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Periodic Acid - Schiff (PAS) Reaction in Fish Liver Exposed to
Fungicide Contamination:  A Possible Histochemical Biomarker

Vesela S. Yancheva1, Iliana G. Velcheva1, Elenka S. Georgieva2*, Stela G. Stoyanova2
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Abstract. The present work aimed to study the negative effects of fungicide contamination on the
liver of Hypophthalmichthys nobilis (Richardson, 1845) by applying the Periodic acid – Schiff reaction
(PAS).  The  fish  were  treated  with  increasing  and  real  applicable  pesticide  concentrations  in
agricultureprepared according to the guidelines of the producer for a total acute period of 96 hours.
Overall,  we  found  that  the  intensity  of  the  PAS  staining  increased  proportionally  with  the
increasing of the tested fungicide. Based on the obtained results, we consider that the PAS-staining
could be successfully applied as a biomarker in toxicological research. In addition, as fungicide
studies are in general  less compared to the other pesticide groups, we also consider that these
results  could  be  used  in  future  risk  assessment  and  monitoring  programs,  as  well  as  better
agricultural activities.

Key words: PAS, fungicide, Hypophthalmichthys nobilis, biomarkers, water contamination.

Introduction
Indiscriminate  and  wide  spread  use  of

pesticides in the modern agricultural practices
leads  to  a  series  of  environmental  problems
due to their toxicity, long term persistence and
their adverse effects on living organisms (DE
FOREST et  al.,  2007).  Among  pesticides,
fungicides’  effects  are  probably  less  studied
compared to herbicides and insecticides and
among  fungicides,   propiconazole  is  mostly
studied  (LI et  al.,  2010;  CHU et  al., 2016;
TABASSUM et al., 2016; TU et al., 2016; HANO et
al., 2017;  FAN et  al., 2018;  CAO et  al., 2019)
According  to  PĂUNESCU et  al. (2018) and
CHOUDHURY (2018) fungicides have multiple
purposes  in  agriculture,  industry  and

households including: seed protection during
germination, storage and transport; prevention
from mildew, etc. However, with their wide
range of uses, fungicides can have side effects
in  human  poisoning.  The  most  severe
"epidemic"  of  pesticide  poisoning  has  been
caused  by  the  unconscious  consumption  of
grain seeds treated with organic mercury or
hexachlorobenzene.  Most  currently  used
fungicides  do  not  cause  severe  poisoning
because  they  generally  have  low  toxicity  in
mammals, and are also poorly absorbed and
applied in the form of suspensions which are
rapidly  absorbed by the  plants.  In  addition,
these biocides are able  to  reach surface and
ground waters,  mainly  due  to  water  runoff
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and  soil  leaching,  as  well  as  by  spray-drift
during  applications  (MARQUES et  al.,  2016;
MISHRA & SINGH, 2018). 

Although  chemical  analyses  allow  the
qualitative and quantitative measurement of
fungicides, quantifying all the pollutants in
the  water  is  not  feasible  as  stated  by
SAMANTA et al. (2018). Furthermore, chemical
analyses  alone  are  limited  to  assess  the
synergistic/antagonistic  effects  of  mixtures
of  pollutants  in  real  field  conditions
(KERAMBRUN et  al.,  2011).  Therefore,  an
alternative  monitoring  technique  involving
biomarkers (physiological,  biochemical, and
cellular  or  molecular  responses)  has  been
widely  accepted  for  assessment  of
environmental quality in freshwater systems
(VAN DER OOST et  al., 1996;  RENDÓN-VON

OSTEN et  al.,  2005).  Furthermore,  in  recent
years biomarkers are recognized as tools for
the assessment of impacts of pollution on the
aquatic  environment,  and  they  are  already
incorporated  in  various  environmental
monitoring  and  risk  assessment  programs
(VIARENGO et al., 2007). 

In  the  field  of  aquatic  toxicology,  fish
are  important  sentinels  of  environmental
quality and ecological safety (LIN et al., 2014;
MARIGOUDAR et  al.,  2018).  When  fish  are
exposed  to  contaminants,  they  can  cause
different lesions ranging from alterations in
single  cells  to  the  organism  (MISHA &
VERMA,  2016).  Thus,  histopathology  and
histochemistry are considered as one of the
best  methods  for  assessing  the  short  and
long-term  hazardous  effects  of  fungicides
(MISHRA & SINGH, 2018). Moreover, fish liver
is  among  the  most  studied  organs  in
toxicological  research  because  it  is
responsible  for  processing  and  storage  of
nutrients,  synthesis  of  enzymes,  and
metabolism  of  xenobiotics  due  to  which  it
usually  represents  one  of  the  most
frequently altered organs (WOLF & WOLFE,
2005).  Furthermore,  ČOŽ-RAKOVAC et  al.
(2008) and  MARCHAND et  al. (2009) stated
that  because  of  liver  important  functions,
multiple hepatic lesions are to be expected in
wild fish populations. According to ALBAÑIL

SÁNCHEZ et al. (2019) and NYESTE et al. (2019)
the  liver  concentrates  a  large  portion  of
pollutants which can eventually damage the
organ.  CHIVITTZ et al. (2016) and HALUZOVÁ

et al. (2011) also stated that the liver plays a
central  role  in  detoxification  and
biotransformation  of  contaminants.
Therefore,  the  hepatic  alterations  may
indicate that this organ is overloaded, and at
the same time it can be an alert for a possible
failure of the liver which would impair the
detoxification capacity of fish.

The  present  research  aims  to  find  the
possible  negative  effects  in  terms of  aquatic
toxicology  of  a  widely  applied,  but  less
studied  fungicide  in  Bulgaria  on  Bighead
Carp, Hypophthalmichthys nobilis (Ricahrdson,
1845),  a  non-target  and  important  for
aquaculture  Cyprinid  fish,  by  applying
histochemical methods. 

Materials and Methods
Chemicals.  All the chemicals of analytical

grade were purchased from Merck (Germany).
The fungicide was purchased under the trade
name  Verita®  WG  (Bayer  CropScience,
Germany) from an agricultural supply shop in
Plovdiv,  Bulgaria.  As  previously  described
(see GEORGIEVA et al., 2013 and STOYANOVA et
al., 2015)  it is a systemic and contact fungicide,
effective  against  plant  diseases,  caused  by
fungi  of  the  class  Ооmycetes.  The  active
substances  in  this  particular  fungicide  are
fosetyl-Al and fenamidone (Table 1 and Table
2).  Fosetyl-Al  (Table  3)  is  a  member  of  the
phosphonates,  which  constitute  a  relatively
new class  of  systemic  fungicides  (COHEN &
COFFEY, 1986).  Fenamidone  belongs  to  the
chemical  group  of  imidazolinone  and
isopropanol,  respectively  (Pest  Management
Regulatory  Agency, 2003).  Verita®  WG
contains  667  g/kg  of  the  active  substance
fosetyl-Al (Aluminium tris-O-ethyl phosphonate)
and 44 g/kg of fenamidone (1-anilino-4-methyl-2-
methylthio-4-phenylimidazolin-5-one), respectively.

Experimental  fish.  The  Bighead  Carp  is
native to eastern China, eastern Siberia and
extreme  North  Korea  (Fig.  1).  It  occurs  in
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rivers  of  eastern  Siberia  (mouths  of  the
Tumannaya  and  Razdolnaya  rivers  of  the
Primorsky  District,  Russia,  south  of  the
Amur (Heilongjiang) River, along the China,
Russia,  and  North  Korea  borders),
southward in rivers of the North China Plain
including the  Yellow (Huanghe)  River  and
Yangtze  (Changjiang)  Rivers  and  southern
China including the Pearl (Zhujiang) River.
The native range of Bighead Carp has been
reported  to  be  47º  to  24ºN  (HSEIH,  1973;
MOZSÁR et al., 2017). Nevertheless,  CHEN et
al. (1998) reported  a  range  of  47°  (Amur
River  Basin,  where  it  is  an  introduced
species),  to  approximately  21°N  (Hainan
Island),  another  introduction.  The  actual
native  range  of  this  species  may  never  be
determined  accurately  because  this  species
has been widely introduced in eastern Asia
(KOLAR et al., 2005).

The  Bighead  Carp  is  deep-bodied,
spindle-shaped, moderately compressed, with
a smooth keel between the anal and pelvic fins
that does not extend anterior of the base of the
pelvic  fins  (Fig.  1).  Head and mouth  of  the
Bighead  Carp  are  disproportionately  large.
The  premaxillary  and  protruding  mandible
form rigid bony lips. Coloration of the body is
dark  gray  above  and  cream-colored  below

with dark gray to black irregular blotches on
the back and sides. This color pattern develops
when  the  fish  is  about  2  months  old.  The
blotched  or  mottled  pattern  is  often  lost  in
turbid water. Scales are small, cycloid, lateral
line  complete,  strongly  convex  ventrally,
continuing posteriorly along middle of caudal
peduncle,  with about 98 to 100 scales.  Scale
rows above lateral line 26-28, and scale rows
below lateral line 16-19. Dorsal and anal fins
are without spines. The number of dorsal fin
rays is typically 8, anal fin 12-14, pelvic fin rays
8-9,  pectoral  fin  rays  17-19,  which  extend
posteriorly beyond the origin of the pelvic fins.
Pharyngeal teeth are in a single row, four on
each arch. They have a spoon-like shape with
the  grinding surface shallowly concave.  The
grinding surfaces of  the pharyngeal  teeth of
the  Bighead  Carp  differ  from  those  of  the
Silver  Carp,  which  have  fine  striations
(YOKOTE, 1956)  that  are  visible  with
magnification. Gill rakers are long and slender,
rays  closely  set,  with  many  membranous
septa.  The  intestine  is  long  and  highly
convoluted.  CREMER &  SMITHERMAN (1980)
reported intestinal  length to be 2.4-4.5 times
total length (mean of 3.3 times total length).
Large individuals may reach a weight of 40 kg
(KOLAR et al., 2005).

Table 1. Chemical information on Fosetyl-aluminum.

Common name (ISO) Fosetyl-aluminum
Chemical nomenclature (IUPAC) Aluminium tris-O-ethyl phosphonate

Ehtyl hydrogen phosphonate,   
Aluminium salt, Phosphonic acid 
monoethyl ester

Minimum purity 960 g/kg
Chemical formula C6 H18AlO9P3

Molecular weight 354.14
Structural formula
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Table 2. Chemical information on Fenamidone.

Common name (ISO) Fenamidone
Chemical nomenclature (IUPAC) (S)-1-anilino-4-methyl-2-

methylthio-4-phenylimidazolin-5-one,
4H-Imidazol-4-one,  3,5-dihydro-5-
methyl-2-(methylthio)-5-phenyl-3-
(phenylamino)-,(S)-(9CI)

Minimum purity 975g/kg
Chemical formula C17H17N3OS
Molecular weight 311
Structural formula

Table 3. Toxicity classification of different fungicides according to CHOUDHURY (2018).

Chemical Name Trade Name Toxicity
Classification

96 hr LC50 (mg/L):
Rainbow Trout

Benomyl Benlate High 0.2
Captan Agrox, Captan,

Captec
Extreme-moderate 0.06

Carboxin Vitavax High-moderate >0.1
Chlorothalonil Bravo, Daconil,

Terlanil
High 0.3

Coppersulfate Basicop, Bluestone High-moderate 0.14
Fenarimol Rubigan High 0.2

*Fosetyl -Al Aliette Minimal 428
Iprodione Rovral Moderate 4
Mancozeb Dithane, Fore,

Manzate
High-moderate 2(48 hr)

Maneb Maneb, Manex High-moderate 2 (48 hr)
Metalaxyl Ridomil Minimal >100

†Propiconazole Alamo, Orbit, Banner,
Tilt

High-moderate 0.9

Thiram Thiram, Spotrete High-moderate 0.1
Ziram Ziram Moderate 5 (5 hr): Goldfish

*Fosetyl –Al – (one of the) tested fungicide in the present study;
†Propiconazole – one of the most studied fungicides in aquatic toxicology (see LI et al., 2010; CHU et
al., 2016; TABASSUM et al., 2016; TU et al., 2016; HANO et al., 2017; FAN et al., 2018; CAO et al., 2019).
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Fig. 1. Bighead Carp. Other common names frequently applied to Bighead Carp include Bighead and
Bigheaded Carp (KOLAR et al., 2005). 

Fifty  healthy  Bighead  Carps  were
purchased from the Institute of Fisheries and
Aquaculture,  located  in  Plovdiv,  Bulgaria
where  fish  are  reared  under  strict  and
controlled  condition.  They  were  of  a  similar
size-group (mean total length 18.65 cm ± 1.33;
mean body mass 53.02 g ± 6.3) with no external
pathological  abnormalities.  The  fish  were
transported on the same day to the laboratory
of Department of Ecology, Plovdiv University,
Bulgaria.  After  transportation,  the  fish  were
placed in glass tanks with 100 L chlorine-free
tap water (by evaporation) to acclimatize for a
week. After acclimatization they were divided
into four groups (n=15) and not fed prior or
during  the  experiment.  Fish  dissection  was
performed  according  to  the  international
standard  procedures  given  in  the  EMERGE
Protocol  (ROSSELAND et  al., 2003).  All
experiments were conducted in accordance with
the national and international guidelines of the
European Parliament  and the  Council  on the
protection of animals used for scientific purposes
according to Directive 2010/63/EU EC (2010).

Experimental exposure
For the purposes of the study three groups

of fish were exposed to the fungicide at 30, 38
and  50  mg/L,  representing  50,  40,  30  times
dilution of the stock solution, as explained by
the  manufacturer  in  the  instructions  for
agricultural use. These concentrations are also
considered  as  actually  applicable  in  the
agricultural  practice.  The  fourth  fish  group

served as control and the fish were kept in a
tank with no added fungicide. All the tanks had
a permanent aeration with air pumps and the
water was kept oxygen saturated. For the entire
duration  of  the  experiment,  the  fish  were
maintained  under  a  natural  light/dark  cycle
(12:12). They were not fed prior or during the
exposure.  No  fish  mortality  was  observed.
Basic water physical characteristics such as pH,
temperature,  dissolved  oxygen;  oxygen
saturation, were measured three times per day
according  to  a  standard  procedure  (APHA,
2005)  with  a  combined  field-meter  (WTW,
Germany). 

Histochemical technique
Histochemical analysis was carried out in

the laboratory at the Department of Anatomy,
Histology  and  Embryology  at  Medical
University of Plovdiv, Bulgaria. Cryostat (Leica,
Jung  Frigocut  2800  N)  was  used  to  cut  the
samples. Multiple Bighead Carp liver sections
(6  μm)  of  each  specimen  were  prepared
according  to  a  standard  PAS  methodology
(MCMANUS, 1948) as previously described (see
GEORGIEVA et  al., 2013).  Liver  histochemical
alterations of all specimens, including control
fish  livers  were  appraised  individually  and
semi-quantitatively  by  using  the  grading
system of  BERNET (1999) which was adopted
for the purposes of this study. Positive PAS-
reaction  was  presented  in  purple-magenta
staining.  Evaluation  of  the  histochemical
changes was carried out and presented as an

5



Periodic Acid - Schiff (PAS) Reaction in Fish Liver Exposed to Fungicide Contamination...

average value.  Each grade represents specific
histochemical characteristics and is categorized
as  follows:  (0)  –  negative  reaction  of
histochemical staining; (1) – very weak positive
reaction of histochemical staining; (2) – weak
positive reaction of histochemical staining; (3) –
moderate  positive  reaction  of  histochemical
staining;  (4)  –  strong  positive  reaction  of
histochemical staining in the hepatocytes. 

Statistical analysis
The  statistical  analysis  was  performed

using  the  program  Graph  Pad  Prism  7  for
Windows (GraphPad Software, San Diego, CA,
USA).  The raw data on basic water physical
properties and histochemical scores were tested
for  normal  distribution  with  the  D'Agostino-
Pearson normality test. The differences between
the variables were tested using Student’s T-test
with 95% confidence interval. The results were
reported as average.

 
Results and Discussion
Overall,  in  the  treated  with  fungicide

groups, we found a slightly positive reaction
of histochemical staining (Table 4, Fig. 2). The
degree  of  intensity  of  the  PAS  reaction

increased  as  the  concentration  of  fungicide
increased.  At the lowest  concentration of  30
mg/L, we found an increase in the intensity of
the PAS reaction. This fact refers to an increase
in  the  accumulated  glycogen  in  the
hepatocytes of the fish group treated with 30
mg/L  fungicide.  On  the  semi-quantitative
scale, we determined the degree as moderately
positive  with  intense  pink-violet  staining  in
the hepatocytes. In the fish group treated with
38 mg/L fungicide, similarly to the 30 mg/L,
we also observed pink-violet  staining in the
hepatocytes. At the highest concentration of 50
mg/L fungicide,  we found a strong positive
histochemical  reaction  with  intensive  dark
violet staining. The strong reaction was also
expressed  in  the  presence  of  diffusely
dispersed  glycogen  in  the  cytoplasm  of
hepatocytes,  as  well  as  concentration  of
conglomerates.  In  addition,  when  analyzing
the cryostat sections of the liver, we find, in
addition to increasing the intensity of the PAS-
positive reaction, proportional to the increase
in  the  fungicide  concentration  and  the
presence  of  conglomerates  of  accumulated
glycogen  in  the  cytoplasm.  Such  glycogen
accumulations in the hepatocytes of control. 

Table 4. Intensity of PAS-reaction in liver of Bighead Carp after fungicide exposure.

Concentration of the fungicide Control group 30 mg/L 38 mg/L 50 mg/L
Intensity of PAS-reaction staining 1* 3 3 4*

* – statistically significant difference (p<0.05).

Fig. 2. Intensity of PAS-reaction in liver of Bighead Carp after fungicide exposure: А –
control, x400; B – 30 mg/L, x400; C – 38 mg/L, x400; D –50 mg/L, x400; (conglomerates of

accumulated glycogen are marked with arrows).
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The excessive application of fungicides in
plant protection can cause water contamination
and thus,  histochemical  changes  such as  the
amount of glycogen in the liver of fish. These
changes  however,  can  serve  as  a  reliable
biomarker  for  hepatotoxicity.  Thus,  the
histochemical  methods  can  be  applied  as
cellular tools for the accumulation of glycogen,
or  lipids  and  proteins  under  the  action  of
various toxicants. 

Our  results  of  PAS  response  intensity
indicated  glycogen  accumulation  in  the
hepatocytes  and  we  also  found  a  tendency
towards increasing of the glycogen levels after
exposure to the tested fungicide. These results
confirmed our previous study which concerns
the histochemical effects of the same fungicide
on glycogen and lipid storage in Common Carp
liver (see  GEORGIEVA et al., 2013). Similarly to
us,  SHRIVASTAVA (2007) considers  that  the
changes in the liver glycogen amount indicate
changes in the carbohydrate metabolism due to
the effects of different pesticides. According to
RAMESH & SARAVANAN (2008) the liver stores
essential carbohydrates in the fish body and it
also  participates  in  the  blood  glucose
homeostasis by maintaining a balance between
glycogenesis  and  glycolysis.  Therefore,  we
consider  that  the  alterations  associated  with
increased  amount  of  glycogen  in  the
hepatocytes compared to the fish control group
may  be  due  to  changes  in  the  amount  of
pyruvate which on the other hand, may affect
glycogenesis and glycolysis.

The  results  of  the  histochemical  study
showed an accelerated process of accumulation
of glycogen in the hepatocyte cytoplasm under
the action of all three different and increasing
fungicide  concentrations.  In  addition,  the
amount of glycogen in the hepatocytes of the
tested fish was increased in a direct proportion
to  the  increase  in  fungicide  concentrations.
GEORGIEVA et  al. (2013),  STOYANOVA et  al.
(2019) and  YANCHEVA et  al. (2019) found
similar  histochemical  alterations,  but  also  fat
infiltration  in  Common  Carp  and  possibly
linked  them  to  the  absence  of  the  enzyme
glucose-6-phosphatase,  and  the  inability  to
release  glucose  in  the  blood  which  leads  to

hypoglycemia in the fish body. Probably, the
increased amounts of glucose-6-phosphate lead
to increased activity of the pentose phosphate
pathway,  and  hence  higher  amounts  of
pyruvate.  However,  in the present study we
have  not  presented results  on  the  Sudan  III
staining  (unpublished)  and  therefore,  we
suggest  a  further  research  in  this  particular
area.

Conclusions 
In sum, we can conclude that PAS-reaction

is a rapid and reliable biomarker which can be
easily applied for fungicide contamination and
all  three  different,  environmentally  relevant
concentrations  of  Verita®  WG  (Fosetyl-
aluminum  +  Fenamidone)  caused
histochemical alterations in the liver of Bighead
Carp.  Furthermore,  based  on  our  previous
study (GEORGIEVA et al., 2013) we also found
that Bighead Carp is a good bioindicator for
water  contamination,  but  it  is  slightly  more
susceptible to fungicide pollution compared to
Common  Carp.  Lastly,  the  present  study
dropped  a  strong  hint  about  possible
antagonistic  and  synergistic  interactions
between  Fosetyl-aluminum  and  Fenamidone,
thus  we  strongly  recommend  that  future
studies are carried out.
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Abstract. Mountain and semi-mountain river sites (n=14) were subject to monitoring in 2016-2017.
Sampling sites were selected in order to study the effects of small hydropower plants on the aquatic
plant assemblages within local  lotic  habitats.  Aquatic plant diversity and Reference index were
applied as metrics to assess the response to physical disturbance.  The results of the assessment
revealed  differences  in  ecological  status  upstream and downstream of  the  hydropower  plants,
indicating macrophyte communities as a reliable indicator of the hydromorphological degradation.

Key words: macrophytes, hydromorphological degradation, physical disturbance.

Introduction
The  Water  Framework  Directive

implicitly requires that habitats are linked to
biota,  including  macrophytes  to  physical
habitat quality (LOGAN & FURSE, 2002). Man’s
alterations to rivers  through impoundments,
realignment  of  channels,  and  in-stream
engineering  works  can  alter  depth,  velocity,
substrate type, flow types and flow variability
(PETTS,  1984a;  BROOKES,  1988). Studies  of
physically  altered  rivers  show  impacts  to
macrophyte  community  structure.  Following
impoundment  and  canalisation  changes
include  loss  of  species,  altered  species
dominance  and  relative  abundance  (PETTS,
1984b; BAATTRUP-PEDERSEN & RIIS, 1999).

Most  of  the  macrophyte  species
associated  with  physical  variables  that
distinguish  between  ecological  quality
classes  are  present  in  both  impacted  and
unimpacted  stream  sites  (BAATTRUP-
PEDERSEN et  al., 2006).  However,  these
species  may  exhibit  different  abundances

and  spatial  distributions  in  impacted  as
compared  to  un-impacted  stream  sites
(O’HARE et al., 2006). Moreover a number of
macrophytes  are  tolerant  to  habitat
degradation,  e.g.  Sparganium  emersum,
Potomogeton  crispus and Elodea  canadensis
(O’HARE et al., 2006). 

Researches  on  hydromorphological
pressure,  over  different  geographic  areas,
show that the diversity of bryophytes in rivers
is associated with depth and substrate (SUREN
& DUNCAN, 1999;  SCARLETT & O’HARE, 2006;
O’HARE et al., 2006). Bryophyte communities
exhibited strong reduction in abundance and
even disappeared along physical disturbance
gradient (GECHEVA et al., 2017). 

Materials and Methods
Surveyed sites were located upstream and

downstream of the  hydropower plants (Table
1).  At each site,  a  longitudinal  stretch of  the
rivers  about  100  m  was  sampled  for
macrophytes.  The  sampling  procedure
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included the collection of aquatic plants and the
recording  of  abiotic  habitat  parameters.  The
abundance of plant species was estimated on
site using a five-scale system (KOHLER, 1978). 

The  nomenclature  followed  GROLLE &
LONG (2000) for liverworts,  HILL et al. (2006)
for  mosses,  DELIPAVLOV et  al. (2003) for
vascular plants. 

Relative abundance was quantified based
on  per  cent  frequency  of  occurrence  at  the
sampling sites. 

Reference Index (RI) which defines type-
specific reference and non-specific disturbance
indicating  taxa,  and  transformation  into
ecological quality ratio (EQR) were calculated
after GECHEVA et al. (2013). 

Statistics  were  performed using Canoco
(TER BRAAK &  ŠMILAUER, 2002).

Results and Discussion
Community structure of macrophytes in the

studied rivers

Dominant substrates in the majority of
studied sites were stones and gravel  (Table
1).  Studied  sites  along  Arda  and  Struma
Rivers  were with average depth above 100
cm, while  most of the other sites were with
average  depth  up  to  0.3  m. Riparian
vegetation was dominated by trees of native
species and urban areas.

Fifty-two species  were  registered,  48  to
species level and 4 to genus level, among them
macroalgae  Cladophora and  Lemanea.  Twelve
species  belonged  to  bryophytes.  Two  taxa
were  pteridophytes.  The  most  common
species were Fontinalis antipyretica Hedw. from
the  group  of  aquatic  mosses  (relative
abundance  50%,  Table  2)  and  Potamogeton
crispus  L.  as  vascular  plant.  Riparian
vegetation  was  represented  with  higher
species  diversity.  The most  recorded species
was  Lythrum salicaria  L.  (relative  abundance
70%), followed by  Polygonum lapathifolium  L.
(64%) and Veronica beccabunga L. (57%).

Table 1. List of surveyed sites: geographical coordinates dominant substrate and vegetation
in riparian zone.

Site Latitude Longitude
Average 
depth, cm

Dominant 
substrate 
type

Dominant 
vegetation type 
(riparian zone)

1 Arda - Rudozem 41°30'52.33" 24°53'12.69" 30-100; 
> 100 rock bed riparian forest;

urban area

2 Arda - Madanska 41°31'59.61" 24°54'46.33" 0-30 stones trees and shrubs;
urban area

3 Arda – Vehtino 41°33'11.46" 25° 0'9.32" > 100 stones

trees of native 
species;
artificial tree 
plantations; 
urban area

4
Arda – Stoyanov 
most > 100 stones

trees of native 
species; urban 
area

5 Bela - Betalovoto 41°51'8.0579" 23°23'34.572" 0-30 
course 
gravel

herbs & 
perennial plants;
trees of native 
species

6 Bela – before 
Razlog 41°52'32.408" 23°25'45.75" 0-30 stones

cultivated 
species & 
neophytes; 
urban area

7 Belishka – before 41°56'38.426" 23°33'47.852" 0-30 stones trees of native 
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sHPP species

8 Belishka – after 
sHPP

42°14'53.244" 22°53'18.6779" 0-30 course 
gravel

trees of native 
species

9
Vacha – Yoakim 
Gruevo 42°7'9.662" 24°33'20.837" 30-100 stones

trees of native 
species; urban 
area

10 Vacha - Kadievo 42°8'12.833" 24°36'5.079" 30-100; 
> 100 

fine/med. 
gravel & 
course 
gravel

cultivated 
species & 
neophytes; 
urban area

11 Sedrach – after 
pumped storage 41°55'57.525" 23°26'32.739" 0-30 stones trees of native 

species

12 Sedrach – after 
sHPP 41°55'9.5039" 23°27' 44.490" 0-30;

30-100 stones trees of native 
species

13 Struma - 
Nevestino 42°15'22.46" 22°51'11.164" > 100 silt

trees of native 
species; urban 
area

14
Struma – before 
Eleshnitsa mouth 42°14'53.244" 22°53'18.6779" > 100 sand;  silt

meadows & 
grassland; trees 
of native species

Table 2. List of species, codes, relative abundance, and rivers, where they were registered.

Species Species
code

Relative
abundanc

e, %
River

Liverworts
Marchantia polymorpha L. MAR.POL 21 Belishka, Sedrach
Mosses
Brachythecium rivulare Schimp. BRA.RIV 14 Belishka 
Bryum elegans Ness BRY.ELE 7 Bela
Bryum turbinatum (Hedw.) Turner BRY.TUR 14 Bela, Sedrach
Cinclidotus fontinaloides (Hedw.) P.Beauv. CIN.FON 7 Belishka 
Cratoneuron filicinum (Hedw.) Spruce CRA.FIL 14 Bela, Struma
Drepanocladus exannulatus (Schimp.) Warnst. DRE.EXA 7 Bela
Fontinalis antipyretica Hedwig FON.ANT 50 Bela, Belishka, Sedrach, Vacha
Leptodictyum riparium (Hedw.) Warnst. LEP.RIP 28 Bela, Belishka, Vacha, Struma

Plagiomnium undulatum  (Hedw.) T.J.Kop. PLA.UND 7 Bela
Platyhypnidium riparioides (Hedw.) Dixon PLA.RIP 21 Bela, Sedrach
Rhizomnium punctatum (Hedw.) T. Kop. RHI.PUN 7 Belishka 
Vascular plants
Agrostis stolonifera L. AGR.STO 14 Sedrach 
Bidens tripartita L. BID.TRI 50 Arda,Vacha,Struma
Butomus umbellatus L BUT.UMB 7 Struma
Cyperus fuscus L. CYP.FUS 14 Bela, Sedrach
Cyperus longus L. CYP.LON 50 Arda, Belishka, Sedrach,Struma
Echinochloa crus-galli (L.) P. Beauv ECH.CRU 21 Bela, Struma
Elodea canadensis Michx. ELO.CAN 7 Vacha
Epilobium hirsutum L. EPI.HIR 7 Belishka 
Equisetum arvense L. EQU.ARV 43 Arda, Belishka, Sedrach
Equisetum fluviatile L. EQU.FLU 21 Belishka, Sedrach
Glyceria maxima (Hartm.) Holmb. GLY.MAX 21 Arda
Lemna minor L. LEM.MIN 7 Vacha
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Lycopus europaeus L. LYC.EUR 21 Arda, Vacha Belishka, Sedrach
Lycopus exaltatus L.f. LYC.EXA 7 Vacha
Lysimachia nummularia L. LYS.NUM 7 Sedrach 

Lythrum salicaria L. LYT.SAL 70 Arda, Vacha, Bela, Belishka, 
Sedrach, Struma

Juncus effusus L. JUN.EFF 7 Bela
Mentha longifolia L. MEN.LON 21 Bela, Sedrach
Mentha piperita L MEN.PIP 7 Vacha
Myosoton aquaticum (L.) Moench MYO.AQU 14 Bela, Belishka
Myriophyllum spicatum L. MYR.SPI 7 Struma
Myriophyllum verticillatum L. MYR.VER 7 Vacha
Paspalum paspalodes (Michx.) Scribn. PAS.PAS 21 Arda, Vacha
Petasites hybridus (L.) P.Gaertn. B.Mey. & Scherb. PET.HYB 21 Bela, Belishka, Sedrach
Phalaris arundinacea L. PHA.ARU 43 Arda, Struma
Polygonum hydropiper L. POL.HYD 7 Arda
Polygonum lapathifolium L. POL.LAP 64 Arda, Vacha, Bela, Sedrach, Struma
Potamogeton crispus L. POT.CRI 21 Arda, Struma
Potamogeton nodosus Poir. POT.NOD 7 Struma
Potamogeton pectinatus L. POT.PEC 7 Vacha
Ranunculus repens L. RAN.REP 43 Arda, Bela, Belishka, Struma
Sparganium erectum L. SPA.ERE 14 Struma
Stellaria media (L.) Vill. STE.MED 7 Arda
Typha angustifolia L. TYP.ANG 7 Arda
Veronica anagalis-aquatica L. VER.ANA 7 Bela
Veronica beccabunga L. VER.BEC 57 Arda, Vacha, Belishka,Sedrach

Metric response
Species richness varied between  local lotic

habitats (range = 6 - 16, median = 10). Sites with
highest richness (N4 and N11) were assessed in
moderate and high status, while both sites with
minimum richness (N1 and N3) achieved good
status.  This finding reflected that compositional
changes are more reliable metric in conditions of
physical disturbance. 

Detrended correspondence  analysis  (DCA)
was applied to relate the species’ occurrences to
flow velocity and substrate type as environmental
variables  with  reference  to  the
hydromorphological pressure,  as well as to the
assessed ecological status (Fig. 1).  The first and
second axes’  eigenvalues were 0.766 and 0.504,
respectively.  The  explained variation was  19.55
and 32.41% for the first and second axis. Species in
high quality status habitats with rapidly running
water  and  coarser  bottom  were  inhabited  by
aquatic  bryophytes  Cinclidotus  fontinaloides
(Hedw.) P.Beauv.,  Brachythecium rivulare Schimp.,
Bryum  turbinatum (Hedw.)  Turner,  Fontinalis
antipyretica Hedw.,  Marchantia  polymorpha L.,
Plagiomnium  undulatum (Hedw.)  T.J.Kop.,

Platyhypnidium  riparioides (Hedw.)  Dixon,
Sarmentypnum exannulatum (Schimp.) Hedenäs (on
the  left  hand  side  and  center  bottom  of  the
diagram). Riparian assemblage at these habitats
included pteridophyte  Equisetum fluviatile L. and
helophytes Agrostis stolonifera L., Cyperus fuscus L.
and  Mentha  longifolia (L.)  Huds.  Aquatic
macrophyte communities in sites under physical
disturbance (reduced  flow  and  silting)  were
dominated by vascular plants including invasive
Elodea canadensis Michx., floating Lemna minor L.,
submerged  Myriophyllum spicatum L.,  M.
verticillatum L.,  Potamogeton crispus L.,  P. nodosus
Poir., P. pectinatus L. (located in the center top and
right of the plot).

Based  on  the  results,  pilot  applying  of
genus  Lemanea (in  the  center  of  the  plot)  as
indicator  from  Group  B  was  made.  This
indicator  group  includes  species  without
preferences to any reference or other conditions. 

In general, ecological status of sites upstream
and those downstream of hydropower plants was
with  one  category  difference,  i.e.  sites  under
physical  pressure  were  assessed  in  moderate
status.
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Fig. 1. DCA ordination plot with selected environmental factors and achieved ecological status (blue
circle: high, green-good, yellow: moderate, orange: poor). Refer to Table 2 for species codes.

Conclusions 
The effects of hydroelectric functioning on river

macrophyte communities were established trough
alteration  of  local  habitats,  mainly substrate  and
water level homogenization.  Macrophytes respond
to this  hydromorphological pressure and appear
well suited to assess physical degradation.  Species
composition as a qualitative metric appeared to be
reliable in conditions of physical disturbance. Aquatic
bryophytes dominated in physically unaltered lotic
ecosystems, while vascular plants including invasive
species  represented  macrophyte  communities
downstream of the hydropower plants. Registered
Elodea  canadensis, Myriophyllum  spicatum  and
Potamogeton  spp. occur typically in lowland rivers
and are positively related to  physical disturbance
and nutrients.  Application  of  genus  Lemanea as
indicator should be further tested in similar studies.
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Abstract. The  Bulgarian  part  of  Hadzhidimovo  Gorge  (the  Mesta  River  basin,  south-western
Bulgaria) was studied in March-October 2018 in order to collect data about the local herpetofauna.
A preliminary checklist of the amphibians and reptiles is presented, based on bibliographic records
and the field research. The list includes 25 species. The representatives of the class Amphibia are 8
(the half of them are new for the area), and the reptiles are 17 (5 of them are reported for the first
time). The field records for all new species (except Pelophylax ridibundus complex) as well as for the
most  of  the  known species  interesting  from zoogeographic point of  view are specified.  It  is  of
particular interest the discovery of  Triturus ivanbureschi, Podarcis muralis, Ablepharus kitaibelii,  and
Platyceps najadum in the gorge.

Key words: Amphibia, Reptilia, checklist, Hadzhidimovo Gorge, Bulgaria.

Introduction
The territory of Bulgaria has been studied to

a  very  different  extent  as  regards  the
herpetofauna. In one of his publications BESHKOV
(1993) points  to  the  less  studied  areas  in  the
country.  Although  the  Bulgarian  part  of
Hadzhidimovo Gorge is not mentioned, it can be
assigned to these areas. During all the years of
herpetological research in Bulgaria (since 1890),
the gorge remains “in the shade” and practically
has  so  far  not  been the  subject  of  purposeful
herpetological studies. The available information
on the amphibians and reptiles in this territory is
published in a small number of literary sources.
A  total  of  16  species  (4  amphibians  and  12
reptiles) have been reported so far, but the data
gathered  аre scarce and represent  only the site
and  the  date  of  registration  from  several

observations.  All  the  amphibians  reported  till
now  belong  to  the  order  Anura  (BURESCH &
ZONKOV, 1942; PETROV et al., 2006; NATURA 2000,
2013).  The reptilians are representatives of  the
order Testudines – 2 species (DOMOZETSKI, 2013;
NATURA 2000, 2013),  the suborder Sauria  –  5
species (PETROV et al.,  2006;  DOMOZETSKI, 2013;
PULEV et al., 2014), and the suborder Serpentes – 5
species (PETROV et al.,  2006; DOMOZETSKI, 2013;
PULEV et al., 2018).

The study aims to ascertain the  taxonomic
composition and distribution of the herpetofauna
in the Bulgarian part of Hadzhidimovo Gorge. 

Materials and Methods
The  Bulgarian  part  of  Hadzhidimovo

Gorge was studied in March-October 2018 and
this  was  the  beginning (the  first  stage)  of  a

© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House

mailto:pulev.alex@abv.bg


A Checklist of the Herpetofauna in the Bulgarian Part of Hadzhidimovo Gorge (South-Western Bulgaria)

three-year  research  (2018-2020)  of  the  local
herpetofauna. Hadzhidimovo Gorge is located
in  the  basin  of  Mesta  River,  south-western
Bulgaria and northern Greece. Up to now the
Bulgarian  part  of  the  gorge  has  not  been
described  geographically  in  details  and  its
boundaries  are  rather  unclear.  It  includes  a
part  of  the Mesta River  valley (SE from the
village  of  Blatska  to  the  state  border  with
Greece)  and  the  slopes  of  the  surrounding
mountains. According to us on the left valley
slope of the river, а part of the territory of the
Rhodopes,  up  to  the  villages  of  Ablanitsa,
Bogolin,  Valkosel,  Slashten,  Tuhovishta  and
Godeshevo, is included in the gorge. On the
right valley slope of the river, the gorge covers
a part of Bozdag (Falakro) Mountains, up to
the villages Teplen and Beslen.

Measured  by  us the  length  of  Mesta
River from the beginning of the gorge to the
state  border  with  Greece  is  23.1  km.  The
lowest point in the area (Mesta River, at the
mouth of Dupelski Dol Stream) is 406 m, and
the  highest  one  (on  the  slopes  of  the
surrounding  mountains)  is  800-820  m.  The
highest  elevation above  the  river  level  is
about 390 m.

The  Bulgarian  part  of  Hadzhidimovo
Gorge has been visited 17 times (3 of which
in the night).  The species  were determined
visually  after  SPEYBROECK et  al. (2016).  The
specimens killed on the road (or dead) less
than  48  hours  prior  to  the  registration are
marked in the text as “fresh” in order to use
the data in studying their seasonal activity.
The  geographic  coordinates  of  the  spot
localities  have  been  determined  with  GPS
Garmin Dakota 20. The distributional data of
some  species  have  been  imported  into
ArcGIS and marked on maps.

The  preliminary checklist of  the
amphibians  and  reptiles  is  based  on
bibliographic records and the field research.

Results and Discussion
Till  now the  herpetofauna  in  the

Bulgarian  part  of  Hadzhidimovo  Gorge
includes 25 species, 9 of which (4 amphibians

and 5 reptiles) are reported for the first time.
The  presence  of  3  species  (reptiles)  has  not
been  confirmed  during  the  fild  surveys  in
2018.  The  total  number  of  the  amphibian
species is 8. They belong to 7 genera, 4 families
and 2 orders. The reptiles registered in the area
are 17 (3 species of order Testudines, 7 species
of suborder Sauria, and 7 species of suborder
Serpentes).

It is possible other taxa to be found during
the  upcoming  surveys,  including Lissotriton
vulgaris complex, Pelobates  syriacus  Boettger,
1889, Hyla arborea complex, Mauremys rivulata
(Valenciennes, 1833), Lacerta trilineata Bedriaga,
1886, Zamenis situla  (Linnaeus, 1758),  Zamenis
longissimus  (Laurenti,  1768), Telescopus  fallax
(Fleischmann, 1831) and others.

Class Amphibia Linnaeus, 1758
Order Caudata Fischer von Waldheim, 1813
Family Salamandridae Goldfuss, 1820

Genus Triturus Rafinesque, 1815

Triturus  ivanbureschi  Arntzen & Wielstra
in Wielstra, Litvinchuk, Naumov, Tzankov,  &
Arntzen, 2013 – Buresch`s Crested Newt

Subspecies. Monotypic species.
Report.  A new species for Hadzhidimovo

Gorge. It was found only once in a small marsh
E of Teplen (N41°29'08" E23°56'56", 675 m, 2
ad., 19.05.2018) (Fig. 1).

Remarks.  We  prefer  using  the  English
name Buresch`s Crested Newt from the two
names  proposed by WIELSTRA et  al.  (2013).
The other name – Balkan-Anatolian Crested
Newt  is  not  appropriate  after  dividing  the
species  and  describing  a  new  one  by
WIELSTRA &  ARNTZEN (2016) –  Anatolian
Crested  Newt  T. anatolicus Wielstra  &
Arntzen, 2016. 

Genus Salamandra Garsault, 1764
Salamandra salamandra (Linnaeus, 1758) – Fire

Salamander
Subspecies. Salamandra salamandra salamandra.
Report.  A new species for the area.  It was

registered  twice  – on  the  road W of  Teplen
(N41°29'07" E23°54'54",  774 m,  1  ad.  road-killed,
17.03.2018) and in a stream E of Beslen (N41°28'20"
E23°59'00", 449 m, 1 larva, 13.05.2018).
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Fig. 1. Distribution of Triturus ivanbureschi, Podarcis muralis, Ablepharus kitaibelii and Platyceps
najadum in the Bulgarian part of Hadzhidimovo Gorge.

Order Anura Fischer von Waldheim, 1813
Family Bombinatoridae Gray, 1825
Genus Bombina Oken, 1816
Bombina  variegata  (Linnaeus,  1758)  –

Yellow-bellied Toad
Subspecies. Bombina  variegata  scabra

(Küster, 1843).
Report.  Published  data: “Dospat

Rodopes near  the  village  of Slashten,
02.06.1936” (BURESCH &  ZONKOV, 1942);
three  locations  SW  of  Valkosel  (NATURA

2000, 2013).
New  data:  The  species  has  been

registered  many  times  in  various  parts  of
Hadzhidimovo Gorge.

Remarks. The subspecies is a Balkan endemic.
Family Bufonidae Gray, 1825
Genus Bufo Garsault, 1764
Bufo bufo (Linnaeus, 1758) – Common Toad
Subspecies. Bufo bufo bufo.

Report. Published data: “near the village
of Slashten,  02.05.1936”,  “the  village  of
Tuhovishta,  02.06.1936” (BURESCH &
ZONKOV, 1942).

New data:  The species has been registered
many times in various parts of the area.

Genus Bufotes Rafinesque, 1815
Bufotes viridis complex – Green Toad
Report.  Published  data:  “on  the  road

between Ablanitsa and Blatska,  alt.  450  m,
10.03.1998” (PETROV et al., 2006).

New  data:  The  species  has  been
registered many times in various parts of the
gorge.

Remarks. Due to the unclear  taxonomy
of  the  Green  Toad  on  the  territory  of
Bulgaria, it is accepted to use the concept of
the  species  complex.  It  includes  two
potential species  –  B. viridis  (Laurenti, 1768)
and B.  variabilis (Pallas,  1769)  (TZANKOV et
al.,  2014;  TZANKOV,  2016).  Judging  by  the
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work  of DUFRESNES et  al.  (2018) it  can  be
assumed  that  only  the  taxon  B.  variabilis
occurs in the territory of the gorge (and all
over Bulgaria). 

Family Ranidae Batsch, 1796
Genus Rana Linnaeus, 1758
Rana  dalmatina  Fitzinger  in Bonaparte,

1838 – Agile Frog. 
Subspecies. Monotypic species.
Report.  A  new  species  for

Hadzhidimovo Gorge. The species has been
registered several  times in  various  parts  of
the  study  area –  near  Mesta  River (right
bank) E of Beslen (N41°28'06" E24°00'37", 422
m),  1  ad.,  15.04.2018;  S  of  Godeshevo
(N41°28'07"  E24°03'07", 709  m),  1  ad.,
22.04.2018;  E/NE  of  Teplen  (N41°29'13"
E23°57'33", 538  m),  1  ad.,  19.05.2018;  near
Mesta  River (right  bank)  E/SE  of
Hadzhidimovo (N41°30'19"  E23°54'13", 466
m), 1 ad.,  (N41°30'17" E23°54'02", 459 m), 1
ad., 02.06.2018; near Mesta River (left bank) E
of  Hadzhidimovo (N41°31'10"  E23°53'17",
468 m), 1 ad., (N41°31'04" E23°53'24", 472 m),
1  ad.,  1  subad.,  (N41°31'01"  E23°53'28", 472
m),  1  subad.,  13.06.2018;  near  Mesta  River
(right bank) E of Hadzhidimovo (N41°31'17"
E23°53'02", 479 m), 1 subad., 13.06.2018; W of
Godeshevo (N41°28'28" E24°01'57", 626 m), 2
subad., 07.10.2018.

Rana graeca Boulenger, 1891 – Balkan Stream Frog
Subspecies. Monotypic species.
Report.  Published  data: “Bistritsa

(Slashtenska Reka) River,  near  the village of
Slashten, alt.  500 m, 04.06.1936, 26.04.1936”,
“tributaries  of  Mesta  River, near  the village
of  Tuhovishta,  02.06.1936” (BURESCH &
ZONKOV, 1942). 

New data:  near  Mesta  River (left  bank)
NE of Teplen (N41°29'39" E23°57'22", 464 m),
1  subad., 31.03.2018;  S  of  Godeshevo
(N41°27'24"  E24°03'10", 481  m),  1  ad.,
22.04.2018;  E/NE  of  Teplen  (N41°29'29"
E23°57'33", 466 m),  1  ad.,  19.05.2018;  SE  of
Beslen (N41°27'43" E23°58'37", 733 m), 1 juv.,
14.06.2018.

Remarks. The  species  is  a  Balkan
endemic.  Its  distribution  in  Bulgaria  is  of
interest  because  it  is  limited  only  in  some

southern parts of the country. The species is
more widespread in the gorge in comparison
to  the  avilable  till  now  data  presented  by
PULEV et  al.  (2015).  We  prefer  to  use  the
English  name  of  the  species, proposed  by
ARNOLD (2002) –  Balkan Stream Frog,  as  it
more  accurately  reflects  its  current  range,
unlike the name Greek Stream Frog used by
SPEYBROECK et al. (2016). 

Genus Pelophylax Fitzinger, 1843
Pelophylax ridibundus complex – Marsh Frog
Report.  A new taxon for Hadzhidimovo

Gorge. It is widespread in the area. Listing
the spot localities is pointless.

Class Reptilia Linnaeus, 1758
Order Testudines Batsch, 1788
Family Testudinidae Batsch, 1788
Genus Testudo Linnaeus, 1758
Testudo  hermanni  Gmelin,  1789 –

Hermann’s Tortoise
Subspecies.  Testudo  hermanni  boettgeri

Mojsisovics, 1889.
Report.  Published data: “right  shore  of

Mesta River, northeastern direction from the
village  of  Beslen,  N41°28′25.76″,
E23°58′45.29″, an altitude of 443 m (in radius
of  500  m  of  the  locality),  07.09.2012”
(DOMOZETSKI,  2013);  one  location  SW  of
Valkosel (NATURA 2000, 2013).

New data: The species has been found in
different localities in the gorge – near Mesta
River  S/SW  of  Slashten  (N41°28'25"
E24°00'31", 450  m),  1  juv.,  15.04.2018;  near
Mesta  River (left  bank) S  of  Godeshevo
(N41°27'06"  E24°02'50", 413  m),  1  ad.  ♂,
22.04.2018;  NE  of  Teplen  (N41°29'18"
E23°56'59",  662  m), 1  subad.  ♂, 19.05.2018;
SW of  Valkosel  (N41°30'18"  E23°57'58",  597
m),  1  ad. ♀,  20.05.2018;  E/NE  of  Beslen
(N41°28'25" E23°58'32", 464 m), 1 ad. ♀, shells
of 2 eggs, 14.06.2018; near Mesta River E/SE
of  Hadzhidimovo (N41°30'23"  E23°53'55",
510 m),  1 subad. ♂, 24.06.2018; on the road
NW of Slashten (N41°30'10" E24°00'28",  632
m), 1 ad. ♂, 01.07.2018; near Mesta River N/
NE of Beslen (N41°28'54" E23°58'08", 500 m),
shells of 3 eggs, 09.09.2018.

Remarks. The  subspecies  is  a  Balkan
subendemic.
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Testudo  graeca  Linnaeus,  1758  –  Spur-
thighed Tortoise

Subspecies. Testudo graeca ibera Pallas, 1814
Report. A new species for the area. There

is only one record on the road between the
villages  Bogolin  and  Valkosel (N41°32'05"
E23°58'04", 738 m, 1 ad. ♂, 22.04.2018). 

Remarks. In  other  places  in  south-
western Bulgaria,  T. graeca is also registered
in a significantly smaller number of localities
and with fewer specimens than the similar to
it  species T.  hermanni.  Such  information  is
available  for  the  territories  of Blagoevgrad
municipality (PULEV & SAKELARIEVA, 2011),
Belasitsa  Nature  Park (POPGEORGIEV et  al.,
2016), and the Natura 2000 site “Oranovski
Prolom-Leshko” (MALAKOVA et al., 2018). 

Family Emydidae Rafinesque, 1815
Genus Emys Duméril, 1805
Emys  orbicularis (Linnaeus,  1758) –

European Pond Terrapin
Subspecies. Emys orbicularis orbicularis.
Report.  Published data: “right  shore  of

Mesta River, northeastern direction from the
village  of  Beslen,  N41°28′25.76″,
E23°58′45.29″, an altitude of 443 m (in radius
of  500  m  of  the  locality),  07.09.2012”
(DOMOZETSKI, 2013). 
New data: It was found only once in a small
pool  E  of  the  town  of  Hadzhidimovo
(N41°30'45"  E23°53'44", 519  m,  1  ad.,
24.06.2018). 

Order Squamata Oppel, 1811
Suborder Sauria Mccarthney, 1822
Family Gekkonidae Oppel, 1811
Genus Mediodactylus Szczerbak  &

Golubev, 1977
Mediodactylus  kotschyi (Steindachner,

1870) – Kotschy`s Gecko
Subspecies. Mediodactylus  kotschyi

bibroni (Beutler & Gruber, 1977).
Report. “on the walls of a single building

(villa),  situated at  1100  m south-east  of the
town  of  Hadzhidimovo, by  the  road
(N41°30′22″ E23°52′15″, alt.  499 m)”, “on the
walls of St. George chapel near the Matnitsa
River mouth  (N41°30′20″ E23°53′10″, alt. 502
m)” (PULEV et al., 2014).

Remarks. The  subspecies  is  a  Balkan
subendemic. The species was searched for in all
the villages located in the gorge, but was not
registered. Recent phylogenetic studies of the
species show the need to raise the taxon  M.
kotschyi danilewskii (Strauch, 1887) to a species
rank – M. danilewskii (KOTSAKIOZI et al., 2018).
In this  situation,  M. kotschyi  remains a taxon
with very limited distribution in Bulgaria  – in
Plovdiv and its surroundings, in the basins of
Struma  and  Mesta  Rivers,  and  in  Sofia
(STOJANOV et  al.,  2011;  PULEV et  al.,  2014;
TZANKOV et al., 2015). 

Family Lacertidae Batsch, 1788
Genus Lacerta Linnaeus, 1758
Lacerta viridis  (Laurenti, 1768) –  Eastern

Green Lizard
Subspecies. Lacerta viridis viridis.
Report.  Published data: “right  shore  of

Mesta River, northeastern direction from the
village  of  Beslen,  N41°28′25.76″,
E23°58′45.29″, an altitude of 443 m (in radius
of  500  m  of  the  locality),  07.09.2012”
(DOMOZETSKI, 2013).

New data:  The species is widespread in
Hadzhidimovo  Gorge.  There  are  many
records from different localities.

Genus Podarcis Wagler, 1830
Podarcis  erhardii  (Bedriaga,  1882) –

Erhard`s Wall Lizard
Subspecies. Podarcis  erhardii  riveti

(Chabanaud, 1919).
Report.  Published data: “Ablanitsa,  alt.

600  m,  08.08.2001”,  “Slashten,  alt.  600  m,
09.08.2001”, “between  Teplen  and  Beslen,
along Mesta River at  the Rhodopean bank,
alt. 450 m, 20.10.2004” (PETROV et al.,  2006);
“right  shore  of  Mesta  River,  northeastern
direction  from  the  village  of  Beslen,
N41°28′25.76″,  E23°58′45.29″,  an  altitude  of
443 m (in  radius  of  500 m of  the  locality),
07.09.2012” (DOMOZETSKI, 2013).

New  data:  The  species  has  been
registered  many  times  in  various  parts  of
Hadzhidimovo  Gorge.  Its  populations  are
with high densities.

Remarks. The subspecies is a Balkan endemic.
Podarcis tauricus (Pallas, 1814) – Balkan Wall Lizard
Subspecies. Monotypic species.
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Report. Published data: “between Teplen
and  Beslen,  along  Mesta  River  at  the
Rhodopean bank, alt. 450 m, 20.10.2004”,  “S
of Ablanitsa, alt. 500 m, 08.08.2001”, “S from
Slashten, alt.  500 m, 09.08.2001” (PETROV et
al., 2006). 

New data: There are several records from
different parts of the study area – near Mesta
River (left  bank) NE of  Teplen (N41°29'34"
E23°57'43", 454  m),  31.03.2018;  N of  Beslen
(N41°29'04"  E23°57'40", 625  m),  (N41°28'53"
E23°57'46", 665  m),  29.04.2018,  (N41°29'06"
E23°57'48", 614  m),  19.05.2018;  near  Mesta
River (right  bank)  E  of  Hadzhidimovo
(N41°30'44"  E23°53'19",  467  m),  20.05.2018;
near  Mesta  River (right  bank),  E/SE  of
Hadzhidimovo (N41°30'18"  E23°54'03",  458
m), (N41°30'06"  E23°53'33",  470  m),
02.06.2018; W/SW of Godeshevo (N41°28'10"
E24°02'05",  665  m),  07.10.2018; E  of  Beslen
(N41°28'24" E23°58'58", 433 m), 27.10.2018.

Remarks. The species is a Balkan subendemic.
Podarcis  muralis (Laurenti,  1768) –

Common Wall Lizard
Subspecies. Podarcis muralis muralis.
Report.  A new species for the area. The

species  has  been  registered  only  in  two
localities in the beginning (northern part) of
the gorge – near Mesta River (right bank) E/
SE of Hadzhidimovo (N41°30'26" E23°53'14",
467 m,  1  subad., 20.05.2018 and  N41°30'07"
E23°53'46", 478 m, 2 ad., 02.06.2018) (Fig. 1).

Remarks. The two petrophilic species P.
muralis and P.  erhardii have  allopatric
distribution  in  Bulgaria,  including  in  the
Bulgarian part of Hadzhidimovo Gorge – P.
muralis occurs only in the less favorable for
P.  erhardii habitats  (in  this  case,  in  the
outskirts of sparse deciduous forests).

Family Scincidae Oppel, 1811
Genus Ablepharus Fitzinger  in

Eversmann, 1823
Ablepharus  kitaibelii (Bibron  &  Bory  de

Saint-Vincent, 1833) – Snake-eyed Skink
Subspecies. Unclear.
Report. A new species for the area. It was

registered only once near Mesta River (right
bank) E of Beslen (N41°28'05" E24°00'48", 418
m, 1 ad., 27.05.2018) (Fig. 1).

Remarks. Although the taxon A. kitaibelii
stepaneki  Fuhn,  1970  is  widespread  in
Bulgaria,  the  occurence  of  the  nominate
subspecies – A. kitaibelii kitaibelii in the gorge
is possible.

Family Anguidae Gray, 1825
Genus Anguis Linnaeus, 1758
Anguis fragilis Linnaeus, 1758 – Slow Worm
Subspecies. Monotypic species.
Report.  Published  data: “between

Slashten  and  Tuhovishta, alt.  700  m,
06.06.1986” (PETROV et al., 2006).

Suborder Serpentes Linnaeus, 1758
Family Typhlopidae Merrem, 1820
Genus Xerotyphlops Hedges,  Marion,

Lipp, Marin, & Vidal, 2014
Xerotyphlops vermicularis (Merrem, 1820)

– Eurasian Blind Snake
Subspecies. Monotypic species.
Report. Published data: “Hadzhidimovo

Gorge, near the mouth of Dzhambazki Dol
stream  (right  tributary  of  Mesta  River),  N
41°28′27″ E 23°58′35″, 447 m a.s.l., 04.05.2013”
(PULEV et al., 2018).

Family Psammophiidae Boie, 1827
Genus Malpolon Fitzinger, 1826
Malpolon  insignitus (Geoffroy  Saint-

Hilaire, 1827) – Eastern Montpellier Snake
Subspecies. Malpolon  insignitus fuscus

(Fleischmann, 1831).
Report. Published data: The species has

been  registered  recently  by  DOMOZETSKI
(2013) in three neighbouring locations: “right
shore of Mesta River, northeastern direction
from the village of Beslen, N 41°28′25.76″, E
23°58′45.29″,  an  altitude  of  443  m,
07.09.2012”, “Beslen Village, N 41°28′19.80″,
E 23°57′53.55″,  an  altitude  of  704  m,
08.09.2012”, “Beslen Village, N 41°28′20.21″,
E  23°58′11.37″,  an  altitude  of  642  m,
08.09.2012”. 

New data: There are several records from
different parts of the area – near Mesta River
(right  bank)  E/NE  of Teplen  (N41°29'33"
E23°57'35",  446  m),  1  juv., 19.05.2018,  1:20
pm;  W/NW  of Valkosel  (N41°32'03"
E23°58'12",  750  m),  1  subad.  road-killed,
20.05.2018;  NW  of Slashten  (N41°30'22"
E24°00'37",  673  m),  1  subad.  road-killed
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(fresh), 27.05.2018,  10:05  am;  near  Mesta
River (right bank)  S of Slashten (N41°28'05"
E24°00'52",  414  m),  1  shed  skin (ad.),
27.05.2018;  S  of Bogolin  (N41°31'55"
E23°57'19",  654 m),  1 ad. road-killed (fresh),
01.06.2018,  9:35  pm;  N  of  Godeshevo
(N41°29'13"  E24°03'05",  794 m),  1  ad.  road-
killed (fresh), 01.06.2018,  10:05  pm;  near
Mesta  River (right  bank)  E/NE  of Beslen
(N41°28'26"  E23°58'41",  440  m),  1  ad.,
14.06.2018,  12:15  pm; on  the  road  SE  of
Bogolin (N41°32'05" E23°57'44", 696 m), 1 ad.,
15.07.2018, 15:45 pm; N of Beslen (N41°28'53"
E23°57'55",  598  m),  1  shed  skin (ad.),
09.09.2018; on the road SE outskirts of Beslen
(N41°28'13"  E23°58'05",  665  m), 1  dead
subad. (fresh), 27.10.2018, 12:15 pm (Fig. 2).

Remarks. The wide spread of the species
in  the  gorge  can  be  explained  by  the
favorable  climatic  characteristics  of  the
environment.  The  good  living  conditions
allow the  species  to reach higher altitudes.
One of the localities, at an elevation of 794 m,
is  the  second  highest  registered  on  the
territory of Bulgaria. According to  PULEV et
al. (2018), Malpolon insignitus fuscus is one of
the reptile taxa which ranges delineate very
well  the  boundaries  of  the  Mediterranean
subregion in Bulgaria. As an indicator taxon,
its  distribution  confirms  the  boundaries  of
the  Mediterranean area in  the  Mesta  River
basin proposed by PULEV et al. (2018), which
confined  only  to  the  territory  of
Hadzhidimovo Gorge.

Fig. 2. Distribution of Malpolon insignitus in the Bulgarian part of Hadzhidimovo Gorge.

Family Natricidae Bonaparte, 1840
Genus Natrix Laurenti, 1768
Natrix natrix (Linnaeus, 1758) – Grass Snake
Subspecies. Natrix  natrix  persa  (Pallas,

1814) – Balkan Grass Snake.
Report. A new species for the area. The

species has been registered several times in
different  localities  –  NW  of  Beslen
(N41°28'30"  E23°57'28",  726  m),  1  subad.
road-killed, 19.05.2018; in a small pool SW of
Valkosel  (N41°30'42"  E23°58'18",  643  m),  2
ad.,  20.05.2018;  in  a  brooklet  near  Mesta
River (right  bank), E/SE of  Hadzhidimovo

(N41°30'17"  E23°54'02",  459  m),  1  subad.,
02.06.2018;  in  a  small  pool E/SE  of
Hadzhidimovo (N41°30'29"  E23°53'39", 528
m), 1 ad., 24.06.2018. 

Natrix tessellata (Laurenti, 1768) – Dice Snake
Subspecies. Monotypic species.
Report. Published  data: “right  shore  of

Mesta River, northeastern direction from the
village of Beslen, N41°28′25.76″, E23°58′45.29″,
an altitude of 443 m (in radius of 500 m of the
locality), 07.09.2012” (DOMOZETSKI, 2013).

New data: near Mesta River (right bank)
E of  Hadzhidimovo (N41°30'58" E23°53'25",
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466  m),  1  juv.,  (N41°31'14"  E23°53'10",  471
m), 1 juv., 20.05.2018.

Remarks. As an entirely aquatic species,
it  is  only  recorded  along  Mesta  River.
Besides  there  it  can  be  found  only  in  the
largest and deepest river tributaries.

Family Colubridae Oppel, 1811
Genus Dolichophis Gistel, 1868
Dolichophis  caspius (Gmelin,  1789)  –

Caspian Whip Snake
Subspecies. Dolichophis caspius caspius.
Report. Published data: “S of Ablanitsa,

alt. 550 m, 30.04.2001” (PETROV et al.,  2006);
“right  shore  of  Mesta  River,  northeastern
direction  from  the  village  of  Beslen,
N41°28′25.76″,  E23°58′45.29″,  an  altitude  of
443  m (in  radius  of  500 m of  the  locality),
07.09.2012” (DOMOZETSKI, 2013). 

New data:  There are many records from
different parts of the area – SW outskirts of
Bogolin (N41°32'19" E23°57'13", 610 m), 1 ad.
road-killed  (fresh), 22.04.2018,  6:00  pm;  E
outskirts  of Beslen  (N41°28'20"  E23°58'13",
639  m),  1  ad., 13.05.2018,  10:35  am;  near
Mesta River (right bank) E of Hadzhidimovo
(N41°31'12"  E23°53'09",  484  m),  1  juv.,
20.05.2018, 11:15 am; near Mesta River (right
bank)  E/SE  of  Hadzhidimovo (N41°30'22"
E23°54'17",  457  m),  1  ad., 02.06.2018,  11:55
am;  on  the  road  W outskirts  of Slashten
(N41°29'55"  E24°00'41",  608  m),  1  subad.,
01.07.2018, 5:25 pm; on the road in Valkosel
(N41°31'49"  E23°59'32",  770  m),  1  juv.,
19.09.2018,  4:30  pm;  on  the  road  NW  of
Slashten  (N41°30'06"  E24°00'34",  612  m),  1
subad., 19.09.2018, 3:45 pm; N of Godeshevo
(N41°29'00" E24°03'03",  788 m),  1  juv. road-
killed  (fresh), 19.09.2018,  4:05  pm;  on  the
road N of Godeshevo (N41°29'06" E24°03'07",
791 m), 1 ad., 13.10.2018, 1:50 pm.

Remarks.  The  species  inhabits  successfully
anthropogenic habitats on the territory of the gorge
-  half  of  the  observed  specimens  are  from
settlements or their outskirts. There are data about
the successful coexistence of the species with the
man from other much larger settlements in the
country – for example Russe (KOVATSCHEFF, 1912),
Plovdiv (MOLLOV & VELCHEVA,  2010),  and
Blagoevgrad (PULEV & SAKELARIEVA, 2013).

Genus Platyceps Blyth, 1860
Platyceps  najadum  (Eichwald,  1831)  –

Dahl`s Whip Snake
Subspecies. Platyceps  najadum  dahlii

(Fitzinger, 1826).
Report. A  new  species  for

Hadzhidimovo Gorge. It has been registered
several times in the area – S/SW of Slashten
(N41°28'33"  E24°00'31", 473  m),  2  ad.,
15.04.2018;  near  Mesta  River (right  bank)
NE/E of Teplen (N41°29'32" E23°57'38",  445
m),  1  ad., 19.05.2018; near Mesta River (left
bank)  E/SE  of  Hadzhidimovo (N41°30'12"
E23°53'44",  473  m),  1  shed  skin (ad.),
24.06.2018 (Fig. 1). 

Remarks. The  subspecies  is  a  Balkan
endemic. The species has been registered in
the Bulgarian part of the Mesta River valley
not long ago by I. Pashaliiski and the locality
was published by BESHKOV & NANEV (2002)
and  PETROV et  al.  (2006) as “Mesta,  Mesta
River  Valley,  alt.  650  m,  25.07.1994”.  The
exact  place  has  been  specified  by  the
discoverer (PASHALIISKI,  2004,  Gotse
Delchev, pers.  comm.).  It  is  located  to  the
north of the village of Mesta near the Mesta
River  Bridge  to  the  village  of  Gostun
(N41°46'52" E23°40'32", 686 m).  This locality
is the most northern one in the Mesta River
valley and the  only one published for  this
area till the current research.  The new data
from  Hadzhidimovo  Gorge contribute  to
specify  the  species  range  in  this  part  of
Bulgaria.

Family Viperidae Oppel, 1811
Genus Vipera Garsault, 1764
Vipera  ammodytes (Linnaeus,  1758)  –

Nose-horned Viper
Subspecies. Vipera  ammodytes  montandoni

Boulenger, 1904 – Bulgarian Viper.
Report.  Published  data:  “right  shore  of

Mesta  River,  northeastern  direction  from  the
village of Beslen, N41°28′25.76″, E23°58′45.29″, an
altitude of  443 m (in radius of  500 m of  the
locality), 07.09.2012” (DOMOZETSKI, 2013).

New data:  near  Mesta River (left  bank)
NE of Teplen (N41°29'41" E23°57'38", 514 m),
1 ad., 31.03.2018; S of Godeshevo (N41°27'06"
E24°02'50", 413 m), 1 ad., 22.04.2018.
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Remarks.  The  subspecies  is  a  Balkan
endemic. WROBEL (2004) named it  Bulgarian
Viper and this name completely corresponds
to the location of the main part of its range.
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Abstract. Base on the national herbariums deposited in the country and some authors' collections, a
review of the status of Asparagus species has been made. Information on ecology, height range and
representation  of  Bulgarian  species  in  herbarium  collections  is  updated.  The  information  is
organized in a relational database, which is an important information resource and a starting point
for  future  taxonomic  and chorological  studies.  This  study  reveals  the  state  of  the  art  and
summarizes the gaps and problems.

Key words: Asparagus, herbaria collection, SO, SOA, SOM.

Introduction
The  Asparagaceae was  first  proposed by

JUSSIEU (1789) and includes 16 genera. These
genera  are  often  perceived  as  part  of  the
Liliaceae by  some  authors  (KUNTH,  1850;
MELCHIOR,  1964;  HUBER,  1977;  CRONQUIST,
1981). The status and limits of the Asparagaceae
family has been the subject of discussion for
two  centuries.  In  our  flora  the  family  is
represented  only  by  the  type  genus.  In  the
world  flora,  the  exact  number  of  species  of
Asparagus L. is uncertain and is discussed, and
in  recent  years  it  includes  between  120-300
species  that  are  found  in  a  wide  ecological
range (KUBITZKI & RUDALL,  1998;  KUBOTA et

al., 2012; NORUP et al., 2015), distributed in the
temperate  and  tropical  regions  of  Europe,
Asia, Africa and North Australia. The genus
includes dioecious and hermaphrodite species
with  diploid,  tetra-  and  hexaploid
chromosome  levels.  The  differentiating
between  species  is  difficult  because  the
diagnostic  features  are  few,  highly  variable,
with  a  different  weight  for  taxonomic
solutions from different botanists. This is why
there is a rich synonymy that makes it difficult
to  identify  the  correct  scientific  name
(GONZÁLEZ-CASTAÑÓN & FALAVIGNA, 2008). 

In  volume  2  of  the  multi-volume
editions of Flora of the Republic of Bulgaria,
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VALEV (1964) points to  Asparagus aphyllus for
our Black Sea (Sozopol). It also includes two
ornamental species - Asparagus plumosus Baker
and  Asparagus  sprengeri Regel.  KOZUHAROV

(1992) mentions Asparagus  trichophyllus  as  a
synonim  of Astragalus  brachyphyllus.  This  is
probably the reason in the subsequent editions
on the  Flora of  Bulgaria (DELIPAVLOV, 2003;
ASSYOV &  PETROVA, 2012)  the  number  of
species  stays the same) with no notes on the
evidence  of  the  distribution  of  Asparagus
trichophyillus and  Asparagus  aphyllus. In
Taxonomy Astragalus brachyphyllus Fisch. is an
unresolved  name,  and  the  most  authors
consider  it  as  a  nomenclatural  synonym for
Asparagus trichophyllus. In our herbarium there
are no materials and because of that we do not
have  the  proper  attitude  to  synonymic
taxonomy.

From the ecological  point  of  view,  the
genus  includes  species  with  high  drought
tolerance  and different conditions,  some of
them  adapted  to  sandy  and  coastal  areas,
while  others  are  found  in  forest  habitats,
some of them adapted to steppe and semi-
desert  conditions  (NAIDU et  al., 2014).
Together  with  the  species  of  Smilax and
Ruscus,  they  characterize  vegetation  from
Mediterranean forests and play a key role in
the  ecology  and  dynamics  of  these  forests
(SCHNITZLER &  ARNOLD,  2010),  and  can
therefore  be  good indicators  of  monitoring
and forest ecosystem management.

From  an  economic  point  of  view,
asparagus species are used as vegetable and
medicinal  plants.  Some  of  these  are  known
ornamental  plants  throughout  the  world  -
Asparagus plumosus Baker, A. densiflorus Kunth,
A. virgatus Baker, A. aethiopicus, A. setaceus, A.
falcatus,  A.  scandens  (KANNO &  YOKOYAMA,
2011;  KUMAR et al.,  2016),  others are used in
medicine  and  plant  protection.  The  species
Asparagus are included in supplement 4 of the
Biological Diversity Act (2002) and Asparagus
officinalis in the Medicinal Plants Act (2000). 

Materials and Methods
The collections and herbarium collections

in  the  Bulgarian  national  herbariums  were

inspected: SOA, SO and SOM. The data from
the  accompanying  information  has  been
introduced in a specialized Asparagus database
in Bulgaria with the software product dSOA
(STOYANOV,  2009).  The  input  data  can  be
filtered  by  floristic  areas,  altitudes,  UTM
coordinates for the two grids used (10x10 km
and  50x50  km)  and  additional  criteria.  The
program has the ability to export chorologycal
data to the Atlas Florae Europeae standard.

Results and Discussion
The  subject  of  analysis  in  this  study is

information  from  the  available  355  records
taken  from  the  data  from  the  deposited
samples  in  the  national  herbariums,  the
distribution of the collections in the individual
herbarium  collections  from  the  different
floristic regions of the country is presented in
Fig. 1.

The  analysis  of  the  studied  materials
suggests  decreased  scientific  interest  in
Asparagus in general.  A proof of this is  the
lack of a large number of herb samples over
a period of more than 100 years - from 1887
to 2012, 312 samples of Bulgarian collections
were  deposited.  It  is  also  noteworthy  that
the  authors  of  the  collections  are  over  20
botanists, among them the largest number of
samples  were  collected  by:  I.
Cheshmedzhiev  (80  records);  D.  Yordanov
(30);  N.  Stoyanov (32);  N.  Vikotsevski  (24);
D.  Delipavlov  (17);  B.  Davidov  (15);  V.
Striborni  (14)  and others  botanists,  authors
of single totals, about 10 patterns are without
the author of the collection. The most intense
period  of  collection  coincides  with  the
period of active botanization and collection
of information about the first volumes of the
flora  of  the  Republic  of  Bulgaria  (between
1962-69).  All  this  suggests  the  lack  of
purposeful research within the genus, which
has led to a lagging of current information
on  the  number  of  species  and  their
distribution on the territory of our country.
Taxonomic genus  Asparagus was developed
in the second volume of Flora of Republic of
Bulgaria in 1964. After this period, the entry
of  materials  in  the  herbariums was  of  low
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intensity, both by regions and by authors of
the  collections  performed  sporadically  in
various  botanical  expeditions.  Few  are  the
new  literature  chlorological  data  on  the
occurrences of Asparagus species.

The distribution of herbar samples from
the  three  national  herbariums  by  species  is
presented on Fig. 2. 

Besides,  the  species  distributed  in
Bulgaria presented in  Fig. 1, in the national
herbariums there are also single comparative
materials of species not found in our country
(including  A.  trichophyllus; A.  brachyphyllus
and A. aphyllus). 

Based on literature data and Asparagus
samples  in  Bulgarian  herbariums  from  all
available collections (Fig. 3), it is visible that
there is uneven study on the territory of the
country.  The  horizontal  distribution  of
species in floristic regions shows the  biggest
diversity  in  the  Thracian  Lowland  (25.3%),
the Black Sea coast (16%), the Rhodopes Mts
(8.7%), North-Eastern Bulgaria (8.1%) and the
Tundzha hilly region 6.1%) plane (the largest
number  of  samples  were  deposited  from
these areas).  Few, often single materials are
deposited from the areas of Sredna Gora Mts,

Balkan Range, Valley of Strouma River, West
frontier mountains, Mt Slavyanka, Pirin, Rila
and  Strandzha Mts,  which  implies  less
species  diversity.  There  are  no  deposited
materials from the Valley of River Mesta and
Belasitsa. 

The deposited in the national herbarium
materials  of  the  genus  Asparagus collected
from the territory of  Bulgaria  are  in total  7
wild  species  and  1  cultivated.  The
distribution  of  samples  by  species  is
presented  in  Fig.  4.  The  largest  number  of
species is deposited by the species Asparagus
verticillatus (102);  A.  tenuifolius  (83);  A.
officinalis (71)  and  A.  acutifolius (65).  Few
samples  are  represented  by  the  species  A.
maritimus (18) and  A. trichophyllus (8), single
exicates are contained in the three herbariums
of the species  A. brachyphyllus  (SOM 155784;
102339) and  A. sprengeri (cultivar SO 12773).
In the three national herbariums there is only
one  deposit  specimen  A.  aphyllus,  which  is
not from Bulgarian locality but it is indicate
as widespread in Bulgaria,  in the Black sea
region  to  100  m  above  sea  level  (latitude)
SOA  4426  (Egipt,  1921)  from  ASSYOV &
PETROVA (2012).

Fig. 1. Distribution map of deposited materials of the genus Asparagus in Bulgaria - data from
herbar collections of SOM (+), SO (●) и SOA (■).
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Fig. 2. Distribution of herbar samples of the genus Asparagus in SOA, SOM and SO
by species (number of deposited samples).

Fig. 3. Quantitative distribution of the available herbal collection
of Asparagus by floristic areas.
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Fig. 4. Grouping of Bulgarian herbar samples of Asparagus in national
herbariums by species (number of deposited samples).  

By  vertical  distribution  of  the  species
composition in the country (Fig.5) the biggest
diversity is observed in the plains up to 500 m
altitude - low and rare forests, open, rocky and
bushy habitats, etc., in general, natural or semi-
natural locations. Wider range with respect to
the vertical distribution range from 0 to 2020 m
above  sea  level  is  observed  in  Asparagus
verticillatus and  A. tenuifolius from 0 to 1500 m
above sea level. In the field and foothill areas are
met A. officinalis (0-1100 m above sea level). The
field  species  reaching  the  foothill  range  in  a
vertical boundary are the species A. brachiphyllus
– until 700 m above sea level., A. maritimus and
A. acutifolius until 200 m above sea level.

Some  samples  with  inaccurate  or
incomplete  topographical  information  are  not
included in the analysis (about 72 samples).  

Regarding  the  life  forms,  the  species
distributed  in  Bulgaria  are
hemicryptophytes.  Includes  perennial  root
species  with  reduced  flake  leaves  and
filamentous  photosynthetic  structures  -
phylloclades  of  different  shape,  length.
Flowers  of  the  same-sex,  with  adhesion
perigone shapes. Fruit is fleshly, berry. The
flowering period is between May and June,
and fruiting is  July-August.  These  are  also
the  predominant  months  of  the  herbarium
collections.

0
50

100
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200
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Fig. 5. Vertical distribution of Asparagus herbaceous samples in Bulgaria (? - samples with
inaccurate or no accompanying information on the height range). 
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Conclusions 
The analysis of the literary data and the

inventory  conducted  on  the  Asparagus
species  in  Bulgaria  allows  us  to  make  the
following  summaries  and  conclusions
regarding  the  state  of  the  herbarium
collections in Bulgaria: 

 А The information on the ecological
requirements and the habitats' height range
as  well  as  the  phenology  of  the  Bulgarian
representatives  of  the  genus  Asparagus are
updated and summarized.

 The revised herbarium collections do
not give full information about the distribution
of Asparagus species in Bulgaria, or cast doubt
on the participation of certain species proven
by  single  herbal  materials.  Some  of  the
materials  have  incomplete  horology  or
inaccurate  data  regarding  the  localities.
Another part  has been deposited more than
100 years ago - not proven by contemporary
collections, which suggests limiting the range
for some of the species in Bulgaria.

 In terms of life forms, the Bulgarian
species  are  dioecious,  whit  rhizomes,
geophyites  (hemicryptophytes).  The  largest
taxonomic diversity of the genus  Asparagus
in our country is  observed in the field and
the  foothills.  In  the  upward  direction  the
number of species decreases. The horizontal
distribution  shows  a  bigger  variety  of
species  in the Thracian Lowland,  the Black
Sea coast, the Rhodopes, the Tundzha  hilly
region and North-Eastern Bulgaria.

For  the  first  time  in  the  country,  all
available  Asparagus herbar  samples  are
included in  a  relational  database,  which  is
the starting point for further theoretical and
practical  developments  concerning  the
availability  of  materials  from  Bulgarian
species in the national herbariums SO, SOA,
SOM.
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Abstract. Forest plantations with and without agroforestry practice are being analyzed. Biometric
characteristics (mean height, stem volume, volume of construction timber and total volume) are
better  in  the  case  of  agroforestry  with  2.11  m,  0.789  m³,  0.787  m³  and  0.878  m³  respectively.
Concerning the biometric parameters of the crowns (length and width) the advantages are on the
side of the plantations without agroforestry practice,  which is  explained by the lower planting
density of the tree vegetation. In the comparative studies carried out on the variation curves of
distribution of the diameters the majority of trees are in the thinner part of the mean tree diameter
in both cases (60.8% for agroforestry and 54.7% without agroforestry).  The comparative studies
carried out on the variation curves of distribution of the heights show that the curves of height
have approximately the same form and depend in certain degree of management activities. It is
observed advantage of  the  plot with agroforestry in  relation with the  higher values  of  natural
degrees  of  height  and  in  much  wider  interval  of  natural  degrees  of  thickness.The  horizontal
structure is also presented through the Stand Visualization System (SVS) program, which visualizes
the graphical distribution of the plantations according to a previously made model in Microsoft
Excel.  Improvement of the soil quality in the plantation where agroforestry has been practiced is
ascertained. The content of  more resistant humic acids in the humus composition is  higher for
sample plot with agroforestry (1.45% against 1.02%), while the content of the more mobile and
unstable fulvic acids is lower (0.65% against 0.92%). The results are a reason to recommend the
application  of  agroforestry  in  the  early  stages  of  cultivation  of  acacia  plantations,  which  is  a
highlighted advantage in relation with wood production in the future.

Key  words:  agroforestry,  variation  curves  of  diameters,  curves  of  height,  Stand  Visualization
system(SVS), soil humus composition, forest practices.

Introduction
Black Locust (Robinia pseudoacacia L.)

is  a  fast-growing  tree  species,  widely
used in afforestation of  Bulgaria,  as  one
of  the  most  cultivated  alien  species.  It
participates  in  the  forest,  protective,
alley  and  anti-erosion  tree  belts
composition.  It  is  characterized  by  high
productivity,  quality  of  medium  and

small timber and adaptability to the soil
and  climatic  conditions  of  the  country
(DONCHEV,  1968;  TSANOV et  al.,  1992).
The  species  was  conveyed  from  North
America  to  Europe  in  1601  (YURUKOV,
2003). In Bulgaria it is grown widely and
has  been  naturalized  in  many  places
(DONCHEV,  1968).  In  Northern  Bulgaria,
the  purpose  of  afforestation  with  Black
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Locust  is  mainly  the  establishment  of
wood-producing  plantations,  as  well  as
such  with  anti-erosion  and  fortification
purposes  on  eroded  terrains  with
degraded,  poor  and  dry  soils.  The
annual  increment  of  Black  Locust
reaches  6.73  m3/ha  and  it  is  an
alternative  substitute  of  beech  and  oak
wood  vegetation  (ALEXANDROVA et  al.,
1994).  It  is  breeded  easily,  has  rapid
growth and valuable  wood.  It  can  grow
on poor,  polluted and dry soils,  but  the
most  suitable  are  Fluvisol  and
Chernozems  (WRB,  2006).  It  produces
productive  and  sustainable  pure  and
mixed plantations with seed and coppice
origin  (KOSTOV et  al., 1992).  It  quickly
accumulates  biomass  in  young  ages
about  which  many  biometric  models
have  been  made  in  Bulgaria  (STANKOVA

et al.,  2016). Many plantations have been
established,  especially  in  Northeastern
Bulgaria,  where  many  strong  winds
blow  and  soil  erosion  is  available.  But
many species of these plantations remain
still  not  sufficiently  studied  in
biological,  ecological  and  forestry
aspect.

Black  Locust  successfully
participates  in  the  establishment  of  a
number  of  agroforestry  systems.  These
practices  are  a  sustainable  way  of  land
management,  in  which both agricultural
and  forest  practices  are  integrated
simultaneously on the same unit of land
(MOSQUERA-LOSADA et al., 2009). Current
conditions  for  agroforestry practices  are
favorable  in  Bulgaria  due  to  the  socio-
ecological  incentives  available  in  the
country  such  as  wide  popularization,
comprehensive  research  programs  and
preparation and education of specialists,
and  also  due  to  environmental
necessities  such  as  soil  fertility
improvement  for  example  (STANCHEVA
et  al., 2007).  Integration  of  woody
vegetation  leads  to  optimization  of  the
use  of  natural  resources  (nutrients,
water,  sunlight,  and  etc.).  Woody

perennials facilitate stability of the local
temperatures,  reducing  extreme  heats
and  ammonia  and  nitrogen
volatilization,  improve  nutrient  cycle  in
the  ecosystem,  and  prevent  nutrient
leaching through ground water  (NAIR et
al, 2009;  CARVALHO et  al., 2016;  PARDON
et  al., 2017).  In  these  ways  a  food
security,  environmental  protection  and
climate  change  mitigation  at  local  level
can  be  achieved  (MOSQUERA-LOSADA et
al., 2012;  NAIR,  2013;  MOSQUERA-LOSADA

et  al., 2017;  SANTIAGO-FREIJANES et  al.,
2018). The opposite questions concerning
the  introducing  the  agricultural  crops
into  tree  rows  of  forest  plantations  and
the role of the crops on trees growth still
remain not well examined. This is an old
practice which is applying mainly in the
first  few  years  of  the  growing  of  the
young  forest  saplings.  What  are  the
benefits  of  this  practice?  What  are  the
advantages  of  this  combination  for  the
trees  and  the  other  components  of  the
ecosystems?  Undoubtedly,  there  are
such  benefits,  because  growing  of
agricultural  crops  between  rows  of
saplings  is  one  practice  that  is  widely
applied  in  forest  enterprises.
Unfortunately,  studies  on the  growth of
tree  species  in  agroforestry  systems  are
limited in literature (HUBER et  al., 2018).
The  questions  related  to  their
productivity,  their  creation  and
management are still poorly studied.

For  the  productivity  of  woods  are
important  their  structure  according their
thickness  and  height.  Studies  in  this
direction in the world scientific literature
have been numerous and have long been
known,  with  the  first  comprehensive
summary of  the accumulated material  in
terms of regularities in the thickness was
made  by  Thyurin  in  1931  (KRASTANOV,
1968;  FEREZLIEV et  al., 2018).  More
important studies on the structure of the
woods according height were carried out
by  Thyurin,  Shifel,  Tretyakov,  Davidov,
Levin (ANUCHIN, 1982; MIHOV, 2005). 
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The  aim  of  the  study  is  to  make  a
comparative  characteristic  and  to  show
the  advantage  in  the  application  of
agroforestry  systems  by  clarifying  the
benefits for the growth of trees after the
application  of  agroforestry  practices  in
which  in  the  initial  years  of  the  life  of
the  young plantations  together  with  the
saplings are grown agricultural crops. 

Materials and Methods
The  object  of  the  study  is  a

plantations  of  2.6  ha  of  Black  Locust
(Robinia  pseudoacacia L.),  established  in
2000, in which have been set areas with a
size  of  20  m  x  25  m  (0.05  ha).  The  first
sample  plot  (SP1)  was  made  up  in  a
plantation  afforested  at  density  sheme
1.30 x 2.00 m. In this plot of 1 ha has been
practiced  agroforestry:  in  the  first  and
second  year  of  planting  the  plantations
between  tree  rows  were  grown
watermelons  and  melons.  Fertilization
with  nitrogen  fertilizer  (ammonium
nitrate)  and  care  for  Black  Locust  and
agricultural  crops  were  applied.  The
second sample plot (SP2) was created in a
plantation (0.8ha) where the Black Locust
was  planted  at  scheme  1.30  x  2.50
without  application of  agroforestry.  This
sample  plot  was  tested  for  comparison
(control) and is located in close proximity
to SP1. Both experimental plantations are
located  on  a  northern  exposure,  in  the
forested part of the slope at an altitude of
150  m  in  the  boundaries  of  the
Governmental  Hunting  Estate  (GHE)
Seslav-Kubrat  –  North-Eastern  Bulgaria
near  the  river  Danube  (Table  1).  The
saplings used for afforestation in two SPs
had been produced in the tree nursery of
the GHE and represent Bulgarian species.
The  measurements  were  carried  out  in
the autumn of 2018.

Volumes  and  timber  assortment
structure was made by program  FET 1.11
(Demo)  (EVANGELOV,  2012),  which

mathematical  model  in  relation  with
acacia plantations is based on the tables of
KRASTANOV et al., (2004a; b).

Comparative  studies  of  the  shape  of
the  curves  according  the  height  and
thickness were made, and average curves
of arrangement were calculated for sets of
plantations  (THYURIN,  1931;  KRASTANOV

et  al., 1965;  TSAKOV,  1998;  FEREZLIEV et
al., 2017; 2018). The  distribution  of  the
number  of  trees  by  absolute  degrees  of
thickness  for  the  studied  experimental
plots  and  curves  for  normal  distribution
was  obtained  through  the  Statistica
program (Six Sigma, 7).

To  investigate  the  regularities  in  the
height  structure,  the  so-called  method  of
relative heights was applied. Its essence is
that  trees  heights  are  determined  as
relative  according  to  average  height  (so-
called  natural  degrees  of  height  -  NDH)
(DAVIDOV,  1949), and the number of trees
in  different  heights  is  presented  as  a
percentage of total number of the growing
stock (KRASTANOV, 1969).

The  horizontal  spatial  structure  is
illustrated  by  the  software  Stand
Visualization  system  (SVS),  presenting
graphically  the  tree  stands  according
previously made model in Microsoft Excel
(MCGAUGHEY, 1997).

Stand  quality  class  is  determined  by
interpolating  and  using  the  tables  for
determining  the  quality  of  Black  Locust
plantations  according  Georgiev
(KRASTANOV & RAYKOV, 2004).

We studied the composition of humus
in soils using the method by  Kononova &
Belchikova  (1961) following the necessary
steps: determination of the total content of
humic  and  fulvic  acids  with  a  mixed
solution of 0.1N Na4P2O7 and 0.1M NaOH;
determination  of  aggressive  fulvic  acids
with 0.05M H2SO4. The total N is analyzed
by  the  method of  Keldal.  These  analyses
were  made  in  the  autumn  of  2018,  15
years after establishing of plantations.
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Table 1. Location and characteristics of the sample plots.

Location
Sample

Plot
(SP)

     Coordinates
Altitude

a.s.l.
m

Orientation
of SP

Exposure
Slope Age

° years

GHE Seslav SP1 N43.90052º
E 26.44102º

150 Eastern-
Western

2 18

GHE Seslav SP2 N43.90052º
E 26.44018º

150 Eastern-
Western

2 18

Dendrometrical  indicators  were
determined  by  in  situ  measurements.  Tree
height (H), the height at the beginning of the
crown (with altimeter  SUNTO PM -5/1520
PS , with accuracy of 0.5 m) and diameters at
breast  height  (DBH)  (with  accuracy  of  0.1
cm) of all trees in SPs were measured.

The mean DBH was determined by the
arithmetic basal area – formula (1):

(1) DBH=SQRT(1.274*∑G(cm)
where:

G=∑gi/ n  -  is  arithmetic  basal  area  in
sample plot (m²);

∑gi  – is the sum of the basal areas of all
the trees in the sample plot (m²); 

n - is number of trees in sample plot;
The  average  height  (Hav.)  was

calculated after the formula of Lorey:
(2) Hav. = (h1g1 + h2g2 + ……..+hngn) /( g1 +

g2 + ………+gn)(m)
where:

h  (1,2…n)  –  is  a  mean  (arithmetic)
height  of  each  degree  of  thickness  (1,2,
….n) (m); g (1,2…n)– is a basal area  for
each degree of thickness(1,2, ….n) (m²).

The mean width of the crown (Dcr(m))
and mean length of the crown (Lcr(m)) are
the arithmetic mean of crowns’ diameters of
all trees. 

Results and Discussion

Dendrometric characteristics 
Calculation  of  the  dendrometric

indicators  (average  diameter  DBH  (cm),
average height- Hav (m)) and parameters of
tree crowns (mean crown width Dcr (m) and

mean length of crowns Lcr (m)), cubing and
assortmenting  of  the  studied  Black  Locust
plantations  were  made.  The  results  are
presented in Table 2. 

In  SP1,  where  agroforestry  was
practiced,  the  meanings  of  most
dendrometric  indicators  are  better  than  in
SP2 (control). Despite the virtually identical
values of average diameter DBH, the other
dendrometric  indicators  as  stem  volumes,
volume  of  construction  timber  and  entire
trees  are  better  in  SP1  with  16.10  m3 /  ha
(7.8%), 15.74 m³ / ha (8.0%) and 17.56 m3 /
ha  (7.0%)  respectively.  In  the  area  with
applied  agroforestry  (SP1)  particullarly
indicative is the diffrence of a mean height:
the  mean  height  is  2.11  m  higher  than  in
control (17.27 m against 15.16m) and due to
that  fact  is  the  difference  in  the  timber
volume. This happens despite the relatively
denser scheme of planting in plantation with
agroforestry  practiced.  According  to  local
foresters,  the  difference  in  height  was
accumulated during the first 2 years after the
establishment  of  the  plantation,  i.e.  during
the  agroforestry  practicing  and  when  the
care  of  the  agricultural  crops  was  applied
(hoeing,  fertilizing,  weeding)  which  have
contributed to the better growth of the tree
stands.  The  less  rare  planting  scheme  in
plantation without agroforestry (SP2) reflects
the biometric parameters (mean length and
mean width) of crowns which logically have
higher  values.  For  a  more  objective
comparison  and  demonstration  of  the
advantage  of  the  agroforestry,  the
regularities  in  the  structure  according
diameter  and  height  were  ascertained  and
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compared by using the variation curves  of
distribution of these dendrometric indicators
in the studied plantations. 

The distribution of the number of Black
Locust trees by absolute degrees of thickness
for  the  studied SPs  and curves  for  normal
distribution is illustrated in Fig. 1 and Fig. 2.

When tested, the density of the normal
distribution,  i.e.  the  closeness  of  the
distribution of diameters to the normal type
according  to  the  criteria  of  Kolmogorov-
Smirnov,  (Lilliefors  (BOROVINKOV,  1998))  it
shows  that  the  smaller  value  of  the
coefficient K-S (0.08525) is in SP2 - here the
distribution  of  the  random  variables
(diameters)  is  relatively  closer  to  normal.
The probability  of  zero  hypothesis  in  both
SPs (p) is less than 0.01, so the hypothesis of
normality in the distribution of the trees in
them can not be rejected.

Study  of  the  variation  curves  for
arrangement of trees according to the degrees of
thickness and to the degrees of height

The  here  used  method  of  variation
curves  of  arrangement  of  stems  through
natural  degrees  of  thickness  (NDT)  allows
comparison of the curves of arrangement by
calculation the number of trees in separated
degrees as a percent of total number trees. 

In  Fig.  3  (a  and  b)  is  showed  the
respective variation curves of arrangement
of  the  number  of  trees  according  to  the
natural  degrees  of  thickness  obtained  as
parts of the mean diameter (Table 2), which
is accepted as a unit.

It  is  interesting  to  compare  the
variation  curves  of  plantations  managed
differently.  In  the  present  study,  such  a
comparison  is  made  by  comparing  the
shape of the variation curves presented as a
percentage  arrangement  of  the  trees
according  to  the  natural  degrees  of
thickness  to  their  total  number  in  the
respective  sample  plot  (Fig.  4)  and  by
analytical  comparison  of  the  analysed
arrangements according to the diameter. 

The  variation  curves  of  the  trees
arrangement according to the thickness in

the studied plots have a typical asymmetric
course  (Fig.  4),  with  clearly  discernible
maximums  of  curves.  In  SP1  the
arrangement  of  the  Black  Locust  trees  is
closer to the normal one (NDT from 0.4 to
1.7)  and  it  is  observed  the  maximum  in
NDT 0.6 (13.1%), which is also maintained
for  NDT  0.7  -  to  the  left  of  the  average
diameter.  In  SP2  saturation  of  trees  is
observed in a wider range (NDT from 0.4 to
1.8), as the maximum here is lower (11.3%)
and  again  to  the  left  of  the  average
diameter (in NDT 0.6). 

In  both  cases,  most  of  the  trees  are
located in  the thinner part  of  the  average
tree diameter (60.8% for SP1 and 54.7% for
SP2),  so  the  right–hand part  of  the  curve
has  a  smoother  move  and  the  leftpart  –
steeper move.

In the  central  degrees  of  thickness  are
concentrated  almost  equal  percentage  of
trees  (average  for  the  three  central  NDT  -
9.8% for  SP1 and 9.5% for SP2),  which are
close  to  the  values  (decrease  by  0.5%  and
0.8% respectively)  of  the  number  of  stems
(10.3%) determined by DUHOVNIKOV & ILIEV

(1957). The  average  degrees  of  thickness,
represented by the largest number of stems,
increase  the  quantity  of  the  large  and
medium  sorting  in  the  plantation
(LOGVINOV,  1956;  FEREZLIEV et  al., 2018).  In
this  case,  the  small  percentage  of
participation  confirms  the  established
assorting  structure,  where  the  sortings  are
from  III  to  VI  class  (middle  and  small
construction timber) - Table 2. 

The calculated parameters of Skewness
and Kurtosis of distributions the number of
trees  according to  the  degrees  of  thickness
and  their  standard  errors  are  presented  in
Table 3. 

The  values  of  skewness  in  the  SPs  is
greater  than  0,  which  confirms  that  the
distributions  are  mostly  displaced  to  the
right-hand  part  (the  curve  is  tilted  to  the
left).  Such abnormalities are often found in
natural forests and plantations with one and
the same ages (FEREZLIEV et al., 2018; TSAKOV

et  al., 2018).  In  both  areas,  the  values
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obtained  by  dividing  coefficients  of
skewness to their standard errors are greater
than the limit of 1.96.

The  arrangements  of  the  diameters  is
carried  out  on  curves  which  diminish  the
normal  distribution  curves  to  a  small
degreein their uppermost parts . Criteria for
this  are  the  Кurtosis  of  the  arrangements
according  to  diameter  in  both  plots  which
are negative (-0.265 and -0.581 respectively)
and small by values. It can be assumed that
the  reason  for  the  deviations  from  the
normality  of  the  tree  arrangements
according to the degrees of thickness is their
right-hand skewness.

In general,  the graphs of  the variation
curves  and  the  analysis  of  the  statistical
indicators  and  Kurtosis  show  that  the
distributions  according  to  the  diameter  in
both cases are displaced mainly to the right-
hand  of  the  mode  (the  curves  have  a
characteristic  asymmetric  move  and  are
inclined to the left in both cases). In SP1 with
applied  agroforestry  the  peaks  are  higher
and  cover  a  wider  range  with  respect  to
natural degrees of thickness.

In  Fig.  4,  a  comparison  also  of  the
variation  curves  of  percentage  distribution
of  the  number  of  trees  in  the  investigated
sample plots according to natural degrees of
thickness  with  the  uniform  variation
distribution curve (after THYURIN, 1931) was
made.  Both  experimental  plots  have
significant deviations from the course of the
uniformvariation  curve  (which  is  situated
almost  symmetrically  towards  average
diameter). In both cases the curves of the SPs
show  lower  peaks  and  more  prolonged
intervals. The variation curve of SP2 differs
from that of SP1 and Thyurin as far as the
right-hand  move  is  concerned,  where  it
exceeds with one NDT, reaching 1.8. 

In order to examine the peculiarities of
in the height structure, the so-called method
of relative heights  was applied.  Its  essence
lies in the fact that tree heights are defined as
relative  in  terms  of  the  mean  height  (i.e.
natural degrees of height - NDH) (DAVIDOV,
1949)  and  the  number  of  trees  at  different

heights is given as a percentage of the total
number of trees (KRASTANOV, 1969). Curves
of percentage arrangement of the number of
Black Locust trees according to the NDH in
both SPs are obtained (Fig. 5). In the height
structure the attention is directed mainly to
curves  of  heights  and mean heights,  using
the  well-known  correlation  between
diameter  of  trees  and  their  height.  Fig.  6
shows  the  height  curves  for  the  two  SPs
according  to  NDH  and  NDT  (in  relative
numbers), as well as the equal curve for each
one of them.The equal curves of heights give
the  opportunity  to  compare  the  height
curves for SPs with the unified height curve
of Thyurin (Fig. 7). Fig. 7 clearly shows that
the move of the mean curves in both SPs in
the range of NDT from 0.4 to 1.8 is identical
but  differs  substantially  from  the  unified
curve of Thurin (for NDT from 0.5 to 1.7).

The  range  of  variation  of  relative
heights  according  to  natural  degrees  of
thickness is  approximately the same and is
determined from 0.3 (for NDT 0.4) to 1.4 (for
NDT 1.8)  for  SP1 and in  a  slightly  shorter
interval for SP2 (from 0.3 (for NDT 0.4) to 1.2
(for NDT 1.8)) and is more significant than
for Thyurin (from 0.8 (for NDT 0.5) to 1.15
(for NDT 1.7). 

A  study  of  the  height  structure
confirmes the published by Thurin that the
curves  of  heights  of  the  trees  have
approximately the same shape and depend
to  a  certain  extent  on  the  forestry  activity
(MIHOV, 2005). An advantage of the SP with
agroforestry  is  observed  in  relation  to  the
higher  values  of  natural  degrees  of  height
and in a broader range of natural degrees of
thickness.  Unlike  Thyurin's  claims,  due  to
observed  differences  in  relation  with  his
unified curve (wider ranges of variation and
better  natural  values  of  NDH  and  NDT)
probably  along  with  age  and  made
management  activity  on  the  curves  of
heights do an affect also the tree species, as
well as the site conditions. 

The  availability  of  information  on  the
overall  move  of  curves  of  thickness  and
height is useful for forestry science as it can
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be used to develop a forest simulation model
for  comparing  of  plantations  with  and
without applied agroforestry. 

Spatial structure of the stands 
Spatial structure of the tree stands is a

driving  factor  for  growth  processes  and
competition in  them.  Every  impact  on tree
stands is primarily a change in their spatial
structure (ALEXANDROV, 2015,  pers. comm.).
The  location  of  the  trees  in  space  is
illustrated  by  the  software  Stand
Visualization  System  (MCGAUGHEY,  1997),
which  is  a  relatively  modern  approach  in
forest  science  (ALEXANDROV,  2015,  pers.
comm.). For the purpose, a local coordinate
system has been developed within each SPs,
where  the  co-ordinates  of  all  trees  are
determined as well as the coordinates of the
horizontal projection of their crowns in the
four directions. In this way is illustrated the
spatial  horizontal  structure  that  presents
graphically  the  plantations.  This  computer
product makes it possible to create a visual
image  of  the  forest  section  through  the
mentioned available and measurable on the
terrain  data.  In  the  United  States,  for
example,  the  software  is  most  commonly
used  by  forest  owners  and  designers  to
display  a  representative  area  of  forests
(BARRETT et al., 2007). 

On the basis of the measurements made
in the SPs and on the created on this basis
incoming  files  with  data,  the  following
graphic  images  were  produced,  presenting
the spatial  structure of  the SPs (Fig.  8  and
Fig. 9). As the SPs are of the same form and
size, a visual assessment of the differences in
the structure of the studied forest plantations
can be made in the two selected cases (with
and  without  applied  agroforestry).  The
profile diagrams obtained with the program
can not be used for direct analysis but they
show the location of  the trees in the space
(ALEXANDROV,  2015,  pers.  comm.)  and  the
result of the application of the agroforestry
in SP1,  which is  resulted in a more visible
horizontal structure in this plot.

Improving  the  soil  environment  after
applying agroforestry practices

The  site  conditions  have  influence  on
the tree growth. From special importance is
the  soil  environment.  The  results  of  soil
analyses are presented in Table 3. The soils
in both SPs have slightly acid reaction. The
total  carbon  in  soil  surface  layers  is  with
high  content  with  weakly  higher  value  in
SP1 (4.58%). The total nitrogen is also higher
in SP1 where agroforestry was applied. The
C/N ratio is an important factor in assessing
the  degree  of  humification  of  the  organic
matter  in  the  soil.  If  the  ratio  is  less,  the
mineralization  is  faster  and  the  humus
system  is  more  mature.  At  C/N  <  14  the
humus system is  defined as  Mull,  between
14  ÷  25  as  Moder,  and > 25  as  More.  SP1
(with agroforestry)  has ratio much close to
25  and  this  shows  that  the  conditions  of
organic substances decomposition are much
better  in  comparison  with  SP2  (without
agroforestry) where the ratio has very high
value. Especially better data has the SP1 in
relation  with  soil  humus  composition.
According  the  method  of  Kononova-
Balchikova soil  humus in relation with the
solvent  in  which  soils  substances  are
dissolved, is divided into humic acids, fulvic
acids  and  humin.  The  humic  acids  are
dissolved in  NaOH but  do not  dissolve  in
HCl.  They  are  basicly  carboxylic  acids
containing benzene nuclei in their molecule.
This  is  the  stable  part  of  soil  humus
(KONONOVA & BALCHIKOVA, 1961). The more
humic  acids,  the  more  organic  matter  is
more  stable  in  the  soil.  In  contrast,  fulvic
acids are the mobile and more unstable part
of the humus in the soil and dissolve in both
NaOH  and HCl.  The  insoluble  part  of  the
humus substances is  the humin in the soil.
The data shows that a better composition has
the humus in SP1 - the humic acids are more
in comparison to  SP2,  and the fulvic  acids
are  less.  It  is  particularly  indicative that  the
amount of the most mobile and unstable part
of the soil - that of "aggressive fulvic acids" - is
higher in soils of SP1 than in SP2 (with 0.01%).
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Therefore, agroforestry practices have played
a positive role in improving the conditions of
the  soil  environment,  contributing  to  the
better  development  of  the  existing  tree
vegetation. These results support the opinion
of other authors regarding agroforestry as an
opportunity  to  improve  the  soil  properties
(NEUPANE,  & THAPA,  2001;  GUO et al., 2018;
CHEN et al., 2019).

Guidelines  for  the  management  of  black
locust plantations

The scheme of afforestation in the two
SPs is different - in SP1 it is denser (with 70%

of  the  originally  afforested  saplings  is
presented,  and  SP2  is  less  common  (with
significantly  more  surviving  trees  -  87%)
This is explained by agricultural activities in
SP1, which is also related to the thinning of
the tree plantation.  In planting and hoeing
the watermelons during the first two years
after  the  establishment  of  the  plantation,
workers  unintentionally  destroyed  nearly
20% of the Black Locust saplings.

If  the  goal  is  to  produce  firewood  at
rotation  ages  15-20,  then  both  SPs  have
reached these ages,  and logging can occur.
The total stock in SP1 is  bigger  than  in  SP2

Table 2. Dendrometruc characteristics of sample plots.

Sam
ple plot (SP)

A
verage D

iam
eter
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verage height

M
ean length of
the crow

n

M
ean d

iam
eter of

the crow
n

Stand
 quality class

Stem
 volum

e

ASSORTMENT STRUCTURE OF STEMS 

V
olum

e of the branches

V
olum

e of the w
hole

trees

Medium construction
timber (MCT)

Small
constric-

tion
timber
class VI

Total
constric-

tion
timber

DBH Нav Lcr Dcr V stem Class
III

Class
IV

Class
V

Total
MCT

сm m m m m³
m³/ha m³ m³ m³ m³ m³ m³

m³/ha m³  m³ 
m³/ha

SP1 10.9 17.27 7.98 3.04 I 10.323 
206.46 0.074 1.349 4.979 6.402 3.430 9.832

196.64 2.168 12.491
249.82

SP2 11 15.16 8.01 3.55 II 9.518 
190.36 0.075 1.447 4.646 6.168 2.877 9.045

180.90 2.094 11.612
232.24

Table 3. Descriptive statistics of the trees in the sample plots.

SP
Valid number of

trees (N) Skewness
Std. Err.

Skewness

Skewness÷
Std. Err.

Skewness
Kurtosis

Std. Err.
Kurtosis

Kurtosis÷
Std. Err.
Kurtosis

SP1 135 0.677 0.208 3.25 -0.265 0.414 -0.64
SP2 134 0.445 0.209 2.13 -0.581 0.415 -1.40

Table 4. Soil properties in sample plots.

SP pH C% N% C/N C in humic acids (%) C in fulvic acids (%) C in aggressive
fulvic acids (%)

C in residue
(humin)

SP1 6.01 4.58 0.16 29 1.45 0.65 0.05 2.86
SP2 6.09 4.36 0.10 44 1.02 0.92 0.06 3.17
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Fig. 1. Distribution of the number of trees in SP1 (a),
by degrees of thickness and curve of the normal distribution.
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Fig. 2. Distribution of the number of trees in SP2 by degrees of thickness and 
curve of the normal distribution.
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a

b

Fig. 3. Variation curves of distribution of the number of trees in SP1(a) and SP2 (b)
by natural degrees of thickness.
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Fig. 4. Comparison of the obtained variation curves of the number of trees in SP1 and SP2
with the uniform variation distribution curve of Thyurin.
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Fig. 5. Variation curves of percentage distributions of the number of trees in
sample plots by natural degrees of height.
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a

b

Fig. 6. Curves of heights in relative numbers for SP1 (a) аnd SP2 (b).

Fig. 7. Comparison of the mean curves of the heights in the investigated sample plots with
the mean unified curve of the heights of the Tyurin.
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Fig. 8. Spatial Structure of SP1 – in perspective, in profile and from above.

Fig. 9. Spatial Structure of SP2 – in perspective, in profile and from above.

(Table 2) and, besides the fact that in this SP,
a certain amount of agricultural output has
been obtained in the first two years, also a
higher amount of wood will be harvested. 

If  it  is  intended  to  produce  large
construction  wood  in  rotation  period  30
years,  it  is  necessary  to  be  done  a  single
selecting  thinning  at  the  moment.  Its
intensity  should  be  up to  35% of  the  total

volume  and  the  stocking  rate  should  be
reduced  to  the  0.6  -  0.7.  The  trees  of  the
future  are  chosen  and  grown,  and  the
inferior  specimens that  compete with them
are removed. The degree of distortion of the
stem the Black Locust  is  dependent on the
hierarchy of the individuals in the tree stand,
which is most pronounced in the case of the
oppressed specimens, but is also genetically
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depending.  In  this  case,  SP1  again  has
priority over SP2. On the one hand, a slightly
larger yield in SP1 will be obtained due to its
larger total volume. What is more important,
however, is that growth in height in SP1 is
significantly more advanced and woodland
is  already  entering  the  growth  stage  in
diameter, while in SP2 it is still in the growth
stage  in  height.  In  SP1  the  process  of
differentiation is more pronounced and the
trees of the future are more clearly outlined.
In  their  cultivation  they  will  react  more
quickly  and  will  begin  to  accumulate  a
growth  in  diameter,  what  is  the  forestry
goal.  In  this  case,  in  both  SPs  are
recommended  periodically  performing  a
pruning to form a stem section with a length
of 4-6 m. The crown should not be reduced
by more than 1/3 of the total height. Overall,
it  can be  concluded that  the  application of
agroforestry  practices  facilitates  and
improves the production of wood.

Conclusions 
Agroforestry  is  an  economically

efficient  combination of forestry with plant
and / or livestock breeding. And while the
agricultural part of it can change every year
or even a few months (depending on the life
cycle of the crop used), the management of
its wood component has a much longer and
more  complex  character.  With  wood
components can also achieve a broad range
of  goals:  industrial,  environmental,  social,
landscaping,  etc.  Particularly  suitable  for
agroforestry  systems  is  white  Black  Locust
(Robinia  pseudoacacia L.).  With  applied
agroforestry system, the  significance  of  the
dendrometric  indicators,  which  are  criteria
for qualitative and quantitative productivity,
are  greater  in  the  area  with  agroforestry
where  there  is  a  concentration  of  larger
volume (including construction) wood. The
comparative  characteristics  done,  the
established  features  in  the  diameter  and
height  structures  and  the  established
horizontal  structure  together  with  the
improved soil  conditions in the plantations
where  agroforestry  is  practiced  show  the

advantages  of  practicing  this  form  of  land
use,  where  in  the  cultivation  of  acacia
saplings  in  the  initial  years  of  the
development  of  plantation  between  tree
rows can be grown appropriate agricultural
crops.
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Abstract. The  breeding  density  of  the  Grey  Partridge  in  Sakar  Mountain  is  1.23±0.19  (1-1.53)
breeding pairs/km2. The brood size is 11.9±3.87 (3-21) ind./successful breeding pair. The breeding
density of the grey partridges in the study area has been marked by  peaks over several years,
which are preceded by an increase in the average brood size.  The reproductive success is 2.97
young per adult bird. There is a significant positive correlation between the brood size and the
number of days with rainfall in July. There is a significant moderate positive correlation between
the brood size and the area of the sunflower crops.

Key words:  breeding density, demographic parameters, agricultural crops, open habitats, habitat
variables.

Introduction
The decline of biodiversity in open habitats

predominantly with agricultural land is a fact
in  Europe.  Populations  of  common  species
similar to those of the Grey Partridge (Perdix
perdix)  decrease  with  the  intensification  of
agricultural practices (BRO et al., 2000; DONALD

et al., 2001; VERHULST et al., 2004; VICKERY et al.,
2004;  KUIJPER et al., 2009;  FARAGÓ et al., 2012;
Birdlife International, 2016). As a result of the
changes in their habitat structure, the European
population  of  Grey  Partridge  has  been
decreasing  since  the  mid-1950s  (POTTS, 1986;
POTTS & AEBISCHER, 1994; MERIGGI et al., 2002).
The  species  is  included  in  SPEC  3  with  an
unfavorable  conservation  status  in  Europe
(TUCKER &  HEATH 1994;  AEBISHER &
KAVANAGH, 1997) and is Least Concern (LC)
according to Birdlife International, (2016).

In  Bulgaria  the  Grey  Partridge  was
numerous in the 19th and the beginning of the
20th centuries  in  all  the  plain  and  semi-
mountainous parts of the country. After 1985
there  was  a  decrease  in  the  population
density  (GERASIMOV &  MITEV, 2007).  At
present,  it  is  under  the  regime  of
Conservation  and  Regulated  Hunting
(Bulgarian Biodiversity Act, Annex 4).

A  number  of  studies  have  established
relations between certain weather factors and
the  population  indices  of  Grey  Partridge
populations  in  different  regions  of  Europe
(FARAGÓ, 1998;  MILANOV, 1998;  DONALD et
al., 2001; AEBISHER & EWALD, 2004;  ROSIN et
al.,  2010;  BARBAZYUK &  CHIBILYOV, 2017).
They  show  differences  in  the  effect  of  the
same factors in different parts of the areal of
the Grey Partridge. Probably the relationship
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between  the  weather  factors  and  the
population variables  is  compounded by the
influence of other environmental factors. This
makes  the  study  of  these  interactions
complicated and often difficult to understand
(BIBBY et al., 1998).

During  the  recent  decades,  there  has
been  an  increasing  focus  on  the  impact  of
agricultural  practices  on the  Grey Partridge
population in open habitats  (MERIGGI et  al.,
1992;  PANEK, 1997;  AEBISHER & POTTS, 1998;
DE LEO et al., 2004).

The aim of this study is to establish the
dynamics of the density of the Grey Partridge
on the  territory  of  the  Sakar  Mountain  (SE
Bulgaria)  and  to  determine  the  impact  of
weather elements and some habitat variables
on  the  demographic  parameters  of  the
population.

Materials and Methods
Study area
Sakar is a low mountain in Southeastern

Bulgaria. It is enclosed by the rivers Maritsa,
Sazlijka,  Tundzha  and  Sinapovska
(STOYCHEV, et  al.,  2008)  (Fig.1).The  relief  is
hilly  and  slightly  folded.  The  climate  is
Continental-Mediterranean.  The  average
annual  temperatures  are  between  8  and
13.50C.  The  annual  rainfall  is  500-900  mm,
with winter maximum and summer autumn
minimum.  The  snow  cover  is  at  least  the
same amount as in all other areas of Bulgaria
(KOPRALEV, 2002). The natural vegetation is
represented  by  xerothermic  Oak  forest,
which  in  most  of  the  mountain  has  been
replaced  with  arable  land  and  secondary
vegetation  represented  by  Christ  Thorn
(Paliurus spina-christi) mixed with Jasminum
(Jasminum  fruticans)  and  xerothermic  grass
formations  with  a  predominance  of  Belize
(Dichantieta  ischaemi)  (BONDEV, 1991;
GRUYCHEV, 2014, perss. com.).

The  Sakar  ornithofauna  is  represented
by 253 bird species, which characterizes the
mountain  as  one  of  the  richest  and  most
important bird areas in Bulgaria (STOYCHEV
et al., 2008).

Field methods
The breeding density was determined by

linear  transects  and  the  reproduction  of  a
male  partridge  song  during  March  –  May
(Fig.1).  In  July –  September,  the  brood size
and  the  number  of  successfully  breeding
pairs were estimated once again in the same
transects. A dog (typical German wirehaired
pointer) was used in each transect to reduce
the  likelihood  of  errors.  This  method  is
suitable  for  species  that  are  easily
recognizable but at the same time mobile and
in low density (BIBBY et  al.,  1992). The field
visits were during the first three hours after
sunrise and the last three before sunset when
the  activity  of  the  Grey  Partridge  was  the
greatest. The average length of the transects
was  3.96±1.73  (1.5  –  7)  km,  and  the  strip
width  was  100  m.  This  was  the  average
distance between the dog and the observer, as
well as the distance reached by the sound of
the  playback  device.  The  breeding  density
was determined by the maximum number of
pairs  reported  in  each  transect  for  all
observations  in  March  –  May,  and  it  was
subsequently calculated over an area of 1 km2

(BIBBY et  al.,  1992).  The  average  brood  size
was calculated by the number of  fledglings
per adult pair. In cases where one adult bird
was observed, the number of the fledglings
was once again calculated per adult pair (only
the number of successfully breeding pairs has
been  taken  into  account).  The  reproductive
success of  the population was calculated as
the number of fledglings per adult partridges,
including  non-breeding  or  unsuccessfully
nesting  birds.  The  brood  production  rate
(BPR)  is  a  percentage  of  pairs  reproducing
successfully (ROSIN et al., 2010).

Weather
Climate data for each year were collected

from  the  nearest  weather  stations  in  the
surveyed  area  (Svilengrad,  Elhovo,
Kolarovo).  Then  we  calculated  the  average
monthly  temperatures;  minimum  and
maximum  monthly  temperatures;  monthly
rainfall  amounts;  number  of  days  with
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rainfall; monthly number of days with snow
cover.

Habitat variables
Data  on  the  habitat  variables  in  the

transects surveyed were collected every year
during  the  entire  study  period.  For  each
transect,  the  areas  occupied  by  different
agricultural  crops  (wheat,  barley,  triticale,
sunflower,  rapeseed,  tobacco)  in  their
percentage distribution were determined, as
well  as the percentage of orchards,  shrubs,
meadows, and pastures.

Statistical analyses
We compared  the  density  in  each  year

using  the  Kruskal-Wallis  test.  We  used  a
Pearson  product  moment  correlation  to
establish the associations among all weather
and habitat variables. In the second order, we
used  the  uncorrelated  variations  to
relationships  among  weather,  habitats,  and
population  variables.  We  separately  tested
the density and brood size with the weather
and  habitat  variables  with  partial  product
correlations.  All  statistical  procedures  were
performed using PAST (HAMMER et al., 2001).

Results and Discussion
The  breeding  density  is  1.23±0.19  (1-

1.53)  breeding  pairs/km2 (Fig.  2).  The
breeding  density  of  the  grey  partridges  in
the  study  area  has  been  marked by  peaks

over several years, which are preceded by an
increase  in the  average brood size  (Fig.  3).
The density in September is 15.4±6.14 (9-37)
ind./km2. It follows the trend of peaks and
dips  similar  to  the  breeding density of  the
species.The  brood  size  is  11.9±3.87  (3-21)
ind./successful  breeding  pair.  The
reproductive success is 2.97 young per adult
bird. The breeding density during 2017-2018
was  higher  than  that  during  the  previous
years  (Kruskal-Wallis  chi  square  =  5.54;
p<0.01).  There  is  a  significant  positive
correlation between brood size and breeding
density in the following year (r=0.657; n=50;
p<0.001). The two variables follow the same
trend. The average BPR is 51.14±7.59 (33.3 –
60%) and there is no relationship between it
and the annual breeding density and brood
size (r=-0.28; n=10; p=0.43).

The partial correlation shows that there
is a significant positive correlation between
the brood size and the number of days with
rainfall  in July (r=0.63;  t=2.31;  p=0.04) (Fig.
4).  No  reliable  dependences  between
breeding  density,  brood  size,  and  other
weather variables were found (Table 1).

There is a significant moderate positive
correlation between the brood size and the
area  of  the  sunflower  crops  (r=0.317;
p=0.025) (Fig. 5, Table 2).

No  other  significant  relationships
between  population  and  habitat  variables
were found.

Fig. 1. Study area and distribution of transects in grey partridge habitats.
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Fig. 2. Dynamics of breeding density in Sakar Mountain by the period 2007-2018
(between 2012 and 2014 data is missing).

Fig. 3. Dynamics of brood size and breeding density (pair/km2) of Grey Partridge in Sakar
Mountain in period 2007-2018 years. (in figure was seen average brood size from every year

and average annual breeding pairs per km2).
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Fig. 4. Brood size vs. day with precipitation July in study area by the study period. (ordinate
values are given as distance weighted of least squares).

Table 1. Partial correlation between weather variable and density and brood size.

Variable
s

Density Brood
r p r p

T May 0.07 0.85 0.30 0.39
T June 0.15 0.68 -0.08 0.82
T July -0.21 0.56 -0.42 0.23
Precip.

May -0.34 0.33 -0.60 0.07

Precip.
June

-0.16 0.67 -0.23 0.53

Precip.
July 0.37 0.29 0.49 0.15

T Jan -0.51 0.14 -0.15 0.68
T Feb. -0.32 0.36 -0.39 0.26
T Mar. -0.17 0.65 -0.79 0.06
Precip.

Jan -0.27 0.44 -0.02 0.96

Precip.
Feb 0.18 0.62 0.69 0.06

Precip.
Mar. -0.12 0.75 -0.11 0.77
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min. T
Jan. -0.50 0.14 -0.13 0.71

min. T
Feb. -0.25 0.49 -0.14 0.70

min. T
Mar. -0.21 0.57 -0.66 0.07

Day
snow Jan 0.34 0.34 0.53 0.12

Day
snow
Feb.

0.26 0.47 0.94 0.07

Day
snow
Mar.

0.54 0.11 0.80 0.06

day with
prec.
may

-0.41 0.24 -0.27 0.46

day with
prec.
june

0.40 0.25 0.10 0.79

day with
prec.
july

0.52 0.12 0.63 0.04

In  the  past,  the  Grey  Partridge  was  a
numerous species in Bulgaria. In the 1930s,
the average annual shooting ranged between
225 and 230 thousand individuals. In 1942-43
it dropped sharply to less than 50 thousand
birds  per  year  (BOTEV, 1962).  These  data
show  a  decrease  in  the  population  in  the
middle  of  the  past  century.  This  reduction
has been sustained since 1985, and the latest
data from the beginning of the new century
report  decreasing  trends  of  the  population
(GERASIMOV & MITEV, 2007).

The breeding density in this study is lower
than the  one estimated in  parts  of  Northern
Bulgaria in the middle of the past century – 14.4
ind./km2 (BOTEV, 1962).  The  same  author
reported a density of single pairs/km2 in single
cases  in  Northern  Bulgaria.  The  breeding
density in the Sakar Mountain  is even lower
than the one established in some parts of the
Thracian Plain  (MILANOV, 1991,  pers.  comm;
ANGELOV, 2017, pers. comm.).

The density of the Grey Partridge in the
present  study  is  lower  than  the  average

observed in a number of European countries
(KUGELSCHAFTER & RICHARZ, 2001;  SÁLEK et
al.,  2004;  BRO et al.,  2005; ROSIN et al.,  2010;
BRO et  al.,  2014)  but  it  is  close  to  the  one
estimated  in  the  mountainous  habitats  of
Greece (ALEXIOU et al., 2005) and some parts
of  the  Czech  Republic  (SÁLEK et  al.,  2002),
Poland (PANEK, 2006), and Spain (PURROY &
PURROY, 2016) as well as certain regions of
France (BRO et al., 2005). The dynamics of the
breeding  density  is  similar  to  the  one
established  by  earlier  studies  (POTTS &
AEBISHER, 1994)  and  no  decreasing  trends
have  been  observed  within  the  survey
period.  The  annual  breeding  density  is
influenced by the brood size in the previous
year, similar to the results reported by ROSIN

et  al.,  (2010).  Compared to the neighboring
regions of Bulgaria, the density of the Grey
Partridge  during  this  study  in  September
yielded results  close to the  ones in several
mountains  in  Greece  (ALEXIOU et  al.,  2005)
and lower than the ones in certain areas of
Macedonia  (MALETIC et  al.,  2013).  Probably
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this is  due to the capacity of the habitat in
the Sakar Mountain.

The  brood size  (11.9)  is  similar  to  the
one in Northern Bulgaria from the middle of
the past century – 7 young/ad. ind. (BOTEV,
1962) but it is higher than the one reported
for  the  Thracian  Plain  (Central  South
Bulgaria)  -  7.3  young/ad.  pair  (ANGELOV,
2017,  perss.  com.).  The  large  brood size  in
this  study probably results  from the  lower
breeding density.  The reproductive  success
is  negatively  correlated  with  the  spring
density (MONTAGNA & MERIGGI, 1991). The
reproductive  success  in  this  study  is  2.97
young per adult partridge and is similar to
the one established in South Bulgaria in the
1990s (MILANOV, 1991, perss. com.). Despite
the  relatively  high  brood  size  and
reproductive success, the breeding density of
the Grey Partridge remained relatively low
during the survey period. This result could
be due to differences in the habitat quality or
more  significant  losses  leading  to  a  lower
density of partridges.

Breeding  success  and  BPR  fall  within
the  range  of  those  established  in  other
European populations (MERIGGI et al.,  1992;
PANEK, 1997; PANEK, 2006; ROSIN et al., 2010).
In  the  present study,  there  is  no  relation
between BPR and the population variables.
In other similar studies, BPR varies between
28 and 75% and decreases with the increase
in population density (PANEK, 1997). BPR is
smaller in hand-reared partridges than in the
present  study and bears  no relationship to
breeding density (ROSIN et al., 2010). In our
study,  there are no large differences in the
breeding  density  during  the  study  period,
which is the probable reason for the lack of
any  significant  relations  between  BPR  and
breeding density. Over the past 2 years, the
breeding  density  has  been  higher,  which
could lead to a decrease of BPR in the future.

Weather elements can have a direct and
indirect impact on the populations of hand-
reared birds (ROSIN et al., 2010). Heavy rains
may have an adverse impact  on the clutch
size  and chick survival  rate.  Females  often
abandon their nests after torrential rains and

strong  winds,  especially  when  they  are
nesting  in  cereals  (BRO et  al.,  2000).  Heavy
winters  and  cold  springs  can  reduce  the
spring  population  density  (MONTAGNA &
MERIGGI, 1991; ROTELLA et al., 1996; GABBERT
et  al.,  1999).  Cold  weather  in  spring  may
slow the  growth of  vegetation and lead to
poor  hiding  of  nests  and  large  losses
(MERIGGI et al., 1990). During our study, no
extreme  amounts  of  precipitation  were
reported. The location of the Sakar Mountain
determines  the  minimum  precipitation  in
spring  and  summer  as  well  as  the  high
summer temperatures (KOPRALEV, 2002).  In
some Mediterranean countries, high summer
temperatures  tend  to  reduce  breeding
success and increase the risk of predation in
adult  birds  (VILLANÙA et  al.,  2005).  The
frequent rainfall in small amounts in spring
and summer contributes to the growth of the
grass and the better hiding of the nests.  In
addition, hatchlings’ shelters are increasing,
which  is  the  possible  cause  of  a  relation
between brood size and the number of days
of precipitation in July. Although a number
of  studies  on  the  Grey  Partridge  point  at
winter and spring temperatures, rainfall and
other  factors  affecting  the  demographic
parameters of the Grey Partridge (MERIGGI et
al.,  1990;  MONTAGNA &  MERIGGI, 1991;
ROTELLA et al., 1996; GABBERT et al., 1999; BRO
et al.,  2000;  ROSIN et al.,  2010), we have not
found any other weather elements impacting
the Grey Partridge population. This is due to
the  relatively  warm  winters  and  high
average temperatures in the studied area, or
the  influence  of  other  factors  affecting  the
Grey Partridge populations.

The  relationship  between  brood  size
and  the  percentage  of  sunflower  crops  is
probably associated with the availability of
shelter and better food supply in August and
September  compared  to  other  parts  of  the
habitats.  The  agricultural  structure  has  a
significant impact on the real growth rate of
Grey  Partridge  populations.  The
reproductive success  rises  with an increase
of  spring  crops  and  autumn  wheat  in  the
partridges’  habitats  (MILANOV, 1991,  perss.
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com). Turkey-corn and sunflower crops were
used  as  shelters  by  partridges  in  Northern
Bulgaria (BOTEV, 1962).  Cereal  crops  are
harvested in August and September, at which
time  the  hay-mowed  meadows  are  low  in
vegetation and a large part of the habitats are
open. The sunflower crops remain one of the
areas offering shelter and food in the study
area.

There  are  two  possible  approaches  for
analyzing  the  impact  of  habitats  on  the
demographic parameters of grey partridges.
The brood size and reproductive success are
directly  related  to  the  breeding  density
(MONTAGNA & MERIGGI, 1991;  PANEK, 1997;
BRO et  al.,  2003).  A  decrease  in  breeding
success with increased breeding density is a
result  of  competition  for  limited  food
resources  or  nesting  grounds.  Lower  brood
size  and  reproductive  success  may  also  be
due to the use of lower quality habitats. Both
possible  approaches  have  been  described
with  regard  to  bird  populations
(RODENHOUSE et  al.,  1997;  FERNANDEZ et  al.,
1998; MILCHEV & KOVACHEV, 2000; KRÜGER &
LINDSTRӦM, 2001; BRO et al., 2003). The arable
land  has  a  relatively  small  area  of  mosaic
distribution  in  the  surveyed  area  (rarely

exceeding 200 dka)  and there are stripes of
hedgerows.  The  percentage  of  sunflower
crops is positively correlated with the cereal
crops but the relationship was not significant
(r=0.1, p=0.4). Sunflower crops are negatively
correlated  with  the  percentage  of  pastures
(r=-0.61,  p<0.001).  Probably  the  sunflower
crops  are  good  sites  in  habitats  in  the
summer.

In some studies the breeding density is
in a positive correlation with the percentage
of  vineyards,  shrubs,  hedgerows,  wood
strips, small orchards among arable land and
habitat  heterogeneity  (MERIGGI et  al.,  1992;
PANEK & KAMIENIARZ, 2000).  In  our  study,
the  percentage  of  arable  land  is  relatively
constant, while at the same time the breeding
density varies within a small interval. This is
also the reason why there are no statistically
significant dependences and in this case the
quality of the habitat allows this population
size of Grey Partridges.

The  quality  of  the  habitats  of  hunting
species  is  determined by the  Ordinance  for
inventory and planning in forest  areas.  The
present study is  an important  step towards
the precise estimation of the capacity of Grey
Partridge habitats in Bulgaria.

Table 2. Partial correlations between habitat variables, density and brood size.

Variables
Density Brood

r p r p

cereal crop 0.64 0.06 0.53 0.09

sunflower 0.13 0.21 0.32 0.02
rapiseed 0.88 0.06 0.14 0.21

orchard 0.81 0.06 0.31 0.14

tobacco 0.49 0.12 0.18 0.29

shrubs 0.15 0.20 0.80 0.06

meadows 0.47 0.13 0.72 0.06
pastures 0.50 0.09 0.19 0.18
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Fig. 5. Brood size vs. sunflower crops coverage in study transects by years
(ordinate values are given as distance weighted of least squares).

Conclusions 
The density of the Grey Partridge in the

present  study  is  lower  than  the  average
observed in a number of European countries.
The  dynamics  of  the  breeding  density  is
similar  to  the  one  established  by  earlier
studies and no decreasing trends have been
observed  within  the  survey  period.  The
annual breeding density is influenced by the
brood size  in  the  previous  year.  The  large
brood  size  in  this  study  probably  results
from  the  lower  breeding  density.  In  the
present study, there is  no relation between
brood  production  rate  and  the  population
variables. Although a number of studies on
the  Grey  Partridge  point  at  winter  and
spring  temperatures,  rainfall  and  other
factors  affecting  the  demographic
parameters of the species, we have not found
any  other  weather  elements  impacting  the
Grey Partridge population. The relationship
between  brood  size  and  the  percentage  of
sunflower crops is probably associated with
the  availability  of  shelter  and  better  food

supply in August and September compared
to  other  parts  of  the  habitats.  The
agricultural  structure  has  a  significant
impact  on  the  real  growth  rate  of  Grey
Partridge populations.
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Abstract. Comparative study on the variation curves of height and volume distribution in mid-
aged Douglas-fir plantations, created after mid-20th century in State Forestry Alabak – Velingrad-
North-West  Rhodopes was  carried  out.  The  plantations  are  located  at  different  altitudes  and
various forestry activities were conducted in them. Their mean height curves and the unified height
curve of Tyurin are compared. It is concluded that the height curves are roughly the same, and
their  course does not depend on tree species and environmental  conditions.  The curves in the
tended sample plots are close to each other and, although varying in wide interval, they are closer
to the common variation curve than to the variation in the untended plot. Curves and straight lines
of the masses are built and they are recommended for use during cubic measurement of middle-
aged plantations dominated by Douglas-fir and other similar tree stands, growing at comparable to
the  studied  environmental  conditions.  The  results  obtained  have  theoretical  and  practical
importance. The revealed features of the height and volume structure complement the research
carried out so far and can be used to select the correct and appropriate management of the forest
plantations with participation of Douglas-fir in third age class, located at relatively high altitudes.

Key words:  variation curves for  height and volume distribution,  height  and volume structure,
forest plantations, Pseudotsuga menziesii (Mirb.) Franco.

Introduction
Increasing  the  productivity  of  forest

plantations and meeting the growing needs of
wood can  be  achieved by  introducing  fast-
growing tree species and conducting targeted
silvicultural  activities.  The  creation  of  such
tree plantations is  one of  the main tasks of
modern forestry (ILIEV, 1980). In a number of
European countries, for the creation of special
plantations  such  for  intensive  wood

production, a great deal of attention is paid to
a number of fast-growing and high-yielding
coniferous  trees,  such  as  the  Douglas-fir
(Pseudotsuga menziesii (Mirb) Franco (MIKLOS,
1980;  PARDE,  1985;  RABSTAJNEK,  1985
BOUCHON,  1984;  REUTZ,  2003;  ABRAROVA et
al., 2010), Larix spp., Cedrus spp., Pinus strobes
L., Pinus excelsa Will, Pinus pinaster Ait., Pinus
radiata D.  Don.  Among  the  listed  species,
important for Bulgaria for accelerating wood
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production  is  the  Douglas-fir  (ZAHARIEV,
1980; TASHKOV et al., 1980; PETKOVA, 1999). 

Since 1963,  Douglas-fir forest planting
with  origins  mainly  from  the  State  of
Washington (USA) have been carried out in
many  different  regions  of  Bulgaria
(ZAHARIEV,  1980). Subsequently,  however,
some of  these plantations were not grown
purposefully or not even  been  subjected to
silvicultural activities, and thus the original
designing  concept  did  not  materialize
whatever  it  was  (creation  of  industrial
forests,  anti-erosion  afforestation,
afforestation  of  wetter  habitats,
etc.).Reaching  third  grade  of  age  (middle-
aged),  in  these  plantation  are  observed
differences  in  their  structure  according  to
dendrometric indexes due to abiotic, biotic
and anthropogenic  reasons,  and there  is  a
need for targeted guidance on their future
management  in  relation  to  established
growth specificity (FEREZLIEV et al., 2018). 

In  this  regard,  the  aim  of  the  present
study  is  to  continue  the  former  studies
related  to  growth and increment  in  height
(FEREZLIEV & TSAKOV,  2012) and to volume
(FEREZLIEV & DELKOV, 2013) with the height
structure,  dynamics  in  height  growth  and
structure  of  the  Douglas-fir  plantations
(FEREZLIEV et al., 2013; FEREZLIEV 2013) in the
Northwest  Rhodopes  and  to  be  made
comparative  investigations of  the curves of
heights, the curve and straight line of masses
related to the regularities in the structure of
height  and  volume  of  the  middle-aged
plantations,  created  on  different  altitudes
(but  -  higher  than  recommended  by
(ZAHARIEV, 1980)  and  managed  differently
within the borders of State Forest Enterprise
“Alabak” - Velingrad. 

Materials and Methods
In middle-aged Douglas-fir plantations,

created  at  different  altitudes,  three
rectangular  sample  plots  are  made  up
(Table  1).  After  total  measuring  of
diameters and division of trees according to
tree  species,  number  and  degrees  of
thickness  it  was  measured the  height  of  3

trees  of  Douglas-fir from  each  degree  of
thickness (from the central ones-of 5 trees)
using ultrasonic altimeter VERTEX IV. The
average height  was  calculated  after  the
formula of Lorey’s (Lorey, 1878):

Нav=(h.g  1+h  2.g  2+…..+h  n.g  n)/(g  1+g
2+…..g n) (m)

where h  (1,2…n) – is a  mean (arithmetic)
height of each degree of thickness (1,2…n) (m);

g (1,2…n) – is a basal area for each degree
of thickness (1,2…n) (m²).

The  stem  stock(volume)  for  each
degree of thickness was determined, as well
as the total growing stock for each sample
plot.  Stem  volume  of  the  degrees  of
thickness  was  calculated  by  the  basic
formula for the volume: 

V =g 1.30.h.f 1.30 (m³), where:
g1.30  - basal  area  for  each  degree  of

thickness (m²);
h  –  mean (arithmetic)  height  for  each

degree of thickness (m);
f1.30 –  breast (DBH) form factor  for the

determined  mean  height (for  the
determination of f1.30, the relevant local table
for form factors , as well as the species form
heights  of  the  Douglas  fir  was  used,
(FEREZLIEV & TSAKOV, 2010).

For  studying  the  regularities  in  the
structure  according to  height  and volume,
comparative studies were carried out on the
variation  distribution  curves  according  to
the respective dendrometric indicator.

Results and Discussion
On  the  basis  of  carried  out

measurements of  Douglas-fir trees in  the
sample  plots the  following  results  were
obtained (Table 2). In Fig. 1 are shown the
curves  of  heights  obtained for  the studied
sample plots. To investigate the regularities
in the height structure, the so-called method
of relative heights was applied. Its essence
is  that  trees  heights  are  determinated  as
relative  according  to  average  height
(natural degrees of height-NDH) (DAVIDОV,
1949) and the number of  trees  in  different
heights is  presented as a  percentage of the
total number of trees (KRASTANOV, 1969).
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After  consecutive  summing up
percentages of obtained variation rows, the
sum  rows  of  distribution  are  obtained,
respectively the curves of  sum distribution

(Table  3  –  5)  and  respectively  variation
curves of percentage distribution of Douglas
fir  trees  according  to  natural  degrees  of
height in the three sample plots (Fig. 2).

Table 1. Loсation and characteristics of sample plots.

 № of sample plot (SP) 1 2 3
Location SFE Alabak SFE Alabak SFE Alabak

Land Draginovo, Biala voda Sveta Petka, Varbitsa Velingrad, Macheshki
skali

Coordinates 42.1067753 N
23.9696273 E

42.0458411 N
23.9060821 E

42.0411415 N
23.9386711 E

Division /subdivision 474 /v 366 /r 385/t
Size of SP (m) 40 x 25 40 x 25 60 x 30
Area of SP(ha) 0,1 0,1 0,18
Altitude (m) 1450 1225 1100
Еxposition E, slope upper part S, slope upper part NE, slope upper part
Slope (°) 10–15 16 15
Habitat Т-II-2 C-2,3 Т-II-2 C-2 Т-II-1 C-2
Age 52 49 39
Year of creation 1965 1968 1978
Type of area prior to 
afforestation barren land barren land barren land

Planting scheme (m) 1,20 x 0,90 1,30 x 0,90 1.00 х 1,50

Initial density, N/ha 9259,
8516 (at the age of 14)

8547 6667

Creation method planting planting planting

Post-planting cares Growing up to 3 years
and filling

Growing up to 3
years and filling

Growing up to 3 years
and filling

Conducted silvicultural 
activities

pre-commercial
thinning – 1979;

commercial thinning–
1986, 1993 and 1999;

10-12% intensity)

–
commercial thinning –

2010;
15% intensity

Table 2. Calculation of taxonomic indices of Douglas- fir in studied sample plots.

Sample
plot (SP)

Number of trees
in sample plot

Average DBH
(cm)

Average
height
H (m)

Basal
area per

1 ha
m²/ ha

Volume
per 1 ha
m³/ha

1 112 28.4 30.3 70.806 966.58
2 159 24.2 26.7 72.898 900.77 
3 104 24.1 25.1 26.347 309.98 
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a

b

c

Fig. 1. Curve of heights in SP1(a), SP2(b) and SP3(c).
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Table 3. Absolute and percentage distribution of the number of trees by natural degrees
of height in SP1.

Number of trees
Natural degrees of height

Total
0.6 0.7 0.8 0.9 1 1.1

Estimated number of trees 7 5 4 4 8 1 29
Equalized number of trees 27 19 15 15 31 4 112

Number of trees (percentage) - N(%) 24.1 17.2 13.8 13.8 27.6 3.4 100
Comulated percentage - N(%) 24.1 41.4 55.2 69.0 96.6 100.0 100.0

Table 4. Absolute and percentage distribution of the number of trees by natural degrees
of height in SP2.

Number of trees 
   Natural degrees of height

Total
0.6 0.7 0.8 0.9 1 1.1

Estimated number of trees 1 3 8 8 17 2 39
Equalized number of trees 4 12 33 33 69 8 159

Number of trees (percentage) - N(%) 2.6 7.7 20.5 20.5 43.6 5.1 100
Comulated percentage - N(%) 2.6 10.3 30.8 51.3 94.9 100.0 100.0

Table 5. Absolute and percentage distribution of the number of trees by natural degrees of
height in SP3.

Number of trees 
   Natural degrees of height

Total
0.7 0.8 0.9 1 1.1 1.2

Estimated number of trees 1 3 4 7 2 1 18
Equalized number of trees 6 17 23 40 12 6 104

Number of trees (percentage) - N(%) 5.6 16.7 22.2 38.9 11.1 5.6 100
Comulated percentage - N(%) 5.6 22.2 44.4 83.3 94.4 100.0 100.0

Fig. 2. Variation curves of percentage distribution of the number of trees (Ps. menziesii
(Mirb)Franco) in sample plots by natural degrees of height.
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On the bases of determined regularities
in the structure of  volume-forming factors
(from  the  basic  formula  for  calculation  of
the  volume)  the  peculiarities  of  the
structure  according  to  volume  are
determined  by  calculation  and application
of the so-called relative volumes. Calculated
relative basal areas are used, as well as tree
form height in relative numbers (Tables 6–
8).

From the current point of view, due to
the entering of a large part of the Douglas
plantations into the "middle-aged" class in
Bulgaria,  the  conclusions,  concerning  the
structure of height in Douglas plantation for
which no care were taken and thinning with
different intensity were carried out,  can be
used  as  a  practical  guidance  for  their
differentiated cultivation (FEZERLIEV,  2013).
In  the  height  structure  the  attention  is
directed mainly to the curves of height and
average height and well-known correlation
between  thickness  (diameter)  of  trees  and
their height has been applied. The Figure 3
shows  the  height  curves  for  the  three
sample plots according to natural degree of
height  (NDH)  and  natural  degree  of
thickness  (NDT)  (in  relative  numbers)  as
well as equal curves for each one of them.

The  equal  curves  of  heights  give  an
opportunity  to  compare  the  height  curves
for  sample  plots  with  the  unified  height
curves of Tyurin  (Fig. 6).  The conclusion is
confirmed  that  curves  of  heights  of  tree
stands have almost one and the same form
and  their  course  does  not  depend  on  the
tree  species  and  site  conditions.  Fig.  6
shows  that  average  curves  in  all  three
sample  plots  within  the  range  of  natural

degrees  of  thickness  from  0.5  to  1.3  are
under the unified heights curve of Tyurin.
The curve of SP3 (red curve) crosses this of
Tyurin  in  natural  degree  of  thickness  1.3,
and these ones of SP1 and SP2 get  near it
only at natural degree of thickness 1.6. The
range  of  variation  of  relative  heights
according to natural degrees of thickness is
approximately  equal  and  is  determined
from natural degrees of thickness 0.4 to 1.8
for SP1 and SP2 and from natural degrees of
thickness  0.4  to  1.7  for  SP3.  For  all  three
curves  of  investigated  areas  the  range  of
natural  degrees  of  thickness is  wider than
this  one  at  Tyurin’s  curve  (the  range  of
which it covers natural degrees of thickness
0.5 to 1.7). In the same time the varying of
relative heights in the mentioned ranges is
almost within one and the same limits (from
0.6 at natural degree of thickness 0.4 to 1.2
in SP1 and SP3 and from 0.5 to 1.1 at SP2)
and is  more  considerable  than this  one of
Tyurin (from 0.8 to 1.5), getting mostly close
to the variation determined by Shiffel (from
0.68 to 1.14) (MIHOV, 2005а).

The  growth  in  volume  are  differed
from  the  other  dendrometric  indexes
according  to  general  course  of  curves
(FEREZLIEV & DELKOV, 2013). On the base of
calculated relative volumes (Tables. 6–8)and
in  their  entering  on  the  ordinate  of  co-
ordinate systems and on abscissa of NDT is
results  in so-called curved lines of  masses
for investigated sample plots (Fig. 4). When
entering  of  the  relative  volumes  on  the
ordinate  and of  the natural  basal  areas on
the  abscissa  of  the  co-ordinate  system the
so-called  straight  lines  of  masses  appear
(Fig. 5).

Table 6. Relationship between volumes, natural degrees of thickness and relative basal
areas in SP1.

Natural degrees of
thickness 0.4 0.5 0.5 0.5 0.6 0.6 0.6 0.7 0.7 0.7 0.8 0.8

Relative basal areas  0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.5 0.5 0.5 0.6 0.7
Relative volumes 0.1 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.5 0.5 0.5 0.6

Relative form heights 0.64 0.71 0.78 0.84 0.90 0.94 0.97 0.97 0.94 0.94 0.90 0.97
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Natural degrees of
thickness 0.8 0.9 0.9 1.0 1.0 1.0 1.1 1.1 1.2 1.2 1.2 1.3

Relative basal areas  0.7 0.8 0.8 0.9 1.0 1.0 1.1 1.2 1.3 1.4 1.5 1.6
Relative volumes 0.7 0.8 0.9 1.0 1.0 1.1 1.1 1.3 1.4 1.5 1.7 1.7

Relative form heights 1.03 0.97 1.03 1.08 1.08 1.08 1.03 1.08 1.08 1.03 1.08 1.08

Natural degrees of
thickness 1.3 1.3 1.4 1.4 1.5 1.5 1.6 1.7 1.7 1.8 1.8

Relative basal areas  1.7 1.8 2.0 2.1 2.3 2.4 2.6 2.8 2.9 3.1 3.4
Relative volumes 1.9 1.9 2.1 2.3 2.3 2.6 2.9 3.0 3.2 3.4 3.7

Relative form heights 1.08 1.08 1.08 1.08 1.03 1.08 1.08 1.08 1.08 1.08 1.08

Table 7.  Relationship between volumes, natural degrees of thickness and relative basal
areas in SP2.

Natural degrees of
thickness 0.4 0.5 0.5 0.5 0.6 0.6 0.7 0.7 0.7 0.8 0.8

Relative basal areas  0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.5 0.5 0.6 0.6

Relative volumes 0.1 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.4 0.6 0.7

Relative form heights 0.63 0.79 0.72 0.77 0.82 0.87 0.93 0.91 0.91 0.97 1.04

Natural degrees of
thickness 0.9 0.9 1.0 1.0 1.0 1.1 1.1 1.2 1.2 1.2 1.3

Relative basal areas  0.7 0.8 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.4 1.6

Relative volumes 0.7 0.8 0.8 0.9 1.0 1.2 1.3 1.3 1.5 1.6 1.7

Relative form heights 1.04 1.04 1.00 1.06 1.02 1.08 1.07 1.04 1.07 1.08 1.09

Natural degrees of
thickness 1.3 1.4 1.4 1.4 1.5 1.6 1.7 1.7 1.8

Relative basal areas  1.6 1.8 1.9 1.9 2.0 2.3 2.5 2.7 3.0
Relative volumes 1.8 1.9 2.0 2.2 2.4 2.7 2.7 3.0 3.4

Relative form heights 1.11 1.09 1.07 1.12 1.17 1.16 1.08 1.11 1.14

Table 8. Relationship between volumes, natural degrees of thickness and relative basal
areas in SP3.

Natural degrees of
thickness 0.4 0.5 0.5 0.5 0.6 0.6 0.7 0.7 0.7 0.8

Relative basal areas  0.2 0.2 0.3 0.3 0.3 0.4 0.5 0.5 0.6 0.6
Relative volumes 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.5 0.6

Relative form heights 0.72 0.69 0.80 0.80 0.80 0.87 0.87 0.94 0.94 0.94

 Natural degrees of
thickness 0.8 0.9 0.9 1.0 1.0 1.0 1.1 1.1 1.2 1.2

Relative basal areas  0.7 0.8 0.8 0.9 1.0 1.1 1.2 1.2 1.3 1.5
Relative volumes 0.6 0.8 0.8 0.9 1.0 1.2 1.3 1.2 1.5 1.6

Relative form heights 0.94 1.02 1.05 1.02 1.02 1.09 1.09 1.02 1.09 1.09

 Natural degrees of
thickness 1.2 1.3 1.3 1.4 1.4 1.5 1.6 1.7

Relative basal areas  1.5 1.7 1.8 1.8 2.0 2.0 2.4 2.7
Relative volumes 1.7 1.9 1.9 2.0 2.3 2.4 2.9 3.3

Relative form heights 1.09 1.15 1.09 1.09 1.15 1.15 1.22 1.22
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a

b

c

Fig. 3. Curves of heights in relative numbers for SP1 (a), SP2 (b) and SP3(c).
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a

b

c

Fig. 4. Curve lines of volumes for SP1 (a), SP2 (b) and SP3(c).
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a

b

c
Fig. 5. Straight lines of volumes for SP1 (a), SP2 (b) and SP3 (c).
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Fig. 6. Comparison of the mean curves of the heights in the investigated
sample plots with the mean curve of the heights of the A.V. Tyurin.

The  curved  line  of  masses,  known  as
well as the curved lines of masses of Spaidel
and the straight lines of masses of Kopetcki
(MIHOV,  2005b)  are  the  basis  for  scaling of
investigated  tree  plantations,  i.e.  through
graphics to be able to determine the volume
(scale)  the  studied  Douglas  fir  plantations
and  the  group  of  relatively  equal  tree
artifical stands.

Conclusions 
The Douglas fir plantations reach their

aim  showing  good  growth  and  significant
wood  production  opportunities  on  these
sites. At 1100 m a.s.l. and the age of 39 the
total growing stock of the plantation is 310
m3/ha at a density of  578 trees/ha. At 1225
m a.s.l. and 49 years of age the total growing
stock is 901 m3/ha at a density of 1590 trees/
ha. At 1450 m a.s.l. and 52 years of age the
total  growing  stocke  is  967  m3/ha  at  a
density of  1120 trees/ha.

Study on the height structure confirmed
what  Tyurin has  published that  the  height
curves of  tree  stands  have almost  one and

the  same  shape  and  their  course  does  not
depend  on  the  tree  species  and  site
conditions.  Relatively  equal  variation  of
average  curves  of  heights  is  observed  in
plots  managed  in  different  ways  and  in
thinned  sample  plots  the  variation  of
average height curves are close to each other.
In  all  three  experiments  the  intervals  of
variation  are  wider  than  at  the  unified
variation curve of Tyurin.

The  curved  and  straight  lines  of  masses
established  during  the  study  on  volume
structure  are  the  basis  for  scaling  of
investigated  tree  stands,  due  to  which  it  is
recommended to use them for scaling of other
groups  of  similar  tree  stands  with
predomination of Douglas fir within the range
of  investigated  area.   The  availability  of
information on the overall course of the curves,
characterizing the course of height increment
and  volume  growth,  together  with  such  of
thickness,  can  be  used  to  develop  a  forest
simulation  model  for  choosing  an  optimal
economic  approach  to  the  management  of
Douglas fir plantations in the future.
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Abstract. The  paper  presents  the  results  of  an  investigation  on  Alluvial-meadow soils  (Mollic
Fluvisols), located in Busmantsi sand and gravel mining field, Sofia, Bulgaria. Soil samples were
taken  from  twenty-five  soil  profiles  at  a  depth  of  0-100  cm.  The  changes  in  physicochemical
properties were investigated at different soil depths and the relationships between different soil
characteristics  were tested using regression analysis.  There are statistically significant equations
that describe the changes in soil characteristics with depth for all  soil characteristics except pH.
There  are  over  30  out  of  45  possible  regression  relationships  between  the  soil  characteristics
studied. No relationships have been found to exist between pH and the other soil characteristics.
There are statistically  significant linear  regressions between bulk density and a number of  soil
characteristics (total porosity, sand and silt fractions, SOM, TKN, P2O5, K2O). There are regression
relationships between the clay fraction and the other soil texture fractions and between the clay
fraction and all chemical indicators. There are regression relationships between SOM and TKN,
P2O5, K2O. There are regression equations that describe the relationships between TKN and P 2O5,
K2O, as well as between P2O5 and K2O.

Key  words:  Alluvial-meadow  soils,  Fluvisols,  Physicochemical  properties,  statistical  assessment,
regression analysis.

Introduction
The  sustainable  development  of  urban

and  suburban  territories  hinges  on
environmentally  friendly  landscape
planning.  The  sustainable  use  of  soil
resources is the fundamental prerequisite of
landscape planning. 

The  proper  management  of  soil
resources is an important issue (KACHOVA &
FEREZLIEV,  2018),  and  the  sustainable
management  of  Alluvial-meadow  soils  is
particularly relevant (MÜLLEROVÁ & PRACH,
1998) due  to  their  environmentally
unfriendly use in the past (BANASOVA et al.,

1994;  PRACH et  al.,  1996;  PAVLOVIC  ́ et  al.,
2017)  and  soil  acidification  caused  by
fertilizers (ATANASOVA & SIMEONOVA, 2013).
A  lot  of  plant  species  require  specific  soil
conditions  to  develop  or  specific
physicochemical soil characteristics for their
optimal  growth  (BOGDANOV,  2014;
BOGDANOV, 2018a;  b). Therefore, proper soil
use  is  crucial  for  the  conservation  of  rare,
endemic  or  engendered  plant  species
(DIMITROVA, 2018). 

Alluvial-meadow  soils  are  intrazonal
and are found along river valleys (DONOV,
1993).  The  physicochemical  properties  of
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alluvial soils reflect the properties of the soils
from which the sediment originated (WEST

et al., 2017), their location along the river and
their distance from the riverbed (PAVLOVIC ́
et al., 2017;  HIRMAS & MANDEL, 2017). They
form as a function of periodic deposition of
sediment (PING el al., 2017) and diverse grass
and tree vegetation (ATANASOV,  1987).  The
soils  have  light  texture,  good bulk  density
values and very good aeration (KACZMAREK

et al., 2015), but poor water-holding capacity
(PAVLOVIC  ́ et al., 2017). The level of the soil
organic matter is moderate to low, where it
can reach up to  2% in the  surface  horizon
(PAVLOVIC  ́ et al., 2017). According to some
authors, the level of soil organic matter can
reach up to 5% in uncultivated lands, and up
to 1% in cultivated lands (ARTINOVA, 2014).
Nitrogen content is high or medium (YIGINI
et  al., 2013).  Phosphorus  content  varies
widely,  but the  soils  are  rich in potassium
(PAVLOVIC  ́ et  al., 2017).  These  soils  are
suitable  for  growing  high  yielding  crops,
fertilization  (SHISHKOV &  KOLEV,  2014;
HIRMAS &  MANDEL,  2017)  wildlife  habitat,
and recreation (WILSON & SHAW 2017). 

Alluvial-meadow soils are found among
Chernozems  and  Gray  forest  soils  in
Northern Bulgaria along the rivers Danube,
Lom,  Ogosta,  Iskar,  Yantra,  Rositsa  and
Kamchia  (TEOHAROV et  al., 2015;  HRISTOV,
2009).  In Southern Bulgaria they are found
among Vertisols and Cinnamon forest soils
along  the  rivers  Maritsa,  Tundzha,  Arda,
Mesta,  Struma,  Iskar  and  Erma  (ANTIPOV-
KARATAEV et al., 1959; DONOV, 1993). 

The purpose of the study is to analyze
the correlations and regression relationships
between  Alluvial-meadow  soil  properties.
The  analysis  of  these  relationships  will
ensure the sustainable use of soil resources
and  will  facilitate  landscape  planning  by
selecting  plant  species  that  can  grow
sustainably under specific soil conditions. 

Materials and Methods
Alluvial-meadow soils (Mollic Fluvisols,

WRB,  2014)  occurring  on  the  territory  of
Busmantsi  sand  and  gravel  mining  field,

located  1  km  northeast  of  the  village  of
Busmantsi,  Sofia Region, Bulgaria were the
object of the study. This soil type is usually
found in the Lower forest vegetation zone (0
-  600  m  a.  s.  l.)  of  the  Moesian  forest
vegetation area of Bulgaria (ZAHARIEV et al.,
1979). 

Methods of study 
Eleven soil profiles at a depth of 0-100

cm  were  done  at  representative  plots.  A
systematic  sampling  design  was  used
(PETERSEN &  CALVIN,  1996).  The  samples
were taken at depths of 0-20 cm, 20-40 cm,
40-60 cm, 60-80 cm, and 80-100 cm. The total
number  of  samples  is  55 (11 soil  samples
from each soil  horizon). The following soil
characteristics  were  analyzed  by  using  the
respective methods:

 Bulk density (BD, g.cm-3), according
to the DIN ISO 11272:1998, 2001; 

 Total porosity (TP, %) by calculation
of  bulk  density  and  relative  density
(LORRAINE & FLINT, 2002); 

 Soil texture (Sand - 2 mm - 63 μm,
%; Silt - 63 μm - 2 μm, %; Clay < 2 μm, %),
using  the  sedimentation  method  (ISO
11277); 

 Soil acidity (pH in water extraction)
– measured potentiometrically by WTW 720
pH meter (ISO 10390:2002); 

 Soil  Organic  Matter  (SOM,  %)  by
the ISO 14235:1998; 

 Total  Kjeldahl  Nitrogen  (TKN,  %)
content,  with  a  modified  version  of  the
classic Kjeldahl method (ISO 11261:2002); 

 P2O5 (mg.100g-1)  –  extraction  with
Ammonium  Acetate  and  Calcium  Lactate-
pH  4.2  (UV-VIS  spectrophotometer  Perkin
Elmer Lambda 5) (IVANOV, 1984); 

 K2O  (mg.100g-1)  –  extraction  with
Ammonium  Acetate  and  Calcium  Lactate-
pH  4.2  (Flame  photometer  Jenway  php  7)
(IVANOV, 1984); 

Data analysis
Descriptive  statistics  was  done  using

Numbers  (Apple  Co.,  2018)  and  Excel
(Microsoft  Co.,  2016)  on  MacOS.  SPSS  for
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MacOS  (IBM  Co.,  2016)  was  used  to
determine  the  statistical  reliability  of  linear
regressions  (ANOVA)  as  well  as  box  plot
graphs.

Results and Discussion
The  physical  and  chemical

characteristics are presented in Table 1. The
greatest  variation of  bulk density has been
found  to  occur  at  a  depth  of  40-60  cm,
whereas  the  greatest  variation  of  total
porosity has been observed at a depth of 80-
100 cm. The greatest variation of soil texture
components has been observed at a depth of
0-20 cm  (for  the  sand  fraction),  80-100 cm
(for the silt  fraction)  and 40-60 cm (for the
clay  fraction).  The  variation  of  physical
indicators  may  be  related  to  the  nature  of
alluvial  soil  formation,  i.e.  periodic
sedimentation (PING el al., 2017) on the one
hand,  and  to  parent  material  degradation
processes on the other hand.  The reaction of
the  soil  solution  varies  the  most  in  the
surface horizon.  SOM and TKN vary most
considerably  at  a  depth  of  80-100  cm.  The
variation of  phosphorous and potassium is
most significant at a depth of 60-80 cm. This
great variation of SOM and TKN at the same
depth  may  be  due  to  the  accumulation  of
organic matter (with uneven distribution) on
the territory studied over the past years.

Bulk  density  increases  with  depth,
where changes in bulk density are especially
pronounced at a depth of 80-100 cm (Fig. 1),
and total porosity decreases with depth (Fig.
2).  Similar  tendencies  and  correlations
between  bulk  density  and  total  porosity
have  been  described  in  other  studies  on
alluvial  soils  (ILINKIN et  al., 2017).  The
changes  in  bulk density  and total  porosity
are described by linear regression equations
y=0,0028x+0,9644;  R2=0,7868,  p<0,0001  and
y=-0,0914x+60,033,  R2=0,8554,  p<0,0001.
There  are  some  patterns  related  to  the
changes  in  the  texture  of  the  soils  studied
such as:  increase  in  the  sand fraction  with
depth,  especially  at  depths  of  40-60,  60-80,
80-100 cm (Fig. 3), increase in the silt fraction

with depth (Fig.  4)  and decrease in the  clay
fraction (Fig. 5). The changes in the sand, silt
and clay soil texture fractions are described by
statistically  significant  linear  functions:
y=0,0614x+61,259,  R2=0,7087,  p<0,0001;  y=-
0,0214x+15,569,  R2=0,0696,  p=0,0321;  y=-
0,04x+23,173, R2=0,1812, p=0,0025, respectively.
The soils studied are classified as slightly acidic
according to the classification by GANEV (1989).
The pH variation in the soils studied (Fig. 6) is
most likely the reason for the absence of any
regression  equations  between  pH  and  soil
depth (p=0,789).

The soil organic matter (Fig. 7) and total
Kjeldahl  nitrogen  (Fig.  8)  decrease  with
depth,  where  the  decrease  in  TKN  is
particularly  marked  in  lower  layers  below
20-40  cm.  SOM  values  are  consistent  with
the data obtained by other authors (DONOV,
1979), and TKN values are lower than those
obtained by other authors (PAVLOVIC  ́ et al.,
2017).  There  are  statistically  significant
regression equations between soil depth and
SOM  and  TKN  respectively  (y=-
0,0123x+1,19106,  R2,  p<0,0001;  y=-
0,0017x+0,1542,  R2=0,7701,  p<0,0001).
Available phosphorus (Fig. 9) and potassium
(Fig.  10)  decrease  with  depth  and  are
described  by  statistically  significant
regression  equations  y=-0,0661x+15,726,  R2,
p<0,0001;  y=-0,0981x+31,214,  R2=0,8088,
p<0,0001). Available phosphorus values are
completely consistent with the data obtained
by  other  authors  for  the  soils  in  question,
whereas potassium values at a depth of 80-
100 are a bit lower (PAVLOVIC ́ et al., 2017).

There are  statistically significant linear
regressions  between  bulk  density  and  a
number of soil characteristics (total porosity,
sand  and  silt  fractions,  SOM,  TKN,  P2O5,
K2O), but there are no statistically significant
regressions  between  bulk  density  and  the
clay fraction and pH respectively (Table 1).
The inverse linear regression of bulk density
to total porosity is logical and other authors
have  also  reported  the  existence  of
correlations  between  these  two  values
(DONOV et al., 1974). 
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Table 1. Descriptive statistics of soil characteristics.

Depth, cm N BD TP Sand Silt Clay PAWC pH(H2O) SOM TKN P2O5 K2O

0-20 11

Mean 1.06 57.48 62.23 14.06 23.71 5.90 1.64 0.117 15.27 28.75

Range 0.02 0.77 3.56 3.43 4.06 0.18 0.10 0.029 2.75 2.35

SD 1 0.01 0.24 1.25 1.09 1.12 0.06 0.03 0.009 0.76 0.63

CV 2 0.007 0.004 0.020 0.077 0.047 0.011 0.016 0.079 0.050 0.022

20-40 11

Mean 1.08 56.55 63.06 15.78 21.16 5.88 1.48 0.122 11.84 27.07

Range 0.05 0.79 1.91 5.61 5.69 0.18 0.16 0.033 3.72 1.66

SD 1 0.02 0.27 0.59 1.58 1.52 0.05 0.06 0.010 1.35 0.51

CV 2 0.016 0.005 0.009 0.100 0.072 0.009 0.041 0.085 0.114 0.019

40-60 11

Mean 1.09 55.35 66.14 14.47 19.39 150.18* 5.86 1.12 0.018 11.66 27.26

Range 0.08 0.46 1.62 7.01 7.64 7.64* 0.13 0.18 0.004 2.94 1.44

SD 1 0.03 0.15 0.49 2.53 2.84 2.96* 0.04 0.06 0.001 1.11 0.54

CV 2 0.026 0.003 0.007 0.175 0.147 0.020* 0.007 0.057 0.075 0.095 0.020

60-80 11

Mean 1.15 53.49 66.74 14.64 18.62 5.89 0.92 0.009 10.90 22.18

Range 0.04 3.84 2.32 6.20 5.72 0.15 0.15 0.002 5.35 3.33

SD 1 0.01 1.23 0.85 2.37 2.07 0.05 0.06 0.001 1.80 1.27

CV 2 0.012 0.023 0.013 0.162 0.111 0.008 0.063 0.059 0.165 0.057

80-100 11

Mean 1.30 49.87 66.53 12.49 20.98 5.89 0.69 0.008 9.13 21.39

Range 0.05 3.69 2.72 7.66 6.89 0.15 0.14 0.003 1.70 3.94

SD 1 0.02 1.20 0.80 2.64 2.46 0.06 0.05 0.001 0.51 1.21

CV 2 0.012 0.024 0.012 0.211 0.117 0.010 0.077 0.148 0.056 0.057

Legend: *Applies to the whole soil profile;  1 SD – standard deviation; 2 CV - coefficient of
variation. For abbreviations of the names of soil characteristics, see part “Material and Methods”.

Fig. 1. A box plot graph of the changes in
bulk density with depth.

 
Fig. 2. A box plot graph of the changes in

total porosity with depth.

78



Vladimir Ilinkin

Fig. 3. A box plot graph of the changes in the
sand fraction with depth.

 Fig. 4. A box plot graph of the changes in the
silt fraction with depth.

Fig. 5. A box plot graph of the changes in the
clay fraction with depth.

Fig. 6. A box plot graph of pH
variation with depth.

Fig. 7. A box plot graph of the changes in
SOM with depth.

Fig. 8. A box plot graph of the changes in
TKN with depth.
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Fig. 9. A box plot graph of the changes in
P2O5 with depth.

Fig. 10. A box plot graph of the changes in
K2O with depth.

The  sand  and  clay  fractions  are
predominant in the soils studied and have a
significant  effect  on  the  bulk  density
(SAXTON &  RAWLS, 2006).  There  is  a
regression relationship between bulk density
and SOM and the nutrients studied. It  is  a
well-known fact that the increase in organic
matter  results  in  the  decrease  in  bulk
density. The light texture of the soils studied
that  is  typical  of  these  types  of  soils
(PAVLOVIĆ et al., 2017) is responsible for the
regression  relationships  between  total
porosity and the sand and clay fractions. The
relationships  between  these  characteristics
have  also  been  reported  by  other  authors
(SAXTON & RAWLS, 2006). 

The correlations between total porosity
and  SOM,  TKN,  P2O5,  K2O  have  been
reported in other publications (ILINKIN et al.,
2017) without using regression equations to
describe these relationships.  

There  are  a  number  of  relationships
between the  soil  texture  fractions  and  the
other soil characteristics (Table 2). There are
negative  regression  relationships  between
the  sand  fraction  and  all  other  soil
characteristics,  but  no  regression
relationship  has  been  found  between  the
sand fraction and the soil solution reaction.
There are regression relationships between
the  silt  fraction  and  all  physical
characteristics  and  only  one  chemical

characteristic – SOM. There is a relationship
between the clay fraction and all other soil
texture  fractions,  as  well  as  all  chemical
characteristics.  The  negative  regressions
between the sand fraction and the chemical
characteristics  are  most  likely  due  to  the
inert nature of the sand fraction. There are
positive  regression  relationships  between
the  clay  fraction,  including  organic
residues,  micro  and  macro  elements
(FIKULOVOJ,  1957),  and  the  chemical
elements studied. 

Despite  the  presence  of  correlations
between soil acidity and a number of other
soil  characteristics  (ILINKIN et  al., 2017),  no
regression  relationships  have  been  found
between pH and the other characteristics of
the soils studied (Table 1). This is most likely
due to the great variations in this parameter,
which is typical of these soils (WALKER et al.,
2003; HARTEMINK, 1998).  

SOM is supposed to be a storehouse of
plant nutrients. (DONOV et al., 1974), which is
most  likely  the  reason  for  the  presence  of
statistically  significant  regression  equations
between SOM and TKN, P2O5, K2O. 

The decomposition of plant biomass and
the  mineralization  processes  are  the  most
likely reason for the presence of regression
equations  that  describe  the  relationships
between  TKN  и  P2O5,  K2O,  as  well  as
between P2O5 and K2O.
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Table 2. Regression between soil characteristics.

y                 x  TP Sand Silt Clay pH SOM TKN P2O5 K2O

B
D

Equation, y= -29x+87.4 14.2x+48.8 -8.5x+24 - - -3.4x+5 -0.39x+0.5 -17.9x+32.1 -28.9x+58.2
R2 0.867 0.375 0.128 - - 0.732 0.418 0.486 0.707

p-Value <0.0001 <0.0001 0.008 0.2245 0.7216 <0.0001 <0.0001 <0.0001 <0.0001

T
P

Equation, y= -0.53x+93.9 0.3x-1.1 - - 0.1x-5.1 0.01x-0.7 0.6x-22.9 0.9x-26.2
R2

0.508 0.134 - - 0.808 0.545 0.597 0.728
p-Value <0.0001 0.0066 0.0808 0.7062 <0.0001 <0.0001 <0.0001 <0.0001

Sa
nd

Equation, y= -0.3x+32.8 -0.71x+67.1 - -0.1x+10.8 -0.02x+1.6 -0.7x+60 -1.03x+92
R2 0.066 0.295 - 0.734 0.796 0.440 0.472
p-Value 0.0434 <0.0001 0.2887 <0.0001 <0.0001 <0.0001 <0.0001

Si
lt

Equation, y= -0.8x+31.8 - 0.05х+0.5- - - -
R2

0.432 - 0.1007 - - -
p-Value <0.0001 0.7353 0.0107 0.0592 0.7414 0.089

C
la

y Equation, y= - 0.05x+0.08 0.01x-0.1 0.4x+2.6 0.4x+16.9
R2 - 0.137 0.225 0.23 0.112
p-Value 0.2587 0.0058 0.0003 0.0002 0.0134

pH

Equation, y= - - - -
R2 - - - -
p-Value 0.8071 0.5453 0.2425 0.7167

SO
M

Equation, y= 0.1x-0.1 4.9x+6.0 7.5x+16.5

R2
0.822 0.559 0.745

p-Value <0.0001 <0.0001 <0.0001

T
K

N

Equation, y= 27.8x+10.2 41.1x+23.1
R2 0.402 0.497
p-Value <0.0001 <0.0001

P 2
O

5 Equation, y= 0.96x+13.9
R2 0.519
p-Value <0.0001

R2 is one minus the ratio of the sum of
squares  for  these  two  predictions
(FARAWAY,  1987),  but  in  a  number  of
regression equations  derived in  this  study
R2  is  low  (Silt/depth;  Clay/depth;
BD/Sand;  BD/Silt;  BD/TKN;  TP/Silt;
Sand/Silt;  Sand/Clay;  Clay/SOM;
Clay/TKN;  Clay/P2O5;  Clay/K2O;  TKN/
P2O5). According to FARAWAY (1987) there is
not a set R-squared value above which this
measure could be accepted as a criterion for
the  significance  of  the  model,  and  it  is
greatly dependent on the scientific field. In
scientific  fields with great  variables  which
tend to be more weakly correlated and there
is a lot of noise, a lower R2  value would be
considered  normal,  whereas  in  other
scientific  fields  such  as  physics  or
engineering,  where  most  data  come  from
closely controlled experiments, we typically
expect to get much higher R2s and a value
of 0.6 would be considered low (FARAWAY,
1987). In agricultural sciences CRESPELL et al.

(2006) report statistically significant models
with  a  low  R2 value  (R2<0,5),  while  other
authors (KOZAR et al, 2002; FANTAPPIE ̀ et al.,
2011) report statistical models with an even
lower  R-squared value  (R2<0,3)  in  relation
to soil characteristics.

The significance of a model in relation
to  a  null  model  is  determined  by  the  p-
value  for  this  model.  In  case  of  a  linear
regression, the definition of a null model is
one  with  a  dependent  variable  which  is
equal to its mean. Thus, the p-value for the
model  indicates  whether  this  model
provides  a  significantly  better  explanation
of  the  data  than  the  average  value  of  the
dependent  variable  (MANGIAFICO,  2016).
According  to  MANGIAFICO (2016) p-values
and  R-squared  values  are  measures  of
different  things.  The  p-value  shows
whether  the  model  describes  a  significant
relationship,  and  the  R-squared  value
measures  the  degree  to  which  the  model
explains the data. As a result, it is not at all
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unlikely  to  produce  a  high  p-value  and  a
low R-squared value.  PENKOV et  al. (1992)
report  that  there  are  variations  in  the
physical  and  chemical  properties  of
Fluvisols.  This  variation  could  explain  the
lower R-squared values in some regression
models which are, nevertheless, statistically
significant.

Conclusions 
The  study  on  the  Alluvial-meadow

soils  found  that  there  are  statistically
significant regression relationships between
the  soil  characteristics  studied  and  depth
with  the  exception  of  pH  where  such
relationships  were  not  determined.  There
are thirty-two out of 45 possible regression
relationships  between  the  soil
characteristics  studied.  The only exception
is  pH  which  was  not  found  to  be  in  any
correlations  with  the  other  soil
characteristics. Therefore, it cannot be used
as  an  indicator  to  determine  whether  the
model is correctly specified. 

There are statistically significant linear
regressions  between  bulk  density  and  a
number  of  soil  characteristics  (total
porosity,  sand  and  silt  fractions,  SOM,
TKN,  P2O5,  K2O).  There  is  a  regression
relationship between the  clay fraction and
the other soil texture fractions as well as all
chemical  characteristics.  There  are
regression relationships between SOM and
TKN,  P2O5,  K2O.  There  are  regression
equations  that  describe  the  relationships
between  TKN  and  P2O5,  K2O,  as  well  as
between P2O5 and K2O.
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Abstract. Several phytomonitoring surveys in urban ecosystems have been undertaken during the
last  years.  The  questions  about  the  role  of  natural  variables  in  conditions  of  increased
anthropogenic pressure, as well as the background levels of pollutants in the background sites in
urban areas, are still open. Our study was focused on bioaccumulation of heavy metals and toxic
elements in leaves of Aesculus hippocastanum L. from two air quality station types: background and
traffic.  Consequently,  the  pollutant  levels  in  3  Bulgarian  cities  with  different  geographical
characteristics were compared. Nevertheless, results revealed similar levels of heavy metals and
toxic  elements  in  the  studied  cites,  which  suggested  the  anthropogenic  factor  as  a  major  for
deposition. In addition,  all  three cities are at  risk of atmospheric  deposition of  Pb in the areas
located  around  intensively  loaded  road  arteries.  PCA  illustrated  that  the  concept  of  "urban
background sites" is disputable in some cases.Based on the results horse chestnut is recommended
for urban green infrastructures. 

Key words: Horse chestnut, air quality, traffic, background station.

Introduction
Air  pollutants  are  emitted  from  a

variety  of  natural  and  anthropogenic
sources,  e.g.  combustion processes,  various
industrial  activities,  traffic,  state  of  road
infrastructure,  construction  and  repair
activities.  The  distribution  of  pollutants  in
the  air  is  directly  related  to  weather
conditions  and  can  be  described  by  the
following cycle: (i) emitting from source into
the  air;  (ii)  dilution;  (iii)  sedimentation  or
absorption  from  the  surface,  e.g.  plants
(NIKOLOVA, 2008). Urban growth has strong
environmental  impact  including air  quality
deterioration. Automobile exhaust  emission
is the main source of air pollution in major
cities  as  it  is  a  source  of  atmospheric

pollution  throughout  the  year.  Domestic
heating  through  wood  and  coal  can  be  a
significant  source  of  emissions  (fine
particulate  matter,  benzene)  in  the  cold
winter  days.  Chemical  composition  of  tree
leaves  provides  data  on  the  spatial
distribution  of  atmospheric  pollutants.
Plants absorb heavy metals mainly through
the  leaf  pores  till  the  concentration  in  the
ambient  air  is  reached,  regardless  of  the
additional quantities that flow from the soil
into the plant (HEINZ & REINHARD, 1991). 

Aesculus  hippocastanum L.  is  a  large
deciduous  tree  native  to  the  Balkan
Peninsula  (THOMAS et  al.,  2019).  Horse
chestnut was found to be in the group of the
most  effective  net  particle  accumulating
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plant  species  among  investigated  96
perennial urban plant species  (MUHAMMAD

et al., 2019). Aesculus hippocastanum was an
object of biomonitoring study in the capital
of Serbia for a 5-year period (Cr, Fe, Ni, Zn,
Pb,  Cu,  V,  As  and  Cd)  and  was
recommended to be used as bioaccumulator
(KOCIĆ et al., 2014).

Although tree  species,  and  particularly
horse  chestnut  were  applied  in  urban
biomonitoring studies for many years, it has
not given completely satisfactory data about
the  role  of  the  natural  features  of  urban
ecosystems and are there really background
city  sites.  The  aim  of  this  study  was  to
determine  the  variation  of  airborne  heavy
metal  and  toxic  element  concentrations  in
the  horse  chestnut  leaves  depending on (i)
geographical  characteristics  of  selected
urban systems and (ii) traffic impact. 

Materials and Methods
The passive biomonitoring was carried

out  in  3  major  Bulgarian  cities  (Sofia,
Plovdiv  and  Burgas),  which  are
characterized  by  different  natural  and
anthropogenic  factors  influencing  air
quality.  The  location  of  Sofia  in  the  Sofia
valley,  surrounded  by  mountains,  reduces
the  possibility  of  self-cleaning  of  the
atmosphere. The air in the capital is polluted
mainly by transport, heating with solid and
liquid fuels, contaminated road surfaces and
thermal power plants. The main sources of
pollution  in  the  city  of  Plovdiv  are
industrial,  domestic  and  public  heating,
transport  and  non-organized  emissions
(Regional  Inspectorate  of  Environment  and
Water - Plovdiv, 2016). The main sources of
pollution  in  Burgas  are  predominantly  the
transport,  heating  and  industrial  sectors
(Burgas  Municipality,  2016).  "Lukoil
Neftohim Burgas" AD is the largest refinery
in the country. Refiners can be a source of a
wide  range  of  pollutants  (fine  particulates,
hydrocarbons,  nitrogen  oxides,  sulfur
dioxide,  hydrogen  sulfide)  from  both
production processes and accidental leakage
and reservoir fleets.

In  order  to  achieve  maximum
accumulation,  representative  samples  of
leaves  of  Aesculus  hippocastanum were
collected from 6 monitoring stations at  the
end of the vegetation season (end of August-
September)  in  2016.  Selected  air  quality
stations  are  classified  as  traffic  or
background type according to the dominant
emission source. 

Aesculus  hippocastanum is  Balkan
endemic and tertiary relic species (BISERKOV
et al., 2015). It was chosen on the basis of its
proven  qualities  as  a  biomonitor  and  its
distribution  and  representativeness  in  the
three  cities.  In  each  city,  2  stations  were
selected:  urban background and traffic (Fig.
1). At each point, leaves of between 3 and 5
trees were sampled (GORELOVA et al., 2011).
The leaves were usually harvested at a height
of 1.5 - 2 m and placed in polyethylene bags.
All samples consisted from green undamaged
leaves. The elements P, K, Ca, S, Na, Mg, Mn,
Fe, Al, Zn, Cu, Pb and Sr were determined by
atomic  emission  spectrometry  with
inductively coupled plasma (ICP-AES) using
iCAP 6300  Duo,S,  Thermo Scientific,  at  the
Department  of  Analytical  and  Computer
Chemistry, Faculty of Chemistry, University
of Plovdiv. The elements Cr, Co, Cd, V, Ni,
As, Hg, Se and Sb Mo were determined by
ICP-MS (Agilent 7700).

Principal  component  analysis  (PCA)  in
programme  CANOCO  was  used  to  study
relationships between the different elements
in  monitoring  stations (TER BRAAK &
ŠMILAUER, 2002).

Results and Discussion
Six  stations  were  selected  to

correspond  to  the  requirements  of  urban
background and traffic sites (Table 1).

In  the  analyzed  leaves  of  Aesculus
hippocastanum, the leading macroelement is
calcium, which represents between 1.5 and
2.6%  of  the  content  (Table  2).  Similar
values  are  considered  as  a  signal  for  Ca
and  are  associated  with  contamination
conditions  (JITEREANU et  al.,  2010).
Comparison of K levels with optimal values
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published  for  other  tree  species  (0.6-1.8%)
indicates that the trees subject to the present
study do not show a deficiency on this element.
At the same time, phosphorus has levels that
are linked to suppression of metabolism. The
descending rows of the analyzed macro- and
microelements are presented below.

Site1:
Ca>Mg>K>Na=Al>S>P>Fe>Mn>Sr>Zn>Cu
>Cr>Pb>V>Ni>Sb>Mo>As>Co>Hg>Se>Cd
Site2:
Ca>K>Mg>Al>=Na=S>P>Fe>Zn>Mn>Sr>C

u>Pb>Cr>As>Ni>Mo>V>Se>Sb>Co=Hg>Cd
Site3:
Ca>K>Mg>Al>Na=S>P>Fe>Mn>Sr>Zn>Cu
>Pb>Cr>V=Ni>As>Mo>Sb>Co>Hg>Se>Cd
Site4:
Ca>K>Mg>Al=Na=S>P>Fe>Mn>Sr>Zn>Pb
>Cu>Ni>Cr>As>V>Se=Mo>Co>Sb>Cd>Hg
Site5:
Ca>K>Mg>Al>Na=S>P>Fe>Sr>Zn>Mn>Cu
>Pb>Cr>Ni>V>As>Mo>Cd>Se=Co>Sb>Hg
Site6:
Ca>K>Mg>Al=Na=S>P>Fe>Sr>Zn>Mn>Cu
>Cr>Pb>V>Ni>As>Mo>Se=Co>Sb>Hg>Cd

Fig. 1. Location of monitoring stations.
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Table 1. Description of the monitoring stations. 

Site Description
1 Plovdiv, Pobeda Str. Situated in  the northwest  part  of  the city,  conditionally

accepted  as  a  city-wide  background.  The  vegetation  is
represented by tree species and low grasses.

2 Plovdiv,  Maritsa  Blvd.,
to the Bridge of the Fair

Located in the northwestern part of the city, next to one of
the busiest boulevards. Nearby is  Maritsa River. 

3 Sofia,  Faculty  of
Chemistry

Located in the central part of the city, which is extremely
busy throughout the day.

4 Sofia,  Lozenets,  Korab
mountain Str.

The site is located near a small street without significant traffic.
Conspicuously accepted for urban background.

5 Burgas, center Located near a main thoroughfare in the central city area.
Conforming to the requirements for a transport-oriented point.

6 Burgas, Zornitsa district The point is located in a residential area in the Zornitsa
residential  district,  on  the  outskirts  of  Burgas;  with
features of an urban background site.

Table 2. Minimum and maximum accumulated levels in the leaves of A. hippocastanum
in Sofia, Plovdiv and Burgas. Legend: * - concentrations were presented in %.

Element

Мinimum Мaximum

%/mg kg -1 RSD % Site N %/mg kg -1 RSD % Site N
Al* 0.1 5.6 4 0.2 5.0 6
Na* 0.1 4.5 2 0.2 4.5 1
K* 0.4 4.4 1 1.2 4.8 2
Mg* 0.2 4.4 4 0.5 4.4 1
Ca* 1.5 4.7 2 2.6 4.4 1
S* 0.1 4.3 1- 5 0.2 4.2 6
Mn 28 4.1 2 98 4.9 1
Fe 236 4.6 4 879 4.8 1
P 1189 5.9 1 2887 5.2 5
Cu 4 5.8 4 23 4.8 5
Sr 27 4.6 2 217 4.1 6
Zn 41 5.1 4 67 4.9 1
V 0.4 3.5 2 1.4 3.9 1
Cr 1.0 3.4 4 2.8 4.8 1
Co 0.1 4.6 2 0.3 3.7 1
Ni 0.6 4.9 2 1.3 4.7 1
As 0.3 5.4 6 0.7 3.7 2
Se 0.05 6.1 3 0.3 2.6 4
Mo 0.23 5.3 6 0.65 4.2 1
Cd 0.03 7.7 3 0.25 4.9 5
Sb 0.11 4.5 4 0.78 4.7 1
Pb 1.7 4.1 6 6.3 4.1 2
Hg 0.07 12.2 4 0.18 10.7 1
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Plovdiv  town  suffers  from  dirt  comes
from  climate  and  topography  due  to  the
temperature  inversion  which  acts  as  a
"cover"  over  the  city,  preventing  the
dispersion  of  pollutants.  Dissipation  is
further  hampered  by  the  location  in  the
Maritsa  valley,  which  is  reflected  in  the
established  maximum  value  of  twelve
elements  in  the  leaves  from  traffic  station:
Mg, Ca, Mn, Fe, V, Cr, Co, Ni, Mo, Sb, Hg
and Zn. In the second point observed in the
city  were  reported  maximum  of  the
macroelement  potassium  and  the  heavy
metals  arsenic  and  lead.  For  most  of  the
above elements,  anthropogenic  pollution  is
mainly  due  to  metallurgy,  the  quantity  of
motor  vehicles  and  the  type  of  burned
petrol. One of the major negative effects of
the city's current transport system is the high
level of air pollution throughout the year.

In  the  selected  background  station  in
Sofia was found the highest concentration of
element  Se.  Since  selenium  falls  mainly  in
the  burning of  fossil  fuels,  paper and tires
(STOYANOV, 1999), it can be assumed that the
increased level in the point as a result of the
increased  traffic  on  Tsarigradsko  shosse
Blvd. A minimum concentration of selenium
(0.05 mg kg-1),  which is  up to 6 times the
concentration  difference,  was  analyzed  in
the transport-oriented station in Sofia (N3). 

For  the  traffic  station  in  Burgas,  the
leaves  of  the  selected  biomonitor  show  the
maximum  accumulations  of  copper  and
cadmium, while the highest levels of sulfur,
strontium  and  vanadium  were  analyzed  at
the point on the periphery of the city. The is
about 3 times higher in the leaves from the
center  of  Burgas  compared  to  the  other
stations. The reason for the presence of high
concentrations of cadmium in the measured
samples  is  probably  the  periodic  emission
surges from the transport through the center
of  Burgas  towards  the  southern  Black  Sea
coast.  The  reported  maximum  of  sulfur
illustrates  the  impact  of  Lukoil  Neftochim
Burgas AD. In station 5, the highest content of
macroelement phosphorus is also recorded.

Principal Component Analysis showed
that  the  first  axis  (eigenvalue  0.589)  was
positively correlated with Cr,  Hg,  Mo,  Pb,
Sb,  Se,  Sr  and V,  while  the  second  axis
(eigenvalue 0.205) had strongest correlation
with  Cd  and  Mn.  Stations  with  high
accumulated  levels  of  Mn,  Ni,  Co,  Sb,  Sr,
Cr, Hg and V were located in the upper left
of  the  plot  (stations  N1,  3  and  6).  Traffic
station  in  Burgas  illustrated  specific
bioaccumulation  model  with  elevated
values  for  Zn,  Cu  and  Cd  (bottom  left),
while traffic site in Plovdiv is separated in
the  bottom  right  part  of  the  plot.  Only
station N4 could be assumed as background
urban  station  (upper  right).  It  could  be
concluded  that  in  the  studied  cities,  the
central  urban  areas  with  dense  human
structures and intensive traffic, possess risk
towards air quality.

When  comparing  the  traffic-oriented
points and those conventionally accepted for
urban  backgrounds,  the  lead  difference  is
significant, which confirms the effect of the
vehicle  on  the  atmospheric  air  load.  In
Plovdiv  the  difference  was above  2  times,
almost  twice  for  Sofia  and Burgas.  This  is
due to the fact that despite the ban on leaded
petrol  in  Bulgaria,  a  significant  number
(68%) of the vehicles are over 15 years of age
(EVTIMOV,  2014),  which  contributes
significantly to the atmospheric air pollution.
These results conclude that the major cities
of  the  country  are  at  risk  of  atmospheric
deposition  of  lead  in  the  areas  located
around  intensively  loaded  road  arteries.
Most often these  areas have line  character,
covering a strip with a width of up to 100 m
on both sides of busy streets and boulevards.

The  iron  content  of  tree  species  in
urban environments in the order of 48-376
mg  kg-1 is  taken  as  an  indication  of  no
emission  (GORELOVA et  al.,  2011).  In  the
present study, only samples from Points  2
and  4  have  levels  below the  above  upper
range. Despite the commented results for a
low content of Zn in the form of 16 to 32 mg
kg-1, we found from 41 to 67 mg kg-1.
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Fig. 2. PCA ordination plot of accumulated heavy metals and toxic elements in the studied
monitoring stations.

Reported  Pb  levels  in  Aesculus
hippocastanum from Bulgaria, Serbia, Turkey
and  Russia  were  between  0.5-1.6  mg  kg-1

(GORELOVA et al., 2011).  Biomonitor’s leaves
from  Sofia  accumulated  0.68  mg  kg-1 lead.
The research emphasized that horse chestnut
in metallurgic region could accumulate up to
5.6-8.1  mg  kg-1,  similar  to  the  registered
value in the traffic site in Plovdiv.  Highest
value of Pb was found in A. hippocastanum in
areas  with  high  traffic  density  in  recent
research of four tree species frequently used
in  landscaping  studies  (TURKYILMAZ et  al.,
2018).  Background levels  in  all  three  cities
studied in 2016 had similar  to the  average

for trees in Europe concentrations  (1.5 и 2.1
mg kg-1; IZRAELY, 1989). 

The relation between Fe/Mn varied in
the  range  2.6  и  9.8  which  confirmed  the
assessed  link  between  these  two  elements
and plant resistance towards toxic elements
(KABATA-PANDIAS & PENDIAS, 2001). 

Comparison  with  data  from  the  same
species from Plovdiv for a period of 6 years
ago (PETROVA et  al.,  2012)  showed that  the
average Cu levels remained the same, while
Pb was nearly 2 times higher, Cr close to 8, V
18  times  higher  concentrations.  Only
cadmium had 2 times lower average levels in
the  leaves  of  Aesculus  hippocastanum.

90



Poli Chonova, Gana M. Gecheva, Nikolina P. Gribacheva

Increased  levels  of  lead,  chromium  and
vanadium could be linked to the increased traffic,
as well as the expansion of industrial zones and
construction activities in the city's area.

The comparison with published data on
lead,  cadmium,  zinc  and  copper  in  the
chestnut leaves in the region of Trasse, the
European  part  of  Turkey  again  showed
higher levels in Bulgaria. For instance, lead
variation at 20 sampling points was between
0.023-0.119 (YILMAZ et al., 2006), while in the
three Bulgarian cities in the range between
1.7 -  6.3 mg kg-1.  Cadmium in neighboring
Turkey  -  0.002-0.068  mg  kg-1,  while
bioaccumulation  levels  in  our  study  were
within the range 0.03-0.25 mg kg-1.  Zinc in
leaf  samples  from  the  territory  of  Turkey
was 0.374-0.532 mg kg-1;  in Bulgaria - from
41 to 67 mg kg-1. Copper was 0.322-0.466 mg
kg-1,  compared  to  the  Bulgarian  samples
with  concentrations  from  4  to  23  mg  kg-1.
The  above  illustrates  the  impact  of  major
industry emission sources, including energy,
as  well  as  the  transport  sector  on  the
territory of studied three Bulgarian cities.
 

Conclusion
Despite  difference  in  natural

characteristics  of  the  three  cities,  they
showed similar  pollutants  levels.  Based on
the  above,  it  could  be  suggested  that  the
major  factor  for  pollutants  deposition  is
anthropogenic. 

The  largest  number  of  maximum
concentrations  was  found  in  Plovdiv  (As,
Co, Cr, Hg, Mo, Ni, Pb, Sb, V), followed by
Burgas (Cd,  Cu,  Se).

The 9  maximum measured at  the  two
points on the territory of the city of Plovdiv
can  be  related  to  the  physico-geographic
conditions, namely the high frequency of the
temperature  inversions  and  the  high
percentage  of  the  low wind speeds,  which
do not allow the dispersion of the pollutants.

The  point  considered  as  a  city
background for Plovdiv, apart from showing
maximum of 8 pollutants, has an established
difference  between  2  and  3  times  in  the

levels of Cr, Co, Ni and V with the nearby
traffic-oriented (Point 2).

PCA illustrated that  one single  station
could  be  definitely  separated  from  traffic
stations. Thus,  we consider that the concept
of "urban background sites" in some cases is
compromised.

Leaves  of  deciduous  tree  species
Aesculus  hippocastanum with  proven
biomonitor qualities may be used to assess
atmospheric  pollution  in  urban  settings.
Additionally, the species has advantages as a
relief  of  taxonomic  identification,  easier
sampling due to the size of the leaves and
the  high  frequency  of  afforestation  in  the
settlements in the country. High levels of the
Fe/Mn  ratio  have  been  established,
indicating  the  resistance  of  the  selected
biomonitor to pollutants. This gives grounds
for  recommending  afforestation  in  urban
environment.
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Abstract. Hydrobiological  monitoring  and  assessment  of  ecological  status  (potential)  of  eight
Bulgarian reservoirs wеre carried out in 2015-2016. The water bodies are located in Ecoregion 7:
West  (Pchelina  Reservoir)  and  East  Aegean  River  Basins  (Chetiridesette  Izvora,  Konush  and
Sinyata Reka Reservoirs) and Ecoregion 12: Danube River Basin (Bebresh, Telish, Gorni Dabnik and
Sopot  Reservoirs).  We  assessed  their  ecological  potential  based  on  hydrochemical  parameters,
Secchi  disk  transparency  and  chlorophyll  a from  pelagial  samples.  Semi  -  quantitative
macrozoobenthic  samples  were  collected  from  the  littoral  zone.  We  identified  102
macroinvertebrate  taxa,  including  alien  and  (potentially)  invasive  species:  Branchiura  sowerbyi
(Oligochaeta);  Dikerogammarus villosus (Amphipoda);  Dreissena polymorpha and  Corbicula fluminea
(Bivalvia). Based on the bioindicative role of macrozoobenthos, a set of biotic indices and metrics
(Irish biotic  index,  total  taxon number and the German trophic index PETI)  were also used to
estimate the ecological potential of the studied reservoirs. Our results demonstrated a mismatch
between macroinvertebrate and abiotic assessment metrics. Therefore, further research is needed to
improve the use of benthic macroinvertebrates as a biological quality element for the estimation of
ecological potential of reservoirs in Bulgaria.

Key  words:  environmental  parameters,  chlorophyll  a,  macrozoobenthos,  ecological  assessment
metrics, modified stagnant water bodies.

Introduction
The Water Framework Directive (WFD)

defines  ecological  potential  of  highly
modified  water  bodies  (HMWB)  and
artificial  water  bodies  (AWB)  as  “an
expression of the quality of the structure and
functioning of aquatic ecosystems associated
with  surface  waters”  (WFD  CIS  Guidance
document 4,  2003).  The  objectives  of
environmental protection and ensuring good

status  (based  on  both  biological  and
chemical   metrics)  of  surface  waters  are
regulated in the Water Act of Bulgaria (State
Gazzette,  1999).  Three  sets  of  quality
elements  have  been  proposed  for  the
estimation of ecological status (potential) for
different  categories  of  surface  water  bodies:
physical  and  chemical,  hydromorphological
and biological. The biological quality elements
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have a leading role in assessing the ecological
conditions (Directive 2000/60/EC). 

While  the  use  of  macrozoobenthos  in
the assessment of ecological status of rivers
is  enshrined  in  the  Bulgarian  legislation
(Ordinance N4,  2013),  there  are  no metrics
adopted specifically for different lake types.
According  to  the  WFD  CIS  Guidance
document  4  (2003),  benthic  invertebrate
fauna  is  the  most  relevant  group  for
ecological assessment of littoral and pelagial
zones  in  HMWB and AWB.  In  some cases
the  following metrics  for  the  estimation  of
ecological  status  of  lakes  (potential  for
reservoirs)  are  being  used  with  greater  or
lesser  success:  total  taxon  number  (TTN),
total  abundance,  % Oligochaeta  abundance
and the adapted German trophic index PETI
(CHESHMEDJIEV et al., 2010;  CHESHMEDJIEV &
VARADINOVA, 2013).

The adapted Irish biotic index (YANEVA
&  CHESHMEDJIEV,  1999) has been used as a
main tool in routine monitoring of ecological
status  and  rapid  biological  assessment  of
river water quality in Bulgaria over the last
15 years. Its use in river basin management
plans  (RBMPs)  of  the  East  Aegean,  West
Aegean  and  Danube  Basin  Directorates
follows  the  national  legislation  (Ordinance
N4/2013; MARINOV et  al.,  2016;  RBMP  of
West Aegean Basin Directorate, 2016; RBMP
of  Danube  Basin  Directorate,  2016).  The
indicators,  which  are  used  to  evaluate
ecological status/potential of standing water
bodies  are  still  under  development.  The
need  to  fill  these  gaps  in  knowledge  of
aquatic  ecosystems  in  the  different
categories of water bodies is urgent, owing
to the dynamically changing environmental
situation  and  the  implementation  of  the
WFD  with  new  approaches  to  water
management. 

Our  aim  was  to  assess  the  ecological
potential  of  eight  reservoirs  in  Bulgaria
based on various abiotic and biotic metrics,
initially  developed  for  ecological  status  of
natural  water  bodies.  We  used  accepted

metrics  following Ordinance N4  (2013),
Directive 2000/60/EC,  such  as  primary
production  (chlorophyll  a)  and  some
environmental  parameters.  Further,  we
tested  macroinvertebrate  biotic  indices,
which are normally used for large lowland
rivers (the Irish biotic index, TTN and PETI)
and compared the results.

Material and Methods

Study area
Samples  were  collected  from  eight

reservoirs (Bebresh, Pchelina, Gorni Dabnik,
Telish,  Sopot,  Sinyata  Reka,  Konush  and
Chetiridesette  Izvora  Reservoirs;  Fig.  1,
Table 1) in the period 2015-2016. The studied
reservoirs  are  located  in  both  Ecoregion  7
and  12  on  the  territory  of  Bulgaria.  They
belong to six different lake types, according
the  WFD  (Directive,  2000/60/EC)  and  the
national  typology  of  water  bodies
(CHESHMEDJIEV & VARADINOVA, 2013). Оnly
Bebresh  Reservoir  has  been  classified  as  a
mountain lake, while the others are reservoir
lakes  (BELKINOVA et  al.,  2013).  Sopot  (L12),
Pchelina  (L13)  and  Gorni  Dabnik  (L14)
Reservoirs are polymictic, middle and small
lowland  mesotrophic  reservoirs.  Telish
Reservoir  (L16)  and Konush,  Chetiridesette
Izvora and Sinyata Reka (all L17) are small
lowland  meso-  to  eutrophic  reservoirs
(BELKINOVA et al., 2013).

Fig. 1. Map of Bulgaria and location of the
studied reservoirs.
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Table 1. Sampling sites and basic information of the studied reservoirs.

Reservoir Lake
type

Lake
area (ha)

Max
depth (m)

Latitude
N

Longitude
E

Altitude
(m a.s.l.) Use

Bebresh L2 73.6 20 42,84597 23,77806 454
Drinking
water  supply,
irrigation

Sopot L12 5 35 28 43,00786 24,42786 374 Irrigation

Pchelina L13 538 19 42,51723 22,84385 664

Irrigation,
industrial
water  supply,
fish farming

Gorni
Dabnik

L14 11 80 23 43,36828 24,32742 171 Industrial
water supply

Telish L16 2 32 28 43,3163 24,24247 230

Industrial
water  supply,
commercial
and
recreational 

Konush L17 37.7 5 42,08147 25,03406 237 Irrigation, 
fish farming

Sinyata
Reka L17 52.8 6 42,46888 24,70333 309 Irrigation,  fish

farming

Chetiri-
desette
Izvora

L17 48.9 30 42,00530 24,93836 240 Irrigation

Gorni  Dabnik,  Telish,  Konush  and
Sinyata Reka Reservoirs have been classified
as HMWB and Bebresh, Pchelina, Sopot and
Chetiridesette  Izvora  Reservoirs  -  as  AWB
(see  MARINOV et  al.,  2016;  RBMP  of  West
Aegean  Basin  Directorate,  2016;  RBMP  of
Danube Basin Directorate, 2016). 

Sample collection and processing
Temperature, oxygen and conductivity were

measured  in situ using WTW portable meters
(series  330i).  The  concentrations  of  total
phosphorus  (TP)  and  pH  were  determined
according  BNS  ISO  10523:2012  and  EN  ISO
6878:2005,  using  portable  photometer WTW,
pHotoFlex Turb. Water transparency (SD) was
measured using a Secchi disk with a diameter of
0.25 m. Chlorophyll a (chl a) was quantified from

a composite sample from the pelagial (ISO 10260:
2002), representative of the euphotic zone of each
of the monitored sites. In addition, we registered
visually the presence of phytoplankton blooms
(green/brown colouration) in the surface water
layer (see Table 2).

A total of 20 semi-quantitative composite
macroinvertebrate samples were collected with
a hand-net (500 μm mesh size) from about 1 m2

bottom in the littoral of the reservoirs (EN ISO
10870:2012).  The invertebrates  were sorted in
the laboratory and identified to species or the
nearest possible taxon level. 

Assessment of ecological potential
The ecological  potential  based on  abiotic

parameters and chl a was determined according
Ordinance N4 (2013). We used the ranges for the
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corresponding lake types, adapted for HMWB
and AWB (see WFD CIS GUIDANCE DOCUMENT

No.,  4  2003):  three  ranges  for  physical  and
chemical  metrics  -  good  ecological  potential
(GEP), moderate (MoEP) and poor (PEP)  and
four ranges for chl a - GEP, MoEP, PEP and bad
(BEP).

Currently,  there  are  no  criteria  in  use
according  Ordinance  N4  (2013) for  the
assessment of ecological status of lakes using
macrozoobenthos.  Hence,  we  tested  its
bioindicative  ability  for  ecological
assessment  of  HMWB/  AWB,  based  on
metrics (and their ranges) normally used for
large  lowland  rivers (CHESHMEDJIEV &
VARADINOVA, 2013).  We  calculated  the
adapted  Irish  biotic  index  (YANEVA &
CHESHMEDJIEV,  1999),  total  taxon  number
based  on  the  Irish  biotic  index  (TTN),
modified  German  trophic  index  PETI
(SCHWEDER, 1990),  %  Oligochaeta  from the
total  abundance  and  Oligochaeta-based
indices as defined by  PARELE &  ASTAPENOK
(1975).  The  latter  include:  D2  (ratio  of  the
abundance  of  tubificid  species  to  all
oligochaetes), D3 (ratio of the abundance of a
specific tubificid species to all  oligochaetes,
including family Tubificidae) and D4 (ratio
of  the  abundance  of  a  specific  tubificid
species to all  tubificids).  Then these results
were compared with our results  on abiotic
metrics and chl a. 

Colour  coding  of  different  ranges  of
ecological  potential  follows  WFD  CIS
Guidance  Document No.  4  (2003):  GEP  -
green and dark/ light grey stripes, MoEP -
yellow and dark/ light grey stripes,  PEB -
orange and dark/ light grey stripes and BEP
-  red  and  dark/  light  grey  stripes,
correspondingly for HMWB/ AWB. 

Environmental  factors  and  relevant
ecological assessment 

Various  metrics  indicated  different
ecological  potential,  while  part  of  the
measured  values  of  the  water  parameters
were outside the ranges for GEP. The values
of the conductivity were relatively low and
indicated GEP (Table  2).  The values of  the

dissolved oxygen and its concentration were
very  high  and  outside  the  ranges  or
corresponded  to  GEP.  The  pH  maintained
values corresponding to GEP for five of the
reservoirs;  outside  the  ranges  were  the
Chetiridesette  Izvora,  Sinyata  Reka  and
Konush  Reservoirs  (pH  >  9).  The
transparency  in  Telish,  Konush,  Sinyata
Reka and Pchelina Reservoirs was very low
and indicated MoEP. The values for TP also
indicated MoEP for all lakes but Sopot and
Konush  Reservoirs  during  the  summer,
which had GEP. The highest value of chl  a
was measured in the Sinyata Reka Reservoir
(78.19 µg. dm-3), which corresponded to BEP.
For  all  the  other  reservoirs,  the  values
fluctuated  between  0.60  and  78.19  µg.dm-3

across the different seasons (Table 2).

Taxonomic  composition  of  the
macrozoobenthos community

A  total  of  102  different  taxa  were
determined  in  the  studied  reservoirs
(Appendix  1).  The  most  taxon-rich  were:
family  Chironomidae  (Diptera)  –  32  taxa,
followed by order Coleoptera (14), suborder
Heteroptera  (13)  and  subclass  Oligochaeta
(11).  The  highest  number  of  taxa  was
recorded in the summer of 2015 in the Telish
Reservoir (32) and in the spring of 2016 in
the Konush Reservoir (18), while the lowest
was the richness during the summer in the
Sinyata Reka Reservoir (2). 

The  alien  oligochaete  Branchiura
sowerbyi Beddard,  1892,  amphipod
Dikerogammarus  villosus (Sowinsky,  1894),
bivalves  Dreissena  polymorpha (Pallas,  1771)
and  Corbicula  fluminea  (O.  F.  Muller,  1774)
were also found (Appendix 1).  All of them
were registered in autumn 2016 in the Gorni
Dabnik Reservoir, while one or two species
were recorded in the Sopot, Telish, Bebresh
or Pchelina Reservoirs. 

The  highest  density  of  bottom
macroinvertebrates was recorded in summer
2016 in Konush (2062 ind.m-2) and Telish in
summer  2015  (1309  ind.m-2),  followed  by
1197  ind.m-2 in  spring  2016  in  the  Konush
Reservoir. We registered the lowest density
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in spring in 2016 in the Bebresh Reservoir (16
ind.m-2).

Macrozoobenthos  and  assessment  of
ecological potential 

Most reservoirs had MoEP as based on
the Biotic index (BI), with scores between 2-3
and 3 (Table 3). In only one reservoir (Telish,
summer 2015) was determined GEP (BI=3-4)
and  two  reservoirs,  Bebresh  (spring  2016)
and Sinyata Reka (summer 2016),  had PEP
based on BI.  The number of taxa indicated
GEP  or  MoEP  in  most  of  the  studied
reservoirs.  The highest TTN was registered
in Telish Reservoir (17 taxa in summer 2016
and  14  in  autumn  2016).  Poor  ecological
potential  was  identified  in  three  cases:
Bebresh (summer 2016), Telish (spring 2016)
and  Sinyata  Reka  (summer  2016),  where
TTN was between 4 and 6 (Table 3).

According  to  the  values  of  the  PETI,
Bebresh and Sopot Reservoirs had GEP and
above  (both  in  summer  2015).  In  five
reservoirs, mostly in summer, we registered
GEP,  while  Pchelina  was  classified  with
MoEP in spring 2016. In spring and autumn,
PETI indicated mainly BEP (Table 3). 

Oligochaeta-based  indices  were  not
always  applicable  because  this  group  was
sometimes absent from the macrozoobenthic
community. The percentage of Oligochaeta,
calculated for nine of the samples indicated
GEP,  in  the  rest  of  them  this  group  was
lacking (Table 3). The values of D2 were in
the  upper limit  (0.8  -  1.0)  of  the  scale  and
defined all water bodies as highly polluted.
The only exception was autumn 2016 (Telish:
D2 corresponded  to  relatively  pure  waters
and we registered high difference  between
the values of D3 and D4; Table 4).

Table 2. Environmental parameters of the studied reservoirs measured in 2015-2016. Legend:
Cond – conductivity (µS/cm); DO - dissolved oxygen (mg.dm-3); О2 - oxygen concentration (%); SD
- Secchi depth (m), TP - total phosphorus (mg.dm-3); chl  a  - chlorophyll  a (µg.dm-3); PB - “+”
presence of phytoplankton blooms. For colour coding see “Material and Methods”.

Reservoir Season Year Cond DO O2 pH SD TP Chl a PB
Pchelina summer 2015 69.5 13.5 168 8.24 <0.01
Pchelina spring 2016 652 20.8 231 8.68 1.2 1.41 1.18 +
Bebresh summer 2015 104.3 9.2 115 7.81 <0.01
Bebresh spring 2016 148.8 8.8 93 8.82 2.8 0.86 7.11
Telish summer 2015 171.8 9.8 110 8.23 <0.01
Telish spring 2016 224 9.1 102.3 8.65 0.5 0.77 11.85 +
Telish autumn 2016 261 9.7 85 9 0.8 0.08 2.37

Chetiride-
sette Izvora spring 2016 347 8.73 89 8.42 1.4 1.71 26.66 +

Sopot summer 2016 304 9.25 113.6 7.13 3.4 0.8 8.51 +
Konush summer 2016 199 9.5 121 10.4 0.6 0.071 9.87 +
Konush spring 2016 617 13.7 151.2 8.58 0.6 1.46 78.19 +
Gorni

Dabnik
summer 2015 224 9.9 116 8.39 <0.01

Gorni
Dabnik

spring 2016 250 8.97 99 8.71 3.7 0.8 2.37

Gorni
Dabnik

autumn 2016 273 10.4 93 8.8 1.7 0.08 0.6

Sinyata
Reka

summer 2016 370 14.1 160.2 9.39 0.8 0.87 2.22 +
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Table  3.  Ecological  potential  of  the  studied  reservoirs  in  2015-2016  based  on
macrozoobenthic BI, TTN and PETI indices.  For colour coding see “Material and Methods”.

Reservoir Season Year TTN BI PETI %
Oligo

Pchelina summer 2015 9 2--3 0.6 -
Pchelina autumn 2015 11 3 0.29 -
Pchelina spring 2016 11 3 0.25 -
Bebresh summer 2015 11 3 0.93 4.45
Bebresh spring 2016 4 2 - 19.05
Telish summer 2015 17 4--3 0.62 17.44
Telish spring 2016 6 2--3 0.12 -
Telish autumn 2016 14 3 0.58 1.11

Chetiridesette
Izvora

spring 2016 9 2--3 0.17 2.43

Sopot summer 2015 10 2--3 0.95 6.9
Sopot summer 2016 8 2--3 0.6 0.68

Konush summer 2016 11 3 0.67 9.62
Konush spring 2016 13 3 0.08 -

Gorni Dabnik summer 2016 11 3 0.22 -
Gorni Dabnik spring 2016 10 2--3 0.79 -
Gorni Dabnik autumn 2016 8 2--3 0.14 5
Sinyata Reka summer 2016 5 2 - -

  Table  4.  Oligochaeta-based indices  for  the  studied reservoirs  following  PARELE &
ASTAPENOK (1975).

Reservoir Season Year D2 D3 D4
Bebresh summer 2015 1 0.77 0.77
Telish summer 2015 0.99 0.99 0.99
Telish autumn 2016 0.2 0.2 1
Sopot summer 2015 1 1 1

Gorni Dabnik autumn 2016 1 1 1

Discussion
Reference conditions for lake types are

determined  by  the  specific  biological
elements (in this case benthic invertebrates)
and  the  supportive  physical,  chemical  and
hydromorphological  characteristics
(Directive,  2000/60/EC).  The  studied
reservoirs  have  variable  hydrometric
conditions  in  terms  of  water  surface  area,
depth  and  rate  of  water  fluctuations  as
reflected  also  by  their  different  lake  type
(BELKINOVA et  al.,  2013).  Three of  them are
large  reservoirs,  Gorni  Dabnik  (1180  ha),

Sopot (535 ha) and Pchelina (538 ha), while
the smallest Konush Reservoir has a surface
area  of  only  37.7  ha.  The  low  SD
transparency  in  Pchelina,  Telish,  Konush
and Sinyata Reka Reservoirs could be related
to  the  visually  registered  phytoplankton
blooms  during  our  sampling,  which
triggered  also  the  high  concentration  of
dissolved oxygen in the same reservoirs. On
the  other  hand,  the  highest  values  of  SD
were  measured  in  the  Gorni  Dabnik  and
Sopot  Reservoirs,  where  the  mussels
Dreissena  polymorpha was  registered.  This
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bivalve  is  known  to  be  an  efficient  filter
feeder (e.g.  MACISAAC, 1996;  TRICHKOVA et
al., 2013;  KALCHEV et al., 2014) and must be
responsible for the considerable increase in
transparency  in  the  reservoirs.  Water
transparency,  pH  and  dissolved  oxygen
concentration are among the variables most
affected  by  and  most  important  for  the
mussel  distribution  (CARACO et  al.,  2000;
KALCHEV et al., 2012). 

The  values  of  pH  indicated  GEP  for
most samples,  while these of TP suggested
MoEP.  The  alkaline  pH  in  the  shallow
reservoirs  Konush  and  Sinyata  Reka  were
likely  due  to  hypoxic  conditions  and
pollution from wastewater. Such conditions
may  lead  to  eutrophication  and  to  affect
greatly  macroinvertebrate  communities  (LI-
NA DU et al., 2017). Аs a consequence, mass
death of fish was observed in the summer of
2016  in  Sinyata  Reka  Reservoir.  Seasonal
variations of chl a in all reservoirs could be
explained with possible correlation between
water-level  fluctuations  and  presence/
absence  of  submerged  macrophytes
(ZOHARY & OSTROVSKY, 2011; KALCHEV et al.,
2012; SONG et al., 2019).

According RBMP of the Danube (2016),
physical and chemical parameters in Telish
and Gorni Dabnik Reservoirs indicated GEP
in  2016-2017.  Based  on  our  result,  these
water  parameters  were  variable  and
indicated different ecological potential (GEP
and  above  or  MoEP)  or  were  outside  the
ranges. The TP concentration could be used
as  a  measure  of  eutrophication  level  (e.g.
BLABOLIL et al., 2016; BOBORI et al., 2018). We
recorded  high  concentration  of  TP  for  the
Telish and Gorni Dabnik Reservoirs,  which
corresponded to MoEP. Data from the RBMP
of the Danube (2016), based on physical and
chemical parameters identified the potential
of  the  Sopot  Reservoirs  as  MoEP,  while
based on our results the concentrations for
TP and chl a, it had GEP. 

Most of the identified macrozoobenthic
taxa  are  commonly  found  in  Bulgarian
reservoirs  with  corresponding  typology
(VIDINOVA et al.,  2016) and we consider the

established  taxonomic  composition  to  be
representative  to  be  used for  assessment  of
ecological  potential.  We found one or more
alien species in five of the reservoirs. On the
one hand, alien and invasive species are more
pollution-tolerant  and  they  can  influence
environmental  assessment  (UZUNOV,  1977;
CARDOSO & FREE,  2008;  MACNEIL & BRIFFA,
2009; ORENDT et  al.,  2009;  MACNEIL et  al.,
2012).  On  the  other  hand,  environmental
stress  could  increases  the  susceptibility  of
lakes  to  successful  colonisation  by  invasive
species (EVTIMOVA et al., 2019). 

The ecological  potential  of  the studied
reservoirs was estimated in the range from
good  to  bad,  based  on  macroinvertebrate
metrics. It is important to note that, the high
number of species in the samples could not
readily indicate GEP. Еurybiotic species are
expected in these conditions,  as  we have a
variety of  disturbances  in the littoral  zone.
Мost of the recorded taxa are of Hirudinea,
Gastropoda, Bivalvia and Chironomidae and
are  indicative  of  eutrophic  conditions
(MoEP).  Thus,  TTN  estimates  higher
potential than BI and likely GEP corresponds
to MoEP. MoEP based on BI is registered in
seven reservoirs, which may be due to their
use:  intensive  irrigation,  industrial  water
supply,  angling,  aquaculture  and
commercial  fishing,  and  lead  to  degraded
environmental conditions  (TRICHKOVA et al.,
2013;  EVTIMOVA & DONOHUE, 2016;  SIMONS
et  al., 2019).  According  CHESHMEDJIEV &
VARADINOVA (2013),  PETI  provides
inconclusive  results  for  lakes,  which  was
confirmed  also  by  our  results.  In  a  future
study,  we  will  test  and  compare  the
reliability  of  trophic  indices  for  the
assessment  of  the  ecological  potential  with
the saprobiotic indices of PANTLE-BUK (1955)
and ROTHSCTEIN (1962).

Oligochaeta-based  indices  had  limited
application  in  the  estimation  of  the
ecological potential of the studied reservoirs,
as  oligochaetes  were  recorded  in  six  and
tubificids  -  in  five  of  them.  Tubificidae
endures hypoxic and anoxic conditions and
generally  consume  organic  waste  which
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transform  in  faeces,  containing  mineral
particles and ultrafine organics (GEORGIEVA

et  al.,  2012;  RIVERA-USME et  al.,  2015).
Supported by the fact that all reservoirs had
GEP,  based on  the  %Oligochaeta,  while  the
ratio between the registered tubificids to the
overall number of oligochaetes classified most
of the reservoirs (with tubificids recorded) as
organically  polluted.  This  was confirmed by
the overall similar values of the indices D3 and
D4 according PARELE & ASTAPENOK (1975). 

Although reservoirs share some common
features with lakes, they have higher nutrient
inputs and water-level fluctuations, leading to
intensified eutrophication and/or producing a
shift in communities  (EVTIMOVA & DONOHUE,
2016;  BOBORI et  al.,  2018).  The  association
among  biological,  physical,  chemical  and
morphological components of the ecosystems is
the  basis  of  hydrobiological  monitoring  and
overall classification of the ecological potential.
Generally, we found a mismatch between the
estimated ecological potential based on various
macroinvertebrate  and  abiotic  assessment
metrics. According LYCHE-SOLHEIM et al. (2013),
the  major  variability  of  littoral  benthic
invertebrates is partly defined by the consistent
effects of morphological pressures, typical for
HMWB and AWB. This is one of the reasons
WFD  requires  a  solid  link  between  the
variability in the structure of macrozoobenthic
invertebrates (as a BQE) across European water
bodies and their ecological potential (Directive
2000/60/EC). This appears to be a challenging
task  in  the  case  of  reservoirs,  owing  to  the
numerous  pressures  that  affect  their
communities  (e.g. GROOM &  HILDREW, 1989;
EVTIMOVA &  DONOHUE,  2014) and  special
approach should be employed when applying
different  status  classification  metrics.  In
addition, the ecological potential of  HMWB or
AWB does not depend on the surface area or
depth of the water body (MAZUR et al., 2017),
but is a result of physical alterations by human
activity (DIRECTIVE 2000/60/EC).

Conclusion
Currently,  the  metrics  adapted  for  the

assessment  of  ecological  status  of  Bulgarian

lakes  and  reservoirs,  based  on  benthic
macroinvertebrates  are  poorly  researched.
Therefore, we tested metrics using this quality
element (in the sense of WFD) with assessment
ranges  applicable  for  large  lowland rivers,  as
suggested  in  the  Bulgarian  legislation.  Our
results  demonstrated  that  different  metrics
provided  different  (sometimes  contrasting)
estimation of ecological potential. This mismatch
might not be triggered by the ranges of the used
metrics but by the fact that the specific taxon
composition is influenced by numerous factors,
natural or human-induced, like the variability of
hydrological regime and the associated shift of
the littoral. Thus, estimation of status based on
the  ratio  between  different  macrozoobenthic
groups  (PETI,  %  Oligochaeta)  could  prove
unreliable, especially in reservoirs with higher
water-level fluctuations. Additionally, the loss of
sensitive  taxa  can  be  a  useful  indicator  of
widespread  environmental  degradation,
including  eutrophication.  Further  studies  are
needed to test other metrics for the assessment of
ecological potential of reservoirs and the need to
adapt them for HMWB and AWB. Among the
possible candidates are various trophic indices,
autecological  data  or  saprobic  valencies  of
selected species.
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Appendix 1. List of benthic macroinvertebrates found in the studied reservoirs. Legend:
Sp – spring, Su – summer, Au – autumn, 15 – 2015, 16 – 2016, Be – Bebresh, Db – Gorni
Dabnik, Te – Telish, Ch – Chetiridesette Izvora, Ko – Konush, So – Sopot, Pc – Pchelina, SR –
Sinyata Reka, * - invasive species.

OLIGOCHAETA
Oligochaeta indet. PcSp16, DbSp16
Enchytraeidae  
Enchytraeus sp. cf. albidus Henle, 1837 TeAu16
Fridericia sp. BeSp16
Lumbricidae  
Lumbricidae g. sp. juv. TeSu15, TeAu16
Lumbriculidae  
Lumbriculus variegatus (Muller, 1774) TeAu16
Naididae  
Nais variabilis Piguet, 1906 ChSp16, KoSu16
Ophidonais serpentina (Muller, 1774) BeSu15, TeSu16
Stylaria lacustris (Linnaeus, 1767) ChSp16, SoSu16
Tubificidae  
*Branchiura sowerbyi Beddard, 1892 BeSu15, TeSu15, TeAu16, SoSu15, GDAu16
Limnodrilus claparediаnus Ratzel, 1869 TeSu15
Limnodrilus sp. BeSu15, TeSu15, GDAu16
Tubifex tubifex (Muller, 1774) GDAu16

HIRUDINEA
Erpobdellidae  
Erpobdella octoculata (Linnaeus, 1758) GDAu16
Glossiphonidae
Glossiphonia complanata (Linnaeus, 1758) TeAu16, GDAu16
Helobdella stagnalis (Linnaeus, 1758) PcAu15, BeAp15
Placobdella costata (Fr. Muller, 1846) PcAu15, PcAp16

AMPHIPODA
Gammaridae
* Dikerogammarus villosus (Sowinsky, 1894) GDSu16, GDAu16
Gammarus dacicus (Dobrenau & 
Manolache, 1942)

TeAu16, GDAu16

Gammarus komareki Schaferna, 1922 ChSp16
ISOPODA

Asellidae
Asellus aquaticus (Linnaeus, 1758) PcAu15, TeAu16, SoSu16, GDAu16

EPHEMEROPTERA
Baetidae

Cloeon dipterum (Linnaeus, 1761) PcSu15, PcAu15, BeSu15, ChSp16, SoSu15,
KoSu16, KoSp16, GDSu15

Cloeon simile Eaton, 1870 GDSu15
Caenidae

Caenis robusta Eaton, 1884 PcAu15, BeSu15, TeSu15, SoSu15, GDSu15,
GDSu16

ODONATA
Coenagrionidae
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Ceriagrion tenellum (de Villers, 1789) PcSp16

Ischnura elegans (Vander Linden, 1820) PcSu15, PcAu15, TeSu15, SoSu15, KoSu16,
GDSu15, GDSu16

Gomphidae  
Gomphus vulgatssimus (linnaeus, 1758) BeSu15
Libellulidae  
Crocothemis erythraea (Brulle, 1832) TeSu16, GDSu16
Orthetrum albistylum (Selys, 1848) BeSp16, GDSu15

HETEROPTERA
Corixidae  
Sigara iactans Jansson, 1983 ChSp16, KoSu16, SRSu16
Sigara lateralis (Leach, 1817) KoSu16, SRSu16
Sigara striata (Linnaeus, 1758) PcSu15, PcAu15, KoSu16, SRSu16
Sigara sp. TeAu16, KoSu16, 
Gerridae  
Aquarius paludum (Fabricius, 1794) KoSp16
Gerris sp. PcSu15, TeSu15, TeSp16, TeAu16, GDSu16
Micronectidae  
Micronecta pusilla (Horváth, 1895) ChSp16

Micronecta scholtzi (Fieber, 1860) PcSu15, BeSp16, TeAu16, SoSu15, SoSu16,
KoSu16, KoSp16

Micronecta sp. BeSu15, TeSu15, TeSp16, SoSu16, GDSu16
Naucoridae  
Ilyocoris cimicoides (Linnaeus, 1758) PcSu15, KoSu16, KoSp16
Nepidae  
Nepa cinerea Linnaeus, 1758 TeSu15, KoSp16
Notonectidae  
Notonecta sp. PcSp16, SoSu16, KoSu16, SRSu16
Pleidae  
Plea minutissima Leach, 1817 KoSp16, SRSu16

COLEOPTERA
Dytiscidae  
Agabus sp. TeSu15
Cybister sp. GDSu15
Herophydrus sp. KoSp16
Laccophilus minutus (Linnaeus, 1758) KoSp16
Nebrioporus/Deronectes g. sp. TeSu15
Gyrinidae  
Orectochilus villosus villosus (Müller O.F., 1776) KoSp16
Helophoridae  
Helophorus (Rhopahelophorus) flavipes 
Fabricius, 1792 KoSp16

Helophorus (Rhopahelophorus) griseus Herbst, 1793 KoSp16
Helophorus (Rhopahelophorus) longitarsis 
Wollaston, 1864

KoSp16

Hydrophilidae  
Chaetarthria sp. KoSu16
Coelostoma sp. ТеSu15, KoSp16
Cymbiodyta marginella (Fabricius, 1792) ТеSu15, KoSp16
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Enochrus (Lumetus) bicolor (Fabricius, 1792) ТеSu15, KoSp16
Spercheus emarginatus (Schaller, 1783) KoSp16

TRICHOPTERA
Ecnomidae
Ecnomus tenellus (Rambur, 1842) TeSu15, SoSu15
Hydropsychidae
Hydropsyche angustipennis (Curtis, 1834) TeAu16
Hydropsyche sp. (early instar larvae) TeAu16, GDSu16
Leptoceridae
Oecetis cf. ochracea (Curtis, 1825) PcSu15, BeSu15
Limnephilidae
cf. Micropterna lateralis (Stephens, 1837) BeSu15

DIPTERA: varia
Chaoboridae
Chaoborus (Chaoborus) crystallinus (De Geer, 1776) PcSu15
Scatophagidae g. sp. TeSu15
Ephydridae g. sp. TeSu15
Rhagionidae g. sp. TeSu15

Ceratopogonidae g. sp. PcSu15, BeSp16, TeSu15, SoSu15, GDSu15,
GDAu16, SRSu16

Culicidae g. sp. PcAu15
Limoniidae g. sp. TeSu15
Psychodidae TeSu15
Tabanidae g. sp. TeAu16, GDSu15
Tipulidae g. sp. PcAu15, TeAu16

DIPTERA: Chironomidae
Chironomidae g. sp. PcAp16, SoSu16, GDSu16, SRSu16
Ablabesmyia longistyla Fittkau, 1962 SoSu15
Ablabesmyia mallochi (Walley, 1925) BeSu15
Brillia bifida (Kieffer, 1909) BeSp16
Chironomus gr. plumosus (Linnaeus, 1758) KoSp16
Cladotanytarsus lepidocalcar Krueger, 1938 KoSp16, SRSu15
Cladotanytarsus sp. BeSu15, TeSu15, KoSu16
Cricotopus flavocinctus (Kieffer, 1924) KoSp16
Cricotopus (C) sp. TeSu15
Cricotopus (Isocladius) gr. sylvestris 
(Fabricius, 1794)

PcAu15, TeSu15, TeSp16, ChSp16

Cricotopus (Isocladius) sp.
Cryptochironomus supplicans (Meigen, 1830) BeSu15, TeSu15, SoSu15
Einfeldia sp. KoSp16
Endochironomus sp. KoSu16
Eukiefferiella gr. devonica (Edwards, 1929) KoSu16
Eukiefferiella sp. PcSu15
Glyptotendipes pallens (Meigen, 1804) KoSu16
Glyptotendipes sp. PcSu15, PcAu15, TeSu15, SRSu15
Glyptotendipes cauliginellus (Kieffer, 1913) KoSu16, KoSp16
Harnischia sp. BeSu15
Parachironomus sp. PcSu15, TeSu15, TeSp16
Paratanytarsus sp. KoSp16
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Paratrissocladius excerptus (Walker, 1856) BeSp16
Polypedilum sordens (van der Wulp, 1875) PcAu15, TeSp16, KoSu16
Polypedilum nubeculosum (Meigen, 1804) PcSu15, BeSu15
Polypedilum (Tripodura) bicrenatum Kieffer, 1921 PcAu15, TeSu15, ChSp16, SoSu15 KoSu16
Polypedilum sp. ChSp16
Procladius (Holotanypus) sp. PcSu15, BeSu15, SoSu15, GDSu15
Psectrocladius (Ps.) limbatellus (Holmg., 
1869) /sordidellus (Zett., 1838) BeSu15

Tanypus punctipennis Meigen, 1818 PcSu15, GDSu15
Tanytarsus sp. BeSu15, SoSu15
Stenochironomus sp. TeAu16

GASTROPODA
Limneidae
Lymnaea stagnalis (Linnaeus, 1758) PcSu15, PcAu15, PcSp16, SoSu15
Radix balthica (Linnaeus, 1758) BeSu15

Radix auricularia (Linnaeus, 1758) PcSu15, PcAu15, TeSu15, TeSp16, ChSp16,
GDSu15

Planorbidae
Ancylus fluviatilis O.F. Muller, 1774 TeAu16
Planorbarius corneus (Linnaeus, 1758) ChSp16, KoSu16
Physidae

Physella acuta (Draparnaud, 1805) PcSp16, TeSu15, TeAu16, ChSp16, KoSu16,
KoSp16, GDSu15, GDSu16

Viviparidae

Viviparus acerosus (Bourguignat, 1862) PcSu15, PcAu15, PcSp16, TeSu15, TeSp16,
SoSu15, SoSu16, GDSu15, GDSu16

BIVALVIA
Corbiculidae
*Corbicula fluminea (O. F. Muller, 1774) GDAu16
Dreissenidae

*Dreissena polymorpha (Pallas, 1771) PcAu15, PcSp16, TeSu15, TeSp16, SoSu15,
SoSu16, GDSu15, GDAu16

Sphaeriidae
Pisidium sp. TeAu16
Unionidae
Unio tumidus Philipson, 1788 GDAu16
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Abstract. Rhynchosia minima is prostrate climbing herb. In India it flowers during September-March
with peak flowering during January. The flowers are hermaphroditic, nectariferous, self-compatible
and have  explosive  pollination  mechanism adapted  for  pollination  by bees.  They  do not  fruit
through autonomous selfing but fruit through manipulated selfing, geitonogamy and xenogamy
mediated by pollen vectoring bees. The flowers not visited by bees fall off while those visited and
pollinated by them set fruit.  Seed dispersal occurs by explosive pod dehiscence.  Perennial root
stock resurrects back to life during rainy season. Seeds also germinate at the same time but their
continued  growth  is  subject  to  the  availability  of  soil  moisture  content.  Therefore,  R.  minima
expands its population size and succeeds as a weed in water-saturated habitats only. The plant is
used as medicine, animal forage and human food and hence it has the potential for exploitation
commercially.

Key  words:  economic  value,  explosive  pod  dehiscence,  explosive  pollination  mechanism,
hermaphroditism, melittophily, Rhynchosia minima. 

Introduction
Rhynchosia is  a  genus  of  the  legume

family  fabaceae,  tribe  phaseoleae  and
subtribe  cajaninae  (LACKEY,  1981;
JAYASURIYA,  2014).  It  consists  of  more than
232 species  and occurs  in  both the  eastern
and western hemisphere in warm temperate
and tropical regions (GREAR, 1978; JACA et al.,
2018;  SCHRIRE 2005;  TURNER 2011).  In  the
Eastern Ghats, twelve species of this genus
have been reported to be occurring almost in
one  region,  Seshachalam  hills  of  southern
Eastern  Ghats  of  Andhra  Pradesh.  They
include  R. albiflora,  R. beddomei,  R.  cana,  R.
capitata,  R.  courtollensis,  R.  densiflora,  R.
heynei,  R.  minima,  R.  rothii,  R.  rufescens,  R.

suaveolens  and  R.  viscosa.  These  species  are
either climbers or shrubs (MADHAVA CHETTY

et  al.,  2008).  Of  these,  R.  minima  is  a
pantropical  species  but  it  is  thought  to  be
native to the Old World and introduced and
naturalized in the New World. It is listed as
least  concern  in  bhutan  (LOPEZ POVEDA,
2012).  Its population is believed to be stable
and  no  real  threats  are  known  at  present.
The  population  size  of  this  species  is  not
known, but recent surveys between 1980 and
2008  from  throughout  the  range  of  the
species in india suggest it occurs in groups
of plants from 30 to 500 individuals (LOPEZ

POVEDA,  2012).  In  australia,  two  varieties
have been reported in  R.  minima based on
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pod  hair  character,  var.  minima  as  having
pods  with  short  fine  hairs  only  and  var.
australis as having short fine hairs and long
tubercular-based  hairs  on  the  pods
(ANDREWS,  1952;  STANLEY &  ROSS,  1983).
Later, HARDING et al. (1989) reported that R.
minima is highly variable and there are four
varieties  in  australia,  var.  amaliae,  australis,
minima and  tomentosa.  These  authors  also
stated that this species with many ecotypes
that  vary  in  their  adaptation  and  growth
characteristics has the potential to exploit it
as a forage plant. Of these infraspecific taxa,
R.  minima var.  minima is  studied  for  its
pollination ecology. 

Different authors noted that R. minima is
widely used as a medicinal plant.  CHUTE &
TIWARI (2002) noted that in the indian state
of maharashtra, the tribals of bhandara and
gadchiroli district use its  seed extract as an
eye  drop  to  cure  conjunctivitis  and
inflammation.  MUSTAK et  al.  (2006)
mentioned that the whole plant is used for
bath of the mother after delivery in pakistan.
GUNDIDZA et al. (2009) stated that the plant is
traditionally  used in  skin conditioning and
to  alleviate  boils  in  zimbabwe.  LOPEZ
POVEDA (2012) described  that  the  plant is
used  for  medicines  such  as  abortifacients,
ecbolics, general healing, medicines to treat
sickness  such  as  haemorrhoids,  heart,
diarrhoea and dysentery.  It  is  also used as
food  (sweets)  and  its  seeds  are  used  as
miscellaneous poison or repellents. GILLETT

et al. (1971) mentioned that the plant is used
as  animal  forage;  its  palatability  has  been
believed  to  vary  widely  with  different
ecotypes  that  occur  in  different  habitats.
HASSELL (1945) stated that in queensland, the
plant  is  eaten  readily  by  animals  when
young  due  to  high  palatability  however,
mature plant is not eaten due to fibrous and
coarse  nature.  BEESTON (1978) listed  R.
minima as highly palatable for animals in the
blackall  district  of  central  west  queensland
while  BOYLAND (1973) mentioned this plant
as  moderately  palatable  for  animals  in  the
far  south-west  of  queensland.  BOGDAN

(1977) stated  that  in  kenya,  the  plant  is

readily eaten by cattle than sheep; however,
the  cattle  stay  away  during  its  flowering
phase due to slight emission of  scent from
flowers.  SHUKLA et al. (1970) noted that this
plant is palatable to sheep in india. Despite
its  wide use  for  humans  and animals,  this
species  has  not  been  studied  for  its
reproductive  ecology  in  any  part  of  the
world  to  understand  the  factors  that
contribute  to  the success  of  this  plant as  a
weed  in  widely  different  ecological
conditions  that  prevail  in  the  tropical
latitudes. 

Franco  (1995,  Pers.  comm.,  Campinas,
University  of  Campinas)  provided  floral
details of  Rhynchosia in Brazil.  He reported
that  Rhynchosia is  autogamous  which  is
limited  by  spatial  segregation  between
stigma  and  anthers.  Levels  of  out-crossing
are maintained by retention of a pollination
mechanism. Hypanthidium sp. and Centris sp.
are the primary pollinators and the pollen is
deposited  on  the  ventral  part  of  their
abdomen  when  the  flower  is  probed.
CRAUFURD &  PRINS (1979) reported  that
Rhynchosia  sublobata is  self-compatible  and
pollinated by  Xylocopa bees.  ETCHEVERRY et
al. (2011) reported that Rhynchosia edulis and
R.  senna var.  texana display  valvular
pollination  mechanism;  the  former  is
facultative  xenogamous  while  the  latter  is
obligately  xenogamous.  There  is  no  other
information  on  flowering  phenology,
breeding  systems,  pollen  presentation
mechanisms,  pollination  mechanisms,
pollinators  and  fruiting  ecology  of  any
species of Rhynchosia. It is in this context, the
present study was contemplated to provide
the  details  of  pollination  ecology  of  R.
minima to  understand  the  sexual
reproduction with which the plant is able to
propagate  and  occupy  different  ecological
niches in tropical regions. 

Material and Methods
Study site
The study region is an integral part of

Southern Eastern Ghats of Andhra Pradesh
in  Peninsular  India.  The  area  is  located at
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13°40’N latitude and 79°19’E longitude. The
exact  study  area  is  the  forest  cover  of
Tirumala Hills, a constituent of Seshachalam
Hill  Range  in  Chittoor  District,  Andhra
Pradesh.  The  entire  region  represents  the
deciduous  forest  ecosystem.  The  site  is
characterized  by  a  combination  of  rocky,
undulating and steep terrain with some litter
content  formed  from  grass  and  other
herbaceous  plants.  The  temperature  ranges
from 40ºC to 42ºC during March to May and
at other times varies from 26ºC to 34ºC. The
rainfall varies from 975 to 1115 mm. In this
area,  Rhynchosia  minima  grows  as  a  small
population  in  open  areas  of  soil  rich  in
moisture  and  litter  and  as  isolated
individuals  in  open  rocky  areas  with  less
soil, moisture and litter.

Flowering and floral biology
Flowering season was defined based on

regular  field  trips  made.  Twenty
inflorescences were tagged and followed to
record  the  length  of  flowering  and  the
number of flowers produced. Anthesis was
initially recorded by observing twenty five
marked mature buds in the field. Later, the
observations  were  repeated  five  times  on
different days in order to provide accurate
anthesis  schedule.  Similarly,  the  mature
buds were followed for recording the time of
anther dehiscence. The presentation pattern
of pollen was also investigated by recording
how  anthers  dehisced  and  confirmed  by
observing the anthers under a 10x hand lens.
The  details  of  flower  morphology  such  as
flower sex, shape, size, colour, odour, sepals,
petals,  stamens  and  ovary  were  described
based  on  twenty  five  flowers  randomly
collected  from  five  plants.  Observations
regarding  the  position  and  spatial
relationships  of  stamens  and  stigma  in
mature bud, at anthesis and after during the
flower-life  with  reference  to  self  and/or
cross-pollination were made very carefully.

Pollen output
Thirty mature but un-dehisced anthers

from five different plants were collected and

placed  in  a  Petri  dish.  Later,  each  time  a
single anther was taken out and placed on a
clean  microscope  slide  (75  x  25  mm)  and
dabbed  with  a  needle  in  a  drop  of
lactophenol-aniline-blue.  The  anther  tissue
was then observed under the microscope for
pollen, if any, and if pollen grains were not
there, the tissue was removed from the slide.
The pollen mass was drawn into a band, and
the  total  number  of  pollen  grains  was
counted under a compound microscope (40x
objective,  10x  hand  lens).  This  procedure
was  followed  for  counting  the  number  of
pollen  grains  in  each  anther  collected.  The
mean  pollen  output  per  anther  was
multiplied by the number of anthers in the
flower  for  obtaining  the  mean  number  of
pollen grains per flower. The characteristics
of pollen grains were also recorded. 

Pollen-ovule ratio
The pollen-ovule ratio was determined

by  dividing  the  average  number  of  pollen
grains per flower by the number of ovules
per  flower.  The  value  thus  obtained  was
taken as pollen-ovule ratio (CRUDEN, 1977). 

Nectar characters
The presence of nectar was determined

by  observing  the  mature  buds  and  open
flowers.  The average volume of  nectar  per
flower was determined and expressed in µl
based;  for  this  ten flowers  were  used.  The
flowers used for this purpose were bagged
at mature bud stage, opened after cessation
of nectar secretion and squeezed nectar into
micropipette  for  measuring  the  volume  of
nectar.  Nectar  sugar  concentration  was
determined  using  a  Hand  Sugar
Refractometer  (Erma,  Japan).  Ten  samples
were used for examining the range of sugar
concentration in the nectar. For the analysis
of  sugar  types,  paper  chromatography
method described by  HARBORNE (1973) was
followed.  Nectar  was  placed  on  Whatman
No.  1  filter  paper  along  with  standard
samples  of  glucose,  fructose  and  sucrose.
The paper was run ascendingly for 24 hours
with a solvent system of n-butanol-acetone-
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water  (4:5:1),  sprayed  with  aniline  oxalate
spray  reagent  and  dried  at  120oC  in  an
electric  oven  for  20  minutes  for  the
development  of  spots  from  the  nectar  and
the standard sugars.  Then,  the sugar types
present  and also  the  most  dominant  sugar
type were recorded based on the area and
colour  intensity  of  the  spot.  The  sugar
content/flower is  expressed as  the product
of  nectar  volume  and  sugar  concentration
per unit volume, mg/µl. This is done by first
noting the conversion value for the recorded
sugar  concentration  on  the  refractometer
scale  and  then  by  multiplying  it  with  the
volume of nectar/flower. Table 5.6 given in
DAFNI et  al. (2005) was  followed  for
recording  the  conversion  value  to  mg  of
sugars present in one µl of nectar.

 
Stigma receptivity
In  visual  method,  the  stigma  physical

state (wet or dry) was considered to record
the commencement of receptivity. H2O2 test
as given in  DAFNI et al. (2005) was followed
for  the  confirmation  of  stigma  receptivity
period. 

Breeding Systems
Mature  flower  buds  of  some

inflorescences on different individuals were
tagged  and  enclosed  in  paper  bags.  They
were  tested  in  the  following  way  and  the
number of flower buds used for each mode
of pollination was given in Table 1. 

1. The flowers  were  fine-mesh bagged
without  hand  pollination  for  autonomous
autogamy.

2. The  stigmas  of  flowers  were
pollinated with the pollen of the same flower
manually  by  using  a  brush;  they  were
bagged and followed to observe fruit set in
manipulated autogamy.

3. The emasculated flowers were hand-
pollinated  with  the  pollen  of  a  different
flower on the same plant; they were bagged
and followed for fruit set in geitonogamy.

4. The  emasculated  flowers  were
pollinated  with  the  pollen  of  a  different
individual  plant;  they  were  bagged  and
followed for fruit set in xenogamy.

All  these  categories  of  flower
pollinations  were  followed  for  fruit  set.  If
fruit set is present, the percentage of fruit set
was calculated for each mode. 

Flower-visitors
The flower foragers included only bees.

The  hourly  foraging  visits  of  each  bee
species  were  recorded  on  3  or  4  occasions
depending  on  the  possibility  and  the  data
was  tabulated  to  use  the  same  for  further
analysis.  Fully  flowering  plants  were
selected to record the foraging visits of bees.
The data obtained was used to calculate the
percentage of foraging visits made by each
bee species per day in order to understand
the relative importance of each bee species.
Their foraging behaviour was observed on a
number  of  occasions  for  the  mode  of
approach,  landing,  probing  behaviour,  the
type  of  forage  collected,  contact  with
essential  organs  to  result  in  pollination,
inter-plant  foraging  activity  in  terms  of
cross-pollination  (Solomon  Raju  &  Radha
Krishna, 2017).

Determination of pollen carryover efficiency
of bees

Ten specimens of each bee species were
captured from flowers and brought them to
the laboratory. The pollen loads if present in
the  corbiculae  of  these  bees,  they  were
removed  prior  to  pollen  analysis.  Each
specimen was washed first in ethyl alcohol
and the contents stained with aniline-blue on
a glass slide and observed under microscope
to count the number of pollen grains present.
From  this,  the  average  number  of  pollen
grains  carried  by  each  bee  species  was
calculated  to  know  the  pollen  carryover
efficiency of different bee species (SOLOMON
RAJU & RADHA KRISHNA, 2017).

Natural  fruit  set,  seed  dispersal  and
seedling ecology

A  sample  of  flowers  on  twenty  five
plants were tagged on different plants prior
to anthesis and followed for fruit set rate in
open-pollinations.  Fruit  maturation  period,
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fruit  dehiscence and seed dispersal  aspects
were observed to the extent possible.  Field
observations  were  also  made  on  fruit  and
seed dispersal modes, seed germination and
seedling establishment to the extent possible
(SOLOMON RAJU & RADHA KRISHNA, 2017).

Results

Phenology
Rhynchosia  minima is  a  perennial

prostrate,  climbing herb  with  slender  stem
that grows in open areas. The plant re-grows
from below ground perennial root stock and
from  the  seed  during  June-August  during
which growth and leaf flushing occurs. The
plants growing in water saturated soils are
robust when compared to those growing in
water stress soils (Fig. 3a,b). The leaves are
trifoliate  with  reticulate  venation.  The
leaflets  are  petiolate,  ovate-rhombic,  and
puberulous,  especially  beneath.  The
flowering  occurs  during  September-March
with peak flowering in January. The plants
wither and disappear in April.  The flowers
are borne in pedunculate axillary and 50-70
mm  long  lax  racemes;  individual  racemes
are 4-6 flowered which open over a period of
2-4 days (Fig. 3c). 

Flower morphology
The flowers are pedicellate, small (5.9 ±

0.6 mm long and 6.1 ± 0.5 mm wide), yellow,
odorless,  papilionaceous,  zygomorphic  and
bisexual.  The  calyx  is  green  with  yellow
tinge and consists of 5 free, linear-lanceolate,
pubescent, 3-4 mm long sepals. The corolla is
bright yellow,  pubescent,  consists  of  upper
standard petal, two wing petals and two keel
petals.  The  standard  petal  is  large  (4.9  ±
0.3mm long and 5.7 ± 0.4mm wide), yellow
streaked  with  purple  veins  outside  and
inside  but  prominent  at  the  bottom  of  the
inside  mid-region  which  serves  as  nectar
guide; the petal base is clawed and consists
of  two  inflexed  fingernail  auricles.  The
standard petal envelops the rest of the petals
in bud but reflexes when the flower opens.
The two adjacent petals (4.7 ± 0.4 mm long

and 2.6 ± 0.4 mm wide), called wing petals
surround the two bottom petals, called keel
petals (4.4 ± 0.4mm long and 2.3 ± 0.4 mm
wide).  The  keel  petals  form  a  proximal
cylindrical part and a distal part consisting
of  a  pressed angular  pouch,  with an acute
porate tip in which the stamens and stigma
are housed. The keel and the wing petals are
attached by means of two notched folds. The
wing petals  serve as  alighting platform for
insects visiting the flowers. The stamens are
ten,  5.6  ±  0.4  mm  long,  diadelphous;  nine
filaments are fused by the basal part into a
sheath open along the upper side while the
tenth filament is free and lies on the others.
The distal parts of the filaments are free and
contain  1  mm  long  uniform  dithecous
anthers (Fig. 3j). The ovary is sessile, green,
villous,  2.3  ±  0.4  mm  long  and lies  in  the
sheath of the filaments along the cylindrical
part  of  the  keel  (Fig.  3l,m).  It  is
monocarpellary  and monolocular  with  two
ovules  arranged  on  marginal  placentation
(Fig. 3o). It has a long glabrous style with a
capitate  wet  shiny  stigma  (Fig.  3n),  both
together account for a length of 3.6 ± 0.4 mm.
The stigma is  situated at  the  height  of  the
anthers  (Fig.  3j).  The  distal  portion  of  free
filaments and style and stigma are incurved
and clamped into the keel petals. 

Floral biology
Mature buds (Fig. 3f) open during 1230-

1530 h with peak anthesis during 1330-1430
h (Table 1). Unfolding of the standard petal
and wing petals indicates flowering opening.
The keel petals do not unfold and remain in
their original position as in mature bud stage
(Fig.  3g,h).  All  the  ten  anthers  in  a  flower
dehisce at the same time by longitudinal slits
in mature bud stage. The number of pollen
grains  per  anther  is  588.6  ±  65.98  and  per
flower  is  5,886.  The  pollen-ovule  ratio  is
2,943:1.  The  pollen  grains  are  monads,
spheroidal, 17.43 ± 2.49 µm in size, powdery
and  tricolporate,  angulaperturate  with
reticulate exine (Fig. 3k). A nectariferous disc
is  present  at  the  base  of  the  ovary.  The
initiation  of  nectar  secretion  occurs  during
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mature bud stage and its cessation occurs an
hour  after  anthesis.  Individual  flowers
produce 1.2 ± 0.03 µl of nectar with 0.38 mg
of sugar.  The nectar sugar concentration is
28%  (Range  26-30%)  consisting  of  sucrose,
glucose  and  fructose  with  the  first  as
dominant. Nectar is deeply concealed and it
is open through two windows between the
joined and the  free filaments  at  the  flower
base.  These  windows  allow  access  to  the
nectar. The stigma attains receptivity during
anthesis  and  remains  receptive  for  about
three  hours.  After  three  hours  of  anthesis,
the standard, wing and keel petals gradually
move  close  to  each  other  enclosing  the
reproductive  organs  (Fig.  3d,e).  The closed
flowers remain so even during most part of
the fruit development. 

Pollination mechanism
The reproductive column is held under

pressure  within  the  keel  part  in  open
flowers  and  it  is  exposed  when  the
pollinator presses against the wing and the
keel  petals  (Fig.  3i).  When insects  land on
the  wing petals,  the  latter  causes  the  keel
petals  to  release  the  reproductive  column
explosively. Consequently, the reproductive
column snaps forward against the standard
petal  causing  most  of  the  pollen  to  be
instantly  released  and  the  pollen  thus
released comes into contact with the ventral
side of the insect body. Since the incurved
stigma is  situated above the  height  of  the
anthers, it strikes the insect body first due
to  which  cross-pollination  occurs  if  the

insect  visited  the  other  flowers  previously
and carried pollen on its  ventral  side  and
also then the pollen ejected from the anthers
powders  the  ventral  side  of  the  insect
instantly. If it is the first visit for the insect
to the flower, then it effects self-pollination
upon  explosive  release  of  reproductive
column  from  the  keel  boat.  With  the
departure of the insect from the flower, the
reproductive column does not return back
to  its  former  position  but  the  keel  moves
forward  partly  covering  the  stamens  and
stigma.  The  downward  movement  of  keel
petals  occurs  in  each  subsequent  foraging
visit  by  appropriate  insects.  Tripping  of
keel boat can also occur due to heavy rain
or high temperature that weaken turgidity
of  the  restraining  keel  tissues.  But,  the
tripping  due  to  these  two factors  is  ruled
out  since  the  plant  flowers  during  winter
season when heavy rains  are rare and the
temperatures  are  usually  low (21-26°C).  If
the flower is untouched or tripping to keel
did  not  occur,  the  reproductive  column is
never exposed and remain enclosed in the
keel boat. Such flowers fall off subsequently
upon withering without fruit set. 

Breeding systems
In  mature  buds,  anthers  dehisce  but

autonomous  autogamy  does  not  occur.
Fruit  set  is  absent  in  un-manipulated
autogamy,  16%  in  hand-pollinated
autogamy,  50%  in  geitonogamy,  88%  in
xenogamy  and  46%  in  open-pollination
(Table 2). 

Table 1. Anthesis as a function of time in Rhynchosia minima.

Time (h) No. of flowers anthesed Percentage of 
Anthesis

1130 0 0
1230 11 15
1330 25 34
1430 29 40
1530 8 11
1630 0 0

No. of mature buds tagged: 73
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Table 2. Results of breeding systems in Rhynchosia minima.

Pollination mode No. of flowers
pollinated

No. of fruits
formed Fruit set (%)

Autogamy (un-manipulated and 
bagged) 50 0 0

Autogamy (hand-pollinated and 
bagged) 50 8 16

Geitonogamy 50 25 50
Xenogamy 50 44 88
Open-pollination 351 160 46

Bee pollinators and pollination
The flowers were exclusively foraged by

three  species  of  bees  for  both  nectar  and
pollen.  The  foraging  activity  began  from
1100 h onwards and ceased at 1700 h (Table
3). The bees started probing the mature buds
with partial  opening of standard petal and
showed peak foraging activity during 1200-
1300 h (Fig.  1).  The  bees  belonged to  only
one order, Hymenoptera, one family, Apidae
and  two  sub-families,  Apinae,  and
Nomiinae.  One  bee  species  belonged  to
Apinae  and two species  to  Nomiinae  (Fig.
3p,q). More individuals of A. florea and a few
individuals  of  Ceratina sp.  and  Nomia sp.
were  recorded at  the flowers.  Individually,
A.  florea made  35%,  Ceratina sp.  33%  and
Nomia sp. 32% of total foraging visits (Fig. 2).
The body washings of foraging bees showed
variation in the pollen carrying capacity; the
average  pollen  recorded  on  A.  florea was
174.2,  Ceratina sp. 134.3 and Nomia sp. 106.4
(Table  3).  The flowers  were  visited several
times by bees but new visits lasted shorter
than  the  first  one.  With  respect  to  their
behavior, the bees landed on the wing petals
and  the  keel,  with  their  head  near  the
standard petal.  They then exerted a certain
pressure with legs on the wing petals until
these  and  the  keel  bent  downwards,  and
then  proceeded  to  collect  nectar  during
which  the  bee's  abdomen  appeared  pollen
smothered  (sternotribic  pollen  deposition).
To collect pollen, the bees took "U" turn after
nectar  collection  and  proceeded  to  the
stamens to collect pollen. 

Fruiting behavior
The  fruit  growth  and  development

begins  immediately  after  pollination  and
fertilization. The fruits mature within three
weeks (Fig. 4a,b, e-h). The sepals enclose the
growing fruit initially and the fruit emerges
out of the sepals gradually with its gradual
growth  and  development.  Fruit  is  green
initially and brown to dark brown when ripe
and  dry.  It  is  a  non-fleshy,  hairy,  oblong,
13.7  ±  1.0  mm  long,  3.9  ±  0.2  mm  wide,
compressed,  rounded  and  apiculated  pod
with the remains of the style at the apex and
narrowing  towards  the  base.  The  pods
produced mostly  two seeds  but  rarely  one
seed; it is compressed between two seeds. In
certain  2-seeded  pods,  one  seed  is  usually
healthy and the other is aborted (Fig. 4i).

Seed ecology
Mature and dry fruits display explosive

dehiscence to disperse seeds. The pod with bi-
valvate  configuration  dehisce  elastically
ejecting  the  seeds  (Fig.  4c,d).  The  seed  is
greyish to brown, compressed, reniform, finely
pubescent, shortly beaked, 2.9 ± 0.2 mm long,
1.9  ±  0.2  mm  wide  and  shiny  without
strophiole  (Fig.  4j).  Seeds  germinate  during
rainy season which starts from June to August.
Seedlings grow continually but their growth
rate is  subject to the availability of moisture
status  of  the  soil.  In  areas  where  soil  is
saturated  with  moisture  and  contains  litter,
seeds  continue  growth and produce  mature
plants  within two months and subsequently
commence flowering and fruiting.
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Fig. 1. Hourly foraging activity of bees on Rhynchosia minima.

Fig. 2. Percentage of foraging visits of individuals bees on Rhynchosia minima.
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Fig. 3. Rhynchosia minima: a. Luxurious growth in water-saturated soil, b. Individual
plant in water-stress soils, c. Flowers, d-e. Closure of standard petal covering the wing and
keel petals, f. Mature bud, g. & h. Flower with stamens and stigma housed in keel petals, I.
Explosive release of stamens and stigma from keel petals, j. Stamens and stigma, k. Pollen

grain, l. Pistil, m. Pubescent ovary, n. Capitate stigma, o. Ovules, p. & q. Nomia bees.
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Fig. 4. Rhynchosia minima: a. Fruiting branch with maturing and mature pods, b.
Maturing pods, c. Mature and dry pods partly split for seed release, d. Explosive twisting of
pod for seed release , e-h. Different stages of pod development, I. Pod with one healthy seed

and one aborted seed, j. Healthy seeds.
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Table 3. Pollen recorded in the body washings of bee foragers on Rhynchosia minima.

Bee species Sample size
(N)

Number of pollen grains

Range Mean S.D
Apis florea 10 79-276 174.2 72.05
Ceratina sp. 10 61-183 134.3 38.21
Nomia sp. 10 43-147 106.4 32.43

Discussion
Rhynchosia  minima grows  in  diverse

habitats of tropical regions of the world. LOPEZ

POVEDA (2012) documented that  this species
occurs in grassland, grassland with scattered
trees,  woody  bush  land,  ruderal  land,
roadside, grazed and human disturbed land,
plain land and sandy black soil. HARDING et al.
(1989) also stated that this species occurs in a
variety  of  habitats  but  most  often  on  self-
mulching  heavy  clay  soils,  from  sands  and
sandy  loams.  With  its  ability  to  grow  in
different habitats, it appears to have evolved
certain  characters  that  are  adaptive  to  the
habitat(s)  where  it  occurs.  Such  evolved
characters  might  have  led  to  the  origin  of
different ecotypes or varieties in this species.
In australia, var. minima and var. australis have
been reported in this species complex based on
pod  hair  character  (STANLEY &  ROSS,  1983;
ANDREWS,  1952).  Later  in the same country,
HARDING et al. (1989) described four varieties -
amaliae, australis, minima and tomentosa in this
species complex based on variations in their
adaptation and growth characteristics. In the
present study,  R. minima has been found to
grow in water-saturated and water stress soils.
It  grows as  a  population  in  water-saturated
soils while as scattered or isolated individuals
in  soils  experiencing water  stress  and rocky
areas with little soil content. R. minima did not
show any notable variations in their growth or
morphological  characters  but  the  plants
growing  in  moist  soils  are  comparatively
robust to those growing in drought or rocky
areas.  However,  further work in this  line in
different  habitats  in  India  may  reveal  the
existence  of  ecotypes  or  varieties  in  this
species. 

Rhynchosia  minima  is  a  prostrate,
climbing  herb  which  grows  from perennial
root  stock  during  rainy  season.  It  also
produces new plants from seed stock at the
same time. Full leaf flushing is complete by
the end of  August  and floral  bud initiation
takes place in October. The flowering season
is well defined and is confined to north-east
monsoon  and  winter  seasons.  Individual
plants  produce  a  small  number  of  flowers
during their life time due to production of a
few  inflorescences  and  each  of  which
producing a  maximum of  only  six  flowers.
The plant  during flowering  phase  does  not
attract  many  flower  foragers  although
different  categories  of  insects  exist  in  the
vicinity; the prostrate habit, display of a few
flowers at ground level and dull banner petal
(standard petal) appear to be responsible for
the non-receipt of visits by many insects. 

In  R.  minima,  hermaphroditic  sexual
system  is  functional  due  to  production  of
fertile  pollen  grains  and  functional  ovary.
The  flowers  display  the  near  synchronous
hermaphroditism or homogamy due to the
occurrence  of  anther  dehiscence  in  mature
bud stage and receptivity of stigma during
anthesis.  The  entire  reproductive  column
stays  inside  the  keel  petals  even  after
anthesis;  in  this  situation,  there  is  a
likelihood  of  the  occurrence  autonomous
autogamy.  But,  hand-pollination  tests
indicated  that  autonomous  autogamy  does
not occur despite self-compatibility but it is
functional  because  fruiting  occurred  when
this mode of pollination is manipulated by
brushing  the  stigma  with  its  own  pollen.
Such a situation suggests that the flowers are
essentially dependent on flower foragers for
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fruit  set  through  self-  as  well  as  cross-
pollination.  It  appears  that  the  stigma
although receptive blocks the germination of
the self-pollen while it is in keel petals and
hence,  it  essentially requires the rupture of
its surface by a pollinator to allow the self -
or  cross  pollen  to  germinate.  Such  a
stigmatic  regulatory  function  appears  to
have  evolved  to  discourage  selfing  and
promote  out-crossing.  SHIVANNA & OWENS

(1989) stated that the rupture of the stigmatic
surface  by pollinator  permits  the  pollen to
germinate  in  the  flowers  of  phaseoleae
members with thick stigmatic cuticle. On the
contrary,  CASTRO & AGULLO (1998) reported
that  in  vigna,  a  member  of  the  tribe
phaseoleae,  autonomous  self-pollination
may  occur  by  spontaneous  rupture  of  the
stigmatic  membrane.  Similar  stigmatic
surface  that  prevents  self-fertilization  has
also been reported in vicia faba (tribe vicieae)
(LORD &  HESLOP-HARRISON,  1984)  and  in
medicago scutellata (tribe trifolieae) (KRIETNER
& SORENSEN, 1985); however, in these species
auto-fertile lines have been reported to have
thin stigmatic cuticles allowing spontaneous
disruption  and  self-fertilization.  In  R.
minima, the stigmatic surface appears to have
thick  cuticle  and  does  not  have  the
mechanism of causing spontaneous rupture
to  facilitate  autonomous self-pollination.  In
effect, the tripping of keel petals appears to
be essential to cause rupture on the stigmatic
surface by the tripping agent due to which
there is more likelihood of the occurrence of
either geitonogamy or xenogamy. The fruit
set  rates  recorded  in  hand-pollinated
geitonogamy  and  xenogamy  also
substantiate  that  the  plant  is  facultative
xenogamous,  a  breeding  system  that  is
flexible and keeps the options open for both
selfing and out-crossing mediated by pollen
vectors. 

SCHRIRE (1989) stated that the ecological
and evolutionary success of leguminosae has
been  related  to  biotic  pollination
mechanisms. The six sub-families within this
family  have achieved a  characteristic  floral
architecture, in which plants within the sub-

family  Papilionoideae  have  developed  the
most  complex  floral  mechanisms.  Plants
within the papilionoideae have zygomorphic
flowers  that  are  mainly  bee-pollinated
(Westerkamp,  1997;  LPWG,  2017)  although
bird  pollination  and  bat  pollination  have
also  been  recorded  (ORTEGA-OLIVENCIA et
al., 2005).  In  bee-pollinated  flowers  of
Papilionoideae,  each  part  of  the  corolla  is
specialized for a particular role in pollinator
attraction and the success of pollination. The
flag or standard petal attracts pollinators; the
keel  protects  androecium  and  gynoecium
and,  together  with  the  wings,  provides  a
platform  for  the  insects  to  land  on.  The
wings  also  operate  as  levers  that  raise  or
lower the keel (STIRTON,  1981). The flowers
typical  of  pollination  by  the  bee  family
apidae  are  zygomorphic,  bright  yellow  or
blue with nectar guides, and frequently with
hidden  rewards  such  as  those  in  the
lamiaceae,  scrophulariaceae,  fabaceae  and
orchidaceae (FAEGRI & VAN DER PIJL, 1979).
In the present study, the Fabaceae member,
R.  minima  has  papilionaceous  corolla  with
flag,  wing  and  keel  petals;  the  flag  petal
serves  as  a  visual  attractant,  wing  petals
provide  landing  platform  and  keel  petals
protect the entire reproductive column. The
flowers  are  typical  of  pollination  by  bees
since they are zygomorphic, standard petal
with  nectar  guide,  hidden  nectar  at  the
corolla base and hidden pollen in keel petals.

Within  the  sub-family  Papilionoideae,
primary and secondary pollen presentations
have been reported. In plants with primary
pollen  presentation,  pollen  is  delivered
directly  from  the  anthers  to  the  vector's
body.  In  plants  with  secondary  pollen
presentation, pollen grains are delivered first
on  a  floral  part  such  as  the  keel  petals  in
papilionoideae and then on the body of the
vector  implying  an  accurate  delivery  of
pollen on the vector's  body (HOWELL et al.,
1993).  These  two  pollen  presentation
patterns are associated with the four types of
basic  pollination  mechanisms  -  valvular,
pump, explosive and brush, all of them are
associated  with  a  particular  floral
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architecture  and  kinetics.  In  the  valvular
type,  pollen  presentation  is  primary,
whereas in the other three mechanisms, it is
secondary  (YEO,  1993).  In  the  explosive
mechanism, commonly only one pollination
event  occurs  and  it  has  evolved
independently  in  several  tribes  (SMALL,
1988), while in the other three mechanisms,
repeated visitation is possible (WESTERKAMP,
1997).  In  the  present  study,  R.  minima
flowers  have  explosive  pollination
mechanism and deliver pollen directly from
the  anthers  to  the  bee's  body  when  keel
petals are tripped by the foraging bee;  this
type pollen delivery is the representative of
primary pollen presentation associated with
explosive  pollination  mechanism.  In  the
flowers,  the staminal column is held under
pressure  within  the  keel,  and  when  the
tension is released by the forager, the same
column snaps forward against the standard
petal  causing all  the  pollen to  be  instantly
released.  The reproductive column remains
exposed  and  does  not  return  back  to  its
original state but the keel petals return back
partially  covering  the  stamens  and stigma.
The  efficiency  of  explosive  pollination
mechanism depends on the ambient weather
conditions,  especially  temperature  and
relative  humidity.  Since  R.  minima  flowers
during  winter  season,  it  accordingly
commences anthesis from noon onwards by
which time the ambient air will be relatively
dry and hence is conducive for the efficient
functioning  of  the  explosive  pollination
mechanism. Further, the bees also commence
their  foraging  activity  from  around  noon
time and continue forage collection until the
flowers close back.  The concealment of  the
stamens  within  the  keel  petals  until  it  is
tripped  is  an  advantage  for  the  plant  to
secure  pollen  from  unusual  rains  and
ambient  moisture  conditions  during  the
flowering season of this plant (PETER et  al.,
2004). 

PERCIVAL (1961) stated that plants with
deep-tubed flowers tend to produce sucrose-
rich  nectar,  whereas  those  with  open  or
shallow-tubed  flowers  tend  to  be  hexose-

rich.  BAKER &  BAKER (1983) stated  that
flowers with long corolla tube possess more
sucrose in their nectar while those with short
tubes possess more hexoses in their nectar.
In  the  present  study,  R.  minima  with short
corolla  tube  presents  sucrose-rich  nectar
because the nectar is perfectly concealed and
hence is  not exposed for the breakdown of
sucrose into hexoses. Concealment of nectar
in this species is adaptive to protect against
microorganisms,  particularly  yeasts,  whose
metabolic  activities  dramatically  change
nectar  chemistry  and  the  plant  gains  a
benefit from keeping the nectar as sterile as
possible  to  maintain  control  over  its
chemical composition in order to maximize
pollination  rate  by  attracting  appropriate
pollinators  (HERRERA et  al.,  2008).  Honey
bees prefer the flowers with sucrose as chief
constituent  of  nectar  (KEVAN,  1995).  The
flowers  pollinated  by  long-tongued  bees
produce  sucrose-rich  nectar  (BAKER &
BAKER,  1990).  In  line  with  this,  R.  minima
with  melittophilous  pollination  syndrome
also  produces  sucrose-rich  nectar  which  is
utilized  exclusively  by  long-tongued  bees.
Apis, ceratina and nomia bees recorded on this
herb have been documented as long-tongued
bees  (CRUDEN et  al., 1983;  ROUBIK,  1992;
ROUBIK,  2006). Bee-flowers tend to produce
small  volume  of  nectar  with  higher  sugar
concentration  than  the  nectar  of  flowers
pollinated  by  other  animals  (OPLER,  1983;
CRUDEN et  al., 1983).  Honey  bees  prefer
sugar  concentration  of  20  to  40%  in  the
nectar  (WALLER,  1972).  On  the  contrary,
BAKER & BAKER (1983) noted that honey bees
prefer sugar concentration of 30 and 50% in
the nectar. The honey bees have the ability to
regurgitate liquid onto concentrated or even
crystallized  nectar,  in  this  way,  reduce  its
concentration so that it may be imbibed. The
preferred sugar concentrations of nectar by
other categories of bees have not been found
in the literature. But,  PYKE & WASER (1981)
stated that the nectar sugar concentration of
flowers  pollinated  by  bees  is  generally
higher  than  that  of  those  pollinated  by
butterflies  and  hummingbirds;  bee-
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pollinated  flowers  tend  to  produce  nectar
with  sugar  concentration  more  than  35%
while  butterfly  or  hummingbird  pollinated
flowers  tend to  produce  nectar  with sugar
concentration ranged between 20 and 25%.
In line with these reports, the present study
shows that the flowers of R. minima produce
a  small  volume  of  nectar  with  28%  sugar
concentration. Further, the energy yield from
nectar  appears  to  be  in  tune  with  the
requirement of energy by bees. Therefore, R.
minima  flowers  with  explosive  pollination
mechanism,  primary  pollen  presentation,
and hidden nectar and pollen have evolved
to  discourage  other  foragers  from  visiting
the flowers and to ensure that the bees get
the floral rewards. Accordingly, the flowers
of R. minima never received visits from other
categories of insects. 

In R. minima, the keel tripping process is
not  self-activated  to  effect  pollination.  The
flowers depend on bees for tripping of the
keel  petals  to  enable  the  working  of
explosive  pollination  mechanism.  The
flowers  that  were  not  tripped  by  external
agents  subsequently  fall  off.  This  situation
explains  that  the  plant  is  obligately
dependent on bees for pollination. The bees
visiting  the  flowers  seem to  be  efficient  in
tripping the flowers because the flower size
and petal  strength  are  commensurate  with
the  bee  size  and  the  force  employed  to
depress the wing petals to access the nectar.
MISHRA &  RAJESH KUMAR (1997) reported
that  the  pollen  has  great  importance  for  a
bee  colony  as  pollen  provides  proteins,
which are essential for worker honey bees to
secrete  glandular  food  (royal  jelly)  for
rearing brood. Availability of enough pollen
directly helps in more brood rearing, which
ultimately leads to gradual colony build up.
R. minima serves also as a pollen source for
foraging bees.

CRUDEN (1977) used  the  pollen-ovule
(p/o)  ratios  as  indicators  of  breeding
systems of  plants.  He provided P/O ratios
for different breeding systems - 168.5 + 22.1
for  facultative  autogamy,  798.6  +  87.7  for
facultative xenogamy and 5859.2 + 936.5 for

xenogamy.  Several  workers  followed these
P/O  ratios  to  classify  breeding  systems  of
the plant species studied by them.  ARROYO
(1981) stated that the p/o varies according to
the  pollination  mechanism  within
papilionoideae.  These  authors  suggested
that  the  plants  with  explosive  mechanism
have a low P/O because a single pollinator
visit  is  needed for  efficient  transference  of
pollen; this low P/O is a consequence of the
highly  specialized,  irreversible  pollination
mechanism, which allows only one effective
exchange of pollen with pollinators.  SMALL
(1988) stated  that  medicago  species  of  the
tribe  trifolieae  with  explosive  pollination
mechanism displays the lowest pollen-ovule
ratios. LOPEZ et al. (1999) recorded explosive
pollination mechanism with highest pollen-
ovule ratios in certain genera of the fabaceae
such  as  cytisus,  pterospartum,  teline,  ulex,
stauracanthus and cytisophyllum.  ETCHEVERRY
et  al.  (2011) stated  that  the  fabaceae  plants
which  they  studied  with  explosive
pollination  mechanism  had  intermediate
pollen-ovule  ratios.  These  authors
mentioned  that  Rhynchosia  edulis and  R.
senna  var.  texana have  valvular  pollination
mechanism  with  primary  pollen
presentation. Both the species are classified
as obligate xenogamous based on P/O ratio
but R. edulis has been found to be facultative
xenogamous  in  hand-pollination  tests.
CRAUFURD &  PRINS (1979) reported  that  r.
sublobata is  self-compatible  and  facultative
xenogamous  in  hand-pollination  tests;  it  is
pollinated  by  xylocopa bees.  In  the  present
study,  r.  minima  shows  highest  p/o  ratio
when  compared  to  that  of  facultative
xenogamy  used  by  CRUDEN (1977).  The
highest  P/O  ratio  in  this  plant  species
appears  to  be  a  consequence  of  pollen
collection  activity  by  bees.  Therefore,  it  is
inevitable for R. minima to produce high P/O
to  compensate  the  pollen  loss  caused  by
pollen collectors and ensure the function of
its vector-dependent facultative xenogamous
breeding system. 

TRAN & CAVANAGH (1984) reported that
in leguminosae, seeds of many taxa exhibit
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physical  (exogenous)  dormancy due  to  the
presence of a water impermeable seed coat.
With this dormancy, they remain viable for
long period of time. ALI et al. (2012) reported
such  physical  dormancy  in  Rhynchosia
capitata due  to  which  this  species  is
successful  as  a weed.  SHAUKAT & BURHAN
(2000) described seed characteristics and the
factors  regulating  germination of  r.  minima
in pakistan; it exhibits differential success in
different  habitats  with  different  micro-
climates.  RANGASWAMY &  NANDAKUMAR

(1985) reported  that  the  seed  coat  of
Rhynchosia  minima is  composed  of  three
gradative barriers to water uptake a surface
deposit  of  waxy material  interfused with a
lipoidal substance, β-sitosterol; a subjacent 3-
μm  adcrustation  of  hemicellulose-cellulose
complex;  and  a  layer  of  palisade  cells  in
which the secondary walls are impregnated
with arabinan and the lumen contains tannin
and  phenolic  compounds.  The  micropyle
and  hilum  function  as  hygroscopic  valves
when seed coat breaks open. In this study, a
few seedlings have been sighted and this is
not  in  tune  with  the  abundant  seed
production through open-pollinations by  r.
minima;  hence this  species  appears to have
physical  dormancy  as  reported  by
RANGASWAMY &  NANDAKUMAR (1985).
Many seeds germinate in the vicinity of the
parental  plants  in  areas  of  water-saturated
soils  during  rainy  season but  their  growth
suppressed when long dry spells continued
during this season. In areas of water stress, a
few  seeds  germinated  here  and  there  but
they soon perished due to water stress as a
consequence  of  long  dry  spells.  In  both
water-saturated  and  water  stress  habitats,
the  perennial  root  stock  of  this  species
seasonally  resurrects  and  produces  new
growth during rainy season.  The explosive
pod dehiscence results  in the settlement of
seeds  mostly  in  the  parental  sites  but  rain
water  may  disperse  them  to  new  places
during rainy season. Seed dormancy seems
to  be  regulating  the  proliferation  of  R.
minima.  It  is  successful  in  building  up
populations only in areas where soil is water

saturated  and  hence  there  it  becomes  a
successful  weed in  farmlands but  certainly
not  in  areas  where  soil  is  deficient  in
moisture during rainy season. Therefore,  R.
minima is  not  a  very  widespread  species
because  it  is  habitat-specific  and  requires
sufficient  moisture  and  nutrient  content  in
the  soils  to  establish  populations.
Nevertheless,  r.  minima although  not
successful  in  establishing  populations  in
water-stress  soils  is  a  hardy  plant  and
tolerant of drought as stated by HARDING et
al. (1989). 

R. minima is widely used as a medicinal
plant.  It  is  used  to  cure  eye  conjunctivitis
and inflammation (CHUTE & TIWARI,  2002),
body  care  (MUSTAK et  al., 2006),  skin
conditioning  and  boils  (GUNDIDZA et  al.,
2009),  haemorrhoids,  heart,  diarrhoea  and
dysentery (LOPEZ POVEDA,  2012).  It  is  also
used  as  animal  forage  (HASSELL,  1945;
SHUKLA et  al.,  1970;  GILLETT et  al., 1971;
BOYLAND,  1973;  BEESTON,  1978;  BOGDAN,
1977).  Further,  LOPEZ POVEDA (2012) noted
that the seed of this species is used as food,
especially  in  making  sweets.  In  this
connection,  it  is  pertinent  to  mention  the
report  of  HARDING et  al.  (1989) that  this
species  is  likely  a  potential  grain  crop
because  it  is  a  large  seed  producer.  Since
significant  variations  exist  in  agronomic
attributes  such  as  days  to  flowering,  pod
indehiscence  and  seed  size  of  R.  minima
growing in different habitats, there is a huge
potential  to  identify  and  select  desirable
genotypes  to  improve  grain  production  in
this  species.  Therefore,  further  studies  are
suggested to exploit the varieties or ecotypes
of R. minima for medicine, animal forage and
human food.

REMANANDAN (1981) stated  that
Rhynchosia,  being generically  related to  the
genus  cajanus,  some  of  its  species  can  be
used  to  provide  substantial  contributions
towards  crop  improvement  in  pigeon  pea.
Furthermore,  some  species  of  Rhynchosia
have been experimented in India to provide
physiological resistance against insect pests
such as pod-borer and pod-fly in pigeon pea.
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In this study, the seeds of R. minima have not
been infested  by  any pod-borer  or  pod-fly
both  in  water-saturated  and  water-stress
habitats suggesting that it has physiological
resistance  against  insect  pests.  Therefore,
intensive and extensive research is suggested
to identify and select desirable genotypes of
R. minima that give physiological resistance
against  pod  or  seed  pests  in  order  to  use
them for crop improvement in pigeon pea. 

Conclusion
Rhynchosia minima is a winter blooming

prostrate  climbing  herb  in  India.  It  is
hermaphroditic,  self-compatible  and
equipped  with  explosive  pollination
mechanism  adapted  for  melittophily.  It  is
essentially  vector-dependent  for  both  self-
and cross-pollination.  Mature  pods  dehisce
explosively  to  disperse  seeds  which
germinate during wet season. The seedlings
grow  successfully  only  in  soils  with
sufficient moisture or else they subsequently
perish.  Therefore,  this  plant  grows  as  a
successful  weed in  farm  lands  only  where
soil  is  wet  and  nutrient-rich.  Previous
reports indicate that it has medicinal, animal
forage  and  human  food  values  and  hence
there  is  a  potential  for  its  exploitation
commercially.
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Abstract.  Vascular vegetation experiments were carried out with a universal grass mix (Lolium
perenne rosemary 30%, Lolium perenne esquire 25%, Festuca rubra casanova 25%, Festuca rubra
gondolin 20%). In this study were used mineral waste with a strong acid reaction and soils from
three  regions  -  Sofia,  Chelopech  and  Gorubliane.  The  soils  had  different  contents  of  humus,
nitrogen, mechanical composition and soil reaction. The plants had the best growth on the soil from
Sofia, which had the highest humus and nitrogen content. The differences in fresh and dry weight
of above-ground biomass of plants growing on different soils in June and July were much more
significant  than those  obtained  in  October.  Biomass  data  for  the  autumn season suggests  that
higher  clay content  and  higher  soil  reaction  of  soil  from Gorubliane  significantly  reduced  the
amount of  bioavailable for plants pollutants fraction. The second part of  this  paper focuses on
measurements and analysis of thermal processes in the active layer. The objectives are to determine
the soil  thermal properties,  heat transfer  processes and to use a thermal model,  determine soil
surface heat flow under atmospheric forcing. This model is validated using soil temperature and
micrometeorological data from a field measurements. 

Key words: soil recultivation, soil thermal properties, heat transfer processes, plants growing

Introduction
Different plant species are used for the

biological  recultivation  -  mostly  beans  and
cereal  grasses and  some  certain  species  of
trees (TABAKOV & PETROVA, 2006;  PETROVA,
2009;  PETROVA et  al.,  2016).  The purpose of
the  biological  reclamation  is  to  restore  the
fertility properties  of the disturbed terrains
for their future exploitation. The selection of
the  plants  must  be  in  accordance  with  the
environmental  conditions,  the  type  of  soil
and the climatic characteristics of the area. It
is  possible  to  use  them  separately  or  in
combination, depending on the conditions of

the environment and the topography of the
terrain (GHOSE, 2005; GLICK & WONG, 2003;
SHEORAN et al., 2010).

The organic matter in the soil  plays an
important role for the development of plants.
It  includes  humification  products  (aerobic
decomposition)  and  not  completely
decomposed plant and animal residues.  The
humus  content  in  the  soil  determines  its
structure and fertility. The humus is a major
source of mineral salts and energy for all soil
organisms.  Biogenic  macro-  and
microelements which are vital for the plants
(nitrogen,  phosphorus,  sulfur,  potassium,
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calcium,  iron,  copper,  manganese,  zinc,  etc.)
permeate  through  mineralization  of  organic
substances  in  the  soil  solutions.  Their
availability depends on the soil reaction. The
most  suitable  for  the  development  of  most
plants  is  the  slightly  acidic  or  neutral  soil
reaction - pH 5.5 - 7.0. The influence of soil pH
on  plants  is  considered  to  be  direct  and
indirect.  The direct  influence  is  immediately
and predominantly associated with anion and
cation ingestion. The indirect influence of soil
acidity  can  be  related  to  the  increase  or
decrease in the the solubility of nutrients.

The physical-mechanical soil composition
influences  its  hydrothermal  regime  and  its
aeration.  Heavier  clay  soils  have  a  better
hydrothermal  regime  than  light  sandy  soils
due to the fact that the clay connects better the
water. On the other hand, the aeration is better
for the sandy soils.

Materials and Methods
Vascular experiments were performed in 5

pots  with  a  volume of  25  dm3 each.  At  the
bottom of the vessels was laid 5 cm layer of
gravel with a particle size of 0.5-3 cm. Mineral
waste from a mine waste pile was placed upon
the gravel, with a layer height of 20 cm. Over
the mineral waste were laid 15 cm of soil. For
the  experiment  were  used  soils  from  three
regions - Sofia, Chelopech and Gorubliane. On
the Fifth of May, 2018, three of the pots were
planted  with  a  universal  grass  mixture  (7
g/pot). The composition of the grass mixture
was as follows: Lolium perenne rosemary 30%,
Lolium  perenne  esquire  25%,  Festuca  rubra
casanova  25%,  Festuca  rubra  gondolin  20%.
The other two pots served as controls (Table 1).
The  plants  grew  under  natural  climatic
conditions and during the period May - August
they were watered when periods of  drought
have occurred.

The  height  and  weight  of  fresh  above-
ground biomass of plant were determined in
early June, July and October. The dry weight of
above-ground  biomass  was  determined  after
drying the biomass at 105 °C.

The  pH  determination  was  performed
according  the  International  Standart  BDS

ISO 10390 - an instrumental method for the
routine  determination  of  pH  using  a  glass
electrode in a 15 (V/V) suspension of soil in
water  (pH-H2O).  The  soil  mechanical
composition was determined by the method
of  Kachinsky.  The  humus  content  was
determined by the Thurin method. The total
nitrogen  content  in  soil  (ammonium-N,
nitrate-N,  nitrite-N  and  organic  N)  was
determined by Kjeldahl digestion, according
the International Standart BDS ISO 11261 l.
For  the  determination  of  the  content  of
heavy metals and metalloids in the soil was
used  a  standardized  method  of  sampling
ISO  22036:  2008  -  microwave  acid
decomposition  of  sediments,  sludge,  soils
and oils. Concentrations of heavy metals and
arsenic were determined by ICP-OES.

An  electronic  pyranometer  was  used  to
determine  the  direct  and  reflected  solar
radiation fluxes. A four-channel thermometer-
logger  S0141  was  used  for  measuring  the
evolution of soil temperature. The CO2 content
was determined by a gas detector-logger BZ30.
The  thermal  conductivity  coefficient was
calculated  on the  basis  of  the  cooling  curve
obtained by a laboratory equipment designed
for this purpose.

Data processing
The  quality  of  the  soil  was  assessed  by

statistical  analysis  of  the  height of  the  grass.
Since to produce reliable conclusions these tests
require  normally  distributed  data,  the
normality  of  the  height  datasets  for  each
experiment was preliminary affirmed by using
Shapiro-Wilk test at a significance level p < 0.05.
After  that  one-way  analysis  of  variances
(ANOVA) was applied to test if the difference
between the mean values of the grass height for
any given experimental  period is  statistically
significant. If the difference between any pair
groups  is  not  significant,  the  procedure  was
stopped,  making  decision  that  we  should
accept  equality  between  the  means  of  the
quantity considered. But if the results from one-
way  ANOVA  suppose  the  availability  of  at
least one couple with different means, a Turkey
procedure  was  performed  in  addition  to
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determine  which  pair  have  different  means.
Both  ANOVA  and  Turkey  tests  were
performed at a significant level of 0.05.

Results and Discussion
The used mineral waste was characterized

through a strong acidic reaction (Table 2). The
total  sulfur content of the mineral  waste was
13.176  g/kg  -  1.32%,  of  which  0.42%  was
sulphide sulfur and 0.9% - sulphate. According
to preliminary data on the mineral waste the
sulphide  sulfur  was  included  mainly  in  the
pyrite,  which  ranged  from  2  to  4%.  Table  3
shows that copper, lead and arsenic were in hgh
concentrations in the waste, and the same was a
source of acidic drainages due to the activity of
acidophilic haemolitotrophic microflora.

The soils from Sofia and Chelopech were
classified as sandy clay loam and the soil from
Gorubliane - as clay loam (Table 2). According
to the classification of soils, regarding the soil
reaction, the soil from Sofia was neutral, the soil
from Chelopech - medium acidic and the soil
from Gorubliane - slightly alkaline.

The  humus  content  was  found  to  be
highest in the soil from Sofia - 3.21% (Table 3).
In the soil from Chelopech the humus content
was lower - 0.98%. The poorest in humus was
the soil from Gorubliane - 0.57%. The nitrogen
content  in  soils  was  also  different  and
depended on the amount of humus (Table 3).
With  the  highest  content  of  nitrogen  was
characterized the soil from Sofia and with the
lowest - the soil from Gorubliane.

According  to  the  national  legislation
(Article 5 of Guidance № 3/1 Aug 2008 On The
Eligible  Content  Of  Harmful  Substances  In
Soils)  the  soils  were  not  contaminated  with
heavy metals and arsenic.

Fig.  1  and 2  represent  the  fresh  and dry
weight of the above-ground grass biomass. The
measurement in June was done 35 days after the
seeding. The data in July was obtained 20 days
after the first mowing of the grasses. The results
for  the  fresh  and  dry  weight  of  the  grass  in
October were obtained three months  after  the
second mowing. The Fig.s show that the plants
had the best growth on the soil from Sofia, which
had the highest humus and nitrogen content.

Shapiro-Wilk test performed for the grass
height showed that the grass height datasets are
normally  distributed.  A  summarizing  of  the
results from assessment of the normality of the
grass height datasets for the three type of soil is
shown on Fig. 3. 

Result  from  statistical  analysis  are
presented in Table 4.  The difference between
average  value  of  the  height  of  the  grass  is
statistically significant when it  is  bigger than
critical difference.

Table 1. A scheme of the experiment.

№ Description
1 Soil from Sofia with plants
2 Soil from Chelopech with plants
3 Soil fromGorubliane with plants
4 Soil from Chelopech without plants
5 Soil fromGorubliane without plants

The  grass  on  the  soil  from  Chelopech
germinated lately,  as  that  soil  had  the  most
acidic reaction and lower humus and nitrogen
contents.  The  height  of  the  plants  and  their
above-ground  biomass  in  all  measurements
were lower than the plants growing on the soil
from Sofia. With the smallest height and above-
ground biomass was the grass growing on the
soil from Gorubliane, characterized by heavier
mechanical composition and the lowest humus
and  nitrogen  contents.  The  observed  iron
chlorosis was due to the slightly alkaline soil
reaction  from  Gorubliane,  which  made  it
difficult for the plants to absorb the iron salts.

The differences in fresh and dry weights of
above-ground biomass  of  plants  growing on
different soils in June and July were much more
significant than those obtained in October (Fig.
1  and  2).  It  is  very  likely  that  during  the
summer period, through the capillary water, a
solution with increased concentrations of  As,
Cu and Pb to have reached the plant roots, as a
result  from the  used mineral  waste  leachate.
The mobility of heavy metals and arsenic was
higher in soils from Sofia and Chelopech, which
were sandy clay loam compared to the soil of
Gorubliane,  which had a  heavier  mechanical
composition.
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Table 2. Mechanical composition and soil reaction.

№ Description Mechanical composition рН (Н2О) рН (КCl)
1 Soil from Sofia sandy clay loam 7,00 5,93
2 Soil from Chelopech sandy clay loam 5,65 4,39
3 Soil from Gorubliane clay loam 7,53 6,48
4 Mineral waste - 3,07 2,65

Table 3. Contents of humus, nitrogen and heavy metals in the tested soils.

№ Description Humu
s, %

C,
%

Kjeldah
l-N, %

As,
mg/
kg

Cu,
mg/
kg

Fe,
mg/
kg

Pb,
mg/
kg

Zn,
mg/
kg

1 Soil from 
Sofia

3.21 1.92 0.297 8.9 57.8 9406 50.7 122

2 Soil from 
Chelopech

0.98 0.57 0.196 9.2 140 9513 28.9 96.9

3 Soil from 
Gorubliane

0.57 0.33 0.118 <5 70.3 8673 17.8 60.9

4 Mineral 
waste

- - - 30.2 133 10235 339 112
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Fig. 1. Weight of fresh above-ground biomass
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Fig. 2. Weight of dry above-ground biomass

Fig. 3. Box plots of the grass heigth dataset: median (line across box), mean value (small cross
in the box), minimum and maximum values (lower and upper ends of the whisker,

respectively), interquartile range containing 50% of values (box)
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Table. 4. Results from statistics - mean values of the grass height, difference between the
mean  values  for  each  couple  of  datasets,  p-values  and  critical  difference.  Legend:  ns  –  no
statistical significance, * - p<0.05; ** - p<0.01; *** - p<0.001.

M
on

th Soil, 
group 1 

Mean
values,

cm

Soil, 
group 2

Mean
values,

cm

Difference
between means,

cm

p-
Value

Critical
difference,

cm

Ju
ne

Sofia 15.51 Chelopech 15.02 0.49 ns
1.89Sofia 15.51 Gorubliane 11.50 4.00 ***

Chelopech 15.02 Gorubliane 11.50 3.52 ***

Ju
ly

Sofia 13.44 Chelopech 15.40 1.96 ns
2.14Sofia 13.44 Gorubliane 8.54 4.90 ***

Chelopech 15.40 Gorubliane 8.54 6.86 ***

O
ct

ob
er Sofia 13.91 Chelopech 12.30 1.61 ns

1.76Sofia 13.91 Gorubliane 7.30 6.60 ***
Chelopech 12.30 Gorubliane 7.30 5.00 ***

The content of clay in the soil of Gorubliane
was higher  than that  of  the  two other  soils.
Higher  clay  content  and higher  soil  reaction
significantly  reduced  the  amount  of
bioavailable for plants pollutants fraction.

Fig. 4 shows the ratio of fresh and dry plant
biomass. In the wet months of June and July,
this ratio for all three soils was in the range of
5.9 - 6.2. In October some of the grasses were
dry, and for that reason the ratio was lower - in
the range 2.1 - 2.8.

From the obtained results, it can be seen
that on the growth of the grass at mineral waste
used  for  recultivation,  generating  waters
contaminated  with  heavy  metals  and
metalloids,  influences  a  whole  complex  of
factors, determining the mineral nutrition of the
plants, the water and air regime, the mobility of
the pollutants and others.

The  second phase  of  the  study aims  to
estimate the amount of solar radiation passed
through the plant layer,  which together with
the  physicochemical  composition  leads  to
different  soil  heating  and  consequently
influences  the  quantity  and  quality  of  the
biomass vegetating on it.

The energy balance equation in its general
form contains the following components:

( R+Q ) (1− A )+L↓−L↑−G−H −λE=F,  (1)

where R is the direct solar radiation, Q is the
solar radiation diffused by the atmosphere,
A  is  the  surface  albedo  (the  ratio  of  the
reflected to the fallen radiation),  L↑ and  L↓
are respectively the values of the long-wave
radiation  emitted  from  the  earth's  surface
and that  one emitted from the atmosphere
toward  the  earth's  surface,  G is  the
downward  heat  flux  in  the  soil,  H is  the
convective  upward  heat  flux,  Е is  the
hidden  (latent)  heat  of  water  evaporation
from  the  earth  layer,  F is  the  sun  energy,
which through photosynthesis has converted
tо the mass of plant cover for the period in
consideration.

Due to the fact that the grass in all three
pots was of the same type, it can be assumed
with  sufficient  accuracy  that  the  albedo
would  be  the  same  for  the  three  surfaces.
Since  the  pots  were  exposed  to  the  same
weather conditions and to the same watering
regime,  it  can be assumed that the vertical
heat  flux  H and the soil  moisture  Е in the
three pots were also the same. Then, the part
of the solar radiation absorbed by the plant
layer  was  roughly  equal  to  the  difference

132



Savov et al.

between the radiation  G passing through it
and the radiation absorbed by the soil.

A fairly good evaluation of the heat flux
in  the  soil  can  be  made  using  the  Fourier
equation  adapted  to  the  conditions  under
consideration (CAMPBELL & NORMAN, 1998):

G=
√ 2 A0κ
d

G=
√ 2 A0
d

,G=
√ 2 A0
d

(2)

where G is heat flux measured in J/(m2.s), А0

is  the  temperature  amplitude  on  the  soil
surface,   is  the  thermal  conductivity
coefficient,  d  is  the  characteristic  damping
depth  -  the  depth  at  which  the  soil
temperature decreases e-times.

To determine the heat flux through the
soil,  the  values  of  variables,  which  it
depends on, must be successively measured
or calculated. 

The volumetric  heat  capacity  cv can be
determined from the following equation

cV=
κ
DH

, (3)

Тhe coefficient of thermal conductivity 
was  measured  by  a  suitable  laboratory
equipment. 

The  thermal  diffusivity  of  the  soils  DH

was  determined  by  measuring  the
temperature  as  a  function  of  time  t and
depth  z.  If  A1 and  A2 are  the  temperature
amplitudes of depths z1 and z2, respectively,
then  Ai = (Ai,  max  -  Ai,  min)/2 and the  thermal
diffusivity is:

DH=
π ( z1−z2 )

2

τ( ln
A1
A2 )

2 , (4)

where  is the period of diurnal temperature
changes (BROIDO, 1970).

The calculations of  DH are based on the
soil temperatures evolution measured at two
depths  (z1=5 cm;  z2=15  cm).  The measured

soil  parameters  needed  to  calculate  the
diffusivity are shown in Table 5.

The fluctuations of the soil temperature
were measured with the thermologger.

After  DH was calculated, the values of  cv

were also determined using equation (3).
The  depth  (zT  =  const)  at  which  diurnal

temperature  fluctuations  were  no  longer
noticed  was  calculated  by  the  following
equation (BROIDO, 1970):

zT=const=385 √ DH lg
A0
0 ,1

, (5)

where the temperature amplitude at the soil
surface A0 was determined experimentally.

The  last  variable  to  be  determined  is
damping depth d. The equation used for this
purpose is:

d=√
2DH

ω
, (6)

where ω = 7,3.10-5 s-1.
Table  6.  represents  the  values  of  all

quantities required to compute the heat flux G in
the soils, as well as the values of the flux itself.

Taking into account that the average net
radiation during the day of the experiments
was  about  350  W/m2 for  the  radiation
through the grass layer was obtained about
15 - 20%.

The following figure shows the dynamics of
CO2 emitted from the grass for the three pots
and  the  background.  One  can  see  that  after
sunset the emission of CO2 from grass grew to
470 ppm.

Let’s determine the CO2 flux from the grass
in the pots under the initial conditions given in
Table 7.

The  CO2 flux  density  produced by  the
grass cover overnight can be estimated with
good  approximation  from  equation
(CAMPBELL & NORMAN, 1998):

FCO2=gCO2
(C c−Ca )FCO2=gCO 2 (CC−Ca )

FCO2=gCO 2 (CC−Ca )

                               (7)
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where gCO2 is the conductance of the leaves at
the  specific  weather  conditions  during  the
experiment – formula 8. Finally, by equation
the CO2 flow rate per unit of grass area can

be  determined  under  these  meteorological
conditions – formula 9.  That means that one
pot produced about 1.5 liters of CO2 during the
night.

gCO2=
1

1

0 ,11√ ud
+
1
g0

=
1

1

0 ,11√ 2
0 ,02

+
1
0 ,13

0 ,15mol/m2 s . (8)

FCO2=gCO2
(C c−Ca )=0 ,15 (470 .10−6−420.10− 6 )=7 ,5μmol/m2 s .

F=gco2 (CC−Ca )=0 ,15 ( 470.10− 6−420.10− 6)=7 ,5
?? mol

m2 s
. (9)
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Fig. 4. Fresh-to-dry above-ground biomass ratio.

Table 5. Thermodynamic soil parameters.

Thermodynamic soil parameter Pot 1 Pot 2 Pot 3 Pot 4 Pot 5
A5 (°C) 8.5 7.7 7.8 8.6 8.5
A15 (°C) 2.5 2.5 2.8 3.2 3.2
, W/( m.K) 0.31 0.35 0.39 0.43 0.41
DH, m2/s.10-7 2.43 2.87 3.46 3.72 3.81
cV, MJ/m3K 1.28 1.23 1.13 1.16 1.08
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Table 6. Thermodynamic soil parameters.

Thermodynamic soil parameters Pot 1 Pot 2 Pot 3 Pot 4 Pot 5
A0, °C 9.5 9.8 10.2 11.5 11.3
d, m 0.08 0.09 0.098 0.1 0.102
zt=const, m 0.38 0.41 0.46 0.48 0.49
G, W/m2 52 54 57 70 65
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Fig. 6. Dynamics of CO2 concentration in the volume of grass during the nigth. The curves 1,
2, 3 shows the dynamics of CO2 concentration for pots 1, 2 and 3, respectively. The curve 4

indicates the evolution of the background CO2 concentration.

Table 7. Initial conditions for CO2 calculations.

Parameter Value
Wind speed, u 2 m/s
CO2 conductance of the grass leaves, g0 0.13 mol/m2.s
CO2 background concentration, Ca 420 µmol/mol
CO2 concentration in the grass volume, Cg 470 µmol/mol
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Conclusions
The  height  of  plants  and  their  above-

ground  biomass  in  all  measurements  are
lower  than  the  plants  growing  on  the  soil
from  Sofia.  With  the  smallest  height  and
above-ground biomass was the grass grown
on the soil of Gorubliane, characterized by a
heavier  mechanical  composition  with  the
lowest humus and nitrogen content;

Higher  clay  content  and  higher  soil
reaction  values  reduce  in  a  significant
manner the amount of bioavailable fraction
of plant pollutants;

The ratio of fresh and dry plant above-
ground biomass during the wetter months of
June  and  July  for  all  three  soils  is  in  the
range of 5.9 - 6.2;

The coefficients of thermal conductivity
and thermal  diffusivity  are bigger for  soils
with  a  higher  rate  of  mineralization
(Chelopech and Gorubliane);

The volumetric  heat  capacity is  higher
for  soil  with  higher  organic  content  (soil
from Sofia);

About 15 - 20% of solar radiation passes
through the grass layer;

At  night,  in  the  absence  of
photosynthesis  and low wind,  the grass  of
each pot emits about 1.5 liters of CO2.
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Abstract. Object of  this  study is  the regime of  soil  surface temperatures down to 20 cm depth
during the period of sowing and initializing stages of spring crops development. The area to the
west of  Burgas  is  on the border of the Black Sea  sub region of  the Continental-Mediterranean
region. The  annual  course  of  rainfall  is  characterized  by  maximum  during  November  and
minimum in August. Less pronounced is the continental influence with a secondary maximum in
June. The area is generally classified as dry but mitigated compared to the interior of southern
Bulgaria and with higher relative air humidity. In terms of temperature conditions, the spring is a
cooler and the sharp decreases are lower. The  аgro-ecological resources of the region during the
last  30 years have defined it  as dry,  moderately hot.  Increasing tendencies last  30 years in  air
temperature have been established compared to 1961-1990. In recent years, scientists have focused
their research mainly on air temperature. It is known that soil temperature is very important, and
in  the  initial  stages-the  main  for  development  of  spring  cultures.  Are  there  any  trends  in  the
climatic conditions of the depth of sowing of spring cultures (above the surface of the soil, 0.00 m,
0.02 m, 0.05 m, 0.10 m and 0.20 m) is also an issue of scientific interest? The aim of the research is to
study the regime of the soil temperature during the spring months in relation to the precision of
sowing and the start and development of some spring crops grown in the South-Eastern Bulgaria.

Key words: climate change, spring crops, ten days soil temperatures, sowing period.

Introduction
The  analysis  of  the  data  on  the  main

meteorological  elements  during  the  last
century shows tendencies of air temperature
increasing  and  decreasing  or  changed
distribution  of  rainfall  during  the  seasons
(KAZANDJIEV et  al., 2008;  KOLEVA &
ALEXANDROV, 2008).  Regarding  the
temperature conditions is  clear that  for the
period  1971-2000  compared  to  the  current
climate the average annual air temperature

has increased by 1.5°C in northern Bulgaria
(KAZANDJIEV et al.,  2008;  2009;  EITZINGER et
al., 2008).  The  new  publications  for  the
period  1988-2017  show  that  the  average
annual temperature in the region raised with
1.5ºС  compared  to  the  period  1961-1990
(MARINOVA et  al., 2017).  Changes  in
temperature  and  precipitation  affect  the
development of spring crops.  In the region
of Karnobat, in recent years there have been
changes in the thermal conditions during the
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vegetation period. Studies show that the area
has turned from an agro-climatic region with
a  lower  temperature  (warm)  to  a  higher-
temperate one (moderately hot) (GEORGIEVA
et al., 2018). 

From  the  spring  crops  in  the  studied
area,  mainly  maize,  sunflower  and  some
beans  are  grown.  Many  of  the  waste
products are also used as concentrated feed
in livestock.  Some crops are also grown as
second crops.  In  the  studied region,  in  the
last  years,  the  production  of  sunflower  is
13% of the entire country; grain corn -  3%,
and silage fodder- 19%. In the recent years,
growing in the natural humid conditions has
become risky. During the first 15 years from
recent  century  on  the  territory  of  Bulgaria
are registered at least 3 years with summer
agricultural  drought.  The  average  maize
grain yield in Bulgaria dropped to less than
1.8  t  ha-1.  Growing  of  rain  fed  maize  is
associated  with  great  yield  variability
(POPOVA et al., 2015). 

Sunflower  is  commonly  viewed  as  a
drought-tolerant crop and consequently as a
cropping  opportunity  for  regions  where
water  resources  (used  for  irrigation)  are
decreasing  and  in  situations  where  soil
water  deficit  is  expected  to  increase
dramatically (GARCIA et al., 2012). So, there is
a  growing  interest  in  the  cultivation  of
sunflower at the expense of corn. The region
of  south  eastern  Bulgaria  is  characterized
with frequent summer droughts (GEORGIEVA

et al., 2017a;  b) which lead to yield loses. In
this  case  can  using  the  agroclimatic
resources  of  the  region  and carried  out  of
earlier  sowing.  The both kind of  crops  are
exacting to soil  temperature at  the sowing.
Does the increasing air temperature leds to
changes of the regime of soil temperature in
the area as a matter to be explored in relation
to  the  cultivation  of  different  groups  of
spring crops? 

The aim of the research is to study the
regime  of  the  soil  temperature  during  the
spring months in relation to the precision of
sowing  and  the  start  and  development  of
some spring crops grown in the area.

Material and Methods
Average daily air temperature (˚С) and

the soil temperature  at  0.02 m; 0.05 m; 0.10
m; 0.20 m; minimum radiative temperature
from weather stations Karnobat and Yambol
from  the  network  of  National  Institute  of
Meteorology  and  Hydrology  (NIMH)  are
used.  Long term  phenological  data  for  the
sowing  and  germination  period  of  spring
crops such as sunflower and maize from the
archive of the Agrometeorology Division  of
NIMH are used. The dates of sowing (D1),
germination (D2) and the interphase period
(D2-D1) were analyzed in Julian days. The
data  are collected  from  the
agrometeorological network according to the
NIMH methodologies. Monthly values of the
soil  temperatures  are  obtained  by average
daily  soil  temperatures.  The  Man-Kendall
test was used to detect trends in temperature
variation.  All  results  are  visualized  using
Microsoft  Excel.  The  study  period  is  1986-
2015.

Results and Discussion
Agrophysical  properties  of  the  soil

types  depend  on  the  season,  weight,
humidity,  etc.  Vertisols  is  the predominant
soil type is (typical and leached) in the area.
Generally, this type of soil is fertile, with a
broad  humus  horizon,  warm  and  very
suitable  for  growing  wheat,  spring  and
vegetable  crops.  Their  temperature
coefficient  of  conductivity  is  low  3.0*10-
7m2.s-1  (MARINOVA,  1993).  We  compared
the  data  from  two  thirty-year-olds  periods
shows an increase in soil temperature in the
shallow soil  layers during the period 1986-
2015 compared to the period 1961-1990 in all
months,  with  the  exception  of  November
and  December  when  the  deviations  were
negative  (Fig.1).  A  similar  trend  was
observed in the air temperature in the study
of  some stations  in  the  region of  Southern
Bulgaria  (GEORGIEVA et  al., 2017b).  Highest
are  the  summer  deviations  from  May  to
August when their values are between 1.0°C
and 1.5°C (Fig.1).
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Sunflower  is  a  culture  with  a  large
ecological plasticity and is grown in most of
the country's regions. It is resistant to cold
as the young plants tolerate spring frosts of
about minus 5.0° C. It has been found that,
when the soil temperature rises above 5.0°C
(KIRYAKOV & GUROVA,  1969), a satisfactory
growth  rate  of  the  seeds  is  observed.
Optimum  conditions  for  sowing  the  crop
are  observed  when  the  soil  is  warmed  to
8.0°C.  The  main  agrometeorological
indicator for maize sowing is the increase in
soil  temperature  at  drilling  depth  above
10.0°C (KIRYAKOV & GUROVA,  1969). In the
study  of  ten  days  soil  temperatures  the
focus is placed on the spring period when
the sowing and the initial  development of
sunflower and corn take place.

Although  the  seeds  are  placed  at  a
depth of about 0.05 m, the authors consider
it  appropriate  to  look  at  the  values  at
adjacent depths due to the known physical
laws of heat distribution. During the first ten
days of March, the average temperature of
the air is 4.6°C, the second ten days - 5.6° C,
and the third is 7.8°C. The soil temperature
is slightly higher at 5.0°C, respectively; 6.2°C
and 8.7°C (Fig.2). 

In April the ten days air temperature are
9.9°C;  10.7°C;  12.3°C as  the  soil  are  11.2°C
12.5°C and 14.5°C respectively.

In  May,  ten  days  values  of  air
temperatures  were  14.0°C,  16.0°C  and
17.0°C,  and  on  the  ground  17.0°C,  19.3°C
and 20.8°C. By the end of March conditions
were favorable for maize sowing, but due to
the  possible  late  spring  frosts  and  the
adverse  impact  of  soil  amplitude,  sowing
was postponed until April (Fig. 2).

Data  on  the  average  ten  days
temperature  above  soil  indicates  that  it  is
colder  in  the  Karnobat  region.  In  the  first
and  second  ten  day  period of  March,
temperatures  are  negative  below  minus
2.5°C as the average value for the third  ten
days period of March is negative. In Yambol
the value in the first ten days is minus 1.4°C
but in the second ten-days the value is lower

minus  1.6°C.  This  fact  is  important  during
the sowing of medium and late crops such as
maize,  which  are  affected  by  late  spring
frosts. During the third ten days in Yambol
the average temperature over soil is close to
0.0°C, but positive (Fig. 3).

The  phenological  development  of
sunflower  and maize  should  be  related  to
agro-meteorological  conditions.  Data  show
that maize sowing in both regions is at the
end of the second ten days period of April.
Sunflower sowing is  delayed compared to
the recommended limits and occurs during
the same period (Table 1). According to the
phenological data maize seeds at Karnobat
germinate on average for  the 12 days,  the
fastest 8 days, and the slowest for 16 days.
At Yambol the duration is average 13 days,
9 days and 27 days (Fig. 4.). The sunflower
in the region of Karnobat grows on average
for 15 days, the shortest for 9 days and the
longest-23  days.  The  sunflower  in  the
region of Yambol grows on average for 11
days, the shortest for 4 days and the longest
-24  days  (Fig.5.).  There  is  a  19  days
difference  in  sowing  period  between  the
two stations.

Optimal sowing dates define the optimal
development  and  productivity  of  spring
crops.  At  the  same  time  they  are  passive
method of impact against the adverse effects
of weather factors such as summer droughts
typical  for  Southeast  Europe  and  the
research area. Sowing times are determined
by the combination of heat and humidity.

Generally,  winter  precipitation is a
prerequisite  for good wetting conditions in
early spring. Recent air temperature studies
show  statistically  significant  increases  over
the growing season (MARINOVA et al., 2017;
GEORGIEVA et al., 2017a;  b; GEORGIEVA et al.,
2018). For the initial development of plants,
soil temperatures are essential. In this sense,
the  authors  aim  to  verify  that  there  are
similar changes in the soil temperature at the
depth  of  sowing.  Ggraphical  presentation
(Fig.1) shows positive deviations in monthly
soil temperature values.
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Fig. 1. Comparison of the annual course of soil temperature during 1986-2015
and 1961-1990 in station Karnobat for different soil depths.

Fig. 2. Ten-days air and soil temperatures during the period of 1986-2015
for two soil depths – 0.05 and 0.10 cm in stations Karnobat and Yambol.

Fig. 3. Minimum radiation temperature (frost) in Karnobat and Yambol.
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Fig. 4. Initial phenological development of maize in stations Karnobat and Yambol.

Fig. 5. Initial phenological development of sunflower in stations Karnobat and Yambol.

The analysis of the phenology data for
the  last  15  years  in  the  region  shows  a
significant delay in sowing dates compared
to the emergence of favorable meteorological
conditions.  In  terms  of  soil  and  air
temperature and ecological requirements of
crops,  the  best  conditions  in  the  area  for
sowing sunflower  are  observed in  the  first
ten days of March in Yambol and the second
in  Karnobat.  The  data  show  that  the
conditions  in  Karnobat  and  Yambol  are
similar but in Karnobat is a bit cooler (Fig. 2)
from  Yambol.  The  same  dependence  is
observed at the ten daily air temperatures. 

According to Table 1, the earliest dates
are  as  close  as  possible  to  the  optimal
periods, which for sunflower are the second
ten days of March, and for the corn - mid-
April.  Spring  frosts  are  essential  for  the
sowing of corn as the plants are damaged at
negative  temperatures.  So  if  the  soil's
temperature  conditions  are  suitable  for
planting in early April, the risk of frost shifts

it  later.  However,  positive  trends  in
radiation minimum temperatures suggest a
detailed study of the frosts and a shift of the
sowing  period  early.  Thus,  the  plants  will
have  better  development  conditions  later,
through a reproductive phase, will complete
their early development and will enable the
cultivation  of  second  crops.  The  authors
believe  that  the  right  link  between science
and  practice  and  the  monitoring  of  short-
term  forecasts  will  be  useful  for  better
organization and higher yields.

The  statistical  analysis  show  positive
trends  in  the  ten-day  temperature  of
different  depths  during  the  spring  period
(Table  2  and  3).  Positive  trends  in  the
minimum temperature above soil,  which is
in  relation  with  the  frost,  are  essential  for
spring crops. These are observed mainly in
March and May in Karnobat which should
affect early and late spring cultures.

The  established  tendencies  in  the
increasing soil and air temperature during the
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vegetation  season  and  positive  trends  in
minimum  radiation  temperature  favor  the
sowing  of  the  spring  crops.  As  a
recommendation  for  the  region  of  South-
Eastern  Bulgaria,  it  can  be  said  that
sunflower sowing can be  done early  in  the
third ten days of March, when the conditions
are  already  favorable.  This  will  pull

phenological  development  forward  and
reduce  the  negative  impact  of  summer
droughts.  Sowing  maize  is  also  delayed
compared to the period of favorable weather
conditions  in  the  area.  During  the  sowing
period  of  maize,  the  limiting  factor  is  the
spring frost.

Table 1. Dates of sowing and germination of maize and sunflower.

Average Earliest Latest Average Earliest Latest
Maize

Karnobat 20.IV 2.IV 28.IV 2.V 18.IV 10.V
Yambol 19.IV 6.IV 5.V 4.V 22.IV 15.V

Sunflower
Karnobat 1.IV 16.III 18.IV 15.IV 8.IV 29.IV
Yambol 20.IV 25.III 16.V 1.IV 6.IV 26.V

Table 2.  Significance  of  average soil  temperatures trend  by Mann-Kendall  test in the
1986-2015 on Yambol station. Legend: *** ɑ=0.001; ** ɑ=0.01;* ɑ=0.05; + ɑ=0.1

Period n Values Test Z Significant Q
1992-2015 24 Rad-min. T C  Mart ⁰ 2.16 * 0.11
1992-2015 22 0.20 m C March II⁰ 2.32 * 0.12
1992-2015 22 0.20 m C April II⁰ 2.00 * 0.09
1992-2015 22 0.20 m C April III⁰ 1.75 + 0.06
1992-2015 24 0.05 m C May II⁰ 2.06 * 0.10
1992-2015 24 0.00 m C May ⁰ 1.95 + 0.07
1992-2015 24 0.02 m C May⁰ 2.05 * 0.07
1992-2015 24 0.05 m C May⁰ 2.30 * 0.06
1992-2015 24 0.10 m C May⁰ 1.81 + 0.05

Table 3.  Significance  of  average soil  temperatures trend  by Mann-Kendall test in the
1986-2015 on Karnobat station.  Legend: *** ɑ=0.001; ** ɑ=0.01;* ɑ=0.05; + ɑ=0.1.

Period n Values Test Z Significant Q
1986-2015 30 Rad-min. T C  Mart I⁰ 2.21 * 0.14
1986-2015 30 Rad-min. T C  Mart II⁰ 2.15 * 0.10
1986-2015 30 Rad-min. T C  May I⁰ 2.96 ** 0.12
1986-2015 30 Rad-min. T C  May II⁰ 3.05 ** 0.13
1986-2015 30 0.00 m C May III⁰ 2.17 * 0.12
1986-2015 30 0.02 m C May III⁰ 2.17 * 0.11
1986-2015 30 0.10 m C May III⁰ 3.05 ** 0.11
1986-2015 30 0.05 m C May I⁰ 1.71 + 0.07
1986-2015 30 0.10 m C May III⁰ 2.37 * 0.10
1986-2015 30 0.05 m C May III⁰ 2.37 * 0.10
1986-2015 30 0.20 m C May III⁰ 2.42 * 0.08
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Conclusions
The  average  values  of  the  air  and  soil

temperature from 0.02 m to 0.20 m as well as
minimum  radiation  temperature  above  soil
during the spring period were calculated.

The deviations of the monthly values of
the  soil  temperatures  for  the  study  period
compared to the period 1961-1990 are positive.
Exceptions are November and December when
the deviations are negative.

Positive, statistically significant trends in the
soil temperature in ten days periods during the
sowing  season  of  crops  were  observed.  The
positive trend in minimum radiation temperature
in Yambol in March is important for the sowing
and start development of spring crops. 

According to the results obtained and the
phenology analyzed, it is appropriate to bring
forward the sowing periods in the area.
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Abstract. A research was conducted regarding the vascular flora and natural habitats of the Trigrad
Gorge  Protected  area,  located  in  the  Central  Rhodopes  Mts.  The  taxonomic  spectrum  of  the
researched flora includes 203 species, 166 genera and 60 families of vascular plants (including the
moss  species).  Four  types  of  natural  habitats  and  their  conservation  status  were  determined:
08H38210. Calcareous rocky slopes with chasmophytic vegetation; 21G1 Supra Mediterranean hop-
hornbeams woods; 9150. Medio-European limestone beech forests of the  Cephalanthero-Fagion and
91EO.  Alluvial  forests  with  Alnus  glutinosa and  Fraxinus  excelsior (Alno-Padion,  Alnion incane,
Salicion albae).

Key words: floral analysis, floristic complex, natural habitats, conservation status.

Introduction
Until  now,  no  floristic  or

phytocenological  studies  of  this  natural
protected  area  have  been  conducted.  Still,
two local for the Rhodopes endemic species
have been found already:  Secale rhodopaeum
Delip.  and Arenaria  rhodopaea Delip.
(DELIPAVLOV,  1962;  1964).  Additional
information  about  specific  plant  species  of
the local flora can also be found in DIMITROV
(2006). The Trigrad Gorge Protected area is
also a part of the Protected Zone BG 0001030
from NATURA 2000,  which is a legislative
act  for  the  preservation  and  protection  of
plant  habitats.  The  Trigrad  Gorge,  along
with  Perelik  and  Persenk,  is  included  in
“Important  plant  areas  in  Bulgaria”
(SPIRIDONOV et  al., 2012).  This  gorge  is  an
actual  refuge,  where  one  can  find  quite
interesting and very rare, endemic and relict

species.  Other similar to the Trigrad Gorge
areas in the Central Rhodopes mountain are
the  natural  phenomena  "The  Wonder
Bridges"  and  the  protected  area
"Gyumurdzhinski snezhnik". The aim of this
research is to perform a complete inventory
of the flora of the natural protected area and
to describe the its natural habitats.

Material and methods
Study area
The  natural  protected  area  Trigrad

Gorge  is  located  in  the  Veliysko-Videshki
part of the Central Rhodopes. This gorge is
the third longest one in Bulgaria, right after
the Buynovsko Gorge and the gorge of river
Erma. The Trigrad Gorge was formed due to
the  constant  erosive  effects  of  the  Trigrad
river  flow.  The  riverbed  has  carved  the
gorge through the local  Proterozoic marble
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rocks and formed this natural landmark. It
was  officially  given  a  “Protected  Area”
status by order № 4021, issued on 06.12.1963
by  the  Committee  of  Forestry  and  Forest
industry.  This  natural  protected  area  was
increased to 685.62 ha by order RD-429 from
18.06.2007, issued by the Bulgarian Ministry
of  Environment  and  Water  (MOEW).  The
Rhodopes are the oldest piece of land on the
Balkan peninsula. Its relatively mild climate
allowed  over  the  years  for  many  plant
species  to  survive  in  refugia  during  the
extreme weather  conditions  of  the  Tertiary
period and later during the Ice Age of  the
Quaternary period. The Trigrad Gorge in its

form  happens  to  be  such  a  refugium.  The
gorge  starts  from  the  Osmanov  pond  and
goes on until The Devil’s Throat Cave (Fig.
1). Its length is about 2.5 km. The width of
the gorge at certain places goes up to 60 m,
and depth at some places can reach 350 m.
The  altitude  at  Osmanov  pond  is  950  m,
while at the Devil’s Throat Cave it goes up to
1180 m. The climate here is continental. The
average  annual  temperature  is  5-90C.  The
average January temperature is 2,5 0C, while
the average temperature during the July is
13-160C. The biggest rainfalls are during the
summer  –  125  mm.  The  snow  cover  lasts
from November until April.

Fig. 1. A map exempt which outlines the researched area (the research area is marked and
circled in yellow). The red line represent the tourist route E 8. The exempt piece was taken

from an official map of the Dospat region in the Western Rhodopes mountain (Scale
1:100,000, issued by Carthograhy EOOD 1993).

146



Dimitar Dimitrov, Vassil Vutov

Data sampling and analysis
The  research  of  the  flora  and  natural

habitats of the Trigrad Gorge Protected area
was  performed  during  several  vegetative
seasons in the period from 2012 until 2018.
The  species  determination  was  done
according  to  JORDANOV (1963-1979),
KOZUHAROV (1992),  DELIPAVLOV &
CHESHMEDIJEV (2004),  PEEV (2012),  TUTIN et
al. (1964-1980),  The  transect  and  trial  sites
methods were used for the determination of
the vegetation in this case. The habitats were
determined  according  to  BISSERKOV et  al.
(2015).  The geo-elemental  composition  was
analyzed  according  to  ASSYOV &  PETROVA
(2012).  The  species  category  with
conservation  status  was  determined
according to PETROVA & VLADIMIROV (2009).
The protected species status is based on the
Law for biological diversity of the republic
of Bulgaria. The herbarium specimens have
been  deposited  in  the  herbarium  of  the
Institute of Biodiversity and Eco Systematic
research (SOM).

Results and Discussion
The systematic spectrum of the vascular

flora of the Trigrad Protected area includes
60  families,  166  genera  and  203  vascular
plant  species  (Appendix  1).  The  Phylum
with  the  most  numerous  representatives  is
Magnoliophyta:  51  families  (80.5  %),  153
genera  (92.19  %)  and  189  species  (93.1%).
From the Dicotyledonae class  – 46 families
(76.6 %), 134 genera (80.7 %) and 169 species
(83.2 %). From Monocotyledonae – 5 families
(8.3 %), 19 genera (11.4 %) and 20 species (9.8
%).  Phylum  Gymnospermae  is  represented
with 1 family (1.6 %), 3 genera (1.8 %) and 4
species (1.97 %). From Phylum Bryophyta- 2
families  (3.2  %),  2  genera  1.2  %)  and  2
species  (0.98  %).  From  the  Phylum
Pteridophyta - 6 families (10 %), 7 genera (4.2
%)  and  8  species  (3.9  %).  Out  of  the
examined families, the ones with the biggest
number  of  species  are:  Asteraceae  (21
species;  10.34  %  of  the  total  number  of
species), Brassicaceae (13; 6.40 %), Lamiaceae
(13; 6.40 %), Fabaceae (11; 5.41 %), Poaceae

(11; 5.41 %) and Apiaceae (10; 4.92 %). Other
families  contain  less  than  10  species:
Caryophyllaceae  (9;  4.43  %),  Rosaceae  (9;
4.43  %),  Boraginaceae  (6;  2.95  %),
Ranunculaceae (6; 2.95 %), Scrophulariaceae
(6;  2.95  %),  Campanulaceae  (5;  2.46  %),
Betulaceae (4; 1.97 %), Caprifoliaceae (4; 1.97
%), Crassulaceae (4; 1.97 %), Orchidaceae (4;
1.97  %),  Pinaceae  (4;  1.97  %),  Aspleniaceae
(3;  1.47  %),  Celastraceae  (3;  1.47  %),
Geraniaceae (3; 1.47 %), Liliaceae (3; 1.47 %),
Salicaceae (3; 1.47 %), Saxifragaceae (3; 1.47
%),  Convolvulaceae  (2;  0.98  %),
Chenopodiaceae (2; 0.98 %), Linaceae (2; 0.98
%), Polygonaceae (2; 0.98 %), Valerianaceae
(2;  0.98  %),  Violaceae  (2;  0.98  %)  etc.
(Appendix 1).

In  comparison,  we  can  take  into
consideration  the  flora  of  Dospat  Dere
(DIMITROV, 2017), which is comprised of 197
species,  143  genera,  57  families  within  a
territory that has almost the same size as the
Trigrad Gorge Protected area.

As  per  biological  type,  there  are
predominantly perennial herbaceous species
(132  species;  65  %  of  the  total  number  of
species), followed by annual species (19; 9.3
%), arboreal species (15; 7.38 %), bushes (10;
4.9 %), annual to biennial species (8; 3.9 %),
semi bushes (7; 3.4 %), biennial (5; 2.16 %),
biennial to perennial species (4;  1.9 %) and
annual to perennial species (2; 0.98 %).

Based  on  the  conducted  research,  the
following floristic elements were determined:
there  are  predominantly  Submediterranean
elements  (31  species;  15.27  %  of  the  total
number of species), followed by Euro-Asiatic
(25;  12.31 %), Euro-Mediterranean (22;  10.83
%), Subboreal (18; 8.86 %), Boreal (16; 7.88 %),
Balkan endemites (14; 6.89 %), Euro-Siberian
(13;  6.40  %),  European (10;  4.92  %),  Ponto-
Mediterranean (7; 3.44 %), Mediterranean ( 5;
2.46 %), Bulgarian endemics (5; 2.46 %), Alpo-
Carpato-Balcanic  (5;  2.46  %),  Carpato-
Balcanic (4; 1.97 %), Euro-Submediterranean
(3; 1.47 %), South-Pontic (3; 1.47 %), Balcano-
Anatolian (3; 1.47 %), Cosmopolitan (3; 1.47
%),  Euro-Orientaloturanian  (2;  0.98  %),
Balcano-Anatolian (2; 0.98 %), Balcano-Dacian
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(2; 0.98 %), Mediterrano-Orientaloturanian (2;
0.98 %), Appenino-Balcanic (2; 0.98 %), Euro-
Southmediterranian  (2;  0.98  %).  Ponto-
Siberian,  Ponto-Centralasian,  Alpo-Carpato-
Balcanic,  Ponto-Siberian,  Arcto-Alpinic  (1;
0.49 %).

The most represented floral elements in
the flora of Dospat Dere are Mediterranean
species - 34 (17.7 %), Euro-Asian species – 23
(11.6  %),  Euro-Mediterranean  species  –  19
(9.6  %),  Pontic-Mediterranean  species  –  19
(8.1 %) and 10 Balkan species (5.07 %). 

The genera represented by the biggest
number  of  species  are:  Sedum  (4  species),
Arabis,  Astragalus,  Campanula,  Saxifraga,
Silene and Sorbus (per 3 species of each).

Tertiary relicts are 16 species:  Abies alba
Mill.,  Picea  abies (L.)  Carst.,  Pinus  nigra
Arnold,  P.  sylvestris L.,  Acer  campestre L.,
Asarum  europaeum  L.,  Alnus  incana  (L.)
Moench,  Carpinus  betulus  L.,  C.  orientalis
Mill.,  Ostrya  carpinifolia  Scop.,  Trachelium
rumelianum  Hampe,  Tamus  communis  L.,
Haberlea rhodopensis Friv.,  Populus tremula L.,
Salix alba L. and S. caprea L. Qaternary glacial
relicts are two species:  Aster alpinus  L. and
Saxifraga  aizoides  L.  (ZAHARIEV et  al.,  2018).
Quaternary  interglacial  relict  is  Morina
persica L.

Out of all the determined species, there
are 77 (37.9 %) medicinal plants.

Investigated  flora  of  Trigrad  Gorge
include  presence  of  5  Bulgarian  endemic
species:  Arenaria  rhodopaea,  Hieracium
kittanae,  Marrubium  frivaldskyanum,
Scrophularia  bulgarica  and  Secale  rhodopaeum
and  13  Balcan  endemites:  Campanula
jordanovii,  Campanula  orphanidea,  Carum
graecum,  Chondrilla  urumoffii,  Cirsium
appendiculatum,  Dianthus  quadrangulus,
Haberlea  rhodopensis,  Micromeria  dalmatica,
Scabiosa triniifolia,  Sesleria achtarovii,  Sideritis
scardica,  Silene  fabarioides and  Trachelium
rumelianum.

The  floristic  complex  of  the  flora  of
Dospat  Dere  also  includes  one  Bulgarian
endemite  Cerastium  velenovskyi  and  13
Balkan  endemites:  Anthemis  macedonica,
Chondrilla  urumoffii,  Onosma  thracica,

Trachelium  rumelianum,  Dianthus  cruentus,
Dianthus  drenowskyanus,  Scabiosa  triniifolia,
Hypericum umbellatum, Micromeria dalmatica,
Linum  thracicum,  Orobanche  esulae,  Festuca
penzesii,  Silene  frivaldszkyana.  There  are  4
common species which can be found both in
Dospat Dere and within the Trigrad Gorge
Protected  area:  Chondrilla  urumoffii,
Trachelium  rumelianum,  Scabiosa  triniifolia,
and Micromeria dalmatica.

The research has found presence of 17
species  with  threatened,  i.e.  conservation
status:

Arenaria  rhodopaea Delip.  EN  A1c;
B1ab(iv)+  2ab  (iv);  C1,  (DIMITROV,  2009)
BDA, Annex 3

Campanula  orphanidea Boiss.  EN
B1ab(ii,iii)+2ab(ii,iii),  (ANCHEV &
GORANOVA, 2009), BDA, Annex 3

Sideritis scardica Griseb. EN B1ab(ii,iii,V)
+2ab(ii,iii,iv);C2a(i) (EVSTATIEVA, 2009)

Malcolmia  orsiniana (Ten.)  Ten.
subsp.angulifolia (Boiss.  & Orph.)  Stork  EN
B2ab(ii,iii);C2a(i),  (ANCHEV &  GORANOVA,
2009), BDA, Annex 3

Saxifraga  aizoides L.  EN  B1ab(ii,iii)
+2ab(ii,iii);C2a(i),  (PEEV &  TSONEVA,  2009),
BDA, Annex 2, 3

Secale  rhodopaeum Delip.  EN  B1ab(iii)
+2ab(iii) (VLADIMIROV, 2009), BDA, Annex 3

Orchis  militaris L.  EN  B2ab(ii),
(PETROVA, 2009), BDA, Annex 3

Aquilegia  nigricans Baumg.  VU  B1ab
(ii,iii,iv,v); C2A (i) (EVSTATIEVA, 2009), BDA,
Annex 3

Marrubium  friwaldskyanum Boiss.  VU
B1ab(iii)+2ab(ii);C2a(i) (MESHINEV, 2009)

Campanula  jordanovii Anchev  &
Kovanda  VU  B1ab(ii,iii,iv),  (ANCHEV &
GORANOVA, 2009), BDA, Annex 3

Scrophularia  bulgarica (Stoj.)  Peev  VU
B1ab(ii,v)+2ab(ii,v) (PEEV & TSONEVA, 2009)

Kernera saxatilis (L.) Rchb. VU B1ab(ii,iii)
+2ab(ii,iii) (GORANOVA & ANCHEV, 2009)

Trachelium  rumelianum Hampe  VU
B1ab(ii,iii,iv), (GORANOVA & ANCHEV, 2009),
BDA, Annex 3

Chondrilla  urumofii Degen  VU
B2ab(ii,iii), (DIMITROVA, 2009; 2015), BDA
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Morina persica L. NT (PEEV & TSONEVA
2015), BDA

Haberlea  rhodopensis Friv.  LC,  Bern
Convention, (PEEV & TSONEVA, 2009), BDA,
Annex 3

Lilium martagon L. BDA, Annex 4
Out of these species, 11 are protected by

the  Law  for  Biological  Diversity  of  the
republic of Bulgaria (Annexes 2 and 3). Next
to  Saxifraga  aizoides L.  (from the  Annex 2),
nine  species  are  reported  in  Annex  3  -
Arenaria rhodopaea Delip.,  Aquilegia nigricans
Baumg.,  Campanula  orphanidea Boiss.,
Malcolmia  orsiniana (Ten.)  Ten.  subsp.
angulifolia (Boiss.  &  Orph.)  Stork,  Secale
rhodopaeum Delip.,  Orchis  militaris L.,
Campanula  jordanovii Anchev  &  Kovanda,
Trachelium rumelianum Hampe and  Haberlea
rhodopensis Friv.  One  species  -  Lilium
martagon L. is reported in Annex 4.

Thirteen species from the researched flora
are  reported  in  the  Red  Data  Book  of  the
republic  of  Bulgaria,  v.  1  Plants  and  fungi
(PEEV et al., 2015): Arenaria rhodopaea Delip. EN
A1c; B1ab(iv)+2ab(iv);  C1 (DIMITROV,  2015a),
Hieracium  kittaniae Vladimir.  EN  B1ab(iii)
(VLADIMIROV,  2015a),  Malcolmia  orsiniana
(Ten.) Ten. subsp.  Angulifolia  (Boiss. & Orph.)
A.  Stork  EN  B2ab(ii,iii);  C2a(i),  (ANCHEV &
GORANOVA,  2015),  Orchis  militaris L.  EN
B2ab(iv), (PETROVA,  2015),  Petkovia orphanidea
(Boiss.)  Stef.  EN  B1ab(ii.iii)+  2ab(ii,iii),
(ANCHEV &  GORANOVA, 2015),  Saxifraga
aizoides L.,  EN  B1ab(ii,iii)+2ab(ii,iii);  C2a(ii),
(PEEV &  TSONEVA, 2015),  Secale  rhodopaeum
Delip.  EN  B1ab(iii)+2ab(iii),  (VLADIMIROV,
2015b),  Sideritis  scardica Griseb.  EN
B1ab(ii,iii,v)+2ab(ii,iii,iv);  C2a(i),  (EVSTATIEVA,
2015),  Valeriana montana L. EN B1ab(ii,iii,iv,v)
+2ab(ii,iii,iv.v);  C2a(i),  (EVSTATIEVA,  2015),
Campanula  jordanovii Ancev  &  Kovanda  VU
B1ab(ii,iii,iv),  (ANCHEV & GORANOVA, 2015),
Chondrilla  urumoffii Degen  VU  B2ab(ii,iii),
(DIMITROVA,  2009;  2015),  Marrubium
friwaldskyanum Boiss.  VU  B1ab(iii)+2ab(ii);
C2a(i),  (MESHINEV,  2015),  Trachelium
rumelianum  Hampe  VU  B1ab(ii,iii,iv),
(GORANOVA & ANCHEV, 2015).

Four  species  are  also  under  the
protection  of  the  CITES  convention:
Cephalanthera  rubra (L.)  Rich,  Epipactis
helleborine (L.) Crantz,  Neottia nidus-avis (L.)
Rich and Orchis militaris L.

With  regards  to  the  flora  in  Dospat
Dere,  we  managed  to  establish  15  species
with  conservation  status,  1  endangered
species -  Galanthus elwesii Hook f., 5 species
with  vulnerable  (VU)  status:  Chondrilla
urumoffii,  Trachelium  rumelianum,  Romulea
bulbocodium,  Limodorum  abortivum and
Ophrys  cornuta.  We also  found one  species
with  a  least  concern  (LC)  status:  e  Lotus
aegaeus.

Further  regarding  the  Dospat  Dere
flora,  we  managed  to  establish  7  species,
which  are  protected  by  the  Bulgarian
Biological Diversity Act (BDA, 2002 - Annex
2,  3):  Galanthus  elwesii,  Trachelium
rumelianum, Romulea bulbocodium, Limodorum
abortivum, Ophrys cornuta,  Arabis collina and
Veronica multifida.

Additionally,  there  were  3  species
found,  which  have  been  listed  in  the  Red
Data Book of the republic of Bulgaria,  v.  1
Plants and fungi (PEEV et al., 2015): Dianthus
drenowskyanus,  Chondrilla  urumoffii  and
Trachelium rumelianum.

Another  6  species  were  found,  which
have  been  included  in  the  CITES
Convention:  Cephalanthera  rubra,  Epipactis
atrorubens,  Limodorum abortivum,  Ophrys
cornuta,  Orchis  coriophora  and  Platanthera
chlorantha.

Regarding  the  natural  habitats  here,
there are: 08H3 Calcareous rocky slopes with
chasmophytic  vegetation,  21G1  Supra
Mediterranean  hop-hornbeam  woods,  9150
Medio-European limestone beech forests  of
the  Cephalanthero-Fagion  and 91EO Alluvial
forests  with  Alnus  glutinosa and  Fraxinus
excelsior (Alno-Padion, Alnion incanae, Salicion
albae).

In general, the habitat 08H3 Calcareous
rocky slopes with chasmophytic  vegetation
has  a  conservation  status:  vulnerable  [VU-
A1,2B2  D2 H2 I  J]  (GUSSEV &  RUSSAKOVA,
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2015).  This habitat is the biggest one in the
researched area.

The habitat 21G1 Supra Mediterranean
hop-hornbeam  woods  has  a  conservation
status: vulnerable [VU-A1, B2 C1 D2 E2 F1
G1  H2  I  L2].  This  habitat  has  not  been
reported  in  the  literature  (BISSERKOV et  al.,
2015).

The  habitat  9150  Medio-European
limestone beech forest of the  Cephalanthero-
Fagion  has  a  conservation  status:  near
threatened [NT-A1, 2B1 C1 D1 E1 F1 G1 H1 I
L3], (DIMITROV, 2015b).

The habitat 91EO Alluvial forests with
Alnus glutinosa and  Fraxinus excelsior (Alno-
Padion,  Alnion  incanae,  Salicion  albae)  has  a
conservation status: vulnerable [VU-A1, 2B1
C1  D2  E2  F1  G1  H1  J  L2],  (DIMITROV &
TASHEV, 2015).

There are 3 natural habitats, which are
common for both Dospat Dere and Trigrad
Gorge areas:  08H3 Calcareous rocky slopes
with  chasmophytic  vegetation,  21G1 Supra
Mediterranean  hop-hornbeam  woods  and
02G1  Southern  Helleno-Balcanic  swamp
alder woods.

Conclusion
The  natural  protected  Trigrad  Gorge

impresses  its  visitors  not  just  with  its
landscape  (which  includes  vertical  lime
slopes,  caves and waterfalls),  but also with
its  flora.  One  can  find  here  the  beautiful
rocky  species  Haberlea  rhodopensis,
Campanula orphanidea,  Morina persica,  Lilium
martagon,  Epilobium  dodonaei,  Aster  alpinus,
and Secale rhodopaeum. A huge percentage of
the  flora  here  is  represented  by  relic  and
endemic species, which can be found only in
this area. The results of this research can also
be used for  the  development  of  the  future
management  plan  of  this  protected  area.
Also,  these  results  can  be  useful  for
professional and connoisseur botanists who
would like to visit  this  interesting place of
the  Rhodopes. The  main  concerning threat
for the biodiversity of this natural protected
area are the uncontrolled and non-regulated
building of  small-scale,  hydroelectric  water

dams,  along the  river  beds  of  Trigrad and
Tchairska  rivers.  Other  threats  are  the
introduction  and  afforestation  of  foreign
trees  and  bushes,  the  building  of  new,
additional  roads,  the  extraction  of  natural
resource from this area and last, but not least
–  the  unauthorized  forest  cutting.  The
excessive  use  of  fertilizers  from  the
agricultural  activities  in  the  villages  above
the  natural  protected  area  (namely Kesten,
Vodni pad, Zhrebevo and Trigrad) also pose
a  significantly  potential  threat  to  the  local
flora and fauna.
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Appendix 1. List of determined plants
from the research area

Pteridophyta 
Aspidiaceae
1.Polystichum aculeatum (L.) Roth
Aspleniaceae
2.Asplenium adianthum-nigrum L.
3.A. ruta-muraria L.
4.Ceterach officinarum DC.
Athyriaceae
5.Cystopteris fragilis(L.) Bernch.
Hypolepidaceae
6.Pteridium aquilinum (L.) Kuhn
Polypodiaceae
7.Polypodium vulgare L.
Selaginellaceae
8.Selaginella helvetica (L.) Spring
Bryophyta
Conocephalaceae
9.Conocephalus conicum (L.) Dum.
Marchantiaceae
10.Marchantia polymorpha L.
Pinophyta
Pinaceae
11.Abies alba Mill.
12.Picea abies (L.) Carst.
13.Pinus nigra Arnold ssp. pallasiana (Lamb.) 
Holmboe
14.P. sylvestris L.
Magnoliophyta
Aceraceae

15.Acer campestre L.
Adoxaceae
16.Adoxa moschatellina L.
Apiaceae
17.Aegopodium podagraria L.
18.Angelica sylvestris L.
19.Bupleurum praealtum L.
20.Carum graecum Boiss. & Heldr.
21.Heracleum sibiricum L.
22.Laserpitium siler L. subsp. 
garganicum(Ten.) Arcang.
23.Myrrhoides nodosa (L.) Cannon
24.Peucedanum austriacum (Jacq.) Koch
25.Pimpinella saxifraga L.
26.Seseli rigidum Waldst. & Kit.
Aristolochiaceae
27.Asarum europaeum L.
Asteraceae
28.Achillea grandifolia Friv.
29.Artemisia vulgarisL.
30.Aster alpinus L.
31.Carduus nutans L.
32.Centaurea stoebe L.
33.Chondrilla juncea L.
34.Ch. urumoffii Degen
35.Cirsium appendiculatum Griseb.
36.Crepis biennis L.
37.Doronicum orientale Hoffm.
38.Echinops sphaerocephalus L.
39.Eupatorium cannabinum L.
40.Hieracium kittaniae Vladimir.
41.Lactuca viminea (L.) J. & C. Presl
42.Mycelis muralis (L.) Dumort.
43.Petasites hybridus (L.) Gaertner
44.Ptilostemon afer (Jacq.) Greuter
45.Senecio vernalis Waldst. & Kit.
46.Tanacetum corymbosum (L.) Sch. Bip.
47.Telekia speciosa (Schreb.) Baumg.
48.Tussilago farfara L. 
Araliaceae
49.Hedera helix L.
Betulaceae
50.Alnus incana (L.) Moench
51.Carpinus betulus L.
52.C. orientalis Mill.
53.Ostrya carpinifolia Scop.
Boraginaceae
54.Buglossoides arvensis (L.) I.M.Johnst.
55.Cerinthe minor L.
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56.Lappula squarrosa (Retz.) Dumort.
57.Onosma heterophylla Griseb.
58.Pulmonaria officinalis L.
59.P. rubra Schott
Brassicaceae
60.Aethionema saxatile (L.) R.Br.
61.Alliaria petiolata (M. Bieb.) Cavara & 
Grande
62.Alyssum reiseri Velen.
63.Arabis glabra (L.) Bernh.
64.Arabis procurrens Waldst. & Kit.
65.Arabis turrita L.
66.Berteroa incana (L.) DC.
67.Cardamine pectinata Pall. ex DC.
68.Descurainia sophia (L.) Webb. ex Prantl.
69.Kernera saxatilis (L.) Rchb.
70.Lepidium campestre (L.) R. Br.
71.Malcolmia orsiniana (Ten.) Ten. subsp. 
angulifolia (Boiss.& Orph.) Stork
72.Rorippa sylvestris (L.) Besser
Campanulaceae
73.Asyneuma limonifolium (L.) Yanch.
74.Campanula glomerata L.
75.C. jordanovii Anchev & Kovanda
76.C. orphanidea Boiss.
77.Trachelium rumelianum Hampe
Caprifoliaceae
78.Lonicera xylosteum L.
79.Sambucus ebulus L.
80.S. nigra L.
81.Viburnum opulus L.
Caryophyllaceae
82.Arenaria rhodopaea Delip.
83.A. serpyllifolia L.
84.Dianthus petraeus Waldst. & Kit.
85.D. quadrangulus Velen.
86.Lychnis coronaria (L.) Desv.
87.Myosoton aquaticum (L.) Moench
88.Silene fabarioides Hausskn.
89.S. flavescens Waldst. & Kit.
90.S. italica (L.) Pers.
Celastraceae
91.Evonymus europaeus L.
92.E. latifolius (L.) Mill.
93.E. verrucosus Scop.
Chenopodiaceae
94.Chenopodium foliosum (Moench) Ascherson
95.Polycnemum arvense L.
Convolvulaceae

96.Calystegia sepium (L.) R. Br.
97.Convolvulus cantabrica L.
Crassulaceae
98.Sedum acre L.
99.S. anopetalum DC.
100.S. caespitosum (Cav.) DC.
101.S. hispanicum L.
Dioscoreaceae
102.Tamus communis L.
Euphorbiaceae
103.Euphorbia myrsinites L.
104.E. taurinensis All.
105.Mercurialis perennis L.
Fabaceae
106.Anthyllis vulneraria L.
107.Astragalus angustifolius Lam.
108.A. glycyphyllos L.
109.A. monspessulanus L.
110.Chamaecytisus hirsutus (L.) Link
111.Coronilla emerus L. subsp. emeroides 
(Boiss. & Sprun.) Hayek
112.C. varia L.
113.Dorycnium herbaceum Vill.
114.Lathyrus laxiflorus (Desf.) Kuntze
115.Lotus corniculatus L.
116.Trifolium heldreichianum Hausskn.
Fagaceae
117.Fagus sylvatica L.
Geraniaceae
118.Geranium lucidum L.
119.G. macrorhizum L.
120.G. robertianum L.
Gesneriaceae
121. Haberlea rhodopensis Friv.
Globulariaceae
122.Globularia cordifolia L.
Hypericaceae
123.Hypericum umbellatum A. Kern.
Juncaceae
124.Luzula forsteri (Sm.) DC.
Lamiaceae
125.Acinos suaveolens (Sm.) Don
126.Ajuga genevensis L.
127.Ballota nigra L.
128.Clinopodium vulgare L.
129.Lamium garganicum L.
130.L. galeobdolon (L.) L.
131.Marrubium friwaldskyanum Boiss.
132.Micromeria dalmatica Benth.
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133.Nepeta catharia L.
134.Origanum vulgare L.
135.Scutellaria altissima L.
136.Sideritis scardica Griseb.
137.Teucrium chamaedrys L.
Liliaceae
138.Lilium martagon L.
139.Paris quadrifolia L.
140.Polygonatum latifolium (Jacq.) Desf.
Linaceae
141.Linum tenuifolium L.
142.L. catharticum L.
Morinaceae
143.Morina persica L.
Onagraceae
144.Epilobium dodonaei Vill.
Orchidaceae
145.Cephalanthera rubra (L.) Rich.
146.Epipactis helleborine (L.) Crantz
147.Neottia nidus-avis (L.) Rich.
148.Orchis militaris L.
Orobanchaceae
149.Orobanche esulae Pancic
Oxalidaceae
150.Oxalis acetosella L.
Papaveraceae
151.Papaver rhoeas L.
Poaceae
152.Arrhenatherum elatius (L.) P. Beauv.
153.Bromus ramosus Huds.
154.Dactylis glomerata L.
155.Koeleria nitidula Velen.
156.Melica uniflora Retz.
157.Phleum pratense L.
158.Poa nemoralis L.
159.Secale rhodopaeum Delip.
160.Sesleria achtarovii Deyl
161.S. rigida Heuffel ex Rchb.
162.Vulpia myurus (L.) C.C. Gmel.
Polygalaceae
163.Polygala major Jacq.
Polygonaceae
164.Rumex acetosa L.
165.R. acetosella L.
Primulaceae
166.Lysimachia vulgaris L.
Pyrolaceae
167.Orthilia secunda (L.) House
Ranunculaceae

168.Actaea spicata L.
169.Anemone nemorosa L.
170.Aquilegia nigricans Baumg.
171.Clematis vitalba L.
172.Helleborus odorus Waldst. & Kit.
173.Hepatica nobilis Mill.
Rhamnaceae
174.Rhamnus saxatilis Jacq.
Rosaceae
175.Aremonia agrimonoides (L.) DC.
176.Crataegus monogyna Jacq.
177.Geum urbanum L.
178.Fragaria vesca L.
179.Potentilla sulphurea Lam.
180.Sorbus aucuparia L.
181.S. austriaca (Beck.) Hedl.
182.Sorbus torminalis (L.) Crantz
183.Rubus thyrsanthus Focke
Rubiaceae
184.Galium anisophyllon Vill.
Salicaceae
185.Populus tremula L.
186.Salix alba L.
187.S. caprea L.
Saxifragaceae
188.Saxifraga aizoides L.
189.S. rotundifolia L.
190.S. sempervivum C. Koch
Scrophulariaceae
191.Linaria genistifolia (L.) Mill.
192.Melampyrum sylvaticum L.
193.Odontites glutinosa (M. Bieb.) Benth
194.Scrophularia bulgarica (Stoj.) Peev
195.S. scopoli Hoppe ex Pers.
196.Verbascum nigrum L.
Solanaceae
197.Solanum dulcamara L.
Ulmaceae
198.Ulmus glabra Hudson
Urticaceae
199.Urtica dioica L.
Valerianaceae
200.Valeriana montana L.
201.V. tripteris L.
Violaceae
202.Viola kitaibeliana Schult.
203.V. riviniana Rchb.
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Abstract.  The authors propose a universal method for determining the  emissions of greenhouse
gases  from  sheep  and  goat‘s  farming.  The  authors  use  specific  Bulgarian  energetic  units  for
measurement of the energy in fodders/excrements and requirements of the ruminants (base - net
energy). The methodology is illustrated with examples (base is a farm with 100 sheep/goats with
120% reproductive capacity) . On this basis logical reasoning calculation formulas are introduced.
They are a good basis for digitizing of the calculations. The calculating procedure is universal and
can be easily adapted to different conditions (number of animals, reproductive capacities, periods
of realization of lambs/kids etc.).

Key words: greenhouse gases, sheep and goat‘s farming, volatile solid excretion.

Introduction
The exact determining of the emissions

of greenhouse gases from sheep breeding is
pressing in the countries of southern Europe,
including  the  Republic  of  Bulgaria,  due  to
the following main reasons: 

-  The  development  of  a  monitoring
program for greenhouse emissions for every
European  Union  member  state  in  relation
with  the  adopted  strategies  for  their
limitation (EC,  2005) and fair  allocation  of
quotas  -  Directive  91/676/EC  (EC,  1991),
Directive 2008/101/EC (EC, 2008), Directive
2009/29/EC (EC, 2009) and the search for a
sufficiently precise methodology for this. 

- The education and training of students
-  future  teachers  to  practically  educate  the
growing  generation  in  solving  these

problems  (VAKLEVA et  al.,  2002;  VAKLEVA,
2017), and the efforts to create and apply a
uniform  methodology  for  such  training
(problem solving, cases, etc.).

Although in Europe and in particular in
Bulgaria there is a wide variety of production
systems for the production of sheep and goat
breeding products, as well as animals varying
in  type,  live  mass,  and  productivity
(VUCHKOV,  2015;  DIMOV & VUCHKOV, 2017),
greenhouse  gas  emissions  do  not  depend
much on the way animals are grown. 

In our previous publications (PENKOV et
al.,  2012;  2014),  we  proposed  unified
methods  for  calculating  the  greenhouse
emissions  from  industrial  pig  and  poultry
production. 
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The purpose of this article is to propose
methods  of  defining  greenhouse  emissions
from  the  mixed  excrements  (faeces  and
urine)  generated  by  the  sheep  and  goat
breeding sector in Bulgaria. 

Material and Methods 
For the equalisation of greenhouse gases

from  all  excrements  we  use  the  officially
adopted  formula  of  the  Ministry  of
Enwironment and Water  which converts all
emitted gases into a conditional „pollutant“
(IPCC, 2001):

VS = (DMI*18.45)*(1-DEI/100)*(1-%ASH/100)

where: VS - volatile solid excretion per 24
hours on a dry matter weight basis – kg DM
per 24 h; DMI - dry matter intake – kg/anima/
24h; 18.45 – mean gross energy content in 1 kg
dry matter of the fodders – MJ; DEI – digestible
energy intake from 1 animal/24h (as coefficient,
or  percentage)  from the gross energy intake;
%ASH – percentage of ash in the DM of the
excrements.

For  greater  clarity  we  are  going  to
demonstrate  the  course  of  calculation  with
the  following  practical  example:  determine
the  volatile  solid  excretion  for  1  year  (365
days)  on  a  farm  with  100  sheep/goats,
average  annual  fertility  of  the  herd  120%
(120  live  lambs/kids  from  100  female
animals).  According  to  the  most  used
production  system  in  Bulgaria,  births  take
place  in  the  months  of  January  -  February
(provisionally  we  adopt  February  1  as  the
average  date).  For  the  repair  of  the  herd
(replacing the dropped adult animals), about
10% of the female lambs/kids (in this  case
10)  are  left,  all  the  rest  being  realised  for
meat within 10- 15 days, between 1 and 15
May due to the traditions around the 6 May
holiday (provisionally we adopt May 10 as
average  realisation  date).  Sheep  milk
production  is  100  litres,  and  the  total
lactation  milk  production  -  185  litres  (85
litres for a sucking period). 

The  average  data  for  emitted  mixed
excrements (faeces and urine) as well as for

the  dry matter  and ash content  in  them is
taken from PETROV et al. (1983). The data for
the content of percentage/coefficient of the
energy  exchange  as  well  as  for  the  dry
matter  intake  in  each  animal  category  is
calculated  on  the  basis  of  the  new  energy
system for assessment of fodders in Bulgaria
(TODODROV & DARJONOV, 1995).  Although
the system is based on a net energy basis, we
believe  it  is  more  accurate  because  it  also
takes  into  account  the  average  utilisation
(and consequently the loss) of the exchange
energy  for  the  different  life  needs  (basic
metabolism, milk productivity, growth, and
pregnancy).  That  is  why  we  replace  the
digestible/exchange  energy  in  the  above
formula with net energy (NE). 

Results and Discussion 
1. Defining the quantity of the manure waste

from the animals in the farm and the chemical
composition of the faeces and the urine: 

According  to  the  above-mentioned
source, about 1.5 kg of faeces and 0.5-2 (an
average of 1.2) litres of urine are emitted per
day from a sheep/goat (about 55 kg of live
weight)  for  a  24-hour  period.  Recalculated
on a live weight basis, 0.5 kg faeces and 0.4
litres urine are emitted from one lamb/kid. 

Method of calculation of emitted lamb/
kid excrements: 

A lamb/kid is born with a live weight
of about 5 kg and is realised at a final live
weight of  25 kg,  therefore the average live
weight will be 17.85 kg or 17.85/55 = 33% of
the live weight of an adult sheep/goat. The
content of dry matter and ash in the faeces is
taken from scientific  experience (PETROV et
al., 1983) - 40.3% and 4.9%, respectively. 

Data on dry matter and ash content in
the urine is averaged according to PETROV et
al.,  1983 (total  for  ruminants)  and  it  is
respectively 4.50% and 2.2%. 

2.  Defining  the  quantity  of  the  dry
matter  intake  and  gross  energy  of  the
animals: 

1.2.  For  lactating  sheep  (medium
lactation  period  185  days,  185  kg  lactation
milk production or an average of 1 litre of
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milk per day), the DMI is 2 kg (TODODROV &
DARJONOV, 1995).  The  gross  energy  intake
(GEI) is: 2*18.45 = 36.9 MJ.

2.2. For fertile and pregnant sheep (180
days) and 1.2 lambs set per pregnancy, the
DMI is 1.7 kg. The GEI is 1.7*18.45 = 31.37
MJ.

The average daily  amount  of  GEI  will
be:[(36.9*185) + (31.37*180)]/365 = 34.17 MJ,
and for 365 days - 12472.05 MJ.

The old sheep are scrapped at the end of
the year, so we conditionally assume that the
total  number of  mother sheep remains  100
through the whole year. 

3.2.  For  repaired  young  breeding
animals: They are born with a live weight of
about 5 kg and for 11 months (until the end
of the year) they grow by standard to 75% of
the live weight of the adults.  They are not
lactating and their average live weight will
be: 23.13 kg. The ratio of dry matter intake
will  be:  23.13/55*100  =  42%  of  pregnant
sheep  or  1.7*0.42  =  0.71  kg.  Their  average
daily GEI = 0.71*18.45 = 13.1 MJ, and for 335
days (their life cycle for the year) - 4388.5 MJ 

4.2.  Lambs for realisation.  For 120 live
births and 10 left for repairs to the herd, the
total number of lambs for realisation will be
110.  They  stay  on  the  farm  from  01.02  to
10.05 or an average of  100 days.  Their live
birth weight is 5 kg, and at realisation - 25
kg, or an average live weight of 15 kg. Under
these conditions,  their DMI will  be 0.60 kg
(TODODROV & DARJONOV, 1995) and the GEI
=  =0.6*18.45  =  11.07MJ,  and  for  110  days
(their life cycle for the year) - 1217.7 MJ.

3. Defining the net energy (NE) intake. 
1.3. For mother sheep: 
The  main  vital  activities  for  which

energy  is  needed  are:  Ground  metabolism
(GME),  0.042*pregnancy  (PE),  milk  yield
(ME) and movement on the pasture (PME).
The active movement on the pasture is about
215  days  and  the  shed  period  -  150  days.
According  to  the  formulas  of  TODOROV &
DARJONOV (1995) recalculated  by  us,  the
basic  formula  (in  MJ  per  1  animal  for  24
hours) is: 

GME  =  0.234*55  0.75  (valid  for  365
days); PE = 1.11*6 (valid for 150 days); PEM=
0.042*6+1.884 (valid for 185 days);

PME = 0.00258*55*10 (valid for 215 days
for  an  average  of  10  kilometres  horizontal
distance covered).

The total annual net energy intake per
sheep/goat: 

NE=0.234*550.75*365+6.66*150+(0.042*6
+1.884)*185+(0.00258*55*10)*215 = 9070.9 MJ 

2.3.  For  repaired  female  animals:  the
main vital activities are GME, daily growth
(DGE), and PME. According to the accepted
standards, their average daily growth is 0.11
kg and the pasture period is 240 days. The
formulas we have recalculated on the basis
of the above-mentioned source are: 

GME = 0.234*23.13 0.75 (valid for 335 days) 
PME = 0.0258*23.13*10 (valid for 240 days)
DGE = 2.04 MJ (valid for 335 days) 
The total annual net energy intake by a

female repair animal: 
NE=0.234*23.130.75*335+(0.00258*23.13*

10)*240 + 2.04*335 = 1653.41 MJ.
3.3.  For  animals  for  fattening  and

realisation: 
Main  set  parameters:  Average  daily

growth -  0.2  kg,  lifecycle  -  100  days,  fully
grown in sheds, basic vital activities - GME,
DGE,  average  live  weight  (of  birth  weight
and mass of realisation) - 15 kg. 

GME = 0.234*15 0.75 (valid for 110 days);
DGE = 2.58 MJ (valid for 110 days).
The total annual net energy intake by a

female animal for fattening = 
NE = 0.234*150.75*110 + 2.58*110 = 480 MJ.
4.  Defining  the  DEI  coefficients  in  the

basic formula by animal categories: 
1.4.  For  sheep/goats:  DEI  =

9070.9/12472.05 = 0.73.
2.4.  For  young  repair  animals:  DEI  =

1653.41/4388.5 = 0.38.
3.4.  For  animals  for  fattening  and

realisation: DEI = 480/1217.7 = 0.394.
5.  Defining the average ash content  in

dry  matter  of  mixed  excrements  as  a
coefficient: 

1.5. For one mother sheep/goat: 
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ASH  =  (1.5*43/100*4.9/100)  +
(1.2*4.5/100*2.2/100) = 0.0328.

2.5.  For  lambs  and  repair  female
animals: 

ASH = (0.5*43/100*4.9/100)+0.4*4.5/100*2.2/100)
= 0.011.

6.  Defining  the  total  amount  of
greenhouse  gas  emissions  by  category  for
the whole year (356 days), compared to the
suggested calculation example: 

1.6. For 100 animals of the main herd:
VS=[12472.05*(1-0.73)*1-0.0328)]*100= 326599

kg or 327 tons.
2.6. For young repair animals:
VS=[4388.5*(1-0.38)*1-0.011)]*10  =  26602.8

kg or 26.6 tons.
3.6.  For  livestock  for  fattening  and

realisation: 
VS=[1217.7*(1-0.394)*1-0.011)]*110 = 80279.1

kg or 80.3 tons.
4.6.  Total amount of farm emissions at

the set parameters is 433.9 tons per year.
The proposed methods can be presented

in a simpler way, but the goal of the authors
is  that  the  calculations  are  presented in  as
simplified as possible and that they can be
easily  modified  using  different  breeding
technologies,  in  different  productive
systems, different technological periods and
different periods of stay of the technological
groups. 

The  authors  believe  that  their  chosen
case  for  solving is  in  line with the  current
state  of  sheep  and  goat  breeding  in  the
Republic of Bulgaria. 

The authors believe that for the simplest
possible  solution,  without  significant
compromises on the accuracy of the results: 

1. With regard to the separation of the
greenhouse  emissions,  no  significant
differences between sheep and goats should
exist,  therefore  the  methods  are  applicable
for both types of animals. 

2. In the course of the calculations some
life  and  technological  activities  are
disregarded,  such  as  that  a  certain
percentage of technological scrapping exists
(not all born lambs survive) and that young
repair animals are pregnant during the last

two  months  of  the  year,  and  adult
sheep/goats are not usually scrapped on 31
December, but 40-60 days earlier. 

These,  as  well  as  other  technological
moments  not  covered  by  the  methods
should  not  have a  significant  effect  on the
final results, with the statistical error being
less than 1%. 

The  authors  believe  that  the
replacement  of  digestible/exchange  energy
in  the  basic  formula  is  necessary  for  the
conditions  of  the  Republic  of  Bulgaria,
therefore, that the energy units determining
the levels of nutrition and nutritional value
of  fodders  for  ruminant  animals  are
precisely on the basis of net energy. On the
other  hand,  defining  the  correction
coefficients in the second part of the formula
is more accurate. 

Besides manure waste, sheep and goats
also  emit  a  considerable  amount  of
fermentation gases (mainly methane) which
are to be added. There gases are described in
the literature (Moe et al., 1980) and they are
not the subject of this article.

Conclusions 
The  proposed  methods  for  calculating

the  greenhouse  gas  emissions  from
excrements of sheep and goats are applicable
to the objective assessment of this effect, due
to its reporting being as accurate as possible. 

They can be corrected relatively easily,
depending  on  the  different  breeding
technologies,  different  production  systems,
different technological periods and different
periods of stay of the technology groups. 

On the other hand, the calculations can
be  relatively  easily  digitalised  in  different
software  media.  emissions  from the  mixed
excrements (faeces and urine) generated by
the sheep and goat breeding sector.
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Abstract. The study was conducted in Dragomansko and Aldomirovsko marshes situated in west
Bulgaria. During 2017 sampling was carried out between July and September within belt transects:
17 transects in Dragomansko marsh and 9 in Aldomirovsko marsh. Data of aquatic plants and
abiotic  habitat  parameters  were  collected in  a  zigzag pattern along  each transect.  The applied
Reference  Index  evaluates  two  aspects  of  macrophyte  community:  taxonomic  composition
(assigned to 1 of 3 indicator groups) and abundance (DAFOR scale: dominant, abundant, frequent,
occasional and rare), which are combined into one multimetric. Sixty-three taxa were found on the
territory of the marshes, twenty of which common for both marshes. Helophyte species had higher
representation in Aldomirovsko marsh (51%), whereas in Dragomansko marsh their percent share
was 38%. Based on the analysis of the aquatic macrophytes the assigned ecological status for both
Dragomansko (RI=8.36) and Aldomirovsko (RI=0) marshes was moderate. 

Key words: macrophytes, wetland vegetation, karst marshes.

Introduction
Dragomansko  and  Aldomirovsko

marshes (Fig. 1) are shallow karst lakes, often
drying  up  during  the  summer  months,
located  in  west  Bulgaria,  north-west  from
Sofia in the Znepole region (STEFANOV, 2002).
Both  marshes  are  included  in  the  National
Environmental  Framework  (Aldomirovsko
swamp  is  categorized  as  protected  area,
Dragomansko  as  Ramsar  site)  and  provide
habitats  for  many plants,  invertebrates  and
birds (SHURULINKOV, 2014). The water bodies
belong to the national lake type L4: lowland
or semi-mountain natural lakes and swamps
in Pontic province.

The  studies  on  the  wetland  flora  and
vegetation  in  both  lakes  started  in  the
beginning of 20th century with the extensive
research of JORDANOFF (1931) which reported
as  most  widespread  Phragmites  australis,
Equisetum fluviatile, Typha angustifolia, Scirpus
lacustris,  Glycera maxima,  Eleocharis palustris,
Carex  acuta,  C.  melanostachya associations.
Hygrophyte  vegetation  had  limited
distribution. Later STOYANOFF (1935) studied
floristic  diversity  in  Aldomirovsko  and
Dragomansko  marshes,  which  was
represented  by  26  and  71  macrophyte
species  respectively.  KOCHEV &  YURUKOVA

(1984)  thoroughly  investigated  vegetation
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diversity of both lakes which was presented
by  16  formations  and  17  associations.
Vegetation and flora of Aldomirovsko marsh
has been also studied by  APOSTOLOVA et al.
(2001). During  2005-2007  after  the  final
restoration of Dragoman marsh  TRAYKOV &
TOSHEVA (2015) found 180 vascular plants on
its territory. 

The role of the macrophytes in lakes is
well-known and has been studied in many
researches.  Macrophytes  create
fundamentally  different  environmental

conditions in  shallow lakes  (SØNDERGAARD
& MOSS, 1997). They also respond to changes
in  the  environment  and  are  reliable
indicators  of  ecosystem  health.  With
increasing  of  eutrophication,  the  species
diversity  of  aquatic  macrophytes  generally
declines,  and  the  species  communities  are
being  replaced  by  monoculture-forming
strong competitors (REJMÁNKOVÁ, 2011). 

Based on the above, our study aimed to
assess  the  aquatic  macrophyte  composition
and ecological status of the marshes.

Fig. 1. Location of studied water bodies on the territory of Bulgaria.
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Material and Methods
Sampling  was  carried  out  in  2017

between July  and  September  within  belt
transects:  17  transects  in  Dragomansko
marsh,  respectively  9  in  Aldomirovsko,
covering the entire  area of  both marshes
(331 and 129 ha). The sampling procedure
included  the  collection  of  aquatic  plants
and  the  recording  of  abiotic  habitat
parameters in a zigzag pattern along each
transect.  The abundance of  plant  species
was  estimated  on  site  using  a  five-scale
system  (KOHLER,  1978)  similar  to  the
commonly  used  DAFOR scale.  The  level
of  aquaticity  that  characterized  the
taxon’s  affinity  to  water  was  according

CHAUVIN (after  BIRK et  al.,  2007).  The
nomenclature followed  DELIPAVLOV et  al.
(2003). 

Reference  Index  (RI)  and
transformation  into  ecological  quality
ratio  (EQR)  were  calculated  after
GECHEVA et al. (2013). For the assessment,
the  species  were  designated  to  three
different  groups:  “reference  taxa”,
“indifferent  taxa”  and  “degradation
indicators”.  The  relative  share  of  these
different groups decides of the ecological
class  of  the  investigated  transect.  The
ecological  quality  class  (Table  1)  of  the
water  body  results  from  averaging  the
results of the single transects. 

Table 1. Class boundaries for RI and EQR, L4.

Ecological status RI EQR
High 100 - 66 1 – 0.83
Good 65 - 16 0.82 – 0.58

Moderate 15 - -58 0.57 – 0.21
Poor -59 - -100 0.20 – 0
Bad Macrophyte depopulation

Results and Discussion

Community structure of macrophytes in the
studied marshes

Flat  mud-dominated  lake  shore  was
character  for  Aldomirovsko  marsh.
Considerable amount of detritus and solid waste
were found. The Dragomansko marsh shore had
flat to medium slope and was mud-dominated. 

Sixty-three  taxa  were  found  on  the
territory  of  both  marshes,  among  them  19
were  not  directly  connected with  water  or
are tree species (Table 2). Twenty of the total
63 species were common for both marshes.

Thirty-three  species  were  recorded  in
Aldomirovsko  marsh,  17  helophytes,  5
hygrophytes  and 6  hydrophytes.  The  most
common  species  were  Schoenoplectus
lacustris,  Carex riparia,  Typha latifolia, Phalaris
arundinacea and Phragmites australis. 

Fifty species were registered in Dragomansko
marsh,  16  helophytes,  12  hygrophytes  and  3
hydrophytes.  The  most  abundant  species  were
Carex riparia, Typha latifolia, Schoenoplectus lacustris,
Phalaris arundinaceae and Phragmites australis. 

Considering  the  lake  size  and  water
level,  there  were  few  differences  in  the
species  abundances  in  the  two  marshes.
Helophytes represented 32% of total species
in Dragomansko marsh, while they had 51%
share  in  Aldomirovsko  marsh.  Also  in
Dragomansko  marsh  38%  of  the  observed
species were non-aquatic, including trees. 

Hydrophytes  were  represented  by
Ceratophyllum  demersum,  C.  submersum,
Hydrocharis  morsus-ranae,  Lemna  minor,  L.
trisulca,  Myriophyllum  verticulatum and
Potamogeton  lucens.  Their  assemblages
should be maintained due to the impact of
these  plants  on  the  dynamics  of  nutrients,
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dissolved  organic  and  inorganic  carbon,
oxygen, and pH.

Ecological status
Among  the  recorded  species  in

Aldomirovsko marsh were no representatives
of  the  “reference  taxa”  group  instead  of
domination  of  indifferent  indicators:
Schoenoplectus lacutris, Potamogeton lucens and
Ceratophyllum submersum. 

Studied  transects  in  Dragomansko
marsh  had  different  ecological  status
assessment.  Most  of  the  transects  were  in
good status based on species  composition
and  abundance.  Reference  indicator  H.
morsus-ranae was recorded in two transects,
while  one  transect  was  dominated  by
indifferent  and  disturbance  taxa.  This
could be a result of the untreated domestic
wastewater  discharge  from  Dragoman
town (SHURULINKOV, 2014). 

Based  on  the  analysis  of  the  aquatic
macrophytes the assigned ecological status
for  both  Dragomansko  (RI=8.36)  and
Aldomirovsko  (RI=0)  marshes  was
moderate  status.  Thus,  they  may  require
management  measures  as  a  reduction  in
nutrient  load  in  order  to  reach  a  good
ecological status.

Table  2. List  of  species  and  level  of
aquaticity.  Legend:  1-Exclusively  aquatic
species  (or  mainly  aquatic  in  regular
conditions);  2-Aquatic  taxon  with
common  terrestrial  forms  or  truly
amphibious  (common  aquatic  forms  as
well as terrestrial forms);  3-Supra-aquatic
bryophytes  and  lichens.  Commonly
submerged  a  part  of  the  hydrological
cycle;  4-Helophytes  or  Amphiphytes.
Erected forms with basis commonly inside
water;  5-Hygrophilous  taxa.  Possibly
submerged (at least the basis) a part of the
year; 6-Bank, wood, grasslands or ruderal
herbaceous  species.  May  be  found  in
water accidentally or in conditions of high
flow;  7-Woody  riparian  species.  May  be
flooded  temporarily;  8-Brackish  water  or
salty marshes species.

Species Aquaticity

Aldomirovsko
Hydrophytes
Ceratophyllum demersum 1
Ceratophyllum submersum 1
Lemna minor 1
Myriophyllum verticullatum 1
Potamogeton lucens 1
Potamogeton polygonifolius 1
Hygrophytes
Bidens tripartita 5
Epilobium hirsutum 5
Epilobium palustre 5
Ranunculus repens 6
Ranunculus sceleratus n.a.
Helophytes
Agrostis stolonifera 4
Alisma plantago-aquatica 4
Butomus umbellatus 4
Carex riparia n.a.
Eleocharis palustris 4
Iris pseudacorus 4
Juncus inflexus 4
Lysimachia nummularia 5
Lysimachia vulgaris 5
Lythrum salicaria 5
Persicaria amphibia 2
Phalaris arundinacea 4
Phragmites australis 4
Scirpus lacustris 1
Sparganium erectum 4
Typha angustifolia 4
Typha latifolia 4
Cirsium arvense n.a.
Dipsacus laciniatus n.a.
Galium aparine n.a.
Salix alba n.a.

Dragomansko
Hydrophytes
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Ceratophyllum submersum 1
Hydrocharis morsus-ranae 1
Lemna trisulca 1
Hygrophytes
Bidens tripartita 5
Epilobium hirsutum 5
Epilobium roseum n.a.
Holcus lanatus 6
Lamium sp. n.a.
Mentha spicata 6
Persicaria lapathifolia 6
Ranunculus repens 6
Rumex conglomeratus n.a.
Scrophularia umbrosa n.a.
Solanum dulcamara 5

Urtica dioica 6
Helophytes
Agrostis stolonifera 4
Carex riparia n.a.
Juncus inflexus 4
Juncus effusus 4
Lycopus europaeus 4
Lysimachia nummularia 5
Lysimachia vulgaris 5
Lythrum salicaria 5
Persicaria hydropiper 4
Phalaris arundinacea 4
Phragmites australis 4
Potentilla reptans n.a.
Scirpus lacustris 1
Sparganium erectum 4
Typha angustifolia 4
Typha latifolia 4
Other
Calamagrostis arundinaceae n.a.
Chamomilla recutita n.a.
Clematis vitalba n.a.
Conyza canadensis n.a.
Cirsium arvense n.a.

Dipsacus laciniatus n.a.
Elymus repens n.a.
Erigeron annuus n.a.
Galium aparine n.a.
Latyrus tuberosus n.a.
Populus alba n.a.
Prunus cerasifera n.a.
Rubus caesius n.a.
Sambucus ebulus n.a.
Scutellaria hastifolia n.a.
Sonchus asper n.a.
Salix sp. n.a.
Salix alba n.a.

Salix purpurea n.a.

Conclusions
Most  common  species  in  both  marshes

were  helophytes  Schoenoplectus  lacutris,
Potamogeton lucens and Ceratophyllum submersum,
with  dominance  of  C.  riparia.  Helophytes
dominated  in  Aldomirovsko  marsh,  while
hydro-  and  hygrophytes  had  similar  percent
share with helophytes in Dragomansko marsh. 

Both marshes support rich macrophyte
communities,  with  total  of  63  species
observed. Nineteen of the species listed for
the area were not considered aquatic or are
tree  species.  Their  presence  suggests  a
naturally  occurring  process  of  drought  in
both  marshes,  concentrated  mainly  in  the
peripheral areas. 

Both  marshes  were  assessed  in
moderate ecological status and management
measures should be implemented to reach a
good  status,  e.g.  providing  a  flow  regime
which ensures the current extent of wetland
communities  and  a  reduction  in  nutrient
load.

Considering  the  lack  of  previous
researches  on  the  ecological  status  of  these
water  bodies,  this  study presents  a  basis  for
specific  conditions  within  the  lake  type  for
future  researches  regarding  the  ecosystem
potential, services and sustainable development
of protected wetlands in Bulgaria. 

165



Macrophyte-based Assessment of Ecological Status of Aldomirovsko and Dragomansko Marshes, Bulgaria

References 
APOSTOLOVA I, PETROVA C, VASSILEV P. 2001.

Flora  and  vegetation  of  the
Aldomirovsko marsh protected area. –
Ann.  de  l’Universite  de  Sofia
“Kl.Ohridski”,  Faculte  de  Biologie  –
Botanique, 93 (2): 115-132.

BIRK S., WILLBY N., CHAUVIN C., COOPS H.C.,
DENIS,  L.,  GALOUX D.  2007.  Report  on
the Central Baltic River GIG Macrophyte
Intercalibration Exercise. 

DELIPAVLOV D.,  I.  CHESHMEDJIEV,  М.
POPOVA,  D.  TERZIISKI,  I.  KOVACHEV.
2003. A guide  to the  plants  in Bulgaria.
Plovdiv Agrarian University.

GECHEVA G.,  I.  DIMITROVA-DYULGEROVA,  S.
CHESHMEDJIEV. 2013.  Macrophytes.  -
In:  Belkinova  D.,  G.  Gecheva  (Eds.),
Biological  analysis  and  ecological
assessment  of  the  surface  water  types  in
Bulgaria.  Plovdiv.  Plovdiv  University
Press, pp. 127–146.

JORDANOFF D. 1931. Phytogeographic studies
of  the  swamps  in  Bulgaria  in
connection  with  their  higher
vegetation, 1 chapter – inland swamps.
–  Ann.  de  l’Universite  de  Sofia
“Kl.Ohridski”, 27(3): 75-155.

KOCHEV H.,  L.  YURUKOVA. 1984.  Primary
biological  production  and  energy
value of the vegetation in the swamp
of  Aldomirovo,  Sofia  region. –  In:
Velchev,  V.  (Ed.).  Current  Theoretical
and Applied Aspects of Plant Ecology, vol.
1.  Sofia.  Union  Bulg.  Sci.  Press,  pp.
166-177.

KOHLER A. 1978.  Methoden der Kartierung
von  Flora  und  Vegetation  von
Süßwasserbiotopen. - Landschaft&Stadt,
10(2): 73-85.

REJMÁNKOVÁ E.  2011.  The  role  of
macrophytes in wetland ecosystems. –
Journal  of  Ecology and Field Biology,  34
(4): 333-345. [DOI]

SHURULINKOV P. 2014. Action plan for Botaurus
stellaris protection in Bulgaria 2014-2013.
Sofia.  Ministry  of  Environment  and
Water. (In Bulgarian). 

SØNDERGAARD M., B. MOSS 1997. Impact of
submerged  macrophytes  on
phytoplankton  in  shallow  freshwater
lakes.  –  In:  Jeppesen  E.,  Ma.
Søndergaard,  Mo.  Søndergaard,  K.
Christoffersen  (Eds.).  The  structuring
role  of  submerged  macrophytes  in  lakes.
Ecological  Studies,  131.  Springer
Verlag, pp. 115-132.

STEFANOV P.  2002. Morphographic
characteristics.  In:  Kopralev,  I.  (Ed.).
Geography  of  Bulgaria.  Physical  and
socio-economic geography. Sofia. ForKom
publisher, pp. 29-44. (In Bulgarian).

STOYANOV N. 1935. Vegetationsverh ältnisse
im Sofia-Tale.  – Ann. de l’Universite de
Sofia  “Kl.Ohridski”,  Faculte  de  Agron.-
Lesov., 13: 238-278 (In Bulgarian).

TRAYKOV I.,  A.  TOSHEVA. 2015.  Primary
productivity  of  restored  wetland  –
Dragoman  marsh,  Bulgaria.  -
International Journal of Research Studies
in Biosciences (IJRSB), 3 (6): 61-66.

Received: 30.01.2019
Accepted: 15.04.2019

© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House

https://doi.org/10.5141/JEFB.2011.044


ECOLOGIA BALKANICA
2019, Vol. 11, Issue 1 June 2019 pp. 167-177

A Case Study of Allelopathic Effect of Parsley, Dill, Onion and Carrots
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Abstract. Vegetables are important worldwide, but their production faces many problems. One of
them is the yield decline due to soil sickness, allelopathic effects of other crops, weeds and trees,
and also the autotoxicity when grown continuously for several years.  For the purpose of organic
farming, allelopathy can be an important element in balancing the relationship between density
and weeds, pests, diseases and cultivars. Relationships among the vegetable species and varieties in
particular mixed stand are not sufficiently explored, which is a sufficient reason to conduct such a
study. The present study focuses on the allelopathic relationships in agrophytocenoses in order to
assess the possibilities of mixed crop cultivation of tomato plants with other vegetable crops and
spices. Vegetable species may have a negative, neutral or positive effect one to another when grown
in mixed agrophytocenoses. To explore the extent of this impact, test plants from tomatoes have
been treated directly  with plant  extracts  from other  vegetable  plants  -  parsley,  dill,  onion and
carrots. The study showed that the applied concentrations of parsley, carrot, dill and onion extracts
had  stimulating,  inhibiting  or  indigenous  effect  on  tomato  seed  germination,  growth  and
accumulation of dry biomass.  Seedling vigor index of plant development (SVIcm) and biomass
synthesis (SVIg) depended on the type of the extract applied more than the concentration applied
(p<0.05). Seed germination was less affected than root and shoot growth in all species (p<0.05).
Length of the seedlings was significantly influenced (positively or negatively) by the allelopathic
plants and the effect was stronger with the increment of the extract concentration (p<0.05). Most
pronounced negative effect was found at the 1% extract of fresh onion biomass – 34% reduction
against  the control  (p<0.001).  Stimulatory effect  was strongest at  the  1% extract  of  fresh carrot
biomass – 37% increment against the control (p<0.001).

Key words: allelopathy, mixed crops, organic farming, vegetables.

Introduction
Some plants have allelopathic potential

by  releasing  allelochemicals  to  their
surroundings that have either deleterious or
beneficial  effects  on  other  plants  in  the
vicinity.  The term allelopathy includes both
harmful  and  beneficial  biochemical

interactions between all types of plants  but
also  with microorganisms,  through  the
release  of chemicals  from  plant  parts  by
leaching,  root  exudation,  volatilization,
residue decomposition and other  processes
in  both  natural  and  agricultural  systems
(MOLISH, 1937). Allelopathy can affect many
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aspects  of  plant  ecology  including
occurrence,  growth,  and plant  succession,
the  structure  of  plant  communities,
dominance, diversity and plant productivity
(RICE,  1984). Allelopathic  interactions  are
complex and can involve different classes of
allelochemicals which are present in all plant
tissues.  Many of  the  chemicals  may  be
released together  and may exhibit  additive
or synergistic effects (QASEM, 1995). 

Some  of  the  major  problems  of
vegetables production  are the yield decline
due to autotoxicity and soil sickness (when
vegetables are grown continuosly for several
years)  and the  low  yield  of vegetables  in
monoculture  and cropping  systems  due  to
allelopathic effects of crops, weeds and trees
(JOHN et al., 2010).

Tomato  (Lycopersicon  esculentum Mill.),
when  grown  in  monoculture  for  long
periods leads to soil sickness (ZHENG et al.,
2004).  Autotoxicity  and  soil  problems  in
tomato production have been reported (LUO
et  al.,  1995;  ZHOU et  al.,  1997).  Continuous
cropping reduces the root vitality and fruit
quality  of  tomatoes  (WU et  al., 1997).  Soil
sickness  is  complex  phenomenon  due  to
several  factors  involved  and  autoxicity  is
major  one.  ZHOU et  al. (1997) reported  the
presence  of  di-iso-octyl  phthalate,  di-iso-
butyl  phthalate,  tannic  acid  and  salicylic
acids in tomato plants. 

In  mixed  cropping  systems,  where
numerous  crops  and  trees  are  grown
together,  vegetables  are  essential
components  and  allelopathic  interactions
arise. BHATT & DHAWAN (1980) reported that
addition  of  crushed  seeds  of  carrots  and
coriander  (Coriandrum  sativum L.)  gave
significantly  higher  grain  yield  of  wheat.
KIM & KIL (1985) reported that the aqueous
extract  of  leaves,  stem  and  root  of  tomato
heavily inhibited the seed germination and
growth of lettuce and tomato. In general, the
phytotoxicity  of  the  tomato  extracts
increased  in  the  following  order:  time  for
extracting  25  h  <  48  h  <  72  h.  Tomato
exhibited  auto  inhibition.  Four  phytotoxic
phenolics,  salicylic  acid,  gallic  acid,

protocatechuic  acid  and  vanillic  acid  were
obtained  from  the  aqueous  extracts  of
tomato  leaves  by  paper  chromatography.
The  aqueous  leachates  of  tomato
significantly  inhibited  growth  of  certain
crops in pot culture. 

Mixed  crop  cultivation  based  on
allelopathic relationships is a relatively new
direction  in  the  development  of  organic
farming and vegetable production. When the
crop combination was correctly done, plants
in  mixed  agrophytocenoses  obtain  some
benefits as: i) full utilization of soil nitrients;
ii) to support each other through the release
into  the  atmosphere  and  soil  substances
from  roots  or  leaves  and  thereby  be
protected from attack by pests and diseases;
iii)  improvement  of  taste;  iiii)  “space
exploitation”, soil cover provided and better
income generated (JOHN et al., 2010).

The  aim  of  the  present  study  was  to
investigate  the  allelopatic  effect  of  parsley
(Petroselinum  crispum (Mill.) Nyman.  ex
A.W.Hill.),  dill  (Anethum  graveolens L.),
onion  (Allium  cepa L.)  and  carrot (Daucus
carota L.) on seed germination, growth and
development  of  tomato  plants in  order  to
assess  the  possibilities  for  mixed  crop
cultivation.  Application  of  this  allelopathic
effect  based  method  in  organic  farming
would allow the cultivation of healthy and
sustainable  plants  and  the  maintenance  of
relatively clean fields  for  the  next  crops  in
vegetable crop rotation.

Material and Methods
Plant  interactions  occurs  primarily  on

the  basis  of  the  released allelochemicals  in
natural and agrophytocenoses or on the basis
of  allelochemical  exudates from  plant
residues in crop rotation. Cultural plants may
also have a negative, neutral or positive effect
each  other  when  they  are  grown  in  mixed
agrophytocenoses.  To  explore  the  extent  of
this  impact,  test  plants  from tomatoes  have
been treated directly with plant extracts from
other  vegetable  plants.  The  effect  of  the
allelopathic  influence  of  these  extracts  was
used as a basis for tracking  the  interactions
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between studied species. Even in a relatively
early phase (seedlings ready for field), some
tendencies have been noticed and considered
as characteristic of the more mature phases of
development. 

The  study  to  establish  the  allelopathic
interactions  among four  leguminous plants
(parsley,  dill,  onions,  carrots) and tomatoes
(both seeds and seedlings) was carried out in
the  laboratory  of  the  Department  of
Agroecology  and  Environment  Protection,
Agricultural  University  – Plovdiv.  Detailed
description of the method for preparation of
seed  extracts  and  fresh  biomass  was
described below.

Aqueous extracts from seeds
Aqueous  extract  from  each  one  of

studied  species  (parsley,  carrots,  onion  or
dill)  have  been  prepared  using  1  g  seeds,
crushed in a mortar and pestle with quartz
sand and distilled water and filtered through
filter paper. The filtrate was made up to 100
ml  with  distilled  water  (stock  solutions)
(POPOV et al., 2009).

Experimental  solutions  have  been
prepared from the stock solution as follows:
1% seed extract = 10 ml stock solution; 0.3%
seed  extract  =  3  ml  stock  solution  +  7  ml
distilled  water;  0.1% seed  extract  =  0.1  ml
stock solution + 9.9 ml distilled water.

Aqueous extracts from fresh biomass
Parsley,  onion,  carrot  and  dill  seeds

have been sown in plastic trays (about 0.5 L
volume)  containing a  compacted and well-
watered  soil.  Plant  seedling  have  been
grown  in  lab  condition  for  about  28-day
period.  Then  plants  have  been  removed
from the soil,  their roots have been cleared
from  the  adhering  soil  particles.  Aqueous
extract  from  each  one  of  studied  species
(parsley,  carrots,  onion  or  dill)  have  been
prepared  using  25  g  of  fresh  biomass  (fb)
(including roots, stems, leaves), cut at small
pieces  and  flooded  with  250  ml  distilled
water. After 24 hours stay they were filtered
through filter paper (stock solutions).

Experimental concentrations have been
prepared as follows: 1% fb extract = 10 ml
stock solution + 90 ml distilled water; 0.3%
fb  extract  =  3  ml  stock  solution  +  97  ml
distilled water; 0.1% fb extract = 1 ml stock
solution + 99 ml distilled water (POPOV et al.,
2009).

Bioassay with tomato seeds
Experiment  was  carried  out  in  petri

dishes  (10  cm  diameter),  each  one
containing 10 tomato seeds  sown on filter
paper (Fig. 1A). The paper is wetted with 10
ml seed extract of parsley, carrots, onion or
dill in different concentration (1%, 0.3% and
0.1%, respectively). Control was made with
pure  distilled  water.  All  tested  variants
were  made  in  three  replications.  Petri
dishes were left in germination chamber at
22°C  for  14  days  (SCHWARZ et  al.,  2014).
After that, the number of germinated seeds,
% germination, length of aboveground and
underground  plant  parts  (cm)  have  been
observed. Length of the shoots and roots of
experimental  plants  was  recorded  using
graph paper.

Bioassay with tomato seedlings
Tomato seeds have been sown in plastic

trays  (about  0.5  L  volume)  containing  a
compacted and well-watered soil  (Fig.  1B).
Tomato  seedling  have  been  grown  in  lab
condition  for  about  28-day  period.  The
experimental design consisted in adding 50
ml fresh biomass extract of parsley, carrots,
onion or dill in different concentration (1%,
0.3% and 0.1%,  respectively)  to  the  grown
media  at  the  1-st  and  3-th  week  and
irrigation with 50 ml distilled water at the 2-
nd and 4-th week. Control plants have been
irrigated with distilled water only. All tested
variants  were  made  in  three  replications
(SCHWARZ et al., 2014). After that, the length
of aboveground parts (cm) and dry biomass
weight  (g)  per  tray  have  been  measured.
Biomass  was  measured  with  analytical
balance  (Model  H440-21N,  Kern  &  Sohn
Gmb, Germany).
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Allelopathic effect assessment
The  index  of  plant  development  (GI)

was assessed by the formula of  GARIGLIO et
al. (2002):

GI=[( GG 0) ×(
L
L0 ) ]×100 ,% 

where: G  – germinated  seeds  (%)  in
each treatment; G0 – germinated seeds (%) in
the  control  treatment;  L  –  average  length
(cm) of  seedlings  in  treatment transformed
into  percentage  in  relation  to the  control
treatment;  L0 –  average  length  (cm)  of  the
seedlings  in  the control  treatment taken as
100%.

Seedling  vigor  index  (SVI)  was
determined  using  the equation poposed by
ISLAM et al. (2009):

SVI=( S×G100 )  

where: S  –  seedling  length  in  the
treatments  and  control variant  (cm);  G  –
germinated  seeds  in  the  treatments  and
control variant (%);

Coefficient  of  allometry (CA)  was
calculated by  the  formula  of  NASR &
MANSOUR (2005):

CA=
Ls
Lr

where: Ls is shoot length and Lr is root
length, cm.

Percent  inhibition  (IR)  was  found
according  to  the  adapted  formula  of
SURENDRA & POTA (1978): 

IR=
C−T
C

×100 ,%,

where:  C  –  parameter  (length  or
biomass of shoot/root) in control; T – same
parameter in experimental treatment.

Overall  allelopathic  potential  (OAP)
was determined by the equation of TIQUIA et
al. (1996):

OAP=
IRaverage

IRmin+ IRmax
where:  IRmin -  percent inhibition  of the

seedling growth  at  the  lowest  applied
concentration, compared to the control; IRmax

- percent inhibition of the seedling growth at
the highest applied concentration, compared
to the control.

A score between 0.0 and 10.0 and more
was  obtained  and  the  data  were  ranked
according to this score. A maximum score of
10.0  and  morewould  indicate  that  the  test
samples had totally inhibited growth, while
a  score  of  0.0  would  indicate  that  no
allelopathic inhibition had occurred.

The percentage of seed germination was
calculated  after  preliminary  arcsin-
transformation  following  the  formula,
Y=arcsin√(x%/100),  forwarded  by
HINKELMANN & KEMPTHORNE (1994).

Fig. 1. Experimental design of bioassays: A – tomato seeds; B – tomato seedlings 
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Statistical evaluation
Raw  data  from  all  analyses  were

processed using statistical software package
Statistica  7.0.  for  Windows  (StatSoft  Inc.,
2006).  ANOVA  and  Student/Fisher  test
were  used  for  testing  the  differences  of
allelopathic  effect,  both  between  different
aqueous extracts  and also between tomato
seed and seedling reaction (p<0.05).

Results and Discussion

Allelopathic effect on tomato seeds
Results  of  the  effect  of  seed  extract  of

parsley,  onion,  carrot  and  dill  in  tested
concentrations  on  germination,  length  and
biomass  of  aboveground  and  underground
plant parts of tomato are presented in Fig. 2-4. 

Seed germination is a critical phase in
the  life  cycle  of  most  plant  species,
especially  the  cultural  ones.  Unfavorable
conditions of the environment have a strong
impact on the germination processes. Roots
of the plants first come into contact with the
environmental  pollutants.  The suppression
of the growth is a consequence of that of the
root  as  it  limits  the  intake  of  water  and
mineral substances, and also because of the
direct  effect  of  inhibitors  on  the  cellular
metabolism (VINCE & ZOLTAN, 2011). In our
study,  most  pronounced  and  significant
was the negative effect of seed extract from
carrot  and  dill,  especially  at  highest  test
concentration  (1%)  (p<0.05).  We found  no
statistical  differences  in  the  rest  of
experimental  variants  although  the
observed  inhibition  of  tomato  seed
germination (Fig. 2).

Lowest  concentration  of  all  four  test
plants (0.1% seed extract) exhibited a light
stimulating  effect  on  tomato  shoot
elongation  but  no  statistical  differences
have  been  found.  Increment  of  the  test
concentrations led to an inhibitory effect to
the  length  of  aboveground  plant  parts  of
tomato (Fig. 2). Strongest negative effect on
the  shoot  length  was  proven  to  the
experiments with 1% seed extract of onion
(56% compared to the control, p<0.001) and

dill  (49%  in  comparison  with  the  control,
p<0.01),  followed  by  parsley  and  carrot  –
39-42%  when  compared  to  the  control
(p<0.05).

Data obtained showed that the growth
inhibiting effect of the treatments was more
expressed  on  root  length  (Fig.  4).  Growth
stimulating allelopathic  effects  are  rare.  In
our study this  effect  was  found only with
the lowest concentrations of dill and parsley
seed  extract  (0.1%),  but  even  the  small
difference  with  the  second  test
concentration  of  0.3%  led  to  the  drastic
reduction of  tomato roots  (p<0.05).  Strong
negative  effect  was  proven  for  the  carrot
seed  extract  in  all  studied  concentrations
(p<0.001) and for the 1% solution of all four
plant seeds (p<0.01).

As  a  whole,  all  seed  experiments
showed that  parsley,  onion,  carrot  and dill
seeds  possess  some  allelochemicals  that
affect in greater extent next stages of tomato
vegetation  than  germination  of  seeds
(p<0.05). Our results were in agreement with
the  findings  of  KOCACË-ALISKAN &  TERZI
(2001),  where  seed  germination  was  less
affected  than  root  and  shoot  growth  in
tomato, cucumber, garden cress and alfalfa.
Growth stimulation in shoots and roots was
observed in 0.1% solutions from parsley and
dill.  The higher  concentrations  revealed an
inhibitory effect (Fig. 4). Similar results were
found by  DHIMA et  al. (2009) in relation to
sweet basil, dill, parsley and mint, where the
inhibition  of  maize  root  elongation  ranged
from  5%  to  39%,  while  the  corresponding
inhibition of fresh weight ranged from 0% to
15%.

Allelopathic  effects  on  tomato  seedlings
development

Results  of  the  effect  of  fresh  biomass
extract  of  parsley,  onion,  carrot  and dill  in
tested concentrations on length (cm) and dry
biomass  (g)  of  aboveground plant  parts  of
tomato  are  presented  in  Figures  5-6.
Biometric  measurements  of  the  seedlings
growth  and  biomass  synthesis  gave  a
possibility  for  objective  estimation  of  the
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differences  at  the  initial  developmental
stages of tomato depending on the type and
the  concentration  of  the  applied  plant
biomass extract (parsley, onion, carrot, dill). 

Length  of  the  seedlings  was
significantly  influenced  (positively  or
negatively)  by  the  allelopathic  plants  and
the effect was stronger with the increment
of  the extract  concentration (p<0.05).  Most
pronounced  negative  effect  was  found  at
the 1% extract of fresh onion biomass – 34%
reduction  against  the  control  (p<0.001).
Stimulatory effect  was strongest  at  the 1%
extract  of  fresh  carrot  biomass  –  37%
increment  against  the  control  (p<0.001).
Inhibitory  effect  was  due  both  to  the
differences  in  the  growth  media  and  the
allelochemicals  type  and  concentration  –
seed  extract  or  fresh  biomass  extract.
Similar  results  were  reported  by
FERNÁNDEZ-APARICIO et  al. (2013),  QASEM
(2010),  LEV-YADUN (2013),  according  to
whom  allelopathic  effect  was  species
specific  and  depended  on  the  applied
concentrations.  The  data  obtained
corresponded with the findings of  ASHRAFI

et al. (2007), OTHMAN et al. (2012), VLAHOVA
(2014) and  VLAHOVA & YOVEVA (2014) that
the  effect  of  the  allelochemicals  is
manifested  already  during  the  seed
germination,  but  it  is  more  pronounced
during the growth of primary seedlings of
plants. Some exceptions were found in the
aqueous extract of fresh dill biomass where
length  of  seedlings  in  all  experimental
treatments  was  quite  similar  with  the
control (Fig. 5).

Stimulating  effect  on  the  biomass
synthesis  was observed in  all  experimental
variants  with  onion  extract  and  in  the
experiments with lowest concentration of the
rest three species (Fig. 6). Most pronounced
stimulation  on  the  dry  biomass  weight
exhibited  the  0.1%  carrot  extract,  reaching
136%  when  compared  to  the  control
(p<0.05).  But  two  higher  concentrations
revealed to the significant decrement of dry
biomass  –  up  to  the  46%  of  the  control
(p<0.05).  VLAHOVA (2014) and  VLAHOVA &

YOVEVA (2014) have found a positive impact
on the length of  the pepper root  upon the
application of  an extract  of  zinnia  roots  in
low  concentrations  but  no  in  higher
concentrations  studied.  A  leading  effect  of
positive  allelopathic  influence  have  been
observed on the height, the number of leaves
and the root length of pepper plants for the
extracts  of  roots  by  marigold  and  basil
VLAHOVA & YOVEVA (2014).

Data  on  the  tomato  biomass  per  pot
revealed  a  negative  relationship  between
shoot length and dry biomass of  tomatoes
under the carrot extract treatment (p<0.01)
and  onion  treatment  (p<0.05).  This  fact
could be explained with the development of
longer  but  thinner  stems  in  tomatoes,
irrigated  with  these  extracts  (Fig.  5-6).  A
positive  relationship  was  proven  only  for
the  effect  of  0.1%  extract  of  carrot,  0.1%
extract of parsley, and 0.1%-0.3% extract of
dill (p<0.05). The analysis showed that the
applied  concentrations  of  parsley,  carrot,
dill  and  onion  extracts  had  stimulating,
inhibiting  or  indigenous  effect  on  tomato
seed  germination,  growth  and
accumulation  of  dry  biomass  (Table  1).
Seedling vigor index of plant development
(SVIcm)  and  biomass  synthesis  (SVIg)
depended on the type of the extract applied
more  than  the  concentration  applied
(p<0.05).  Lowest  SVI  values  were  found
under  the  experimental  treatment  with
carrot  (from 2.5  to  6.6)  and onion extracts
(from  2.3  to  8.6)  while  the  highest  SVI
values  were  observed  in  the  plants  under
parsley (from 3.1 to 10.8)  and dill  extracts
treatment  (from  2.1  to  10.0).  When  the
concentrations  raised  up  to  1%  extract,
there was an inhibition of SVIcm in the range
of 13.6-83.3% and of SVIg in the range of 1.8-
70.9%  in  comparison  with  the  control
plants.  On  the  contrary,  some  stimulation
on the process of biomass accumulation was
observed  in  the  tomato  plants  under  the
0.1% onion extract treatment (Table 1).

The  values  of  the  Coefficient  of
allometry (CA) of tomato plants in different
experiments varied between 0.7 and 4.7 as a
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consequence  of  the  allelopathic  effect  of
studied  water  extracts.  On  this  basis  they
could be arranged in the ascending order as
follows:  parsley  =  1.8  (0.7-2.8)  >  dill  =  2.4
(0.8-4.5) > onion = 2.6 (0.7-4.7) > carrots = 2.9
(1.7-2.8).  Statistical  evaluation  showed  that
an  increment  of  the  extract  concentrations
revealed a reduction of the CA in test tomato
plants  from  161%  to  674%  in  comparison
with the control ones (p<0.05). 

Complex  assessment  of  the  studied
water  extracts  effect  using  the  plant
development  index  (GI)  showed  that  the
average  values  altered  between  33.2%
(carrot)  and  52.2%  (parsley)  depending
mainly  on  the  type  of  donor  (p<0.05).
Stronger  inhibition  on  the  tomato
development  exerted  the  water  extracts
from carrot  and onion where GI varied in
the range of 19.7%-52.7% and 18.2%-69.0%,
respectively.  Maximal  development  value
was  observed  in  the  tomato  plants
influenced  by  the  0.1%  extract  of  parsley
(GI=86.4%)  and  0.1%  of  dill  (GI=80.1%),
hence  the allelopathic  effect  in  these  cases
could  be  defined  as  poor  (TIQUIA et  al.,
1996).  But  the  allelopathic  effect  of  all
studied water extracts in 1% concentration
was strong as the GI of the test plants was
under 25% compared to the control. In the
course  of  the  experiments,  a  reduction  of

the  GI  from  1.4  to  4.8  fold  was  observed
when  regarding  the  tomato  plants  under
the 0.1% and 1% extract influence. 

Overall allelopathic potential (OAP) of
the  tested  water  extracts  in  three
concentrations  (0.1%,  0.3%,  1%)  on tomato
plants  had  values  from  0.1  up  to  9.8.
Bioassay  with  tomato  seeds  revealed  that
relatively  low  allelopatic  potential  on  the
germination  process  had  carrot  and onion
(OAP=0.1), while in the next stages of initial
development  this  allelopathic  effect
increased  (OAP  of  carrot  =  3.8;  OAP  of
onion = 4.6)  (Table  1).  Higher allelopathic
potential  was  found  for  dill  and  parsley
where even in the germination stage OAP
values were 0.3 and reached up to 9.8 (dill)
and  6.0  (parsley)  at  the  seedling  length
suppression (Table 1).  When regarding the
OAP  values  concerning  thy  dry  biomass
accumulation  in  tomato,  strongest
inhibition was observed in the experiment
with  water  extract  of  carrot  (OAP=1.5),  in
the experiment with extract of parsley OAP
was 0.1, and in two other variants – onion
and dill, no OAP could be calculated due to
the  stimulatory  effect.  However,  on  the
basis  of  all  studied  coefficients,  water
extract  of  onion  was  found  to  be  highly
allelopathic  to  the  tomato  plants  and  not
suitable for mixed planting.
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Fig. 2. Allelopathic effect of seed extract on tomato seeds germination.
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Fig. 3. Allelopathic effect of seed extract on stem elongation.
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Fig. 4. Allelopathic effect of seed extract on root development
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Fig. 5. Allelopathic effect of fresh biomass extract on shoot length.
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Fig. 6. Allelopathic effect of fresh biomass extract on biomass synthesis.

Тable  1. Allelopathic  potential  indicated  as  GI  (Index  of  plant  development),  SVI
(Seedling vigor index), CA (Coefficient of allometry), OAP (Overall allelopathic potential) of
cold  aqueous  extract  from  parsley,  onion,  carrot,  dill  on  the  germination  and  initial
development of tomato.

Extract
Concentration

(% w/v) GI
SVI
(cm)

CA
(cm)

SVI
(g) 

OAP
Germination

seeds
Seedling

length
Dry 

biomass 
Control 0.0 100.0 12.51 0.8 7.2 - - -
Parsley 1.0 24.8 3.1 2.8 3.5

0.3 6.0 0.10.3 45.3 10.8 0.7 6.8
0.1 86.4 10.8 0.7 6.8

Dill 1.0 16.7 2.1 4.5 5.0
0.3 9.8 No OAP0.3 45.3 5.7 2.0 7.9

0.1 80.1 10.0 0.8 6.8

Carrot 
1.0 19.7 2.5 3.6 2.1

0.1 3.8 1.50.3 52.7 3.4 3.5 2.8
0.1 27.4 6.6 1.7 6.7

Onion
1.0 18.2 2.3 4.7 5.3

0.1 4.6 No OAP0.3 35.5 4.4 2.3 5.4
0.1 69.0 8.6 0.8 4.6

Conclusion
The  study  showed  that  the  applied

concentrations  of  parsley,  carrot,  dill  and
onion extracts  had stimulating,  inhibiting or
indigenous effect on tomato seed germination,
growth  and  accumulation  of  dry  biomass.
Seedling  vigor  index  of  plant  development
(SVIcm) and biomass synthesis (SVIg) depended
on the type of the extract applied more than
the  concentration  applied  (p<0.05).  Seed
germination was less  affected than root  and

shoot growth in all species (p<0.05). Length of
the  seedlings  was  significantly  influenced
(positively or  negatively)  by the  allelopathic
plants  and the  effect  was  stronger  with  the
increment  of  the  extract  concentration
(p<0.05). Most pronounced negative effect was
found at the 1% extract of fresh onion biomass
– 34% reduction against the control (p<0.001).
Stimulatory  effect  was  strongest  at  the  1%
extract  of  fresh  carrot  biomass  –  37%
increment against the control (p<0.001).
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All  data  obtained  through  the
experiment gave some information about the
aspects  of  the  vegetable  interactions  and
amplified the  scientific  basis  for  mixed crop
cultivation.  This  method is  one  of  the  most
preferred  in  organic  farming,  aiming  to
improve  yield  quality,  to  minimize  weed
damages  and  to  maintain  biodiversity.  We
could  recommend  to  plant  tomato
(Lycopersicon  esculentum Mill.),  parsley
(Petroselinum  crispum (Mill.)  Nyman.  ex
A.W.Hill.) and dill (Anethum graveolens L.) as a
mixed crop with expected higher yields. 
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Abstract. Changes in the hereditary information during the nucleus maturation of the sperm cells can
occur under the influence of exogenous or endogenous factors. Exogenous factors could be linked
with  unfavorable  working environment or bad habits. In the recent years nutritional supplements
have been used for male infertility treatment. In addition, they can improve the morpho-physiological
status of the sperm. The present study aims to investigate the effect of nutritional supplement PAPA
on the spermatozoa chromatin maturity level by using an Aniline Blue staining test (aniline blue
staining - AB) in sub/infertile men exposed to exogenous factors..  A group of men (n = 88) was
examined  after  their  written  agreement  and  a  completed  questionnaire.  The  tested  group  with
established  diagnoses  of  аsthenoteratozoospermia,  oligoasthenoteratozoospermia,  astenoterato-
zoospermia with hypovolemia, oligoasthenoteratozoospermia with hypovolemia took orally PAPA®
supplement for three months. All patients were tested for DNA damage by an AB test twice before
and after the treatment. The patients in the tested group were divided based on the type of harmful
work  environment  (I-IV)  and  harmful  habits  (smoking  I-III).  The  results  showed  that  after  the
treatment with a nutritional supplement PAPA®, the levels of condensation or maturity of sperm
chromatin increased by 16.11%. In addition,  connections between the effect  of treatment and the
conditions of the harmful working environment, as well as the amount of received tobacco by the
smokers were found. A better effect of the treatment in the tested group with the absence of harmful
working environment  and non-smokers was found.  Therefore,  the  lowest treatment efficacy was
found in the patients who are chronically exposed to occupationally harmful environment, associated
with  increased body and scrotal  temperature  (seated workers  in  factories,  ect.,  drivers,  welders,
bakers, founders, heavy physical labour workers). On the other hand, a negative connection between
the smoked cigarettes per day and the effect of the food supplement in the tested group of men with
harmful habits, such as smoking was established.

Key words: male sub/infertility, spermatozoa maturity, aniline blue test, nutritional supplement,
working environment, cigarette smoking.

Introduction
Chemical  and  physical  agents  in  the

environment  introduced  and  distributed

through  various  human  activities  could
affect male fertility (JUREWICZ et al., 2009). In
addition,  the  quality  of  the  sperm
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parameters  in  the  elderly  men  can  be
influenced  by  a  number  of  environmental
and lifestyle factors (PACEY, 2010). Exposure
to chronic occupational factors such as high
temperature,  irradiation,  chemicals,  dust,
etc.  could  be  also  associated  with  male
infertility.  In  the  mature  sperm  cells  that
have  undergone  spermiation,  single  and
double strands of DNA could be detected.
According  to  MARCON &  BOISSONNEAULT

(2004) harmful  effects  on  the  genetic
integrity  of  male  gametes  can  arise  from
this process. As stated by IRANPOUR (2000),
KIM (2013) and  AFIFA (2013) Aniline  Blue
(AB)  is  considered  as  one  of  the  indirect
cytochemical  assessment  methods  for
detecting  the  abnormalities  related  to
measuring  the  state  of  the  chromatin
structure  and  nuclear  maturity  of  the
sperm. Cytochemical analyses are sensitive,
simple  and  inexpensive  as  they  do  not
require  special  instruments  such  as  flow
cytometry (KIM,  2013).  The AB test  is  also
used  to  visualize  condensation,  hence  the
maturity  of  the  spermatozoa  chromatin
(AGARWAL,  2009; WONG,  2008).  In general,
the  chromosomes  in  the  nucleus  of  the
spermatozoids  are  tightly  packed  in  a
complex  of  DNA  and  protamine,  as  the
somatic histones are being replaced during
spermogenesis  (BRAUN,  2001).  AB staining
allows  to  detect  the  lysine  residues  that
appear  as  excess  of  histones  that  remain
connected with the sperm DNA (DADOUNE,
1988).  KIM (2013) in a preliminary research
found  a  connection between  chromatin
condensation and impaired male fertility.

It  is  essential  that  an  accurate  and
adequate treatment  should be given when
there is evidence of male infertility. One of
the  options  is  the  use  of  oral  antioxidants
included  in  various  nutritional
supplements.  In  recent  years,  the  use  of
food  additives  in  the  treatment  of  male
infertility has increased.  It  has been found
that  they  could  improve  the  level  of

fertility,  sperm  production  and  sperm
morpho-physiological  state  as  well  (ZINI,
2009; LIU, 2009; ROSS, 2010; ALAHMAR, 2018;
GADALLAH,  2018).  In  order  to  define  the
effect of application it is important to study
the  specific  influence  of  a  combination  of
ingredients in the used dietary supplement.
Therefore,  it  is  also  important  to  conduct
detailed  studies  of  their  effects  on  sperm
indicators,  as  well  as  hidden  anomalies
associated  with  the  state  of  the  nuclear
chromatin in the sperm cell. In this regard,
the  application  of  nutritional  supplements
has  an  essential  place  to  solve  the
reproductive  problems.  One  of  the
nutritional  supplements  is  PAPA® which
specific effect on sperm DNA anomalies is
still little known. 

Therefore,  the  aim  of  the  present
research is to study in details  the effects of
PAPA® nutritional supplement on the level
of condensation and hence, the maturation
level  of sperm chromatin by using the AB
staining test in sub/infertile  men who has
bad  habits  and  are  exposed  to  harmful
professional working environment.

Materials and methods

Experimental setup
In  the  present  study,  a  group of  men

(n=88,  24-51  years  old)  who  agreed  to
participate in the present study filled out a
questionnaire.  They are current patients at
the  clinic  of  Urology, University  Hospital
“St.  George”,  Plovdiv,  Bulgaria,  as  well  as
the  andrological  laboratory  at  In-Vitro
Center,  “Selena”  hospital,  Plovdiv,
Bulgaria. The  patients  were  diagnosed  by
routine  performed  spermogram  (semen
analysis) with the use of computer-   analysis
software,  CASA (Computer assisted sperm
analyzer,  Microoptic).  The  tested group
included  88  patients.  They  received
nutritional  supplement,  after  confirmed
sub/infertility  with  diagnoses
asthenoteratozoospermia  (AT),  oligo-
asthenoteratozoospermia  (OAT),  aestheno-
teratozoospermia  with  Hypovolemia
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(ATH),  oligoasthenoteratozoospermia  with
Hypovolemia (OATN).   The patients  from
the tested group were divided according to:
professional nature of the harmful working
environment  (I-IV)  and  harmful  habits  -
smoking (I-III).  Table 1 shows the  number
of tested men and  percentage ratio for the
individual  groups.  The  tested  group
excluded  men  with  proven  varicocele,
urogenital  infections,  azoospermia  and
aspermia.

 PAPA®  nutritional  supplement  was
purchased  from  the  company  producer
Vital concept Ltd, Sofia, Bulgaria. The men
from the  tested  group underwent  a  three-
month  course  of  treatment  during  which
they  did  not  receive  other  dietary
supplements  and  medications.  The  daily
dosage was 2 capsules of PAPA,containing
L-carnitine  (469  mg),  L-arginine  (280  mg),
Coenzyme Q10 (16.0 mg) (CoQ10), Vitamin
E  (112.8  mg),  Vitamin  B9  (folic  acid) (800
μg) Glutation reductase (80 mg),  Selenium
(26.4 μg), Taurine (20 mg) and Fructose (50
mg).

Aniline Blue test
Sperm cells were stained with Aniline

Blue-Eosin according to  WONG (2002) and
PARK (2013) with some modifications.  The
test was performed twice – before and after
treatment. Slides were prepared using 10 μl
of semen sample. Five slides were prepared
for each patient. They were air-dried, fixed
in  4%  formalin  for  5  minutes  at  room
temperature,  then  washed  at  water  bath
and  stained  in  5%  Aniline  Blue  (Sigma-
Aldrich  Co.,  USA)  dissolved  in  4%  acetic
acid (pH =3.5). The slides were afterwards
washed  with  water  and  stained  in  0.5%
eosin (Merck, Germany) for 1 minute. They
were rinsed and dried in room temperature
air.  A  number  of  200  spermatozoa  were
observed under a light microscope, using a

lens with X100 magnification and evaluated
in different areas of the slide (1000 in total
per  patient).  The  underdeveloped
(immature)  sperm  cells  were  colored  in
dark blue with contrast coloration of eosin
as  the  normal  or  mature  sperm cells  were
dyed in light blue (reference values – ≥70%
normal cells).

Statistical  analyzes  were  performed
with  a  statistics  software  for  descriptive
statistics  (STATISTICA  version  7.0  for
Windows, Stat Soft, 2004). The results were
expressed  as  an  average  value.  The
percentage  difference  was  after  treatment.
Significant  differences  before  and  after
treatment  were  established  by  usage  of
Student's  t-test,  with  p  <  0.05  being
considered a statistically significant.

Results
Before the treatment with PAPA in the

tested  group,  the  AB  test  showed  high
levels  of  abnormal  spermatozoa  in  98.86%
of the patients. 

After the nutritional supplement intake
by the  men in  the  tested  group  the  mean
values showed a generally positive effect of
the therapy with significant difference at (p
<  0.05).  We  determined  that  the  levels  of
maturity  of  the sperm cell  chromatin after
the  treatment  increased  with  a  total
percentage change of 16.11% (Fig. 1).

When analysing the results before and
after the treatment of the patients who did
not report harmful working environment (A)
and those who work in such (B) (we found
statistically  significant  differences  in  both
groups patients (A and B) (p < 0.05) (Fig. 2).
Along with this, the percentage change after
treatment  in  the  patients  without  harmful
environment (25.24%) was higher than that
in  patients  with  unfavourable  working
environment (15.23%).
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Table 1.  Number and percentage of  patients  in the tested group -  harmful  working
environment, harmful habit – smoking and diagnosis.

Patient group n = 88 %

Harmful working environment:
I - Work in vapors, dust, gas, oil, paint, lacquers, plastics, metals
II - Working in a sitting position
III - Heavy physical labour
IV - Driver at low and high temperature
Absence of a harmful environment?

30
7
7
20
24

 
34.09
7.95
7.95
22.73
27.27

Group with harmful habits:
I - 10 Cigarettes per day
II -  20 Cigarettes per day
III - More than 20 cigarettes per day
Non-smokers

21
26
5
36

23.86
29.55
6.82
40.91

Group with diagnosis
AT
OAT
ATH
OATH

36
22
13
10

40.91
32.95
14.77
11.36

Fig. 1. Results for the spermatozoa chromatin maturity before and after the treatment with
nutritional supplement PAPA® for all patients (p < 0.05 or p = 0.00002).
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Fig. 2. Results of the AB staining test for the patients with normal spermatozoa before and after
the treatment with nutritional supplement PAPA® in dependence on the presence or absence

of harmful working environment: A – absence of  any harmful working environment (p =
0.01); B - presence of harmful working environment (p = 0.0001).

The results for patient groups exposed
to  different  professional  harmful  working
environments are presented in Fig.3.  When
analysing  the  results  of  AB  staining,  we
found  statistically  significant  results  in  all
groups (p < 0.05). The highest efficacy of the
treatment,  of  the  groups  with  harmful
working environment, was found in group C
(a  paints,  oils,  fumes,  plastics,  dust
environment),  with  the  change  after
treatment being 23.83%. In the other groups
the effect of the treatment was lower. Along
with  this,  the  percentage  change  after
treatment  in  the  group  without  harmful
work environment was the highest (25.24%).
Significant  differences  (p  <  0.05)  were
demonstrated  between  group  of  non-
smokers  (A)  (non-smokers)  and  group  of
patients who smoke a pack of cigarettes per
day (C) (p=0.007). The percent change after
treatment  with  PAPA  was  highest  in  the
non-smokers (16.37%).There was a tendency

towards  decreasing  the  positive  effect  of
PAPA  in  the  group  of  smokers  with
increasing the number of smoked cigarettes
per day (Fig. 4).

Discussion
Condensation  of  chromatin  is  an

important  parameter  in  assessing  male
fertility, independent of conventional sperm
parameters  (KIM et  al.,  2013).  There  is  still
insufficient  data  on  the  impact  of
antioxidants  on  the  maturity  status  of  the
sperm chromatin,  as  well  as  its  association
with  some  exogenous  factors.  For  this
purpose, we applied a test with AB staining,
one  of  the  high  sensitivity  cytochemical
methods, relatively inexpensive and easy to
apply in practice.

High  levels  of  abnormal  sperm  were
detected  prior  to  food  supplement
administration in 98.86% of  patients  in the
test group.
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Fig. 3. Results of the AB staining test for level of normal spermatozoa in the patients before and after the
treatment with nutritional supplement PAPA®: A - seated workers (p = 0.017); B - drivers at high

temperature (p = 0.016); C – workers in paints, oils, plastics, dust, etc. environment (p = 0.002); D - heavy
physical labour workers (p = 0.05); E - patients who reported no harmful working environment (p = 0.01).
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Fig. 4. Results before and after the treatment with PAPA® nutritional supplement for the group of
patients with a harmful habit: A - non-smokers; B – patients who smoke 10 cigarettes per day; C –

patients who smoke 20 cigarettes per day; D – patients who smoke over 20 cigarettes per day. Total
post – treatment percentage change: A -16.37%; B -13.76%; C - 9.25%; D – 7.18%.
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Similarly to HAMMADEH et al. (2001) we
also  found  a  significant  difference  in  the
level of maturity or condensation of sperm
cell  chromatin  by  using  AB  staining  test
between  the  trial  and  control  group  of
patients (healthy donors).

Other authors have also established the
abnormalities  in  sperm  chromatin  in  a
sub/infertile men (MOSKOVTSEV et al., 2009;
EVENSON, 2016;  AHMADI et al., 2016,  YVES et
al., 2017; AGARWAL et al., 2017; KÜÇÜK, 2018).
Low levels  of  chromatin  condensation  and
damaged  DNA  integrity  were  reported  in
men  from  couples  with  spontaneous
abortions  when  compared  to  fertile  men
without  such  a  medical  history  (TALEBI,
2012).  According  to  AFIFA et  al. (2013) the
integrity of sperm chromatin is essential for
successful  fertilization,  embryonic
development  and  normal  pregnancy.  We
assume the impairment found in the mature
sperm  may  be  one  reason  for  the
sub/infertility  in  the  patients  and  these
results could be also linked with failures to
achieve fertilization.

After of the intake of PAPA®nutritional
supplement,  the  spermatozoa  chromatin
maturity  in  the  test  group  increased  by
16.11%, suggesting an increase in  the male
fertility.  Moreover,  in  some  patients,  the
level  of  maturity  became  close  to  the
reference/control values. Other authors who
have performed previous and similar studies
also  proved a  positive  effect  on  the  sperm
quality and an increase in the pregnancy rate
after  using  oral  antioxidants  (ROSS,  2010).
The  percentage  of  positive  effect  in  the
experimental  group  varied  between  the
tested  patients,  suggesting  probably
individual  specificity.  The  causes  are  not
clear,  but  are  most  likely  complex  from
endogenous  and  exogenous  nature.  It  is
difficult to assess this variability, but in our
point  of  view,  an  important  role  for  the
effects  of  treatment  with  the  nutritional
supplement PAPA® in each and every single
patient the state of  the antioxidant defence
system  plays  a  significant  role.  This
hypothesis  was  presented  earlier  by

WALCZAK-JEDRZEJOWSKA et  al.  (2013).
According to the authors a deficit of one of
the ingredients in the organism could lead to
a  reduction  of  total  plasma  antioxidant
capacity.  Along  with  SILVER (2005),  we
assume that  the oxidative stress  affects  the
function  of  sperm,  which  is  also  an
important  factor  in  the  aetiology  of  male
infertility.  In his analysis  GADALLAH (2018)
highlighted  its  importance  as  an  object  of
interest.  The  negative  impact  of  oxidative
stress  is  directly  related  to  the  increase  in
reactive  oxygen  species  (reactive  oxygen
species, ROS), thereby disturbing the natural
balance  between  their  production  and
antioxidant  activators  in  the  male
reproductive  organs.  Thus,  oxidative  stress
is seen as a potential cause of male infertility.

On the other hand, the treatment effect
depends on the influence of the individual
ingredients, quantity and their combination
in  the  nutritional  supplement,  as  well  as
their  interactions  i.e  synergistic  and
antagonistic.  In  previous  studies,  many
authors highlighted the role of diet in male
infertility and also that a combined therapy
can contribute  to  improving sperm quality
(see  WONG et al., 2000;  ROLF & NIESCHLAG,
2001;  AL-SHAMMARI et al., 2017;  GADALLAH,
2018).

Another important point concerning the
effect  of  the  dietary  supplement  PAPA®,
according to us, is the influence of additional
exogenous factors, such as work at high and
low temperatures, work in a seated position
(drivers),  heavy  physical  labour  workers,
chemicals, dust, smoking, etc. They can also
provoke  the  production  of  ROS  which
causes  tissue  damage,  DNA  damage  and
prevent  the  ability  of  sperm  to  function
normally. Subjection to the chronic impact of
harmful  exogenous  factors  confines  the
possibilities  of  antioxidants  in  the
supplement  to  counteract  and  offset  their
negative effect. That is probably why when
grouping the patients in the tested group we
received  various  results.  Following  the
results  according  to  the  nature  of  the
professional  working  environment,  the
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highest  rate  of  change  after  treatment
(23.83%)  was  in  the  group  working  with
paints, oils, fumes, plastics. We assume that
in the other groups: working seated, drivers,
higher  temperature  during  work  (welders,
bakers,  founders),  in  hard  physical  labour,
the  body  temperature,  and  especially  the
scrotal  temperature,  is  retained  for  longer
time higher. This is essential for the normal
course of spermatogenesis and especially for
packing  the  chromatin  during  the
spermatozoon process. It is well-known that
the  testes  are  more  sensitive  to  heat  and
ionizing  radiation  than any other  organ of
the  body  (BONDE et  al., 1996).  The  authors
discuss  that  the  specific  exposures  of  the
work environment affects the function of the
testes. We agree with them that the studies
of the impact of the environment on human
health  is  often  the  most  informative  and
accurate when performed at work, where the
exposure  can  be  high  and  also  easily
documented. HAMILTON et al, (2016) consider
that  the  heat  exposure  at  work  is  a
significant  risk  factor  for  male  infertility.
Previous  studies  also  found  a  similar
relationship  (THONNEAU et  al.,  1998).
Therefore,  we think that  keeping relatively
high body temperature in our patients has a
negative impact  on the effectiveness of  the
applied  dietary  supplement  and  therefore,
positive results in these groups are at lower
and values. This is confirmed by the fact that
the  patients  who  reported  no  harmful
professional  working  environment  showed
the  highest  effectiveness  of  treatment  with
the nutritional supplement PAPA® (25.24%).

Similar  dependence  was also  found in
the  analysis  of  the  results  of  groups  of
patients  who  smoke.  The  positive  effect
varied by values of the individual patients.
The  highest  statistically  significant
differences  and  the  greatest  effect  of  the
treatment  we  found  in  the  nonsmokers
group  compared  to  smokers.  We  assume
that the absence of toxic effect of nicotine in
the  body  plays  an  important  role  in  the
effectiveness  of  the  ingredients  of  the
applied  nutritional  supplement.  The

observed trend that the effect of treatment in
smokers  decreases  with the increase  in the
daily  amount  of  smoked  cigarettes  implies
an  inverse  relation  between  the  received
quantity  of  nicotine  and  the  effect  of  the
supplement. We observed a relation between
the  high  levels  of  damaged  with  histones
sperm cells and smoking as a harmful habit.
Previous  studies  have  also  established  a
relationship  between  smoking  and  the
reduced  integrity  of  DNA  of  the
spermatozoa and nuclear maturation (NIU et
al., 2010). According to the study of AVI et al.
(2015) cigarette smoke causes an increase in
ROS, which leads to oxidative stress, which
has  negative  effects  on  the  parameters  of
sperm  and  damages  the  function  of  the
sperm cells, thus reducing male fertility. We
support  the  opinion of  FRAGA et  al. (1996),
that smoking and low levels of antioxidants
increases oxidative DNA damage in sperm.
Some authors even suspect that the father's
smoking  habit  may  affect  and  cause
mutations in sperm that lead to cancer, birth
defects  and  genetic  diseases  in  offspring.
This  reinforces the role  of  smoking for  the
occurrence  of  sperm  anomalies  and
decreased male fertility.  Thus,  we consider
that one of  the reasons for deterioration in
chromatin  maturity  and  conception
problems in our patients. We recommended
to  our  patients,  if  possible,  to  change  the
harmful jobs with other with more favorable
conditions,  with  no  harmful  influence  and
also to stop smoking,  which is  particularly
important  for  patients  who  have  a
combination of both factors.

Conclusions
Overall,  in  the  patients  of  the

experimental group the intake of nutritional
supplement  PAPA®  for 3 months caused a
positive  effect  as  it  increased  the  level  of
condensation  of  the  nuclear  chromatin
sperm with 16.11%. In addition, a link was
established between the effects of treatment
and  the  conditions  of  a  harmful  working
environment,  as  well  as  harmful  habits
(smoking).  We  observed  a  better  effect  of
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treatment in the absence of harmful working
environment  and  also  in  the  nonsmoker
group.  However,  the  efficacy  of  the
nutritional  supplement  was  least  in  the
patients  exposed  chronically  to  harmful
environment  (associated  with  increased
body  and  scrotal  fever;  seated,  drivers,
welders,  bakers,  founders,  heavy  physical
labour  workers).  Lastly,  in  the  smokers
group,  we found an inversely proportional
link  between  the  amount  of  the
bioaccumulated nicotine and the effect of the
nutritional supplement. Based on the results
received  we  suggest  strongly  that  further
research in this particular area is carried out
which  would  help  to  better  solve  the
problems with sub/infertility in men.

Acknowledgements.  The  National
program  “Young Researches  and Postdocs,
2018” financed by the Ministry of Education
and Science, Bulgaria is highly appreciated.

References
AFIFA S.,  N.  CHAKROUN,  S.  B.  ZARROUK,  H.

SELLAMI, S. KEBAILI, T. REBAI, L. KESKES.
2013. Assessment of chromatin maturity
in  human  spermatozoa:  useful  aniline
blue assay for routine diagnosis of male
infertility.  -  Advances  in  Urology,  1-8.
[DOI]

AGARWAL A., C.-L. CHO, A. MAJZOUB, S. C.
ESTEVES. 2017.  Risk  factors  associated
with  sperm  DNA  fragmentation.  -
Translational  Andrology  and  Urology,
6(S4): 519-521. [DOI]

AGARWAL A.,  J.  ERENPREISS,  R.  SHARMA.
2009. Sperm chromatin assessment 3rd
ed. - In: Gardner D. K., A. Weissman,
C.  M.  Howles,  Z.  Shoham  (Eds.):
Textbook  of  assisted  reproductive
technologies.  London.  Informa
Healthcare, pp. 67-84

AHMADI S.,  R.  BASHIRI,  A.  GHADIRI-ANARI,
A.  NADJARZADEH. 2016.  Antioxidant
supplements  and  semen  parameters:
An  evidence  based  review.  -

International  Journal  of  Reproductive
BioMedicine, 14(12): 729–736. [DOI]

ALAHMAR A.  T. 2018.  The  effects  of  oral
antioxidants on the semen of menwith
idiopathic  oligoasthenoteratozoo-
spermia.  -  Clinical  and  Experimental
Reproductive  Medicine,  45(2):  57-66.
[DOI]

AL-SHAMMARI M. H. M., J. H. YENZEEL, M.-B.
M-R  FAKHRILDIN. 2017.  Effect  of  L-
carnitine  and  COQ10  addition  to
SMART Pro-medium on human sperm
concentration, sperm morphology and
chromatin  structure  during  in  vitro
sperm activation. -  Journal of Pharmacy
and  Biological  Sciences,  12(2):  51-55.
[DOI]

AVI H.,  A.  AGARWAL,  S.  O.  GUNES,  A.
SHETTY,  S.  SIMON DU PLESSIS.  2015.
Smoking  and  male  infertility:  an
evidence-based  review.  -  The  World
Journal of Men's Health,  33(3): 143-160.
[DOI]

BONDE J. P., A. GIWERCMAN, E. ERNST. 1996.
Identifying environmental risk to male
reproductive function by occupational
sperm  studies:  logistics  and  design
options.  -  Occupational  and
Environmental Medicine, 53(8): 511-519.

BRAUN R.  E. 2001.  Packaging  paternal
chromosomes with protamine. - Nature
Genetics, 28: 10-12. [DOI]

DADOUNE J.  P.,  M.  J.  MAYAUX,  M.  L.
GUIHARD-MOSCATO. 1988.  Correlation
between  defects  in  chromatin
condensation  of  human  spermatozoa
stained  by  aniline  blue  and  semen
characteristics.  -  Andrologia,  20:  211-
217. [DOI]

EVENSON D. P. 2016. The Sperm Chromatin
Structure  Assay  (SCSA®)  and  other
sperm  DNA  fragmentation  tests  for
evaluation  of  sperm  nuclear  DNA
integrity as related to fertility. -Animal
Reproduction Science, 169: 56–75. [DOI]

187

http://www.doi.org/10.1016/j.anireprosci.2016.01.017
http://www.doi.org/10.1111/j.1439-0272.1988.tb01058.x
http://www.doi.org/10.1038/88194
http://www.doi.org/10.5534/wjmh.2015.33.3.143
http://www.doi.org/10.9790/3008-1202045155
http://www.doi.org/10.5653/cerm.2018.45.2.57
http://www.doi.org/10.29252/ijrm.14.12.729
http://www.doi.org/10.21037/tau.2017.04.18
http://www.doi.org/10.1155/2013/578631


Influence of Exogenous Factors on the Maturation Levels of Spermatozoa Chromatin...

FRAGA C.  G.,  P.  A.  MOTCHNIK,  A.  J.
WYROBEK,  D. M. REMPEL,  B. N. AMES.
1996.  Smoking  and  low  antioxidant
levels  increase  oxidative  damage  to
sperm  DNA.  -  Mutation  Research,
351(2): 199-203. [DOI]

GADALLAH K. 2018.  Role of antioxidants in
the  treatment  of  male  infertility.  -
Surgical  Medicine  Open  Access  Journal,
1-10. [DOI]

HAMILTON, T.  R. S., C. M. MENDES, L. S. DE

CASTRO,  P.  M.  DE ASSIS,  A.  F.  P.
SIQUEIRA,  J.  DE CARVALHO DELGADO,
M. D. GOISSIS, T. MUIÑO-BLANCO, J. A.
CEBRIÁN-PÉREZ,  M.  NICHI,  J.  A.
VISINTIN,  M.  E.  O.
D’ÁVILAASSUMPÇÃO.  2016.  Evaluation
of  Lasting  Effects  of  Heat  Stress  on
Sperm Profile and Oxidative Status of
Ram Semen and Epididymal Sperm. -
Oxidative  Medicine  and  Cellular
Longevity, 1-12. [DOI]

HAMMADEH M.  E.,  T.  ZEGINIADOV,  P.
ROSENBAUM, T. GEORG, W. SCHMIDT, E.
STREHLER. 2001.  Predictive  value  of
sperm chromatin condensation (aniline
blue  staining)  in  the  assessment  of
male  fertility.  -  Archives  of  Andrology,
46: 99-104. [DOI]

IRANPOUR F. G., M. H. NASR-ESFAHANI, M. R.
VALOJERDI,  T.  M.  AL-TARAIHI. 2000.
Chromomycin A3 staining as a useful
tool  for  evaluation of  male  fertility.  -
Journal  of  Assisted  Reproduction  and
Genetics, 17(1): 60–66. [DOI]

JUREWICZ J.,  W.  HANKE,  M.  RADWAN,  J.  P.
BONDE. 2009.  Environmental  factors
and  semen  quality.  -  International
Journal  of  Occupational  Medicine  and
Environmental  Health,  22(4):  305-329.
[DOI]

KIM H. S., M. J. KANG, S. A. KIM, S. K. OH, H.
KIM, S. Y. KU, S. H. KIM, S. Y. MOON, Y.
M.  CHOI. 2013.  The  utility  of  sperm
DNA  damage  assay  using  toluidine

blue  and  aniline  blue  staining  in
routine  semen analysis.  -  Clinical  and
Experimental  Reproductive  Medicine,
40(1): 23-28. [DOI]

KÜÇÜK N. 2018. Sperm DNA and detection
of  DNA  fragmentations  in  sperm.  -
Turkish  Journal  of  Urology,  44(1):  1-5.
[DOI]

LIU D.-Y.,  B.-SH.SIE,  M.-L.  LIU,  F.  AGRESTA,
H.  W.  G.  BAKE. 2009.  Relationship
between  seminal  plasma  zinc
concentration  and  spermatozoa-zona
pellucida binding and the ZP-induced
acrosome reaction in subfertile men. -
Asian Journal of Andrology, 11: 499-507.
[DOI]

MARCON L.,  G.  BOISSONNEAULT. 2004.
Transient  DNA  strand  breaks  during
mouse  and  human  spermiogenesis
new  insights  in  stage  specificity  and
link to chromatin remodeling. - Biology
of Reproduction, 70 (4): 910-918. [DOI]

MOSKOVTSEV S. I., J. WILLIS, J. WHITE, J. B. M.
MULLEN.  2009.  Sperm  DNA Damage:
correlation  to  severity  of  semen
abnormalities. - Urology, 74(4): 789-793.
[DOI]

NIU Z. H., J. B. LIU, T. Y. SHI, Y. YUAN, H. J.
SHI. 2010. Impact of cigarette smoking
on  human  sperm  DNA  integrity.  -
National journal of Andrology, 16(4): 300-
304. 

PACEY A. A. 2010. Environmental and lifestyle
factors  associated  with  sperm  DNA
damage.  -  Human  fertility  (Cambridge,
England), 13(4): 189-193. [DOI]

PARK Y. S., M. K. KIM, S. H. LEE, J. W. CHO, I. O.
SONG, J. T. SEO. 2013. Efficacy of testicular
sperm  chromatin  condensation  assay
using aniline blue eosin staining in the
IVF-ET cycle. -  Clinical and Experimental
Reproductive Medicine, 40(1): 23-28. [DOI]

ROLF C.,  E.  NIESCHLAG.  2001.  Reproductive
functions,  fertility  and  genetic  risks  of
aging men. - Experimental and Clinical En-

188

http://www.doi.org/10.5653/cerm.2011.38.3
http://www.doi.org/10.3109/14647273.2010.531883
http://www.doi.org/10.1016/j.urology.2009.05.043
http://www.doi.org/10.1095/biolreprod.103.022541
http://www.doi.org/10.1038/aja.2009.23
http://www.doi.org/10.5152/tud.2018.49321
http://www.doi.org/10.5653/cerm.2013.40.1.23
http://www.doi.org/
http://www.doi.org/10.1023/A:1009406231811
http://www.doi.org/10.1155/2016/1687657
http://www.doi.org/10.1155/2016/1687657
http://www.doi.org/10.31031/SMOAJ.2018.01.000509
http://www.doi.org/10.1016/0027-5107(95)00251-0


Stoyanova et al.

docrinology & Diabetes, 109: 68-74. [DOI]
ROSS C., A. MORRISS, M. KHAIRY, Y. KHALAF, P.

BRAUDE,  A.  COOMARASAMY,  T.  EL-
TOUKHY. 2010. A systematic review of the
effect  of  oral  antioxidants  on  male
infertility.  -  Reproductive  BioMedicine
Online, 20: 711-723. [DOI]

SILVER E. W., B. ESKRNAZI, D. P. EVENSON, G.
BLOCK,  S. YOUNG,  A. J.  WIROBEK.  2005.
Effect  of  antioxidant  intake  on  sperm
chromatin  stability  in  healthy
nonsmoking men. -  Journal of Andrology,
26(4): 550–556. [DOI]

TALEBI A. R., S. VAHIDI, A. AFLATOONIAN, N.
GHASEMI,  J.  GHASEMZADEH,  R.  D.
FIROOZABADI,  M.  R.  MOEIN. 2012.
Cytochemical  evaluation  of  sperm
chromatinand DNA integrity in couples
with unexplained recurrent spontaneous
abortions.  -  Andrologia,  44(1):  462-470.
[DOI]

THONNEAU P.,  L.  BUJAN,  L.  MULTIGNER,  R.
MIEUSSET.  1998.  Occupational  heat
exposure and male fertility:  a review. -
Human  Reproduction,  13(8):  2122–2125.
[DOI]

WALCZAK-JEDRZEJOWSKA R.,  J.  K.  WOLSKI,  J.
SLOWIKOWSKA-HILCZER.  2013.  The  role
of  oxidative  stress  and antioxidants  in
male fertility. -  Central European Journal
of Urology, 66(1): 60-67. [DOI]

WONG A., S. S. CHUAN, W. C. PATTON, J. D.
JACOBSON, J. CORSELLI, P. J. CHAN. 2008.
Addition  of  eosin  to  the  aniline  blue
assay to enhance detection of immature
sperm  histones.  -  Fertility  and  Sterility,
90: 1999-2002. [DOI]

WONG W. Y., C. M. THOMAS, J. M. MERKUS,
G.  A.  ZIELHUIS,  R.  P.  STEEGERS-
THEUNISSEN.  2000.  Male  factor
subfertility:  possible  causes  and  the
impact  of  nutritional  factors.  -
Fertility  and  Sterility,  73:  435-442.
[DOI]

WONG W.  Y.,  H.  M.  MERKUS,  C.  M.
THOMAS,  R.  MENKVELD,  G.  A.

ZIELHUIS, R. P. STEEGERS-THEUNISSEN.
2002.  Effects  of  folic  acid  and  zinc
sulfate  on  male  factor  subfertility:  a
double-blind,  randomized,  placebo-
controlled trial. - Fertility and Sterility,
77: 491-498. [DOI]

YVES M.,  P.  CLEMENT,  E.  AMAR. 2017.
Evaluation  of  sperm  DNA  structure,
fragmentation and decondensation: an
essential tool in the assessment of male
infertility. - Translational Andrology and
Urology, 6(S4): 553–556. [DOI]

ZINI A.,  M.S.  GABRIEL,  A.  BAAZEEM.  2009.
Antioxidants  and  sperm  DNA
damage:  a  clinical  perspective.  -
Journal  of  Assisted  Reproduction  and
Genetics, 26(8): 427–432. 

Received: 12.03.2019
Accepted: 31.05.2019

© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House

http://www.doi.org/10.21037/tau.2017.03.11
http://www.doi.org/10.1016/S0015-0282(01)03229-0
http://www.doi.org/10.1016/S0015-0282(99)00551-8
http://www.doi.org/10.1016/j.fertnstert.2007.09.026
http://www.doi.org/10.5173/ceju.2013.01.art19
http://www.doi.org/10.1016/S0022-5347(01)62012-3
http://www.doi.org/10.1111/j.1439-0272.2011.01206.x
http://www.doi.org/10.2164/jandrol.04165
http://www.doi.org/10.1016/j.rbmo.2010.03.008
http://www.doi.org/10.1093/humrep/17.7.1826




ECOLOGIA BALKANICA
2019, Vol. 11, Issue 1 June 2019 pp. 191-204

Distribution, Characteristics and Ecological Role of Protective
Forest Belts in Silistra Municipality, Northeastern Bulgaria

Kiril V. Vassilev1*, Assen I. Assenov2, Nikolay I. Velev1,
Borislav G. Grigorov2, Bilyana B. Borissova2

1 - Bulgarian Academy of Sciences, Institute of Biodiversity and Ecosystem Research,  Department
of Plant and Fungal Diversity and Resources, G. Bonchev str. 23, 1113, Sofia, BULGARIA;

2 -  Sofia University “St. Kliment Ohridski”, Faculty of Geology and Geography, Department “Landscape
Ecology and Environmental Protection”, 15, Tzar Osvoboditel Blvd. 1504 Sofia, BULGARIA

*Corresponding author: kiril5914@abv.bg

Abstract. Protective forest belts are developed as a defense against dry winds and soil moisture loss
and considered as natural  capital  nowadays.  Silistra municipality’s  protective forest  belts  were
investigated about their distribution, floristic composition, vegetation structure and syntaxomony.
During 2018 field season 32 relevés were collected following the Braun-Blanquet approach. Data
about  diversity  of  invasive  and  melliferous  plants  were  collected  also.  Vegetation  types  were
identified  by  numerical  classification  using  hierarchical  agglomerative  clustering  (PC-ORD).
Descriptive statistics about the cover of tree, shrub and herb layers as well as cover of invasive and
melliferous plants were graphically summarized in vertical box-and-whisker plots. The forest belts
syntaxonomical diversity is represented by 2 associations (Cotino coggygriae-Quercetum cerris, Bromo
sterilis-Robinietum) and Amorpha fruticosa-Morus alba plant community. Cotino coggygriae-Quercetum
cerris has closed horizontal structure with dominants  Quercus cerris and  Cottinus coggygria in tree
and  shrub  layers  respectively.  Bromo  sterilis-Robinietum is  characterized  by  poor  species
composition and vegetation dominated by  Robinia  pseudoacacia and  Fraxinus americana,  whereas
Amorpha  fruticosa-Morus  alba  community  has  local  distribution  and  represents  a  final  stage  of
vegetation degradation. Totally five alien species (Acer negundo, Amorpha fruticosa, Erigeron annuus,
Fraxinus americana and  Robinia pseudoacacia) and 26 melliferous plants were identified within the
forest belts. The highest cover of invasive species and melliferous plants were found within Bromo
sterilis-Robinietum  and Amorpha  fruticosa-Morus  alba.  The  main  melliferous  plant  species  were
Robinia pseudoacacia, Amorpha fruticosa, Morus alba and Prunus cerasifera. The investigated forest belt
vegetation bears the characters of a long-standing anthropogenic impact. They have been subject to
cutting, burning and pasturing during the last 50-60 years.

Key  words:  alien  invasive  plants,  Braun-Blanquet  approach,  mapping,  melliferous  plants,
numerical classification, vegetation structure.

Introduction
Protective forest belts are of a particular

historical  importance  for  shielding  against
dry winds and for preserving soil moisture.
The  contemporary  interpretation  considers

them  as  natural  capital,  providing
regulating, cultural and few direct material
ecosystem/landscape  goods  and  services,
but  significant  indirect  material
ecosystem/landscape goods and services, as
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a  product  of  the  nearby  agricultural  areas
(pollination  of  crops  and  other  plants,
purification  of  water  and  air,  etc.).
Geographically  determined,  the  first
protective  forest  belt  emerged  in  the
Kingdom of Russia under the influence of a
Russian  forester,  named  Nestor  Karlovich
Genko (1839-1904).  The continental climate,
characterized by insufficient rainfall and the
emergence of dry winds, leading to erosion
and drying of the soil,  is a prerequisite for
the  creation  of  protective  forest  belts,
particularly in this part of the world. These
processes, along with the destruction of the
European  forests  in  the  period  1750-1850,
provoked  the  need  of  the  foundation  and
development of the forestry science (POPOV
et  al.,  2017).  During  the  period  1886-1903
protective forest belts in Ulyanovska Oblast
have been established and today they are a
protected  natural  object.  The  total  aerial
coverage of the forest belts “Genko stripes”
in Samara Oblast is nearly 9 000 hectares and
their  total  length  is  around 150  km,  while
their width is 640 m.

As  Genko  was  working  on  the
plantation of the protective forest belts, the
same idea was adopted in the neighboring
country  of  Romania,  where  BRAD (1850)
created  the  first  plantations  as  “shelters
against wind”. Romania had a leading role
in the creation of protective forest belts with
its Barăgan plain for forest belts from 1906,
which is  more than 39 years  younger than
the plan of Roosevelt and 42 years younger
than  the  plan  of  the  Soviet  Union  for
transformation  of  nature,  following  BUCUR
(2016). In 1936 the plantation of forest belts
in  the  villages  of  Karvuna  (Balchik
Municipality)  and  Rogozino  (Dobrich
Municipality)  started  and  two  years  later
plantations  were  finished.  The  work  in
Karvuna village continued in 1939 and 1940
when  according  to  the  Treaty  of  Craiova
these  lands  were  returned  to  Bulgaria,
POPOV et al. (2017).

The October Revolution in 1917 ceazed
plantations,  but  after  World  War  I,  special
measures for the creation of new forest belts

were applied in Romania. During this period
the first plantations of protective forest belts
in  the  occupied  Bulgarian  Southern
Dobrudzha have been established.

The  end  of  World  War  II  saw
nationalization  of  lands  in  Bulgaria  and
Romania. State act (№ 236) was adopted in
Bulgaria  in  1951,  concerning  the
development  of  agriculture,  water  supply
and  electrification  in  Dobrudzha  and  in
parallel  with  this  a  plan-program  for  the
creation  of  protective  forest  belts  was  also
brought  to  light.  Soon  after  that  an
expedition,  studying  forest  belts  in
Dobrudzha,  was  led  and  a  book  was
published by  STOYANOV & KITANOV (1955),
where soil scientists, hydrologists, botanists
and zoologists made contributions also.

According  to  POPOV et  al.  (2017) the
bulgarian government  ordered the  creation
of  nine  protective  forest  belts,  covering  21
997 ha in total and with 800 km length (fig.
1).The  belts  have  70-90  m  in  width  and
plantations were planted in 1951 –1958. The
tree  species  Quercus  robur,  Quercus  petraea,
Fraxinus  excelsior,  Robinia  pseudoacacia,
Gleditsia triacanthos, Juglans regia and Populus
ssp.  were planted according to  POPOV et al.
(2017). As of 1980 the average height of the
belts was 5-15m and the stock are 389 000 m3.
Forest belts are protecting agricultural  area
with cells 500-600 m wide and 1200-2000 m
long. The prevailing winds in this territory
come from the north, so the main belts are
oriented  in  east-west  direction,  having  a
distance of 500 m in-between. According to
GEORGIEV (1960) the  impact  of  the  belts  is
divided  in  an  equal  distance  from  them,
multiplied by 25-30 height.

The protective effect of the forest belts
can be summarized in the following way: the
wind effect has been reduced with 25-30%,
air moisture deficit has been reduced by 15-
20%  and  physical  evaporation  has  been
reduced by 7-20%, according to  VACHOVSKI
&  DIMITROV (2003).  Snow  cover  started  to
accumulate  equally  at  the  direction  of  the
snowfall within the belts, while soil moisture
was kept in the horizon between 100 and 200
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cm with an increase of 45-50%. Among the
existing  protective  forest  belts  in  Bulgaria,
the ones in Dobrudzha have the best status,
according to POPOV et al. (2017).

Forest  belts  can  be  analyzed  as  linear
elements in landscape structure that directly
influence  ecological  processes,  following
FORMAN &  BAUDRY (1984) and  landscape
functions,  according  to  MARSHALL &
MOONEN (2002).  European  history  of
agriculture  acknowledges  constructive  role
of  linear  elements  in  the  formation  and
functioning  of  a  wide  variety  of  rural
landscapes,  following  ZIMMERMANN (2006).
The  understanding  of  landscape’s  pattern
interactions  –  arable  fields  (matrix)  and
adjacent  green  corridors  (linear  elements),
are  essential  for  biodiversity  complexity
explanation, according to MEYER et al. (2012).
Linear  landscape  elements  are  a  valuable
indicator for the biological diversity in agro-
landscapes, following BILLETER et al. (2008).

Landscape  Ecology  considers  linear
elements as sources of important ecosystem
services, according to VAN DER ZANDEN et al.
(2013) and  stimulates  multi-functional
landscape  utilization.  Depending  on  the
geographical  circumstances  and  land
management  priorities  the  primary  role  of
physical fluxes regulation (erosion and wind
reduction,  increased  water  infiltration,
enhanced  carbon  sequestration,  pollution
control) can be expand with the functions of
biological corridors (or, in particular, nectar
corridors),  or  even  cultural  services
(recreation,  aesthetics).  For  this  reason
substantial  for  land  management  is  linear
elements’  investigation  and  modelling
(number, mean size, length, mean shape) in
the landscape scale, according to MÜCHER et
al. (2009).

The aims of the study are: (1) research
of  the  published  Bulgarian  and  foreign
literature  related  to  development  of  forest
belts;  (2)  investigation  of  distribution,
floristic  composition  and  vegetation
structure of protective forest belts in Silistra
municipality; (3) mapping of forest belts on
the territory of municipality; (4) analysis of

the anthropogenic influence and distribution
of  alien  and  melliferous  plants  of  studied
forest belts.

Materials and Methods

Study area
Protective  forest  belts  in  the

municipality of Silistra were the object of the
current investigation and they were built-up
date  back  from  1951-1958.  Its  area  covers
51589.1  hа  of  which  38754.4  hа  are
agricultural territories, 6827.3 hа forest areas,
3622.6  hа  urbanized  territories,  1809.0  hа
water areas,  51.0 hа quarries and transport
infrastructure  takes  up to  524.8  hа.  Silistra
Municipality  comprises  around 18% of  the
territory  of  the  whole  province  (Silistra).
There  are  also  eighteen  villages  and  one
town  -  Silistra,  which  is  the  center  of  the
province  and  the  municipality  (Municipal
development  plan  2014-2020).  The  plain
relief  reaches up to  200 m a.s.l.  The fertile
lowland  of  Baltata,  located  near  Aidemir
village,  is  also  situated  here  and  the
southwestern  part  of  the  plain  is  taken by
Srebarna  Lake.  “Srebarna  Nature  Reserve”
represents  the  core  zone  of  the  “Srebarna
Biosphere Park“,  created in 2017, following
the Seville Strategy (1995) after  VLADIMIROV

(2011). The biosphere park consists of a core
zone, a buffer zone and a transition zone and
the  whole  area  of  Silistra  Municipality  is
located within its boundaries.

From biogeographic point of view, the
municipality is  a  part  of  the biogeographic
province  of  Lower  Danube  River  and  the
region  of  Dobrudzha  and  belongs  to  the
biome  of  Aestiduriherbosa,  according  to
ASSENOV (2006). 

Data collection and statistical analysis
During  2018  field  season  32  reléves

(vegetation plots)  were  collected,  following
the  approach  by  BRAUN-BLANQUET (1965).
The plot size was 400 m2,  as recommended
for  forest  communities  by  CHYTRÝ &
OTÝPKOVÁ (2003).  For  every  reléve  all
species were recorded as well as information
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about altitude, aspect, slope, total vegetation
cover,  cover  of  tree,  shrub,  herb  and
cryptogam layers, soil depth, bedrock type,
locality, GPS coordinates. 

All  reléves  were  stored  in  the  Balkan
Vegetation Database  (VASSILEV et  al.,  2016).
The numerical classification was performed
by PC-ORD, following MCCUNE & MEFFORD

(1999) and  JUICE  7.0  by  TICHÝ (2002)
software  packages  using  Bray-Curtis
distance  and  flexible  beta  algorithm  on
square-root transformed and three cut levels
(0, 5, and 25) were used.
The diagnostic species were determined by
calculating the Phi-coefficient by  CHYTRÝ et
al.  (2002).  Two values  were  given for  each
species  in  the  synoptic  table:  “Fidelity”
expressed  by  the  Phi-coefficient  and
“Constancy”  expressed  in  percentage.  All
clusters  were  standardized  to  equal  size,
following  CHYTRÝ et  al.  (2006).  Only  the
statistically significant Phi-coefficient values
evaluated  by  Fisher’s  exact  test  (*P<0.05)
were considered.

Descriptive statistics about the cover of
tree,  shrub,  herb,  invasive  and  melliferous
plants  layers  were graphically  summarized
in  vertical notched  box-and-whisker  plots.
Individual  points  in-line with the whiskers
were  used  for  plotting  the  outliers  (°).The
Shapiro-Wilk  test  was  used  for  testing  the
normality of the data. Since only the data set
of  the  invasive  species  cover  met  the
assumption of normal distribution, the t-test
was  applied  for  comparing  the  groups  of
samples.  In  all  other  cases  the  Mann–
Whitney  U nonparametric test was applied.
Statistical  computing  and  box-plot  data
visualization were performed by R software
environment (R Core Team, 2019).

The  nomenclature  of  vascular  plants
followed  DELIPAVLOV &  CHESHMEDZHIEV

(2003). The list of alien species was created
after  merging  data  from  DELIPAVLOV &
CHESHMEDZHIEV (2003),  ASSYOV & PETROVA
(2012), PETROVA & VLADIMIROV (2012, 2018),
PETROVA et al. (2012), STOYANOV et al. (2014),
TUTIN et  al.  (1964-1980).  It  includes  totally
450  species.  Also  a  generalized  list  of

melliferous plants from Bulgarian flora was
created, which contains 493 vascular plants
(STOYANOFF, 1933; PETKOV, 1979; BRATANOV,
1987;  BIZHEV,  2003;  TASHEV &  PANCHEVA,
2009; TASHEV et al., 2015).

During the field work we also mapped
forest belts and measured their width in two
edges and central part. Later in ArcMap 10
they were mapped as linear polygons.

Results and Discussion

Forest belt structure and distribution
The measurements made show that the

area  of  the  protective  forest  belts  and  the
existing forests in the municipality of Silistra
represents  4.7% of  the  total  area  (1.4% for
protection forest belts and 3.3% for forests,
Fig. 2). 

The forest  belts  are widely distributed
on the territory of Silistra municipality and a
total  number  of  144  forest  belts  were
identified  (Fig.  2).  Their  length  varies
between  107.5  m  and  7610.7  m  (average
1949.6 m), whereas the width is between 6 m
and 146 m (average 43.4 m). They represent
linear  polygons  around  other  polygons  in
the  landscape  pattern  (arable  fields,
woodlands,  pastures,  scrubland  vegetation,
etc.).

Vegetation types of forest belts
Forest  belts  in  Silistra  municipality

comprises 3 vegetation types (Fig. 3; Table 1)
–  ass.  Cotino  coggygriae-Quercetum  cerris
Rousakova  &  Tzonev  2003  ,  ass.  Bromo
sterilis-Robinietum  (Poćs 1954) Soó 1964 and
Amorpha fruticosa-Morus alba community.

Ass.  Cotino  coggygriae-Quercetum  cerris
ROUSAKOVA &  TZONEV (2003).  This
vegetation  represents  widely  distributed
forest  belt  type,  e.g.  23  studied forest  belts
(Fig 3, clusters 1-23; Table 1). It is found on
flat  to  slightly-inclined  terrains.  Soils  are
moderately-deep  to  deep.  The  length  and
width of forest belts is between 275.7 m and
7082.2 m and 29.8 m and 76 m, respectively. 

It  has  closed  horizontal  structure  with
vegetation cover 95-100%. Tree layer has cover
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between 50 and 95% and  Quercus cerris is the
dominant  species.  Other  species  with  higher
cover  and  abundance  are  Fraxinus  americana
and in some stands Robinia pseudoacacia. Shrub
layer is well developed with cover between 10
and  95%  (average  77%),  where  Cotinus
coggygria is  a  dominant  species  and
subdominant  is  Ligustrum  vulgare.  In  stands,
where tree layer has been cut during last 10-15
years  cover  of  shrubs  vegetation  has  been
increased  and  are  also  found  Rosa  canina,
Prunus  spinosa and  Rubus  caesius.  Herb layer
has cover between 1 and 100% (average 31%)
and species with higher cover and abundance
are Geum urbanum and Myrroides nodosa (Fig. 4).

Cotino  coggygriae-Quercetum  cerris  was
established  from  central  Danubian  plain
according to  ROUSAKOVA & TZONEV (2003)
and floristically and ecologically is similar to
phytocoenosis  from  Silistra  municipality.
The  high  cover  of  Cotinus  coggygrya is  a
result  of  successional  changes  in
communities,  where  it  has  faster  growing
than other shrub species (such as  Crataegus
monogyna,  Prunus spinosa) and is a result of
human  influence  of  the  given
phytocoenoses.  Similar trend has been also
observed  from  ROUSAKOVA &  TZONEV

(2003).
Аss.  Bromo  sterilis-Robinietum (Poćs

1954)  Soó  1964.  This  association  includes
planted Robinia pseudoacacia plantations (Fig.
3, clusters 24-30; Table 1). Seven researched
forest belts were classified to this vegetation
type. The width and length of forest belts is
between 32.2 m and 57.2 m and 130.2 m and
3862.2 m, respectively.

It  is  characterized  by  poor  species
composition.  Dominant  species  is  Robinia
pseudoacacia  (25-95%)  and  subdominant  is
Fraxinus  americana (10-55%).  Tree  layer  is
well-developed and has total cover between
70-100%. In two stands  Robinia  pseudoacacia
represent  a  high  shrub  formed  shrubby
vegetation.  The  shrub  layer  is  formed  by
young trees of above mentioned species  as
well  as  Crataegus  monogyna,  Rosa  canina,
Prunus  cerasifera.  Herb  layer  has  cover
between 30 and 100% and is well developed

mainly by Bromus sterilis, Galium aparine and
Geum urbanum (Fig. 4).

Amorpha  fruticosa-Morus  alba  plant
community.

Communitiy  of  Amorpha  fruticosa  and
Morus  alba is  locally  distributed  and  was
identify in only one forest belt (Fig. 3; Table
1).  It  characterize  the  final  stage  of
degradation  of  vegetation,  which  has  been
fired  and  cut  in  the  past.  Total  vegetation
cover is 95%. Tree layer is formed by Morus
alba (50%)  and  Pyrus  pyraster (15%).  The
shrub  layer  is  dominated  by  Amorpha
fruticosa (70%).  Undergrowth  is  formed
mainly  by  Bromus  sterillis and  Geum
urbanum.

Distribution  and  species  richness  of  alien
and melliferous plants of forest belts

Forest  belts  floristic  diversity  is
represented by 80 vascular plants. Forest belts
are reservoir of alien and melliferous plants in
Danubian  plain.  Totally  five  alien  species
(Acer  negundo,  Amorpha  fruticosa,  Erigeron
annuus,  Fraxinus  americana and  Robinia
pseudoacacia)  were  found  in  the  species
composition. Their coverage and distribution
in  the  studied  region  depended  on  the
vegetation  type.  Robinia  pseudoacacia and
Amorpha  fruticosa have  lower  coverage  in
communities  of  Cotino  coggygriae-Quercetum
cerris  association.  Amorpha  fruticosa covers
between 0.5 and 10% as a shrub or juvenile
species and was registered only in 4 relevés,
whereas  Robinia  pseudoacacia was found in 5
relevés and has cover between 3 and 40% as a
low-tree,  shrub  and  juvenile  plant.  The
coverage of  invasive species  is  increasing in
communities of  Bromo sterilis-Robinietum  and
Amorpha  fruticosa-Morus  alba.  The  higher
coverage of alien species in ass. Bromo sterilis-
Robinietum is a result of dominance of Robinia
pseudoacacia (coverage between 15 and 95%),
whereas  in  Amorpha  fruticosa-Morus  alba
communities  Amorpha fruticosa is a dominant
species (coverage 70%). Fraxinus americana is a
constant  species  in  tree,  shrub and herb (as
juvenile  plant)  layers  in  Cotino  coggygriae-
Quercetum cerris  and  Bromo sterilis-Robinietum
associations.
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Diversity  of  melliferous  plants  in  forest
belts  is  significantly  higher  and  includes  26
species  (e.g.  Acer  campestre,  A. negundo,  A.
tataricum, Agrimonia eupatoria, Amorpha fruticosa,
Berteroa  incana,  Buglossoides  purpurocaerulea,
Cirsium  arvense,  Clematis  vitalba,  Consolida
regalis,  Cornus  mas,  Crataegus  monogyna,
Eryngium  campestre,  Fraxinus  ornus,  Glechoma
hederacea,  Juglans  regia,  Lamium  purpureum,
Ligustrum vulgare,  Morus alba,  Prunus cerasifera,
Pyrus  pyraster,  Robinia  pseudoacacia,  Sambucus
nigra,  Syringa  vulgaris,  Tilia  platyphyllos,  Vicia
varia).  The  number  of  melliferous  plants  in
vegetation plots of three types of forest belts is
similar  (between  two  and  six),  but  their
coverage is  different.  Communities  of  Cotino
coggygriae-Quercetum  cerris  association  have
average  cover  of  melliferous  plants  40%,
whereas it is increasing to 72% for communities
of  Bromo sterilis-Robinietum  association. This is
determined  by  higher  cover  of  Robinia
pseudoacacia, which is a widespread melliferous
plant in the region. In species composition of
Amorpha fruticosa-Morus alba  community cover
of  melliferous  plants  is  95%,  which  is

determined by dominance of Amorpha fruticosa,
Morus alba and Prunus cerasifera.

Discussion
Forest  belts  represent  forest  plantations

dating  back  to  1950-1960’s  of  the  twentieth
century.  Species  used for  planting have been
Quercus  cerris,  Robinia  pseudoacacia,  Gleditsia
triacanthos,  Fraxinus  americana.  The  three
identified  vegetation  types  represent  different
successional  stages  as  a  result  of  continuing
anthropogenic pressure. Communities of Cotino
coggygriae-Quercetum  cerris  association  are
formed during last 50 years and their species
composition and structure are very close to its
semi-natural phytocoenoses in Danubian plain.
Phytocoenoses  of  Bromo  sterilis-Robinietum
association represent anthropogenic vegetation,
which  has  replaced  communities  of  Cotino
coggygriae-Quercetum cerris  as a result of cutting
of woody vegetation followed by successional
processes.  Here  Robinia  pseudoacacia  is  a
dominant species. Its communities have semi-
open horizontal structure, which leads to higher
cover of herb species (Fig. 4).

Fig. 1. Protective forest belts in Dobrudzha (POPOV et al., 2017, processed after VACHOVSKI &
DIMITROV, 2003; DOBREV & PESHEV, 1957; ZAHARIEV, 1959).
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Fig. 2. Map of Silistra Municipality highlighting forest protection belts, mapped vegetation
plots and existing forest vegetation outside the belts.

Fig.3. Vegetation types of forest belts in Silistra Municipality.
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Photo 1. Phytocoenosis of association Cotino coggygriae-Quercetum cerris.

Photo 2. Phytocoenosis of Amorpha fruticosa-Morus alba community.

198



Vassilev et al.

Fig. 4. Overall patterns about cover of tree, shrub, herb, invasive and melliferous plants
layers visualised by notched box-and-whisker plots. Cover is presented in percentages.
Statistically significant differences at *P < 0.05 between groups observed for the cover of

herb, invasive and melliferous plants only.

Coverage  and  diversity  of  woody  species,
which  formed  tree  and  shrub  layers,  is
higher in communities of  Cotino coggygriae-
Quercetum  cerris association,  which  form
closed  horizontal  structure  and  significant
degree  of  shading.  Finally,  communities  of
Amorpha  fruticosa  and  Morus  alba represent
final  stage  of  degradation  of  vegetation.
Morus  alba,  which  traditionally  has  been
used as fruit tree during centuries, has been
planted  closely  to  villages,  around  arable
fields.

In the period of their existence the forest
belts  have  been  subject  to  increased
anthropogenic  pressure  such  as  cutting,
burning,  some  forest  belts  are  used  as
pastures  during  summer  months,  etc.  The
small  width  of  belts  and  long-term
anthropogenic  pressure  around  them  has
changed their species composition and lead
to  increasing  of  alien  species  in  their
community.

The field research of the forest belts in
the  municipality  of  Silistra  shows  that  the
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most  significant  changes  were  made  in
subsection b of section 607, classified as object
№ 1814, state/municipal property, contracted
by Silistra State Forestry under contract  No.
5/16.01.2018 for logging with Les green Ltd.
As  a  result  of  the  implementation  of  this
contract,  logging  was  carried  out  in  the
appointed section and the rest of the section
was cut 15 years ago and turned into a bush-
like outgrowth of a belt. Given the small share
of  the  forest  cover  of  the  municipality  of
Silistra  (4.7%),  it  is  hardly  environmentally
appropriate  to  carry  out  logging  from  the
forest  protection  belts,  especially  since
according to the law on forests, bare cuttings
are  forbidden.  In  the  studied forest  belts  in
individual  places  were  recorded  traces  of
felling  of  individual  trees,  which  can  be
classified  as  poaching.  In  both  cases,  there
were  no  traces  of  tree  species  disease.
Subsection  607  b  is  located  at  the
southernmost and relatively high in altitude
part  of  the  municipality.  In  the  forest
protection  belt  itself,  a  wooden  observation
post,  probably for  the  identification of  fires,
has been constructed after the cutting of the
tall  trees  due to  the lack of  visibility  before
that. We can assume that in the highest part of
the  relief  of  the  municipality  located  away
from the erosion bases of the Danube River,
the protective belts serve to keep the snowfall,
thus provide a reserve of soil moisture rather
than  to  protect  against  wind  erosion.  Also,
field studies have shown that in places, where
asphalted roads provide direct access to forest
protection  belts,  the  border  areas  for

penetration  through  agricultural  lands  have
been deeply plowed in order to prevent the
access of cars and heavy vehicles.

Conclusion
The  authors  believe  that  the  forest

protection  belts  condition  in  the
municipality of Silistra is very good and they
play  their  role  in  maintaining  the  soil
moisture  and protecting  against  water  and
wind  erosion.  Forest  protection  belts  also
play  the  role  of  nectar  corridors,  which  in
this  area of  small  share of  forest  cover are
vital  for  carrying  out  the  pollination
ecosystem  service.  Regardless  the
involvement of invasive species in the forest
belts, they do not pose an immediate threat
through  the  continuous  expansion  of  their
area, because the agricultural areas on both
sides  of  the  belts  are  being  plowed  every
year and the  herbicides used do not  allow
the invasive species to spread.

By  its  nature,  this  study  is  innovative
with  the  attempt  to  establish  the
syntaxonomic  relation  of  the  forest
protection  belts  and  to  show  their  role  as
nectar corridors in the country especially for
municipalities  and regions with very small
share of forest cover.
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Table 1. Synoptic table of forest belts vegetation types of Silistra municipality. The species
are represented by two indicators: Fidelity measure, expressed by the Phi-coefficient (Chytrý &
al. 2002) and Constancy, expressed in percentages. Original cover/abundance scale assessments
used for Amorpha fruticosa-Morus alba plant community since it is presented by one reléve only.

Vegetation type Ass. Cotino coggygriae -
Quercetum cerris

Ass. Bromo sterilis-
Robinietum

Amorpha
fruticosa-

Morus alba
community

Number of reléves 24 7 1
Average species 14 16 14
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number per relevé
Fidelity / Constancy Phi C Phi C
Diagnostic species of ass. Cotino coggygriae-Quercetum cerris
Cotinus coggygria 86.7 96 --- 14 ---
Quercus cerris 78 96 --- 29 ---
Diagnostic species of ass. Bromo sterilis-Robinietum
Robinia pseudoacacia --- 21 86.1 100 ---
Bromus sterilis --- 33 37.8 100 2
Diagnostic species of Amorpha fruticosa-Morus alba plant community
Amorpha fruticosa --- 17 --- 57 4
Morus alba --- 0 --- 14 4
Diagnostic species of cl. Quercetea pubescentis, ord. Quercetalia pubescenti-petreae &
all. Quercion confertae 
Crataegus monogyna --- 100 --- 100 ---
Euonymus verrucosus --- 33 --- 14 ---
Brachypodium 
sylvaticum

--- 29 --- 29 ---

Acer tataricum --- 25 --- 14 ---
Poa nemoralis --- 25 --- 57 ---
Fraxinus ornus --- 17 --- 0 +
Buglossoides 
purpurocaerulea

--- 4 --- 0 ---

Carpinus orientalis --- 4 --- 0 ---
Syringa vulgaris --- 4 --- 0 ---
Viola hirta --- 4 --- 0 ---
Alliaria petiolata --- 21 --- 29 ---
Diagnostic species of cl. Robinietea, ord. Chelidonio-Robinietalia pseudoacaciae & 
all. Balloto nigrae-Robinion pseudoacaciae
Galium aparine --- 25 23.9 86 2
Urtica dioica --- 33 --- 29 2
Sambucus nigra --- 8 --- 14 ---
Diagnostic species of cl. Carpino-Fagetea sylvaticae
Ulmus minor --- 21 --- 0 ---
Dactylis glomerata --- 8 --- 0 ---
Acer campestre --- 8 --- 0 ---
Arum maculatum --- 4 --- 0 ---
Carpinus betulus --- 4 --- 0 ---
Polygonatum 
latifolium

--- 4 --- 0 ---

Tilia platyphyllos --- 4 --- 0 ---
Diagnostic species of cl. Crataego-Prunetea
Ligustrum vulgare 72.5 63 --- 0 ---
Prunus cerasifera --- 71 --- 57 2
Rosa canina --- 58 --- 43 ---
Cornus sanguinea --- 29 --- 29 ---
Cornus mas --- 8 --- 0 ---
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Prunus spinosa --- 4 --- 14 ---
Other species
Lapsana communis --- 0 --- 14 ---
Anthriscus cerefolium --- 21 --- 14 ---
Erigeron annuus --- 4 --- 0 ---
Dasypyrum villosum --- 0 --- 14 ---
Eryngium campestre --- 4 --- 0 ---
Arctium lappa --- 13 --- 0 +
Euphorbia verrucosa --- 4 --- 14 ---
Chenopodium album --- 4 --- 0 ---
Elymus repens --- 4 --- 0 +
Cephalaria 
transsylvanica --- 4 --- 0 ---

Acer negundo --- 4 --- 0 ---
Achillea millefolium --- 0 --- 14 ---
Carex otrubae --- 0 --- 14 ---
Rubus caesius --- 21 --- 29 +
Conium maculatum --- 29 --- 43 +
Carduus acanthoides --- 0 --- 14 ---
Consolida regalis --- 0 --- 14 ---
Fraxinus americana --- 96 --- 100 ---
Capsella bursa-
pastoris --- 0 --- 14 ---

Lolium perenne --- 0 --- 14 ---
Clematis vitalba --- 8 --- 0 ---
Lactuca serriola --- 0 --- 14 ---
Artemisia vulgaris --- 4 --- 0 ---
Gleditsia triacanthos --- 21 --- 57 ---
Onopordum 
acanthium --- 0 --- 14 ---

Aristolochia clematitis --- 13 --- 0 ---
Cirsium arvense --- 0 --- 14 ---
Lamium purpureum --- 25 --- 43 +
Glechoma hederacea --- 4 --- 0 ---
Lycopus europaeus --- 8 --- 14 ---
Hordeum murinum --- 0 --- 14 ---
Morus nigra --- 4 --- 0 ---
Geum urbanum --- 96 --- 71 2
Agrimonia eupatoria --- 8 --- 0 ---
Galium album --- 8 --- 0 ---
Pyrus pyraster --- 33 --- 14 2
Juglans regia --- 17 --- 14 ---
Poa annua --- 0 --- 14 ---
Torilis arvensis --- 8 --- 29 ---
Berteroa incana --- 0 --- 14 ---
Vicia varia --- 0 --- 14 ---
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Pinus nigra --- 4 --- 0 ---
Brachypodium 
pinnatum --- 4 --- 0 ---

Malva sylvestris --- 0 --- 14 ---
Myrrhoides nodosa --- 46 --- 57 ---
Geranium molle --- 0 --- 14 ---
Galium sp. --- 0 --- 14 ---
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Abstract. Since  the  1960s,  the  Black  Sea  has  undergone  dramatic  environmental  changes.  These
changes are considered as result from a complex interaction of different pressures, the most important
being eutrophication, overfishing and introduction of alien species. As of September 2019, standard
D-2 of the International Convention for the Control and Management of Ships' Ballast Water and
Sediments shall enter into force. It demands the ballast water, taken into ballast tanks, to be treated
with special systems in order to prevent the spreading of invasive species in different parts of the
world during deballasting operations. The aim of this article is to draw the attention of interested
institutions to the problem resulting from the need for crews to be prepared to work with these
systems  and  to  deal  with  the  expected  problems  related  to  their  execution,  maintenance  and
certification. There is also a clear need to train marine personnel - from cadets to officers, including the
ship's management level. Nikola Vaptsarov Naval Academy, together with partner universities from
Romania, the Netherlands and Cyprus, participates in the preparation of a concept within the DivSea
project - Diversification of the professional development of seafarers by jointly developed programs
for higher competency and certification under the Erasmus program.

Key words: ship’s ballast, sea environment, alien marine species.

Introduction
People have been using ships as a means of

transporting  goods  and  people,  performing
various  underwater  operations  for  centuries.
When the ship is in ballast condition or partially
loaded,  especially  with  cargo  on  the  upper
decks,  it  is  necessary to take extra weight to
improve her stability and seaworthiness, and to
reduce  the  effect  of  the  waves  on  her  hull.
Practice has shown that  taking an additional
"load" would result in an even weight on the
keel and a better seaworthiness of the ship. This
extra load is called ballast, and over the years,
its appearance has changed. Stones, sand and

iron have been placed at the bottom of the ship
and have been used as hard ballast.

In the nineteenth century began the use of
liquid  ballast  -  seawater,  initially  in  cargo
spaces  and  tanks,  and  later  in  specially
designed cisterns or tanks. The use of this new
type of weight has become necessary and has
spread very rapidly. The reason for this is the
fact that seawater is cheap and it can be taken
onboard  in  a  very  easy  manner.  The  ship
loading  and  unloading  procedure  is  also
associated  with  receiving  or  discharging
overboard of ballast water - processes known as
ballasting and deballasting.
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Loading  and  unloading  operations  are
the main activity of ships and are carried out
in  ports,  coastal  areas  or  sea  terminals,
which are sometimes heavily polluted. Even
though  they  appear  to  be  clean  at  first
glance, these areas contain micro-organisms.
With take-in of seawater, huge quantities of
these  microorganisms  also  flow  into  the
ballast tanks during unloading of the cargo.
In most cases, the areas in which the ballast
is received and in which it is pumped out are
considerably  remote  from each  other,  with
widely differing native species of micro- and
macro-organisms.  If  transported  organisms
survive,  they  adapt,  turn  into  invasive
species,  and  can  adversely  affect  the
economic  interests  of  the  coastal  state,  the
native  marine  ecosystem  and  even  human
health.  The  amount  of  ballast  that  is
transported  within  the  World  Ocean  by
ships every year is enormous and can reach
up  to  10  million  tons.  More  than  6,000
marine  organisms  are  carried  daily  to
various  locations  around  the  world
(HEILEMAN et  al.,  2015; EL-DAHHAR et  al.,
2017).

Invasive  alien  species  (IAS)  are
considered  as  one  of  the  key  causes  of
biodiversity  changes  worldwide.  The
impacts  of  IAS  are  immense,  sometimes
disastrous  and  usually  irreversible.  Some
invaders  are  re-forming  the  structures,
dynamics  or  functions  of  aquatic
communities.  They  impose  significant
economic  costs.  In  monetary  terms,  it  was
recently calculated that the lost output due
to  all  aquatic  IAS,  health  impacts  and
expenditure  to  repair  IAS  damage  costs
European Union stakeholders more than 100
million EUR per year (DAVID & GOLLASCH,
2015).  The  global  rate  of  new  aquatic
invasions  increased  in  recent  years,  which
amplifies the concerns. The United Nations
noted this  also  and IAS are  categorized as
one of the top four anthropogenic threats of
the world´s oceans (KETTUNEN et al., 2009).

There  is  hardly to  find any area in  the
ocean  which  ecosystem  is  not  affected  by
such invasive  species.  About  15% only are

unaffected.  In  the  remaining 85%,  invasive
species reproduce, settle and displace some
native  species,  thus  altering  or  destroying
the  food  chain  and  ecosystem  balance
(MOLNAR et  al.,  2008).  Shipping  is  the
dominant  vector  of  unintentional  species
introduction in estuarine and coastal marine
systems  worldwide,  and  connects  distant
regions using ports as stepping stones (BAX
et  al.,  2001;  KELLER et  al.,  2011).  More  than
1,000 alien marine and coastal species have
been  recorded  in  Europe  (Table  1)
(GOLLASCH,  2006).  Most  have  established
self-sustaining populations of long duration,
whereas  some  have  been  known  from
ephemeral populations of short duration.

It  is  expected  that  the  EU  Strategy  on
Invasive  Alien Species  (GENOVESI &  SHINE,
2004)  will  significantly  help  to  reduce  the
future  IAS  impacts.  Considering  the  IAS
related costs, the implementation of this EU
strategy will  outweigh the associated costs.
Other  instruments  to  minimize  the  risk  of
species  introductions  include  the  IMO
Ballast  Water  Management  Convention,
IMO  biofouling  guidelines  for  recreational
and  commercial  vessels  and  quarantine
procedures in aquaculture.  In consequence,
rules and regulations exist to reduce the IAS
problem; they simply need to be followed.

No habitat  is  immune to invasions.  All
coastal waters of Europe are inhabited by at
least one alien species.  Some habitats, such
as  lagoons  and  ports  serve  as  “hot  spots”
and “nodes” of  invasion and some regions
are more invaded than others are.

The world shipping process on the other
hand also affects Black Sea region. Invasive
species  threaten  local  sea  life  and  littoral
countries economic.

Materials and Methods
The International Maritime Organization

(IMO) has drawn attention for a long time on
the negative impact of organisms discharged
alongside  the  ballast  water  of  ships  into  a
new environment  beyond their  control.  As
early  as  the  1970s,  the  topic  is  under  the
International Convention for the Prevention
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of  Pollution  from  Ships  (MARPOL),  which
requires  of  the  Administrations  to  take
measures to prevent uncontrolled deballasting.
Later, the IMO considered it is reasonable to
decide  that  ballast  water  should  not  be  the
subject of the MARPOL Convention.

In  1993,  the  IMO  Assembly  adopted
International rules for the prevention of the
occurrence of undesirable aquatic organisms
and  pathogens  through  shipping  ballast
water and sediments, which was set out in
Resolution A.774. This resolution urges ships
to avoid the reception of ballast in shallow
waters and areas heavily polluted by human
activity.  The  ship's  officers  are  required  to
record  in  an  official  logbook  each  ballast
reception  and  discharge  with  detailed
information about the date and time of the
operation, geographical coordinates, salinity
and quantity of  the received or discharged
water. It also requires a change of ballast in
deep-sea waters with a depth of 2000 meters
or more (IMO, 1993).

It  turns  out  that  the  migration  of
pathogens with the ballast water of ships is
not  sufficiently  limited.  This  led  to  the
adoption  of  IMO Resolution  A.868  -  Rules
for the control and management of shipping
ballast water to limit the transfer of harmful
aquatic  organisms  and  pathogens  in  1997.
Resolution A.868 raises the requirements for
teaching and training of ship crew as well as
the mandatory implementation of shipboard
ballast  operations  management  plans.  A
"safe" ballast water is considered that water,
which has been in ballast tanks for 100 days
or more (IMO, 1997). The implementation of
this Resolution led to significant decrease in
the  number  of  "attacks"  of  harmful
hydrobionts around the world. Nevertheless,
in  some areas,  such  as  the  Great  Lakes  of
North  America  and  Australia,  the  damage
caused  by  microorganisms  and  pathogens
still  increases  and  reaches  significant
proportions (RICCIANDI, 2006). 

These and some other problems led to a
conference  in  London  in  February  2004,
which  finalized  and  adopted  the
International Convention for the Control and

Management  of  Ships’  Ballast  Water  and
Sediments (BWM), 2004.

The  Convention  introduces  two
standards  for  ballast  water  treatment  by
crew:

Standard D-1 - Ballast Water Exchange 
The rule requires  every ship to  ensure

that at least 95% of the volume of the ballast
is  replaced.  This  can  be  achieved  by  the
”flow-through”  method,  with  the  tank
receiving  water  equal  to  3  times  the  tank
volume and the same amount being thrown
overboard. It has been found that the one-off
volume  of  a  tank  exchanged  under  this
method provides the replacement of 63% of
the water in it; twice - 86%; three times - 95%
and  four  times  -  98%.  The  International
Maritime Organization has judged that triple
shift  is  sufficient.  If  a  ship has replaced its
water by this method less than three times,
then  it  has  to  prove  that  the  95%  shift
requirements are met (IMO, 2004).

The other  existing empty-refill  method
gives better results, but the risk of damage to
the ship's stability is greater and may lead to
undesirable  consequences,  especially  if
ballast  replacement  is  done  under  bad
weather conditions.

Standard D-2 - Ballast Water Treatment 
Vessels  handling  ballast  water

operations under this standard must dispose
water,  which  contains  living  organisms  of
specified sizes according to  the  parameters
set  out  in  Table  2.  A  requirement  for
microbial  content and concentration is  also
required. The D-2 standard requires ships to
be  equipped with  Ballast  Water  Treatment
Systems. Shipowners have to allocate funds
for  the  supply  and  installation  of  such
systems, which proves to be a longer-than-
expected process.

The final text of the Convention states that
it enters into force one year after it is ratified by
the 30 flagged countries of 35% of the world's
gross tonnage (GT).  With the enforcement of
the  Convention,  Standard  D-2  becomes
mandatory  for  all  ships.  On  this  basis,  the
International Maritime Organization had set a
deadline to cover these parameters in early 2015
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in order to have fully implemented Standard D-
2 from the beginning of 2016. It did not happen.

The number of signatures exceeded 30, but the
tonnage requirement for ships was not reached.

Table 1. Invasion status of introduced species according to the European Seas considered
(including adjacent waters)

Region
Number of
established

species

Number of
unestablished

species

Number of
cryptogenic

species

Number
of extinct
species

Number of
species with

unknown
invasion

status

Total
num-
ber

Total
%

Mediterranean Sea 325 116 23 No data 198 662 46.8
North Sea 144 9 16 4 57 230 16.2
Atlantic Coast 112 19 5 2 39 177 12.5
Baltic Sea 99 1 15 5 50 170 12.0
Black Sea 61 9 3 No data 10 83 5.9
Azores 24 No data No data No data 1 25 1.8
Irish waters and NW UK 39 3 4 No data 5 51 3.6
Arctic waters 10 1 1 No data 6 18 1.3
Total 814 158 67 11 366 1416 100.0

Table 2. The IMO D-2 standard for discharged ballast water.

Organism category Regulation
Plankton, >50 μm in minimum dimensions <10 cells/m3
Plankton, 10-50 μm <10 cells/ml

Toxicogenic Vibrio cholera (O1 and O139) <1 colony forming unit (cfu)/100ml 
or less than 1cfu/g (wet weight)

Escherichia coli <250 cfu/100ml
Intestinal Enterococci <100cfu/100ml

Understand  the  obligations  under  the
BWM  Convention  and  other  national  and
local regulations the ship owners and ship’s
Masters need to:

–  ensure  that  all  ballast  discharges
comply with Standard D-1 or D-2, i.e.,  that
ballast  is  exchanged  or  treated:  this
obligation applies to ballast discharges both
at sea and in port;

–  ensure  that  procedures in the  Ballast
Water Management Plan are followed at all
times;

–  keep  proper  records  in  the  Ballast
Water Record Book;

–  operate  and  maintain  ballast  water
treatment  systems  in  accordance  with  the
manufacturer’s instructions.

From 3-th to 7-th of July 2017, the Marine
Environment  Protection  Committee  held  its
71-st meeting in London. The main topic of
the meeting was the proposed "compromise"
solution  for  the  implementation  of  the  D-2
standard  submitted  for  consideration  by
Brazil, India, Liberia, Norway and the United
Kingdom.  The  "compromise"  solution  was
based on  the  fact  that  the  deadline  for  the
implementation of this standard was almost
reached,  and  a  large  proportion  of  these
countries' ships were not prepared for the D-2
standard. A document was proposed at the
meeting to postpone the enforcement of the
mandatory D-2 standard for 2 years and thus
the deadline became September 8, 2019 (IMO
MEPC, 2017).
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With  regard  to  the  D-2  standard,  the
Convention  applies  to  all  types  of  ships,
even  those  less  than  400  gross  tonnage.
These ships must meet the D-2 standard no
later than 8 September 2024.

The  D-2  Convention  and  Decisions
referring  to,  do  not  affect  and  are  not
accepted by United States legislation. Vessels
visiting or planning to visit US ports should
be  convinced  that  they  meet  the  United
States'  Ballast  Water  Management
requirements.

With the approach of the deadline date
in 2019, the production of systems intended
for installation on board vessels  for ballast
water treatment has expanded considerably.
More than 104 types of  such systems have
been developed in the world, some of which
are also recognized as functional. In order to
be recognized each of  them must pass test
and  approval  in  accordance  with  the
requirements  of  the  International  Maritime
Organization.

The  technologies  currently  used  in  the
systems  can  be  grouped  into  three  main
categories,  based  on  the  mechanism  that
they affect  organisms:  mechanical,  physical
and chemical (Fig. 1).

The processing itself can be divided into
3 stages:

-  Pre-treatment  -  the  stage  where  the
main goal is to extract as much as possible
solid deposits and larger organisms to make
the next stage of processing more efficient.

-  Basic  treatment  -  according  to  the
mechanism  by  which  microorganisms  are
affected. If  the treatment is  physical -  with
UV  light,  the  efficiency  is  significantly
reduced in the presence of solid particles, as
the  microorganisms  fall  into  their  shadow
and survive. 

-  Neutralization - in order to eliminate
the consequences of the treatment during the
second stage, so that no poisonous and other
substances  that  can  damage  the  marine
environment can be found in the discharged
waters. 

Some systems use water treatment when
receive  ballast  only,  others  –  when receive

ballast and during ships’ voyage, and third –
when receive ballast and during discharging.
The  combinations  of  methods  are  also
different  -  for  example,  filtration  and
hydrocyclone separation.

The  most  used  combined  systems  are
those that filter the water upon its receipt. It
then  passes  through  an  UV-system  or
chemical  disinfection  and  finally  through
cavitation treatment.

It  is  clear  from the  above that  a  good
knowledge  of  the  functionalities  of  the
systems,  their  positioning  on  the  ship  and
the proper handling of them is essential for
the crew.

Results and Discussion
Unfortunately,  ballast  water

management  systems  study  has  not  been
included in university curricula for student
education, as well as in the training courses
for  officers  and  crew.  The  shipping
companies allocate money and resources for
the early implementation of the systems and
their certification, so that they can meet the
requirements of  the Convention in time by
September  2019,  relying  on  the  fact  that
Management level officers will deal with the
operation  following  the  manufacturer's
instructions. Probably,  they  also  rely  on
Operational  level  officers  to  be  acquainted
with the technical parameters and the proper
work  of  the  system  during  their  free  time
and under the supervision of a senior officer.
For the knowledge of the ratings is not even
thought  out,  although  their  obligations  to
maintain  the  systems  are  inevitable. The
practice,  based  on  already  installed  and
operating  systems,  shows  that  they  are
extremely  sensitive  in  terms  of  correct
handling and any deviations from the rules
when operating or maintaining can result in
frequent  stoppages  and need  for  repairs
made by coastal specialists. It is worth to be
mentioned  that  there  are  ports  where  the
loading process is  so fast that de-ballasting
must  be  on  time  and  continuous  (for
example  Novorossiysk  tanker  terminal).
Otherwise,  the  loading  operation  might  be
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completed,  while  the  Chief  Officer  has not
completed the de-ballasting yet. The draft of
the ship would exceed the permissible draft
for the port. This leads to delay of the ships
departure.

Here are some other problems that may
arise  when  working  with  ballast  water
systems, related to the method of impact on
microorganisms and to the navigation areas:

- Some systems do not have ballast pre-
treatment. This  may  result  in  non-
compliance  with  the  D-2  standard  for  the
number  of  remaining  microorganisms  and
respectively lead to sanctions for the ship or
to  a  refusal  of  the  port  administration  to
approve the de-ballasting in the port.

- Most systems use active substances for
filtration. For them, the requirements of the
International  Maritime  Organization,
regarding  certification,  maintenance  and
inspections, are increased.

- A key point for the good operation of
the UV system is the good selection of the
lamp concerning lamp power-to-water flow
ratio. The purity of the received ballast water
is  also  essential. Many  European  ports,
Rotterdam,  Hamburg,  Bremerhaven,
Tilbury, are built in rivers and the water in
them is with high level of sediments.

-  Some  systems  using  vacuum  oxygen
abstraction  and  bio-impact  are  very
expensive. The  latter  uses  microorganisms
that  affect  and  destroy  organisms  in  the
ballast  water,  which  requires  regular
supplies  from  coastal  services  with  such
microorganisms.

- An important feature of systems that use
active substances is that, if the concentration of
the active substance is  greater than required
for  purification,  surpluses cannot be  thrown
overboard. Therefore,  collecting  tanks  are
used, where the neutralization process results
in a reduction in the level of active substances
to  acceptable  levels. For  example,  chlorine
dioxide decomposes for 12 hours,  but it  can
only be safely thrown overboard in 24 hours.
These systems definitely require spaces from
the ship's  deadweight  and high precision in
operation requiring pre-training of the crew.

-  Chlorination  water  systems  use
approximately  10  mg/l  during  the
treatment,  while  the  acceptable  amount  of
chlorine  in  the  water  that  is  discharged
overboard is 0.2 mg / l,  to which level the
chlorine  must  be  reduced  before  de-
ballasting.

-  Deoxygenation is  also quite  effective,
as ballast water is stored in closed tanks. But
to  be  as  effective  as  possible,  the  ballast
should last for at least 4 days. The method is
not  applicable  to  vessels  performing  short
voyages. The  system  requires  water  to  be
enriched  with  oxygen  when  it  is  thrown
overboard  to  prevent  affecting  natural
seawater. The method is also inappropriate
for  destroying  organisms  that  do  not  use
oxygen  for  their  development  or  have
changed their metabolism.

-  So  far,  no  system  has  received
approval from the Environmental Protection
Agency and other competent authorities  in
the United States, so problems between the
crew on the one hand and the US and federal
authorities on the other are not excluded.

-  Systems  are  complex,  consisting  of
many components,  and their  dislocation of
existing ships is a complicated process. Not
all possible impacts on adjacent mechanisms
may  be  taken  into  account,  resulting  in
damages to system details, emergencies, and
incidents during operation.

-  In  ships  compartments,  where
flammable and explosive gases are likely to
penetrate or to be generated, it is imperative
to have instruments for their indication and
measurement. This  applies  even  more  to
ships  carrying  dangerous  cargos  and
requires  special  instructions  and  crew
training.

Standard  D-3  of  the  Convention
contains  the  order  for  the  approval  of  a
system:   by  the  Flag  Administration  for  a
system  operating  with  inactive  substances;
by  the  Flag  Administration  and  by  Joint
Group of Experts on the Scientific Aspects of
Marine Environmental Protection –  Ballast
Water Working Group  (GESAMP-BWWG)
as  an  IMO  working  group  for  a  system
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containing  active  substances.  When  an
approval granted to a system, this does not
mean that it can be used on all ships under
all conditions. Even after fitting it on board
after  approval,  the  responsibility  for  the
discharge of the ballast lays on shipmasters
shoulders.

Once the type Approval Certificate has
been issued, the Administration has to make
sure that the operating parameters are in the
norm  and  confirms  this  by  issuing  a
Management  of  Ballast  Waters  Operations
Certificate.

The  task  of  the  crew  at  management
level  is  to  monitor  the  validity  of  the
certificates,  the  time  limits  for  the  various
types  of  inspections,  the  regulations,
together with testing and maintaining of all
units  in  the  system,  as  well  as  making
emergency repairs to the crew's capabilities.
For  the  performance  of  all  these
requirements  and  events,  crew  members
must  be  duly  educated  and  prepared.  A
major role in this process is assigned to the
ships’ officers and to the ship's engineers.

Unfortunately,  we  can  conclude,  that
such  training  for  work  with  ballast  water
treatment  systems  is  not  available.  Since
2016  to  2018,  the  authors  took  part  in  an

European  Commission  Grant  Agreement  –
2016-1-RO01-  KA202-024663,  ERASMUS+
Strategic Partnership project “Diversification
of  seafarers’  employability  paths  through
collaborative  development  of  competences
and  certification”.  Main  objective  of  the
project  was  to  improve  the  employability
skills  and  work  opportunities  for  marine
workers  and  to  reduce  the  existing  gap
between the  educational  world  and labour
market by diversification of career paths and
skills  recognition  (ACOMI,  2018).  When
participating  in  the  DivSea  project,
representing  Nikola  Vaptsarov  Naval
Academy, the authors developed an online
course for the initial training of students and
ship’s  crew  to  work  with  Ballast  Water
Treatment Systems.  The course is  available
on the project webpage (divsea.cmu-edu.eu)
and enables  the  test  to  verify  the  acquired
knowledge. E-Platform for blended learning
is presented in Fig. 2. 

Ballast  Water  Treatment  Course  is
designed to gradually  allow trainee and to
view the learning materials. It means that the
trainee has access to the first module, then to
the  associated  test.  Fig.  3  highlights  the
conditions  set  for  the  availability  of
learning materials.

Fig 1. Technologies used in ballast water treatment systems.
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Fig. 2. Moodle E-Platform for Blended learning.

Fig. 3. Conditions set on E-platform.
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Fifty  percent  passing  score  make
available  the  next  training  module  and
associated  test,  then  gradually  to  the  next
modules and tests. There is no time limit for
reading. The trainees are invited to read at
their own pace, even to close it and re-open
when they are prepared for studying. 

On  completion  of  the  modules  and
intermediate tests,  there is  a  final  test.  The
passing  score  for  the  final  test  is  60%.
Achievement of this score would provide an
understanding  of  the  subject,  the  final  test
comprising  40  questions  selected  from
various modules. 

The platform has been set up to award
the  certificate  in  recognition  of  acquired
skills and competencies and the trainee to be
able download it. Moodle allowed designing
the  certificates  and  assigning  individual
codes for the issued certificates.

However,  this  is  not  enough  for  the
crews of the ships and especially for the ship
officers  and engineers  of  management  and
operational level. It is appropriate, together
with  the  Maritime  Administration,  to
consider  a  qualification  course  of  varying
duration.  The  course  should  also  include
visit by the trainees to a vessel moored in the
port of Varna and carrying out loading and
unloading operations. This will enable them
to become familiar with the organization and
operation  of  the  ballast  water  treatment
system,  its  positioning  on  board  and
functionalities.  At  the  same  time,  each
trainer, depending on his position on board,
will  be able to familiarize himself  with the
instructions for  operating a real  system, as
well  as  to  share  experience  in  solving
problems  with  their  colleagues  on  the
particular  ship.  That  way,  at  the  next
boarding, each trainer will  be aware of the
basic  parameters  and  requirements  of  the
systems  and  will  only  need  to  clarify  the
details in order for the ballast operations to
proceed smoothly.

Conclusion
The  dynamics  of  sea-going  trade,  the

concise  ship timetables and the complicated

international situation call for new skills for
the crews of the ships. Requirements for the
protection  of  the  marine  environment
increase by the growing number of potential
pollutants.  Nikola  Vaptsarov  Naval
Academy maintains continuous connections
with ship captains and chief engineers, and
based on  their  experience  and discussions,
we conclude that the ship's knowledge and
skills acquisition period should be shortened
at the expense of the expanding one on the
shore in specialized training centers.  As an
example, it is possible to bring the advanced
system of ECDIS type specific courses for the
deck officers, which help them to take over
their duties on the bridge immediately upon
joining the vessel.
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Abstract. The present study focuses on the old oak forests within the territory of Krumovgrad State
Forestry  Unit  (SFU),  located  in  the  central  part  of  the  Eastern  Rhodopes  Mountains.  Field
measurements were performed in both abandoned and ongoing pens, covered by Quercus petraea
and Quercus frainetto dominated forests with ages ranging between 120-130 years. The aim of the
study was to identify the consequences of long-term practiced grazing in old oak forests (forest
pastures)  after  their  abandonment  as  well  as  the  perspectives  in  terms  of  their  preservation,
restoration,  regeneration  and  future  maintenance.  The  study  confirmed  the  negative  effect  of
intensive grazing over old oak forests within the territory of SFU Krumovgrad, related with soil
exhaustion and erosion, suppression of seeds production/successful regeneration and severe forest
degradation.  However,  it  also revealed the preserved valuable genotypes,  forest  structures and
regeneration potential of these forests. Furthermore, it was proved that during the last 20-30 years,
since  grazing  had  been abandoned or  not  intensively  practiced,  forests’  health  condition  have
improved, canopy closure has increased and old stands were able to successfully regenerate on
their own. In addition, significant similarities between the characteristics of studied old oak forests
and those of old-growth forests were observed. This could reasonably justify some old oak forests’
areas within the SFU Krumovgrad managed territory to be protected from commercial logging by
declaring them old-growth forests that are part of Natura 2000 network or covering them by the
upcoming Forest Stewardship Certification.

Key words: old oak forests, grazing, natural regeneration, livestock, Eastern Rhodopes Mts.

Introduction
During last two decades,  the number of

studies  concerning  old-growth  forests  is
increasing globally, including in Bulgaria (RAEV

et al., 2005;  RAEV 2007;  ZLATANOV et al., 2013;
2016;  2018;  PANAYOTOV et  al., 2016;  WWF,
2019).  Performed  studies  have  provided
information  on  the  important  role  of  these
forests  for  gene  conservation,  biodiversity
maintenance  and  carbon  sequestration,
together with a better understanding of forest

successions  and  reactions  to  climate  change
(VEEN et al., 2010; SABATINI et al., 2018). Despite
the  fact  that  oak  forests  are  widespread
throughout Bulgaria, the area of old  oak forests
(aged  more  than  100  years)  is  decreasing
(KOSTOV & RAFAILOVA, 2009). The main reason
for the negative changes in old oak forests’ area
is their past and present management related
with to  uprooting,  grazing,  logging,  etc.  The
current study was mainly focused on the effect
of grazing on old oak forests.
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Livestock  grazing  in  Bulgarian  forests
was  common  practice  in  past  times
(FETFADZHIEV, 1910) and until the 1950s it had
a great importance for the country’s economy
(STOYANOV,  1932;  1968).  This  form  of
agroforestry  practice  has  its  ecological  and
socio-economic  importance  and  requires
specific  management  and  regulation  at
legislative level (RIGUEIRO-RODRÓGUEZ et al.,
2009; SKALOŠ &  ZACHAROVÁ,  2015). Despite
of  the  advantages  of  silvopastoralizm,  the
excessive  grazing  (especially  by  goats)  is
directly related with forest devastation (PEEV,
1914;  DIMITROV, 1923-1924;  TASLAKOV, 1928;
STOYANOV, 1932;  RADKOV, 1949;  JAZIREI,
2001),  deforestation  and  desertification
(TASLAKOV, 1928; ASNER et al., 2004). Grazing
could change the ratio  between plant species
(JONES et al., 2011; DARABANT et al., 2007), the
ecosystem  processes  and  the  biodiversity
(KUMAR et  al., 2004,  POLASKY et  al., 2011;
MOSQUERA-LOSADA et  al., 2009).  Natural
forest regeneration is also affected by grazing
(RADKOV, 1949;  GARELKOV, 1957;  ROSS et al.,
1970)  and  directly  dependent  on  grazing
intensity. In most cases, natural regeneration
occurs only after grazing cessation (RADKOV,
1949). At present, grazing in Bulgarian forests
is a rarely observed practice.

Thus, the aim of the present  study was
to  identify  the  consequences  of  long-term
practiced grazing in old oak forests after its
abandonment and the perspectives for these
forests  in  terms  of  their  preservation,
restoration,  regeneration  and  future
maintenance. 

Material and Methods
Field  studies  of  old  oak  forests  were

performed  in  2018  within  the  territory  of
Krumovgrad  State  Forestry  Unit  (SFU
KRUMOWGRAD,  2008),  located  in  the  central
part of the Eastern Rhodopes Mountains (Fig.
1).  ANGELOV et  al. (1964)  has  described
several areas within SFU’s managed territory
(along the Bulgarian – Greek border) as old
forests.  The  forests  subject  of  the  current
study are dominated by oak species such as
Quercus petraea  Liebl.,  Quercus frainetto  Ten.,

Quercus cerris L. and Quercus pubescens Willd.
Besides,  European beech (Fagus  sylvatica  L.)
forests are found in the southernmost part of
the territory. Forest areas artificially planted
for  erosion control  with local  pines,  mostly
Black pine (Pinus nigra  Arn.) and to a lesser
extent Scots pine (Pinus sylvestris L.), are also
common for this part of Bulgaria (PETKOV &
BACHVAROV, 1984).

By  1980,  more  than  25  000  ha  of
functioning forest grazing areas called “forest
pastures”  were  present  in  the  Eastern
Rhodopes  region  (PETKOV &  BACHVAROV,
1984).  These  areas  were  used  by  domestic
animals, with the exception of goats. Most of
the  current  study  field  objects  belonged  to
that category of “forest pastures” in the past
and have been actively grazed and used as
livestock shielings. Selected forests (Table 1)
subject  to  current  study  have  also  been
predominantly used for grazing areas in the
past,  while  the  majority  of  them  were  just
recently abandoned (20-30 years ago). In the
field,  more  abandoned  and  less  still
functioning  pens  (e.g.  in  sub-compartments
663-b, 663-zh, 664-z) were observed. 

Thus,  three  permanent  sample  plots
(PSPs) have been established within the most
typical and well-preserved parts of SFU’s old
oak  forests  following  a  methodology
described  by  ZLATANOV et  al. (2013).  A
preliminary  selection  of  sub-compartments
with  old  forests  listed  in  the  SFU’s  valid
Forest Management Plan (SFU KRUMOVGRAD,
2008) was followed by a visualization using
electronic  maps  and  images,  and  finally  a
field study was performed. Each PSP covers
an  area  of  1.7  ha.  Measurements  were
implemented in a grid of 25 circles sized 100
m² each. The distance between their centers
was  of  30  m.  Forest  structure  and
regeneration  were  estimated  by  applying
standard  silvicultural  methods  such  as  tree
height  measurement,  diameter  at  breast
height (DBH) measurement, etc. and further
calculations  (ZLATANOV et  al. 2013)  Forest
regeneration  was  assessed  by  using  the
coefficients  described  by  VELICHKOV et  al.
(2018).
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PSPs  were  situated  in  old  forests,
dominated by Quercus petraea (two PSPs) and
Q.  frainetto (one  PSP)  (Table  2).  PSP  1
represents Quercus petraea forest growing on a
North-facing slope used more than 20 years
ago mainly for grazing during summertime

(Photo  1).  PSP  2  (Photo  2)  and  PSP  3
represent  Q.  petraea and  Q.  frainetto  forests
respectively.  Compared to PSP 1,  these two
PSPs are situated on South-facing slopes and
were  intensively  used  for  winter  grazing
more than 30 years ago.

Fig. 1. Map of territory of Krumovgrad State Forestry Unit,
including the location of the permanent sample plots (PSPs).

Table 1. Main characteristics of studied old oak forests.

Compartment/
Sub-compartment

Area
(ha)

Altitude
a.s.l. (m)

Slope
aspect

Tree species
composition

Average
age (years)

Usage of the
area

318 “g”, “е” 21.6 600 S
Quercus petraea 7
Q. frainetto 3
Prunus avium L.

130 Former pen and 
winter pasture

598 “d” 20.2 645 NE
Q. petraea 10
Q. frainetto
Q. cerris

120
Former pen and 
summer pasture
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598 “b” 19.1 500 NW
Q. petraea 10
Q. frainetto
Q. cerris

120 Former summer 
pasture

652 ”zh” 0.9 460 S
Q. frainetto 10
Q. petraea
Sorbus domestica L.

100
Former pen, 
winter pasture

663 “b” 1.3 500 SE
Q. frainetto 7
Q. petraea 3
Fagus sylvatica

120 Ongoing pen, 
winter pasture

663 ”zh” 3.7 550 S Q. frainetto 7
Q. petraea 3

110 Ongoing pen, 
winter pasture

663 “к” 3.3 550 S
Q. frainetto 9
Q. petraea 1 110

Ongoing pen, 
eroded  winter 
pasture

664 “z” 10.0 500 N Q. frainetto 10
Q. petraea 110 Ongoing pen, 

winter pasture

740 “p” 12.3 550 S
Q. frainetto 7
Q. petraea 3
Q. cerris

120 Ongoing pen

  
    Photo 1. Former pen remains in PSP 1.    Photo 2. Quercus frainetto old forest in PSP 2.

Results
Basic  PSPs’  characteristics  obtained  in

this study are presented in Table 2. Some of
their specific features are the following: PSP
1 is characterized by the highest percentage
(45%) of eagle fern’s (Pteridium aquilinum (L.)
Kuhn) area coverage and the lowest number
(12 600 seedlings/ha) of forest regeneration.
The  presence  of  livestock  (respectively
manure)  in  the  past  is  related  with  the
current presence of eagle fern, which inhibits
the natural forest regeneration. The number
of seedlings is not sufficient to successfully
regenerate  the  old  forest  according  to  the
national  forestry  legislation  (the  valid
Fellings’ Regulation published, 2011) and the

studies  of  RADKOV (1949),  PENEV (1956),
KOSTOV &  STIPTSOV (2004).  However,  our
estimation  is  that  this  old  stand  could  be
successfully regenerated in future due to the
good condition of observed seedlings. PSP 2
and PSP 3 are characterized by regeneration
(28  400  seedlings/ha  and  15  700
seedlings/ha,  respectively),  which  is  more
abundant  than  in  PSP  1  and  sufficient  to
naturally  regenerate  the  old  stands
according  to  the  applicable  forestry
legislation and other studies. The presence of
eagle  fern  is  insignificant  (5%  average
coverage  area)  in  both  PSP  2  and  PSP  3,
which  contributes  to  their  better
regeneration.
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Table 2. Characteristics of selected permanent sample plots.

Characteristics
Permanent sample plots

PSP 1 PSP 2 PSP 3
Compartment/ sub-
compartment 598 “d” 318 “e”, “g” 740 “p”

Tree species 
composition (%)

Quercus petraea (100%)
Fraxinus ornus L.
Sorbus torminalis 
S. domestica L.
Prunus avium 

Q. petraea (85%)
Q. frainetto (10%)
Q. cerris (2%)
S. torminalis (1%)
S. domestica (1%)

Q. frainetto (96%)
Q. petraea (4%)
S. torminalis
S. domestica
P. avium

Number of trees per ha 696 780 956
Average diameter 
at breast height 
(DBH) (cm)

26 21 17

Number of trees 
with DBH above 50 cm 48 68 24

Average canopy 
closure (%) 77 71 71

Number of gaps 0 3 2
Gap size (m2) - from 150 to 300 from 100 to 150

Species composition
of natural 
regeneration 

Quercus petraea (84%)
Fraxinus ornus (6%)
Sorbus torminalis (6%)
S. domestica (2%)
Prunus avium (1%)
Ju. oxycedrus  L. (1%)
Cornus mas L.
Quercus frainetto

Quercus petraea (83%)
Q. frainetto (12%)
Sorbus torminalis (1%)
S. domestica (1%)
Ju. oxycedrus (3%)

Q. frainetto (88%)
Q. petraea (8%)
Fagus sylvatica (1%)
Prunus avium (1%)
Ju. oxycedrus (2%)
Cornus mas

Number of natural 
regeneration 
(seedlings/ha) 

12 600 28 400 15 700

Share of damaged 
seedlings from total
number of seedlings (%)

5 1 10

Eagle fern average 
area coverage (%) 45 5 5

Dead wood (m3/ha) 59 104 66
(incl. decomposed 
dead wood) (19) (24) (31)

Performed activities within last 20 years

Fellings No Yes,
with low intensity

Yes,
with low intensity

Disbranching for 
fodder gathering No No No

Gathering of dead 
wood No No Yes
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Discussion
Studied oak forests have been subjected

to limited logging (mostly for personal needs
related  with  the  use  of  firewood  or
construction material for the local population)
and as a source of livestock fodder. Intensive
commercial logging was not practiced due to
the local population’s resistance in applying a
conservative way of livelihood, related with
traditional  area  management.  The  lack  of
enough pastureland in the region led to the
use  of  dried  tree  branches  with  leaves  as
fodder  for  livestock  during  wintertime
(DIMITROV, 1923-1924).  That  practice  was
widespread  in  the  region  of  the  Eastern
Rhodopes until less than 20-40 years ago and
throughout  the  whole  country  60-70  years
ago.  Both  the  Quercus  frainetto and  the  Q.
petraea forests  were  used as  fodder  sources
(PEEV, 1914; RUSKOV, 1935; STOYANOV, 1954).
For  example,  more  than  6  million  cubic
meters  of  such  fodder  were  harvested  in
Bulgaria in 1962 (RADKOV, 1964). The fodder
collected in August and September was used
to provide additional  livestock food or was
stored  as  a  winter  food  reserve,  and  as  a
source of vitamins (RADKOV,  1964; DINEV &
PATRONOV, 1984).  One important advantage
of  this  type of  livestock  food was  the  easy
way to obtain and store it for the winter. Up
to  10-12  meters  of  the  tree  stem  was
disbranched in late summer, while collected
branches were stored upon other trees or in
piles on the ground. Thus, branches and their
leaves  provided  both  livestock  fodder  and
firewood. Oak forests were considered more
resistant  to  summer  droughts  than
grasslands,  which contributed to the annual
use  of  their  leaves  and  branches.  Some
studies  (FETFADZHIEV,  1910; RUSKOV, 1935;
RADKOV, 1964) indicate that oaks’ leaf mass is
preferable to that of other broad-leaved tree
species and contains high nutritional values.
In  Bulgaria,  a  strong  criticism  of  the
application of this type of forest management
aimed at  fodder gathering existed since the
beginning  of  20th century.  In  most  cases,  it
was related with soil exhaustion and erosion,

suppression  of  seeds  production/successful
regeneration  and  severe  forest  degradation
(PETROV, 1905; PEEV, 1914; RUSKOV, 1935;
PENEV, 1956).  Observed  ongoing  livestock
pens  (sub-compartments  663-k,  664-z,  and
740-p) in our field studies were characterized
by  low  canopy  closure  (less  than  0.5),
intensive  branch  cutting  for  leaf  fodder,
dieback,  soil  erosion  and  overall  forest
degradation. Thus, one of the negative effects
of such forest management was confirmed in
this study.

The plots are situated at longer distances
from  the  villages  which  makes  them  not
easily  accessible  and  favors  the  natural
processes.  Despite  that,  PSP  3  is  still
occasionally  used for  grazing,  as  confirmed
by  interviews  with  local  shepherds  and
observations.  However,  observed  seedlings’
damages in PSP 3 caused by grazing are not a
major obstacle for the successful regeneration
of the forest.

Coppice forest management (related with
periodical  clear  cuttings)  has  been  rarely
applied  in  the  studied  region,  due  to  the
necessity  of  continuous  forest  cover
maintenance over the pastureland. As such,
the  prevailing part  of  preserved old  forests
are high-stemmed or of mixed seed/coppice
origin.  Some  Quercus  petraea or  Q.  frainetto
trees  are  characterized  by  breast  height
diameters of up to 80-100 cm, while their age
exceeds  350  years  (FRYOLIH, 1925;
PANAYOTOV et  al., 2016).  In  the  past,  local
people used to preserve old trees within the
livestock’s  pens  and  the  pastureland
regularly  distributed  to  provide  shade,
shelter,  and  leaf  fodder.  Maintained  forest
canopy  also  ensured  water  preservation
during summertime and suitable habitat for
wintertime to guarantee  enough light,  heat,
rapid ground surface drying, and a lee from
cold winds.  Crucial  for  the existence of  the
old  forests  in  studied  region  is  the
preservation of  the local  population and its
traditional  forms  of  forest  management
related  with  grazing,  livestock  pens  usage
and leaf fodder gathering by branch cutting. 
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Currently, the prevailing part of the old
oak  forests  in  SFU Krumovgrad  subject  to
this  study  are  in  a  good  health  condition,
with an average canopy closure of  0.7 and
sufficient  standing  and  fallen  deadwood
(Table  2).  Numerous  large  sized  trees
regularly  distributed  within  forest  stands
closely  resemble  the  old-growth  forests’
structure described by RAEV (2007),  VEEN et
al. (2010),  ZLATANOV et  al. (2013; 2016),
PANAYOTOV et  al. (2016).  Along  with  the
negative  effect,  the  consequences  of  the
applied specific agroforestry practice possess
also advantages: the old oak forests of seed
origin  and  unique  spatial  structure  are
preserved  together  with  the  genotypes  of
more than 350 years old trees. As confirmed
by this study, once abandoned, these forests
have the potential to successfully regenerate
within 20-30 years after their abandonment.
Their future development is  closely related
with  the  presence  or  lack  of  human
intervention and silvicultural activities.

Conclusions
The  current  study  has  confirmed  the

negative effect of intensive grazing over old
oak  forests  within  the  territory  of  SFU
Krumovgrad,  related  with  soil  exhaustion
and  erosion,  suppression  of  seeds
production/successful  regeneration  and
severe  forest  degradation.  However,  it  also
revealed  the  preserved  valuable  genotypes,
forest structures and regeneration potential of
these forests. It was proved that since grazing
is  abandoned  or  not  intensively  practiced
during  last  20-30  years,  forests’  health
condition improves, canopy closure increases
and  old  stands  are  able  to  successfully
regenerate  on  their  own.  In  addition,
significant  similarities  between  the
characteristics of studied old oak forests and
those  of  old-growth  forests  were  observed
(e.g.  presence  of  large-size  old  trees,  dead
wood, gaps, oaks and their satellites’ natural
seed  regeneration,  etc.). This  could
reasonably justify some old oak forests’ areas
within SFU Krumovgrad managed territory
to be protected from commercial logging by

declaring  them  old-growth  forests  that  are
part  of  Natura  2000  network  or  covering
them  by  the  upcoming  Forest  Stewardship
Certification.
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Abstract.  For decades,  it  is  considered that the Lesser Kestrel  (Falco naumanni,  Fleischer,  1818),
which is one of the smallest species of falcons found in Europe, has disappeared from Bulgaria as a
nesting species.  In this  connection,  “Green Balkans” has launched a program to strengthen the
population and restore as nesting the species in our country. The method of adaptation and release
in nature of translocated chicks from Spain was applied. According to the IUCN requirements, the
reintroduction of species requires the monitoring of the process and its results. For that purpose,
each of the individuals released in nature is marked with a standard (metal) ornithological ring on
one leg and specialized colour PVC ring on the other leg. Considering the international schemes for
the marking of Lesser Kestrel indicated by European colour-ring Birding, the team sets a unique
colour scheme for Bulgaria – orange PVC ring with black inscriptions,  a combination of  letters
and / or numbers. In 2013 the first release of chicks was made in the Special Protected Area Sakar
(BG0002021) which is a part of European network NATURA 2000. For the period 2013-2018, a total
of 671 birds were tagged under this scheme. A scheme for marking with coloured rings of Lesser
Kestrel  was applied for  the first  time in the country in the course of  surveys  of  this  rare and
protected species. Marking with coloured rings allows individual tracking of each bird from a close
distance without their capture being necessary. Due to the fact, the behaviour of birds, the process
of adaptation and stay in the colony area, their migration and the formation of pairs, occupation of
artificial  nests  and  other  ecological  features  are  tracked.  All  this,  is  of  key  importance  in  the
implementation of direct conservation measures in the process of restoring the species as nesting in
the country and the success of the Program. 

Keywords:  Lesser  Kestrel,  Falco  naumanni,  tracking,  colour  ringing,  reinforcement,  re-stocking,
recovery.

Introduction
Until  the  middle  of  the  twentieth

century, the Lesser Kestrel is considered to
be one of the most widespread birds of prey
in  Europe  (BIJLEVELD, 1974).  Its  number  is
decreasing  due  to  the  intensification  of
agriculture  (HAGEMEIJER &  IANKOV, 1997)
and  in  recent  decades  the  European

population  of  this  species  has  reached  a
rapid  decline  (TELLA et  al.,  1998;  Birdlife
International, 2004).

At  the  end  of  the  19th  century,  the
Lesser  Kestrel  is  described  as  a  nesting
species everywhere In Bulgaria (RADAKOFF,
1879).  In  1893  only,  the  colony at  Karlovo
town  numbered  about  100  pairs (REISER,

© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House



Implementation a Scheme for Individual Tracking with Colour PVC Ring...

1894). In the mid-twentieth century, it was a
widespread  species (PATEV,  1950;
ARABADZHIEV,  1962).  In  this  period,  the
species was found even in large cities, such
as Plovdiv, where it nests on one of the hills
in the city, in a mixed colony with common
kestrel (Falco tinnunculus).

MICHEV (1982) reports the change in the
status of the species for the period from 1950
to  1982  as  “nesting“  to  a  “rare  breeding“
species, included in the Red Data Book of the
Republic  of  Bulgaria  in  1985  with  the
category  “endangered  species“(BOTEV &
PESHEV, 1985). Later the population status of
the  species  in  the  country  is  defined  as
“obscure”  (CRAMP &  SIMMONS,  1987).  In
1990-1995,  the population was estimated to
be 10-100 pairs (MICHEV,  1982;  BIBER,  1996)
and no more than 4 colonies (IANKOV,  et al.,
1994). In  a  review of  the  status  of  raptors
(NANKINOV et  al.,  1991),  the  size  of  the
species by 1990 is estimated at 50 breeding
pairs  in  the  country.  For  the  period  1951-
1991, there were 86 breeding habitats, which
fell to 65 10x10 km. UTM squares (IANKOV et
al.,  1994). From  0  to  5  breeding  pairs  of
Lesser  Kestrel  is  the  number  in  1995-2000
(BirdLife  International,  2004;  BAROV,  2002).
No breeding birds (IÑIGO & BAROV, 2010) or
confirmed  breeding  of  the  species  (BAROV,
2007)  are  not  reported  during  the  period
2000-2010. In surveys conducted in 2012 in
the  Natura  2000  sites,  no  breeding  of  the
species  has  been  recorded  and  its
disappearance as a nesting species in them is
established (MATEEVA et al., 2013). Measures
are needed to restore the species as nesting
in Bulgaria.

“Green  Balkans”  has  started  a
specialized project under the LIFE Program
of the European Union - "Recovery of Lesser
Kestrel"  LIFE11NAT/BG/360  to  reinforce
the population and restore the species in our
country  as  a  nesting  one.  The  “Colonial
environment”  method  of  adaptation  and
release in nature of chicks translocated from
Spain was applied (GRADEV et  al.,  2016).  A
scheme for  individual  tracking with colour
PVC ring in the course of the Lesser Kestrel

(Falco  naumanni)  recovery  as  breeder  in
Bulgaria was implemented.

Materials and methods
The  investigation was  conducted from

2013 to 2018 in the area of Special Protected
Area  Sakar  BG0002021  which  is  a  part  of
European network NATURA 2000. Standard
metal  ornithological  rings  were  used  for
released birds during the restoration of the
Lesser Kestrel (DE BEER et al., 2001) and both
standard  and  specialized  PVC  coloured
rings  were  used  for  marking  the  birds
released or hatched in the colony to facilitate
their  individual  identification  during  the
adaptation  and  independent  life  of  birds.
Each of the individuals released in nature is
marked  with  a  standard  (metal)
ornithological  ring  on  one  leg  and
specialized colour PVC ring on the other leg.
The  metal  rings  were  made in  partnership
with  the  Bulgarian  Ornithological  Centre
(BOC),  Institute  of  Biodiversity  and
Ecosystem Research (IBER) of the Bulgarian
Academy  of  Sciences  (BAS).  BOC  is  the
official  coordinator  of  ringing  in  Bulgaria
(NANKINOV et al., 2008) At the international
level,  in  consultation  with  the  European
colour-ring  Birding  -  EURING  and  after
review of the colour marking schemes used
other countries – Spain, Italy, Greece, France
etc. (European colour-ring birding, 2018) for
Bulgaria is determined the orange colour of
the ring combined with black letters and / or
numbers.  Thus,  make  it  possible
identification the country of bird’s origin.

The metal rings are closed in accordance
to  requirements  of  CITES  convention  for
identification  of  chicks  from  captive
breeding  origin  and  conform  to  the
physiological  features  of  the  species.  The
rings are developed in cooperation with the
project  partner DEMA -  Spain and has the
following dimensions (Table 1), produced by
the Spanish company Anillas Talisman, S.L.

Parallel  to  the  metal  rings,  the  Lesser
Kestrel are also marked with coloured PVC
rings.  Made of  specialized quality  material
PMMA which makes them resistant to high
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and  low  temperatures  (INTERREX-RINGS,
2017). PVC rings are of the type “Split plastic
rings”  which  makes  them  easy  and
convenient  to  place.  Compared  to  metal
rings,  the coloured rings are larger in size.
Their diameter varies from 9 mm to 12.5 mm
and their height is 12 mm. The colour rings
are  brighter  and  visible  from  a  larger
distance,  and allow for easier identification

of  each  individual  subject  to  direct
observations  through  optic  equipment.  In
Bulgaria  similar  coloured  rings  are  used  to
mark and track other rare and protected bird
species such as Imperial Eagle (Aquila heliacal),
Saker  Falcon  (Falco  cherrug),  Griffon  Vulture
(Gyps fulvus) and others (GRADEV et al., 2018).

During the survey period,  the following
rings were used in Bulgaria (see Table 2).

 A B

Fig. 1. Standard metal ornithological rings (A - Photo archive “Green Balkans”)
and pliers for insertion (B - Photo archive – DEMA).

Table 1. Size and dimensions of the metal rings.

Diameter before narrowing 8.00 mm
Diameter after narrowing 5.50 mm
Thickness of the metal 1.00 mm
Ring height 5.00 mm

 

Fig. 2. Colour PVC and metal rings. Marked Lesser Kestrel. Photo archive: “Green Balkans”.
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Table 2. European colour-ring Birding codes scheme for Lesser Kestrel - used ring series
in Bulgaria.

Used codes in Codes PVC ring Metal ring

2013
BAA-BJA, BBA-BBZ, BCA-BCZ, BDA-BDZ,
BFA-BFZ, BHA-BHZ. BJA, BTF-BTZ, BVA-

BVZ, BZA-BZZ
On right leg On left leg

2014
BJB-BJZ, BKA-BKZ, BLA-BLZ. BNA-BNZ,
BTA-BTD, BPA-BPZ, BSA-BSZ, 0A-9A, 0B-

9B, 0C-4C
On left leg On right leg

2015 5C-9C, 0D-9D, 0F-9F, 0H-9H, 0J-9J, 0L-9L,
0K-9K, 0N-9N, 0P-9P On right leg On left leg

2016

1T-8T, 0V-8V, 0Z-8Z, SZ, BZ, KAB-KAZ,
KBB-KBZ, KCA-KCZ, KDA-KDZ, KFA-
KFZ, KHA-KHZ, KJA-KJZ, KKA-KKZ,

KLA-KLF

On left leg On right leg

2017

KLH-KLZ, KNA-KNZ, KPA-KPZ, KSA-
KSZ, KTA-KTZ, KVA-KVZ, KZA-KZZ, AB-

AZ, BB-BZ, CA-CZ, DA-DZ, FA-FZ, HA-
HZ, JA-JZ, KA-KL

On right leg On left leg

2018
KP-KZ, LA-LZ, NB-NZ, PA-PZ, SA-SV, TA-

TK, VC-VZ
B00, B01, B02

On left leg On right leg

Direct  observations  to  identify
individuals by reading the code of the PVC
rings were conducted in the area of Lesser
Kestrel  Release  and  Adaptation  Module
(LKRAM) in Levka,  Special  Protected Area
“Sakar”, where the nesting colony is located.
Once the juvenile  Lesser Kestrels  leave the
release  boxes,  the  food is  provided  on  the
roof of the aviary with the adult birds, every
day  in  the  morning  and  evening.  The
feeding time is a suitable moment to monitor
the abundance and presence of individuals,
their behaviour, relations, etc.  Each of these
feeds also describes the rings of the observed
individuals.  The  observations  are  made  in
close proximity, sometimes less than 50 cm,
allowing  the  identification  of  individuals
with  extreme  precision. Direct  observation
through a one-way window enables precise
identification  of  individuals  through  their
colour  rings.  Also,  through  these
observations  the  keepers  can  easily  detect
the presence of wild, non-banded birds from
other colonies. In parallel, when needed, the
team implements monitoring of individuals,

pair  formation,  nest  box  occupancy,  etc.
from observation points outside the Module,
using suitable equipment such as binoculars
and  spotting  scopes  (GRADEV et  al.,  2016).
Such data is also gathered through the video
surveillance  system comprising  15 cameras
and  DV-R  providing  an  important
advantage, namely storing records that can
be  checked  later  (GRADEV et  al.,  2016).
Outside  LKRAM in Levka,  observations  to
determine  the  rings  to  be  run  on  roosting
sites  and  pre-migration  gathering  areas
located  in  the  area  of  Sakar,  by  radio-
telemetry  of  Lesser  Kestrel  (ZHELEV et  al.,
2016). Three roosting sites and pre-migration
gathering areas of the birds from the colony
were  identified,  located  at  5.00  km  (2014)
and 4.30 km (2015) (ZHELEV et al., 2016), and
about 7.00 km (2017, when roosting sites is
localized  by  satellite  tracking,  Green
Balkans, 2017) from their nesting sites. In the
overnight  observations  using  suitable
equipment such as binoculars  and spotting
scopes.  Observations  are  conducted  every
year  between 2013  and 2018,  starting  with
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the  first  kestrel  in  the  colony  area.  The
earliest  date  of  registration  of  a
migratory bird with ring is  identified on
February 23, 2016 and 2017. Observations
continue throughout  spring and summer
and end in the autumn. Upon the return
of  the  first  migratory  bird,  observations
and  artificial  food  are  conducted  almost
daily.  Upon  the  return  of  the  first
migratory  bird,  observations  and
artificial food are conducted almost daily.

At  the  end  of  summer  and  autumn,
they  are  not  of  such  intensity  as  during
the  active  breeding  season.  The  latest
observations  were  made on 9  November
in the autumn when in 2018 the last bird
was observed in the colony area. 

Results
In 2013 the first release of chicks was

made  in  the  area  of  Special  Protected
Area SAKAR Sakar BG0002021 which is a
part  of  European  network  NATURA
2000.  For  the  period 2013 –  2018,  a  total
of  671  were  tagged  under  this  scheme.
These are birds that have been delivered
for  release  from  the  Breeding  Centre
DEMA  in  Spain,  Wildlife  Rehabilitation
and  Breeding  Centre  (WRBC)  of  “Green
Balkans”  in  Stara  Zagora,  wild  caught

birds,  as  well  as  chicks  hatched  in  the
colony  inhabiting  Lesser  Kestrel  Release
and  Adaptation  Module  (LKRAM)  in
Levka,  Special  Protected  Area  “Sakar”
(Table 3). 

Marking  with  coloured  rings  allows
for individual tracking of each birds from
a  close  distance  without  their  capture
being necessary. Due to that fact, is being
tracked of nesting sites, types of artificial
nests  that  are  a  priority  for  research,  as
well  as  the  determination  of  individuals
formatting  the  couples  (Fig.  3.)  and  the
activity  of  individual  parents  in  raising
youngsters.  By  monitoring  of  individual
birds, a correlation between the choice of
partner  and  the  individual  nesting
territory and preconditions for polyandry
were  described  in  LKRAM  Levka
(MIHTIEVA et al, 2016).

Marking  with  coloured  PVC  rings
makes  it  possible  to  thoroughly  record
and  track  individuals  (Fig.  4.),  their
origin (Table  3),  survival  rates  (Table  4),
age  structure,  daily  and  seasonal
dynamics of numbers, etc. indicators that
are  directly  related  to  the  nature
conservation activities carried out during
the  breeding  of  the  species  in  the
country.

Table 3. Ringed (released and wild Lesser Kestrel in LKRAM Levka (2013-2018).

Year

Chicks
from

parental
flock of
“Green

Balkans”
WRBC

Chick
from

pairs of
WRBC

posted to
Levka

Resqued
egg/chicks
originated

from Levka
breeding

colony

Chick from
Levka

breeding
colony

Wild bird
captured /
ringed in

Levka

Total
produced

in
Bulgaria

Chicks
from

DEMA
Breeding

Center
Spain

Total
Bulgaria

n and
Spanish
chicks

2013 90 90
2014 26 3 9 16 3 57 60 117
2015 19 1 0 17 0 37 45 82
2016 61 2 0 37 2 104 40 144
2017 40 0 0 35 0 82 0 82
2018 47 0 0 35 0 82 0 82
Total 193 8 9 175 10 392 279 671
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Fig. 3. Lesser Kestrel established pairs in LKRAM Levka
registered by observing colored rings (2014-2018).

Fig. 4. Registered adult and wild Lesser Kestrel in LKRAM Levka (2014 - 2018).
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Table 4. First year survival of the juvenile Lesser Kestrels released at the LKRAM Levka
(2014 – 2018).

Year
Released
juveniles

Returnees in
2014

Returnees in
2015

Returnees in
2016

Returnees in
2017

Returnees in
2018

Ind Ind % Ind % Ind % Ind % Ind %
2013 90 42 46.66% 5 5.55% 0 0.00% 0 0.00% 0 0.00%
2014 114 37 32.46% 0 0.00% 0 0.00% 0 0.00%
2015 82 21 25.61% 1 1.21% 2 2.42%
2016 142 53 37.32% 0 0.00%
2017 156 54 34.62%

First year survival of the juvenile (FYS)
Lesser  Kestrels  released  at  the  LKRAM
Levka, is  estimated as the number of birds
marked in the previous year, the number of
birds  returning  from  migration  in  the
following  year,  the  rings  of  which  are
counted  and  the  individual  being
determined individually.  In 2015 there were
also 5 individuals who were released in 2013
but  were  not  registered  in  2014.  In  2013,
these birds may have been in a wandering
period and have not returned to the colony
of origin.

Thus, the total first year survival of the
juvenile  released  in  2013  increased  from
46.66% (n = 42) in 2014 to 52.22% (n = 47) in
2015. Similar dynamics were also found for
birds  released  in  2015,  when  returning
25.61% (n = 21) in the following year (2016).

In  2017  and  2018,  more  birds  are
returned that have not been registered in the
first year after their release.  Thus,  by 2018,
FYS  for  birds  released  in  2015  reached
29.24% (n = 24). The average FYS found for
Lesser  Kestrel  in LKRAM in Levka for the
period 2013-2018 is 37,344% (n = 671 marked
birds).

It is fully comparable to the first year of
the  juvenile  Lesser  Kestrels  in  southern
France - 39.7% (n = 325 marked birds) for the
period 2006-2011. Exactly within the project
LIFE  TRANSFERT  -  Reinforcement  and
conservation of Lesser Kestrel populations in
Aude  (FR)  and  Extrémadure  (ES)  LIFE05
NAT/F/000134, is carried Reinforcement of
Lesser Kestrel in methodology (BOURGEOIS et
al.,  2016),  which  is  very  similar  to  that

applied in Bulgaria to restore the nesting of
the Lesser Kestrel (GRADEV et al., 2016).

Discussion
In the monitoring of the already ringed

birds  during  the  survey period there  were
also recorded 9 cases where the colour ring
is  not  available  on  the  leg  of  the  bird  on
which it  is  placed.  In  these  cases,  the  bird
probably  broke  ring  with  the  beak  or  the
ring itself became broken due to aging of the
material.  We also  see broken PVC rings  at
the very time they were placed on the leg.
This  should  be  taken  into  account  when
summarizing  the  data  and  describing  the
missing rings,  as  well  as  taking care when
placing the rings. During the study various
combinations between the background of the
PVC rings  and the  colours  of  the  symbols
with  which  they  are  indicated,  applied  in
Europe. There are 35 different combinations
used  in  8  different  countries  across  the
continent  -  Bulgaria,  Greece,  Spain,  Italy,
Portugal,  France,  Croatia  and Israel,  which
cover almost the whole breeding area of the
Lesser Kestrel in Europe.  Information from
European  Colour-Ring  Birding,  EURING's
partner,  which  coordinates  ringing  at
European level, has been used to develop the
material. 
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Linnaeus, 1758) in Plana Mountain, CW Bulgaria
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Abstract.  Nest of Hazel Grouse was found in Plana Mountain, where the species have not been
reported yet.  According to  collected eggshell  material  we can claim for  9 successfully  hatched
chicks and one died during hatching. The vegetation in the nest site is presented by 60-70 years old
Scots  Pine (Pinus sylvestris L.)  culture.  The nest side is  at  1150m a.s.l.  at  the  foothill  of  a  west
exposed 12˚ slope.

Key words: nest, breeding territory, hatchlings, habitat characteristics.

Bulgarian  Hazel  Grouse  (Bonasa  bonasia
(L.,  1758))  population forms one of  the most
southern parts of species range in Europe. The
species is Least Concern with stable population
trend (Birdlife International, 2015). In Bulgaria
the Hazel Grouse has been protected according
to the  Game Management  Act  of  1926 since
1926. Around the middle of the 20th century the
species distribution including many Bulgarian
mountains also some flat forest areas (PATEV,
1950). At the early 90’s species’ distribution in
Bulgaria starts to decline, so it is spread mainly
in Rhodopes, Rila, Pirin, Sredna gora, Vitosha,
Osogovska, Belasitsa and Slavianka mountains
(BOEV, 1985; SIMEONOV et al., 1990; GERASIMOV
et  al., 2007).  The  population  size  in  Bulgaria
varied  between  1500  –  5000  breeding  pairs
(GERASIMOV et al. 2007). The secretive way of
life and inaccessible habitats make it impossible
to  ascertain  the  actually  distribution  and
breeding density of Hazel Grouse.

The location of the nest we determined by
GPS model Garmin eTrex touch 35, after the
hatching of the chickens. The height of the tree
was  measured  with  altimeter  model  Suunto
PM 5/1520. Clinometer was used to determine
the slope within the sample plot as well. We
also  measured  the  diameters  at  ground and
breast height (1.3 m) of the tree at the base of
which the nest was placed. 

The  Hazel  Grouse  nest  with  3  eggs  (N
42˚29’; E 23 ˚25’) was found in Plana Mountain
on April 17 2018 after flushing the bird from a
one meters from the observer (Fig.1).

We observed seven eggs covered with dry
beech  leaves  on  April  21.  During  this
observation (around 9:30 am) the hen was not
in the nest. In the next visit (April 21) the hen
was  in  the  nest,  incubating  with  its  head
pointed south (at  around 2:00 pm).  Later on
May 22 the chicks were hatched and left the
nest (Fig. 2).
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Fig.1. Nest of Hazel Grouse (Bonasa bonasia)
in Plana Mountain, 17 April 2018 (Photo by

Kamelia Tsvetkova).

According  to  collected  eggshell  material
we can claim for 9 successfully hatched chicks
and  one  died  during  hatching.  This  proofs
successful  breeding  of  the  species  in  Plana
Mountain.  The  size  of  the  egg  with  dead
chicken is 40.63 x 29.12 mm (length  x width).
The nest is 18.5 cm in diameter and 6.5 cm in
depth.

The  nest  is  placed  at  the  base  of
approximately  29  m  high  Scots  Pine  with
diameter  of  44  and  36  cm  at  ground  and
diameter at  breast  height (1,3m) respectively.
Around the tree there is a Blueberry patch with
surface of around 3 m2. The nest side is at 1150
m a.s.l.  at  the foothill  of  a  west  exposed 12˚
slope. Some 35 m away from the nest passes a
small stream across which there is Grey Alder
(Alnus  incana (L.)  Moench)  and  sporadically
Crack Willow  (Salix fragilis  L.). In a relatively
small clearing between the nest and the stream
there are patches of Raspberry (Rubus sp.). The
nest is 300m away from rarely used forest road.

Fig.2. Eggshell remains after hatching in the
nest of Hazel Grouse (Bonasa bonasia) on 22

May 2018 (Photo by Evlogi Angelov).

The  collected  data  allows  confirm
breeding of the Hazel Grouse in the studied
area. The nest and egg sizes are within the
range  known  to  the  species.  The
characteristics  of  the  habitat  are  similar  to
those  in  other  parts  of  the  Hazel  Grouse
areal  (SIMEONOV et  al., 1990;  GLUTZ VON

BLOTZHEIM et  al., 1994)  and  this  is  the
probable reason why the birds have chosen
this nest site.

This  breeding  locality  is  a  new  for
Bulgaria. It is 9763 meters in a straight line
from a locality  of  the  species  described by
GERASIMOV et al. (2007). There are no natural
barriers between the closest known breeding
locality of the Hazel Grouse and that in this
Note.  Two  possible  scenarios  of  the
occurrence of this breeding location can be
suggested:  the  species  has  expanded  its
breeding area; or the locality has been there
before, but has not been reported so far. The
Hazel Grouse is a conservation priority 
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(Biodiversity Act, Annex 2.3) and the present
information  could  help  for  improving  the
species conservation and the management of
habitats in Plana Mountain in the future.
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Abstract. Darevskia praticola was encountered for the second time in the Jiu Gorge National Park,
Romania. The species was observed in August 2018, in a compact beech forest, at 562 m altitude.
This record indicates that the forests in the Jiu Gorge National Park could shelter species whose
distribution is, even nowadays, insufficiently known.
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Darevskia praticola (Eversmann, 1834) is a
rare lizard species, difficult to observe even in
regions where it was previously recorded, its
distribution range is determined mostly by the
existence  of  forests  and  by  the  average
temperature  in  the  cold  season  (see  in:
ĆOROVIĆ et  al.,  2018).  In  Romania,  its
distribution  range  partially  covers  the
southern and south-western regions (e.g.  SOS

et  al.,  2012; COGĂLNICEANU et  al.,  2013;
ĆOROVIĆ et al., 2018). Nevertheless, despite the
new records  in  those  regions  (e.g.  IFTIME &
IFTIME, 2006;  GHERGHEL et al., 2011;  GACEU &
JOSAN,  2013;  BOGDAN et  al.,  2014),  its
distribution is still insufficiently known, both
in  Romania  and  the  Balkan  Peninsula
(ĆOROVIĆ et  al.,  2018).  D.  praticola’s  relation
with  forests  suggests  that  this  species  was
present in the entire southern Romania before
the  massive  deforestation  of  this  region
(GHERGHEL et  al.,  2011).  The  Jiu  Gorge
National Park, situated in southern Romania,
is  still  covered  with  large,  especially  beech,
forests  (THEME no.11.RA/2004).  In  the  Jiu

Gorge  National  Park  D.  praticola was
mentioned  only  once,  10  years  ago,  in  the
park’s  southern  sector,  in  a  meadow
surrounded  by  beech  forests  (COVACIU-
MARCOV et al., 2009a). D. praticola’s rarity and
presence only near the park’s southern limit
seems logical,  because  according to a  recent
study the park’s region is situated close to this
species habitat suitability limit (ĆOROVIĆ et al.,
2018). This fact is even more plausible, because
D. praticola distribution is strongly influenced
by temperature (ĆOROVIĆ et al., 2018), and in
the  park’s  northern  regions  there  are  high
mountain  areas  (MÂNDRUŢ, 2006)  with  low
temperature in the winter (STOENESCU et  al.,
1966). Also, despite recent studies, the species
was not mentioned in the mountain regions
neighboring the park (IFTIME & IFTIME, 2014).
Nevertheless, in the year 2018 we identified a
new distribution point of D. praticola in the Jiu
Gorge National Park, situated to the north-east
and at a higher altitude than the previous one. 

D. praticola was accidentally encountered
in August 5th, 2018, in the vicinity of a thematic
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route, along an abandoned forest road, which
starts at the Meri railroad station and leads to a
plateau  named  Comanda.  At  Meri  railroad
station  the  species  was  previously  reported
(COVACIU-MARCOV et  al.,  2009a).  Although
this trail was walked dozens of times in the
last 10 years, D. praticola was not encountered
until now, a fact that confirms the difficulty of
observing this elusive species (ĆOROVIĆ et al.,
2018).  The  rainy  summer  of  the  year  2018
probably favored the contact with this species.
The observed individual (Fig. 1), an adult, was
encountered in an almost pure beech forest, on
the dense beech leaf litter on the edge of the
road (Fig. 2). Nevertheless, the forest contains
also  oaks,  which  dominate  in  the  lower
regions. The beech forest continues for some
hundreds of meters above the point where we
observed the lizard, and then an open plateau
follows.  Although  D.  praticola was  usually
recorded  near  some  small  water  courses
(COVACIU-MARCOV et  al.,  2009b;  GACEU &
JOSAN, 2013), in this case there was no stream
close to the habitat, but the forest was dense
and  shady.  Moreover  this  species  could  be
considered  an  indicator  for  some
microclimatic conditions in forests (TZANKOV
&  SLAVCHEV,  2016).  The  new  distribution
record  is  situated  at  approximately  two
kilometers  from the  previous  one,  at  562 m
altitude,  at  the  following  coordinates
N45012`46,6``/ E23023`27,4`.

Compared  to  the  previous  distribution
points in Romania (e.g. COGĂLNICEANU et al.,
2013;  ĆOROVIĆ et al.,  2018), this seems to be
one of D. praticola’s highest altitude records in
the  country,  even  if  exceptionally  it  was
mentioned at 1000 m a.s.l.  (IFTIME & IFTIME,
2006).  It  is  possible  that  some  individuals
move  upstream  on  the  thematic  route,  a
former forest  road,  taking advantage of  the
more open areas in its vicinity. Anyway, the
new  distribution  record  indicates  that  the
species is probably better represented in the
southern  regions  of  the  Jiu  Gorge  National
Park, but as it is difficult to observe (ĆOROVIĆ

et al., 2018) new studies are still necessary. D.
praticola’s  protection  should  involve  the
protection of the forest it inhabits, and even

some  forests  where  its  presence  is  not  yet
known,  since  this  species  distribution  is
limited  by  deforestation  (COVACIU-MARCOV
et al., 2009b;  ĆOROVIĆ et al., 2018). In the Jiu
Gorge National  Park this  fact  is  even more
important because at the park’s southern part
there  are  many  forest  plantations,  with  a
poorer  fauna  than  in  the  rest  of  the  park
(COVACIU-MARCOV et al.,  2009a; TOMESCU et
al., 2011).

Fig. 1. The general view of D. praticola from Jiu
Gorge National Park.

Fig. 2. The habitat of D. praticola in the Jiu
Gorge National Park.
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Abstract.  As  of  legal  point  of  view,  the  issues  pertaining  to  environmental  protection  of  the
population cause legal discussions among legal practitioners in the last  decade. This problematics
affects  number of aspects of the state management - regulatory framework,  control  authorities,
level of effectiveness of the control exercised, European standards and directives, etc. The purpose
of the current systematic review is to check the degree of practical utility of the present regulatory
framework in the field of environmental legislation, to analyze the good European practices and to
review in detail the control activities of the specialized administrative authorities, to point the gaps
within the    environmental  legislation and to  make relevant  suggestions  for  optimization.  The
Problematics reviewed in this article is topical in relation of the current European trends in the field
of environmental protection and their impact on human health.

Key words: ecology, environmental protection, health.

When  discussing  the  issues  of
environmental protection of the population,
they should be viewed in two aspects. First,
the  prevention  as  a  main  element  of  the
environmental  protection.  The trend in  the
recent years shows that more and more often
financial funds are being voted on and more
specialized  authorities  are  being  created
with  the  main  goal  -  environmental
protection and health of the population

Etymologically,  the term  prevention
comes  from  the  Latin  word  „praeventio“
which  means  get  ahead  of,  warn.  In  this
sense,  when  we  talk  about  preventive
measures  taken  by  environmental  control
authorities,  we  should  understand  actions
aimed  at  preventing  the  emergence  of

negative consequences affecting the health of
the population. Practically,  such preventive
measures  are  expressed  through  the
implementation  of  information  campaigns
by the Ministry of Environment and Water
and the Ministry of Health, educational talks
of non-governmental organizations,  outside
classroom school events, environmental and
water protection campaigns, etc. Prevention,
in this sense, is a major means of limiting the
possibility  of  adverse  effects  that  would
have a direct impact on human health.

Subsequently,  the  environmental
protection  of  the  population  can  be
considered as an objectively necessary need
for control  by the  competent  authorities  in
relation  to  existing  or  emerging
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circumstances  directly  threatening  the  life
and  health  of  a  person  as  well  as  the
ecological  balance  and  diversity  of  the
species.

 From a practical point of view, it is far
less  effective  to  exercise  a  controlling
sanctioning  activity  once  there  have  been
indications  of  the  realization  of  the
damaging  result,  their  development  is  not
blocked in a timely manner, and as a result,
the  adverse  consequences  themselves  are
allowed to occur.

In this line of thought, in order to limit
the  possibilities  to  form  prerequisites  and
circumstances that would directly affect the
environmental protection of the population,
there  should  be  a  working  normative
regulation on the basis of which the control
bodies exercise their regulatory powers.

Undoubtedly,  the  timely  exercise  of
control activity is the most accurate quality
measure  of  the  effectiveness  of  the
administrative control body. The existence of
such a causal link with the control  activity
exercised and its reported results also affects
the level  of  public  confidence  registered at
national level.

Short  review  of  the  applicable  normative
regulation under The Health Act of the Republic
of Bulgaria.

By  its  nature,  the  Health  Act  (2004)
regulates  both  the  issues  related  to  the
implementation of the overall health policy
on  the  territory  of  the  country  and  those
related to the activity of specialized control
bodies  exercising  powers  related  to  the
environmental  protection of  the population
and the living environment.

The  Health  Act has  identified  the
following issues relevant to the environmental
protection  of  the  population:  Chapter  II  -
"Health  Protection  Activities",  Section  IV
"Activities  to  Impact  Health  Risk  Factors",
Section  VI  "Protection  against  Impact  of
ionizing radiation", Section VII - "Protecting the
health of citizens in carrying out activities with
asbestos and asbestos-containing materials".

Particular  attention  should  be  paid  to
Art. 31 of the that law, which states that "the
State,  the  municipalities,  the  legal  entities
and the individuals carry out their activities,
ensuring  the  protection  of  the  living
environment  from  the  biological,  chemical,
physical and social factors that are harmful
to human health".

The legislator, assessing the significance
of the issues under consideration, obliges all
entities  carrying  out  activities  on  the
territory of the Republic of Bulgaria to take
the  necessary  care  to  preserve  the  living
environment.The deliberate or unintentional
breach of this statutory requirement results
in the imposition of a penalty proportionate
to the deed.

The  normative  text  cited,  makes  clear
the element of prevention that the legislator
has  pledged.  Regardless  of  the  activity
carried out, all  subjects should take care to
preserve  the  living  environment  and  not
endanger  the  life  and  health  of  the
population in any way.

Section  VI  "Protection  against  the
impact of ionizing radiation" by the that law
provides  for  a  special  regime  for  carrying
out  activities  related  to  ionizing  radiation,
this  Section  adduces to  competent
authorities the power to control  the special
regime implementation as  well.  Similarly,
the  Sections  VII  -  "Protecting the  health  of
citizens  in  carrying  out  activities  with
asbestos  and asbestos-containing  materials"
has been settled.  This Section regulates  the
activity  of  control  bodies  and  their
normative powers.

Short  review  of  the  powers  of  the
administrative control bodies exercising activity
under the Health Act.

When  discussing  issues  related  to  the
exercise of administrative control, we should
first clarify its essence.

Recording/registering of  weaknesses
and deviations must not be the only element
of  the  control  activity  carried  out  by  the
government authorities.
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Passive  registration  does  not  meet
today's  requirements  and  expectations  for
control. It must have an active, creative, and
powerful character.

The  transformation  of  the  control  into
not  only  a  finding,  but  also  an  operative
component  of  the  power  of  the
corresponding competent authorities,  is  the
main objective to which the legislator  aims
(KOSTOV, 1985). 

The  original  assertion  in  the  literary
theory that control is predominantly settled
in nature is inaccurate and not lawful in the
context  of  sophisticated social  relationships
in which a controll activity, ending only with
establishment, is rarely found.

The control function is multifaceted and
affects  the  disclosure  and  analysis  of  the
actual situation of the problem, comparison
of  the  factual  situation  with  the  objectives
set,  assessment  of  the  control  activity  and
taking measures  to eliminate the identified
shortcomings.

In  this  sense,  we  could  assume  the
existence of three main functions of control -
finding, evaluating and efficacious (KOSTOV,
1988). The essence of the control is associated
primarily with its punitive nature.

When discussing the control activities of
the  administrative  authorities,  it  should  be
noted  that  by  its  nature  the  legal  norm
establishes the state body and determines its
competence.

In so doing,  the legal norm  recognizes
the ability of the body to be constituted as a
legal entity which is the holder of rights and
obligations  (KUNDEVA,  1999).  In  our  legal
theory, competence is considered to consist
of a combination of two legal categories - the
"right"  and  "duty"  of  the  administrative
body. In other words, the authority has the
right to carry out a specific action, but it also
has the obligation under certain conditions
to exercise its right (ZINOVIEVA, 2018).

Therefore,  when  discussing  issues
related  to  the  exercise  of  administrative
control,  attention should be directed to the
administrative  bodies  that  practice  it  and
their hierarchy in the governance structure.

Its existence is entirely normative, in view of
the legality of the issued acts.

According  to  the  Bulgarian  legal
doctrine  the  breach  of  jurisdiction  leads  to
the most severe sanction for the illegality of
the act - nullity

That  is  why in  the  administrative  law
theory  it  is  assumed that  compliance  with
the  competence  in  the  issuing  of
administrative  acts  is  one  of  the  five
indications  of  the  lawfulness  of  the
individual administrative acts, 146, para 1 of
APC (ZINOVIEVA, 2018).

Article 5 (1) (1) of the Health Act states
that  "The  Minister  of  Health  manages  the
national  health  care  system  and  exercises
control  over  the  activities  related  to:
protection of citizens' health and state health
control".

The State Health Control carried out by
the  Minister  is  directed  at  healthcare
providers – individuals and legal entities ; at
complience with the work of sub-ministerial
bodies as well as those acting in the field of
healthcare. 

The Minister directs  and  exercises
control  over  emergency  medical  care,
transfusion  hematology,  stationary
psychiatric care, and medical and social care
for children up to the age of three.

The  Minister  of  Health  manages  the
national  system  for  noise  analysis,
assessment and control  in urban areas and
public  buildings,  pollutants  in  drinking
water. He analyzes and assesses the factors
of  the  living  environment  at  national  level
and  proposes  measures  to  limit  their
harmful impact on the health of the citizens.

He  directs  the  national  system  for
analysis,  assessment  and  control  of  non-
ionizing  radiation  in  urban  territories  and
public buildings 

The control powers of the Minister are
also  conducting  epidemiological  studies  to
establish  a  relation  between environmental
pollution  and  the  health  status  of  the
population.

In Art. 63, para 1 of the Health Act also
provides  that  "In  the  event  of  an
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extraordinary  epidemic  situation,  the
Minister  of  Health  shall  introduce  anti-
epidemic  measures  on  the  territory  of  the
country or in a separate region".

The stated regulatory powers available
to  the  Minister  of  Health  are  a  peculiar
expression of the level of modernization of
the  healthcare  structure  against  the
backdrop of years of reform.

Undoubtedly,  such  a  trend  is  also
observed in Europe. Such a policy facilitates
the  easier  personalization  of  the  public
authority  when  it  should  assume
responsibility for a major public issue relating
to the life and health of the population.

A  National  Center  for  Radiobiological
and  Radiation  Protection  (NCRRP)  is
established within the Ministry of Health. As
a specialized control body, its activities are
directed  towards  sources  of  ionizing
radiation and protection of the health of the
population and of individual groups of the
population. 

NCRRP investigates  biological  effects
and  assesses  the  risk  of  irradiation,
diagnosis,  consultation  and  treatment  of
professionally exposed to radiation persons,
conducts  training  and  raising  of
qualifications  in  the  field  of  radiation
protection, issues information materials.

NCRRP monitors the population under
normal and increased natural radiation level,
takes measures to optimize the exposure to
medical evidence, ensures quality control in
medical  radiology,  conducts  biological
dosimetry.

 The  medical  surveillance  of  persons
who work with sources of ionizing radiation,
including  the  assessment  of  their  medical
fitness  to  perform  specific  professional
duties,  is  performed  by  doctors  from  the
NCRRP and  from  the  medical
establishments that meet specific regulatory
requirements. The  medical  fitness  of  these
persons is determined by the conclusion of
doctors  with  acquired  specialty
"Radiobiology" or "Radiation hygiene".

The conclusion may be appealed within
14  days  of  its  receipt  to  the  Medical

Appropriation  Committee  of  the  NCRRP.
The  Commission  shall  rule  on  appeals
within 14 days of their receipt by a decision
which is final.

The  decision  determines  the  medical
fitness  of  individuals  to  perform  specific
professional  duties  in  an  environment  of
ionizing radiation.

State  Health  Control  under  the  Health
Act, directly related to the protection of the
population,  is  also  exercised  by  the  Chief
Public  Health  Inspector. Art.  Article  14,
paragraph 1, item 5 of the Health Act states
that  "the  Chief  Public  Health  Inspector
organizes and manages preventive and anti-
epidemic  activities  in  case  of  disasters,
accidents  and  catastrophes". He  performs
methodological  management  and control  of
the departments of institutional health control
at  the  Ministry  of  Justice,  the  Ministry  of
Transport,  Information  Technology  and
Communications,  the  Ministry  of  Defense
and the Ministry of Interior.In its activity, the
Chief  Public  Health  Inspector  exercises
control over the activities of Regional Health
Inspectorates  (RHI),  assisted  by  a  Deputy
Minister from the structures of the Ministry
of Health (ZINOVIEVA, 2016). 

In  the  event  of  a  breach  or  non-
compliance  with  the  health  requirements,
the state health inspectors issue mandatory
prescriptions  and  set  a  time  limit  for  the
removal of the violations.

In order to prevent  and guarantee  the
health  safety  of  citizens,  the  state  health
inspector  has the right  to  take samples for
laboratory analysis and expertise. The action
shall  be  carried  out  in  the  presence  of  the
person concerned – in accordance with Art.
40, para. 1 of The Administrative violations
and  sanctions  Act  (AVSA),  in  order  to
minimize the possibility of doubt about the
samples  taken. The  authority  of  the  State
Health Inspector, when there is doubt about
the  safety  of  products  and  goods  of
importance  to  human  health,  provides  for
the  possibility  of  issuing a  prescription for
the suspension of the particular goods from
sale.
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Attention  should  also be  paid  to the
provision of Art. 44 of the Health Act. The
norm is imperative in relation to the subjects
within its legal  scope.

It  states  that  both  physical  and  legal
persons are obliged to fulfill the prescriptions
and orders of the state health control.Provided
that the prescriptions are not executed on time
and the activity is not stopped, acts are drawn
up  for  the  existence  of  administrative
violations.These  coercive  administrative
measures are subject to prior enforcement (Art.
45,  para.  1  of  the  Health  Act)  When  it  is
established that the offender has committed the
offense guiltily, Art. 53, para. 1 AVSA allows
the  sanctioning  authority  to  issue  a  penalty
decree imposing the offender the appropriate
administrative penalty. The acts drawn up are
appealed through administrative procedure.

A  major  place  in  the  healthcare
structure, and in particular in the exercise of
state  health  control  under  the  Health  Act,
occupy  the  Regional  Health  Inspectorates.
They are created, transformed and closed by
the  Council  of  Ministers  and  are  spatially
located in each districts. 

As an administrative body,  RHIs have
the status of  a legal  entity on state  budget
support.  They  are  relatively  autonomous
structures  subordinated  to  the  Minister  of
Health. Their main function is to coordinate
the interests of the Ministry of Health in each
district  of  the  state,  to  exercise  systemic
control  on  a  regional  level  consistent  with
the established health policy.

Regional  Health Inspectorates monitor,
analyze and assess the factors of the living
environment on the territory of the district
and propose measures to limit their harmful
impact  on  the  health  of  the  citizens.The
Health  Act  provides  that  activities  for  the
destruction or removal of asbestos and / or
asbestos-containing  materials  from
buildings, structures, plants, installations or
ships shall be carried out after obtaining the
authorization of the Director of the Regional
Health Inspectorate on whose territory they
are  carried  out. Given  the  specificity  of
asbestos-containing  materials,  the  legislator

has  provided  for  the  authorization
procedure  to  be  carried out  in  conjunction
with  the  Regional  Inspectorate  for
Environment  and  Water,  which  gives  its
opinion within 14 days of the date of receipt
of the documents to the RHI. If the RHI does
not receive an opinion within the prescribed
time limit, it is considered that the Regional
Inspectorate  for  Environment  and  Water
agrees  to such  authorization  –  with  non-
objection  . The  permission  to  dismantle  or
remove  asbestos  or  asbestos-containing
materials shall be issued by the Director of
the Regional Health Inspection within 5 days
of  receiving  a  favorable  opinion  from  the
Regional  Inspectorate for  Environment and
Water or from receiving the corrected work
plan. In this sense, from a legislative point of
view, the legislator has foreseen the degree
of  public  danger  in  this  type  of  activity,
therefore  a joint  procedure  between  two
institutions is  envisaged,  which  is  the
guarantee  for the protection of the life and
health of the workers and of the population.

   Short review of the  European practices in the
field of environmental law and the related control
activities

The  current  brief  review  of  the
authorities'  control  competences  is  focused
mainly  on  the  Health  Act  and  here  the
general hypotheses under the Environmental
Protection Act will not be considered, but for
completeness of the report we should  point
some  of  the  main  European  principles  of
environmental law, which undoubtedly give
their  imprint  also  in  the  Bulgarian
rulemaking  in  the  field  of  environmental
protection of the population.

In Art. 191, para 2 of the Treaty on the
Functioning of the European Union (TFEU)
four principles  of the environmental  policy
of the European Union are stated:

- Precautionary  principle. Taking
precautionary  measures  to  protect  the
environment  in  the  case  of  insufficient
scientific  data  on  the  harmful  effects  of
anthropogenic  impact  on  the  state  of  the
environment.
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- Preventive action principle. It refers to the
prioritization of preventive legal means. To wit,
to  take  action  at  an  early  stage  in  the
development  of  an  activity to  protect  the
environment (PENCHEV, 2017). For example, the
elaboration of environmental impact assessment,
environmental  assessment,  limit  values  for
harmful concentrations of harmful substances in
environmental compartments, etc.

- Environmental  damage  rectified  at
source  principle. It  focuses  on  mobile  and
stationary  sources  of  over-pollution  of
environmental compartments by prioritizing
measures to minimize their harmful impact -
for example through emission standards for
the  disposal  of  harmful  substances  in  the
environment  from  a  particular  source  of
pollution.  Here,  reference  is  made  to  the
regulatory requirements for issuing specific
authorizations for certain types of activities
by the competent authorities.

- „Polluter  should  pay“principle”. The
polluter pays all expenses for removal of the
consequences of  the  pollution  caused,  and
bears  the  burden  of  the  corresponding
sanction  imposed.  The  focus  is  directly  on
the non-observance of the statutory regime
for protection of the individual components
of the environment (PENCHEV, 2017).

Undoubtedly, the European principles are
also applicable in Bulgarian law. The examined
control functions of the specialized bodies under
the  Health  Act  are  an  example  of  the  good
implication of the established European practices.
Bulgaria  is  also  a  party  to  a  number  of
international  treaties  whose  main object  is  the
protection  of  the  environment  and  direct
protection of the life and health of the population.
For example, the  Geneva Convention on Long-
Range  Transboundary  Air  Pollution  (Geneva,
1979),  the  United  Nations  Framework
Convention  on  Climate  Change (New  York,
1992), the Convention on the protection and use
of transboundary watercourses and international
lakes (Helsinki, 1992). 

The Bulgarian State is actively involved
as  a  party  to  the  contractual  relations  in
defining  the  international  environmental
norms  and  standards  related  to  the

protection  of  the  environment  and  human
life  and health.  Every  year,  our  legislation
evolves  in  this  direction,  including  in  its
content  also  international  norms.  The  high
degree  of  significance  of  the  issues  under
consideration is also evident from the degree
of development of the activity of the control
bodies at the national level.

Conclusions
From  the  brief  review  of  the  control

competences of the specialized administrative
bodies  exercising  activity  under  the  Health
Act,  it  is  concluded  that  at  present  in  the
Republic  of  Bulgaria  a  satisfactory  level  of
administrative  and  controlling  provision  in
the  sphere  of  ecological  protection  of  the
population has been achieved. Undoubtedly
from  a  normative  point  of  view,  there  are
imperfections  of  the  regulation,  but  to  this
moment  it  continues  its  improvement,
according  to  the  needs  of  the  dynamically
developing social relations in this sphere. The
legislator's strive to modernize and adapt the
national  norms  according  to  the  European
standards  for  environmental  protection  is
evident  also  by  the  participation  of  our
country in a number of international treaties,
the  content  of  which  is  in  most  cases
obligatory for the parties.
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study. Avoid presentation of the same information as text and/or 
figure and/or table.  
Discussion section should be separate from the results section at full-
length papers and should deal with the significance of the results and 



their relationship to the aims of the paper. Also include how the 
findings of the paper will change or influence the state of our 
knowledge about the topic at hand. In separate cases a joint section 
“Results and Discussion” is allowed, but not preferable. 
Conclusions should shortly describe the main contributions and 
recommendations of the study without including citations and 
statistics.  
In the Acknowledgements section all persons and organizations that 
helped during the study in various ways, as well as the organization 
that financed the study must be listed. 
 
Short Notes (generally less than four-five manuscript pages) should be 
produced as continuous text, preceded by an abstract of no more than 
150 words. 
 
Tables: The tables must not repeat information already presented in the 
figures or in the text. Each table must be self-explanatory and as simple 
as possible. No fold-outs are accepted. Tables must be numbered 
consecutively. They should be placed within the text at the desired 
position by the author(s). An explanatory caption, located on the top of 
the table, should be provided. 
 
Example:  
 

Table 1. Shannon-Wiener indexes in the burned (Hburned) and control (Hcontrol)  
territory for the total duration of the study (2004–2006). 
 
Figures: They must not repeat information already presented in the tables 
or in the text. Lines and letters in figures must be able to be enlarged or 
reduced without reduction in quality. They should conform to the size of 
the type area (16 × 24 cm) which is the limit for all illustrations. 
Magnification should be shown by scale bars. Colour illustrations are 
accepted, but will appear only in the electronic version of the journal 
(PDF). The illustrations in the hardcopy printed version will be 
greyscale. All illustrations must be sharp, of high quality with at least 
300 dpi. The following formats are acceptable: JPEG, GIF, TIFF, EPS. 
Figures must be numbered consecutively and should be provided with 
an explanatory legend below them. When the figures are presenting maps of 
the studied area, we recommend using some kind of GIS software for the 
preparation of the maps, or use of other indicative or topographical maps. 



Satellite or aerial photos (especially from Google Earth) of the studied 
area will no longer be acceptable!  All figures must be placed within 
the text at the desired position by the author(s). 
 

Example:  
 

Fig. 1. Indicative map of the study area. 
 
 

All tables and figures must be referred to in the text! 
 
Citations and references 
Literature citations in the text should indicate the author's surname in 
SMALL CAPITALS (for more information on SMALL CAPITALS and how to 
make them in Word) with the year of publication in parentheses, e.g. 
CARLIN (1992); BROOKS & CARLIN (1992); SHAPIRO et al. (1968). Citations in 
brackets should be divided with semicolons and the author’s name and 
the year of publication with comma (example: CARLIN, 1992; BROOKS & 
CARLIN, 1992; SHAPIRO et al., 1968). If there are more than two authors, 
only the first should be named, followed by "et al." in italic. References at 
the end of the paper should be listed in alphabetical order by the first 
author's family name and chronologically. If there is more than one work 
by the same author or team of authors in the same year, a, b, etc. is 
added to the year both in the text and in the list of references. Each 
citation in the text must be accompanied by a full reference in the list of 
references and vice versa. Please provide DOI numbers for all 
electronic resources (journal articles, online articles, books), if they 
have DOI, when cited in the references list! 
 
Examples: 
 
 

A journal article: 
AUTHOR A. 1990. Title of the article. - Full title of the journal, 56(3): 35-105.  
AUTHOR A., B. AUTHOR. 1990. Title of the article. - Full title of the journal, 

56(2): 35-105. 
AUTHOR A., B. AUTHOR, C. AUTHOR. 1990. Title of the article. - Full title of 

the journal, 56(1): 35-105. 
 
A book: 
AUTHOR A. 2000. Title of the book. Vol. I. Place of publication. Publishing 

house. 
 
Proceedings or book chapter: 

http://en.wikipedia.org/wiki/Small_caps
https://support.office.com/en-us/article/Change-the-capitalization-of-text-9e3a6b90-5aa4-4fe9-85da-2852605c57af?CorrelationId=42fecc0d-a58e-46d6-998a-4b7d9b14cdcf&ui=en-US&rs=en-US&ad=US
https://support.office.com/en-us/article/Change-the-capitalization-of-text-9e3a6b90-5aa4-4fe9-85da-2852605c57af?CorrelationId=42fecc0d-a58e-46d6-998a-4b7d9b14cdcf&ui=en-US&rs=en-US&ad=US


AUTHOR A., B. AUTHOR 1990. Title of the contribution. - In: Author A. 
(Ed.): Title of the book or proceedings. Place of publication. Publishing 
house, pp. 235-265. 

 
Software: 
STATSOFT INC. 2004. STATISTICA (Data analysis software system), Vers. 7. 

Computer software. Available at: [http://www.statsoft.com]. 
 
Website: 
FAUNA EUROPAEA. 2007. Invertebrates. Fauna Europaea. Vers. 1.1. Available 

at:  [http://www.faunaeur.org]. Accessed: 12.10.2009. 
 
In case of papers written in other than Latin letters, if there is an English 
(or German, or French) title in the summary, it is recommended to be 
used. If there is not such a summary, the author’s names must be 
transcribed and the title of the paper must be translated into English and 
put in square brackets. If the name of the journal is also not in Latin 
letters it also should be transcribed (not translated). This should be noted 
in round brackets at the end of the paragraph, for instance: (In Bulgarian, 
English summary).  
 
Example:  
 
ANGELOV P. 1960. Communications entomologiques. І. Recherches sur la 

nourriture de certaines espèces de grenouilles. – Godishnik na muzeite 
v grad Plovdiv, 3: 333-337. (In Bulgarian, Russian and French 
summary). 

KOROVIN V. 2004. [Golden Eagle (Aquila heliaca). Birds in agricultural 
landscapes of the Ural]. Ekaterinburg, Published by Ural University, 
57 p. (In Russian). 

 
Names of persons who provided unpublished information should be 
cited as follows: “(ANDERSSON, 2005, Stockholm, pers. comm.)”. 
 
Unpublished theses (BSc, MSc, PhD, DSc) are not considered officially 
published scientific literary sources, therefore from January 2015, 
“Ecologia Balkanica” no longer allows citations of such references. 
 



Citing references that are still “in press” is also considered frown 
upon, but not forbidden. If possible, please avoid using such 
references. 
 
For your effortlessness, from January 2015, “Ecologia Balkanica” provides 
an EndNote™ style template based on the Harvard reference style (with 
modifications) available at our site.  
 
Additional requirements 
For special symbols (Greek letters, symbols for male and female etc.) use 
the Symbol list on the Insert menu in Microsoft Word with the following 
preferable fonts: Symbol, Webdings, Wingdings, Wingdings 2 and 
Wingdings 3. Degree symbols (°) must be used (from the Symbol list) 
and not superscript letter “o” or number “0”. Multiplication symbols 
must be used (×) and not small “x” letters. Spaces must be inserted 
between numbers and units (e.g., 3 kg) and between numbers and 
mathematical symbols (+, –, ×, =, <, >), but not between numbers and 
percent symbols (e.g., 45%). 
 
Nomenclature and units. Follow internationally accepted rules and 
conventions: use the International system of units (SI). If other quantities 
are mentioned, give their equivalent in SI. Please use a standard format 
for the units and be uniform in the text, tables and figures. Please prefer 
one of two possible styles: ”m/s” or “m s‐1”. When using “m s‐1” leave a 
space between symbols. 
 
Small capitals and italic letters. The Latin genus and species names must be 
cited completely once in the text and should be typed in italic. Family 
names of the authors in the citations and the publications listed in the 
reference list must be in SMALL CAPITALS, but never for collectors, 
preparators, acknowledgements, etc. 
 
Statistics 
Mean values should always be accompanied by some measure of 
variation. If the goal is to describe variation among individuals that 
contribute to the mean standard deviation (SD) must be used. When the 
aim is to illustrate the precision of the mean standard errors (SE) should 
be given. The last paragraph of Materials and Methods section should 
briefly present the significance test used. Quote when possible the used 
software. Real p values must be quoted both at significance or non-

http://endnote.com/
http://guides.is.uwa.edu.au/harvard
http://en.wikipedia.org/wiki/International_System_of_Units
http://ad2.arbocontext.ro/please/redirect/414/1/1/32/%21hash=2162227491;h4r=30282052;p4r=305410680;uwi=800;uhe=600;uce=1;param=1673/26201_5?


significance. The use of the sign is acceptable only at low values of p 
(e.g. p<0.0001). 
 
Ethics 
The authors of articles that are based on experiments that caused 
injuries or death of animals should explain and justify the grounds of 
the study and state that the scientific results of the study is at least in 
trade-off with the sufferings caused. In the Materials and Methods 
section of the manuscript, the authors should detail as precisely the 
conditions of maintenance, transport, anaesthesia, and marking of 
animals. When available, references should be added to justify that the 
techniques used were not invasive. When alternative non-harming 
techniques exist, but were not used, the manuscripts may not be 
considered for publication. 
 
 
Proofs and Reprints: 
  
Proof will be sent to the first (or corresponding) author for checking (a 
PDF file) only once and it should be returned without delay. 
Corrections should be limited to typographical errors. No additional 
changes of the manuscript are allowed. Following publication, the first 
(or corresponding) author will be provided with electronic copy (PDF) 
of the article. Hardcopy reprints are no longer sent to the authors, since 
2011. 
 
E-mail: ecologia_balkanica@abv.bg 


