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Abstract 
 
The main objective of our study was to determine the impact of CloSTAT® and Laktina® probiotics on the amino acid 
composition of pheasant meat. The experiment included 90 one-day pheasant chicks (Phasianus colchicus colchicus), 
divided into 3 groups grown under free access to food and water for 3 months. All birds were fed with standard 
pheasant feed, to the second group it  was added CloSTAT® probiotics (0.5 g / kg fodder); and Laktina® probiotic (0.5 
g / l water) was added to the third group. 
At the end of the experiment, five pheasants were sampled from each group after slaughtering,. The following amino 
acids have been tested: asparagine, threonine, serine, glutamine, proline, cystine, glycine, alanine, valine, methionine, 
isoleucine, leucine, tyrosine, phenylalanine, histidine, lysine and arginine. The results of the experiment show that the 
probiotic CloSTAT® influences, albeit not statistically-significantly, the amino acid composition of pheasant meat. 
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INTRODUCTION  
 
Probiotics are real alternative to the nutrition 
antibiotics. They are defined as viable microor-
ganisms (bacteria or yeast) that competitively 
exclude colonization of intestinal pathogens 
and demonstrate a beneficial effect on the 
health of the host when ingested (Salminen et 
al., 1998). Probiotics are oldest feed additives 
in poultry nutrition (Gálik, 2012). Kabir 
(2009), Ivanović et al. (2012) and Maiorano et 
al. (2012) studied the impact of probiotics on 
meat quality in broilers, but nobody explored 
the impact of probiotics on pheasant’s meat. 
As reported by Tucak et al. (2004) biological 
value  of the meat of pheasants which were fed 
naturally is higher in comparison to the meat of 
pheasants fed with commercial mixtures. 
In many countries, the pheasant is selected with 
the aim of producing high quality meat with 
very desirable nutritional values (Santos 
Schmidt et al. 2007). There are only few publi-
cations on amino acid composition of pheasant 
meat. The knowledge of amino acid compo-
sition of pheasant meat can be used to 
determine its potential nutritional value. 

Pheasant meat is consumed relatively rarely in 
comparison with hen meat, pork, or beef 
(Chisholm et al. 2008). Straková et al. (2006) 
compared the amino acid composition of 
pheasant and chicken meats at the age of 42 
days. The knowledge of the amino acid 
composition of food is very important. It is 
useful for the determination of the potential 
nutritional value (Young & Pellett 1984). The 
main objective of our study was to determine 
the impact of CloSTAT® and Laktina® 
probiotics on the amino acid composition of 
pheasant meat. 
 
MATERIALS AND METHODS 
 
The experiments were carried out with 90 one-
day pheasant chicks (Phasianus colchicus 
colchicus) divided into 3 groups of 30 birds 
each (I group – control; II group – experimental 
with probiotic CloSTAT®; III group - 
experimental with probiotic Laktina®). They are 
bred on the floor, in controlled environment, 
with an extended light period (24 h / day) and 
free access to food and water for 90 days. All 
pheasants were received identical in composi-
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tional and nutritional value of standard 
commercial feed mixtures for pheasants, 
balanced by protein, energy, amino acids, etc., 
according to the requirements of NRC (1994). 
Nutritional value of the feed mixture are 
presented in Table 1. 

 
Тable 1.Chemical composition of feeding mixtures 

Nutritive value Starter 
(0-28 day) 

Grower 
(29-90day) 

Moisture,% 11,1 11,8 

ME, (Kcal/kg) 2872 2912 

ME (MJ/kg) 12 12,2 

Crude Protein,% 28 24,1 

Crude Fats,% 3,6 3,3 

Linoleic acid,% 1,6 1,4 

Crude Fiber,% 3,8 3,6 

Crude ash,% 5,8 5,5 

Ca,% 1,07 0,98 

Available phosphorus,% 0,54 0,51 

Phosphorus,% 0,84 0,8 

Sodium,% 0,21 0,18 

Chlorine,% 0,21 0,22 

Chlorides,% 0,3 0,33 

Lysine,% 1,7 1,41 

Methionine,% 0,54 0,5 

Methionine + Cysteine,% 1 0,93 

Treonine,% 1,05 0,92 

Tryptophane,% 0,35 0,3 

Arginine,% 1,85 --- 

 
From hatching up to 28 days, the pheasants 
were fed with a "Starter" commercial feed 
mixtures with 28% crude protein and ME 2872 
Kcal / kg, and from 29 to 90 days with 
"Grower" commercial feed mixtures with 
24.1% crude protein and ME 2912 Kcal / kg. 
To the commercial feed mixtures for the first 
group (I group - positive control) for prophy-
laxis was added semduramicin sodium as a 
commercial product Aviax 5% (Phibro Animal 
Health Corporation) and to the drinking water 
was added antibiotic growth promoter 
Enrofloxacin and Colistin as a commercial 
product QUINOCOL (CEVA SANTE 
ANIMALE, France) in dose (1 ml / 2 l of 
water) from the 1st to the 5th day. To the 
commercial feed mixtures for the second group 
(II group) was added probiotic CloSTAT® 
(Kemin, Inc., USA) in dose (0,5 g / kg forage); 

and nothing to the drinking water was added. 
To the commercial feed mixtures for the third 
group (III group)  nothing was added and to the 
drinking water was added probiotic Laktina®  
(Lactina, Bulgaria) in dose (0,5 g / l of water). 
All doses used in this study are by the 
recommendation of the manufacturer.  
All birds was vaccinated as follow: against 
Newcastle with vaccine CEVAC BI L® by 
instillation into the eye according to the 
instructions for use of the vaccine from the 
manufacturer, at the 7th, 28th, 64th and 80th 
day; against Gumboro with vaccine CEVAC 
GUMBO L® by drinking water according to 
the instructions for use of the vaccine, at the 
14th and the 22nd day; and against Avian Pox 
with vaccine CEVAC FP L® by applying in 
the wing fold according to the instructions for 
use of the vaccine-on the 56th day. 
In this study was used suplements like: 
probiotic CloSTAT® (Kemin, Inc.) containing: 
Bacillus subtilis 2x107 cfu / g spores, 
Maltodextrine, Calcium Carbonate and 
probiotic Laktina®  (Lactinia Ltd.) containing 
Lactobacillus bulgaricus, Streptococcus 
thermophilus, Lactobacillus casei, 
Bifidobacterium longum, Lactobacillus 
acidophilus tbc in 1g not less than 1 billion. 
Laboratory analysis to establish the quality of 
the fresh meat of pheasants were performed 
separately for breast and leg muscles in all 
three experimental groups. 
Samples were taken from the pectoral muscles 
(breast) and femoral muscles (leg). 
The muscle was separated from the bones and 
the skin and subcutaneous fat were also 
removed. The determination of the amino acid 
composition of the pheasant meat was made 
using an automated amino acid analyzer based 
on the principle of ion-exchange column 
chromatography by the method of Moore and 
Stein (Moore and Stein, 1963). In this study, 
the following amino acids were deteminated: 
asparagine, threonine, serine, glutamine, 
proline, cystine, glycine, alanine, valine, 
methionine, isoleucine, leucine, tyrosine, 
phenylalanine, histidine, lysine and arginine. 
All data in our study were analysed statistically 
using the Program StatMost 3.6, Dataxiom 
Software, 2003. The results are expressed as 
means ± SD (standard deviation). The level of 
statistical significance was at P ≤ 0.05. 

 
RESULTS AND DISCUSSION 
 
The data of our analysis of amino acid content 
of breast and leg muscles of pheasants are 
presented in Table 2. 

Table 2. Comparative amino acid composition of the 
pheasant meat  in breast and led muscles(n = 5) 

 
The results of the amino acid profile of the 
breasts and legs meat showed, that nine of ten 
possible essential amino acids have been 
identified. There is no tryptophan, which is an 
essential amino acid and generally in pheasant 
meat has the lowest values - 0.29 % of all 
essential amino acid by scientific data (Petkov, 
R., 1999). One of other amino acids (essential 
and semi-essential) hydroxyproline was not 
found, which according to the literature also 
has the lowest values – 0.04 % (Petkov, R., 
1999). The remaining essential amino acids are 
within the permissible limits for pheasant meat, 
which confirms the biological value of the 
meat. The study conducted by Brudnicki et al. 
(2012) reported that the meat of the farm 
pheasants in comparison to that of the wild 

pheasants was characterized by higher levels of 
12 from the total of 15 amino acids analysed. 
Comparing the results of the amino acid 
composition of pheasant meat with the amino 
acid profile of poultry meat, an increase in the 
essential amino acids in pheasants except 
tryptophan was found, which is not found in 
our studies. The resulting amino acid profile for 
breasts meat and leg meat showed of a high 
biological value of the protein in the pheasant 
meat of the experimental groups. The total 
amino acid content in the meat of pheasants 
receiving the probiotic CloSTAT® was higher 
than that of the control group, and the group 
received the probiotic Laktina®. Similar is the 
trend for both types of meat, more pronounced 
for leg meat than for breast meat. 
 
CONCLUSIONS  
 
Nine of ten possible essential amino acids have 
been identified in the meat of pheasants.  
The total amino acid content in the meat of 
pheasants receiving the probiotic CloSTAT® 
was higher than that of the control group. 
Hydroxyproline and tryptophan was not found 
in the pheasant meat from all tested groups. 
The results of the experiment show that the 
probiotic CloSTAT® influences, albeit not 
statistically-significantly, the amino acid 
composition of pheasant meat. 
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asparagine % 2,17 
±0,16 

2,17 
±0,12 

2,07 
±0,08 

2,31 
±0,14 

2,64 
±0,11 

2,40 
±0,13 

threonine % 0,834 
±0,04 

0,864 
±0,05 

0,819 
±0,05 

0,927 
±0,03 

1,060 
±0,05 

0,991 
±0,04 

serine % 0,62 
±0,08 

0,66 
±0,09 

0,62 
±0,06 

0,65 
±0,06 

0,74 
±0,05 

0,78 
±0,07 

glutamine % 3,98 
±0,02 

4,10 
±0,11 

3,99 
±0,11 

4,24 
±0,11 

4,85 
±0,10 

4,17 
±0,13 

proline % 0,98 
±0,03 

1,06 
±0,04 

1,01 
±0,03 

0,10 
±0,04 

1,13 
±0,05 

1,03 
±0,06 

cystine   % 0,23 
±0,04 

0,26 
±0,08 

0,27 
±0,02 

0,31 
±0,02 

0,35 
±0,09 

0,27 
±0,06 

glycine % 1,04 
±0,06 

1,07 
±0,03 

1,04 
±0,06 

1,03 
±0,08 

1,18 
±0,08 

1,05 
±0,07 

alanine % 1,26 
±0,02 

1,30 
±0,03 

1,29 
±0,02 

1,43 
±0,02 

1,63 
±0,02 

1,38 
±0,03 

valine % 1,12 
±0,01 

1,13 
±0,03 

1,13 
±0,01 

1,40 
±0,01 

1,60 
±0,03 

1,35 
±0,02 

methionine % 0,25 
±0,16 

0,29 
±0,14 

0,37 
±0,04 

0,525 
±0,10 

0,600 
±0,22 

0,344 
±0,14 

isoleucine % 1,07 
±0,01 

1,01 
±0,02 

1,05 
±0,03 

1,26 
±0,06 

1,44 
±0,04 

1,23 
±0,03 

leucine % 1,80 
±0,02 

1,83 
±0,03 

1,79 
±0,05 

2,07 
±0,02 

2,37 
±0,03 

2,04 
±0,04 

tyrosine % 0,65 
±0,08 

0,66 
±0,13 

0,68 
±0,02 

0,79 
±0,10 

0,90 
±0,10 

0,77 
±0,09 

phenylalanine % 0,89 
±0,02 

0,91 
±0,02 

0,89 
±0,01 

0,98 
±0,01 

1,12 
±0,02 

0,95 
±0,01 

histidine % 0,83 
±0,02 

0,87 
±0,03 

0,82 
±0,03 

1,70 
±0,03 

1,94 
±0,02 

1,72 
±0,03 

lysine % 2,03 
±0,02 

2,08 
±0,05 

2,05 
±0,08 

2,32 
±0,02 

2,66 
±0,05 

2,33 
±0,06 

arginine % 1,25 
±0,04 

1,30 
±0,03 

1,21 
±0,01 

1,50 
±0,03 

1,71 
±0,04 

1,55 
±0,08 

Total % 20,95 21,64 21,24 24,41 27,91 24,34 
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tional and nutritional value of standard 
commercial feed mixtures for pheasants, 
balanced by protein, energy, amino acids, etc., 
according to the requirements of NRC (1994). 
Nutritional value of the feed mixture are 
presented in Table 1. 

 
Тable 1.Chemical composition of feeding mixtures 

Nutritive value Starter 
(0-28 day) 

Grower 
(29-90day) 

Moisture,% 11,1 11,8 

ME, (Kcal/kg) 2872 2912 

ME (MJ/kg) 12 12,2 

Crude Protein,% 28 24,1 

Crude Fats,% 3,6 3,3 

Linoleic acid,% 1,6 1,4 

Crude Fiber,% 3,8 3,6 

Crude ash,% 5,8 5,5 

Ca,% 1,07 0,98 

Available phosphorus,% 0,54 0,51 

Phosphorus,% 0,84 0,8 

Sodium,% 0,21 0,18 

Chlorine,% 0,21 0,22 

Chlorides,% 0,3 0,33 

Lysine,% 1,7 1,41 

Methionine,% 0,54 0,5 

Methionine + Cysteine,% 1 0,93 

Treonine,% 1,05 0,92 

Tryptophane,% 0,35 0,3 

Arginine,% 1,85 --- 

 
From hatching up to 28 days, the pheasants 
were fed with a "Starter" commercial feed 
mixtures with 28% crude protein and ME 2872 
Kcal / kg, and from 29 to 90 days with 
"Grower" commercial feed mixtures with 
24.1% crude protein and ME 2912 Kcal / kg. 
To the commercial feed mixtures for the first 
group (I group - positive control) for prophy-
laxis was added semduramicin sodium as a 
commercial product Aviax 5% (Phibro Animal 
Health Corporation) and to the drinking water 
was added antibiotic growth promoter 
Enrofloxacin and Colistin as a commercial 
product QUINOCOL (CEVA SANTE 
ANIMALE, France) in dose (1 ml / 2 l of 
water) from the 1st to the 5th day. To the 
commercial feed mixtures for the second group 
(II group) was added probiotic CloSTAT® 
(Kemin, Inc., USA) in dose (0,5 g / kg forage); 

and nothing to the drinking water was added. 
To the commercial feed mixtures for the third 
group (III group)  nothing was added and to the 
drinking water was added probiotic Laktina®  
(Lactina, Bulgaria) in dose (0,5 g / l of water). 
All doses used in this study are by the 
recommendation of the manufacturer.  
All birds was vaccinated as follow: against 
Newcastle with vaccine CEVAC BI L® by 
instillation into the eye according to the 
instructions for use of the vaccine from the 
manufacturer, at the 7th, 28th, 64th and 80th 
day; against Gumboro with vaccine CEVAC 
GUMBO L® by drinking water according to 
the instructions for use of the vaccine, at the 
14th and the 22nd day; and against Avian Pox 
with vaccine CEVAC FP L® by applying in 
the wing fold according to the instructions for 
use of the vaccine-on the 56th day. 
In this study was used suplements like: 
probiotic CloSTAT® (Kemin, Inc.) containing: 
Bacillus subtilis 2x107 cfu / g spores, 
Maltodextrine, Calcium Carbonate and 
probiotic Laktina®  (Lactinia Ltd.) containing 
Lactobacillus bulgaricus, Streptococcus 
thermophilus, Lactobacillus casei, 
Bifidobacterium longum, Lactobacillus 
acidophilus tbc in 1g not less than 1 billion. 
Laboratory analysis to establish the quality of 
the fresh meat of pheasants were performed 
separately for breast and leg muscles in all 
three experimental groups. 
Samples were taken from the pectoral muscles 
(breast) and femoral muscles (leg). 
The muscle was separated from the bones and 
the skin and subcutaneous fat were also 
removed. The determination of the amino acid 
composition of the pheasant meat was made 
using an automated amino acid analyzer based 
on the principle of ion-exchange column 
chromatography by the method of Moore and 
Stein (Moore and Stein, 1963). In this study, 
the following amino acids were deteminated: 
asparagine, threonine, serine, glutamine, 
proline, cystine, glycine, alanine, valine, 
methionine, isoleucine, leucine, tyrosine, 
phenylalanine, histidine, lysine and arginine. 
All data in our study were analysed statistically 
using the Program StatMost 3.6, Dataxiom 
Software, 2003. The results are expressed as 
means ± SD (standard deviation). The level of 
statistical significance was at P ≤ 0.05. 

 
RESULTS AND DISCUSSION 
 
The data of our analysis of amino acid content 
of breast and leg muscles of pheasants are 
presented in Table 2. 

Table 2. Comparative amino acid composition of the 
pheasant meat  in breast and led muscles(n = 5) 

 
The results of the amino acid profile of the 
breasts and legs meat showed, that nine of ten 
possible essential amino acids have been 
identified. There is no tryptophan, which is an 
essential amino acid and generally in pheasant 
meat has the lowest values - 0.29 % of all 
essential amino acid by scientific data (Petkov, 
R., 1999). One of other amino acids (essential 
and semi-essential) hydroxyproline was not 
found, which according to the literature also 
has the lowest values – 0.04 % (Petkov, R., 
1999). The remaining essential amino acids are 
within the permissible limits for pheasant meat, 
which confirms the biological value of the 
meat. The study conducted by Brudnicki et al. 
(2012) reported that the meat of the farm 
pheasants in comparison to that of the wild 

pheasants was characterized by higher levels of 
12 from the total of 15 amino acids analysed. 
Comparing the results of the amino acid 
composition of pheasant meat with the amino 
acid profile of poultry meat, an increase in the 
essential amino acids in pheasants except 
tryptophan was found, which is not found in 
our studies. The resulting amino acid profile for 
breasts meat and leg meat showed of a high 
biological value of the protein in the pheasant 
meat of the experimental groups. The total 
amino acid content in the meat of pheasants 
receiving the probiotic CloSTAT® was higher 
than that of the control group, and the group 
received the probiotic Laktina®. Similar is the 
trend for both types of meat, more pronounced 
for leg meat than for breast meat. 
 
CONCLUSIONS  
 
Nine of ten possible essential amino acids have 
been identified in the meat of pheasants.  
The total amino acid content in the meat of 
pheasants receiving the probiotic CloSTAT® 
was higher than that of the control group. 
Hydroxyproline and tryptophan was not found 
in the pheasant meat from all tested groups. 
The results of the experiment show that the 
probiotic CloSTAT® influences, albeit not 
statistically-significantly, the amino acid 
composition of pheasant meat. 
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asparagine % 2,17 
±0,16 

2,17 
±0,12 

2,07 
±0,08 

2,31 
±0,14 

2,64 
±0,11 

2,40 
±0,13 

threonine % 0,834 
±0,04 

0,864 
±0,05 

0,819 
±0,05 

0,927 
±0,03 

1,060 
±0,05 

0,991 
±0,04 

serine % 0,62 
±0,08 

0,66 
±0,09 

0,62 
±0,06 

0,65 
±0,06 

0,74 
±0,05 

0,78 
±0,07 

glutamine % 3,98 
±0,02 

4,10 
±0,11 

3,99 
±0,11 

4,24 
±0,11 

4,85 
±0,10 

4,17 
±0,13 

proline % 0,98 
±0,03 

1,06 
±0,04 

1,01 
±0,03 

0,10 
±0,04 

1,13 
±0,05 

1,03 
±0,06 

cystine   % 0,23 
±0,04 

0,26 
±0,08 

0,27 
±0,02 

0,31 
±0,02 

0,35 
±0,09 

0,27 
±0,06 

glycine % 1,04 
±0,06 

1,07 
±0,03 

1,04 
±0,06 

1,03 
±0,08 

1,18 
±0,08 

1,05 
±0,07 

alanine % 1,26 
±0,02 

1,30 
±0,03 

1,29 
±0,02 

1,43 
±0,02 

1,63 
±0,02 

1,38 
±0,03 

valine % 1,12 
±0,01 

1,13 
±0,03 

1,13 
±0,01 

1,40 
±0,01 

1,60 
±0,03 

1,35 
±0,02 

methionine % 0,25 
±0,16 

0,29 
±0,14 

0,37 
±0,04 

0,525 
±0,10 

0,600 
±0,22 

0,344 
±0,14 

isoleucine % 1,07 
±0,01 

1,01 
±0,02 

1,05 
±0,03 

1,26 
±0,06 

1,44 
±0,04 

1,23 
±0,03 

leucine % 1,80 
±0,02 

1,83 
±0,03 

1,79 
±0,05 

2,07 
±0,02 

2,37 
±0,03 

2,04 
±0,04 

tyrosine % 0,65 
±0,08 

0,66 
±0,13 

0,68 
±0,02 

0,79 
±0,10 

0,90 
±0,10 

0,77 
±0,09 

phenylalanine % 0,89 
±0,02 

0,91 
±0,02 

0,89 
±0,01 

0,98 
±0,01 

1,12 
±0,02 

0,95 
±0,01 

histidine % 0,83 
±0,02 

0,87 
±0,03 

0,82 
±0,03 

1,70 
±0,03 

1,94 
±0,02 

1,72 
±0,03 

lysine % 2,03 
±0,02 

2,08 
±0,05 

2,05 
±0,08 

2,32 
±0,02 

2,66 
±0,05 

2,33 
±0,06 

arginine % 1,25 
±0,04 

1,30 
±0,03 

1,21 
±0,01 

1,50 
±0,03 

1,71 
±0,04 

1,55 
±0,08 

Total % 20,95 21,64 21,24 24,41 27,91 24,34 
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Abstract 
 
Nosema spp., a microsporidian parasite (Microspora: Microsporidida), is well known for the negative impact on the 
bee colony. In areas with temperate climate, the nosemosis’s evolution in the apiary is different from season to season. 
During spring, when in the hive, due to the consumption of honey and bee bread reserves contaminated with spores, the 
infectious pressure is increasing, the disease worsens, and there is need for a medical intervention. For this, there is an 
increasing interest for additional products to control this infection. Therefore, this study aimed to test amprolium 
hydrochloride 20% (C14H19CIN4), a product which has a structure similar to the B1 vitamin (thiamine) towards which it 
is a competitive antagonist, for controlling Nosema infection in honey bees. The trial was carried out under laboratory 
conditions and the microclimate parameters have been monitorized. There were used two experimental modules and 
one control, each module consisting of two batches of bees naturally infected with Nosema spp., with at least 100 bees 
(122-185) per batch. The batches have been organized according to the current standards, in wooden cages (with the 
size of 190/150/50 mm) equipped with window, ventilation mesh and feeder. Throughout the trial, the product has 
proved to control the development of the parasite so as at an initial infection level of approx. 5,750,000 spores/bee, by 
the end, in the experimental batches no spores of Nosema spp. were detected. Also, there were not signs for adverse 
effects on bees. However, additional field and laboratory studies are necessary toward to develop an integrated control 
program over the bees’ active season.  
 
Key words: Nosema; honeybee; amprolium; in vitro trial. 
 
INTRODUCTION 
 
Microsporidida includes obligatory intra-
cellular parasites forming single-cell spores 
that infect different hosts; of them, Nosema 
species commonly infect invertebrates, 
including Hymenopteran insects.  
Two species of Nosema genus, described as 
Nosema apis and Nosema ceranae, cause a 
serious diseases in honey bees called 
nosemosis, well-known all over the world for 
its negative impact on honey bees. Spores of 
Nosema spp. are unicellular and have an 
extrusive polar tube, long and spiral filament, 
for the host penetration. Vegetative forms 
develop in the host, strictly intracellular, in the 
epithelial cells of the middle intestine, causing 

digestive dysfunction and metabolic disorders 
(Aioanei et al., 2011; Mitrea, 2011). 
Nosemosis’ occurrence in the bee colony, 
especially in temperate areas shows differences 
from season to season. This disease is 
considered to be a major problem during 
spring, when an imbalance in the host-parasite 
relationship occurs, with a negative effect on 
the survival and / or on the production capacity 
of the honeybee colony (Bailey, 1976; 
Chioveanu, 2009; Crane, 1975).  
Due to the ubiquity of the spores and the 
precariousness of the host-parasite relationship 
equilibrium, it is necessary to constantly 
monitor the disease and to intervene quickly 
during of critical periods, such as: in spring 
after winter, in spring and autumn during of 


