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Relationship between protostrongylid infections of land snails and the pasture vegetation in 
the region of Stara Zagora, South Bulgaria
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Abstract. The relationship between protostrongylid infections of land snails and the type of pasture vegetation was investigated on nine pastures in the Stara 
Zagora region. The pastures were characterized by considerable diversity of the vegetation species. Third-stage larvae of Muellerius capillaris, Neostrongylus 
linearis, Cystocaulus ocreatus and Protostrongylus sp. were detected. The multiple regression analysis confirmed correlations between vegetation and the 
parameters of protostrongylid infection in the main intermediate host Helicella obvia. The type of the primary vegetation was the only predictor in regression 
models for the total prevalence of protostrongylids and the prevalence of the most commonly encountered species  M. capillaris. 
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some of them to the Sredna Gora soil province. In this investigation, Introduction
the biogeographical zonality pattern of Bulgaria presented by Gruev 
and Kuzmanov (1994) was adopted. The typical primary plant Protostrongylids occupy an important place among worms 
communities for the Upper Thracian plain subregion consist of parasitizing on sheep and goats (Daskalov et al., 1961; Bratanov, 
xerothermic forests of European turkey oak (Quercus cerris L.), 1965; Shultz and Gvozdev, 1970; Boev, 1975; Bankov et al., 1977; 
Italian oak (Quercus frainetto Ten.) and pubescent oak (Quercus Cabaret, 1984; Marinov, 1997; Zurliiski and Rusev, 1990;  Kamburov 
pubescens Willd.) (Gruev and Kuzmanov, 1994) that, in their et al.,1994, Halacheva et al., 2001). The infection wih_ 
predominant part, are destroyed and turned into cultivable land or protostrongylids is a common cause for pathomorphological 
pastures. According to Bondev (1991), the most prevalent alterations and pneumonic foci formations in the lungs of small 
contemporary plant communities in the subregion are as follows:(1) ruminants. The evaluation of infection rate of pastures with 
agricultural land that replaced forests of pubescent oak (Q. protostrongylids is performed by means of ecological methodology. 
pubescens) and Italian pubescent oak (Q. virgiliana Ten.); (2) A number of studies carried out in Europe and the Mediterranean 
agricultural land that replaced mixed forests of European turkey oak  coast of Africa have contributed to the development of efficient 
(Q. cerris) and Italian oak (Q. frainetto); (3) agricultural land that methods in this connection. Such investigations are mainly done in 
replaced mixed forests of European turkey oak  (Q. cerris) and Russia (Trushin,1973а), France (Cabaret, 1983, 1984a, 1984b; 
Italian pubescent oak (Q. virgiliana), often mixed with pedunculate Cabaret et al., 1983, 1985), Мorocco (Cabaret, 1988) and Tunisia 
oak (Q. pedunculiflora C. Koch); (4) agricultural lands that replaced (Lahmar et al.,1990). In Bulgaria similar studies have been 
forests of field elm (Ulmus minor Mill.), raywood ash (Fraxinus performed on pastures in the region of Stara Zagora and the flanks of 
oxycarpa Willd.), pedunculate oak (Q. pedunculiflora C. Koch) etc. Sarnena Sredna Gora mountain by Georgiev (2003); Georgiev еt al. 

The vegetation of each pasture was characterized during the (2003); Geogiev and Georgiev (2002); Georgiev and Georgiev 
spring, summer and the autumn. During each visit, specimens from (2004). They have established the species composition of land 
the most common species were collected and prevailing pens were snails, the parameters of their infection with protostrongylid larvae in 
determined visually. The determination of plants was done relation to some environmental factors. 
according to manuals for higher Bulgarian plants (Stoyanov and The purpose of the present investigation was to determine the 
Stefanov, 1948; Delipavlov et al., 1992; Andreev et al. , 1992; importance of vegetation as a variable that can describe the 
Petrova et al., 1999). The determination of plant formations of the parameters of protostrongylid infection of the principal intermediate 
different pastures was done by comparison of observed dominating host Helicella obvia. 
and common species for each pasture with data published in the 
treatise “Vegetation of meadows and pastures in Bulgaria” 
(Ganchev et al, 1964) and phytocenotic traits of the Stara Zagora 

Material and methods region  (Radanova, 2005; Radanova, 2007; Radanova and Ivanova, 
2007).

The determination of infection rate of snails was done by From the point of view of Bulgarian geographical zonality of 
collection of H. obvia specimens. In previous studies, this snail soils (Ninov, 1997), the investigated region belongs to the Apennine-
species was shown to be essential for the transmission of parasites Balkan soil subregion of the Mediterranean soil region. Most 
in the studied region. Snails were collected manually between 7 and pastures belonged to the Thracian-Middle Tundzha soil province, 
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9 AM, prior to dew-rise. The collected specimens were stored in Marrubium peregrinum. The domination of perennial ryegrass 
plastic containers with ventilation openings and a label with allowed to determine the vegetation of this pasture to the Lolieta 
information about the date of collection, the pasture, the species and perennis grass formation, that belongs to mesophytic formations of 
the exact number of snails. plains and hollows and the mesophytic grass subtype (Ganchev et 

The quantitative parameters of infections used in this study al., 1964).
corresponded to definitions of Bush et al. (1997): prevalence or Pasture near the village of Rakitnitsa. In the vegetation barley 
extensity of infection (Р%) ; mean intensity;  mean abundance (A). grass, field eryngo, strawberry and restharrows were 
As all data were with aggregate distributions, all hypotheses were predominating. The observed plant community could not be referred 
tested by non-parametric methods. The correlation between to any of the formations described by Ganchev et al. (1964), but was 
variables was evaluated by Spearman's rank correlation coefficient near the ephemeral plant formations. The dominating role of 
(r ). The comparison of the distribution of analyzed parameters in two Hordeum leporinum was not manifested in a categorical manner, but s

nevertheless, this community could be referred to the Hordeeta samples was done with the Mann-Whitney test (Rank Sum Two 
leporinae formation.Sample Test) (M-W), and among more than two samples – with the 

Pasture near the village of Malka Vereya. Here, the prevalent Kruskal-Wallis test (K-W) (Sokal & Rohlf, 1981). When parametric 
Festuca pseudovina allowed to classify this grass community into statistical methods were utilized, the intensity and abundance data 
the Festuceta pseudovinae formation that belongs to the secondary were previously submitted to log transformation [ln (n+1)] and data 
microtherm steppe assemblage group and the xerophylic grasses about the prevalence – to arcsine transformation. For the verification 
subtype  (Ganchev et al., 1964).of certain hypotheses prevalence data were compared by the Fisher 

Pasture near the villages of Panicherevo and Karanovo. Тhese exact test, аnd those for the mean intensity – by the Bootstrap Test, 
grass communities could be classified in the Dichantieta ischaemi (= using the software Quantitative Parasitology 1.0 (Rózsa et al., 
Andropogoneta ischaemi) formation within the group of secondary 2000). 
mesotherm steppe formations and the xerophylic grasses subtype 
(Ganchev et al, 1964).

Pasture near the villages of Zagortsi and Bogdanovo. This Results
grass community could be put into the Poaeta sylvicolae formation 
within the group of mesophyte formations encountered mainly on The data about the vegetation of pastures for sheep and goats 
plains and hollows and belonging to the mesophytic grass obtained from the region of Stara Zagora are shown in Table 1. The 
vegetation  (Ganchev et al., 1964).featrues of each pasture were as follows: 

Pasture near Starozagorski Mineralni bani resort. In the studied Pasture near the village of Oryahovitsa. Lolium perenne was 
area Bromus species were predominant. The most homogenous found to dominate among vegetation species. Another commonly 
formation was Brometa commutati that belongs to the group of seen species of leguminous plants was Coronilla varia, аnd of 
mesophytic formations encountered mainly on plains and hollows herbaceous plants – Taraxacum officinale, Carex caryophyllea and 

Table 1. Characteristics of the investigated grasslad vegetation.

Pastures 

mesophytic formations 
encountered mainly on 
plains and hollows

group of secondary mesotherm 
steppe formations

group of secondary mesotherm 
steppe formations

forest from Q. pubescens and
Q. virgiliana 

forest from Q. pubescens and 
Q. virgiliana 

forest from  Q. pubescens and
Q. virgiliana 

Primary vegetation  

mesophytic herbage

ephemeroid formations forest from Q. cerris and 
Q. frainetto

ephemeroid vegetation
types

xerophytic herbage

xerophytic herbage

mesophytic formations encountered 
mainly on plains and hollows

forest from Q. pubescens and 
Q. virgiliana 

mesophytic herbage

secondary mesotherm steppeforest from Q. pubescens and 
Q. virgiliana 

xerophytic herbage

group of secondary mesotherm 
steppe formations 

forest from Q. cerris  and 
Q. frainetto

xerophytic herbage

mesophytic formations encountered 
mainly on plains and hollows

forest from Ulmus minor Mill., 
Fraxinus oxycarpa Willd. and 
Q. pedunculiflora C. Koch

mesophytic herbage

Oryakhovitsa

Malka vereya

Gheleznik

Rakitnitsa

Starozagorski 
Mineralni Bani

Karanovo 

Panicherevo

Bogdanovo

Zagortsi

Lolieta perennis

Festuceta 
pseudovinae

Chryzopogoneta 
grylli

Hordeeta leporinae

Brometa

Dichantieta 
ischaemi

Dichantieta 
ischaemi

Poaeta 
sylvicolae

Poaeta 
sylvicolae

mesophytic formations encountered 
mainly on plains and hollows

forest from Q. cerris and 
Q. virgiliana

mesophytic herbage

Subtype vegetation Group formations Formation 
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(Ganchev et al., 1964). the variations of seasonal prevalence and mean intensity of 
Pasture near Zheleznik residential area. In this grass protostrongylids in H. obvia on 9 pastures were utilized to reveal the 

community the Chrysopogon gryllus was predominant. The water relationships of the infection with environmental variables. Table 2 
mint forms a limited area in one of pasture's ends. The grass presents the parameters of H. obvia infection with third-stage 
community could be referred to the formation Chrysopogoneta grylli protostrongylid larvae. These data were initially used for evaluation 
(=Andropogoneta grylli) – formations and the xerophylic grasses of the general model of nematode infection variability. The primary 
subtype.  vegetation type could not be interpreted as an ecological factor, but 

As mentioned above, the most commonly encountered land as a variable reflecting the effect of multiple ecological factors 
snail species on studied pastures was H. obvia that is essential for (temperature, humidity etc.). Despite these differences, in the text 
the transmission of protostrongylids on small ruminants (Georgiev & that follows, environmental variables are shortly designated as 
Georgiev, 2002; Georgiev еt al., 2003). That is why the data about ecological factors.

N-sample size; Ninf.–Number of infected gastropods; P% -Prevalence; I –intensity; Iav–mean intensity; A–mean abundance.

1-35

1-23
1-5
1-9

1-10

1-43
1-43
1-20

1-5
1-9

1-12
1-4
1-3
1-9

1-22
1-16
1-15

1-4

1-4
1-4
1-3
1-3

1-32
1-8
1-2
1-4

1-32

1-5
1-2
1-4

1-5
2-4

1

1-24
1-18
1-17
1-14

1-3

27.2

17.2
5.6
9.2
5.5

20.1
10.8
6.9
6.9
3.4

27.0
8.1
1.9

19.0

18.5
10.2
8.3
5.6

12.4
6.2
1.7
6.2

30.3
6.0
2.1
3.0

24.4

8.9
2.1
8.6

10.3
10.3
3.4

29.1
15.6
12.2
8.4
2.5

Protostrongylidae

Protostrongylidae

M. capillaris
N. linearis
C. ocreatus
Protostrongylus sp.

M. capillaris
N. linearis
C. ocreatus
Protostrongylus sp.

Protostrongylidae
M. capillaris
C. ocreatus
Protostrongylus sp. 

Protostrongylidae
M. capillaris
N. linearis
C. ocreatus

Protostrongylidae
M. capillaris
C. ocreatus
Protostrongylus sp.

Protostrongylidae
M. capillaris
N. linearis
C. ocreatus
Protostrongylus sp. 

Protostrongylidae
M. capillaris
C. ocreatus

Protostrongylidae
M. capillaris
C. ocreatus

Protostrongylidae
M. capillaris
N. linearis
C. ocreatus
Protostrongylus sp.

Oryakhovitsa

Rakitnitsa

Malka vereya

Gheleznik

Starozagorski
Mineralni Bani

Karanovo 

Panicherevo

Bogdanovo

Zagortsi

622

493

211

216

291

234

292

29

237

Table 2. Infection of Helicella obvia with protostrongylid larvae in pastures in the region of Stara Zagora.

Pasture N species of nematods Ninf P% I

3.12 ± 3.9

2.71 ± 3.2
1.60 ± 0.9
2.09 ± 1.9
1.82 ± 1.9

3.78 ± 6.2
3.43 ± 6.5
2.68 ± 3.6
1.83 ± 1.2
2.25 ± 2.8

1.89 ± 2.0
1.47 ± 0.8
1.75 ± 1.0
1.90 ± 1.7

4.50 ± 5.4
4.62 ± 4.6
4.00 ± 4.4
1.58 ± 1.0

1.64 ± 0.8
1.61 ± 0.8
1.40 ± 0.9
1.28 ± 0.6

4.94 ± 6.1
3.15 ± 2.2
1.20 ± 0.4
2.14 ± 1.4
5.07 ± 6.7

2.07 ± 1.2
1.33 ± 0.5
2.04 ± 1.2

3.70 ± 1.5
3.30 ± 1.2
1.00

4.38 ± 5.1
3.54 ± 4.0
3.66 ± 3.5
2.75 ± 2.9
1.67 ± 0.8

I ±SDav

0.85 ± 2.5

0.47 ± 1.7
0.09 ± 0.4
0.19 ± 0.8
0.10 ± 0.6

0.76 ± 3.2
0.37 ± 2.4
0.19 ± 1.2
0.13 ± 0.6
0.06 ± 0.5

0.51 ± 1.3
0.12 ± 0.5
0.03 ± 0.3
0.36 ± 1.1

0.83 ± 2.9
0.41 ± 1.9
0.33 ± 1.6
0.09 ± 0.4

0.20 ± 0.6
0.09 ± 0.4
0.02 ± 0.2
0.08 ± 0.3

1.51 ± 4.1
0.18 ± 0.9
0.03 ± 0.2
0.06 ± 0.4
1.24 ± 3.9

0.20 ± 0.7
0.03 ± 0.2
0.17 ± 0.7

0.40 ± 1.2
0.30 ± 1.1
0.03 ± 0.2

1.27 ± 3.4
0.55 ± 2.0
0.45 ± 1.7
0.23 ± 1.1
0.04 ± 0.3

A±SD

169

107
35
57
34

99
54
40
35
8

57
17
4
40

40
22
18
12

36
18
5
18

71
13
5
7
57

28
6
25

3
3
1

69
37
29
20
6



In the beginning of the analyses, pastures were tentatively correlation with the vegetation subtype (r = 0.5232, p<0.05) and with s 

divided into 2 groups – pastures with higher altitude, located on the plant formations (r  = 0.4429, p<0.05) was observed. s

flanks of the Sarnena Sredna Gora mountain (Starozagorski One-dimensional and multidimensional analysis of Helicella 
Mineralni Bani, Oryahovitsa, Karanovo, Panicherevo) and low- obvia samples
altitude pastures mainly in the Upper Thracian plain (Rakitnitsa, The four nematode species showed a considerable variability 
Malka Vereya, Zheleznik, Zagortsi and Bogdanovo). The with regard to their prevalence, intensity and abundance. The 
comparison of infection parameters between these two groups was distributions of these three infection parameters differed significantly 
not statistically significant in the Mann-Whitney test (p>0.05) with between species.  M. capillaris was with the highest prevalence and 
regard to the prevalence, the mean intensity and the mean intensity (up to 17.2% and up to 43 larvae, respectively), followed by 
abundance of protostrongylid larvae, both together and by Protostrongylus sp. (24.4 % and up to 32 larvae) and N. linearis 
nematode species. By stepwise multiple regression analysis (12.2% and 17 larvae, respectively, whereas C. ocreatus exhibited 

2(R =0.8388) it was shown that variations of the species diversity of the lowest prevalence and infection intensity (up to 9.2 % and up to 
nematodes correlated with the primary vegetation (p=0.0000) and 14 larvae, respectively). 
plant formations (p=0.0004). However, these variables explain only The comparisons of infection parameters in pastures in the 
94% of the variability of the nematode species diversity. plain region of the studied area and those on the Sarnena Sredna 

The parameters of nematode infection showed only several Gora mountain flanks did not show any significant differences. The 
statistically significant correlations with the vegetation of individual only exception was the prevalence of Protostrongylus sp. that was 
pastures. In relation to the mean intensity of M. capillaris, a higher on pastures with higher altitude (M–W, U=332.1, p=0.0223).
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Pasture 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

- 

*** 

** 

ns 

* 

** 

* 

ns 

ns 

2 

ns 

- 

ns 

*** 

ns 

* 

ns 

** 

ns 

 3 

ns 

ns 

- 

** 

ns 

ns 

ns 

** 

ns 

4 

*** 

ns 

*** 

- 

* 

** 

* 

ns 

ns 

5 

ns 

ns 

** 

ns 

- 

ns 

* 

* 

ns 

6 

ns 

ns 

ns 

*** 

** 

- 

** 

** 

ns 

7 

* 

ns 

** 

ns 

ns 

*** 

- 

* 

ns 

8 

*** 

ns 

*** 

ns 

ns 

*** 

** 

- 

ns 

9 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

- 

Table 3. Statistical reliability of the differences (comparisons in pairs) to prevalences (Fischer's exact test, above the 
diagonal) and mean intensity iи (Bootstrap test, under diagonal) of protostrongylid larvae in H. obvia from nine pastures.

Indications of statistical confidence: ns, differences are not statistically reliable; *, p<0.05, **, p<0.01, ***, p<0.001.
Indications for pastures: 1, Starozagorski Mineralni Bani; 2, Oryakhovitsa; 3, Karanovo ; 4,Panicherevo; 5,Rakitnitsa; 6,
Маlka Vereya; 7, Zheleznik; 8, Zagortsi; 9, Bogdanovo.

The distribution of protostrongylid larvae in their principal host in as group variables. From all variables submitted to variable-
the region, H. obvia, differed considerably among the pastures selection procedures, only the type of primary vegetation was a 
(F=11.22, p=0.0000). The pairwise comparisons of the prevalence predictor for the total prevalence of protostrongylid larvae. This 
and the mean intensity revealed a higher variance of the mean variable explains only a very small proportion (25%) оf the total 
intensity of protostrongylids– 50%, but comparisons were not variance. Protostrongylid larvae showed the greatest prevalence on 
statistically significant as compared to 66.7% for prevalence pastures with primary vegetation from type 1 (pubescent oak and 
comparisons (Таble 3). Two pastures (near Panicherevo and Italian pubescent oak) and the lowest on pastures with primary 
Zheleznik) were distinguished with regard to the prevalence of vegetation of type 3 (mixed forests from European turkey oak and 
protostrongylid larvae in H. obvia. As to the mean intensity, the Italian pubescent oak, frequently mixed with pedunculate oak). 
compared pastures showed higher variance (Таble 3). There were Pastures with regions with primary vegetation type 2 (mixed forests 
no statistically significant differences between the pasture near of European turkey oak and Italian oak) exhibited intermediate 
Bogdanovo and the other pastures, probably because of the smaller values (12.4%). The primary vegetation explains the variability of the 
sample size. However, this feature reflects the real situation with this mean abundance of protostrongylids that was higher on pastures in 
pasture, where another snail species (M. cartusiana) was more regions with primary vegetation of type 1as compared to pastures in 
numerous than H. obvia (Georgiev еt al. 2003). regions with primary vegetation of types 2 and 3, respectively. 

In this study, one-way analysis of variance (ANOVA) was used The variances of the prevalence and intensity of M. capillaris 
for initial evaluation of infection parameters with environmental traits were related to a similar set of variables. For example, the primary 
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vegetation type was the only variable participating in the model The multidimensional regression analyses made it clear that 
describing the variance in the prevalence of this snail species. In the the type of the primary vegetation in the region was a predictor 
direction from pastures in regions with primary vegetation type 2 to variable for the parameters of protostrongylid infection in general 
pastures in regions with type 3 primary vegetation, the prevalence of and for the most commonly encountered species – M. capillaris. 
M. capillaris exhibited a gradual reduction (the respective medians These correlations could not be attributed to a direct influence. The 
were 17.2 and 2.1%). The primary vegetation type combined with type of the primary vegetation includes climax natural plant 
the subtype contributed significantly (66%) to the variance of the communities, whose structure is on the basis of a number of climatic 
mean intensity of M. capillaris. Тhis parameter of the infection was and edaphic regional factors that were not identified throughout this 
the lowest in areas with mesophytic grasses (I  1.33-1.47), study. The primary vegetation as a predictor variable was in a av

positive relationship with the mean intensity of protostrongylid intermediate – in areas with mesophytic and xerophytic grass 
infection described in the regression model. The mean intensity of vegetation (I  2.71 -3.15) and highest for pastures with ephemeral av

M. capillaris infection was determined by a regression model where and xerophytic grass vegetation (I  3.54-4.62). av

the primary vegetation type and the vegetation subtype were The species diversity of nematodes was the second predictor 
involved. There were no statistically significant regression models explaining the variances in their prevalence. This factor was also the 
describing the variability of the mean intensity of C. ocreatus and the only one involved in the model describing the variations in the mean 
prevalence of Protostrongylus sp.intensity of N. linearis. In our studies, N. linearis was not present in 

samples containing single-species or two-species protostrongylid 
complexes. This species was specific with the highest prevalence 

Conclusionand mean intensity levels on pastures, where the four nematode 
species were encountered. There was not statistically significant 
linear relationship between the mean intensity of C. ocreatus and the The substantial diversity in the studied grass vegetation 
traits of pastures, identified following the one-way analysis of communities provides good opportunity for investigating its effect on 
variance. Protostrongylus sp. had the highest mean intensity values the formation of population traits of protostrongylids in intermediate 
in the plant formation  Festuceta pseudovinae (I  5.07) and hosts. However, this correlation does not reflect a direct relationship av

considerably lower values in the other three studied plant formations but rather a dependence upon specific climatic and edaphic factors 
(between 1.28 and 1.82). in the region, also responsible for the formation of climax plant 

communities. The application of multiple regression analysis 
revealed the correlations between environmental parameters and 
the parameters of protostrongylid infection of the primary 

Discussion
intermediate host in the region – H. obvia. 

Nine pastures in the region of Stara Zagora were investigated 
for the relationship of protostrongylid infections of land snails 
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Upper Thracian plane and on the flanks of the Sarnena Sredna Gora 
mountain at an altitude between 130 and 650 m. They were Andreev N, Denchev М, Kozhukharov S, Маrkova М, Pееv D and 
characterized by considerable diversity of plant species. Seven Petrova А, 1992. Determinant of higher plants in Bulgaria. Sofia Art 
plant formations belonging to 4 different plant formation groups and and Science, 787.
3 subtypes of grass vegetation, as specified by Ganchev et al. 

Bankov D, Mitev М and Spasov М, 1977. On the etiology and 
(1964) were established.

epizootiology of sheep breeders helmintozite in industrial 
Protostrongylid infection in land snails was detected on all 

complexes. Veterinary Medical Sciences. 7, 39-47.
pastures studied. Third-stage larvae of Muellerius capillaris, 

Bondev I, 1991. The vegetation of Bulgaria. 1:600000 M card with 
Neostrongylus linearis, Cystocaulus ocreatus and Protostrongylus 

explanatory text. Sofia, University ”St. Kl. Okhridski, 184 (Bg)
sp. were observed. The populations of protostrongylid nematodes 

Boev SN, 1975. Protostrongylids. In: Osnovy Nematodologii.25 (Ed. 
were characterized by a considerable variability with regard to their 

K.M. Ryzhikov). Izd. Nauka, Moskva (Ru).
prevalence, mean intensity and mean abundance in H. obvia in the 

Bush AO, Lafferty KD, Lotz JM and Shostak AW, 1997. 
different pastures in the region. The performed one-way analyses 

Parasitology meets ecology on its own terms. Journal of 
revealed a relationship between the infection parameters in H. obvia 

Parasitology, 83, 575-583.
with the features of the vegetation – type of primary vegetation, 

Cabaret J, 1983а. Dynamique de l'infestation des chиvres par les 
subtype and plant formation group. Cabaret (1984a) has proposed 

Protostrongles en Touraine (1). Recherches Mйdicine Vйtйrinaires, 
to include the vegetation of risk zones in the evaluation of pasture 

159, 10, 815-822. 
infectivity. He has also stated that the first trials in this direction made 

Cabaret J, 1984a. Les mollusques hфtes intermйdiaires dans la 
in Causes (France) were promising (Cabaret, 1984b). In the 

muelleriose caprine en Touraine. Les maladies de la chиvre, 9-11, 
available literature, there were no more recent publications and 

337-345. 
details in this regard. The possible explanation of the effect of 

Cabaret J, 1984b. Sheep and goats: epidemiology of 
vegetation upon the infection of land snails with protostrongylids 

protostrongylid lungworm infections. Int. Goat and Sheep Res., 2, 2, 
could be found in the interesting observations of Cabaret and 

142-152. 
Vendroux (1986). According to them, the differences in the 

Cabaret J, 1988. Natural infection of land-snails by protostrongylids 
vegetation influence the affinity of snails to faeces of herbivores and 

on a pasture grazed by sheep in the Rabat Area of Morocco. 
therefore, alter their coprophagy behaviour.

Veterinary Parasitology, 26, 297-304.



161

Cabaret J and Vendroux P, 1986. The response of four terrestrial Gruev B and Kuzmanov B, 1994. General biogeography. Sofia 
molluscs to the presence of herbivore feces its influence on infection University ”St. Kl. Okhridski, 498.
by protostrongylids. Canadian Journal of Zoology, 64, 4, 850-854. Камburov P, Vasilev I, Georgieva D, Kamenov Y and Koinarski V, 
Cabaret J, Bouley N and Gruner L, 1983. Caractйrisation de zones 1994. Veterinary parasitology, Sofia, Agropres, 462 (Bg).
а risque parasitaire pour des Ovins йlevйs en libertй sur les parcours Khalacheva M, Lilkova N, Rusev I and Vitanov I, 2001. 
des Causses. 2. Protostrogylides. Annales de Recherches Endoparasitic diseases of goat species composition and 
Vйtйrinaires, 14, 3, 301-310. distribution. In:Program and Abstracts, Sixth National Conference of 
Cabaret J, Risye Risyaeni S and Mangeon N, 1985. Facteurs de Parasitology, 5–7 October 2001, Sofia, 105.
milieu et risque infestant pour les Prortostrongylides: cas des Lahmar S, Cabaret J and Cheniti T, 1990. Land snails and periods 
paturages irrigues. Bulletin de la Sociйtй Francaise de at high risk for protostrongylid infection on a sheep-grazed pasture of 
Parasitologie, 1, 125-128. Northeast Tunisia. Veterinary parsitology, 36, 105-115.
Daskalov P, Kakacheva-Avramova D, Varadinov A, Zhivkov D Marinov M, 1997. Helminth parasites of sheep on highland pastures 
and Karapchanski I, 1961. Pulmonary nematodes of sheep in in intensive sheep-breeding regions in the Middle Stara Planina Mts 
Bulgaria. Izvestiya na Tsentralnata Khelmintologichna Laboratoriya, (Bulgaria). Acta Zoologica Bulgarica, 49, 86-93. 
6, 59-65. Ninov N, 1997. Soil (map). In: Atlas of the People's Republic of 
Delipavlov D, Popova М, Kovachev I, Terziiski D, Bulgaria (Eds. Zh. Galabov et al.) Glavno Upravlenie po Geodeziya i 
Cheshmedzhiev I and Gramatikov D, 1992. Determinant of plants Kartografiya, Sofia, 56.
in Bulgaria. Sofia, Zemizdat, 641(Bg). Radanova, S, 2005. Phytocenotic characteristic of the northern part 
Ganchev I, Bondev I and Ganchev S, 1964. Vegetation of of the green shelter of Stara Zagora, Bulgaria. Foresty Science. XL, 
meadows and pastures in Bulgaria. Publishing House of BAS, Sofia, 4, 51-60.
Botanical Institute, 260 (Bg). Radaova S, 2007. Flora and vegetation of „Milkini rocks”, 
Georgiev DM, Georgiev, BB, 2002. Terrestrial Gastropods as Starozagorsko. Ecology and Future, VI,  2, 43-47 (Bg).
Intermediate Hosts of Protostrongylid Nematodes in Pastures for Radanova, SI, 2007 Flora and vegetation in the vicinities of Kolena 
Sheep and Goats in Region of Stara Zagora, Bulgaria. Acta dam, Stara Zagora region. Ecology and Future VI, 1, 36-39(Bg).
Zoologica Bulgarica, 54,3, 47-54. Rоzsa L, Reiczigel J and Majoros G, 2000. Quantifying parasites 

 Georgiev DM, Kostadinova A and Georgiev B, 2003. Land snails in samples of hosts. Journal of Parasitology, 83, 228-232.
in the transmission of protostrongylids on pastures in Southern Sokal RR and Rohlf FJ, 1981. Biometry. W.H. Freeman, New York,
Bulgaria: variability of infection levels related to environmental 887 pp.
factors. Acta Parasitologica,48, 3,208-217. Shults R and Gvozdev V, 1970. Osnovy society gelmintologii, 
Georgiev D, 2003. Determining periods of maximum risk for 1.Moskva, “Nauka”, pp. 492 (Ru).
infected with protostrongilidni nematodes of sheep and goats on Trushin N, 1973. The role of ecological factors for the natural 
pasture in Stara Zagora. Animal Science, 34,157 – 159 (Bg). infestation of molluscs with larvae of Muellerius. In: Problemy 
Georgiev D and Georgiev B, 2004. Features of the Malacofauna on Obshcheie i Prikladnoie Gel'mintologii (Ed. V.G. Gagarin), Izd. 
the pastures from the region of Stara Zagora and its importance for Nauka, Moskva, pp. 344-347, (Ru).
the circulation of the Protostrongylides. Animal Science, XLI, 4, Zurliiski P and Rusev I, 1990. Study on the prevalence of family 
88–92 (Bg). Protostrongylidae on goats. Veterinarna sbirka, 88, 40-42 (Bg).



Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)

The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and 
m e t h o d s ,  R e s u l t s ,  D i s c u s s i o n ,  
Conclusion, Acknowledgements (if any), 
References, Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations. 
 
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
  
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 

 

possible for others to repeat the 
experiment in order to verify results.
Results are presented in understandable 
tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges,  2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 

parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 
Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
p l ace  o f  pub l i ca t i on .  Examp le :  
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condi t ion score on reproduct ive 

t hperformance in dairy cows, IX  
International Conference on Production 
Diseases in Farm Animals, Sept.11 – 14, 
Berlin, Germany, p. 302 (Abstr.).
Thesis:
Penkov D, 2008. Estimation of metabolic 
energy and true digestibility of amino acids 
of some feeds in experiments with muscus 
duck (Carina moshata, L). Thesis for DSc. 
Agrarian University, Plovdiv, 314 pp.

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.



Volume 1, Number 4
December 2009

CONTENTS 

Genetics and Breeding

Nutrition and Physiology

Production Systems

Agriculture and Environment

Quality and Safety

Genotype x Environment Interaction and Stability Analysis of Some Narbonne 
Vetch (Vicia narbonensis L.) Genotypes
A. Orak, I. Nizam

Performance test traits in Danube White pigs with different RYR, ESR and 
FUT1 genotypes
S. Stoyanova

Effects of days open on the milk yield and the duration of the concurrent 
lactation in Bulgarian Murrah buffaloes
P. Penchev, Y. Ilieva, Tz. Peeva

Influence of genotype and environments on quality of winter wheat varieties in 
Northern Bulgaria
D. Atanasova, V. Dochev, N. Tsenov1, I. Todorov

Relation between time to heading and date of maturity of winter common 
wheat varieties (Triticum aestivum L.)
N. Tsenov

Investigations on the content of lead and cadmium in compound feed additives
D. Alexieva, S. Chobanova

® ®Comparison of the effects of Natuphos  5 000 G and Optiphos  phytases 
utilization in broiler chicken feeding with maize-soybean diets
P. Valkova

Study of the possibility for twofold harvesting of annual late spring crops and 
mixtures in the foremountain regions of the Central Balkan mountains
V. Lingorski, T. Kertikov

Evaluation of deoxynivalenol and virulence in dsRNA containing Fusarium 
graminearum Isolates
Said  Abbas,  Aminian Parisa,  Alizadeh  Azizollah, Safaie Naser

Plant protection means against Oilseed rape pests

Relationship between protostrongylid infections of land snails and the 
pasture vegetation in the region of Stara Zagora, South Bulgaria
D.Georgiev

Clean wool colour and fatty acid content of semi fine wool
D. Pamukova

L. Dospatliev, N. Palagacheva

108

113

117

121

126

133

137

145

149

153

156

162


