

Variety of elements constituting a landscape and the possibility of their
identification
– water facilities

dominant in the landscape 3
noticeable (presence without domination) 2
no water facilities 1

– woody vegetation
III presence of dense woods and single trees or tree clusters 3

presence of only a dense forest, individual trees or clusters 2
shrubby vegetation 1
no vegetation 0

Individual anthropogenic objects or natural objects or their sets affecting the
aesthetic value of the landscape
– positive 10
– neutral 5
– negative 0
– extremely negative –5

Co-occurrence of landscape elements (harmony)
– harmonious landscape 10

IV – landscape with partially disturbed harmony 5
– landscape with strongly disturbed harmony —5
– landscape with a completely disturbed harmony –10

The vertical structure of the landscape
– well-developed 3

V – moderately developed 2
– poorly developed 1

Solar exposure of:
– open areas

high 5
moderate 3

VI low 1
– areas enclosed by natural elements of the landscape

high 1
moderate 3
low 5

Dominant natural colors in the landscape
> 2 natural colors 3
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cont. Table 1

1 2 3

VII 2 natural colors 2
1 natural color 1
0 natural colors 0

Odors
– a high intensity of positive smells 10
– high intensity of negative odors –10

VIII – moderate intensity of positive smells 5
– moderate intensity of negative odors –5
– low intensity of positive smells 1
– low intensity of negative odors –1

Aeration

IX – high 3
– moderate 2
– low 1

Perceived humidity
– high 3

X – moderate 2
– low 1

Perceived noise

XI – severe 0
– moderate 5
– low 10

This combined method created a substantial basis for the implementation
of this field research. The study area was determined by applying
50 x 50 m squares (black line, Figure 2) onto the map of the area analyzed at
a scale of 1:5 000. Then we distinguished squares with a 100 m side (yellow
line, Figure 2), which reflected the route frequently traveled by visitors.
The applied two-step breakdown enabled the best possible and most accurate
selection of representative areas. The analyzed area included thirty-seven
100 x 100 m squares.

Fig. 2. A two-stage division of land into a grid of squares with their numbers
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The study commenced in square number 1 (Figure 2) and continued in
a north-western direction around the lake. The research was carried out
between June and September 2012. The multisensory valorization of the
landscape took place in the center of the designated 100 00 m squares and
included a 180o field of view. It should be noted that the assumed barrier
introduced a limit for the senses other than sight. Odors, light, noise, aeration
and humidity were assessed at the central point of the determined area.

It was noted that sensations associated with sight could not be strictly
divided into predetermined distances. It can be argued that the assumed
distances in the applied division of space are misleading as the evaluation of
a landscape usually involves the entire view up to the horizon perceived as
a whole. Determination of artificial barriers limits the scope of assessment and
ignores this overall view.

Results and Discussion

Lake Rusałka is a popular recreation site not only in summer but also in
spring and autumn. The forest area adjacent to the lake has a popular bike
trail. Designated walking paths, partly paved with rubble and asphalt, are used
by cyclists, walkers and horse riders. The area is also attractive to anglers,
although night angling and spinning are prohibited. In the middle of the
northern shore are the facilities of the local center of sport and recreation
(POSiR), which takes care of a patrolled swimming area equipped with a pier,
slide into the water, changing rooms and dining facilities.

Our inventory shows that both the buildings and general infrastructure are
in poor condition. There is also a high number non-official shortcuts across
green areas, which indicates an improper arrangement of paths for pedestrians
and cyclists. The number of bins is sufficient, although their size, color and
distribution should be changed. All these defects lower the value of the area,
and the current status results in a growing discontent among visitors.

The picturesque landscape of Lake Rusałka can be truly appreciated and
not affected by negative sensations after leaving the area belonging to POSiR.
The landscape includes a smooth transition of lawns going down to the water.
A large number of trees that surround the area provide a chance to rest in the
shade during periods of intense sunlight. In autumn the scenery of the lake
becomes even more attractive. The nearby forests are dominated by deciduous
species, distinguished by leaves assuming various colors in autumn with
various shades of yellow, red and brown. Around the lake one can see a large
number of visitors who choose this side of the lake not occupied by buildings
and is not significantly transformed by man.
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Perhaps contact with nature and the real chance to relax in a smaller group
of fellow visitors is the most important aspect of the area for people (MOON et
al. 2006). The area is a good place for active recreation and family walks, and
enables close contact with nature which is especially valuable for residents of
large cities.

At the initial stage of the evaluation, the type of landscape was defined as
a surface water landscape with a deep horizon, partly or completely covered. It
can be characterized as a picturesque landscape, where on a clear day the
sunlight glistens on the water.

The surrounding vegetation provides shelter from excessive sunlight. In
this area, the predominant colors are blue and green, which can be invigorating
and calming for city dwellers. During a sunny day, the temperature conditions
are favorable, while at night and in the morning the area has a lower
temperature and considerable humidity. These are conditions conducive to
noise propagation, which may become irritating after a longer visit.

After analyzing all the elements included in the aforementioned multisen-
sory method of landscape valorization for each study area, the obtained point
results were divided into 3 intervals with distinct differences in scores. This
indicates a considerable variety in the study areas and also a wide range of
bonitation points adopted in the method.

Designation of individual zones around the lake was performed only after
a comprehensive valorization of the entire area. Those plots which obtained
the lowest scores (16–30) are marked with a red line (Figure 3). Low scores

Fig. 3. Multisensory landscape valorization – zoning
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indicate a need for immediate revitalization, and were due mainly to negative
feelings resulting from the low aesthetic value and the sense of disharmony
(Figure 4a). Another significant element was the high intensity of unpleasant
odors from the nearby fish restaurants. A yellow line corresponds to areas
which received moderate scores (ranging from 37 to 52). These areas were
marked by a lack of significant negative or positive elements affecting the
landscape (Figure 4b). Landscape in these areas can be considered neutral for
observers. The areas with the highest point scores (ranging from 57 to 59) are
indicated by the green line. The high score was related to sites that induced
positive feelings. Aesthetics and harmony in these areas were not perceived as
distorted and had a positive impact on the recipient (Figure 4c).

Fig. 4. Landscape of Lake Rusałka: a – the worst zone, b – medium zone and c – the best zone
Phot. K. Tomasz
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The use of this simple technique was meant to establish individual zones
that require revitalization. Table 2 shows the total results for each of the
squares.

Table 2
The aggregate value of multisensory landscape valorization together with the designation of zones

Numbers Numbers Numbers
of the Zone of the Zone of the Zone

squares squares squares

Number Number Number
of points of points of points

1 42 neutral 16 41 neutral 32 48 neutral
2 47 feelings 17 42 feelings 33 46 feelings
3 52 18 40 34 47
4 52 19 37 35 46
5 52 20 43 36 46
6 52 21 49 37 40
7 50 22 49 32 48
8 47 23 46
9 44 24 57 positive
10 18 negative 25 58 feelings
11 16 feelings 26 59
12 30 27 59
13 26 28 57
14 26 29 57
15 26 30 58

31 58

After selecting the zones (Figure 3) it turned out that the land belonging to
POSiR was the area in the greatest need of revitalization. The best zone was
located at the opposite bank of the lake. Its green meadows have a great
potential, while rather unpleasantly looking infrastructure on the northern
shore created, paradoxically, a pleasant panorama when seen from a distance,
and had a positive impact on aesthetic feelings. The sense of harmony in the
area was not perceived as disrupted.

The best and the worst zones were buffered by an intermediate zone, an
area in need of only low-scale remedial treatment.

The land belonging to POSiR can be perceived as the most neglected and
accordingly received a low score. On the other hand, after corrective manage-
ment it can become the best area combining human activity and natural
beauty. It can create an ideal place for recreation for the whole family. Lake
Rusałka is a universal site where one can spend free time at any time of the
year. This feature should be emphasized by proper management.

Adequate planning and technical development should enable correct devel-
opment of the zone, attract tourists and allow extension of the duration of the
season and increase the tourism potential of the Lake (KURLETO 2013,

Beata Raszka et al.86



REMENYIK et al. 2013, RODRIGUES et al. 2013). Appropriate solutions should
highlight the potential of the area and could become its great assets, as
evidenced by examples of successful landscape revitalization projects all over
the world (BRUTTOMESSO 2001, MAJDECKA-STRZEŻEK 2009).

The method of evaluation in this study is an attempt at the most accurate
determination of factors that influence the perception of a landscape by
observers. It defines and identifies the most important stimuli that affect
perception of the surrounding landscape, making it possible to reconcile
different concepts of landscape perception (KOWALCZYK 1992, KAPLAN et al.
2006, BERNAT 2012). Adding other senses to visual perception makes the
method more comprehensive than traditional methods, and enables the pro-
cessing of the observer’s feelings into a clear scale of points (PORTEOUS 1985,
PORTEOUS and MASTIN 1985, SCHAFER 1994).

Conclusions

The developed method of multisensory landscape valorization enables the
conversion of the observer’s feelings into a clear point scale. Because sensory
(and elusive) impressions are presented with the use of numbers, the results
inform about the needs of designated areas in a clear and understandable
manner. This allows a maximally objective distinction of zones and identifica-
tion of their needs in terms of revitalization. The used multisensory method of
landscape valorization has successfully designated the locations most urgently
requiring value.

Translated by MICHAŁ BIELA

Accepted for print 5.04.2014

References

ANIČIĆ B., OGRIN D., ANDLAR G., PEREKOVI P., AVDIĆ I., RECHNER I. 2007. Revitalisation of the
agricultural landscape, on the Island of Korčula. Case study municipality Blato. JCEA, 8(2):
243–256.
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A b s t r a c t

Microsporidia (phylum Microsporidia) are single-celled eukaryotic organisms and obligate
intercellular parasites that produce spores. They are classified under the Fungi kingdom. In honey
bees (Apis mellifera), microsporidian infections are caused by Nosema apis and Nosema ceranae. Bees
are infected per os by food contaminated with spores. Spores were observed in intestinal epithelial
cells, the Malphigian tubule system, salivary glands and fat bodies. Nosemosis symptoms include
digestive and absorption disorders because spores damage epithelial tissue of the alimentary canal
that is responsible for food absorption. Nosema spp. spores are routinely determined under a light
microscope, and they are identified to species level by PCR with the use of 16S rRNA primers
designed for small subunits. Nosemosis treatments are regulated by European Union directives and
recommendations of the World Health Organization.
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A b s t r a k t

Microsporidia (gromada Microsporidia) należą do eukariotycznych organizmów jednokomórkowych,
które są obligatoryjnymi wewnątrzkomórkowymi pasożytami wytwarzającymi spory. Zaliczane są do
grzybów (Fungi). Przedstawicielem Mikrosporidii występujących u pszczoły miodnej (Apis mellifera)
jest Nosema apis i Nosema ceranae. Do zarażenia dochodzi drogą per os po spożyciu zakażonego
sporami pokarmu. Stwierdzono występowanie spor w komórkach nabłonka jelit, w cewkach
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Malpighiego, gruczołach ślinowych, ciele tłuszczowym. Objawy nosemozy związane są z zaburzonymi
procesami trawienia i przyswajania pokarmu, ponieważ Nosema uszkadza nabłonek w przewodzie
pokarmowym. Do rutynowego rozpoznania sporowców Nosema spp. używa się mikroskopu świet-
lnego, a przynależność gatunkową potwierdza się za pomocą metod PCR, wykorzystując startery
zaprojektowane dla małej podjednostki 16S rRNA. Leczenie nosemozy jest objęte dyrektywami Unii
Europejskiej oraz zaleceniami Międzynarodowej Organizacji Zdrowia.

Recent years witnessed an increase in bee mortality in many regions of the
world. The drop in bee populations is associated with viral, fungal and parasitic
diseases, pesticide poisoning, monoculture farming and pollen shortage.
The direct cause of the colony collapse disorder (CCD), a phenomenon in which
entire colonies abruptly disappear from a beehive without an apparent reason
(HIGES et al 2008b, 2009), has not been identified to date. Similar changes in
bee colonies had been reported earlier, but scientists were unable to find any
links between those processes (HIGES et al. 2006, PORRINI et al. 2010). CCD is
caused by a combination of many factors (COX-FOXTER 2007). One of the main
causes of the syndrome are spores of the genus Nosema spp. (PAXTON 2010,
CHAIMANEE et al. 2010), including N. apis and N. ceranae fungi (kingdom
Fungi, phylum Microsporidia, family Nosematidae, genus Nosema). The above
parasites cause nosemosis (Nosemosis apium), a microsporidian infection that
affects adult bees (SNEATH and SOKAL 1973, FRIES 2010).

Microsporidia (class Microsporea) are single-celled eukaryotic organisms
and obligate intercellular parasites that produce spores. They colonize both
vertebrates and invertebrates, and their spores are characterized by the
presence of polar fibers (GRACZYK et al. 2007). Microsporidia are widely
distributed in nature, and they comprise more than 1200 species, of which at
least 14 are dangerous for humans. Patients with impaired immune function,
in particular HIV carriers, and organ transplant patients are particularly
susceptible to microsporidian infections (DONG et al. 2010, GRACZYK et al.
2007).

The first microsporidian species of Nosema bombycis was discovered in the
silkworm (Bombyx mori) and described by Nageli in 1857 (NAGELI 1857). In the
same year, Donhoff performed a microscopic analysis of small formations
isolated from the intestines of adult bees and identified them as fungi. Pasteur
discovered many infectious diseases caused by pathogens, including N. bom-
bycis, in silkworms. In 1909, Zander identified the spores present in bee
intestines as parasites and named them Nosema apis (ZANDER 1909). It is
generally believed that Danhoff and Zander identified the same parasite.
N. bombycis is transmitted transovarially in 100%, whereas other Nosema
species – in only 1.2% (HAN and WATANABE 1988) – Table 1.
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Table 1
The presence of Nosema spp. species of insects

Host Species Nosema

Mosquito (Culex spp.) N. algerae

Mullbery silkworm (Bombyx mori) N. bombycis

Honey bee (Apis mellifra) N. apis
N. ceranae

Locust (Locusta migrateria) N. locustae
N. grylli

Fly (Drosophila melanogaster) N. kingii

Chrysolina beetle (Chrysolina spp.) N. coulloudi

Wasp (Vespula) N. vepsula

Moth (Heterocera spp.) N. lymantriae
N. serbica

In honey bees (Apis mellifera), microsporidian infections are caused by
Nosema apis and Nosema ceranae. Honey bees initially colonized only Africa,
the Near East and Europe. They were introduced to America, Australia and
Asia by colonizers those regions. Today, honey bees inhabit geographically
diverse areas, and the species of A. mellifera includes various African, Oriental
and European breeds. Numerous breeding lines have been engineered by
humans, in particular in European breeds (TOMASZEWSKA and CHORBIŃSKI

2000). Nosema infections were observed in the following bee species: Apis
mellifera, A. ceranae, A. florea and A. dorsata (CHAIMANEE et al. 2010).

Development of Nosema spores in bees

Bees are infected orally by food contaminated with spores (CHEN et al.
2008, WEBSTER et al. 2004). The optimal temperature for spore growth in bee
intestines is 30–34oC, and spores remain active for more than seven months.
In bees, the spread of nosemosis is determined mainly by weather conditions
during various seasons of the year. Nosemosis caused by N. apis develops on
a seasonal basis, and the highest prevalence of the disease is noted in spring
when bee populations increase. The pathogenic process is stabilized in summer
when infection levels are low. A repeated increase in pathogen counts is noted
in fall (GAJDA 2010, HIGES et al. 2006). Recent research indicates that
N. ceranae infections are more prevalent in A. mellifera than infections caused
by N. apis. Bees infected by N. ceranae quickly die, usually outside the hive,
without displaying any clinical symptoms (CHEN et al. 2009, FORSGREN and
FRIES 2010, HIGES et al. 2007, PAXTON et al. 2007). The prevalence
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of N. ceranae infections remains similar throughout the honey season, which is
the main distinguishing feature from infections caused by N. apis (KLEE et al.
2007, MARTIN-HERNANDEZ et al. 2007). The discussed parasites also differ in
the length of their developmental cycle, which has been determined at five days
in N. apis and three days in N. ceranae. Intestinal epithelial cells become
infected already three days after the parasitic attack, and the insect usually
dies within nine days, especially in the presence of other stressors such as
bacteria or viruses. The analyzed pathogens were identified not only in
intestinal epithelial cells, but also in the Malphigian tubule system, salivary
glands and fat bodies (CHEN and HUANG 2010).

The developmental cycle of Nosema spp. takes place in several stages.
The spore ejects a polar filament upon entering the insect’s middle intestine.
A planont, a motile amoeboid form of the parasite measuring approximately
1 μ, emerges from the capsule. Initially, the planont has two nuclei that are
later merged. The planont penetrates mid-intestinal epithelial tissue where it
feeds and loses motility. The fungus grows and begins to divide. Multiplying
cells are known as meronts. Meronts have the size of 3.3–7.5 μ. Multiplying
meronts fill the entire epithelial cell, destroy its protoplasm and, in some cases,
damage the nucleus. In an unsupportive environment, meronts cease to
multiply and turn into spores. This transformation takes place in three ways.
In the first case, the meront nucleus becomes elongated and narrow, and it
divides to produce two daughter cells. Each daughter cell gives rise to
a sporoblast that is transformed into a spore. In the second case, the meront
nucleus becomes elongated and undergoes multiple division. This process gives
rise to multinucleate meronts, and the number of produced spores is equal to
the number of nuclei. In the third case, the meront preserves its round shape,
the nucleus undergoes multiple division to create multinucleate plasmodium.
The number of spores formed inside the plasmodium is equal to the number of
nuclei. Unlike meront nuclei, sporont and sporoblast (intermediate forms
between a meront and a spore) nuclei do not have a protective capsule, and
they comprise numerous separate granules grouped in clusters. Developing
spores fill the entire mid-intestinal epithelial cell that eventually dies and
exfoliates into the intestinal lumen where it disintegrates or is evacuated with
other spores (DIDIER et al. 2000) – Figure 1.

The symptoms of N. apis infections include digestive and absorption
disorders because spores damage epithelial cells of the alimentary canal that is
responsible for food absorption. Infected bees excrete large amounts of sweet
watery stool (undigested food). The feces of diseased individuals contain large
numbers of spores, and they are the main source of infection. Infected feces are
excreted by bees during flights to the apiary and water sources, and in
unfavorable weather conditions, also inside the hive – on honeycombs, honey
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Fig. 1. Development scheme N. apis i N. ceranae in the midgut epithelial cells of bees: a – penetration
of polar spores into the host cell; b – sporoplazma (round-shaped) in the epithelial cell; c – develop-
ment meronts; d – division and the formation meronts; e – division meronts; f – formation oval

sporonts

supers, frame bars, walls and the bottom board. In most cases, the disease
spreads when healthy colonies are merged with infected colonies, and when
contaminated hive equipment and food reserves are used. Infections are
potentiated by stressors, such as the loss of the bee queen, changes in the hive
microclimate and the presence of weak colonies that are unable to accumulate
the required food reserves, mainly pollen. Symptoms of disease include swollen
abdomen and grayish-white discoloration of the middle intestine.

Four stages of N. ceranae infection have been identified in A. mellifera bees
(HIGES et al. 2008). The first stage is asymptomatic, and it lasts from spring to
early fall. There are no discernible changes in the size of hive colonies or
broods. The second stage is colony replacement, and it is observed between late
fall and winter. Bees begin to die when the temperature drops (energy stress),
and the queen attempts to make up for that loss by laying more eggs. The size
of the bee population remains unchanged, but the brood increases. The queen
begin to lays eggs in winter, which is often mistakenly interpreted as a sign of
colony health. The third stage is false recovery when hive populations are high
and all frames are filled with brood. Despite the large size of colonies, bees do
not swarm. The last stage is depopulation, namely the sudden collapse of entire
colonies. A small number of bees, the queen and infrequent brood survive the
infection. Substantial food reserves are accumulated in the hive. The depopula-
tion stage is observed mainly in fall or early winter. Less virulent infections
may lead to colony collapse in spring.

Nosema spp. spores are routinely determined under a light microscope.
Analyses are generally performed in early spring on samples collected from
winter hive debris (mostly worker bees) (TOPOLSKA and KASPRZAK 2007,
MICHALCZYK et al. 2011). Nosema spp. parasites are difficult to identify under
a light microscope due to minor differences in the anatomy of N. apis and
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N. ceranae spores. N. ceranae spores have the length of 3.3–5.5 μm and the
width of 2.3–3.0 μm. N. apis spores are larger with the length of 4.6–6.4 μm and
the width of 2.5–3.4 μm, they have a regular, cylindrical shape with one slightly
tapering end, and they strongly refract light under a light microscope (FRIES et
al. 2006). N. apis and N. ceranae spores have a similar morphological structure,
and the main difference that can be observed under an electron microscope is
the length of the polar filament (FORSGREN and FRIES 2010). For this reason,
spores are identified to species level by PCR with the use of 16S rRNA primers
designed for small subunits (HIGES et al. 2006, KASPRZAK and TOPOLSKA 2007).
The presence of spores in a bee colony can also be determined in a field test
that involves the preparation of mid-intestinal specimens and observations of
their color. Healthy bee intestines are yellow to brown in color, whereas
infected intestines turn white.

In nurse bees, microsporidian infections inhibit the development of phar-
yngeal glands that secrete royal jelly, which could disrupt the feeding patterns
of queen bees and the brood (GLIŃSKI and RZEDZICKI 1993). N. apis infections
shorten the average life of worker bees by 20–50% and of queen bees by
30–75%, they lower honey production by 60% and wax production by 25%.
In diseased colonies, the brood can be reduced by even 50%, and highly virulent
infections may lead to ovarian damage and infertility in queen bees (WEBSTER

et al 2004, SAGASTUME et al. 2011).
N. ceranae infections develop rapidly and are highly lethal. Bees die within

8 days after exposure to the pathogen (HIGES et al. 2007). Recent research
demonstrated that N. ceranae had developed more effective mechanisms
of adaptation to changing temperatures than N. apis. At temperatures that
limit fungal development (25 and 37oC), N. ceranae is able to complete its
lifecycle, whereas the lifecycle of N. apis is inhibited. At the optimal tempera-
ture of 33oC, N. ceranae is able to destroy 2–3 times more intestinal epithelial
cells than N. apis (FENOY et al. 2009). Infections caused by N. ceranae in bee
colonies last one year and can remain asymptotic, whereas the disease spread
by N. apis disappears in warm months of the year, often at the beginning of the
honey season. N. ceranae infections do not produce diarrhea, which always
accompanies N. apis infections, and they are often referred to as „dry”
nosemosis (FAUCON 2005, MAYACK and NAUG 2009). In Poland, worker bees are
more frequently infected with N. ceranae than N. apis spores. In a multiplex
PCR analysis of 1000 winter hive debris samples, the presence of Nosema spp.
DNA was found in 806 samples (80.6%), including N. ceranae in 206 samples
(20.6%), mixed infections (N. apis / N. ceranae) were noted in 600 samples
(60%), 194 samples (19.4%) were free of the analyzed pathogens, and none
of the examined samples were infected by N. apis only (MICHALCZYK

et al. 2011).
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Nosemosis treatments are regulated by European Union directives and
recommendations of the World Health Organization. The use of pharmacologi-
cal products such as Fumagilin DCH and Fumidil B is discouraged because
their residues may contaminate bee products. Sanitary and preventive
methods are recommended to minimize the risk of disease, including stimulat-
ing flight activity in early spring, providing hives with adequate sunlight
exposure and positioning hives at a distance to prevent bees from entering the
wrong hive. In spring, hive debris should be removed to prevent bees from
coming into contact with infected individuals in the bottom board. Hive walls
and frames contaminated with feces also contribute to the spread of disease,
and they should be chemically disinfected. In early spring, healthy bees can be
fed water syrup with pollen to stimulate their alimentary canal, and diseased
bees should be administered dietary supplements, such as Api-Herb, Nozevit,
Vita Feed Gold, Protofil and Noestat. Treatment of nosemosis is difficult and
often ineffective. Continuous efforts are being made to identify new substances
that effectively treat Nosema infections and are safe for bees and consumers of
bee products.

Translated by ALEKSANDRA POPRAWSKA
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