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Abstract 
 
At industrial level, by apple processing into juice results significant amounts of waste, representing 25-40% of the mass 
of processed apple depending on the technology applied for juice extraction. At European level, by apple processing 
into juice results annual millions of tonnes of waste. Apple waste is a rich source of food fibres (cellulose, 
hemicellulose, lignin, pectin), minerals (calcium, magnesium, potassium, zinc, iron, etc.), phenolic compounds, mainly 
phenolic acids such as chlorogenic acid, protocatechuic acid and caffeic acid and flavonoids. Also, apple waste 
contains simple sugars (glucose, fructose and sucrose). In this paper are presented the results of the research 
performed to achieve a functional ingredient (powder) from apple waste resulting in apple juice industry. For this 
purpose, apple waste (Jonathan, Golden Delicious and Red Delicious varieties) was subjected to a convective drying 
process at 50°C to protect the bioactive compounds (vitamins, phenolic compounds, etc.) to a moisture content to allow 
their milling and turning them into powder and their stability in terms of quality. The achieved functional ingredient 
was evaluated sensory, physic-chemically and microbiologically. Powder achieved from apple waste is characterized 
by total dietary fibre (60.62...64.75%), iron (2.31....2.73 mg/100 g), potassium (450.12... 508.45 mg/100 g), calcium 
(76.32 ....92.44 mg/100 g), magnesium (41.15....55.65 mg/100 g) and total polyphenol content (17.83 ...38.83 mg 
GAE/g). At the same time, powder achieved from apple waste has antioxidant potential. Due to its complex biochemical 
composition and antioxidant potential, the functional ingredient achieved from apple waste can be used to fortify 
bakery and pastry products. 
 
Key words: apple, pomace, powder, total polyphenol, dietary fibre. 
 
INTRODUCTION 
 
Apples are one of the most consumed fruits in 
the world and are among the main sources of 
phytochemicals and antioxidants in the human 
diet. Approximately 70 million tons of apples 
are produced globally per year (Massias et al., 
2015). Apple fruits have a complex and 
balanced biochemical composition represented 
by vitamins, minerals, sugars, organic acids, 
fibres and phenolic compounds, but has a 
moderate energy value (Feliciano et al., 2010). 
Apple is a good source of fibre with well- 
balanced proportion between soluble and 
insoluble fractions (Gorinstein et al., 2001). 
Also, apple fibres have better quality as 
compared to other dietary fibres due to 
presence of associated bioactive compounds 
(Fernendez-Gives et al., 2003; Wolfe and Liu, 

2003). The prevention of various chronic 
diseases, especially cardiovascular diseases, 
was associated with apple consumption due to 
their content in bioactive compounds 
(polyphenols and fibres) (Rupasinghe et al., 
2012; Serra et al., 2012). Apples contain over 
60 phenolic compounds (Rupasinghe et al., 
2012).  
By apple processing into juice results 
significant amounts of waste, representing 25 - 
40% of the mass of processed apples depending 
on the technology applied for juice extraction. 
In Germany, by apple processing are produced 
annually 200 to 250 ktons of wet apple 
pomace,  followed by Japan, Iran, USA, Spain, 
and New Zealand, which reported quantities of 
160, 97, 27, and 20 ktons per year, of waste 
resulted (Kammerer et al., 2014). In Romania, 
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Abstract 
 
At industrial level, by apple processing into juice results significant amounts of waste, representing 25-40% of the mass 
of processed apple depending on the technology applied for juice extraction. At European level, by apple processing 
into juice results annual millions of tonnes of waste. Apple waste is a rich source of food fibres (cellulose, 
hemicellulose, lignin, pectin), minerals (calcium, magnesium, potassium, zinc, iron, etc.), phenolic compounds, mainly 
phenolic acids such as chlorogenic acid, protocatechuic acid and caffeic acid and flavonoids. Also, apple waste 
contains simple sugars (glucose, fructose and sucrose). In this paper are presented the results of the research 
performed to achieve a functional ingredient (powder) from apple waste resulting in apple juice industry. For this 
purpose, apple waste (Jonathan, Golden Delicious and Red Delicious varieties) was subjected to a convective drying 
process at 50°C to protect the bioactive compounds (vitamins, phenolic compounds, etc.) to a moisture content to allow 
their milling and turning them into powder and their stability in terms of quality. The achieved functional ingredient 
was evaluated sensory, physic-chemically and microbiologically. Powder achieved from apple waste is characterized 
by total dietary fibre (60.62...64.75%), iron (2.31....2.73 mg/100 g), potassium (450.12... 508.45 mg/100 g), calcium 
(76.32 ....92.44 mg/100 g), magnesium (41.15....55.65 mg/100 g) and total polyphenol content (17.83 ...38.83 mg 
GAE/g). At the same time, powder achieved from apple waste has antioxidant potential. Due to its complex biochemical 
composition and antioxidant potential, the functional ingredient achieved from apple waste can be used to fortify 
bakery and pastry products. 
 
Key words: apple, pomace, powder, total polyphenol, dietary fibre. 
 
INTRODUCTION 
 
Apples are one of the most consumed fruits in 
the world and are among the main sources of 
phytochemicals and antioxidants in the human 
diet. Approximately 70 million tons of apples 
are produced globally per year (Massias et al., 
2015). Apple fruits have a complex and 
balanced biochemical composition represented 
by vitamins, minerals, sugars, organic acids, 
fibres and phenolic compounds, but has a 
moderate energy value (Feliciano et al., 2010). 
Apple is a good source of fibre with well- 
balanced proportion between soluble and 
insoluble fractions (Gorinstein et al., 2001). 
Also, apple fibres have better quality as 
compared to other dietary fibres due to 
presence of associated bioactive compounds 
(Fernendez-Gives et al., 2003; Wolfe and Liu, 

2003). The prevention of various chronic 
diseases, especially cardiovascular diseases, 
was associated with apple consumption due to 
their content in bioactive compounds 
(polyphenols and fibres) (Rupasinghe et al., 
2012; Serra et al., 2012). Apples contain over 
60 phenolic compounds (Rupasinghe et al., 
2012).  
By apple processing into juice results 
significant amounts of waste, representing 25 - 
40% of the mass of processed apples depending 
on the technology applied for juice extraction. 
In Germany, by apple processing are produced 
annually 200 to 250 ktons of wet apple 
pomace,  followed by Japan, Iran, USA, Spain, 
and New Zealand, which reported quantities of 
160, 97, 27, and 20 ktons per year, of waste 
resulted (Kammerer et al., 2014). In Romania, 
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apple processing into juice is achieved both in 
industrial units and in small and medium 
capacity plants, in family business, resulting 
large quantities of waste. Apple waste - apple 
pomace - is a heterogeneous mixture of peel, 
seeds, calyx, stem and pulp (Paganini et al., 
2005; Macagnan et al., 2015). Perussello et al. 
(2017) noticed that apple pomace is mainly 
composed of skin and flesh (95%), seeds (2% 
to 4%), and stems (1%). Apple pomace 
contains simple sugars (glucose, fructose, and 
sucrose), carbohydrate, pectin, crude fibre, 
proteins, vitamins and minerals, and as such is 
a good source of nutrients, worth to be 
recovered. Also several microorganisms can 
use apple residues as a substrate for growth 
(Kosseva, 2011; Mirabella et al., 2014). 
Apple pomace has a complex biochemical 
composition: total nitrogen (6.8 g/kg DW), 
total carbon (6.8 g/kg DW), cellulose (127.9 
g/kg DW), hemicellulose (7.2 to 43.6 g/kg 
DW), lignin (15.3 to 23.5), pectin (3.5% to 
14.3% db), total carbohydrate (48.0% to 83.8% 
db), fiber (4.7% to 51.1% db), protein (2.9% to 
5.1% db), lipids (1.2% to 3.9% db), reducing 
sugars (10.8% to 15.0% db), among which 
glucose (22.7%), fructose (23.6%), sucrose 
(1.8%), arabinose (14% to 23%), galactose (6% 
to 15%), and xylose (1.1%). Also, apple 
pomace isnoted for its mineral content, such as 
Ca, Fe, Mg, P (Dhillon et al., 2013). Apple 
pomaceis a richsource of phytochemicals such 
as phenolicacids (chlorogenic, protocatechuic, 
and caffeic acid) and flavonoids, e.g. flavanols 
and flavonols, presenting antioxidant potential 
(Cetkovic et al., 2008; Diňeiro Garcia et al., 
2009; Kohajdová et al., 2014). In addition, it 
has been shown that polyphenols in apple peel 
have beneficial effects on oxidative stress and 
inflammation (Denis et al., 2013). At the same 
time, the phytochemicals which are present in 
apple pomace have beneficial effects on the 
human body such as decrease in lipid oxidation 
and lower cholesterol, and reducing of 
incidence of chronic diseases, such as heart 
disease, obesity and cancer (Yadav and Gupta, 
2015). 
Apple pomace has more pro-health compounds 
than processed products, like juice, nectar and 
other drinks which are often clarification or 
diluted (Kruczek et al., 2017). In this paper are 
presented the results of the research performed 

to achieve a functional ingredient (powder) 
from apple waste resulting in apple juice 
industry. 
 
MATERIALS AND METHODS 
 
Samples 
Apple pomace resulted by apple processing 
into juice within the Pilot Experiments Plant 
for Fruits and Vegetables Processing in IBA 
Bucharest, using a juicer extractor (Philips). 
Within experiments were used three apple 
varieties: Jonathan, Golden Delicious and Red 
Delicious. Apple pomace was subjected to 
dehydration process in a convection dryer at 
temperature 50ºC to a moisture which allows 
their milling and conversion into flours and, at 
the same time, their stability in terms of 
quality. Milling of dried semi-finished products 
was performed by using Retsch mill. The 
achieved functional ingredients (powders) were 
packed in glass containers, hermetically sealed, 
protected by aluminum foil against light and 
stored in dry and cool areas (temperature of 
maximum 20ºC), till to the sensory, physic-
chemical and microbiological analysis. In 
Figure 1 are presented the powders mentioned 
above. 
 

 
Figure 1. Apple pomace powder 

 
Methods 
Sensory analysis  
Sensory analysis (appearance, taste and smell) 
was performed by descriptive method. 
 
 

 
Physic-chemical analysis 
Measurement of the color parameters of 
samples was performed at room temperature, 
using a CM-5 colorimeter (Konica Minolta, 
Japan), equipped with SpectraMagic NX 
software, to register CIELab parameters (the 
Commission Internationale de l’Eclairage - 
CIE), L*, a* and b*: L* - color luminance (0 = 
black, 100 = white); a* - red-green coordinate 
(-a = green, +a = red); b* - yellow-blue 
coordinate (-b = blue, +b = yellow). 
Moisture determination was performed with 
Ohaus Moisture Analyzer MB45 at temperature 
105°C.  
Protein content was determined by the Kjeldahl 
method with a conversion factor of nitrogen to 
protein of 6.25 (AOAC Method 979.09, 2005). 
Fat content was determined according to 
AOAC Method 963.15, and ash content 
according to AOAC Method 923.03 (AOAC, 
2005). 
In order to determine minerals samples were 
mineralized by calcination, with the addition of 
hydrochloric acid and hydrogen peroxide. The 
minerals sodium (Na), potassium (K), calcium 
(Ca), magnesium (Mg) and zinc (Zn) were 
determined by Atomic Absorption 
Spectrophotometer (type AAnalyst 400, Perkin–
Elmer). Iron (Fe) was determined by Graphite 
Furnace Atomic Absorption Spectrophotometer 
(type AAnalyst 600, Perkin–Elmer). 
Total sugar content was determined according 
to Schoorl method. 
Total dietary fibre (TDF) was determined by 
enzymatic method using the assay kits: K-
TDFR ‘‘Total dietary fibre’’ (AOAC Method 
991.43). 
 
Total polyphenol content 
Total polyphenol content was conducted 
according to Horszwald and Andlauer (2011) 
with some modifications (concerning extraction 
media, time and mode of extraction, extract 
volumes of the used sample and reagents, using 
UV-VIS Jasco V 550 spectrophotometer), 
based on calibration curve of gallic acid 
achieved in the concentration range 0 to 0.20 
mg/mL. The extraction of phenolic compounds 
was performed in three extraction media 
(methanol: water = 50:50; ethanol: water = 
50:50; acetone: water = 70:30) and the 
absorbance of the extracts were determined at a 

wave lenght λ = 755 nm. Results were 
expressed as mg of Gallic Acid Equivalents 
(GAE) per g apple pomace powder. 
 
Antioxidant capacity 
The DPPH scavenging radical assay was 
conducted according to Horszwald and 
Andlauer (2011) with some modifications 
(concerning extract volumes of the used sample 
and reagents, using UV-VIS Jasco V 550 
spectrophotometer). The reaction was 
performed in dark for 30 min (at ambient 
temperature) and after this time the absorbance 
was read at 517 nm. It was achieved the 
calibration curve Absorbance = f (Trolox 
concentration), in the concentration range 0-
0.4375 mmol/L and the results were expressed 
as mg Trolox Equivalents per g apple pomace 
powder. 
 
Microbiological analysis 
The water activity (Aw) was determined by an 
instrument Aquaspector AQS-2-TC, Nagy. The 
measurements were performed at 25ºC. Yeasts 
and molds were determined by the method SR 
ISO 21527-1:2009. Enterobacteriaceae were 
determined according to the SR ISO 21528-
2:2008 method and Escherichia coli by SR ISO 
16649-2:2007 method. Salmonella was 
determined by the method SR EN ISO 
6579:2003/AC: 2006. 
 
RESULTS AND DISCUSSIONS  
 
Sensory analysis  
After sensory analysis it was found that the 
obtained powders have specific characteristics. 
Powders obtained from the apple waste arein 
the form of dark beige-to-light brown powder, 
reddish tint, with characteristic pleasant taste 
and smell. 
Following instrumental colour analysis (Figure 
2), it was found that apple pomace powder - 
Jonathan (I) variety is the darkest, recording 
the minimum luminance value (L* = 55.80), 
while apple pomace powder - Red Delicious 
variety is the lightest (L* = 65.56). Apple 
pomace powder - Golden Delicious variety 
recorded luminance values close to that of 
apple pomace powder - Red Delicious variety 
(L* = 61.31, respectively, L* = 63.30). 
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apple processing into juice is achieved both in 
industrial units and in small and medium 
capacity plants, in family business, resulting 
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inflammation (Denis et al., 2013). At the same 
time, the phytochemicals which are present in 
apple pomace have beneficial effects on the 
human body such as decrease in lipid oxidation 
and lower cholesterol, and reducing of 
incidence of chronic diseases, such as heart 
disease, obesity and cancer (Yadav and Gupta, 
2015). 
Apple pomace has more pro-health compounds 
than processed products, like juice, nectar and 
other drinks which are often clarification or 
diluted (Kruczek et al., 2017). In this paper are 
presented the results of the research performed 

to achieve a functional ingredient (powder) 
from apple waste resulting in apple juice 
industry. 
 
MATERIALS AND METHODS 
 
Samples 
Apple pomace resulted by apple processing 
into juice within the Pilot Experiments Plant 
for Fruits and Vegetables Processing in IBA 
Bucharest, using a juicer extractor (Philips). 
Within experiments were used three apple 
varieties: Jonathan, Golden Delicious and Red 
Delicious. Apple pomace was subjected to 
dehydration process in a convection dryer at 
temperature 50ºC to a moisture which allows 
their milling and conversion into flours and, at 
the same time, their stability in terms of 
quality. Milling of dried semi-finished products 
was performed by using Retsch mill. The 
achieved functional ingredients (powders) were 
packed in glass containers, hermetically sealed, 
protected by aluminum foil against light and 
stored in dry and cool areas (temperature of 
maximum 20ºC), till to the sensory, physic-
chemical and microbiological analysis. In 
Figure 1 are presented the powders mentioned 
above. 
 

 
Figure 1. Apple pomace powder 

 
Methods 
Sensory analysis  
Sensory analysis (appearance, taste and smell) 
was performed by descriptive method. 
 
 

 
Physic-chemical analysis 
Measurement of the color parameters of 
samples was performed at room temperature, 
using a CM-5 colorimeter (Konica Minolta, 
Japan), equipped with SpectraMagic NX 
software, to register CIELab parameters (the 
Commission Internationale de l’Eclairage - 
CIE), L*, a* and b*: L* - color luminance (0 = 
black, 100 = white); a* - red-green coordinate 
(-a = green, +a = red); b* - yellow-blue 
coordinate (-b = blue, +b = yellow). 
Moisture determination was performed with 
Ohaus Moisture Analyzer MB45 at temperature 
105°C.  
Protein content was determined by the Kjeldahl 
method with a conversion factor of nitrogen to 
protein of 6.25 (AOAC Method 979.09, 2005). 
Fat content was determined according to 
AOAC Method 963.15, and ash content 
according to AOAC Method 923.03 (AOAC, 
2005). 
In order to determine minerals samples were 
mineralized by calcination, with the addition of 
hydrochloric acid and hydrogen peroxide. The 
minerals sodium (Na), potassium (K), calcium 
(Ca), magnesium (Mg) and zinc (Zn) were 
determined by Atomic Absorption 
Spectrophotometer (type AAnalyst 400, Perkin–
Elmer). Iron (Fe) was determined by Graphite 
Furnace Atomic Absorption Spectrophotometer 
(type AAnalyst 600, Perkin–Elmer). 
Total sugar content was determined according 
to Schoorl method. 
Total dietary fibre (TDF) was determined by 
enzymatic method using the assay kits: K-
TDFR ‘‘Total dietary fibre’’ (AOAC Method 
991.43). 
 
Total polyphenol content 
Total polyphenol content was conducted 
according to Horszwald and Andlauer (2011) 
with some modifications (concerning extraction 
media, time and mode of extraction, extract 
volumes of the used sample and reagents, using 
UV-VIS Jasco V 550 spectrophotometer), 
based on calibration curve of gallic acid 
achieved in the concentration range 0 to 0.20 
mg/mL. The extraction of phenolic compounds 
was performed in three extraction media 
(methanol: water = 50:50; ethanol: water = 
50:50; acetone: water = 70:30) and the 
absorbance of the extracts were determined at a 

wave lenght λ = 755 nm. Results were 
expressed as mg of Gallic Acid Equivalents 
(GAE) per g apple pomace powder. 
 
Antioxidant capacity 
The DPPH scavenging radical assay was 
conducted according to Horszwald and 
Andlauer (2011) with some modifications 
(concerning extract volumes of the used sample 
and reagents, using UV-VIS Jasco V 550 
spectrophotometer). The reaction was 
performed in dark for 30 min (at ambient 
temperature) and after this time the absorbance 
was read at 517 nm. It was achieved the 
calibration curve Absorbance = f (Trolox 
concentration), in the concentration range 0-
0.4375 mmol/L and the results were expressed 
as mg Trolox Equivalents per g apple pomace 
powder. 
 
Microbiological analysis 
The water activity (Aw) was determined by an 
instrument Aquaspector AQS-2-TC, Nagy. The 
measurements were performed at 25ºC. Yeasts 
and molds were determined by the method SR 
ISO 21527-1:2009. Enterobacteriaceae were 
determined according to the SR ISO 21528-
2:2008 method and Escherichia coli by SR ISO 
16649-2:2007 method. Salmonella was 
determined by the method SR EN ISO 
6579:2003/AC: 2006. 
 
RESULTS AND DISCUSSIONS  
 
Sensory analysis  
After sensory analysis it was found that the 
obtained powders have specific characteristics. 
Powders obtained from the apple waste arein 
the form of dark beige-to-light brown powder, 
reddish tint, with characteristic pleasant taste 
and smell. 
Following instrumental colour analysis (Figure 
2), it was found that apple pomace powder - 
Jonathan (I) variety is the darkest, recording 
the minimum luminance value (L* = 55.80), 
while apple pomace powder - Red Delicious 
variety is the lightest (L* = 65.56). Apple 
pomace powder - Golden Delicious variety 
recorded luminance values close to that of 
apple pomace powder - Red Delicious variety 
(L* = 61.31, respectively, L* = 63.30). 
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Also, the minimum positive values of 
parameter a* (red colour coordinate) and 
parameter b* (yellow colour coordinate) were 
recorded in case of apple pomace powder - Red 
Delicious variety. 
 

 
 

Figure 2. Colour parameters of the powders achieved 
from apple pomace 

 
Physic-chemical analysis 
Composition of the powders achieved from 
apple waste is presented in Table 1. Water 
content of apple pomace powders resulted by 
processing of apple varieties studied into juice 
(Jonathan, Golden Delicious and Red 
Delicious) is comparable to that reported by 
Younas et al. (2015) (7.82±0.2%, in case of 
Kala Kullu variety).  
 

Table 1. Physic-chemical composition of powders 
achieved from apple waste 

 

 
 
Ash content of apple pomace powders varied in 
the range 1.69 - 1.92% (the minimum value 
was recorded in case of apple pomace powder - 
Jonathan (I) variety, and the maximum one in 
case of apple pomace powder - Golden 
Delicious (II) variety). Ash content of apple 
pomace powder is comparable with that 
reported by Younas et al. (2015) (1.66±0.10%, 
respectively, 1.88±0.13%), but higher than that 
presented by O’Shea et al. (2015) 
(1.60±0.02%). The protein content of apple 
pomace powders of three varieties is higher 
than that reported by Younas et al. (2015) 
(4.53±0.37%, respectively, 3.43±0.03%) and 
by O’Shea et al. (2015) (2.37±0.12%). 

Powders achieved from apple waste have the 
lipid content in the range 2.08-2.84%, 
comparable to that reported by O’Shea et al. 
(2015) (2.27±0.23%), but higher than that 
presented by Yadav and Gupta (2015). It is 
noted the high content of total sugar (expressed 
as % invert sugar) of apple pomace powders, 
obtained from experiments. Values obtained for 
this chemical parameter varied within the small 
range (18.56 - 19.48%). 
Apple pomace powders are important sources 
of dietary fibre. The total fibre content varied 
in the range 60.62- 64.75% (the minimum 
value was recorded in case of apple pomace 
powder - Golden Delicious (II) variety, and the 
maximum one in case of apple pomace powder 
- Jonathan (II) variety).The fibre content of 
apple pomace powders obtained in experiments 
is higher compared to that reported by Yadav 
and Gupta (2015), respectively 30.86%. 
Dietary fibre intake in Western countries is of 
18 g per person per day, but, according World 
Health Organization, population's fibre intake 
should increase to 30 g a day (British nutrition 
fundation, 2015). A proper intake of dietary 
fibre in diet has beneficial effects on health, 
such as regulation of intestinal transit, 
prevention of diabetes, cardiovascular diseases 
and colon cancer. Food fibres reduce the risk of 
hyperlipidaemia, hypercholesterolemia and 
hyperglycaemia, through specific mechanisms 
that modulate and influence the digestion, 
absorption and metabolism of nutrients 
(Macagnan et al., 2015). Apple pomace is a 
good source not only of total dietary fibre, but 
also contains a large amount of soluble dietary 
fibre, represented by pectin (Shah and 
Masoodi, 1994; Issar et al., 2016). Apple pectin 
is distinguished by a high degree of 
esterification, has a prebiotic effect and is 
fermented by the microflora in the large 
intestine. Researches in the field have shown a 
relationship between pectin consumption and 
maintenance of normal blood cholesterol levels 
or a reduction of post-prandial glycaemic 
responses (Ferretti et al., 2014). 
The powders achieved from apple waste are an 
important source of minerals (K, Ca, Mg, Fe, 
Zn). Their content in minerals is presented in 
Figures 3 and 4. 
Some mineral elements, such as sodium and 
potassium, have mainly electrolyte function; 

 
others such as magnesium and calcium serve a 
structural function in addition to acting as 
electrolytes. 
 

 
 

Figure 3. Mineral content (Na, K, Ca, Mg) of the 
powders achieved from apple pomace 

 
Also, many minerals interfere for the 
production and function of a wide variety of 
enzymes necessary for normal metabolic 
reactions. Other minerals have an important 
role in hormones synthesis, antioxidant 
activity, cell signalling, and energy production 
(Mahan et al., 2012; Mueller, 2012; NIH, 
2016). 
Apple pomace powders have high potassium 
content in the range 450.12-508.45 mg/100 g, 
the maximum value being recorded by apple 
pomace powder - Jonathan (II) variety. Their 
potassium content is higher than that reported 
by O’Shea et al. (2015) (253.1±28.4 mg/100 g). 
Potassium is important in lowering blood 
pressure. A high-potassium diet reduces 
cardiovascular disease or renal disease and 
decrease the risk of osteoporosis (He and 
MacGregor, 2008). Also, Sousa et al. (2014) 
mention that this may lead to a balance of 
minerals, which favours hypertension control.  
The calcium content of the powders achieved 
from apple pomace varied in a relatively small 
range (76.32 - 92.44 mg/100 g), the maximum 
value being recorded by apple pomace powder 
- Jonathan (II) variety. The results obtained for 
the calcium content are consistent with those 
reported by Dhillon et al. (2013) (60 – 100 
mg/100 g), but smaller than those presented by 
O’Shea et al. (2015) (126.5±14.2 mg/100 g). 
Also, the powders achieved from apple pomace 
are noted by magnesium content (41.15 - 55.65 
mg/100 g), which is 3.27 - 4.42 times higher 
than that reported by O’Shea et al. (2015) 
(12.6±1.42 mg/100 g). 

Iron content of the powders achieved from 
apple pomace in this study varied in the range 
2.31 - 2.73 mg/100 g. 
 

 
 

Figure 4. Mineral content (Fe, Zn, and Cu) of the 
powders achieved from apple pomace 

 
Minimum value was registered for apple 
pomace powder - Red Delicious variety and the 
maximum one was registered for apple pomace 
powder - Golden Delicious (II) variety. Iron 
content of the apple pomace powders is 2.75 - 
3.25 times higher than that reported by O’Shea 
et al. (2015) (0.84±0.12 mg/100 g). Iron is an 
essential element for almost all living 
organisms as it participates in a wide variety of 
metabolic processes, including oxygen 
transport, deoxyribonucleic acid (DNA) 
synthesis, and electron transport (Abbaspour et 
al., 2014).  
Apple pomace powders have a zinc content in 
the range 1.54-1.96 mg/100 g, in conformity 
with the one presented by Dhillon et al. (2013) 
(1.65 mg/100 g). Zn is an important element of 
the immune system. Also, Bashandy et al. 
(2016) showed that the protective effect of zinc 
can be attributed to its antioxidant and anti-
inflammatory properties. 
Copper content of apple pomace powders 
achieved within this study (0.20-0.38 mg/100 
g) is comparable to that reported by Bhushan et 
al. (2008) and Kruczek et al. (2017) (0.11 
mg/100 g). 
 
Total polyphenol content 
Apple pomace powders are important sources 
of phenolic compounds. Their total polyphenol 
content is presented in Figure 5.  
Total polyphenol content of apple pomace 
powders varied in the range 17.83 ...38.83 mg 
GAE/g (the minimum value was recorded in 
case of apple pomace powder - Golden 
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content of the apple pomace powders is 2.75 - 
3.25 times higher than that reported by O’Shea 
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essential element for almost all living 
organisms as it participates in a wide variety of 
metabolic processes, including oxygen 
transport, deoxyribonucleic acid (DNA) 
synthesis, and electron transport (Abbaspour et 
al., 2014).  
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the range 1.54-1.96 mg/100 g, in conformity 
with the one presented by Dhillon et al. (2013) 
(1.65 mg/100 g). Zn is an important element of 
the immune system. Also, Bashandy et al. 
(2016) showed that the protective effect of zinc 
can be attributed to its antioxidant and anti-
inflammatory properties. 
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achieved within this study (0.20-0.38 mg/100 
g) is comparable to that reported by Bhushan et 
al. (2008) and Kruczek et al. (2017) (0.11 
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Apple pomace powders are important sources 
of phenolic compounds. Their total polyphenol 
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Delicious (II) variety and the maximum one in 
case of apple pomace powder - Jonathan (I) 
variety). 
 

 
 

Figure 5. Total polyphenol content of the powders 
achieved from apple pomace 

 
Values of polyphenol content obtained within 
this study are higher compared to that 
reportedfor apple pomace powder: Diňeiro 
Garcia et al. (2009) (5.5 ...10.9 mg GAE/g), 
Rana et al. (2015) (3.98 … 5.78 mg GAE/g) 
and Younas et al. (2015) (4.93±0.39 mg 
GAE/g, respectively, 6.11±0.15 mg GAE/g). 
The results obtained for total polyphenol 
content of apple pomace powders achieved 
within experiments are due to the apple 
varieties used in the experiments, but also to 
the fact that apple waste was subjected to 
dehydration to a low temperature (50°C), 
immediately after juice extraction, for 
inactivation of enzymes favoring the 
degradation of phenolic compounds. Lavelli 
and Corti (2011) showed that enzymes mediate 
the degradation of polyphenols and therefore 
for polyphenol preservation in apple pomace, it 
should be subjected to the dehydration process 
immediately after apple processing, which 
should inactivate the degrading enzymes. 
The most effective solvent for the extraction of 
total polyphenols was acetone:water = 70:30, 
the results obtained being in conformity with 
those obtained by Rana et al. (2015). 
The combination of apple pectin and a 
polyphenol-rich apple concentrate significantly 
decreased plasma cholesterol and triglyceride 
levels, as well as intestinal cholesterol 
absorption (Aprikian et al., 2003). Also, 
polyphenol-rich fractions from an apple 
pomace ethanol extract have anti-inflammatory 
activity (Yue et al. 2012). In a recent study, 
Sharma et al. (2016) showed the protective 
effect of apple pomace aqueous extract against 

CCl4 damage-induced hepatic injury. 
Treatment with apple pomace aqueous extract 
reduced the liver damage caused by CCl4, 
indicated by improved serum level of liver 
marker enzymes, antioxidative capacity, 
apoptosis inhibition, and Nrf2 induction. 
 
Antioxidant capacity 
Due to their content in phenolic compounds 
apple pomace powders have antioxidant 
capacity. Antioxidant capacity of the powders 
achieved from apple pomace is presented in 
Figure 6. 
 

 
 
Figure 6. Antioxidant capacity of the powders achieved 

from apple pomace 
 

Antioxidant capacity of apple pomace powders 
varied in the range 1.77 ...... 5.12 mg Trolox 
Equivalents/g, taking into account those three 
extraction media used (the minimum value was 
recorded in case of apple pomace powder - 
Golden Delicious (II) variety and the maximum 
one in case of apple pomace powder - Jonathan 
(I) variety). When using the acetone:water = 
70:30 mixture as an extraction medium, higher 
values of antioxidant capacity were obtained, 
ranging from 2.71 .... 5.12 mg Trolox 
Equivalents/g. The values obtained in this case 
for antioxidant capacity are higher than those 
reported by Rana et al. (2015) (2.09...3.74 mg 
Trolox Equivalents/g). 
For the powders achieved from apple pomace 
between the total polyphenol content and  
antioxidant capacity it is a linear correlation, 
regression coefficient R2 being 0.9355 in case 
of use as extraction medium of methanol:water 
= 50:50, 0.9323 in case of ethanol:water = 
50:50, and respectively, 0.9755 in case of 
acetone:water = 70:30. In Figure 7 is presented 
the correlation between the total polyphenol 
content and antioxidant capacity in case of the 

 
powders achieved from apple pomace 
(acetone:water = 70:30, as extraction medium). 
The results presented are consistent with those 
reported by Rana et al. (2015), which also 
obtained a linear correlation between the total 
polyphenol content and the antioxidant 
capacity values. 
 

 
 

Figure 7. Correlation between the total polyphenol 
content and antioxidant capacity in case of powders 

achieved from apple pomace (extraction medium 
acetone:water = 70:30) 

 
Microbiological analysis 
Results of the microbiological analysis of the 
powders achieved from apple pomace are 
presented in the Table 2. 
 

Table 2. Microbiological analysis of powders achieved 
from apple waste  

 

 
 
Microbiological analysis shown that the 
achieved powders are in the frame of the 
provisions of the legislation into force. These 
powders show low values of water activity 
(0.324-0.341), which give them 
microbiological stability. 
 
CONCLUSIONS  
 
Powders achieved from apple pomace are 
important sources of minerals (K, Fe, Mg, Ca, 
Zn), dietary fibres and bioactive compounds. 
Thus, apple pomace powders are important 
sources of polyphenols (17.83 ...38.83  mg 
GAE/g). Also these powders have antioxidant 

potential being beneficial in ahealthy diet for 
prevention of diseases caused by free radicals. 
On the other hand, powders achieved in this 
study are characterized by high dietary fibre 
content (60.62...64.75%) being important 
sources to increase the fibre content of foods 
(bakery products, pastry products etc.). 
Increase of the fibre content in case of the 
sweet flour products is very important because 
it reduces their glycemic impact on the human 
body, thus preventing the development 
ofdiabetes mellitus and obesity. Also, dietary 
fibre have an important role in promoting 
feeling of satiety and detoxification of the 
human body. 
Powders achieved from apple waste can be 
regarded as functional ingredients and can be 
used to fortify food products (bakery and pastry 
products, especially) in order to increase the 
nutritional and their antioxidant potential. 
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should be subjected to the dehydration process 
immediately after apple processing, which 
should inactivate the degrading enzymes. 
The most effective solvent for the extraction of 
total polyphenols was acetone:water = 70:30, 
the results obtained being in conformity with 
those obtained by Rana et al. (2015). 
The combination of apple pectin and a 
polyphenol-rich apple concentrate significantly 
decreased plasma cholesterol and triglyceride 
levels, as well as intestinal cholesterol 
absorption (Aprikian et al., 2003). Also, 
polyphenol-rich fractions from an apple 
pomace ethanol extract have anti-inflammatory 
activity (Yue et al. 2012). In a recent study, 
Sharma et al. (2016) showed the protective 
effect of apple pomace aqueous extract against 

CCl4 damage-induced hepatic injury. 
Treatment with apple pomace aqueous extract 
reduced the liver damage caused by CCl4, 
indicated by improved serum level of liver 
marker enzymes, antioxidative capacity, 
apoptosis inhibition, and Nrf2 induction. 
 
Antioxidant capacity 
Due to their content in phenolic compounds 
apple pomace powders have antioxidant 
capacity. Antioxidant capacity of the powders 
achieved from apple pomace is presented in 
Figure 6. 
 

 
 
Figure 6. Antioxidant capacity of the powders achieved 

from apple pomace 
 

Antioxidant capacity of apple pomace powders 
varied in the range 1.77 ...... 5.12 mg Trolox 
Equivalents/g, taking into account those three 
extraction media used (the minimum value was 
recorded in case of apple pomace powder - 
Golden Delicious (II) variety and the maximum 
one in case of apple pomace powder - Jonathan 
(I) variety). When using the acetone:water = 
70:30 mixture as an extraction medium, higher 
values of antioxidant capacity were obtained, 
ranging from 2.71 .... 5.12 mg Trolox 
Equivalents/g. The values obtained in this case 
for antioxidant capacity are higher than those 
reported by Rana et al. (2015) (2.09...3.74 mg 
Trolox Equivalents/g). 
For the powders achieved from apple pomace 
between the total polyphenol content and  
antioxidant capacity it is a linear correlation, 
regression coefficient R2 being 0.9355 in case 
of use as extraction medium of methanol:water 
= 50:50, 0.9323 in case of ethanol:water = 
50:50, and respectively, 0.9755 in case of 
acetone:water = 70:30. In Figure 7 is presented 
the correlation between the total polyphenol 
content and antioxidant capacity in case of the 

 
powders achieved from apple pomace 
(acetone:water = 70:30, as extraction medium). 
The results presented are consistent with those 
reported by Rana et al. (2015), which also 
obtained a linear correlation between the total 
polyphenol content and the antioxidant 
capacity values. 
 

 
 

Figure 7. Correlation between the total polyphenol 
content and antioxidant capacity in case of powders 

achieved from apple pomace (extraction medium 
acetone:water = 70:30) 

 
Microbiological analysis 
Results of the microbiological analysis of the 
powders achieved from apple pomace are 
presented in the Table 2. 
 

Table 2. Microbiological analysis of powders achieved 
from apple waste  

 

 
 
Microbiological analysis shown that the 
achieved powders are in the frame of the 
provisions of the legislation into force. These 
powders show low values of water activity 
(0.324-0.341), which give them 
microbiological stability. 
 
CONCLUSIONS  
 
Powders achieved from apple pomace are 
important sources of minerals (K, Fe, Mg, Ca, 
Zn), dietary fibres and bioactive compounds. 
Thus, apple pomace powders are important 
sources of polyphenols (17.83 ...38.83  mg 
GAE/g). Also these powders have antioxidant 

potential being beneficial in ahealthy diet for 
prevention of diseases caused by free radicals. 
On the other hand, powders achieved in this 
study are characterized by high dietary fibre 
content (60.62...64.75%) being important 
sources to increase the fibre content of foods 
(bakery products, pastry products etc.). 
Increase of the fibre content in case of the 
sweet flour products is very important because 
it reduces their glycemic impact on the human 
body, thus preventing the development 
ofdiabetes mellitus and obesity. Also, dietary 
fibre have an important role in promoting 
feeling of satiety and detoxification of the 
human body. 
Powders achieved from apple waste can be 
regarded as functional ingredients and can be 
used to fortify food products (bakery and pastry 
products, especially) in order to increase the 
nutritional and their antioxidant potential. 
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Abstract 
 
The research realised in this paper was based on ecologic principles such as: stimulating forestry and hunting funds to 
participate in the rural tourism market, protecting game species through improving life conditions, strict control of the 
number of pests and combating illegal hunting (poaching); encouraging biodiversity conservation through sustainable 
nature-based tourism. The paper argues the necessity of conforming hunting tourism to modern tendencies which 
involve responsible travelling to natural areas. The study of the reliability of the main game species, quantitative and, 
qualitative value indicators, as well as the optimal number of animals, the influence of the anthropic factors reflected in 
how to manage the hunting fund, the theoretical calculation of harvesting quotas and the comparison of the real and 
optimal ones, the combating of game pests are all elements that we consider to be extremely important in solving the 
proposed objectives, in order to create the best premises and conditions for rural tourism practices specializing in 
image hunting. 
 
Key words: rural tourism, hunting fund, game species, image hunting. 
 
INTRODUCTION  
 
According to the World Tourism Organisation 
estimates, the demand for ecotourism is 
constantly rising all over the world. 
Conceptually, ecotourism is tied to the 
conservation of nature (Björk, 2000) and 
promoting cultural and traditional values. 
Authentic experiences, virgin natural 
environment, biodiversity and local culture will 
be more important for potential tourists than 
the variety of entertainment and shopping 
opportunities (Galluzzo, 2017; Sáez-Martínez 
et al., 2016).  
Worldwide, the innocuous style of travel has 
gained more and more followers. There are 
tourism agencies specializing in green tourism 
that involve protecting the natural environment, 
using natural resources (alternative energy 
hotels, solar panels etc.) as well as tourist 
circuits that avoids the strong impact on 
traditional human communities specific to an 
area (González-Moreno et al., 2016; 
Pamuković et al., 2016). 
Rural tourism as a techno-economic activity 
must become part of ecotourism (Călina, 2017; 
Ciolac et al., 2017, Drăgoi et al., 2017). 

It encompasses all touristic activities that 
unfold in the rural area, and at its core is the 
strong relationship between the natural and the 
anthropic environment (Iancu et al., 2017; Iorio 
and Corsale, 2010).  
Hunting represents one the most important 
factor that determined the appearance of rural 
tourism. In the eleventh and the twelfth 
centuries the British aristocracy trips to 
countryside for hunting was one the first forms 
of the rural tourism activities. Still sport 
hunting remains as one the activities of rural 
tourism (Sharpley and Sharpley, 1997). 
Nowadays, photography represents the primary 
motivation to travel for the large majority 
tourists. In Africa, photographic tourism 
generates a larger income than trophy hunting, 
and where large numbers of tourists visit, 
employment opportunities for local people rise 
(Lindsey et al., 2007), for example the 
Tanzanian National Parks generates 11 million 
USD annually from photographic tourism just 
from the Serengeti and Ngorongoro 
Conservation Area, while the Tanzanian 
Wildlife Division earns only USD 10.5 million 
per year from trophy hunting (Thirgood et al., 
2006).  
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MATERIALS AND METHODS 
 
The aim of this article is to develop a 
sustainable relationship between available 
resources on the hunting fund and tourism 
activities.  
The No. 30 Cergău hunting fund from Alba 
County provides the nucleus of knowledge for 
the area and our research. The fund is located 
in the Transylvanian Depression, the 
Târnavelor Plateau, between the Târnava Mare 
River and Secaş River, the Blaj territorial area 
and the Lunga, Cergău and Cenade communes. 
From the point of view of the forest 
administration, it belongs to the Silvic Forest 
District of Sebeş, Alba Silvic Directorate, with 
a total of 8700 ha and its neighbours - 
Association for Sport Hunting and Fishing 
(ASHF) Valea Lungă, ASHF Cindrelul, Forest 
District Mediaş, County Association for Sport 
Hunting and Fishing Alba. Access ways are: 
DN Blaj - Copşa Mică, 39 Km, DJ Valea Lungă 
- Cenade, 8 Km, DJ Blaj - Roşia de Secaş, 21 
Km, a total 68 km.  
We insisted on the analysis of the game raising 
indicators, that can quantify the practicing of 
rural tourism specialized in image hunting such 
as: 
� the minimum food requirement for the main 

game species; 
� optimally number of specimens (Eo) was 

done using the following formula: 

 
S = the area of the living environment of the 
species concerned; 
D = optimal density / 1000 ha according to the 
category of creditworthiness. 
� number of individuals of species harmful to 

game to be removed annually. 
Our research was extensive and comprised 
general elements of the geographic setting 
(geology, weather conditions, hydrographic 
elements); flora conditions (forest fauna, 
meadows, food crops, sources of pollution 
etc.); cultural-historical heritage resources from 
the Târnavelor Plateau. 
Finally, we evaluated the influence of 
anthropogenic factors reflected in how the 
hunting fund is managed, the economic 
efficiency and formed a strategy for the 

sustainable use of existing resources. The data 
come from our previous research, as well as the 
Association for Sport Hunting and Fishing 
˝Deerling from the hill˝ and the National 
Institute of Statistics online resource. 
 
RESULTS AND DISCUSSIONS 
 
The Târnavele area is picturesque, with unique 
attractions. Being preferred and sought by 
numerous domestic and foreign tourists, it is 
dotted with countless monuments of religious, 
historical, cultural and architectural interest, 
thus forming a centre for numerous studies 
with historical and cultural concerns. 
The relief, climate, flora and fauna of the area 
are important reasons for initiating and 
developing a hunting activity based on sport 
and images hunting, with wildlife in their 
natural habitat. The traditional architecture of 
the area, the sights alongside the picturesque 
locations are an attraction for visitors and for 
those who transit the area, while being a 
dynamic factor for the development of rural 
tourism, generating income and jobs for the 
local community. 
The variety of forestry and agricultural species 
ensures the sufficiency and diversity of species, 
and it is necessary to feed the game only in the 
winter months, when the thickness of the snow 
layer is high and especially in the years without 
fructification for the main forest species. 
The existence of brush and shrubs favourited 
by game (black shrub, shallow willow, ash, 
lime, etc.) and flora that provide feeding also 
during winter (blackberry, raspberry, 
topinambur, hawthorn, nettle) enable Hunting 
Fund No. 30 Cergău to provide the trophic 
offer necessary for the development of hunting 
species. 
Forest species that harvest in middle and upper 
age classes such as hornbeam, beech, apple, 
cherry, pear-tree provide much of the feed in 
the autumn, and leftovers from agricultural 
crops provide food during winter. In 
conclusion, the forest vegetation and 
agricultural crops ensure good conditions for 
food and shelter for hunted species. Through 
these conditions, the hunting fund is host to 
species such as: Wild boar (Figure 1), Deer 
(Figure 2), Roebuck, Rabbit, Pheasant, 
Partridge, Bear etc. 
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Abstract 
 
The research realised in this paper was based on ecologic principles such as: stimulating forestry and hunting funds to 
participate in the rural tourism market, protecting game species through improving life conditions, strict control of the 
number of pests and combating illegal hunting (poaching); encouraging biodiversity conservation through sustainable 
nature-based tourism. The paper argues the necessity of conforming hunting tourism to modern tendencies which 
involve responsible travelling to natural areas. The study of the reliability of the main game species, quantitative and, 
qualitative value indicators, as well as the optimal number of animals, the influence of the anthropic factors reflected in 
how to manage the hunting fund, the theoretical calculation of harvesting quotas and the comparison of the real and 
optimal ones, the combating of game pests are all elements that we consider to be extremely important in solving the 
proposed objectives, in order to create the best premises and conditions for rural tourism practices specializing in 
image hunting. 
 
Key words: rural tourism, hunting fund, game species, image hunting. 
 
INTRODUCTION  
 
According to the World Tourism Organisation 
estimates, the demand for ecotourism is 
constantly rising all over the world. 
Conceptually, ecotourism is tied to the 
conservation of nature (Björk, 2000) and 
promoting cultural and traditional values. 
Authentic experiences, virgin natural 
environment, biodiversity and local culture will 
be more important for potential tourists than 
the variety of entertainment and shopping 
opportunities (Galluzzo, 2017; Sáez-Martínez 
et al., 2016).  
Worldwide, the innocuous style of travel has 
gained more and more followers. There are 
tourism agencies specializing in green tourism 
that involve protecting the natural environment, 
using natural resources (alternative energy 
hotels, solar panels etc.) as well as tourist 
circuits that avoids the strong impact on 
traditional human communities specific to an 
area (González-Moreno et al., 2016; 
Pamuković et al., 2016). 
Rural tourism as a techno-economic activity 
must become part of ecotourism (Călina, 2017; 
Ciolac et al., 2017, Drăgoi et al., 2017). 

It encompasses all touristic activities that 
unfold in the rural area, and at its core is the 
strong relationship between the natural and the 
anthropic environment (Iancu et al., 2017; Iorio 
and Corsale, 2010).  
Hunting represents one the most important 
factor that determined the appearance of rural 
tourism. In the eleventh and the twelfth 
centuries the British aristocracy trips to 
countryside for hunting was one the first forms 
of the rural tourism activities. Still sport 
hunting remains as one the activities of rural 
tourism (Sharpley and Sharpley, 1997). 
Nowadays, photography represents the primary 
motivation to travel for the large majority 
tourists. In Africa, photographic tourism 
generates a larger income than trophy hunting, 
and where large numbers of tourists visit, 
employment opportunities for local people rise 
(Lindsey et al., 2007), for example the 
Tanzanian National Parks generates 11 million 
USD annually from photographic tourism just 
from the Serengeti and Ngorongoro 
Conservation Area, while the Tanzanian 
Wildlife Division earns only USD 10.5 million 
per year from trophy hunting (Thirgood et al., 
2006).  

 

MATERIALS AND METHODS 
 
The aim of this article is to develop a 
sustainable relationship between available 
resources on the hunting fund and tourism 
activities.  
The No. 30 Cergău hunting fund from Alba 
County provides the nucleus of knowledge for 
the area and our research. The fund is located 
in the Transylvanian Depression, the 
Târnavelor Plateau, between the Târnava Mare 
River and Secaş River, the Blaj territorial area 
and the Lunga, Cergău and Cenade communes. 
From the point of view of the forest 
administration, it belongs to the Silvic Forest 
District of Sebeş, Alba Silvic Directorate, with 
a total of 8700 ha and its neighbours - 
Association for Sport Hunting and Fishing 
(ASHF) Valea Lungă, ASHF Cindrelul, Forest 
District Mediaş, County Association for Sport 
Hunting and Fishing Alba. Access ways are: 
DN Blaj - Copşa Mică, 39 Km, DJ Valea Lungă 
- Cenade, 8 Km, DJ Blaj - Roşia de Secaş, 21 
Km, a total 68 km.  
We insisted on the analysis of the game raising 
indicators, that can quantify the practicing of 
rural tourism specialized in image hunting such 
as: 
� the minimum food requirement for the main 

game species; 
� optimally number of specimens (Eo) was 

done using the following formula: 

 
S = the area of the living environment of the 
species concerned; 
D = optimal density / 1000 ha according to the 
category of creditworthiness. 
� number of individuals of species harmful to 

game to be removed annually. 
Our research was extensive and comprised 
general elements of the geographic setting 
(geology, weather conditions, hydrographic 
elements); flora conditions (forest fauna, 
meadows, food crops, sources of pollution 
etc.); cultural-historical heritage resources from 
the Târnavelor Plateau. 
Finally, we evaluated the influence of 
anthropogenic factors reflected in how the 
hunting fund is managed, the economic 
efficiency and formed a strategy for the 

sustainable use of existing resources. The data 
come from our previous research, as well as the 
Association for Sport Hunting and Fishing 
˝Deerling from the hill˝ and the National 
Institute of Statistics online resource. 
 
RESULTS AND DISCUSSIONS 
 
The Târnavele area is picturesque, with unique 
attractions. Being preferred and sought by 
numerous domestic and foreign tourists, it is 
dotted with countless monuments of religious, 
historical, cultural and architectural interest, 
thus forming a centre for numerous studies 
with historical and cultural concerns. 
The relief, climate, flora and fauna of the area 
are important reasons for initiating and 
developing a hunting activity based on sport 
and images hunting, with wildlife in their 
natural habitat. The traditional architecture of 
the area, the sights alongside the picturesque 
locations are an attraction for visitors and for 
those who transit the area, while being a 
dynamic factor for the development of rural 
tourism, generating income and jobs for the 
local community. 
The variety of forestry and agricultural species 
ensures the sufficiency and diversity of species, 
and it is necessary to feed the game only in the 
winter months, when the thickness of the snow 
layer is high and especially in the years without 
fructification for the main forest species. 
The existence of brush and shrubs favourited 
by game (black shrub, shallow willow, ash, 
lime, etc.) and flora that provide feeding also 
during winter (blackberry, raspberry, 
topinambur, hawthorn, nettle) enable Hunting 
Fund No. 30 Cergău to provide the trophic 
offer necessary for the development of hunting 
species. 
Forest species that harvest in middle and upper 
age classes such as hornbeam, beech, apple, 
cherry, pear-tree provide much of the feed in 
the autumn, and leftovers from agricultural 
crops provide food during winter. In 
conclusion, the forest vegetation and 
agricultural crops ensure good conditions for 
food and shelter for hunted species. Through 
these conditions, the hunting fund is host to 
species such as: Wild boar (Figure 1), Deer 
(Figure 2), Roebuck, Rabbit, Pheasant, 
Partridge, Bear etc. 
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Figure 1. Wild boars 

Source: Personal archive 

 
Figure 2. Deer 

Source: Personal archive 
 

Calculation of complementary feed needs 
Through the variety of stationary conditions 
and the attentive care of the personnel working 
for No. 30 Cergău hunting fund, it hosts and 
enjoys a large variety of hunting species. 
Calculating the complementary need for game 
and its staggering by year was realised 
according to the provisions of the contract of 
putting into use and the dynamics of the main 
game species (Table 1, Table 2).  
 

Table 1. The complementary food needs 

 
No. 

 
Species 

Concentrate 
feed 

Green grass 
hay 

Succulents 
Roots 

(kg/year/specimen) 
1 Deer 25 75 25 
2 Roebuck  8 25 8 
3 Wild 

boar 
60 0 60 

4 Rabbit 0 1.5 0 
5 Pheasant 6 0 0 
6 Partridge 6 0 0 
7 Bear 60 0 60 

Source: ASHF ˝Deerling from the hill˝,  

 
Expenditure for works (ploughing, harvesting, 
spraying, mechanization, transport) will be 
calculated by the hired personnel, assisted by 

hunter members during working days. It is 
estimated that a harvest of 5.0-7.0 to/ha will be 
obtained and the amount of 4935.125 lei will 
be required for the establishment of the 3.25 ha 
surface, cultivated with cereals (corn). 
 

Table 2. The minimum food requirement for the main 
game species and the yearly staggering 

   Source: ASHF ˝Deerling from the hill˝ 

 
Also, the lucerne costs for field works 
(ploughing, seeding, sowing, harvesting, 
transporting) will be calculated by the same 
personnel and it is estimated that a harvest of 
15,000-40,000 kg of green mass and 5,500-
7,000 kg of hay will be obtained, with expenses 
of 921 lei. For succulents, a harvest of 25 t/ha 
is estimated, and the amount of 1303.5 lei is 
required for setting up the 1 ha surface 
(ploughing, disking, sowing, herbicides, 
hoeing, transporting). 
Credit worthiness study for the main game 
species. 
The analysis of the abiotic, biotic and 
anthropogenic factors influencing the existence 
of game species has led to the development of 

 

Year/ Species 

2014 

No. Concentrate feed Green grass 

hay 

Succulents/ 

Roots 

Deer 25 625 1875 625 

Roebuck  127 1016 3175 1016 

Wild boar 28 1680 0 1680 

Rabbit 2 120 0 120 

Pheasant 201 0 301.5 0 

Partridge 422 2532 0 0 

Bear 299 1794 0 0 

TOTAL  7767 5351.5 3441 

 

Year/ Species 

2015 

No. Concentrate feed Green grass 

hay 

Succulents/ 

Roots 

Deer 25 625 1875 625 

Roebuck  127 1016 3175 1016 

Wild boar 29 1680 0 1680 

Rabbit 2 120 0 120 

Pheasant 201 0 301.5 0 

Partridge 430 2496 0 0 

Bear 253 1518 0 0 

TOTAL - 7455 5351.5 3441 

 

Year/ Species 

2016 

No. Concentrate feed Green grass 

hay 

Succulents/ 

Roots 

Deer 25 625 1875 625 

Roebuck  127 1016 3175 1016 

Wild boar 28 1680 0 1680 

Rabbit 2 120 0 120 

Pheasant 201 0 301.5 0 

Partridge 412 2472 0 0 

Bear 381 2286 0 0 

TOTAL  8199 5351.5 3441 

 

"ecological diagnosis keys", whereby the 
hunting fund can be assessed for each 
individual species of game, which results in the 
optimal flock that can live within the hunting 
fund, under optimum conditions (Micu, 2005; 
Duda, 1998). 
The creditworthiness study for the main game 
species was done in accordance with the 
provisions of the Ministry of Agriculture and 
Rural Development and the Institute for Forest 
Research and Development. The optimal 
number (Table 3) determined through the study 
are comparable to the real ones (Table 4). A 
credit worthiness committee decides on the 
harvest, eliminating the wounded, sick badly 
adapted or aged individuals. 
The analysis of the data revealed that the 
essential conditions necessary for hunting 
(shelter, quietness, food) are generally fulfilled, 
but it is still necessary to prevent the evolution 
of negative influence from anthropogenic 
factors on hunting in the future. The calculation 
of complementary feed needs for game and its 
staggering by year was made according to the 
provisions of the supply contract and the 
dynamics of the main species. Intensive 
grazing and the significant presence of pests 
require special measures to combat, which will 
lead to the achievement of optimum hunting 
numbers. 
Various works will be undertaken in the 
Cergău Hunting Fund to ensure the minimum 
necessary hunting constructions and the 
minimum quantities of complementary food 
from the provisions of the contract of putting 
into use. 

Table 3. The optimal number of animals 

Species Scores Category of 
creditworthiness 

Density/ 
1000ha 

Optimal 
number 

Deer 500 III 10 4 

Roebuck 505 II 51 87 
Bear** 365 III 7 0 
Wild 
boar 

525 II 11 11 

Rabbit 500 III 140 200 

Pheasant 750 II 200 100 

**Density/10000 ha  
Source: ASHF ˝Deerling from the hill˝ 

 
The results, measures and recommendations 
will ensure optimum number of specimens and 
a healthy gender balance, valuable trophies in 
trophy-carrying species, healthy and vigorous 

hunting populations, while also preserving 
biodiversity, maintaining the current ecosystem 
and even improving it. 
 

Table 4. Theoretical calculation of harvesting quotas and 
comparison of herds, real ones with optimal ones 

Species Years 
 

Real 
no. 

Optimal 
no. 

Natural 
growth Harvest 

 
Deer 

2014-2015 3 4 1 0 
2015-2016 3 4 3 0 
2016-2017 6 4 3 0 

 
Roebuck  

2014-2015 105 87 15 3 
2015-2016 120 87 19 4 
2016-2017 139 87 20 8 

Wild boar 2014-2015 14 11 6 3 
2015-2016 20 11 10 4 
2016-2017 32 1 10 7 

 
Rabbit 

2014-2015 140 200 20 0 
2015-2016 160 200 60 0 
2016-2017 220 200 40 0 

Pheasant 2014-2015 90 100 22 0 
2015-2016 120 100 28 0 
2016-2017 130 100 36 0 

Source: ASHF ˝Deerling from the hill˝ 

 
The influence of anthropogenic factors 
reflected in the way the hunting fund is 
managed. 
1. Existing hunting, construction and 
installations 
Within the hunting fund no. 30 Cergău, there 
are currently 18 deer feeders, 10 boar feeding 
points, 8 game observatories, 20 cervid salting 
and 5 boar salting. There are also one deer 
baths, 3 wild boar baths, naturally built with 
small arrangements. Natural troughs are in the 
number of 6 for boar and deer.  
2. Refuge area 

The refuge zone is located in the northeast of 
the hunting fund, consisting of 120 ha. Near the 
refuge there is an oak and hornbeam forest, in 
the area called La Benzi and Mărărăzi Valley. 
We believe that the refuge area is ideally 
placed within the hunting ground. 
3. The influence of the anthropic factor 
reflected by activities that harm the game 
Regarding industrial activities, these do not 
take place on the hunting fund, except for small 
and medium-sized enterprises located in the 
neighbouring city. Instead, building activities 
(ballasts) do take place, that have an influence 
on a section of the hunting fund, specifically on 
the access to shelters and game trails. 
Activities in zootechnics greatly influence the 
conditions of propagation and development of 
hunting.  
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Calculation of complementary feed needs 
Through the variety of stationary conditions 
and the attentive care of the personnel working 
for No. 30 Cergău hunting fund, it hosts and 
enjoys a large variety of hunting species. 
Calculating the complementary need for game 
and its staggering by year was realised 
according to the provisions of the contract of 
putting into use and the dynamics of the main 
game species (Table 1, Table 2).  
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calculated by the hired personnel, assisted by 

hunter members during working days. It is 
estimated that a harvest of 5.0-7.0 to/ha will be 
obtained and the amount of 4935.125 lei will 
be required for the establishment of the 3.25 ha 
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Also, the lucerne costs for field works 
(ploughing, seeding, sowing, harvesting, 
transporting) will be calculated by the same 
personnel and it is estimated that a harvest of 
15,000-40,000 kg of green mass and 5,500-
7,000 kg of hay will be obtained, with expenses 
of 921 lei. For succulents, a harvest of 25 t/ha 
is estimated, and the amount of 1303.5 lei is 
required for setting up the 1 ha surface 
(ploughing, disking, sowing, herbicides, 
hoeing, transporting). 
Credit worthiness study for the main game 
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The analysis of the abiotic, biotic and 
anthropogenic factors influencing the existence 
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"ecological diagnosis keys", whereby the 
hunting fund can be assessed for each 
individual species of game, which results in the 
optimal flock that can live within the hunting 
fund, under optimum conditions (Micu, 2005; 
Duda, 1998). 
The creditworthiness study for the main game 
species was done in accordance with the 
provisions of the Ministry of Agriculture and 
Rural Development and the Institute for Forest 
Research and Development. The optimal 
number (Table 3) determined through the study 
are comparable to the real ones (Table 4). A 
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harvest, eliminating the wounded, sick badly 
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a healthy gender balance, valuable trophies in 
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hunting populations, while also preserving 
biodiversity, maintaining the current ecosystem 
and even improving it. 
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comparison of herds, real ones with optimal ones 

Species Years 
 

Real 
no. 

Optimal 
no. 

Natural 
growth Harvest 

 
Deer 

2014-2015 3 4 1 0 
2015-2016 3 4 3 0 
2016-2017 6 4 3 0 

 
Roebuck  

2014-2015 105 87 15 3 
2015-2016 120 87 19 4 
2016-2017 139 87 20 8 

Wild boar 2014-2015 14 11 6 3 
2015-2016 20 11 10 4 
2016-2017 32 1 10 7 

 
Rabbit 

2014-2015 140 200 20 0 
2015-2016 160 200 60 0 
2016-2017 220 200 40 0 

Pheasant 2014-2015 90 100 22 0 
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The influence of anthropogenic factors 
reflected in the way the hunting fund is 
managed. 
1. Existing hunting, construction and 
installations 
Within the hunting fund no. 30 Cergău, there 
are currently 18 deer feeders, 10 boar feeding 
points, 8 game observatories, 20 cervid salting 
and 5 boar salting. There are also one deer 
baths, 3 wild boar baths, naturally built with 
small arrangements. Natural troughs are in the 
number of 6 for boar and deer.  
2. Refuge area 

The refuge zone is located in the northeast of 
the hunting fund, consisting of 120 ha. Near the 
refuge there is an oak and hornbeam forest, in 
the area called La Benzi and Mărărăzi Valley. 
We believe that the refuge area is ideally 
placed within the hunting ground. 
3. The influence of the anthropic factor 
reflected by activities that harm the game 
Regarding industrial activities, these do not 
take place on the hunting fund, except for small 
and medium-sized enterprises located in the 
neighbouring city. Instead, building activities 
(ballasts) do take place, that have an influence 
on a section of the hunting fund, specifically on 
the access to shelters and game trails. 
Activities in zootechnics greatly influence the 
conditions of propagation and development of 
hunting.  
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The existence of 2,174.7 ha of pastureland for 
cattle and sheep, as well as agricultural land 
which is no longer cultivated, and even of 
cultivated land and grassland, which for a good 
part of the year become grazing grounds, 
adversely affects the conditions for the 
presence of game.  
The prospects for the future are discouraging as 
there is a growing tendency for domestic 
animal flocks to be raised along and over much 
of the hunting fund. Concerning poaching, in 
view of the increase in unemployment, with no 
developmental perspectives in the area, it is 
estimated that it will increase, especially with 
rudimentary methods, such as traps and dogs. 
4. The main trophies acquired 
The conditions set out above and the proper 
management of the hunting fund ensured the 
development of game trophies. In the last 5 
years, the following medals - trophies were 
obtained - roebuck: 2 bronze trophies 
5. Hunting found dead and causes 
No hunting and epizootic diseases have been 
recorded on hunting grounds over the past 10 
years. Mortality has been recorded within the 
limits considered normal and accidental. The 
main causes were carnage by dogs, wandering 
dogs, harvesting of hay and farm crops and 
traffic accident injuries.  
6. Combating harmful species to game 
Intensive grazing and the significant presence 
of harmful species to game require special 
measures to combat.  
The measures anticipated to take place in the 
following years aim to achieve optimum 
number of specimens by intensifying pest 
control as shown in Table 5. Through this 
action, the optimal number of individuals are 
expected to be achieved in all species, 
predicting a substantial increase in small game 
herds. 
 

Table 5. Estimated number of individuals of species 
harmful to game to be removed annually  

Season Wandering 
dogs Wandering cats Crow Magpies 

2006 -2007 60 25 100 60 
2007 2008 60 25 100 60 
2008 -2009 60 25 100 60 
2009 -2010 70 25 120 70 
2010 – 2011 70 25 120 70 
2011 – 2012 80 25 120 80 
2012 – 2013 80 25 130 80 
2013 – 2014 90 25 130 90 
2015 – 2016 90 25 140 90 
2016 - 2017 100 25 150 100 

Source: ASHF ˝Deerling from the hill˝ 

Economic calculation 
Capitalizing on the harvest implies obtaining a 
material income from the trophies, meat and 
furs of the game. The quantitative and 
qualitative indicators are decided by the 
committee of creditworthiness and trophies 
evaluated based on number of points obtained. 
(Table 6, Table 7). 
 

Table 6. Quantitative indicators per species /1 000 ha 
hunting fund 

Species No. of 
individuals 

No. of skins / 
furs 

Meat 
harvested 

Deer  0.5 0.1 58.5 
Roebuck 1.3 1.3 52.5 
Wild boar 0.5 0.5 77.9 
Rabbit 33.8 33.8 135.0 
Pheasant 41.7 - 62.5 
Bear 0.1 0.1 - 
Wolf 0.1 0.1 - 
Fox 3.9 3.9 - 
Badger 0.5 0.5 - 
Polecat 0,5 0.5 - 
Pine 
marten 

0.2 0.2 - 

Weasel 0.5 0.5 - 
Muskrat 6.5 6.5 - 
Source: ASHF ˝Deerling from the hill˝ 

 

Table 7. Qualitative indicators per species/1000 ha 
hunting fund 

Species No. of trophies 
harvested 

No.  of medals 
trophies 

No. of trophies 
selection 

Deer  0.3 0.1 0.1 
Roebuck 1.3 0.3 0.3 

Wild 
boar 

0.5 0.4 - 

    
Bear 0.1 0.1 - 
Wolf 0.1 0.1 - 
Fox 3.9 2.0 - 

Badger 0.5 0.3 - 
Source: ASHF ˝Deerling from the hill˝ 

 
Estimate of expenses and revenues 
Following the proposals for completing and 
correcting the planning of the studied hunting 
fund, the following are necessary:  
● the work for the construction of a feeding 
spot is achieved through the hired personnel 
with guard duties and management of the 
hunting fund - it follows that for the 
construction of 10 feeds, the amount needed is 
3645 lei; 
● investments for the construction of a lookout 
(Figure 3) the work is done by the hired 
personnel, guarding and managing the hunting 
fund, and the timber material for the lookout's 
support structure is taken from the site - for the 

 

construction of 15 lookouts the sum of 11310 
lei is necessary; 
● investments for 5 km of hunting trails - 
requires the help of a team of 2 workers who 
will be paid 60 lei/day. Cutting and grubbing 
works will be done by power tools or chainsaw 
- the amount of 600 lei is necessary for the 
minimum necessary hunting trails within the 
studied hunting fund. 
 

 
Figure 3. Building a lookout on the hunting fund 

Source: Personal archive 

For an average year of application, revenue and 
expenditure is estimated in the table below: 
 

Table 8. Revenue and expenditure 
Revenue (lei) 

Hunter contributions 25000 
Meat hunted 38700 
Hunting authorizations 17000 
Foreigner hunt 120000 
Image Hunt 10000 
Interest 900 
Total 211 600 

Expenditure (lei) 
Wages 30000 Hunting cartridge   2500 
Awards  2000 Drugs   1400 
Equipment 500 Repairs and hunting 

constructions   
30000 

Feed hunted 31000 Fee for hunting   10000 
Guide for 
images 

1000 Share subsidiary expenses   10000 

Salt 600 Share expenditure association   5000 
Total  124 000 
Source: ASHF ˝Deerling from the hill˝ 

 
It is worth noting that the expenditure related to 
the repopulation was not included because it is 
covered by centralized funds. 
 
Profit = Income - Expenses = 211600 lei – 124000 lei = 87600 
lei 
 
Stimulating touristic activities 
Tourism based on natural exploitation is 
associated with a longer stay period, a higher 
average of expenses and with a responsible 
behaviour towards biodiversity.  

The tourism activity in the area is 
underdeveloped, yet it presents high, untapped 
potential. In 2017, in the entire area (over a 
radius of 30 km) there were only 5 
accommodation units, all of them located in 
Blaj town (Table 9).  
 

Table 9. The accommodation supply in Blaj town 

Type of 
accomodation 

Number of 
units 

Number 
of beds 

Category of 
comfort 

Hotels 1 60 Two stars 

Tourist 
Guesthouses 4 124 Two-hree 

stars 
Source: National Institute of Statistics 

 

The reduced number of accommodation spaces 
and the existent tourism services of a low 
quality determined the necessity for realising a 
tourist guesthouse. The guesthouse will be 
created in the traditional Romanian 
architectural style from construction material 
(wood and stone) obtained from the area. The 
accommodation capacity of the guesthouse is 
10 places and it will offer the ability to prepare 
and serve meals. Its furnishing and facilities 
will permit classifying the cabin at a maximum 
level and its introduction in the local and 
national tourism system. Realising a tourism 
infrastructure will establish a factor of balance 
and comfort for tourists and will create 
conditions for sustainable development of 
businesses on a small scale.  
Strategic measures for sustainable usage of 
the resources of the fund 
● maintaining the native, untouched ecosystem, 
protected from anthropic activities such as 
grazing (aspect also presented by Buckley and 
Mossaz, 2015); 
● utilising some areas for conservation and 
tourism for photography; 
● ecological education activities for tourists; 
● realising a short monograph on the natural 
and cultural resources from the area; 
● monitoring the impact of tourism activities. 

 
CONCLUSIONS  
 
The research was primarily aimed at the 
implementation of agritourism specialized in 
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The existence of 2,174.7 ha of pastureland for 
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which is no longer cultivated, and even of 
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part of the year become grazing grounds, 
adversely affects the conditions for the 
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following years aim to achieve optimum 
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action, the optimal number of individuals are 
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predicting a substantial increase in small game 
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Table 5. Estimated number of individuals of species 
harmful to game to be removed annually  

Season Wandering 
dogs Wandering cats Crow Magpies 

2006 -2007 60 25 100 60 
2007 2008 60 25 100 60 
2008 -2009 60 25 100 60 
2009 -2010 70 25 120 70 
2010 – 2011 70 25 120 70 
2011 – 2012 80 25 120 80 
2012 – 2013 80 25 130 80 
2013 – 2014 90 25 130 90 
2015 – 2016 90 25 140 90 
2016 - 2017 100 25 150 100 

Source: ASHF ˝Deerling from the hill˝ 

Economic calculation 
Capitalizing on the harvest implies obtaining a 
material income from the trophies, meat and 
furs of the game. The quantitative and 
qualitative indicators are decided by the 
committee of creditworthiness and trophies 
evaluated based on number of points obtained. 
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Wild boar 0.5 0.5 77.9 
Rabbit 33.8 33.8 135.0 
Pheasant 41.7 - 62.5 
Bear 0.1 0.1 - 
Wolf 0.1 0.1 - 
Fox 3.9 3.9 - 
Badger 0.5 0.5 - 
Polecat 0,5 0.5 - 
Pine 
marten 

0.2 0.2 - 

Weasel 0.5 0.5 - 
Muskrat 6.5 6.5 - 
Source: ASHF ˝Deerling from the hill˝ 
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hunting fund 
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No.  of medals 
trophies 

No. of trophies 
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Deer  0.3 0.1 0.1 
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0.5 0.4 - 

    
Bear 0.1 0.1 - 
Wolf 0.1 0.1 - 
Fox 3.9 2.0 - 

Badger 0.5 0.3 - 
Source: ASHF ˝Deerling from the hill˝ 
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quality determined the necessity for realising a 
tourist guesthouse. The guesthouse will be 
created in the traditional Romanian 
architectural style from construction material 
(wood and stone) obtained from the area. The 
accommodation capacity of the guesthouse is 
10 places and it will offer the ability to prepare 
and serve meals. Its furnishing and facilities 
will permit classifying the cabin at a maximum 
level and its introduction in the local and 
national tourism system. Realising a tourism 
infrastructure will establish a factor of balance 
and comfort for tourists and will create 
conditions for sustainable development of 
businesses on a small scale.  
Strategic measures for sustainable usage of 
the resources of the fund 
● maintaining the native, untouched ecosystem, 
protected from anthropic activities such as 
grazing (aspect also presented by Buckley and 
Mossaz, 2015); 
● utilising some areas for conservation and 
tourism for photography; 
● ecological education activities for tourists; 
● realising a short monograph on the natural 
and cultural resources from the area; 
● monitoring the impact of tourism activities. 
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Abstract 
 
The work was accomplished within a research project which aimed to streamline the resource management on the 
campus of the University of Craiova by creating a GIS database using a new technology that is increasingly being 
applied in topo-cadastral works, namely aerial scanning using drones. The main objectives of the research were 
represented by obtaining an orthophotomap using air scanning (the orthophotomap becoming the GIS raster graphical 
support) designing, validating and implementing a data model (database), using specialized software products. In the 
case study carried out at the University of Craiova, the following steps were also taken: obtaining raw data, processing 
raw data and obtaining an orthophotomap, designing the data model (database) and implementation of the data model 
(database). The research proves of interest primarily through the conceptual foundation of the applicable data model, a 
model that will allow the recording, storage, extraction, processing and efficient analysis of the desired data. The 
system is based on a relational open model, which permits it to adapt according to specific needs. The design data 
model has applicability on the structure of any student campus and can be implemented in other locations (with the 
provision of the related graphic support). 
 
Key words: topo-cadastral and RTK elevations, orthophotomap, GIS, georeferencing, vectorization. 
 
INTRODUCTION  
 
Geographical Information System (GIS) is a 
working technique increasingly used today, 
both in theoretical research and in many 
practical activities. GIS is a system that has 
several informational components related to 
geographic coordinates (Băduţ, 2007). The 
introduction, storage, handling and analysis of 
the components is done by a computer; the 
result consisting primarily in the visualization 
of spatially referenced information compared to 
real geographic coordinates and the possibility 
of performing complex analyses and 
correlations that cannot be efficiently achieved 
with classical techniques (Dumitru, 2007). 
GIS techniques permit combining information 
of various types (figures, images, maps etc.), 
hardware and software, all under direct 
coordination and determination of the human 
component (Wadsworth and Treweek, 1999; 
Burrough, 2007). 
The concept of decision support system has 
undergone numerous stages of development, 
evolving into complex systems with 
architectures specific to each field of activity 

(Malczewski, 2009). Concerns about decision 
support systems have also continued and 
diversified in Romania (Negula et al., 2017). 
Due to the wide applicability of GIS and the 
accelerated development of related 
technologies, a need has arisen to standardize 
and interconnect working methods (Goodchild, 
2009).  
Thus, given the existence of a communication 
standard, the information stored in the 
databases can be interconnected with other 
databases (even those of other producers), but 
also with other types of software products that 
can use geographical data (e.g.: CAD type 
products). 
We are currently moving towards a common 
standard, which is found in the OpenGIS 
concept. It should be noted from the outset that 
OpenGIS is not a software product, nor is the 
name of a company, it is a document and not a 
commodity, and began in 1993 with the support 
of federal agencies and trade organizations in 
the US. OpenGIS is defined as transparent 
access to heterogeneous geographical (spatial) 
data resources and resource processing in a 
distributed environment (Sui, 2014). 

 

the hunting of images that would not bring any 
harm to the natural environment and the local 
fauna in the beautiful and unique area of the 
Târnavelor Plateau. To achieve this, it was 
necessary to apply a hunting management 
based on scientific grounds, aiming harmo-
nization with the general interests of the local 
population and the preservation of biodiversity 
and natural habitats of wild game. 
Various works will be carried out in the No. 30 
Cergău hunting fund, which will ensure the 
minimum necessary hunting facilities and the 
minimum quantities of complementary food, 
according to the stipulations included in the 
contract for putting into use. The results, mea-
sures and recommendations will ensure opti-
mum performance and a healthy gender 
balance, valuable trophies in trophy-carrying 
species, healthy and vigorous hunting 
populations, while preserving biodiversity, 
maintaining the current ecosystem and even 
improving it. 
Furthermore, the income achieved in an 
average year of application is of 211600 lei, 
which makes this hunting fund profitable, with 
a sum of 87600 lei, without taking into account 
the revenues that can be obtained from the 
accommodation and dining activities. The 
services offered by the hunting lodge will be 
realised to the required standards, with 
traditional cuisine and organic products, which 
will give it its distinctive appeal. 
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The concept of decision support system has 
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evolving into complex systems with 
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support systems have also continued and 
diversified in Romania (Negula et al., 2017). 
Due to the wide applicability of GIS and the 
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2009).  
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products). 
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concept. It should be noted from the outset that 
OpenGIS is not a software product, nor is the 
name of a company, it is a document and not a 
commodity, and began in 1993 with the support 
of federal agencies and trade organizations in 
the US. OpenGIS is defined as transparent 
access to heterogeneous geographical (spatial) 
data resources and resource processing in a 
distributed environment (Sui, 2014). 
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harm to the natural environment and the local 
fauna in the beautiful and unique area of the 
Târnavelor Plateau. To achieve this, it was 
necessary to apply a hunting management 
based on scientific grounds, aiming harmo-
nization with the general interests of the local 
population and the preservation of biodiversity 
and natural habitats of wild game. 
Various works will be carried out in the No. 30 
Cergău hunting fund, which will ensure the 
minimum necessary hunting facilities and the 
minimum quantities of complementary food, 
according to the stipulations included in the 
contract for putting into use. The results, mea-
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mum performance and a healthy gender 
balance, valuable trophies in trophy-carrying 
species, healthy and vigorous hunting 
populations, while preserving biodiversity, 
maintaining the current ecosystem and even 
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Furthermore, the income achieved in an 
average year of application is of 211600 lei, 
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a sum of 87600 lei, without taking into account 
the revenues that can be obtained from the 
accommodation and dining activities. The 
services offered by the hunting lodge will be 
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MATERIALS AND METHODS 
 
Starting from the current national and 
international context, the research team 
channelled on designing and implementing a 
geographical information system that integrates 
various information and types of data, useful 
for organizing and effectively coordinating the 
campus management activities of the 
University of Craiova, from forecast to post-
factum measures (Calina et al., 2015). 
To address the theme of the research, the 
following objectives should be achieved: 
� obtaining an orthophotomap using aerial 

scanning (orthophotomaps will be the GIS 
raster graphical support); 

� designing, validating and implementing a 
data model (database); 

� implementing the designed data model 
using specialized software products. 

To achieve the proposed objectives, the 
research methodology implied the following 
stages of development: 
1. Planning the activity and establishing the 
necessary resources (equipment, data etc.) - the 
following activities were realized: 
� documenting and planning the activities; 
� identifying the resources needed to run the 

activities. 
2. Field stage - the obtaining of raw data by air 
photography implied: 
� field marking of known coordinate points 

which would be used for the 
georeferencing of the orthophotomap 
obtained; 

� planning and conducting the flight to 
obtain the photograms on which to 
generate the orthophotomap. 

3. Conducting the analysis process to identify 
data of interest: 
� the study of similar situations/systems; 
� applying the questionnaires or interview 

method; 
� inventorying the desired information. 

4. Office stage: processing of raw data and 
obtaining an orthophotomap: 
� using the raw data (photograms);  
� using a software product for photo-

gramming and obtaining an ortho-
photomap; 

� using a software product for geore-
ferencing the orthophotomap. 

5. Designing and implementing the data model 
(database): 
- designing the data model (database);  
- processing the structuring of the input data; 
- processing the structuring of the output data 
(useful data, results); 
- implementing the set data model, using a 
dedicated software product; 
- obtaining a functional information system. 
6. Development of technical documentation 
and instructions for use: 
� technical documentation for designing the 

geographical information system; 
� manual/work procedures for using the 

geographical information system (case 
study). 

 
RESULTS AND DISCUSSIONS 
 
A. The first stage of the case study made at the 
University of Craiova was obtaining raw data 
by aerial photography that implied: 
a. Marking points on the ground.  
After recognizing the details of the terrain to be 
photographed, it was decided to create the 
ground points by using FENO terminals, metal 
bolts, as well as using existing elements that do 
not require additional markings (existing 
terminals, canals etc.) (Calina et al., 2014; 
Olinic and Olinic, 2016).  
b. Determining the coordinates of the ground 
markers.  
The coordinates of the points were determined 
in the Stereo Geographic System 1970 by using 
the South S82 V GNSS equipment through the 
RTK method, using the records of CRAI 
(Craiova) and BAIL (Băilești) permanent 
stations. Given that the target / track size of a 
pixel on the ground is about 3 cm, the RTK 
method was chosen at the expense of the static 
method.  
Coordinates for 18 marked or identified ground 
points have been determined to provide 
visibility to the photos taken. The 
determination accuracy is 1-2 cm and no 
compensation or precision calculations have 
been made, as it was intended to obtain a 
ground resolution of 3 cm / pixel so that no 
such determination is warranted. 
 

c. Planning and Flight.  
The purpose of the flight made was to acquire 
graphical data that meet certain minimum 
technical and functional requirements (content). 
Effective flight planning was accomplished 
with the open-source Mission Planner software, 
starting from identifying and tracing the area of 
interest through Google Maps and calculating 
the approximate surface area covered by the 
flight. A KML file was exported from Google 
Maps and input into Mission Planner. In 
addition, the rest of the data required for flight 
planning was introduced: the camera model 
used and its focal length, the angular position 
of the camera, the altitude at which the flight 
will be made, the speed of the drone, the 
crossover and longitudinal overlay, etc. Based 
on these data and calculations made in Mission 
Planner the following flight details were 
obtained (Table 1 and 2, Figure 1). 
 

Table 1. Flight details 

Characteristics Value 

The surface that is the subject 
of the work 

104801 sq. m          
(over 10 hectares) 

Flight distance 2.06 km 

The distance between two 
successive shots 

24 m 

Ground resolution 2.99 cm 

Number of photos 77 

Number of directions/covers 5 

Ground area covered by a photo 179.4 x 119.6 m 

Distance between directions 53.82 m 

Total flight time 6.08 minutes 

Time interval between two 
successive shots 

3.42 seconds 

Return distance 14 m 

Flight altitude 82-98 m 
 

 
Figure 1. Details of the flight plan and data acquisition 

Table 2. Differences in flight execution  
(planned vs. resulted) 

Type Planned Resulted / 
Achieved 

Flight equipment DRONA FAE 750 
HEXA - BEETLE 

MavicPro 

Photo camera Sony Alpha A6000L Integrated 
camera 

Photo resolution 24 MP  12 MP 

Ground resolution  2.99 cm  2.33 cm 
Numbers of photos  77  518 
Number of 
directions / covers 

5 9 

Total flight time 6.08 minutes  About 20 
minutes 

Flight mode  Automatic, 
previously 
programmed  

Manual 

Camera trigger 
mode 

Automatic, 
previously 
programmed 

Manual 

 
B. The second stage was the processing of raw 
data and the production of an orthophotomap. 
The raw data processing was done with the 
Agisoft PhotoScan application and the 
following steps were taken: 
a. Loading the photograms (in bulk) into the 
program - uploading the photograms obtained 
in the air photography stage into the software 
product, creating references to them. 
b. Checking the uploaded photos and removing 
the photos that are not relevant for the 
processing stage - the list of the uploaded 
photos was displayed in the workspace. At this 
time, non-interest photograms are removed (to 
optimize the consumption of resources needed 
for processing). 
c. Aligning and ordering the photos - following 
the loading of the photos, these must be 
ordered. At this point, the software determines 
the position and orientation of each photogram 
(based on common points determined in the 
adjacent photograms) and generates a dispersed 
/scattered pattern of a point cloud. This 
operation is highly dependent on the quality of 
the photograms and compliance with the 
transverse and longitudinal overlay 
requirements, thus allowing us to limit or 
reposition the photograms that do not meet the 
minimum quality requirements (Figure 2). 
d. Generating the point cloud - At this stage, a 
point cloud has been generated and viewed.  
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The raw data processing was done with the 
Agisoft PhotoScan application and the 
following steps were taken: 
a. Loading the photograms (in bulk) into the 
program - uploading the photograms obtained 
in the air photography stage into the software 
product, creating references to them. 
b. Checking the uploaded photos and removing 
the photos that are not relevant for the 
processing stage - the list of the uploaded 
photos was displayed in the workspace. At this 
time, non-interest photograms are removed (to 
optimize the consumption of resources needed 
for processing). 
c. Aligning and ordering the photos - following 
the loading of the photos, these must be 
ordered. At this point, the software determines 
the position and orientation of each photogram 
(based on common points determined in the 
adjacent photograms) and generates a dispersed 
/scattered pattern of a point cloud. This 
operation is highly dependent on the quality of 
the photograms and compliance with the 
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requirements, thus allowing us to limit or 
reposition the photograms that do not meet the 
minimum quality requirements (Figure 2). 
d. Generating the point cloud - At this stage, a 
point cloud has been generated and viewed.  
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Figure 2. The result of the photograms alignment 

operation 
 

Based on the estimated camera positions (at the 
time of recording the photograms), the 
photograms were combined to obtain a dense 
point cloud (which can be further processed or 
exported). 
e. 3D polygon model generation - based on the 
data generated in the previous steps and  on the 
specified parameters: - Surface type: height 
field - it is the layout specific to the stretched 
planes (especially in the case of air 
photography); - Source data: Density cloud - 
dense cloud source has been used as the aim 
was to obtain a high resolution orthophotomap; 
- Face count: high - specifies the maximum 
number of faces of the generated pattern; - 
Interpolation: enabled - so that any areas not 
covered by the photograms will be generated 
by interpolation (depending on information in 
neighboring areas). There may still be 
uncovered areas (Figure 3). 
 

 
Figure 3. The parameters of the 3D polygonal model 

generating 

Note: A resolution of the digital elevation 
model of 4.51 cm/pixel is obtained after the 
processing. 
f. Structure Generation - a proper generation of 
the structure determines the mode and quality 
of subsequent viewings of the generated 
pattern. 

Thus, the generation of the structure was 
accomplished with the corresponding setting of 
the generation parameters: - Mapping mode: 
adaptive orthophoto - objects are divided into 
flat/smooth sections and vertical segments. The 
processing quality is maintained for both 
smooth sections and vertical surfaces 
(buildings, walls etc.); - Blending mode: 
mosaic - specifies how to combine different 
pixels (from different photograms) into the 
final structure; - Enable color correction: true - 
when there are major variations of brightness 
(also time consuming and taxing on hardware 
resources).  
g. Generating digital elevation model (DEM) - 
involves generating the digital elevation model 
based on the input parameters: - Coordinate 
system: Dealul Piscului 1970/Stereo 70 - Data 
source for generation: dense point cloud; - 
Interpolation mode: active. A DEM is a raster 
with elevation values that represent a terrestrial 
surface. The elevation model is used in various 
applications such as mapping, 
orthorectification, land classification, territorial 
planning etc. (Figure 4). 

 

 
Figure 4. The parameters of the Digital Elevation Model 

(DEM) generating 

 

h. Exporting the results - allows the export of 
the entities obtained in the previous steps. 
Thus, the export of the main result 
(orthophotomap) and the export of other 
obtained products such as point clouds, digital 
elevation model (DEM), map in KMZ format, 
etc. can be achieved. At the same time, the 
software used (Agisoft PhotoScan) allows 
exporting an activity report that contains 
various information of interest concerning the 
processed project. 

 C. The third step involved designing the data 
model (database) based mainly on the results of 
the analysis step (Figure 5). Starting from these 
results, we made a structure and the filtering of 
the desired data, including the elimination of 
data that is not suitable for the design of a GIS 
(financial data, budgets, tax and tax records, 
etc.). The implementation of this data is not 
blocked, but it is left to the system 
administrator, as all this information can be 
recorded as attributes of the drawn vectors. 
 

Figure 5. Database (data structure) model 
 

We have opted for an unrelated data model, 
which allows it to be input within any dedi-
cated software product (with relational 
databases or document storage). The projected 
data model can be adapted to achieve a 
relational model, which will work more 
efficiently (in terms of hardware resource 
consumption) but will be more difficult to 
exploit by inexperienced users. This data model 
can be completed or updated at any time by the 
system administrator. Transforming the data 
model into GIS is done by defining the 
attributes associated with each type of vector 
(of course, after the vectoring of the elements 
of interest). 
D. The last step was the implementation of the 
data model (database) that consisted in 
carrying out the following activities: 
georeferencing map/orthophotomaps based on 
ground marks; drawing/vectorizing the items of 
interest (polygon, line, and point); insertion of 
related value sets. 
a. Map/orthophotomap georeferencing based 
on the grounded points was performed using 
the ArcGIS for Desktop, software version 
10.3.1 based on the points marked on the 
ground, for which we determined their 
coordinates in the Stereo 70 coordinate system 

and the Black Sea altitude system. Determi-
nation of the coordinates of the points of 
interest was made by GPS measurements using 
the RTK method, connecting to the CRAI 
(Craiova) and BAIL (Băileşti) permanent. From 
the measurements made and processed, the 
coordinate inventory was obtained (Table 3). 
 

Table 3. Inventory of GPS coordinate measurements 

No. X (m) Y (m) Z (m) Details 
1 313875.965 403250.460 80.828 sewer police corner 

(outside the faculty 
premises) 

2 313921.578 403177.658 81.091 rectangular sewer 
southern street (outside 
the faculty premises) 

3 313913.730 403206.154 81.897 landmark in front of the 
canteen 

4 33985.742 403233.250 85.829 painted point on the 
workshop 

5 314060.658 403244.554 89.701 painted point in the 
back parking lot of 
hostel no. 4 

6 314071.557 403302.414 91.595 landmark near the 
barrier 

7 314081.715 403361.626 91.025 painted point to the left 
of the statue (it cannot 
be identified because it 
has not been 
permanently 
materialized)  

8 314074.128 403375.522 91.170 sewer to the right of the 
statue (center of the 
sewer cover) 

9 314173.319 403330.906 90.418 painted point traffic 
light (it cannot be 
identified because it has 
not been permanently 
materialized) 

10 314211.046 403490.136 91.880 sewer on the street near 
the Court House 
(outside the faculty 
premises) 

11 314203.141 403466.235 91.966 concrete sewer in the 
park close to the Court 
House 

12 313906.193 403225.435 82.415 bolt on the alley of 
hostel no. 3 

13 313934.784 403241.337 82.948 landmark in front of 
hostel no. 3 

14 313961.405 403271.881 86.648 landmark near the stairs 
to hostel no. 3 

15 313978.314 403259.451 86.677 landmark near the 
water basin 

16 313982.813 403248.729 86.433 pipe near the corner of 
the roof of the 
workshop 

17 314052.857 403286.811 89.725 landmark in the upper 
side (the 2nd landmark, 
pairing the one near the 
barrier) 

18 314091.507 403356.843 91.128 landmark materialized 
by the OCPI 

 
Note: Raster images obtained by digitizing map 
sheets drawn in other coordinate systems (e.g.: 
L-34-144, WGS 84, scale 1:100.000) were also 
used in GIS exploitation. 
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Thus, for their correct georeferencing, it was 
necessary to convert the WGS 84 coordinate 
system into the Stereo 70 system by using the 
TransDatRO software, version 4.04 (available 
for download at http://ancpi.ro/pages/ 
download.php?lang=en). 
As a result of the georeferencing, we can see 
(Figure 6) that a map coordinate system / 
orthophotomap has been assigned and that any 
point can be identified by coordinates in Stereo 
70 system (at the same time a system of units 
of measure, the metric one, has been assigned). 
 

 
Figure 6. Introducing the coordinate of control points for 

georeferencing the orthophotomap 
 
b. Drawing / vectorizing items of interest 
(polygon, line, point) 
The vector representation of the data model is 
close to the model used to represent the map. 
GIS objects in the vectorial model are repre-
sented with well-defined space delimittation. 
The position and shape of the objects are 
represented using a X, Y coordinate system. 
There are three vectorization models of the 
elements of interest (Burghilă et al., 2016): 
-point vector: is represented by a single X, Y 
coordinate pair; it can be used to represent the 
outdoor lighting network (pillars), the sewer 
network (canopy / drainage channels), ground 
marks etc.;  
- line type vector: it is represented by an 
ordered pair of X, Y coordinate pairs; it can be 
used to represent the street and alley network, 
utility networks (water, natural gas, electricity, 
telephony / data), marking indoor access ways, 
marking access roads in buildings etc.;  
- polygon vector: is represented by a series of 
X, Y coordinate pairs that define the linear seg-
ments that fit the polygon; it can be used to 
represent buildings, car parks, green spaces, 
stairs, storage platforms, bank areas, landscapes 
and landscaping, cultural elements, etc. 

In this specific case study, users or system 
administrators can vectorize new items of 
interest as follows: ArcCatalog adds a new 
shape element (or within a new database / 
geodatabase) while also specifying: its name, 
the type of vectors it will contain, the coor-
dinate system etc. (Figure 7, Figure 8). To en-
sure the visibility of traced vectors, the map-
ping properties of orthophotomaps have been 
modified by setting an 80% transparency level.  
Thus, both the visibility of the vectors and the 
raster support is ensured so that bookmarks can 
be verified. 
At this point, the user can vectorize elements 
(Figure 9).  
Upgrading the database (database) and 
content - users and / or system administrators 
can update the deployed data model at any time 
(database structure). Being an open system, it 
supports CRUD (Create / Read / Update / 
Delete) operations on data structures. 
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By updating the structure of the data model 
(database), users can record new information of 
interest (Figure 11). Depending on the type of 
information, it can be entered either manually, 
or by applying calculation formulas (e.g. 
lengths / distances, surfaces, coordinate 
determination, etc.). For example, the surface 
of buildings (represented by polygon vectors) 
can be automatically calculated in the attribute 
list by applying geometric calculus formulas 
(Figure 12). 
Such a system can be successfully implemented 
only through the existence of a data model 
specific to the field of action, which can be 
obtained by a detailed analysis of the respective 
domain.  
Hence, to allow the implementation of a 
decision support system (with a particular GIS) 
in the desired location (University of Craiova), 
the research will be realized primarily through 
the conceptual foundation of the applicable 

data model, that will allow for the recording, 
storing, extracting, processing and efficiently 
analyzing the desired data (see also Badea et 
al., 2015). 
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Raster graphic support can be obtained by 
scanning or digitizing existing maps in 
physical/ print format, or by purchasing the 
desired data in digital format. Due to 
technological progress, photogrammetry and 
aerial scanning methods are increasingly being 
used to acquire field data. 
 
CONCLUSIONS 
 
By applying a data model to a raster graphical 
support (and populating the database with the 
desired information), a Geographical 
Information System (GIS) is created, an 
efficient management tool that can be used to 
streamline the management of administrative 
activities and organizational skills in university 
campuses. The system is based on a relational 
open model, which allows it to be adapted to 
any necessities that may arise. The design data 
model has applicability in the structure of any 
student campus and can also be implemented in 
other locations (by providing graphic support in 
question). 
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Thus, for their correct georeferencing, it was 
necessary to convert the WGS 84 coordinate 
system into the Stereo 70 system by using the 
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70 system (at the same time a system of units 
of measure, the metric one, has been assigned). 
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The obtained orthophotomap can be used as 
raster graphic support for any future project 
requiring geographic information, being 
generated at a resolution of 2.33 cm/pixel, 
allowing easy identification of the desired 
details while also being useful as teaching 
material in specialized disciplines (for 
georeferencing, vectoring etc.).  
Furthermore, raw images can become input 
data for other graphics processing projects, and 
by anonymizing the information stored in the 
database, the geographic information system 
can be a practical application (laboratory) 
support for the students of the "Land and 
Cadaster Measurement".  
The geographically designed information 
system can be considered a pilot project for the 
development of other GISs, thus avoiding 
possible future mistakes, correct estimation of 
needs, adaptation, optimization and reuse of 
forms, techniques and working methods, etc. 
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Abstract  
 
Physiological stress response of Brown bullhead (Ameiurus nebulosus) was studied under laboratory conditions. This 
species is well known for the resistance and adaptability to environmental factors. In this sense, metabolic and 
hematologic profiles were determined for low (6o C), medium (18o C) and high (31o C) water temperatures. An increase 
in blood cell numbers (RBC, WBC) and hematocrit (Ht) was determined under high temperature conditions, as a 
response to low dissolved oxygen. Platelet count (PLT) remained relatively constant regardless of the water 
temperature. The metabolic profiles showed significant and very significant differences for most of the analyzed indices. 
The differences were due to variations in temperature that influenced appetite and ingestion of feed, respectivelly the 
respiratory function by vasoconstriction or hypoxia. 
 
Key words: Ictaluridae, invasive species, blood analysis, medial parameters, adaptability.  
 
INTRODUCTION 
 
Brown bullhead (Ameiurus nebulosus) is part of 
the Ictaluridae family. It is native to North 
America and has its origin area between Hudson 
Bay, St. Lawrence - Great Lakes, the American 
Atlantic limit and the Mississippi River (Craig et 
al., 2015). It was introduced in various parts of 
Europe (Holčik, 1991), Asia and the Pacific 
Islands, including New Zealand (Collier et al., 
2016) at the end of the XIX-th century (1885). The 
data regarding the occurrence of this species in 
Romania is controversial. Vasiliu (1959) 
mentioned its artificial introduction at the 
beginning of the XX-th century (1908). Bănărescu 
(1964) mentioned its migration from western 
European countries and noticed its presence in 
the Romanian Danube sector, Baziaş area, around 
1940. It was introduced for diversity purposes 
like sport fishing in these new habitats. It also 
became the subject of aquaculture (Dunham, 
2006; Marković et al., 2012) and artificial 
reproduction (Fobes, 2013).  
The Brown bullhead is recognized for its 
adaptability to difficult environmental 

conditions (Kapusta et al., 2010; Popescu, 
2014), so it can withstand low dissolved oxygen 
values, low water pH (Frank, 2015) and large 
temperature variations (Scott and Crossman, 
1973). All these physiological features 
correlated with specific anatomical structures 
(well-developed olfactory and gustative 
analyzers, venomous glands, robust body 
formations) (Moldowan et al., 2015; Popescu et 
al., 2015) contribute to a very good adaptation in 
the new habitats, becoming a dominant species 
with major influences on endemic fish (Lenhardt 
et al., 2010).  Brown bullhead is usually found 
in benthic zones, were it competes for food and 
resources with various demersal species 
(Kapusta et al., 2010). When found in natural 
water bodies, a high survival rate is noticed 
because of its territorial and parental-protective 
behaviour. The feeding spectrum is represented 
by chironomidae larvae (Kline and Wood, 2011; 
Frank, 2015), diptera, fish eggs, fish juveniles 
and crustaceans such as crayfish (Keast, 1985; 
Raney and Webster, 2011). All the above are 
reasons for which the Brown bullhead is 
considered a harmful species. Measures are 
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The obtained orthophotomap can be used as 
raster graphic support for any future project 
requiring geographic information, being 
generated at a resolution of 2.33 cm/pixel, 
allowing easy identification of the desired 
details while also being useful as teaching 
material in specialized disciplines (for 
georeferencing, vectoring etc.).  
Furthermore, raw images can become input 
data for other graphics processing projects, and 
by anonymizing the information stored in the 
database, the geographic information system 
can be a practical application (laboratory) 
support for the students of the "Land and 
Cadaster Measurement".  
The geographically designed information 
system can be considered a pilot project for the 
development of other GISs, thus avoiding 
possible future mistakes, correct estimation of 
needs, adaptation, optimization and reuse of 
forms, techniques and working methods, etc. 
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Abstract  
 
Physiological stress response of Brown bullhead (Ameiurus nebulosus) was studied under laboratory conditions. This 
species is well known for the resistance and adaptability to environmental factors. In this sense, metabolic and 
hematologic profiles were determined for low (6o C), medium (18o C) and high (31o C) water temperatures. An increase 
in blood cell numbers (RBC, WBC) and hematocrit (Ht) was determined under high temperature conditions, as a 
response to low dissolved oxygen. Platelet count (PLT) remained relatively constant regardless of the water 
temperature. The metabolic profiles showed significant and very significant differences for most of the analyzed indices. 
The differences were due to variations in temperature that influenced appetite and ingestion of feed, respectivelly the 
respiratory function by vasoconstriction or hypoxia. 
 
Key words: Ictaluridae, invasive species, blood analysis, medial parameters, adaptability.  
 
INTRODUCTION 
 
Brown bullhead (Ameiurus nebulosus) is part of 
the Ictaluridae family. It is native to North 
America and has its origin area between Hudson 
Bay, St. Lawrence - Great Lakes, the American 
Atlantic limit and the Mississippi River (Craig et 
al., 2015). It was introduced in various parts of 
Europe (Holčik, 1991), Asia and the Pacific 
Islands, including New Zealand (Collier et al., 
2016) at the end of the XIX-th century (1885). The 
data regarding the occurrence of this species in 
Romania is controversial. Vasiliu (1959) 
mentioned its artificial introduction at the 
beginning of the XX-th century (1908). Bănărescu 
(1964) mentioned its migration from western 
European countries and noticed its presence in 
the Romanian Danube sector, Baziaş area, around 
1940. It was introduced for diversity purposes 
like sport fishing in these new habitats. It also 
became the subject of aquaculture (Dunham, 
2006; Marković et al., 2012) and artificial 
reproduction (Fobes, 2013).  
The Brown bullhead is recognized for its 
adaptability to difficult environmental 

conditions (Kapusta et al., 2010; Popescu, 
2014), so it can withstand low dissolved oxygen 
values, low water pH (Frank, 2015) and large 
temperature variations (Scott and Crossman, 
1973). All these physiological features 
correlated with specific anatomical structures 
(well-developed olfactory and gustative 
analyzers, venomous glands, robust body 
formations) (Moldowan et al., 2015; Popescu et 
al., 2015) contribute to a very good adaptation in 
the new habitats, becoming a dominant species 
with major influences on endemic fish (Lenhardt 
et al., 2010).  Brown bullhead is usually found 
in benthic zones, were it competes for food and 
resources with various demersal species 
(Kapusta et al., 2010). When found in natural 
water bodies, a high survival rate is noticed 
because of its territorial and parental-protective 
behaviour. The feeding spectrum is represented 
by chironomidae larvae (Kline and Wood, 2011; 
Frank, 2015), diptera, fish eggs, fish juveniles 
and crustaceans such as crayfish (Keast, 1985; 
Raney and Webster, 2011). All the above are 
reasons for which the Brown bullhead is 
considered a harmful species. Measures are 
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currently taken to limit its spread in both 
artificial and natural environments (Danalache et 
al., 2017). 
In the case of aquatic organisms, temperature 
along with other physical and chemical factors 
play an essential role in the progress of 
physiological processes expressed by growth 
and intensity of metabolism (Peck et al., 2005). 
Each species has optimal temperature range, in 
which these physiological processes run 
properly. If these conditions are not provided, a 
stressful state appears and has corresponding 
consequences: decrease in metabolic rate, slow 
growth rate and installation of pathologic state 
(Barton, 2002).  
Blood is the most efficient stress indicator 
(Hattingh, 1977; Marin et al., 2015; Simide et 
al., 2016). Biochemical and hematological studies 
on fish are usually made for high economical 
value species. In general, Brown bullhead studies 
on hematological and biochemical properties were 
sporadic and made the subject of cytological and 
pathophysiological researches (Rowan, 2007; 
Baumann et al., 2008). Despite the fact that the 
Brown bullhead is considered an invasive and 
undesirable species in Romania, studies regarding 
its physiological traits have not been carried out. 
Our study shows the expression of thermal stress 
in the blood constituents of the Brown bullhead. 
The obtained results give fundamental arguments 
in understanding the process of adaptation by 
physiological mechanisms tested at extreme 
temperatures.  
 
MATERIALS AND METHODS 
 
The Brown bullhead specimens from this study 
were sampled from Stejeriș Lake, Cluj County. 
Three groups of 50 specimens were constituted. 
The average body weight (BW) was 88.64±2.18 
g and the average total length (TL) was 
19.85±0.14 cm. Each group was placed in 500L 
water tanks for 21 days at three different 
temperatures [Group 1: 6oC - low temperature 
(LT); Group 2: 18oC - normal temperature (NT); 
Group 3: 31oC - high temperature (HT)]. 
In order to observe the physiological status of 
Brown bullhead and the influence of thermal 
stress on the hematological profile, blood 
samples were collected by caudal vein puncture 
from 10 randomly selected specimens from 

each group. The samples were transferred into 
95 IU (4 mL) Li-Heparin anticoagulant 
vacutainers and transported under refrigeration 
conditions (+ 2°C) to the hematology 
laboratory of UASVM Cluj-Napoca. The 
following determinations were performed: 
HGB (hemoglobin), HCT (hematocrit), MCV 
(mean corpuscular volume), MCH (mean 
corpuscular hemoglobin), MCHC (mean 
corpuscular hemoglobin concentration), RBC 
(red blood cell count) WBC (white blood cell 
count), PLT (platelets) and the leukocyte 
formula. The hematocrit was determined by 
centrifugation at 12.000 rpm/3 min. 
Hemoglobin concentration and erythrocytes 
count were determined by spectrophotometry 
techniques (UV-VIS Screen Master Touch). 
End-Point colorimetric reaction was used for 
hemoglobin determination. Readings were 
performed in the NIS range spectra using as 
reagent 0.4% ammonium hydroxide NH4OH 
in distilled water. Turbidimetric and 
colorimetric EP-type reaction with visible 
reading was used for the determination of 
erythrocytes using as a reagent acetic solution 
of sodium sulfate Na2SO4 in distilled water 
(Gowen's reagent). The leukocyte formula was 
obtained by microscopic reading of the 
obtained blood smears. Coloration was 
performed by Reag-Quick-Panoptic [Reag-Fix 
Panoptic (fixative) - Reag-Red Panoptic 
(eosinophil) - Reag-Blue Panoptic (basophil)] 
and cleaning with bidistilled water. RBC 
(MCV, MCH, and MCHC) was calculated 
based on the formulas reported by Ghergariu 
et al. (1999): 
Mean Corpuscular Volume 

 
Mean Corpuscular Hemoglobin  

 
Mean Corpuscular Hemoglobin Concentration  

 
 
The biochemical profile obtained by 
spectrophotometry techniques with (λ)  
wavelength reading includes: protein profiles 
[TP -total protein (λ = 546 nm) (EP); ALB -
albumin (λ = 630 nm) (VIS); GLOB -globulin 
(λ = 405 nm) (EP); BUN -blood urea nitrogen 

 
 

(λ = 340 nm) (UV); CREAT-creatine (λ = 510 
nm) (NIS)], lipid profile [CHOL-cholesterol (λ 
= 500 nm) (NIS); TGC-triglyceride (λ = 550 
nm) (EP)], carbohydrate profile [BG-blood 
glucose (λ = 50 nm) (NIS)], mineral profile 
[TC-total calcium (λ = 575 nm) (EP); P -
phosphorus (λ = 340 nm) (UV); Fe-blood iron 
(λ = 630 nm) (EP); Na -sodium (λ = 405 nm) 
(NIS); K -potassium (λ = 380 nm) (UV)], 
enzyme profile [ALP-alkaline phosphatase (λ = 
405 nm) (CR); GGT-gamma-glutamyl 
transpeptidase; AST -aspartate 
aminotransferase; ALT -alanine 
aminotransferase; AM EP-serum amylase; 
LDH-lactate dehydrogenase (λ = 340 nm) 
(CR); LIP -lipase (λ = 580 nm) (CR); CPK -
creatine phosphokinase (λ = 340 nm) (CR); TB 
-total bilirubin]. Oxidative stress was also 
determined by the antioxidant SOD-superoxide 
dismutase enzyme (λ = 505 nm). The statistical 
interpretation of the obtained data from 
biochemical analyzes was performed with the 
GraphPad Prism 6 software, using ANOVA 
test for multiple comparisons. Tables and 
charts were designed in Word and Excel, 
Microsoft Office 2010.  
 
RESULTS AND DISCUSSIONS 
 
Hematological analyzes show a numerical 
increase in blood figurative elements, 
proportionally to the increase of temperature. 
For leukocytes, at 6oC the mean value was 
16.35 ± 1.596 WBC x 103/μL, at 18°C the 
mean value was 17.20 ± 0.536 WBC x 103/μL 
(d = 0.85**, P <0.01) and at 31oC the mean 
value was 18.12 ± 0.529 x 103/μL. 
The lowest mean value for erythrocytes was 
obtained at 18oC (RBC = 0.39 ± 0.016 x 
106/μL) and the maximum mean value was 
obtained at 31oC (RBC = 0.88 ± 0.11 x 
106/μL). Intermediate mean value was obtained 
at 6oC (RBC = 0.50 ± 0.032 x 106/μL). 
Correlations between blood cells counts (WBC 
and RBC) and temperature were mentioned by 
Bozorgnia et al. (2011) and Witeska (2013). 
The increase of figurative blood count is a 
stress state indicator.  
The physiological response of fish regarding 
high water temperatures (when dissolved 
oxygen level is low) is expressed by the 

increase of erythrocyte counts. In response to 
environmental conditions, fish specific 
hematopoiesis in the kidneys and spleen 
(Maekawa and Kato, 2015) is accelerated and a 
higher number of erythrocytes are able to carry 
more efficiently the reduced amount of 
dissolved oxygen in the water. 
The hemoglobin (Hg) varies from 5.5±0.196 
g/dL (at 18°C), to 7.66±0.638 g/dL (at 31°C) 
and 10.2±0.388 g/dL (at 6 °C). Fish have 
specific anatomical and physiological 
adaptations that coordinate and adjust the 
amount of hemoglobin in the blood flow. This 
mechanism is based on the variation of medial 
conditions and the chemical modulation 
stimulus. Both act on the oxygen requirements 
of different tissues (de Souza and Bonilla-
Rodriguez, 2007). Temperature and dissolved 
oxygen levels from water are usually found in 
inverse relationship. Tissular oxygen demand is 
no longer provided under hyperthermia 
conditions. The physiological response to this 
thermal stress factor is manifested by variations 
of cortisol and blood glucose (Martínez-Porchas 
et al., 2009) witch lead to blood pH alterations. 
Hemoglobin is highly sensitive to pH changes, 
Bohr reduction of Hg-O2 affinity) and Root 
(decrease in carrying capacity) effects occur 
under stress conditions (Rummer and Brauner, 
2015). In Table 1 high levels of blood glucose 
(BG) are presented, both hypo- and 
hyperthermia leading to increased hemoglobin 
when thermal stress is installed.  
The results of our study indicate that the highest 
hemoglobin concentration occurs for low water 
temperatures (LT). Collateral and cumulative 
physiological adaptations may be the response 
to environmental factors as previously 
described. Increased hemoglobin levels occur in 
hypothermia because of vasoconstriction 
(especially in skeletal muscle capillaries) 
correlated with significant increase in 
mitochondrial density (Johnson and Dunn, 
1987). Blood circulation is carried out at a low 
rate, especially at the peripheral level and the 
demand for tissular oxygen is no longer assured. 
A higher concentration of hemoglobin is 
necessary in this case. 
By comparing our hypothermic stress generating 
experiment to the conditions of the Arctic 
environment, some adaptive differences can be 
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currently taken to limit its spread in both 
artificial and natural environments (Danalache et 
al., 2017). 
In the case of aquatic organisms, temperature 
along with other physical and chemical factors 
play an essential role in the progress of 
physiological processes expressed by growth 
and intensity of metabolism (Peck et al., 2005). 
Each species has optimal temperature range, in 
which these physiological processes run 
properly. If these conditions are not provided, a 
stressful state appears and has corresponding 
consequences: decrease in metabolic rate, slow 
growth rate and installation of pathologic state 
(Barton, 2002).  
Blood is the most efficient stress indicator 
(Hattingh, 1977; Marin et al., 2015; Simide et 
al., 2016). Biochemical and hematological studies 
on fish are usually made for high economical 
value species. In general, Brown bullhead studies 
on hematological and biochemical properties were 
sporadic and made the subject of cytological and 
pathophysiological researches (Rowan, 2007; 
Baumann et al., 2008). Despite the fact that the 
Brown bullhead is considered an invasive and 
undesirable species in Romania, studies regarding 
its physiological traits have not been carried out. 
Our study shows the expression of thermal stress 
in the blood constituents of the Brown bullhead. 
The obtained results give fundamental arguments 
in understanding the process of adaptation by 
physiological mechanisms tested at extreme 
temperatures.  
 
MATERIALS AND METHODS 
 
The Brown bullhead specimens from this study 
were sampled from Stejeriș Lake, Cluj County. 
Three groups of 50 specimens were constituted. 
The average body weight (BW) was 88.64±2.18 
g and the average total length (TL) was 
19.85±0.14 cm. Each group was placed in 500L 
water tanks for 21 days at three different 
temperatures [Group 1: 6oC - low temperature 
(LT); Group 2: 18oC - normal temperature (NT); 
Group 3: 31oC - high temperature (HT)]. 
In order to observe the physiological status of 
Brown bullhead and the influence of thermal 
stress on the hematological profile, blood 
samples were collected by caudal vein puncture 
from 10 randomly selected specimens from 

each group. The samples were transferred into 
95 IU (4 mL) Li-Heparin anticoagulant 
vacutainers and transported under refrigeration 
conditions (+ 2°C) to the hematology 
laboratory of UASVM Cluj-Napoca. The 
following determinations were performed: 
HGB (hemoglobin), HCT (hematocrit), MCV 
(mean corpuscular volume), MCH (mean 
corpuscular hemoglobin), MCHC (mean 
corpuscular hemoglobin concentration), RBC 
(red blood cell count) WBC (white blood cell 
count), PLT (platelets) and the leukocyte 
formula. The hematocrit was determined by 
centrifugation at 12.000 rpm/3 min. 
Hemoglobin concentration and erythrocytes 
count were determined by spectrophotometry 
techniques (UV-VIS Screen Master Touch). 
End-Point colorimetric reaction was used for 
hemoglobin determination. Readings were 
performed in the NIS range spectra using as 
reagent 0.4% ammonium hydroxide NH4OH 
in distilled water. Turbidimetric and 
colorimetric EP-type reaction with visible 
reading was used for the determination of 
erythrocytes using as a reagent acetic solution 
of sodium sulfate Na2SO4 in distilled water 
(Gowen's reagent). The leukocyte formula was 
obtained by microscopic reading of the 
obtained blood smears. Coloration was 
performed by Reag-Quick-Panoptic [Reag-Fix 
Panoptic (fixative) - Reag-Red Panoptic 
(eosinophil) - Reag-Blue Panoptic (basophil)] 
and cleaning with bidistilled water. RBC 
(MCV, MCH, and MCHC) was calculated 
based on the formulas reported by Ghergariu 
et al. (1999): 
Mean Corpuscular Volume 

 
Mean Corpuscular Hemoglobin  

 
Mean Corpuscular Hemoglobin Concentration  

 
 
The biochemical profile obtained by 
spectrophotometry techniques with (λ)  
wavelength reading includes: protein profiles 
[TP -total protein (λ = 546 nm) (EP); ALB -
albumin (λ = 630 nm) (VIS); GLOB -globulin 
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= 500 nm) (NIS); TGC-triglyceride (λ = 550 
nm) (EP)], carbohydrate profile [BG-blood 
glucose (λ = 50 nm) (NIS)], mineral profile 
[TC-total calcium (λ = 575 nm) (EP); P -
phosphorus (λ = 340 nm) (UV); Fe-blood iron 
(λ = 630 nm) (EP); Na -sodium (λ = 405 nm) 
(NIS); K -potassium (λ = 380 nm) (UV)], 
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interpretation of the obtained data from 
biochemical analyzes was performed with the 
GraphPad Prism 6 software, using ANOVA 
test for multiple comparisons. Tables and 
charts were designed in Word and Excel, 
Microsoft Office 2010.  
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at 6oC (RBC = 0.50 ± 0.032 x 106/μL). 
Correlations between blood cells counts (WBC 
and RBC) and temperature were mentioned by 
Bozorgnia et al. (2011) and Witeska (2013). 
The increase of figurative blood count is a 
stress state indicator.  
The physiological response of fish regarding 
high water temperatures (when dissolved 
oxygen level is low) is expressed by the 

increase of erythrocyte counts. In response to 
environmental conditions, fish specific 
hematopoiesis in the kidneys and spleen 
(Maekawa and Kato, 2015) is accelerated and a 
higher number of erythrocytes are able to carry 
more efficiently the reduced amount of 
dissolved oxygen in the water. 
The hemoglobin (Hg) varies from 5.5±0.196 
g/dL (at 18°C), to 7.66±0.638 g/dL (at 31°C) 
and 10.2±0.388 g/dL (at 6 °C). Fish have 
specific anatomical and physiological 
adaptations that coordinate and adjust the 
amount of hemoglobin in the blood flow. This 
mechanism is based on the variation of medial 
conditions and the chemical modulation 
stimulus. Both act on the oxygen requirements 
of different tissues (de Souza and Bonilla-
Rodriguez, 2007). Temperature and dissolved 
oxygen levels from water are usually found in 
inverse relationship. Tissular oxygen demand is 
no longer provided under hyperthermia 
conditions. The physiological response to this 
thermal stress factor is manifested by variations 
of cortisol and blood glucose (Martínez-Porchas 
et al., 2009) witch lead to blood pH alterations. 
Hemoglobin is highly sensitive to pH changes, 
Bohr reduction of Hg-O2 affinity) and Root 
(decrease in carrying capacity) effects occur 
under stress conditions (Rummer and Brauner, 
2015). In Table 1 high levels of blood glucose 
(BG) are presented, both hypo- and 
hyperthermia leading to increased hemoglobin 
when thermal stress is installed.  
The results of our study indicate that the highest 
hemoglobin concentration occurs for low water 
temperatures (LT). Collateral and cumulative 
physiological adaptations may be the response 
to environmental factors as previously 
described. Increased hemoglobin levels occur in 
hypothermia because of vasoconstriction 
(especially in skeletal muscle capillaries) 
correlated with significant increase in 
mitochondrial density (Johnson and Dunn, 
1987). Blood circulation is carried out at a low 
rate, especially at the peripheral level and the 
demand for tissular oxygen is no longer assured. 
A higher concentration of hemoglobin is 
necessary in this case. 
By comparing our hypothermic stress generating 
experiment to the conditions of the Arctic 
environment, some adaptive differences can be 
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observed. Fish from Arctic regions have low 
hemoglobin levels (directly correlated with 
myoglobin) (Wells et al., 1980). This is a 
phylogenetic adaptability of fish species living in 
cold waters, which have a high level of nitric 

oxide (NO) that acts as a vasodilator (Sidell and 
O'Brien, 2006). Brown bullhead is not native to 
cold areas, thus lacking this phylogenetic 
adaptation.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The increase in hematocrit is gradually made 
and directly proportional to the temperature. 
The obtained values are as follows: 6oC - Ht = 
18.38±0.443%; 18°C - Ht = 22.30±0.317%; 

31oC - Ht = 27.55±1.461%. Previous studies 
regarding blood analyzes of fish and other 
vertebrates have shown that when 
environmental temperature increases, the 
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Figure 1. Mean values and standard deviation of number of erythrocytes (A), number of leukocytes (B), hematocrit 
(C), hemoglobin content (D), mean corpuscular volume (E), mean corpuscular hemoglobin (F), mean concentration 
of corpuscular hemoglobin (G) and platelets (H) of Brown bullhead at the control (normal) temperature (CT), high 

temperature (HT) and lower temperature (LT) 

 
 

volume of erythrocytes also increases (Gillooly 
and Zenil-Ferguson, 2014), directly affecting 
the hematocrit value. Hematopoiesis is also 
accelerated in cases of hyperthermia as a result 
of decreasing the erythrocyte-carrying capacity 
(Root effect), resulting the increase of 
hematocrit. The mechanism consists in 
activating circulating stress hormones 
(catecholamine) in hyperthermia and implicitly 
in hypoxia (Lai et al., 2006), which accelerate 
hematopoietic processes.   
Platelets (PLT) represent the only 
hematological parameter that does not show 
any variation regardless of temperature 
intensity (PLT = 20.55±0.402 x 103/μL - 6oC; 
PLT = 20.30±0.434 x 103/μL - 18oC; PLT = 
20.30±0.636 x 103/ΜL - 31 °C). 
The erythrocyte count variation, as can be 
seen in Figure 1, also led to the change of the 
erythrocyte indices. Thus, the gradual increase 
in the number of erythrocytes is correlated 
(according to the calculation formula) with a 

gradual and directly proportional decrease of 
mean corpuscular volume (MCV) values. It is 
possible to observe a higher value of this 
index at low temperatures (6°C MCV = 
76.33±5.779 fl), respectively a lower value in 
case of high temperatures (31°C MCV = 
38.66±2.109 fl). The average value of mean 
corpuscular volume recorded at 18 oC (MCV = 
60.90±1.077 fl) can be found between the 
highest and lowest values. 
Mean corpuscular hemoglobin showed the 
lowest value under control conditions (18oC 
MCH = 11.1±0.345 pg), value close to that 
resulting from hyperthermia (31oC MCH = 
11.56±1.522 pg). Under hypothermia, the mean 
corpuscular hemoglobin was higher (6oC MCH 
= 17.86±1.868 pg).   
Mean corpuscular hemoglobin concentration 
showed the following mean values: 6°C - 
MCHC = 24.30±2.503 g/dL; 18°C - MCHC = 
31.30±0.454 g/dL; 31°C - MCHC = 
22.57±1.176 g/dL. 

 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 graphically represents the leukocyte 
formula of brown bullhead subjected to thermal 
stress. Leukocytes are reported as percentage 
(relative values) and their values were obtained 
from smear readings. The graphic representation 

shows at 18oC the following values of the 
leucocyte formula: NEU = 35%; EOS = 20%; 
LYM = 30%; MONO = 10%; BAS = 5%. At 
6oC, the leukocyte formula shows the following 
values: NEU = 7%; EOS = 3%; LYM = 80%; 

Figure 2. Leukocyte formula (%) in Brown bullhead (Ameiurus nebulosus)  
under different temperature conditions 
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observed. Fish from Arctic regions have low 
hemoglobin levels (directly correlated with 
myoglobin) (Wells et al., 1980). This is a 
phylogenetic adaptability of fish species living in 
cold waters, which have a high level of nitric 

oxide (NO) that acts as a vasodilator (Sidell and 
O'Brien, 2006). Brown bullhead is not native to 
cold areas, thus lacking this phylogenetic 
adaptation.
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activating circulating stress hormones 
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The erythrocyte count variation, as can be 
seen in Figure 1, also led to the change of the 
erythrocyte indices. Thus, the gradual increase 
in the number of erythrocytes is correlated 
(according to the calculation formula) with a 

gradual and directly proportional decrease of 
mean corpuscular volume (MCV) values. It is 
possible to observe a higher value of this 
index at low temperatures (6°C MCV = 
76.33±5.779 fl), respectively a lower value in 
case of high temperatures (31°C MCV = 
38.66±2.109 fl). The average value of mean 
corpuscular volume recorded at 18 oC (MCV = 
60.90±1.077 fl) can be found between the 
highest and lowest values. 
Mean corpuscular hemoglobin showed the 
lowest value under control conditions (18oC 
MCH = 11.1±0.345 pg), value close to that 
resulting from hyperthermia (31oC MCH = 
11.56±1.522 pg). Under hypothermia, the mean 
corpuscular hemoglobin was higher (6oC MCH 
= 17.86±1.868 pg).   
Mean corpuscular hemoglobin concentration 
showed the following mean values: 6°C - 
MCHC = 24.30±2.503 g/dL; 18°C - MCHC = 
31.30±0.454 g/dL; 31°C - MCHC = 
22.57±1.176 g/dL. 
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formula of brown bullhead subjected to thermal 
stress. Leukocytes are reported as percentage 
(relative values) and their values were obtained 
from smear readings. The graphic representation 

shows at 18oC the following values of the 
leucocyte formula: NEU = 35%; EOS = 20%; 
LYM = 30%; MONO = 10%; BAS = 5%. At 
6oC, the leukocyte formula shows the following 
values: NEU = 7%; EOS = 3%; LYM = 80%; 
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under different temperature conditions 



38
 

 

MONO = 3%; BAS = 7%. The values for the 
leucocyte formula at 31oC are as follows: NEU = 
42%; EOS = 17%; LYM = 6%; MONO = 15%; 
BAS = 20%. 
The low percentage of neutrophils under 
hypothermia (6°C) can be correlated with the 
mean values obtained in the hematological 
profile (low RBC, low Ht) and an inefficient 
hematopoiesis at low temperatures (Kulkeaw et 
al., 2010). Moreover, from the leukocyte 
formula point of view, the extreme values were 
obtained under conditions of hypothermia, 
which means that the physiological status of 
the Brown bullhead is strongly influenced. In 

addition, in the case of hypothermia, 
lymphocytosis is observed, the percentage 
exceeding the maximum threshold of 40% 
(LYM = 80%, in this case). 
The data presented in Table 1 (including the F 
values) reveal extremely significant differences 
(p <0.0001) depending on the temperature for 
most determined blood biochemical 
parameters, except for total calcium (TC) 
where the difference among lots was 
insignificant (p> 0.05). Also, a significant 
difference (p <0.05) was recorded in the case of 
glucose (BG). 

  
Table 1.  The mean values, multiple comparisons (ANOVA test) and the statistical significance for the metabolic profiles and 

the oxidative stress in situations of thermal stress in Brown bullhead (Ameiurus nebulosus) 
 

Parameter Abbr. MU LT* NT* HT* F* Sign.P 
Proteic Profile 
Total Protein TP g/dL 0.98±0.04 3.30±0.33 2.36±0.38 15.58 <0.0001 
Albumin ALB g/dL 2.34±0.05 1.30±0.13 1.53±0.21 13.55 <0.0001 
Globulin GLOB g/dL 0.25±0.01 3.20±0.19 2.76±0.24 78.39 <0.0001 
Blood Urea Nitrogen BUN mg/dL 10.33±0.52 4.00±0.30 7.74±0.41 56.51 <0.0001 
Creatine CREAT mg/dL 0.79±0.05 0.27±0.01 0.71±0.07 27.36 <0.0001 
Lipid Profile 
Cholesterol CHOL mg/dL 64.33±2.75 105.00±2.29 191.33±14.15 59.25 <0.0001 
Triglyceride TGC mg/dL 100.33±2.51 329.00±9.69 282.33±25.47 58.47 <0.0001 
Carbohydrate Profile 
Blood Glucose BG mg/dL 34.33±3.97 23.00±0.50 27.66±2.15 4.70 <0.05 
Mineral Profile 
Total Calcium TC mg/dL 4.84±0.17 4.90±0.28 4.62±0.26 0.36 ns 
Phosphorus P mg/dL 2.53±0.12 3.12±0.34 9.05±1.06 31.04 <0.0001 
Blood Iron Fe µg/dL 283.18±0.23 97.27±10.74 230.23±30.53 17.46 <0.0001 
Sodium Na mmol/L 129.00±1.75 111.70±2.02 121.33±1.38 25.04 <0.0001 
Potassium K mmol/L 3.50±0.17 2.21±0.21 2.44±0.08 17.03 <0.0001 
Enzyme Profile 
Alkaline Phosphatase ALP UL 65.33±3.02 155.00±3.13 121.66±6.93 91.9 <0.0001 
Gamma-glutamyl transpeptidase GGT UL 16.80±1.1 2.00±0.21 18.66±0.48 149.1 <0.0001 
Aspartate aminotransferase AST UL 1916.66±25.58 268.00±3.51 1448.00±147.8 96.13 <0.0001 
Alanine aminotransferase ALT UL 14.66±0.57 14.00±0.36 39.10±4.17 34.33 <0.0001 
Serum Amylase AM EP UL 135.66±9.04 44.00±2.49 84.00±2.70 66.5 <0.0001 
Lactate Dehydrogenase LDH UL 1467.00±17.02 282.00±3.06 502.66±24.58 1319 <0.0001 
Lipase LIP UL 295.66±4.73 55.00±3.14 124.00±12.95 230.4 <0.0001 
Creatine Phosphokinase CPK UL 12024.33±265.4 17620.00±190.1 9523.00±393.7 197.1 <0.0001 
Total Bilirubin TB UL 0.55±0.02 0.08±0.01 0.04±0.01 295.5 <0.0001 
Oxidative Stress 
Superoxide Dismutase SOD U/gHGB 823.51±43.71 238.53±34.12 706.63±47.3 54.11 <0.0001 

*LT – lower temperature (6oC); NT – normal temperature (18oC); HT – high temperature (31oC); F – F statistic  
 
Protein profile parameters can vary depending 
on several factors: species, sex, age, water 
temperature, feed (Patriche et al., 2009). So, in 
our case, the variation of protein parameters 
was influenced only by water temperature, as 
the brown bullheads were of the same age and 
received the same type of feed. The same 
authors (Patriche et al., 2011) consider that the 
difference between the groups of circulating 

proteins in the blood does not necessarily 
represent a state of stress, this fact being 
attributed to the ratio of albumin to globulin, 
which should not fall below 0.3. Values 
obtained show the following albumin / globulin 
ratios: 6 oC ALB / GLOB = 9.35; 18oC ALB / 
GLOB = 0.406; 31oC ALB / GLOB = 0.554. 
According to the same authors, a stress 
indicator valuable biomarker is the level of 

 
 

glycaemia, where significant differences (P 
<0.05) were recorded between the three groups: 
6oC BG = 34.33±3.97 mg/dL; 18oC BG = 
23.00±0.50 mg/dL; 31oC BG = 27.66±2.15 
mg/dL. Other experiments (Suljević et al., 
2015) also demonstrate changes in blood 
glucose levels under thermic stress conditions. 
As for the mineral profile, the total calcium 
level does not differ significantly regardless of 
the water temperature (6°C TC = 4.84±0.17 
mg/dL, 18°C TC = 4.90±0.28 mg/dL, 31°C TC 
= 4.62±0.26 mg/DL), as confirmed by other 
studies (Grigg, 1969; Cataldi et al., 1998). The 
mean values of the other mineral parameters 
show extremely significant differences between 
the three groups. 
The values for iron (Fe) (6°C Fe = 283.18±0.23 
μg/dL; 18°C Fe = 97.27±10.74 μg/dL; 31°C Fe 
= 230.23±30.53 μg/dL) may be correlated with 
blood hemoglobin level (6°C Hg = 10.2±0.388 
g/dL, 18oC Hg = 5.5±0.196 g/dL, 31oC Hg = 
7.66±0.638 g/dL), demonstrating that both low 
and high water temperatures lead to 
disturbances of the respiratory function because 
of peripheral vasoconstriction (low 
temperature) or lack of dissolved oxygen (high 
temperatures).   
At an enzymatic level, significant differences 
were obtained between the three groups. The 
most dramatic differences were recorded in 
aspartate aminotransferase (6oC AST = 
1916.66±25.58 U/L; 18oC AST = 268.00±3.51 
U/L; 31oC AST = 1448.00±147.8 U/L), where 
in conditions of hypothermia, values 
approximately seven times higher appeared, 
and in hyperthermia conditions the standard 
value (at 18oC) was approximately five times 
higher. These values can conclude the 
occurrence of tissue lesions (Preston et al., 
2016), AST being an enzyme found in several 
types of tissue (myocardium, liver, skeletal 
muscle, pancreas, kidney). 
In situations of thermal stress, alkaline 
phosphatase (ALP) showed lower values 
compared to those obtained at 18oC (ALP = 
155.00±3.13 U/L), suggesting a slight 
malnutrition of specimens exposed to low 
temperature (6oC ALP = 65.33±3.02 U/L), 
respectively to high temperature (31°C ALP = 
121.66±6.93 U/L). This slight malnutrition is 
not the result of inappropriate feeding, because 

the three experimental groups have been 
provided with the same fodder conditions. Fish 
are poikilothermic organisms, so under 
conditions of temperature that do not fall 
within the limits of their biological comfort, 
they eat small amounts of food or can even 
refuse feed altogether. Ingestion and food 
intake are limited in high temperature 
conditions involving hypoxia (Saravanan et al., 
2013). In fact, extreme temperatures have a 
negative influence on metabolic processes, 
which is why ALP has declined, but without 
reaching values that fall within pathological 
spectrum. Being involved in physiological 
calcium absorption processes (Villanueva et al., 
1997), correlations can be made between total 
calcium (TC) and alkaline phosphatase (ALP) 
values in thermal stress situations. 
Antagonist to ALP values, gamma-
glutamyltransferase (GGT) presents elevated 
values in thermal stress situations, suggesting 
poor metabolic activity of the liver and a 
decrease in bile secretion. In the case of alanine 
aminotransferase (ALT), the values are 
elevated only under high temperature 
conditions (6oC ALT = 14.66±0.57 U/L, 18oC 
ALT = 14.00±0.36 U/L, 31oC ALT = 
39.10±4.17 U/L). Serum amylase (AM EP) 
also showed elevated levels of thermal stress 
due to a pancreatic dysfunction or a possible 
renal insufficiency due to extreme 
temperatures. Danilenko et al. (1998), confirms 
changes in lactate dehydrogenase (LDH) values 
in fish depending on temperature, the same fact 
being confirmed by the results of our study 
(6oC LDH = 1467.00±17.02 U/L; 18oC LDH = 
282.00±3.06 U/L; 31oC LDH = 502.66±24.58 
U/L). Comparing the mean LDH values with 
the value obtained at 18°C in both hypothermia 
and hyperthermia, these are higher, resulting in 
extremely significant differences between the 
three groups (F = 1319; P <0.0001). LDH 
elevations may appear due to hypoxia 
(Panepucci et al., 2000) in the case of high 
water temperatures. 
 
CONCLUSIONS 
 
The results of our experiment indicate the fact 
that Brown bullhead has great plasticity and 
adaptability regarding environmental 
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MONO = 3%; BAS = 7%. The values for the 
leucocyte formula at 31oC are as follows: NEU = 
42%; EOS = 17%; LYM = 6%; MONO = 15%; 
BAS = 20%. 
The low percentage of neutrophils under 
hypothermia (6°C) can be correlated with the 
mean values obtained in the hematological 
profile (low RBC, low Ht) and an inefficient 
hematopoiesis at low temperatures (Kulkeaw et 
al., 2010). Moreover, from the leukocyte 
formula point of view, the extreme values were 
obtained under conditions of hypothermia, 
which means that the physiological status of 
the Brown bullhead is strongly influenced. In 

addition, in the case of hypothermia, 
lymphocytosis is observed, the percentage 
exceeding the maximum threshold of 40% 
(LYM = 80%, in this case). 
The data presented in Table 1 (including the F 
values) reveal extremely significant differences 
(p <0.0001) depending on the temperature for 
most determined blood biochemical 
parameters, except for total calcium (TC) 
where the difference among lots was 
insignificant (p> 0.05). Also, a significant 
difference (p <0.05) was recorded in the case of 
glucose (BG). 

  
Table 1.  The mean values, multiple comparisons (ANOVA test) and the statistical significance for the metabolic profiles and 

the oxidative stress in situations of thermal stress in Brown bullhead (Ameiurus nebulosus) 
 

Parameter Abbr. MU LT* NT* HT* F* Sign.P 
Proteic Profile 
Total Protein TP g/dL 0.98±0.04 3.30±0.33 2.36±0.38 15.58 <0.0001 
Albumin ALB g/dL 2.34±0.05 1.30±0.13 1.53±0.21 13.55 <0.0001 
Globulin GLOB g/dL 0.25±0.01 3.20±0.19 2.76±0.24 78.39 <0.0001 
Blood Urea Nitrogen BUN mg/dL 10.33±0.52 4.00±0.30 7.74±0.41 56.51 <0.0001 
Creatine CREAT mg/dL 0.79±0.05 0.27±0.01 0.71±0.07 27.36 <0.0001 
Lipid Profile 
Cholesterol CHOL mg/dL 64.33±2.75 105.00±2.29 191.33±14.15 59.25 <0.0001 
Triglyceride TGC mg/dL 100.33±2.51 329.00±9.69 282.33±25.47 58.47 <0.0001 
Carbohydrate Profile 
Blood Glucose BG mg/dL 34.33±3.97 23.00±0.50 27.66±2.15 4.70 <0.05 
Mineral Profile 
Total Calcium TC mg/dL 4.84±0.17 4.90±0.28 4.62±0.26 0.36 ns 
Phosphorus P mg/dL 2.53±0.12 3.12±0.34 9.05±1.06 31.04 <0.0001 
Blood Iron Fe µg/dL 283.18±0.23 97.27±10.74 230.23±30.53 17.46 <0.0001 
Sodium Na mmol/L 129.00±1.75 111.70±2.02 121.33±1.38 25.04 <0.0001 
Potassium K mmol/L 3.50±0.17 2.21±0.21 2.44±0.08 17.03 <0.0001 
Enzyme Profile 
Alkaline Phosphatase ALP UL 65.33±3.02 155.00±3.13 121.66±6.93 91.9 <0.0001 
Gamma-glutamyl transpeptidase GGT UL 16.80±1.1 2.00±0.21 18.66±0.48 149.1 <0.0001 
Aspartate aminotransferase AST UL 1916.66±25.58 268.00±3.51 1448.00±147.8 96.13 <0.0001 
Alanine aminotransferase ALT UL 14.66±0.57 14.00±0.36 39.10±4.17 34.33 <0.0001 
Serum Amylase AM EP UL 135.66±9.04 44.00±2.49 84.00±2.70 66.5 <0.0001 
Lactate Dehydrogenase LDH UL 1467.00±17.02 282.00±3.06 502.66±24.58 1319 <0.0001 
Lipase LIP UL 295.66±4.73 55.00±3.14 124.00±12.95 230.4 <0.0001 
Creatine Phosphokinase CPK UL 12024.33±265.4 17620.00±190.1 9523.00±393.7 197.1 <0.0001 
Total Bilirubin TB UL 0.55±0.02 0.08±0.01 0.04±0.01 295.5 <0.0001 
Oxidative Stress 
Superoxide Dismutase SOD U/gHGB 823.51±43.71 238.53±34.12 706.63±47.3 54.11 <0.0001 

*LT – lower temperature (6oC); NT – normal temperature (18oC); HT – high temperature (31oC); F – F statistic  
 
Protein profile parameters can vary depending 
on several factors: species, sex, age, water 
temperature, feed (Patriche et al., 2009). So, in 
our case, the variation of protein parameters 
was influenced only by water temperature, as 
the brown bullheads were of the same age and 
received the same type of feed. The same 
authors (Patriche et al., 2011) consider that the 
difference between the groups of circulating 

proteins in the blood does not necessarily 
represent a state of stress, this fact being 
attributed to the ratio of albumin to globulin, 
which should not fall below 0.3. Values 
obtained show the following albumin / globulin 
ratios: 6 oC ALB / GLOB = 9.35; 18oC ALB / 
GLOB = 0.406; 31oC ALB / GLOB = 0.554. 
According to the same authors, a stress 
indicator valuable biomarker is the level of 

 
 

glycaemia, where significant differences (P 
<0.05) were recorded between the three groups: 
6oC BG = 34.33±3.97 mg/dL; 18oC BG = 
23.00±0.50 mg/dL; 31oC BG = 27.66±2.15 
mg/dL. Other experiments (Suljević et al., 
2015) also demonstrate changes in blood 
glucose levels under thermic stress conditions. 
As for the mineral profile, the total calcium 
level does not differ significantly regardless of 
the water temperature (6°C TC = 4.84±0.17 
mg/dL, 18°C TC = 4.90±0.28 mg/dL, 31°C TC 
= 4.62±0.26 mg/DL), as confirmed by other 
studies (Grigg, 1969; Cataldi et al., 1998). The 
mean values of the other mineral parameters 
show extremely significant differences between 
the three groups. 
The values for iron (Fe) (6°C Fe = 283.18±0.23 
μg/dL; 18°C Fe = 97.27±10.74 μg/dL; 31°C Fe 
= 230.23±30.53 μg/dL) may be correlated with 
blood hemoglobin level (6°C Hg = 10.2±0.388 
g/dL, 18oC Hg = 5.5±0.196 g/dL, 31oC Hg = 
7.66±0.638 g/dL), demonstrating that both low 
and high water temperatures lead to 
disturbances of the respiratory function because 
of peripheral vasoconstriction (low 
temperature) or lack of dissolved oxygen (high 
temperatures).   
At an enzymatic level, significant differences 
were obtained between the three groups. The 
most dramatic differences were recorded in 
aspartate aminotransferase (6oC AST = 
1916.66±25.58 U/L; 18oC AST = 268.00±3.51 
U/L; 31oC AST = 1448.00±147.8 U/L), where 
in conditions of hypothermia, values 
approximately seven times higher appeared, 
and in hyperthermia conditions the standard 
value (at 18oC) was approximately five times 
higher. These values can conclude the 
occurrence of tissue lesions (Preston et al., 
2016), AST being an enzyme found in several 
types of tissue (myocardium, liver, skeletal 
muscle, pancreas, kidney). 
In situations of thermal stress, alkaline 
phosphatase (ALP) showed lower values 
compared to those obtained at 18oC (ALP = 
155.00±3.13 U/L), suggesting a slight 
malnutrition of specimens exposed to low 
temperature (6oC ALP = 65.33±3.02 U/L), 
respectively to high temperature (31°C ALP = 
121.66±6.93 U/L). This slight malnutrition is 
not the result of inappropriate feeding, because 

the three experimental groups have been 
provided with the same fodder conditions. Fish 
are poikilothermic organisms, so under 
conditions of temperature that do not fall 
within the limits of their biological comfort, 
they eat small amounts of food or can even 
refuse feed altogether. Ingestion and food 
intake are limited in high temperature 
conditions involving hypoxia (Saravanan et al., 
2013). In fact, extreme temperatures have a 
negative influence on metabolic processes, 
which is why ALP has declined, but without 
reaching values that fall within pathological 
spectrum. Being involved in physiological 
calcium absorption processes (Villanueva et al., 
1997), correlations can be made between total 
calcium (TC) and alkaline phosphatase (ALP) 
values in thermal stress situations. 
Antagonist to ALP values, gamma-
glutamyltransferase (GGT) presents elevated 
values in thermal stress situations, suggesting 
poor metabolic activity of the liver and a 
decrease in bile secretion. In the case of alanine 
aminotransferase (ALT), the values are 
elevated only under high temperature 
conditions (6oC ALT = 14.66±0.57 U/L, 18oC 
ALT = 14.00±0.36 U/L, 31oC ALT = 
39.10±4.17 U/L). Serum amylase (AM EP) 
also showed elevated levels of thermal stress 
due to a pancreatic dysfunction or a possible 
renal insufficiency due to extreme 
temperatures. Danilenko et al. (1998), confirms 
changes in lactate dehydrogenase (LDH) values 
in fish depending on temperature, the same fact 
being confirmed by the results of our study 
(6oC LDH = 1467.00±17.02 U/L; 18oC LDH = 
282.00±3.06 U/L; 31oC LDH = 502.66±24.58 
U/L). Comparing the mean LDH values with 
the value obtained at 18°C in both hypothermia 
and hyperthermia, these are higher, resulting in 
extremely significant differences between the 
three groups (F = 1319; P <0.0001). LDH 
elevations may appear due to hypoxia 
(Panepucci et al., 2000) in the case of high 
water temperatures. 
 
CONCLUSIONS 
 
The results of our experiment indicate the fact 
that Brown bullhead has great plasticity and 
adaptability regarding environmental 
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conditions. Hematologic and metabolic profiles 
show changes when thermal stress is induced. 
No pathologic state was recorded during the 
experiment, but changes in behaviour were 
observed. Both for low temperature (6oC) and 
high temperature (31oC) fish reacted as a 
lethargic condition set off. We assume that 
Brown bullhead has a more complex 
mechanism in terms of thermal stress states. 
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conditions. Hematologic and metabolic profiles 
show changes when thermal stress is induced. 
No pathologic state was recorded during the 
experiment, but changes in behaviour were 
observed. Both for low temperature (6oC) and 
high temperature (31oC) fish reacted as a 
lethargic condition set off. We assume that 
Brown bullhead has a more complex 
mechanism in terms of thermal stress states. 
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Abstract 
 
The purpose of our research presented in this article is to remedy soil properties through phytotechnical methods by 
creating a positive balance of carbon, nitrogen, humus and stopping arable degradation processes. The existing system 
of agriculture in the republic led to the dehumification, destruction, biological degradation of the arable layer and loss 
of the material's resistance to compacting. The researchers are carried out in the Central and Southern areas of the 
Republic of Moldova. A phytotechnical process was applied from a mixture of leguminous and grassy perennial herbs 
in equal proportions (alfalfa + steppe raspberries + vetches), the harvest of which was used as fodder production. As a 
result, a positive influence on the quality of the degraded arable layer of chernozems was established. Thus, they were 
returned to the 0-35 cm layer of arable soil of about 25.5 t/ha of absolutely dry organic residues (5.1 t/ha annually with 
an average nitrogen content of 1.9%)and the synthesis of about 5.5 t/ha of humus (1.1 t/ha annually) was created, the 
content of organic substance in this layer increased on average by about 0.20% or 0.04% annual. 
 
Key words: agriculture, arable layer, phytotechnical methods, remediation, Republic of Moldova, soil quality. 

INTRODUCTION  
 
Agriculture in the Republic of Moldova 
accounts for 10-15% of gross domestic product 
(GDP) and represents the most important 
branch of production. In agriculture, soil is the 
main means of production. The state of soil 
quality depends on the food security of the 
country and on the welfare of the population 
(Capcelea, 1996; Danii et al., 2003). 
Agriculture currently practiced in the Republic 
of Moldova is confronted with a number of 
major problems that seriously affect rural 
development. The classical system of soil 
works has led to a gradual increase in 
production, but it has also led to the appearance 
of phenomena of degradation of features, a 
decrease in the production capacity of 
agricultural land. (Cerbari, 2011; Гейдеман, 
1975). 
Excessive work has favored processes to 
reduce soil organic matter content, damage to 
the structure, increased erosion risk; heavy 
traffic and too often led to increased 
compaction and, as a result, to trigger other 
negative phenomena (Așevschi, 2012). 
Soil is an organo-mineral system that can 
provide a high agricultural production capacity 
only if it has a permanent flow of fresh organic 
matter. Creating a balanced or positive balance 

of the organic substance in the soil is the main 
condition for preserving its long-term fertility 
and avoiding degradation of the arable layer by 
dehumidification, destructuring and excessive 
secondary compacting (Boller et al., 1997; 
Brown et al., 2000; Gliessman, 1990; Soule et 
al., 1992; Whalen et al., 2010). 
This can only be achieved by the regular 
introduction of organic fertilizers - manure or 
fertilizers into the soil (Cerbari, 2010; 2011). 
An effective sustainable agriculture based on 
conservative technologies can only be 
conceived within a system of long-term 
protection and preservation of soil quality and 
capacity. Soil is a limited means of production 
in space that cannot be multiplied as other 
means of production (Cerbari et al., 2013). 
As a support and living environment for 
humans, plants and animals the soil is an 
inestimable wealth of the whole people, which, 
regardless of the form of ownership, must be 
used in accordance with the interests of the 
development of the national economy, 
according to the legislation in force. 
Proper management of soil resource fertility is 
a major social problem. The increase in 
agricultural production can only be achieved by 
rational use of soil resources. It has been 
pointed out that the only radical remediation 
factor of the degraded features of the 
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chernozems is that which led to the formation 
of this type of soil - the steppe vegetation in 
which the grasses and legumes with radicular 
fascicular system dominate (Brown et al., 2000; 
Tonea, 1999; 2002). 
The conservative farming system defines any 
technological system that is intended to save 
resources (energy, material, human, financial), 
as well as to reduce or even eliminate 
aggressive factors that determine and/or 
intensify any form of soil degradation or other 
environmental compared to the conventional 
system (Batîru, 2015; Cerbari, 2010, 2011). 
Conservative soil cultivation systems use pre-
culture crop remnants to protect soil and 
preserve humidity. They are human imitations 
of natural protection against the destructive 
forces of precipitation and wind, and have as 
potential an excellent measure to combat 
erosion of agricultural land (Batîru, 2015). 
 
MATERIALS AND METHODS 
 
The high cost of chemical fertilizers and their 
negative effects on the environment have 
convinced the human community to seek an 
alternative to the existing farming system 
(Cerbari, 2011; Voloșciuc, 2009). 
The physical, chemical and biological 
degradation of chernozems, soils occupying 
about 80% of the land surface of the 
agricultural land, leads to the expansion of the 
desertification processes of the land and to stop 
the increase of the agricultural production 
volume in the country. 
Considering the fact that in Moldova there is no 
possibility of cardinal remediation of the soils 
quality by means of sentiment, methods of 
remediation of the soil characteristics without 
interruption of the agricultural production 
process have been tested by mixing perennial 
legumes (Figures 1-2) with pivoting radicular 
system (alfalfa, sparceta or vines) and ryegrass 
with fascicular radicular system (steppe 
ryegrass, drought-resistant plant with extremely 
developed fascicular root system). 
The existing agricultural system does not 
ensure that soil quality is maintained in the 
future and leads to worsening economic and 
ecological conditions in the country. The 
overcoming of this situation is possible through 
the gradual implementation of a sustainable 

agriculture system, based primarily on the use 
of natural processes, on the biological and 
renewable resources of the household and only 
secondly on the resources procured (Cerbari et 
al., 2013). 
It provided for the creation of a single polygon 
to study the processes of remediation of the 
quality of common chernozems in Southern 
Moldova under the influence of green 
fertilizers, but in 2013 it created the possibility 
of organizing the second unpredicted research 
polygon. 
This polygon was organized in Central 
Moldova for the delluvial chernozems - soils 
with physical characteristics more difficult than 
those of the usual chernozems in Southern 
Moldova, formed under other conditions 
(Figure 1). 
On both polygons, some preliminary results on 
the influence of green vines on the quality of 
soils and on the size of the basic crop yield 
were obtained. 
In order to reduce dehumidification processes, 
damage to the structure, strong compaction of 
the arable soil layer and increase soil erosion 
resistance, it is recommended that in a 5 field 
crops a field occupied with a leguminous 
sidestream crop, autumn vetch and spring (2 
crops of vetches incorporated into the soil as a 
green fertilizer on each field once every 5 
years). 
The structure of the crop can be as follows: 
field covered with vines – maize - autumn 
wheat - autumn wheat or barley - sunflower. 
This process, used in the framework of any 
agricultural system, will lead to the remediation 
of soil quality and the increase of its production 
capacity (Cerbari, 2010, 2011; Tonea, 2002). 
 
RESULTS AND DISCUSSIONS 
 
In Moldova the situation regarding the use of 
organic fertilizers is the following: 
- in order to ensure a balanced or positive 
balance of the organic substance it is necessary 
to introduce at least 10 t/ha/year of manure into 
the soil. (Cerbari, 2011; Cerbari et al., 2013).  
In the 90`s of the previous century, because of 
the developed zootechnical sector, about 7 - 8 
t/ha/year of manure was introduced in the 
arable soil, which combined with the 
observance of the crop where there is a field of 
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accounts for 10-15% of gross domestic product 
(GDP) and represents the most important 
branch of production. In agriculture, soil is the 
main means of production. The state of soil 
quality depends on the food security of the 
country and on the welfare of the population 
(Capcelea, 1996; Danii et al., 2003). 
Agriculture currently practiced in the Republic 
of Moldova is confronted with a number of 
major problems that seriously affect rural 
development. The classical system of soil 
works has led to a gradual increase in 
production, but it has also led to the appearance 
of phenomena of degradation of features, a 
decrease in the production capacity of 
agricultural land. (Cerbari, 2011; Гейдеман, 
1975). 
Excessive work has favored processes to 
reduce soil organic matter content, damage to 
the structure, increased erosion risk; heavy 
traffic and too often led to increased 
compaction and, as a result, to trigger other 
negative phenomena (Așevschi, 2012). 
Soil is an organo-mineral system that can 
provide a high agricultural production capacity 
only if it has a permanent flow of fresh organic 
matter. Creating a balanced or positive balance 
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condition for preserving its long-term fertility 
and avoiding degradation of the arable layer by 
dehumidification, destructuring and excessive 
secondary compacting (Boller et al., 1997; 
Brown et al., 2000; Gliessman, 1990; Soule et 
al., 1992; Whalen et al., 2010). 
This can only be achieved by the regular 
introduction of organic fertilizers - manure or 
fertilizers into the soil (Cerbari, 2010; 2011). 
An effective sustainable agriculture based on 
conservative technologies can only be 
conceived within a system of long-term 
protection and preservation of soil quality and 
capacity. Soil is a limited means of production 
in space that cannot be multiplied as other 
means of production (Cerbari et al., 2013). 
As a support and living environment for 
humans, plants and animals the soil is an 
inestimable wealth of the whole people, which, 
regardless of the form of ownership, must be 
used in accordance with the interests of the 
development of the national economy, 
according to the legislation in force. 
Proper management of soil resource fertility is 
a major social problem. The increase in 
agricultural production can only be achieved by 
rational use of soil resources. It has been 
pointed out that the only radical remediation 
factor of the degraded features of the 

 

chernozems is that which led to the formation 
of this type of soil - the steppe vegetation in 
which the grasses and legumes with radicular 
fascicular system dominate (Brown et al., 2000; 
Tonea, 1999; 2002). 
The conservative farming system defines any 
technological system that is intended to save 
resources (energy, material, human, financial), 
as well as to reduce or even eliminate 
aggressive factors that determine and/or 
intensify any form of soil degradation or other 
environmental compared to the conventional 
system (Batîru, 2015; Cerbari, 2010, 2011). 
Conservative soil cultivation systems use pre-
culture crop remnants to protect soil and 
preserve humidity. They are human imitations 
of natural protection against the destructive 
forces of precipitation and wind, and have as 
potential an excellent measure to combat 
erosion of agricultural land (Batîru, 2015). 
 
MATERIALS AND METHODS 
 
The high cost of chemical fertilizers and their 
negative effects on the environment have 
convinced the human community to seek an 
alternative to the existing farming system 
(Cerbari, 2011; Voloșciuc, 2009). 
The physical, chemical and biological 
degradation of chernozems, soils occupying 
about 80% of the land surface of the 
agricultural land, leads to the expansion of the 
desertification processes of the land and to stop 
the increase of the agricultural production 
volume in the country. 
Considering the fact that in Moldova there is no 
possibility of cardinal remediation of the soils 
quality by means of sentiment, methods of 
remediation of the soil characteristics without 
interruption of the agricultural production 
process have been tested by mixing perennial 
legumes (Figures 1-2) with pivoting radicular 
system (alfalfa, sparceta or vines) and ryegrass 
with fascicular radicular system (steppe 
ryegrass, drought-resistant plant with extremely 
developed fascicular root system). 
The existing agricultural system does not 
ensure that soil quality is maintained in the 
future and leads to worsening economic and 
ecological conditions in the country. The 
overcoming of this situation is possible through 
the gradual implementation of a sustainable 

agriculture system, based primarily on the use 
of natural processes, on the biological and 
renewable resources of the household and only 
secondly on the resources procured (Cerbari et 
al., 2013). 
It provided for the creation of a single polygon 
to study the processes of remediation of the 
quality of common chernozems in Southern 
Moldova under the influence of green 
fertilizers, but in 2013 it created the possibility 
of organizing the second unpredicted research 
polygon. 
This polygon was organized in Central 
Moldova for the delluvial chernozems - soils 
with physical characteristics more difficult than 
those of the usual chernozems in Southern 
Moldova, formed under other conditions 
(Figure 1). 
On both polygons, some preliminary results on 
the influence of green vines on the quality of 
soils and on the size of the basic crop yield 
were obtained. 
In order to reduce dehumidification processes, 
damage to the structure, strong compaction of 
the arable soil layer and increase soil erosion 
resistance, it is recommended that in a 5 field 
crops a field occupied with a leguminous 
sidestream crop, autumn vetch and spring (2 
crops of vetches incorporated into the soil as a 
green fertilizer on each field once every 5 
years). 
The structure of the crop can be as follows: 
field covered with vines – maize - autumn 
wheat - autumn wheat or barley - sunflower. 
This process, used in the framework of any 
agricultural system, will lead to the remediation 
of soil quality and the increase of its production 
capacity (Cerbari, 2010, 2011; Tonea, 2002). 
 
RESULTS AND DISCUSSIONS 
 
In Moldova the situation regarding the use of 
organic fertilizers is the following: 
- in order to ensure a balanced or positive 
balance of the organic substance it is necessary 
to introduce at least 10 t/ha/year of manure into 
the soil. (Cerbari, 2011; Cerbari et al., 2013).  
In the 90`s of the previous century, because of 
the developed zootechnical sector, about 7 - 8 
t/ha/year of manure was introduced in the 
arable soil, which combined with the 
observance of the crop where there is a field of 
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perennial legumes and a field of annual grasses 
with the participation of leguminous crops, a 
balanced balance of the organic substance in 
the soil is ensured (Așevschi, 2012; Danii et al., 
2003; Voloșciuc, 2009; Гейдеман, 1975). 
Ordinary chernozems, in terms of physical, 
hydrophobic, chemical and trophic properties, 
are part of the best soils category. They are 
good soil for all agricultural crops in the 
Republic of Moldova: field crops, legumes, 
vegetables, perennial herbs, vineyards, trees 
etc. Although they have very good qualities due 
to the semi-favorable rainfall regime (the dry 
season, especially in the summer), the main 
problem of agriculture in this area is the supply 
of water to the crop (Capcelea, 1996; Cerbari, 
2011).  
It should be introduced throughout the culti-
vation of fields in a system with alternative 
crops strips, placed in the general direction of 
the contour, ensuring the proper rotation of the 
crop strips and high-capacity of anti-erosion 
protection (Cerbari, 2011). 
We recommend that the intermingling of the 
spaces between rows of perennial herb 
mixtures, the duration of the chow to 3 years, 
the stripe should be placed in the middle of the 
spaces between the rows, occupying only half 
of their surface. 

 
Figure 1. Research polygon in the Central Moldova 

At present the livestock sector is practically 
destroyed, the number of cattle has decreased 6 
times, while the volume of manure produced 
has decreased by 6 times.  
According to the statistical directories 3 million 
tons of manure are produced, of which 1.0-1.5 
million tons are used as an energy source, and 
1.5 - 2.0 million tons are dumped in the 
rubbish, a more serious source of pollution of 
rural areas. 

In the soil, according to statistical data, only 
10-20 kg/ha/year of manure is introduced, 
which means nothing. As a result, the balance 
of humus in the soil became deeply negative - 
1.0 t/ha/year. 
In order to achieve the expected goal in 2013 
the following tasks were accomplished:  
- the establishment of the research polygon;  
- appreciation of the initial soil quality of the 
polygon soil;  
- cultivating and incorporating into the soil two 
harvests of alfalfa + ryegrass + vetch; 
-determination of ground and ground mass 
incorporated into soil, plant analysis. 
In the following year 2014 the following tasks 
were carried out:  
- sowing in April the sunflower, the basic crop; 
-determination of changes in the characteristics 
of the arable layer as a result of the 
incorporation into the soil of two harvests 
alfalfa + ryegrass + vetch (July); 
- appreciation of crop harvest of basic crops;  
- the appreciation of changes in soil characte-
ristics after harvesting the first basic crop. 
In the next years, the research polygon will 
ensure the planned crop rotation: vines + alfalfa 
as occupied field - sunflower - autumn wheat – 
maize - autumn barley. 
In 2014, the second research polygon was 
organized in Central Moldova, on the delluvial 
chernozems - soils with physical characteristics 
more difficult than those of the ordinary 
chernozems in Southern Moldova. Within both 
polygons, some preliminary results on the 
influence of green fertilizers on soil quality and 
basic crop yields were also obtained (Figure 6). 
In Southern Moldova (the ordinary 
chernozems) incorporation of the green mass 
(green crops) into the soil resulted in an 
increase in the content of organic active 
substance in the layer formed by discussing 0-
12 cm with 0.21% or about 0.12% of carbon, 
which is equivalent to soil seizure of about 1.7 
t/ha of this element; the corn grain harvesting 
rate was 1.2 t/ha/year absolute dry mass or 19% 
more compared to the control. 
In Central Moldova (the delluvial chernozems) 
the incorporation of two crops in the soil as a 
green fertilizer led to an increase of the content 
of active organic substance in the layer formed 
by discussion 0-12 cm by 0.38%, the crop 
increase in 2013 at the field humidity (12%) 

 

accounted for 1.0 t/ha of maize or 18% 
compared to the blank field crop. The 2014 
harvest of winter wheat harvest was 1.8 t/ha or 
45% compared to the blank field. 

 
Figure 2. Perennial herb mixtureswith pivoting radicular 

system (alfalfa + vetch) and ryegrass with fascicular 
radicular system 

Improvement of the national system of soil and 
agrochemical research based on conservative 
technologies, creation of computerized 
information system of soil quality (monitoring 
of soil quality) for the proper management and 
use of the land fund at parcel, agricultural, 
commune, rayon and republic level. 
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Field research to assess the crop size of the 
crop (maize) and changes in soil quality 
(intermediate crop) was performed on 26.09. 
2014. 
The creation of a viable economic mechanism 
that would ensure the improvement of the 
pricing, credit and taxation policy in the 
Republic of Moldova, which would allow the 
realization of special programs in the agro-
industrial complex, especially in the field of 
protection, improvement and rational use of 
soils. 
We propose to create, in different pedoclimatic 
areas, specialized farmers-farm models of high 
profitability and optimal sizes, to determine the 
optimal size of peasant farms of different 
specialties, taking into account the soil and 
economic conditions of the concrete territories 
and the existence of the necessary car park. 
In this case, we consider well-balanced 
conservative agriculture to stop soil degra-
dation, increase fertility and make efficient use 
of natural resources. 
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perennial legumes and a field of annual grasses 
with the participation of leguminous crops, a 
balanced balance of the organic substance in 
the soil is ensured (Așevschi, 2012; Danii et al., 
2003; Voloșciuc, 2009; Гейдеман, 1975). 
Ordinary chernozems, in terms of physical, 
hydrophobic, chemical and trophic properties, 
are part of the best soils category. They are 
good soil for all agricultural crops in the 
Republic of Moldova: field crops, legumes, 
vegetables, perennial herbs, vineyards, trees 
etc. Although they have very good qualities due 
to the semi-favorable rainfall regime (the dry 
season, especially in the summer), the main 
problem of agriculture in this area is the supply 
of water to the crop (Capcelea, 1996; Cerbari, 
2011).  
It should be introduced throughout the culti-
vation of fields in a system with alternative 
crops strips, placed in the general direction of 
the contour, ensuring the proper rotation of the 
crop strips and high-capacity of anti-erosion 
protection (Cerbari, 2011). 
We recommend that the intermingling of the 
spaces between rows of perennial herb 
mixtures, the duration of the chow to 3 years, 
the stripe should be placed in the middle of the 
spaces between the rows, occupying only half 
of their surface. 

 
Figure 1. Research polygon in the Central Moldova 
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has decreased by 6 times.  
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1.5 - 2.0 million tons are dumped in the 
rubbish, a more serious source of pollution of 
rural areas. 
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10-20 kg/ha/year of manure is introduced, 
which means nothing. As a result, the balance 
of humus in the soil became deeply negative - 
1.0 t/ha/year. 
In order to achieve the expected goal in 2013 
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- the establishment of the research polygon;  
- appreciation of the initial soil quality of the 
polygon soil;  
- cultivating and incorporating into the soil two 
harvests of alfalfa + ryegrass + vetch; 
-determination of ground and ground mass 
incorporated into soil, plant analysis. 
In the following year 2014 the following tasks 
were carried out:  
- sowing in April the sunflower, the basic crop; 
-determination of changes in the characteristics 
of the arable layer as a result of the 
incorporation into the soil of two harvests 
alfalfa + ryegrass + vetch (July); 
- appreciation of crop harvest of basic crops;  
- the appreciation of changes in soil characte-
ristics after harvesting the first basic crop. 
In the next years, the research polygon will 
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more difficult than those of the ordinary 
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influence of green fertilizers on soil quality and 
basic crop yields were also obtained (Figure 6). 
In Southern Moldova (the ordinary 
chernozems) incorporation of the green mass 
(green crops) into the soil resulted in an 
increase in the content of organic active 
substance in the layer formed by discussing 0-
12 cm with 0.21% or about 0.12% of carbon, 
which is equivalent to soil seizure of about 1.7 
t/ha of this element; the corn grain harvesting 
rate was 1.2 t/ha/year absolute dry mass or 19% 
more compared to the control. 
In Central Moldova (the delluvial chernozems) 
the incorporation of two crops in the soil as a 
green fertilizer led to an increase of the content 
of active organic substance in the layer formed 
by discussion 0-12 cm by 0.38%, the crop 
increase in 2013 at the field humidity (12%) 

 

accounted for 1.0 t/ha of maize or 18% 
compared to the blank field crop. The 2014 
harvest of winter wheat harvest was 1.8 t/ha or 
45% compared to the blank field. 
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Figure 5. Comparative histogram of the results of structural analysis of Central and South of Moldova chernozems 

 
So, the remediation of the quality condition and 
the increased production capacity of the studied 
soil are possible only by increasing the flow of 
organic matter into the arable layer. The use of 
green fertilizer is an effective way to achieve 
this goal (Cerbari, 2010, 2011; Cerbari et al., 
2013). 
The humidity of the green mass on April 25, 
2014 was found to be equal to 81.5 percent 
from the wet green mass of the perennial and 
vegetable herbs. 
Thus, 5.6 t/ha of absolute dry mass with a 
nitrogen content of 4.1% is included in the soil, 
which is equal to about 230 kg/ha of biological 
nitrogen, of which 60% is nitrogen of 
symbiotic origin atmosphere. 
The results of the green mass yields were as 
follows: 1-30 t/ha; 2-29 t/ha; 3-28 t/ha; 4-29 
t/ha; 5-32 t/ha. 
The average crop of the green mass on the 
polygon, embedded in the soil - 30 t/ha. 
 
CONCLUSIONS  
 
Improvement of the national system of soil and 
agrochemical research based on conservative 
technologies, creation of computerized 
information system of soil quality (monitoring 
of soil quality) for the proper management and 

use of the land fund at parcel, agricultural, 
commune, rayon and republic level. 
We propose to develop standards, technical 
regulations, exploitation rules for agricultural 
land. In addition, improvement of land 
legislation, solving problems regarding the 
calculation of land tax, land price, lease 
payments, land tax; how to accumulate and use 
funds collected in the form of land payments. 
The systemic use of the mixture of perennial 
and leguminous crops as organic fertilizer in 
field crops will gradually lead to the long-term 
remediation of the physical, chemical and 
biological quality of agricultural soil will 
ensure a balanced or weakly positive balance of 
humus and carbon in the soil and will create 
premises for the formation of non-polluting 
agriculture in the Republic of Moldova. 
The researches carried out repeatedly 
confirmed that the existing agricultural system 
in the Republic of Moldova led to the 
dehumification, destruction of the arable layer 
and loss of the resistance of the material to the 
compaction. 
The researches carried out for the soils in the 
South and the Center of Moldova have 
established that with the incorporation of a 
green mass crop and grass root roots in the soil 
about: 8 t/ha of vegetal remains are returned to 
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the dry matter (containing nitrogen about 3.4%) 
which provides the synthesis of 2 t/ha of humus 
or about 1.2 t/ha of carbon. 
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Abstract  
 
Sowing seeds of cereals (wheat, barley, rye, oats) in drought soil results in a low emergence rate of sprouts, mainly by 
low moist content of soil. Using collagen hydrolysate solution resulting from leather industry by-products for treatment 
of cereal seeds increases germination rate and energy of germination rate. To be effective, the seed treatment must 
ensure enough moisture at seed surface and must not dissolve into soil solution. This paper aims at presenting new 
collagen-based materials for cereal seed treatment, which generates an increase of the quality indicators for treated 
seeds. Creation of a new and advanced technology for treatment of cereal seeds, by using collagen hydrolysate, has the 
objectives of increasing seed quality indexes; achieving a better management of water resources during germination 
processes, while preserving the environment. The technologies developed for protein raw material processing and 
characteristics of collagen hydrolysates with bioactive properties are presented. The obtained collagen hydrolysates 
were analyzed in terms of average molecular weights by electrophoresis, and in terms of particle size by DLS (Dynamic 
Light Scattering) using a Zeta Sizer device and the amino acid composition of collagen hydrolysates, determined by 
high-performance liquid chromatography. The cereal seeds treated with collagen hydrolysates have been analyzed 
using a special high-resolution tomography device in order to observe the morphological modification of seeds in 
germination process and an HPLC device was used for chemical modification in seed composition during germination 
process. High levels of Gibberellic Acid content have been observed on the seeds treated with collagen hydrolysate in 
comparison with untreated seeds during germination process. High biomass of cereal seedling has been measured for 
seeds treated with collagen hydrolysate in comparison with untreated seeds.    
 
Key words: Collagen hydrolysates, Gibberellic Acid, Seed treatment.  
 
INTRODUCTION 
 
Research studies have recently identified new 
collagen resources, especially for making bio-
materials intended for the health field (Shah 
and Manekar, 2012; Aleman and Martinez-
Alvarez, 2013; Ferraro et al., 2013; Siddiqui et 
al., 2013; Song et al., 2014). The protein waste 
from leather industry is a valuable source of 
organic nitrogen with potential to be released in 
time, useful for plant protection in condition of 
unfavorable conditions of soil and weather. The 
free amino acids content of collagen 
hydrolysate showed growth stimulation effect 
for vegetable plants (Gaidau et al., 2009; Chitu 
et al., 2010). Many reports were dedicated to 

the application of leather industry waste in 
agriculture (Mohammad et al., 2014; Gaidau et 
al., 2013) and to the improvement of collagen 
extraction technologies (Shanthi et al., 2013; 
Dettmer et al., 2013).  
The application of collagen hydrolysate on seed 
treatment represents an innovative approach 
with few references in the literature.  
The influence of collagen hydrolysate treatment 
to seeds on growth stimulation is a very 
important topic which can contribute to crop 
production increasing and agriculture 
sustainability. 
The paper is focused on application of well 
characterized collagen hydrolysate in cereal 

seed treatment, the influence on seed growth 
stimulation and crop production improvement. 
 
MATERIALS AND METHODS 
 
Collagen hydrolysate extraction from bovine 
leather waste 
Leather wastes originated from shaving of 
mineral free of chromium wet-white leathers 
with the following characteristics: 15.6% 
volatile matter, 13.6% total ash, 14% total 
nitrogen and 79.2% dermic substance, 11.7% 
metallic oxides, aqueous extract pH value of 
2.6 were subjected to the chemical-enzymatic 
extraction of collagen hydrolysate.  
The method for collagen hydrolysate extraction 
was similar with the method performed on wet-

blue shavings (Gaidau et al., 2013; Gaidau et 
al., 2009): wet-white shavings were put in a 
vessel of 50L equipped with thermal isolation, 
refrigerator, automated stirring, time and pH 
monitoring (Figure 1) with 600% water at 80°C 
and with 12% Ca(OH)2 (% reported at shaving 
weight). The extraction was made under 
continuous stirring at constant temperature 
during 2 hours and at pH of 8.5-9.0. The 
reaction mass was cooled down to 68-70ºC 
when 1% Alcalase 2.5L was added and 
hydrolysis was continued for 3 hours. The 
enzyme deactivation was done at 90ºC by 
stirring for 10 min. The solution was cooled 
over night and then the solution was filtered 
and packed. The schematic technology is 
presented in Figure 1. 

 

 
Figure 1. The flow chart for collagen hydrolysate extraction 

 
Collagen hydrolysate characterization 
The collagen hydrolysate (Figure 1) was 
analysed in terms of dry substance, total ash, 
metal oxide, calcium oxide, total nitrogen and 
protein substance, aminic nitrogen, sulphates, 
chlorides, pH, molecular weight (SDS-PAGE) 
and amino acid content (HPLC, Thermo 
Electron, Finningen Surveier with DAD 
detector). Particle size and distribution of 
collagen hydrolysate was determined with 
ZetaSizer device Nano ZS (Malvern, UK). 
 
X-ray microtomography on wheat seeds 
Computed tomography (CT) custom made with 
mini X-ray source and cheap flat panel CMOS 
sensor with space resolution of 10 µm/voxel 
was used for wheat seed morphology analyses. 
Subject used have been wheat seeds treated 
with water and with collagen hydrolysate fixed 

to germinate on the wet support of a filter 
paper. After 12 h, 24 h and 36 h the CT images 
were recorded. 
 
Analysis of gibberellic acid from germinated 
wheat seeds  
Water and methanol of HPLC grade were used 
for extraction of the gibberellic acid (GA3) and 
for preparation of HPLC mobile phase. Acetic 
acid of analytical purity (Merck) used for 
preparation 0.1M acetic acid solution (HPLC 
mobile phase A). Gibberellic acid of standard 
purity (Sigma) was used for preparation the 
stock standard solution (100 ppm) by 
dissolving in methanol / 0.1M acetic acid 50:50 
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Abstract  
 
Sowing seeds of cereals (wheat, barley, rye, oats) in drought soil results in a low emergence rate of sprouts, mainly by 
low moist content of soil. Using collagen hydrolysate solution resulting from leather industry by-products for treatment 
of cereal seeds increases germination rate and energy of germination rate. To be effective, the seed treatment must 
ensure enough moisture at seed surface and must not dissolve into soil solution. This paper aims at presenting new 
collagen-based materials for cereal seed treatment, which generates an increase of the quality indicators for treated 
seeds. Creation of a new and advanced technology for treatment of cereal seeds, by using collagen hydrolysate, has the 
objectives of increasing seed quality indexes; achieving a better management of water resources during germination 
processes, while preserving the environment. The technologies developed for protein raw material processing and 
characteristics of collagen hydrolysates with bioactive properties are presented. The obtained collagen hydrolysates 
were analyzed in terms of average molecular weights by electrophoresis, and in terms of particle size by DLS (Dynamic 
Light Scattering) using a Zeta Sizer device and the amino acid composition of collagen hydrolysates, determined by 
high-performance liquid chromatography. The cereal seeds treated with collagen hydrolysates have been analyzed 
using a special high-resolution tomography device in order to observe the morphological modification of seeds in 
germination process and an HPLC device was used for chemical modification in seed composition during germination 
process. High levels of Gibberellic Acid content have been observed on the seeds treated with collagen hydrolysate in 
comparison with untreated seeds during germination process. High biomass of cereal seedling has been measured for 
seeds treated with collagen hydrolysate in comparison with untreated seeds.    
 
Key words: Collagen hydrolysates, Gibberellic Acid, Seed treatment.  
 
INTRODUCTION 
 
Research studies have recently identified new 
collagen resources, especially for making bio-
materials intended for the health field (Shah 
and Manekar, 2012; Aleman and Martinez-
Alvarez, 2013; Ferraro et al., 2013; Siddiqui et 
al., 2013; Song et al., 2014). The protein waste 
from leather industry is a valuable source of 
organic nitrogen with potential to be released in 
time, useful for plant protection in condition of 
unfavorable conditions of soil and weather. The 
free amino acids content of collagen 
hydrolysate showed growth stimulation effect 
for vegetable plants (Gaidau et al., 2009; Chitu 
et al., 2010). Many reports were dedicated to 

the application of leather industry waste in 
agriculture (Mohammad et al., 2014; Gaidau et 
al., 2013) and to the improvement of collagen 
extraction technologies (Shanthi et al., 2013; 
Dettmer et al., 2013).  
The application of collagen hydrolysate on seed 
treatment represents an innovative approach 
with few references in the literature.  
The influence of collagen hydrolysate treatment 
to seeds on growth stimulation is a very 
important topic which can contribute to crop 
production increasing and agriculture 
sustainability. 
The paper is focused on application of well 
characterized collagen hydrolysate in cereal 

seed treatment, the influence on seed growth 
stimulation and crop production improvement. 
 
MATERIALS AND METHODS 
 
Collagen hydrolysate extraction from bovine 
leather waste 
Leather wastes originated from shaving of 
mineral free of chromium wet-white leathers 
with the following characteristics: 15.6% 
volatile matter, 13.6% total ash, 14% total 
nitrogen and 79.2% dermic substance, 11.7% 
metallic oxides, aqueous extract pH value of 
2.6 were subjected to the chemical-enzymatic 
extraction of collagen hydrolysate.  
The method for collagen hydrolysate extraction 
was similar with the method performed on wet-

blue shavings (Gaidau et al., 2013; Gaidau et 
al., 2009): wet-white shavings were put in a 
vessel of 50L equipped with thermal isolation, 
refrigerator, automated stirring, time and pH 
monitoring (Figure 1) with 600% water at 80°C 
and with 12% Ca(OH)2 (% reported at shaving 
weight). The extraction was made under 
continuous stirring at constant temperature 
during 2 hours and at pH of 8.5-9.0. The 
reaction mass was cooled down to 68-70ºC 
when 1% Alcalase 2.5L was added and 
hydrolysis was continued for 3 hours. The 
enzyme deactivation was done at 90ºC by 
stirring for 10 min. The solution was cooled 
over night and then the solution was filtered 
and packed. The schematic technology is 
presented in Figure 1. 

 

 
Figure 1. The flow chart for collagen hydrolysate extraction 

 
Collagen hydrolysate characterization 
The collagen hydrolysate (Figure 1) was 
analysed in terms of dry substance, total ash, 
metal oxide, calcium oxide, total nitrogen and 
protein substance, aminic nitrogen, sulphates, 
chlorides, pH, molecular weight (SDS-PAGE) 
and amino acid content (HPLC, Thermo 
Electron, Finningen Surveier with DAD 
detector). Particle size and distribution of 
collagen hydrolysate was determined with 
ZetaSizer device Nano ZS (Malvern, UK). 
 
X-ray microtomography on wheat seeds 
Computed tomography (CT) custom made with 
mini X-ray source and cheap flat panel CMOS 
sensor with space resolution of 10 µm/voxel 
was used for wheat seed morphology analyses. 
Subject used have been wheat seeds treated 
with water and with collagen hydrolysate fixed 

to germinate on the wet support of a filter 
paper. After 12 h, 24 h and 36 h the CT images 
were recorded. 
 
Analysis of gibberellic acid from germinated 
wheat seeds  
Water and methanol of HPLC grade were used 
for extraction of the gibberellic acid (GA3) and 
for preparation of HPLC mobile phase. Acetic 
acid of analytical purity (Merck) used for 
preparation 0.1M acetic acid solution (HPLC 
mobile phase A). Gibberellic acid of standard 
purity (Sigma) was used for preparation the 
stock standard solution (100 ppm) by 
dissolving in methanol / 0.1M acetic acid 50:50 
(v/v) mixture. Working solutions were prepared 
by diluting the stock solutions with the HPLC 
aqueous mobile phase (A) at appropriate 
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concentrations. Working solutions were 
prepared fresh on the day of use. These 
solutions were filtered before injections 
through 0.45µm syringe filters. Fifty grams of 
wheat grains per sample was socked for one 
hour, at room temperature in a dark place, as 
follow: one sample with water and one sample 
with collagen hydrolysate, solution 7.5%. After 
1 h, the seeds were incubated in a 
thermocabinet at 20ºC, for 24 hours. Then the 
sample were homogenized with 100 mL 
methanol 80% (v/v) for 4 hours on a rotary 
shaker, at 120 rpm. The extract was filtered 
through a Whatman filter and the methanol 
evaporated under vacuum. The residue was 
transferred into 10 mL volumetric flask with 
0.1M acetic acid solution (mobile phase A) and 
stored at 4ºC for further analysis. The 
chromatographic analysis was performed on an 
Agilent HPLC 1100 series with quaternary 
pump, diode array detector and auto sampler. 
This equipment has a column thermostat and a 
degasser system.  
The column used was a Zorbax Eclipse C18 
(100 mm x 4.6 I.D) stainless steel analytical 
column with 3.5 µm particle size. Throughout 
this study, the mobile phases used were 0.1 M 
acetic acid solution (mobile phase A) and 
methanol (mobile phase B).  
The separation was carried using a gradient 
elution from 0% to 100% methanol, in 15 
minutes, with 1 mL/min flow rate. The 
chromatographic C18 column was equilibrated 
in mobile phase A for 30 min and was 
maintained at constant 25ºC. The signal of the 
compound was monitored at 254 nm. An 
injection volume of 10 µL was used for each 
analysis.  
The standard solutions were chromatographed 
to determine the retention time for GA3 and to 
obtain a calibration curve in a linear calibration 
range.  
Peak identification was based on retention time 
and spiking of the sample with gibberellic acid 
standard. 
 
Quantity evaluation of biomass of wheat 
seedling 
For experiments made in laboratory 
accordingly with standard of germination SR-
EN- 1634/1999 about influence of treatment 
with collagen hydrolysate solution 7.5% on the 

growing rate of seedlings of wheat have been 
used 3 variants in 4 repetitions, each of 100 
seeds of wheat. The wheat seeds have been laid 
on the filter paper at uniform distance among 
seeds. Seeds have been treated with collagen 
hydrolysate solution 3 l/t for variant V1, 5 l/t 
for variant V2 and untreated for V0.  
After that the paper have been rolled and intro-
duced into thermocabinet BINDER at 20ºC and 
80% relative humidity of air for 8 days.  
After 8 days samples have been extracted from 
thermocabinet, seedling have been removed 
from paper and weighing on an analytical 
weighing with precision ±0.01 g. For each 
variant 4 replicates have been measured. 
  
RESULTS AND DISCUSSIONS 
 
The characteristics of collagen hydrolysate for 
agriculture use 
The results of chemical analyses showed that 
the collagen hydrolysate has 7.5% dry 
substance, 94.1% organic substances, 16.0% 
total nitrogen, 90.1% protein content, 1.33% 
aminic nitrogen, 5.8% total ash, non-detectable 
heavy metal oxides, 2.9% calcium oxides, 462 
mg/dm3 sulphates, 1613 mg/dm3 chlorides and 
pH of 9.7.   
The SDS-PAGE measurements confirmed the 
low molecular weight of collagen hydrolysate 
(sample 6) as compared to the collagen 
hydrolysate extracted with the same method 
from wet-blue shaving (sample 4). The Figure 
2 presents the obtained collagen hydrolysate 
(sample 6) in comparison with molecular 
marker (MM) and other collagen hydrolysates 
extracted in different conditions (samples 1, 2, 
3, 4 and 5) being under 17 kDa.  

 
Figure 2. SDS-PAGE of collagen hydrolysate (sample 6) 

 

The analysis of free amino acids of collagen 
hydrolysate showed a content of 8.339 g/100 
mL collagen hydrolysate with the following 
composition: 0.146% glutamic acid, 1.217% 
glycine, 0.164% alanine, 1.150% arginine, 
0.495% valine, 0.135% lysine, 5.475% 
histidine, 0.379% proline and 0.238% 
methionine. The free amino acid content 
provides growth stimulation and nutrition to 

cereal seeds and plants. The increase of seed 
health contributes to the quality indexes 
improving the cereal crop production. 
The collagen hydrolysate particle size and 
distribution (Figure 3) were measured in 
comparison with other collagen hydrolysate 
extracted from wet-blue shavings (Figure 4) by 
Dynamic Light Scattering with NanoZS Zeta-
Sizer (Malvern). 

 
Figure 3. Collagen hydrolysate particle size and distribution (sample 6) 

 
The particle size and distribution of collagen 
hydrolysates showed 3 populations of particles, 
the main population (85.6%-90.2%) being in 
the range of 4-11 nm. The other populations are 
of 484 nm-743 nm with a concentration of 
6.7%-12.9% and the smallest population of 
5.56 μm with a concentration of 1.3-2.9%. The 
wet-white origin collagen hydrolysate (Figure 
3) is rich in small particles with 11nm medium 

size (90.2%) and 9.8% particles of 0.74-5.56 
μm size.  The collagen hydrolysate extracted 
with the same method (Figure 1) from wet-
white and wet-blue shavings (Figure 4) have 
similar particle size and distributions. We 
suppose that this particle size and distribution 
ensure the best penetration and film forming 
properties for seed protection and plant 
nutrition. 

 
Figure 4. Collagen hydrolysate particle size and distribution (sample 4) 
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The results obtained indicated an acceleration 
of germination process of wheat seeds in first 
36 h after started germination process 
(imbibition with water), for using treatment of 
collagen hydrolysate. In the germination 
process water penetrate the seed tissue to the 
embrionum. By imbibition with water the α-
amylase enzyme are activated and protein 
content of wheat seed are transformed in amino 
acids. Amino acids are precursors of gibberellic 
acid which stimulate the elongation of cell and 
growing of coleoptile and embryonic radix 
(Dettmer et al., 2013). Amino acids from 
collagen hydrolysate penetrate the cell from 
wheat seed and are transformed direct in 
gibberellic acid.  

The analysis of influence of the free amino 
acids of collagen hydrolysate on germination 
process are showed in Figure 5. The 
embrionum of wheat seed treated with collagen 
hydrolysate are imbibed faster than embrionum 
of untreated wheat seed (imbibed just with 
water). Germination starts with the uptake of 
water by imbibition of the dry seed, followed 
by embryo expansion. This usually culminates 
in rupture of the covering layers (testa and 
endosperm) and emergence of the radicle, 
generally considered as the completion of the 
germination process. Radicle protrusion at the 
completion of seed germination depends on 
embryo growth driven by water uptake 
(Muntean, 1995). 

Figure 5. CT caption after 12 h of germination (left side germination of wheat seed treated with collagen hydrolysate 
and right side germination of wheat seed treated with pure water) 

 
After 24 h of germination the untreated seed 
develops a coleoptile with length of 1.23 mm  

and a diameter of 0.89 mm (Figure 6). 

Figure 6. CT caption after 24 h of germination of untreated wheat seed 

After 24 h of germination the seed treated with 
collagen hydrolysate develops a coleoptile with 
length of 1.93 mm and a diameter of 1.45 mm, 

and a radicle with length of 1.15 mm  
and a diameter of 0.76 mm, as is presented in 
Figure 7. 

 

Figure 7. CT caption after 24 h of germination of wheat seed treated with collagen hydrolysate 

 

After 36 h of germination the untreated seed 
develops a coleoptile with length of 2.81 mm 
and a diameter of 0.69 mm, and no radicle, as is 
presented in Figure 8, but the seed treated with 

collagen hydrolysate develops a coleoptile  
with diameter of 1.84 mm and two radicles 
(Figure 9).  

 

Figure 8. CT caption after 36 h of germination of untreated wheat seed 

 

 



53

The results obtained indicated an acceleration 
of germination process of wheat seeds in first 
36 h after started germination process 
(imbibition with water), for using treatment of 
collagen hydrolysate. In the germination 
process water penetrate the seed tissue to the 
embrionum. By imbibition with water the α-
amylase enzyme are activated and protein 
content of wheat seed are transformed in amino 
acids. Amino acids are precursors of gibberellic 
acid which stimulate the elongation of cell and 
growing of coleoptile and embryonic radix 
(Dettmer et al., 2013). Amino acids from 
collagen hydrolysate penetrate the cell from 
wheat seed and are transformed direct in 
gibberellic acid.  

The analysis of influence of the free amino 
acids of collagen hydrolysate on germination 
process are showed in Figure 5. The 
embrionum of wheat seed treated with collagen 
hydrolysate are imbibed faster than embrionum 
of untreated wheat seed (imbibed just with 
water). Germination starts with the uptake of 
water by imbibition of the dry seed, followed 
by embryo expansion. This usually culminates 
in rupture of the covering layers (testa and 
endosperm) and emergence of the radicle, 
generally considered as the completion of the 
germination process. Radicle protrusion at the 
completion of seed germination depends on 
embryo growth driven by water uptake 
(Muntean, 1995). 

Figure 5. CT caption after 12 h of germination (left side germination of wheat seed treated with collagen hydrolysate 
and right side germination of wheat seed treated with pure water) 

 
After 24 h of germination the untreated seed 
develops a coleoptile with length of 1.23 mm  

and a diameter of 0.89 mm (Figure 6). 

Figure 6. CT caption after 24 h of germination of untreated wheat seed 

After 24 h of germination the seed treated with 
collagen hydrolysate develops a coleoptile with 
length of 1.93 mm and a diameter of 1.45 mm, 

and a radicle with length of 1.15 mm  
and a diameter of 0.76 mm, as is presented in 
Figure 7. 

 

Figure 7. CT caption after 24 h of germination of wheat seed treated with collagen hydrolysate 

 

After 36 h of germination the untreated seed 
develops a coleoptile with length of 2.81 mm 
and a diameter of 0.69 mm, and no radicle, as is 
presented in Figure 8, but the seed treated with 

collagen hydrolysate develops a coleoptile  
with diameter of 1.84 mm and two radicles 
(Figure 9).  

 

Figure 8. CT caption after 36 h of germination of untreated wheat seed 

 

 



54

Figure 9. CT caption after 36 h of germination of wheat seed treated with collagen hydrolysate 

The gibberellic acid analyses (Figure 10) 
showed higher values for the wheat seeds 
germinated in collagen hydrolysate (0.12 mg 
GA3 per 100 g germinated wheat seeds) as 
compared to the seeds germinated in water 
(0.08 mg GA3 per 100 g germinated wheat 
seeds), in good correlation to the computed 
tomography conclusions.  
As seen in Figure 10, the results proved that 
GA3 is better released by the wheat grains after 

imbibition with collagen conclusions. As seen 
in Figure 10, the results proved that GA3 is 
better released by the wheat grains after 
imbibition with collagen hydrolysate as 
compare to the sample germinated in water.  
The content of gibberellic acid of wheat seeds 
treated with collagen hydrolysate solution is 
higher with 50% than content of gibberellic 
acid of wheat seeds imbibed only with water.  

 

Figure 10. The chromatograms for: <1> GA3 extracted from wheat seeds germinated with collagen hydrolysate; <2> 
GA3 extracted from wheat seeds germinated with water 

The total biomass developed by germination of 
100 seeds of wheat treated with collagen hydro-
lysate solution 7.5% have been heavier that 
biomass developed by germination of 100 
seeds of wheat imbibed with water (Table 1).  

For growing quantity of treatment solution of 
collagen hydrolysate solution from 3l per ton of 
seed to 5l per ton the weight has risen but not 
significantly. 

 
Table 1. Biomass of seedlings of wheat after 8 days of 

germination  

Variant R1 R2 R3 R4 Average Difference 
to control Significance 

V1 17.01 15.66 16.15 14.91 15.93 4.01 *** 
V2 16.07 15.69 16.18 16.05 16.00 4.08 *** 
V0 11.82 11.72 11.6 12.54 11.92 MT MT 

     LSD 5%= 0.9326  
     LSD 1%= 1.2508  
     LS 0.1%= 1.6415  

 
CONCLUSIONS 
 
Collagen hydrolysate solution resulting from 
leather industry by-products used for treatment 
of cereal seeds increases the biomass of wheat 
seedlings under the same conditions of seed 
moisture and relative humidity of air, which 
indicates a better performance of seeds treated 
with collagen hydrolysate solution under 
drought conditions.  
A technology for extraction of collagen 
hydrolysate with bioactive properties has been 
developed.  
The obtained collagen hydrolysate was 
analyzed in terms of average molecular 
weights, particle size, and the amino acid 
composition; the concentration of 7.5% has 
been selected as compatible with wheat seeds.  
The high-resolution computer tomography 
performed on wheat seeds fixed for 
germination evidenced that the seeds treated 
with collagen hydrolysate solution have a 
higher growing rate than seeds imbibed just in 
water. Morphological modification of seeds in 
germination process has been observed.  
A higher concentration of gibberellic acid has 
been extracted and quantified from the 
germinated seeds treated with collagen 
hydrolysate in comparison with untreated seeds 
in good correlation to the morphological 
modifications. High biomass of cereal seedling 
has been measured for seeds treated with 
collagen hydrolysate in comparison with 
untreated seeds. 
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Figure 9. CT caption after 36 h of germination of wheat seed treated with collagen hydrolysate 

The gibberellic acid analyses (Figure 10) 
showed higher values for the wheat seeds 
germinated in collagen hydrolysate (0.12 mg 
GA3 per 100 g germinated wheat seeds) as 
compared to the seeds germinated in water 
(0.08 mg GA3 per 100 g germinated wheat 
seeds), in good correlation to the computed 
tomography conclusions.  
As seen in Figure 10, the results proved that 
GA3 is better released by the wheat grains after 

imbibition with collagen conclusions. As seen 
in Figure 10, the results proved that GA3 is 
better released by the wheat grains after 
imbibition with collagen hydrolysate as 
compare to the sample germinated in water.  
The content of gibberellic acid of wheat seeds 
treated with collagen hydrolysate solution is 
higher with 50% than content of gibberellic 
acid of wheat seeds imbibed only with water.  

 

Figure 10. The chromatograms for: <1> GA3 extracted from wheat seeds germinated with collagen hydrolysate; <2> 
GA3 extracted from wheat seeds germinated with water 

The total biomass developed by germination of 
100 seeds of wheat treated with collagen hydro-
lysate solution 7.5% have been heavier that 
biomass developed by germination of 100 
seeds of wheat imbibed with water (Table 1).  

For growing quantity of treatment solution of 
collagen hydrolysate solution from 3l per ton of 
seed to 5l per ton the weight has risen but not 
significantly. 

 
Table 1. Biomass of seedlings of wheat after 8 days of 

germination  

Variant R1 R2 R3 R4 Average Difference 
to control Significance 

V1 17.01 15.66 16.15 14.91 15.93 4.01 *** 
V2 16.07 15.69 16.18 16.05 16.00 4.08 *** 
V0 11.82 11.72 11.6 12.54 11.92 MT MT 

     LSD 5%= 0.9326  
     LSD 1%= 1.2508  
     LS 0.1%= 1.6415  

 
CONCLUSIONS 
 
Collagen hydrolysate solution resulting from 
leather industry by-products used for treatment 
of cereal seeds increases the biomass of wheat 
seedlings under the same conditions of seed 
moisture and relative humidity of air, which 
indicates a better performance of seeds treated 
with collagen hydrolysate solution under 
drought conditions.  
A technology for extraction of collagen 
hydrolysate with bioactive properties has been 
developed.  
The obtained collagen hydrolysate was 
analyzed in terms of average molecular 
weights, particle size, and the amino acid 
composition; the concentration of 7.5% has 
been selected as compatible with wheat seeds.  
The high-resolution computer tomography 
performed on wheat seeds fixed for 
germination evidenced that the seeds treated 
with collagen hydrolysate solution have a 
higher growing rate than seeds imbibed just in 
water. Morphological modification of seeds in 
germination process has been observed.  
A higher concentration of gibberellic acid has 
been extracted and quantified from the 
germinated seeds treated with collagen 
hydrolysate in comparison with untreated seeds 
in good correlation to the morphological 
modifications. High biomass of cereal seedling 
has been measured for seeds treated with 
collagen hydrolysate in comparison with 
untreated seeds. 
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Abstract 
 
Based on loam soil in different design density 1.4 g/cm3, 1.5 g/cm3, 1.6 g/cm3, we had done the test of the changes 
relationship between the soil containing water and the soil water potential, and analyzed the soil water potential trends 
of the loam soil in the design of different bulk density. The results show that the value of loam soil water potential is in 
the range of 57 to 140 kpa under the same soil containing water (gravimetric water content 12.5%) and the design of 
three soil bulk density, and present that the greater the soil bulk density, the smaller the soil water potential. The 
changing range of them is in trend of decreasing. All of these experimental studies will be benefit to choose the suitable 
discharge of the dripper for drip irrigation system, and make full use of the natural energy of the soil water potential, 
using it as the control index of irrigation system. At the same time, these results can provides a theoretical basis further 
for researching on the crop root zone soil moisture migration regularity and determining the optimal soil moisture 
environment. 
 
Key words: soil bulk density, soil water potential, irrigation amount, soil moisture content. 
 
INTRODUCTION 
 
Soil bulk density, soil water potential are the 
most important soil physical indicators. During 
the daily management of the agricultural 
process, the soil experiences from dry to wet, 
from wet to dry alternating, and the soil bulk 
density changes constantly, and directly affects 
the final yield of the motion law of soil 
moisture and crop when heavy agricultural 
machinery and other tillage measures, for the 
influence of factors and soil drought and other 
natural factors. Soil water potential, also known 
as the soil negative pressure, soil matric 
potential, it is soil pore water by capillary 
interactions between soil particles and soil 
water and soil water mutual adsorption of a 
natural force, from the point of view of energy 
accurately characterize the soil particles of 
water with soil moisture available (Li Lifang, 
2007; Shao Xiaomei, 2004). By filling soil, in 

the Brooks Corey soil water characteristic 
curve model based on the proposed two surface 
model to describe the quality of the soil water 
content, bulk density, and suction three variable 
of quantitative relationship between soil quality 
water content, soil water potential and soil bulk 
density, provide a new approach for correction 
variation of soil bulk density on soil hydraulic 
parameters influence (Shao Ming’an et al., 
2007; Fu Xiaoli et al., 2008).  
According to the initial moisture content is a 
determinant of soil water potential and analysis, 
it has been found that the soil initial moisture 
content of both moist peak front hydraulic 
gradient, and can influence soil aggregate 
encounter water disintegration of strength, and 
the soil infiltration characteristics have 
significant influence (Mu Xing Liu et al., 
2012).  
Li Yaogang had analysis of the different bubble 
root the influences of irrigation flow to soil 

water potential. The test shows that the moist 
soil in soil water potential trends and to 
develop bubble irrigation emitter flow provides 
a theoretical basis (Li Yaogang et al., 2013). 
Combined with the growth condition of crop, 
Clark under different irrigation conditions of 
the effects of different soil water potential on 
tomato growth, analysis of soil water potential 
in 5 ~ -10kPa, tomato yield higher (Clark et al., 
1991).  
Controlling soil water potential in the 
application of agricultural irrigation were 
studied, and fully proves that the soil water 
potential in soil of water absorbing ability, on 
crop water supply situation, and pointed out 
that the soil water potential has become an 
important research direction of crop irrigation 
index (Dou Chaoyin et al., 2013).  
All of above research results are more 
concentrated in the soil moisture migration, and 
on soil water movement in soil water potential 
of the research on the relationship between the 
less, especially without soil water potential 
variations under different soil bulk density in 
the related research. 
 
TEST PURPOSES 
The effectiveness of soil water potential 
directly affects the crop root system in SPAC 
soil moisture absorption, the soil of this type 
generally exist in the field of soil by soil water 
potential test of different soil bulk density of 
the real-time variation of soil water potential 
with soil bulk density, soil moisture, investigate 
the influence the soil bulk density of soil water 
potential, reasonable analysis of movement 
before and after irrigation process of soil 
moisture condition and soil moisture, which is 
convenient for controlling the soil water 
potential as irrigation index (Li Yalong et al., 
2004), and is suitable for the emitter flow and 
specifications to determine the optimal soil 
moisture environment of crop root zone and 
provide a theoretical basis and relevant 
technical parameters (Liu Chao, 2007; Li 
Xingtao, 2012). 

MATERIALS AND METHODS 
 
Test materials and equipment 
The soil sample of the experiment was medium 
loam. 
The test equipment including: soil water 
potential sensor (MPS-2), a soil moisture 
sensor 5-TE, data collector EM50, electronic 
scales, plastic pail, sieve, cylinder, rammed 
earth hammer, electric drill, oven, aluminum 
box, thermometer et al. The EM data collector 
has five channels, and it can be 36000 readings 
for storage and data logging interval for 1 
minute to 1 day; soil water potential sensor 
(MPS-2) using frequency domain reflectometry 
and the principle of thermocouple and allows 
for rapid determination the soil water potential 
range from -5 kPa to -500 kPa -500 kPa, which 
is high measuring accuracy, the measurement 
accuracy is +10% in range of -5 kPa to -100 
kPa, the measurement accuracy is +25% in 
range interval from the -100 kPa to-500 kPa; 
the determination range of soil moisture sensor 
(5-TE) is 0~100% VWC (volumetric water 
content). 
 
Methods and programs 
The test was finished in soil physical and 
chemical properties laboratory of Farmland 
Irrigation Research Institute. The test method 
was soil column by barrel, which was made 
from PVC plastic pipe, and the diameter of the 
bottle is 15 cm. The type of PVC plastic pipe 
were cut into a lot of pipe sections, which 
length is 20 cm and covering 120 filter gauze at 
one of end surface of the pipe, and using a pipe 
hoop to fasten the barrel and the filter gauze on 
the periphery. Then it can form the bottom of 
barrel. We had made nine test barrels of soil, 
and number, weighting the empty barrel. 
Specific test programs and procedures as 
follows: 
Selection of loam soil samples, the soil 
crushing, sieving, mixing, and then blended 
into the water content of the same initial 
weight. According to the normal soil bulk 
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changing range of them is in trend of decreasing. All of these experimental studies will be benefit to choose the suitable 
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using it as the control index of irrigation system. At the same time, these results can provides a theoretical basis further 
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INTRODUCTION 
 
Soil bulk density, soil water potential are the 
most important soil physical indicators. During 
the daily management of the agricultural 
process, the soil experiences from dry to wet, 
from wet to dry alternating, and the soil bulk 
density changes constantly, and directly affects 
the final yield of the motion law of soil 
moisture and crop when heavy agricultural 
machinery and other tillage measures, for the 
influence of factors and soil drought and other 
natural factors. Soil water potential, also known 
as the soil negative pressure, soil matric 
potential, it is soil pore water by capillary 
interactions between soil particles and soil 
water and soil water mutual adsorption of a 
natural force, from the point of view of energy 
accurately characterize the soil particles of 
water with soil moisture available (Li Lifang, 
2007; Shao Xiaomei, 2004). By filling soil, in 

the Brooks Corey soil water characteristic 
curve model based on the proposed two surface 
model to describe the quality of the soil water 
content, bulk density, and suction three variable 
of quantitative relationship between soil quality 
water content, soil water potential and soil bulk 
density, provide a new approach for correction 
variation of soil bulk density on soil hydraulic 
parameters influence (Shao Ming’an et al., 
2007; Fu Xiaoli et al., 2008).  
According to the initial moisture content is a 
determinant of soil water potential and analysis, 
it has been found that the soil initial moisture 
content of both moist peak front hydraulic 
gradient, and can influence soil aggregate 
encounter water disintegration of strength, and 
the soil infiltration characteristics have 
significant influence (Mu Xing Liu et al., 
2012).  
Li Yaogang had analysis of the different bubble 
root the influences of irrigation flow to soil 

water potential. The test shows that the moist 
soil in soil water potential trends and to 
develop bubble irrigation emitter flow provides 
a theoretical basis (Li Yaogang et al., 2013). 
Combined with the growth condition of crop, 
Clark under different irrigation conditions of 
the effects of different soil water potential on 
tomato growth, analysis of soil water potential 
in 5 ~ -10kPa, tomato yield higher (Clark et al., 
1991).  
Controlling soil water potential in the 
application of agricultural irrigation were 
studied, and fully proves that the soil water 
potential in soil of water absorbing ability, on 
crop water supply situation, and pointed out 
that the soil water potential has become an 
important research direction of crop irrigation 
index (Dou Chaoyin et al., 2013).  
All of above research results are more 
concentrated in the soil moisture migration, and 
on soil water movement in soil water potential 
of the research on the relationship between the 
less, especially without soil water potential 
variations under different soil bulk density in 
the related research. 
 
TEST PURPOSES 
The effectiveness of soil water potential 
directly affects the crop root system in SPAC 
soil moisture absorption, the soil of this type 
generally exist in the field of soil by soil water 
potential test of different soil bulk density of 
the real-time variation of soil water potential 
with soil bulk density, soil moisture, investigate 
the influence the soil bulk density of soil water 
potential, reasonable analysis of movement 
before and after irrigation process of soil 
moisture condition and soil moisture, which is 
convenient for controlling the soil water 
potential as irrigation index (Li Yalong et al., 
2004), and is suitable for the emitter flow and 
specifications to determine the optimal soil 
moisture environment of crop root zone and 
provide a theoretical basis and relevant 
technical parameters (Liu Chao, 2007; Li 
Xingtao, 2012). 

MATERIALS AND METHODS 
 
Test materials and equipment 
The soil sample of the experiment was medium 
loam. 
The test equipment including: soil water 
potential sensor (MPS-2), a soil moisture 
sensor 5-TE, data collector EM50, electronic 
scales, plastic pail, sieve, cylinder, rammed 
earth hammer, electric drill, oven, aluminum 
box, thermometer et al. The EM data collector 
has five channels, and it can be 36000 readings 
for storage and data logging interval for 1 
minute to 1 day; soil water potential sensor 
(MPS-2) using frequency domain reflectometry 
and the principle of thermocouple and allows 
for rapid determination the soil water potential 
range from -5 kPa to -500 kPa -500 kPa, which 
is high measuring accuracy, the measurement 
accuracy is +10% in range of -5 kPa to -100 
kPa, the measurement accuracy is +25% in 
range interval from the -100 kPa to-500 kPa; 
the determination range of soil moisture sensor 
(5-TE) is 0~100% VWC (volumetric water 
content). 
 
Methods and programs 
The test was finished in soil physical and 
chemical properties laboratory of Farmland 
Irrigation Research Institute. The test method 
was soil column by barrel, which was made 
from PVC plastic pipe, and the diameter of the 
bottle is 15 cm. The type of PVC plastic pipe 
were cut into a lot of pipe sections, which 
length is 20 cm and covering 120 filter gauze at 
one of end surface of the pipe, and using a pipe 
hoop to fasten the barrel and the filter gauze on 
the periphery. Then it can form the bottom of 
barrel. We had made nine test barrels of soil, 
and number, weighting the empty barrel. 
Specific test programs and procedures as 
follows: 
Selection of loam soil samples, the soil 
crushing, sieving, mixing, and then blended 
into the water content of the same initial 
weight. According to the normal soil bulk 
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density of conventional medium loam soil, the 
soil bulk density range is between 1.4-1.6 
g/cm3. Therefore, in order to ensure the test soil 
sample making feasibility and test data of the 
obvious contrast, we had designed three 
different values for the soil bulk density, which 
soil bulk density is 1.4 g/cm3, 1.5 g/cm3, 1.6 
g/cm3 respectively. According to the actual 
volume of the test soil barrels and the design 
height of soil column, we weighed soil in every 
test barrel by electronic scale. Then, we divided 
soil of every barrel into three unit saveragely 
and began to fill soil column in three times. 
During filling, every soil column was filled 
with three layers, which height is 5cm and 
evenly compacted soil between each soil layer. 
When the soil column was height of 10cm at 
the second times filling finish, we had pre laid 
water potential sensor, moisture sensor and 
negative pressure with gauge pointer at the 
central position of the soil column. And 
continued to consolidate the soil to designed 
bulk density till the soil column was height of 
15cm at last. Then we weighed every soil 
sample of test soil and its barrel, calculated and 
checked the initial moisture content of the test 
soil. At the same time, we took the sample of 
soil into the aluminum box and test its initial 
water content by the method of drying test. 

After the completion of soil column, we 
calculated the actual content of water filled into 
soil samples of every test soil barrel according 
to the difference between the soil initial 
containing water and designed soil containing. 
Then we measured respectively the needed 
water content of every soil barrel with a 
graduate, and added it into the surface of soil 
column. After more than four hours of water 
infiltrated, the potential energy between soil 
and water reached balance and the soil moisture 
content was uniform. Such as so, we could 
begin to test, observe data and record the soil 
water potential value corresponding with the 
soil containing water. When the test data was 
measured and remained to good stability, we 
used one of thermal equipment to heat the soil 
column and accelerated soil water evaporation 
in order to effectively change the soil moisture 
content. At the same time, we began to measure 
at regular time and record the test data of the 
soil water potential in a real time corresponding 
with a range of the soil containing water 
changed. We used the designed soil bulk 
density as the test treatment, and there were a 
total of 3 treatments in test, each treatment 
were 3 repeat. The specific test scheme is 
shown in Table 1, and the design of test device 
is shown in Figure 1. 

 
Table 1. Test plan design table 

Type of soil Design soil bulk density (g/cm3) Number of test repeat 

Medium loam 
1.4 3 
1.5 3 
1.6 3 

 

 
Figure 1. Design of test equipment (single treatment) 

 

 
Test index 
The effect of soil bulk density on soil water 
potential was analyzed, and the specific test 
indexes include: soil bulk density, soil moisture 
content and soil matrix potential, indoor 
temperature. We observed and recorded test 
data timing at every morning and afternoon, the 
test data were repeated measured at least 2 
times, and determined the standard of an 
effective test data when the difference among 
all the test results in a group was not more than 
2% each other.  
The test data was measured at the condition of 
environment temperature indoor was 25 . 

 
RESULTS AND DISCUSSIONS 
 
The test data was calculated and processed in 
the way of analyzing and counting by Excel 
and SPSS software, then we took the soil 
moisture (θ) as the abscissa and soil water 
potential l(P) as the ordinate. And the 
relationship curve between the loam soil 
moisture and the soil water potential was fitted 
by the method of data regression analysis the 
regression. The curve is shown in Figure 2. 

 

 
Figure 2. The relationship curve between the loam soil 
moisture and the soil water potential in different bulk 

density 
 

After regression analysis and calculation, the 
relationship expression and correlation coeffi-
cient between the two variables of soil moisture 
content and soil water potential in different soil 
bulk density conditions are shown in Table 2. 
From the results of preliminary that: by using 
the form of exponential function regression, the 
two parameters of the loam soil moisture and 
the soil water potential were fitted better, and 
the relationship curve were accurate and meet 
with their data expressed.  
The correlation coefficient (R) is high of above 
0.95. So it is good correlation overall between 
them. 

Table 2. Regression parameters of soil moisture  
content of different bulk density 

Type of 
soil 

Soil 
bulk 

density 
(g/cm3) 

Relational 
expression of  

P θ 
R2 

Medium 
loam 

1.4 P = 905.21 e-14.51θ 0.9955 
1.5 P = 4882.8 e-30.95θ 0.9863 
1.6 P = 18815 e-45.81θ 0.9954 

 
As shown in figure 2, we can see that the 
smaller soil bulk density of loam soil, the 
bigger soil moisture content change range 
under the conditions of the same initial weight 
containing content 12.5%, equal amount of 
water added.  
There was a trend of soil water potential 
decreased as the soil bulk density increase. 
That is to say the higher soil bulk density, the 
soil water potential is smaller, the smaller soil 
bulk density, the soil water potential is greater, 
but the change rate of the two parameters was 
different obviously.  
After we added the quantity of irrigation water 
into the soil column, there was a trend of the 
change range of loam soil moisture content was 
small as the soil bulk density increased, but the 
variation range of soil water potential also 
decreases accordingly. In other words, the 
higher the soil bulk density of loam, the soil 
moisture change interval is smaller, and the 
change range of loam soil water potential is 
smaller, but its change rate is greatly. 
In addition, the change range of loam soil 
moisture content is smaller at condition of the 
test treatments of designed soil bulk density of 
1.4 g/cm3, 1.5 g/cm3, 1.6 g/cm3.  
The change range of loam soil moisture content 
is between 35.56%~40.29%; but the change 
range of loam soil water potential is larger, 
between 127%~1126%. From the perspective 
of the soil water potential changes speed in 
three designed soil bulk density of 1.4 g/cm3, 
1.5 g/cm3, 1.6 g/cm3, the change range of loam 
soil water potential was more sensitive to the 
soil bulk density as the soil bulk density 
increase when the soil moisture content was in 
the same change range.  
The loam soil bulk density was smaller, the 
change interval of loam soil water potential was 
smaller, and the effect on change speed of loam 
soil water potential was slower. In the range of 
soil gravimetric water content of 8%~18%, the 
change in the range of loam soil water potential 
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density of conventional medium loam soil, the 
soil bulk density range is between 1.4-1.6 
g/cm3. Therefore, in order to ensure the test soil 
sample making feasibility and test data of the 
obvious contrast, we had designed three 
different values for the soil bulk density, which 
soil bulk density is 1.4 g/cm3, 1.5 g/cm3, 1.6 
g/cm3 respectively. According to the actual 
volume of the test soil barrels and the design 
height of soil column, we weighed soil in every 
test barrel by electronic scale. Then, we divided 
soil of every barrel into three unit saveragely 
and began to fill soil column in three times. 
During filling, every soil column was filled 
with three layers, which height is 5cm and 
evenly compacted soil between each soil layer. 
When the soil column was height of 10cm at 
the second times filling finish, we had pre laid 
water potential sensor, moisture sensor and 
negative pressure with gauge pointer at the 
central position of the soil column. And 
continued to consolidate the soil to designed 
bulk density till the soil column was height of 
15cm at last. Then we weighed every soil 
sample of test soil and its barrel, calculated and 
checked the initial moisture content of the test 
soil. At the same time, we took the sample of 
soil into the aluminum box and test its initial 
water content by the method of drying test. 

After the completion of soil column, we 
calculated the actual content of water filled into 
soil samples of every test soil barrel according 
to the difference between the soil initial 
containing water and designed soil containing. 
Then we measured respectively the needed 
water content of every soil barrel with a 
graduate, and added it into the surface of soil 
column. After more than four hours of water 
infiltrated, the potential energy between soil 
and water reached balance and the soil moisture 
content was uniform. Such as so, we could 
begin to test, observe data and record the soil 
water potential value corresponding with the 
soil containing water. When the test data was 
measured and remained to good stability, we 
used one of thermal equipment to heat the soil 
column and accelerated soil water evaporation 
in order to effectively change the soil moisture 
content. At the same time, we began to measure 
at regular time and record the test data of the 
soil water potential in a real time corresponding 
with a range of the soil containing water 
changed. We used the designed soil bulk 
density as the test treatment, and there were a 
total of 3 treatments in test, each treatment 
were 3 repeat. The specific test scheme is 
shown in Table 1, and the design of test device 
is shown in Figure 1. 

 
Table 1. Test plan design table 

Type of soil Design soil bulk density (g/cm3) Number of test repeat 

Medium loam 
1.4 3 
1.5 3 
1.6 3 

 

 
Figure 1. Design of test equipment (single treatment) 

 

 
Test index 
The effect of soil bulk density on soil water 
potential was analyzed, and the specific test 
indexes include: soil bulk density, soil moisture 
content and soil matrix potential, indoor 
temperature. We observed and recorded test 
data timing at every morning and afternoon, the 
test data were repeated measured at least 2 
times, and determined the standard of an 
effective test data when the difference among 
all the test results in a group was not more than 
2% each other.  
The test data was measured at the condition of 
environment temperature indoor was 25 . 

 
RESULTS AND DISCUSSIONS 
 
The test data was calculated and processed in 
the way of analyzing and counting by Excel 
and SPSS software, then we took the soil 
moisture (θ) as the abscissa and soil water 
potential l(P) as the ordinate. And the 
relationship curve between the loam soil 
moisture and the soil water potential was fitted 
by the method of data regression analysis the 
regression. The curve is shown in Figure 2. 

 

 
Figure 2. The relationship curve between the loam soil 
moisture and the soil water potential in different bulk 

density 
 

After regression analysis and calculation, the 
relationship expression and correlation coeffi-
cient between the two variables of soil moisture 
content and soil water potential in different soil 
bulk density conditions are shown in Table 2. 
From the results of preliminary that: by using 
the form of exponential function regression, the 
two parameters of the loam soil moisture and 
the soil water potential were fitted better, and 
the relationship curve were accurate and meet 
with their data expressed.  
The correlation coefficient (R) is high of above 
0.95. So it is good correlation overall between 
them. 

Table 2. Regression parameters of soil moisture  
content of different bulk density 

Type of 
soil 

Soil 
bulk 

density 
(g/cm3) 

Relational 
expression of  

P θ 
R2 

Medium 
loam 

1.4 P = 905.21 e-14.51θ 0.9955 
1.5 P = 4882.8 e-30.95θ 0.9863 
1.6 P = 18815 e-45.81θ 0.9954 

 
As shown in figure 2, we can see that the 
smaller soil bulk density of loam soil, the 
bigger soil moisture content change range 
under the conditions of the same initial weight 
containing content 12.5%, equal amount of 
water added.  
There was a trend of soil water potential 
decreased as the soil bulk density increase. 
That is to say the higher soil bulk density, the 
soil water potential is smaller, the smaller soil 
bulk density, the soil water potential is greater, 
but the change rate of the two parameters was 
different obviously.  
After we added the quantity of irrigation water 
into the soil column, there was a trend of the 
change range of loam soil moisture content was 
small as the soil bulk density increased, but the 
variation range of soil water potential also 
decreases accordingly. In other words, the 
higher the soil bulk density of loam, the soil 
moisture change interval is smaller, and the 
change range of loam soil water potential is 
smaller, but its change rate is greatly. 
In addition, the change range of loam soil 
moisture content is smaller at condition of the 
test treatments of designed soil bulk density of 
1.4 g/cm3, 1.5 g/cm3, 1.6 g/cm3.  
The change range of loam soil moisture content 
is between 35.56%~40.29%; but the change 
range of loam soil water potential is larger, 
between 127%~1126%. From the perspective 
of the soil water potential changes speed in 
three designed soil bulk density of 1.4 g/cm3, 
1.5 g/cm3, 1.6 g/cm3, the change range of loam 
soil water potential was more sensitive to the 
soil bulk density as the soil bulk density 
increase when the soil moisture content was in 
the same change range.  
The loam soil bulk density was smaller, the 
change interval of loam soil water potential was 
smaller, and the effect on change speed of loam 
soil water potential was slower. In the range of 
soil gravimetric water content of 8%~18%, the 
change in the range of loam soil water potential 
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was about 120~300 kPa when the soil bulk 
densitywas1.4 g/cm3; the change in the range of 
loam soil water potential was about 80~370 
kPa when the soil bulk density was 1.5 g/cm3; 
the change in the range of loam soil water 
potential was about 20~410 kPa when the soil 
bulk density was 1.6 g/cm3. From the changes 
relationship of all above, there was the initial 
law of effect of loam soil bulk density on the 
soil water potential was gradually sensitive 
little by little as the loam soil bulk density 
increased. 
 
CONCLUSIONS 

 
By a preliminary study on the relationship 
between loam soil water potential and soil 
design density, soil moisture content and soil 
water potential, we had obtained some 
conclusions as follow: 
(1) At the same type of irrigation technology 
and the same initial soil water content for loam 
soil, the soil moisture content change rate of 
test loam sample was about between the 
respective maximum 35.56%~40.31%, and the 
change range of soil moisture content was 
small as the soil bulk density increased. 
(2) At the same soil water content (gravimetric 
water content 12.5%) conditions, the soil water 
potential was range of 57~140 kPa when the 
soil bulk density of the loam soil samples was 
designed to three different level, and the loam 
soil water potential decreased with the increase 
of soil bulk density. 
(3) In the same change range of the soil moisture 
content, the change range of loam soil water po-
tential was not obvious when the loam soil bulk 
density was bigger, and its change rate of loam 
soil water potential was gradually decreased. 
(4) All the above of test results would provide a 
theoretical basis for making full use of the soil 
water potential this natural energy initially, to 
as a controlled index for irrigation, and further 
to study the crop root zone soil moisture 
migration regularity and determine the suitable 
soil moisture environment technical parameters 
for crop growth. 
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Abstract 
 
This paper aims to monitor the cherry fruit fly, as well as for possible actions to combat it by non-chemical methods. 
The Entomology Department of the USAMV Cluj-Napoca in collaboration with the UBB Cluj-Napoca researchers, 
started a study regarding the functionality of some Semi-chemical products to attract adults of Rhagoletis cerasi L. The 
chemistry research laboratories synthesized them and then, under natural conditions, screening studies of their 
attraction power were performed. The experiment was conducted over two experimental years, 2016 and 2017. Six 
variants of semiochemical formulations were tested: 2-hexanone, 3-heptanone, nonanal, beta-felandren, geranil acetate 
and (+) –limonen. The V6 variant that blends the acetylation made most capture. Therefore, the mixture of volatile 
substances in this variant may present a higher level of attractiveness. 
 
Key words: cherry, plantations, semio-chemical, Rhagoletis cerasi, traps. 
 
INTRODUCTION 
 
It is noted in the literature that cherry 
plantations contain many pests (Bandzo et al., 
2012).  
Among the species that cause, both quantitative 
and qualitative, fruit damage, the most 
dangerous species are cherry fruit fly - 
Rhagoletis cerasi L. and spotted wing 
drosophila - Drosophila suzukii Matsumura, 
1931 (Lee et al., 2011; Macavei et al., 2013, 
2014). 
The specie Rhagoletis cerasi L. is spread in the 
temperate area of Asia as well as most of the 
European continent (Daniel and Grunder, 2012; 
Kepenekci et al., 2015)  
The most frequent attacks were recorded in the 
Center and North of Europe, England, 
Switzerland, Turkey, Russia, Estonia, Latvia, 
Ukraine, Latvia, Georgia, Azerbaijan, Armenia, 
Kazakhstan, Uzbekistan, Tajikistan, 
Turkmenistan, Kyrgyzstan and the West of 
Siberia (Kütük and Özaslan, 2006). 

In Romania we meet in all the fruit-growing 
areas where cherry is grown (Chireceanu, 
2008). 
Females have a body length of 5-6.2 mm and 
males of 4-4.5 mm (Kütük and Özaslan, 2006; 
Daniel and Grunder, 2012; Moraiti at al., 
2012a). The body color is dark brown to glossy 
black and the head is yellowish. Pronot has 
black and yellow stripes (Mincă et al., 2011). 
The wings are transparent and have four 
characteristic transversal dark strips.(Figure 1). 
The first two strips cross the wing entirely, a 
third is shorter, and a fourth band is in the form 
of the "V" (Kütük and Özaslan, 2006). 
 

 
Figure 1. Rhagoletis cerasi L. (original) 



61

 
was about 120~300 kPa when the soil bulk 
densitywas1.4 g/cm3; the change in the range of 
loam soil water potential was about 80~370 
kPa when the soil bulk density was 1.5 g/cm3; 
the change in the range of loam soil water 
potential was about 20~410 kPa when the soil 
bulk density was 1.6 g/cm3. From the changes 
relationship of all above, there was the initial 
law of effect of loam soil bulk density on the 
soil water potential was gradually sensitive 
little by little as the loam soil bulk density 
increased. 
 
CONCLUSIONS 

 
By a preliminary study on the relationship 
between loam soil water potential and soil 
design density, soil moisture content and soil 
water potential, we had obtained some 
conclusions as follow: 
(1) At the same type of irrigation technology 
and the same initial soil water content for loam 
soil, the soil moisture content change rate of 
test loam sample was about between the 
respective maximum 35.56%~40.31%, and the 
change range of soil moisture content was 
small as the soil bulk density increased. 
(2) At the same soil water content (gravimetric 
water content 12.5%) conditions, the soil water 
potential was range of 57~140 kPa when the 
soil bulk density of the loam soil samples was 
designed to three different level, and the loam 
soil water potential decreased with the increase 
of soil bulk density. 
(3) In the same change range of the soil moisture 
content, the change range of loam soil water po-
tential was not obvious when the loam soil bulk 
density was bigger, and its change rate of loam 
soil water potential was gradually decreased. 
(4) All the above of test results would provide a 
theoretical basis for making full use of the soil 
water potential this natural energy initially, to 
as a controlled index for irrigation, and further 
to study the crop root zone soil moisture 
migration regularity and determine the suitable 
soil moisture environment technical parameters 
for crop growth. 
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Abstract 
 
This paper aims to monitor the cherry fruit fly, as well as for possible actions to combat it by non-chemical methods. 
The Entomology Department of the USAMV Cluj-Napoca in collaboration with the UBB Cluj-Napoca researchers, 
started a study regarding the functionality of some Semi-chemical products to attract adults of Rhagoletis cerasi L. The 
chemistry research laboratories synthesized them and then, under natural conditions, screening studies of their 
attraction power were performed. The experiment was conducted over two experimental years, 2016 and 2017. Six 
variants of semiochemical formulations were tested: 2-hexanone, 3-heptanone, nonanal, beta-felandren, geranil acetate 
and (+) –limonen. The V6 variant that blends the acetylation made most capture. Therefore, the mixture of volatile 
substances in this variant may present a higher level of attractiveness. 
 
Key words: cherry, plantations, semio-chemical, Rhagoletis cerasi, traps. 
 
INTRODUCTION 
 
It is noted in the literature that cherry 
plantations contain many pests (Bandzo et al., 
2012).  
Among the species that cause, both quantitative 
and qualitative, fruit damage, the most 
dangerous species are cherry fruit fly - 
Rhagoletis cerasi L. and spotted wing 
drosophila - Drosophila suzukii Matsumura, 
1931 (Lee et al., 2011; Macavei et al., 2013, 
2014). 
The specie Rhagoletis cerasi L. is spread in the 
temperate area of Asia as well as most of the 
European continent (Daniel and Grunder, 2012; 
Kepenekci et al., 2015)  
The most frequent attacks were recorded in the 
Center and North of Europe, England, 
Switzerland, Turkey, Russia, Estonia, Latvia, 
Ukraine, Latvia, Georgia, Azerbaijan, Armenia, 
Kazakhstan, Uzbekistan, Tajikistan, 
Turkmenistan, Kyrgyzstan and the West of 
Siberia (Kütük and Özaslan, 2006). 

In Romania we meet in all the fruit-growing 
areas where cherry is grown (Chireceanu, 
2008). 
Females have a body length of 5-6.2 mm and 
males of 4-4.5 mm (Kütük and Özaslan, 2006; 
Daniel and Grunder, 2012; Moraiti at al., 
2012a). The body color is dark brown to glossy 
black and the head is yellowish. Pronot has 
black and yellow stripes (Mincă et al., 2011). 
The wings are transparent and have four 
characteristic transversal dark strips.(Figure 1). 
The first two strips cross the wing entirely, a 
third is shorter, and a fourth band is in the form 
of the "V" (Kütük and Özaslan, 2006). 
 

 
Figure 1. Rhagoletis cerasi L. (original) 



62

The egg is white, cylindrical, 0.6-0.9 mm long 
and 0.2-0.3 mm wide. The larva has a length of 
5-6 mm. Pupa has a length of 3-4 mm and a 
width of 1-2 mm (Papanastasiou and 
Papadopoulos, 2014). 
Rhagoletis cerasi L. is a monovoltaic and 
oligophagic species (Moraiti et al., 2012a, 
2012b). The wintering is done in the pupae 
stage at a depth of 2-18 cm in the soil under the 
crown of the tree (Stamenkovic et al., 2012). In 
the literature it says that some of the 
hibernating pupae come into prolonged diapase 
(Moraiti et al., 2014, 2017). Early adults appear 
in the spring, from the beginning of May to the 
end of June. The adult emergece is strongly 
influenced by the exhibition, altitude and 
climatic conditions specific to each year 
(Kovanci and Kovanci, 2006; Bandzo et al., 
2012; Macavei et al., 2013; Croitoru et al., 
2014; Petrova, 2015). 
After copulation, the female typically places 
one egg under the skin of the fruit in the brood 
(Bandzo et al., 2012), fruits that are yellow, 
yellow or pink yellow (Ozdem and Kilincer, 
2005). After the egg is deposited, the fruit is 
marked with an oviposition pheromone 
(Katsoyannos and Boller, 1976; Boller et al., 
1987; Städler et al., 1994). In the place where 
the egg was inserted, a dark circular stain will 
form. The frequency of attack differs from one 
species to another, the semi-late and late 
varieties being more strongly attacked 
(Stamenkovic et al., 1996; Macavei et al., 
2014). 
The development of the larva lasts between 10 
and 33 days (Ozdem and Kilincer, 2005). The 
larva feeds on the pulp of the fruit. The 
attacked fruits become soft, darker and due to 
infection with Monilinia cinerea, they rot and 
fall. 
The third-age larva leaves the fruit and 
migrates into the soil to turn into a stern.  
The economic damage limit is two pupae/m2 or 
5% damaged fruits (Roşca et al., 2011). 
In the monitoring and control of this species on 
small plots, the literature also mentions the use 
of pheromones. There are two types of 
pheromones known for cherry fruit fly. One is 
for oviposition and the other one is part of the 
sexual attractant group.  
Katsoyannos et al. (1976) isolated the 
oviposition pheromone in females and tested it 

under laboratory conditions, and in 1980, by 
applying it to the orchard, they observed a 
reduction in attack frequency of up to 90%. 
The oviposition pheromone has been 
chemically synthesized and used in combat 
activities since 1987 (Boller et al., 1987; Hurter 
et al., 1987), and later researches on functional 
parameters improvement (Ernst and Wagner, 
1989; Sharma and Chattopadhyay, 1997; 
Städler et al., 1994; Raptopoulos et al., 1995). 
Although the existence of a sexually attractive 
pheromone was emphasized by Katsoyannos 
(1982), its components were not discovered 
(Daniel and Grunder, 2012). 
To monitor the population of Rhagoletis cerasi, 
but also to control it directly, visual traps 
(yellow) are used. A number of studies have 
been carried out on the functionality of the 
different types of traps and the number of traps 
to be used for the mass capture of adults 
(Katsoyannos et al., 2000; Özdem and Kilincer, 
2009; Mincă et al., 2011; Daniel and Grunder, 
2012; Ozolina-Pole and Apenite, 2012; Daniel 
et al., 2014). From the studies conducted, it was 
found that the best results are obtained with 
Rebell type + capsules that slowly release 
ammonia (Özdem and Kilincer, 2009), and in 
terms of color, the best attraction has the ones 
with the wavelength of 500-550 μm (Daniel et 
al., 2014). For mass capture, 4 traps/trees are 
required (Özdem and Kilincer, 2009). 
 
MATERIALS AND METHODS 
 
In order to monitor the cherry fruit fly, as well 
as for possible actions to combat it by non-
chemical methods, the Entomology Department 
of the USAMV Cluj-Napoca in collaboration 
with the UBB Cluj-Napoca researchers, we 
started a study regarding the functionality of 
some Semi-chemical products to attract adults 
of Rhagoletis cerasi L. The chemistry research 
laboratories synthesized them and then, under 
natural conditions, screening studies of their 
attraction power were performed. The 
experiment was conducted over two 
experimental years, 2016 and 2017. 
The following volatile substances were used in 
the formulation of the first five experimental 
variants: 2-hexanone, 3-heptanone, nonanal, 
beta-felandren, geranyl acetate and (+) - 
limonene (Figure 2). The choice of these 

substances was made after consulting a vast 
literature. These substances belong to carbonyl 
compounds (aldehydes and ketones) and 
terpene. 
 

O O

O

O

O

2-Hexanona/2-Hexanone 3-Heptanona/3-Heptanone

Nonanal/Nonanal beta-Felandren/beta-Phellandrene

Acetat de geranil/Geranyl acetate (+)-Limonen/(+)-Limonene  
Figure 2. Structure of main pheromonal  

components identified in male volatiles and extracts  
of Ragoletis cerasi L. (original) 

 
The experimental variants consisted of 
different mixtures and proportions between the 
six components used: 
� V1 = bait RC1 = 2-hexanone: 3-heptanone: 

nonanal = 1: 1: 2 = 1 mg/bait; 
� V2 = bait RC2 = beta felandrin: geranil 

acetate: (+) - limonene = 1: 1: 1 = 1.5 
mg/bait; 

� V3 = bait RC3 = 2-hexanone: 3-heptanone: 
nonanal: beta-felandren: geranil acetate = 
1: 1: 1: 1: 1 = 1mg/bait; 

� V4 = bait RC4 = 2-hexanone: 3-heptanone: 
nonanal: beta-felandren: geranil acetate: 
(+) - limonene = 1: 1: 1: 1: 1: 1.2 mg/bait; 

� V5 = bait RC5 = 2-hexanone: 3-heptanone: 
nonanal: beta-felandren: geranil acetate = 
1: 1: 1: 1: 1 = 2.5 mg/bait; 

� V6 = bait RC6 = 2 g ammonium acetate; 1 
ml of ethanol; 0.5 ml of butyl acetate; 2 ml 
of distilled water; 

� M = Witness: simple yellow traps 
Substances 2-hexanone 98%, 3-heptanona, 
98% and nonanal 97% were purchased from 
alfa-aestar, beta-felandren and (+) - limonene 
from SC Terpena SRL (Romania). 98% geranyl 
acetate was synthesized at the "Raluca Ripan" 
Institute for Research in Chemistry  
Cluj-Napoca. 
Each combination was dissolved in n-hexane 
solution (50 �l l) and then incorporated in a red 
rubber stopper (natural rubber) dispenser 
purchased from SC Romfarmachim SA, 
Romania. The semi-chemical dispenser was 
then attached to the upper side of yellow traps 
(Figure 3A). 

For V6, the components are embedded in 
polypropylene foil sachets with filterable 
matrix (Figure 3B). 
 

 
Figure 3. Dispenser with semiochemical lure  

(A = V1-V5 ; B = V6) (original) 
 
As a control version, we used simple yellow 
traps (yellow Isabella), double adhesive, size 
210 mm x 297 mm, purchased from Poliam 
Cluj-Napoca, Romania. 
In the experimental period we placed 5 traps of 
each variant, so a total of 30 traps in 2016 (this 
year we tested five variants with semi-chemical 
baits) and 35 traps in 2017 (this year we also 
used variant 6), traps provided by the “Raluca 
Ripan” Institute for Research in Chemistry, 
Cluj-Napoca. The traps were generally located 
in the middle part of the height of the cherry 
crown, at a height range between 1.7 and 3 m, 
mainly on its southern side (Figure 4).  
 

   
Figure 4. Traps placement (original) 

 
Monitoring has been carried out twice a week 
throughout the flight of adult Rhagoletis cerasi 
(Figure 5). 
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The egg is white, cylindrical, 0.6-0.9 mm long 
and 0.2-0.3 mm wide. The larva has a length of 
5-6 mm. Pupa has a length of 3-4 mm and a 
width of 1-2 mm (Papanastasiou and 
Papadopoulos, 2014). 
Rhagoletis cerasi L. is a monovoltaic and 
oligophagic species (Moraiti et al., 2012a, 
2012b). The wintering is done in the pupae 
stage at a depth of 2-18 cm in the soil under the 
crown of the tree (Stamenkovic et al., 2012). In 
the literature it says that some of the 
hibernating pupae come into prolonged diapase 
(Moraiti et al., 2014, 2017). Early adults appear 
in the spring, from the beginning of May to the 
end of June. The adult emergece is strongly 
influenced by the exhibition, altitude and 
climatic conditions specific to each year 
(Kovanci and Kovanci, 2006; Bandzo et al., 
2012; Macavei et al., 2013; Croitoru et al., 
2014; Petrova, 2015). 
After copulation, the female typically places 
one egg under the skin of the fruit in the brood 
(Bandzo et al., 2012), fruits that are yellow, 
yellow or pink yellow (Ozdem and Kilincer, 
2005). After the egg is deposited, the fruit is 
marked with an oviposition pheromone 
(Katsoyannos and Boller, 1976; Boller et al., 
1987; Städler et al., 1994). In the place where 
the egg was inserted, a dark circular stain will 
form. The frequency of attack differs from one 
species to another, the semi-late and late 
varieties being more strongly attacked 
(Stamenkovic et al., 1996; Macavei et al., 
2014). 
The development of the larva lasts between 10 
and 33 days (Ozdem and Kilincer, 2005). The 
larva feeds on the pulp of the fruit. The 
attacked fruits become soft, darker and due to 
infection with Monilinia cinerea, they rot and 
fall. 
The third-age larva leaves the fruit and 
migrates into the soil to turn into a stern.  
The economic damage limit is two pupae/m2 or 
5% damaged fruits (Roşca et al., 2011). 
In the monitoring and control of this species on 
small plots, the literature also mentions the use 
of pheromones. There are two types of 
pheromones known for cherry fruit fly. One is 
for oviposition and the other one is part of the 
sexual attractant group.  
Katsoyannos et al. (1976) isolated the 
oviposition pheromone in females and tested it 

under laboratory conditions, and in 1980, by 
applying it to the orchard, they observed a 
reduction in attack frequency of up to 90%. 
The oviposition pheromone has been 
chemically synthesized and used in combat 
activities since 1987 (Boller et al., 1987; Hurter 
et al., 1987), and later researches on functional 
parameters improvement (Ernst and Wagner, 
1989; Sharma and Chattopadhyay, 1997; 
Städler et al., 1994; Raptopoulos et al., 1995). 
Although the existence of a sexually attractive 
pheromone was emphasized by Katsoyannos 
(1982), its components were not discovered 
(Daniel and Grunder, 2012). 
To monitor the population of Rhagoletis cerasi, 
but also to control it directly, visual traps 
(yellow) are used. A number of studies have 
been carried out on the functionality of the 
different types of traps and the number of traps 
to be used for the mass capture of adults 
(Katsoyannos et al., 2000; Özdem and Kilincer, 
2009; Mincă et al., 2011; Daniel and Grunder, 
2012; Ozolina-Pole and Apenite, 2012; Daniel 
et al., 2014). From the studies conducted, it was 
found that the best results are obtained with 
Rebell type + capsules that slowly release 
ammonia (Özdem and Kilincer, 2009), and in 
terms of color, the best attraction has the ones 
with the wavelength of 500-550 μm (Daniel et 
al., 2014). For mass capture, 4 traps/trees are 
required (Özdem and Kilincer, 2009). 
 
MATERIALS AND METHODS 
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chemical methods, the Entomology Department 
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attraction power were performed. The 
experiment was conducted over two 
experimental years, 2016 and 2017. 
The following volatile substances were used in 
the formulation of the first five experimental 
variants: 2-hexanone, 3-heptanone, nonanal, 
beta-felandren, geranyl acetate and (+) - 
limonene (Figure 2). The choice of these 

substances was made after consulting a vast 
literature. These substances belong to carbonyl 
compounds (aldehydes and ketones) and 
terpene. 
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of Ragoletis cerasi L. (original) 
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1: 1: 1: 1: 1 = 2.5 mg/bait; 

� V6 = bait RC6 = 2 g ammonium acetate; 1 
ml of ethanol; 0.5 ml of butyl acetate; 2 ml 
of distilled water; 

� M = Witness: simple yellow traps 
Substances 2-hexanone 98%, 3-heptanona, 
98% and nonanal 97% were purchased from 
alfa-aestar, beta-felandren and (+) - limonene 
from SC Terpena SRL (Romania). 98% geranyl 
acetate was synthesized at the "Raluca Ripan" 
Institute for Research in Chemistry  
Cluj-Napoca. 
Each combination was dissolved in n-hexane 
solution (50 �l l) and then incorporated in a red 
rubber stopper (natural rubber) dispenser 
purchased from SC Romfarmachim SA, 
Romania. The semi-chemical dispenser was 
then attached to the upper side of yellow traps 
(Figure 3A). 

For V6, the components are embedded in 
polypropylene foil sachets with filterable 
matrix (Figure 3B). 
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As a control version, we used simple yellow 
traps (yellow Isabella), double adhesive, size 
210 mm x 297 mm, purchased from Poliam 
Cluj-Napoca, Romania. 
In the experimental period we placed 5 traps of 
each variant, so a total of 30 traps in 2016 (this 
year we tested five variants with semi-chemical 
baits) and 35 traps in 2017 (this year we also 
used variant 6), traps provided by the “Raluca 
Ripan” Institute for Research in Chemistry, 
Cluj-Napoca. The traps were generally located 
in the middle part of the height of the cherry 
crown, at a height range between 1.7 and 3 m, 
mainly on its southern side (Figure 4).  
 

   
Figure 4. Traps placement (original) 

 
Monitoring has been carried out twice a week 
throughout the flight of adult Rhagoletis cerasi 
(Figure 5). 
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Figure 5. Traps reading (original) 

 
RESULTS AND DISCUSSIONS 
 
In 2016, with 35 traps, 1051 adults of 
Rhagoletis cerasi L. were captured. In the 
control variant with the 5 traps, a total of 108 
specimens were captured. In the sample of 
semi-chemical products tested, the number of 
catches fluctuated between 73 (V5) and 275 
adults (V6). In comparison with the control 
variant, the number of catches made was higher 
in 4 of the variants, and in two variants the 
number of adults captured was lower (Table 1). 
Most specimens were in V6, which captured 
26.2% of all catches, a variant containing 2 g of 

ammonium acetate; 1 ml of ethanol; 0.5 ml of 
butyl acetate. This option also captures the 
maximum number of catches on a trap (80 
adults). 
In the year 2017 with 35 traps, 968 adults were 
captured. In control variant were captured a 
total of 89 adults, 19 adults less than the 
previous year. In semi-chemical product 
testing, the number of catches oscillated 
between 77 adults in V4 and 247 adults in V6. 
This year the maximum number of catches per 
trap was also made in the V6 (74 adults). This 
year, as in the previous year, in variants V4 and 
V5 the number of catches was lower than in the 
control variant. Again, variants V1, V2 and V3 
made much more capture compared to the 
control variant, but fewer than V6 (Table 2). 
V1 bait is composed of 2-hexanone, 3-
heptanone and nonanal, and beta-felandren V2, 
geranyl acetate and (+) - limonene. Variants V1 
and V2 contain different groups of compounds 
from a chemical point of view, so the first 
variant contains only carbonyl compounds 
while the second variant contains only terpenic 
compounds.  

 

Table 1. Number of Rhagoletis cerasi L. captures made by semiochimicale lures, 2016 

Variant V1 V2 V3 V4 V5 V6 Control 

Total captures 219 162 128 86 73 275 108 

No. traps 5 5 5 5 5 5 5 

Average/variant 43.8 32.4 25.6 17.2 14.6 55.0 21.6 
 

Table 2. Number of Rhagoletis cerasi L. captures made by semiochimicale lures, 2017 

Variant V1 V2 V3 V4 V5 V6 Control 

Total captures 197 163 109 77 86 247 89 

No. traps 5 5 5 5 5 5 5 

Average/variant 39.4 32.6 21.8 15.4 17.2 49.4 17.8 

 
Table 3. Monthly average temperature and monthly average rainfall (Cluj-Napoca) 

Year Month 
April May June July 

Monthly average temperature  
(°C) 

2016 12.3 14.0 19.7 20.3 
2017 9.3 15.3 20.0 20.7 

Annual average 9.1 14.3 17.5 19.3 

Monthly average rainfall 
(mm) 

2016 47.8 84.2 113.6 113.4 
2017 66.4 42.4 45.4 44.6 

Annual average 43.3 75.1 85.9 84.5 
 

The two groups of attractants used singly 
exhibited a superior attraction capacity to the 
witness and if these components were mixed 
with other components in different proportions 
in the other three variants (V3, V4, V5) they 
had a much lower attractiveness. The 
components of experimental variation V1 are 
used in the chemical communication system of 
a small number of insects, of which nonanal 
was also identified in the pheromone of the 
species Bactrocera oleae (Tephritidae, Diptera) 
(El-Sayed and Asghar, 2014). 
V2 bait components are found in the chemical 
communication system of a richer range of 
insects, including the Tephritidae family (El-
Sayed and Asghar, 2014). 
Variants V3, V4 and V5 contain geranyl 
acetate and heptan-3-one. These substances, 
although identified as main constituents of the 
volatile substances emitted by the Rhagoletis 
cerasi male. They have also been identified in 
host plants of this pest (El-Sayed and Asghar, 
2014; Mattheis et al., 1992). So a possible 
explanation for the low power of attraction of 
these tested variants is due to the competition 
with the volatile substances emitted by the host 
plant. 
The V6 variant that blends the acetylation 
made most capture. Therefore, the mixture of 
volatile substances in this variant may present a 
higher level of attractiveness. 
 

 

Figure 6. Total number of catches/variant 
 

Figure 6 is a graphical representation of the 
total number of catches over the two years of 
semiochemical products testing performed in 
each experimental variants. On the yellow 
panels (control) 197 adults were captured. A 
total number of catches above the control was 

made in variants V6 (522 catches), V1 (416 
catches), V2 (325 catches) and V3 (237 
catches). 

 

 
Figure 7. Percentage of catches by experimental variants 
 
Figure 7 is a graph of the percentage of adults 
of Rhagoletis cerasi L. caught in the two 
experimental years on bait traps. The total 
number of catches taken in the two years was 
2019 adults, of which 1051 in 2016, 
representing 52%, and in the year 2017 968 
adults were captured, representing 48% of the 
total catch. 
The control variant achieved 10% of total 
catches. V6 has made 26% of catches; V1 has 
made 20% of catches; V2 achieved 16% and 
V3 achieved 12%. Variants V4 and V5 
achieved 8% each, of total catches. 
The results obtained regarding the functionality 
of the experimental variants were statistically 
interpreted by the STATISTICA 7.1 program 
(StatSoft, 2005). 
We used this test because among the 5 traps 
placed annually for each experimental variants, 
there was sometimes a very large difference 
between the individual catches, and this is the 
recommended test when there is great 
heterogeneity between data. 
In 2016, the differences in the number of 
captured specimens are very significant (N = 
35, P <0.0001). Multiple comparisons show 
that the V6 bait had a very significant function 
compared to the Control variant (p = 
0.000033), V5 (p = 0.000002), V4 (p = 
0.000006), V3 (p = 0.000166) and V2 (p = 
0.002394), but is not statistically assured 
compared with V1 (p = 0.109228). No 
statistical difference was observed between 
variants V2, V3, V4, V5 and the control variant 
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Figure 5. Traps reading (original) 
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a small number of insects, of which nonanal 
was also identified in the pheromone of the 
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Variants V3, V4 and V5 contain geranyl 
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number of catches taken in the two years was 
2019 adults, of which 1051 in 2016, 
representing 52%, and in the year 2017 968 
adults were captured, representing 48% of the 
total catch. 
The control variant achieved 10% of total 
catches. V6 has made 26% of catches; V1 has 
made 20% of catches; V2 achieved 16% and 
V3 achieved 12%. Variants V4 and V5 
achieved 8% each, of total catches. 
The results obtained regarding the functionality 
of the experimental variants were statistically 
interpreted by the STATISTICA 7.1 program 
(StatSoft, 2005). 
We used this test because among the 5 traps 
placed annually for each experimental variants, 
there was sometimes a very large difference 
between the individual catches, and this is the 
recommended test when there is great 
heterogeneity between data. 
In 2016, the differences in the number of 
captured specimens are very significant (N = 
35, P <0.0001). Multiple comparisons show 
that the V6 bait had a very significant function 
compared to the Control variant (p = 
0.000033), V5 (p = 0.000002), V4 (p = 
0.000006), V3 (p = 0.000166) and V2 (p = 
0.002394), but is not statistically assured 
compared with V1 (p = 0.109228). No 
statistical difference was observed between 
variants V2, V3, V4, V5 and the control variant 
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(Figure 8). There were also statistically ensured 
differences between variants V1 and Control. 
 

 
Figure 8. Statistical differences between the tested lures 

(Cluj-Napoca, 2016) 
 

 
Figure 9. Statistical differences between the tested lures 

(Cluj-Napoca, 2017) 
 

In 2017, multiple comparisons showed very 
significant differences, between V6, which 
captured a larger number of specimens than the 
Control (p = 0.000088), V5 (p = 0.000069), V4 
(p = 0.000034), V3 (p = 0.000423), and only 
significant differences compare to V2 (p = 
0.021608). There are not significant differences 
between V6 and V1. Between variants V1 and 
V2 no statistical differences were observed. 
Between the V2, V3, V4, V5 and Control baits, 
statistical differences were also not detected 
(Figure 9).
The flight curves of adults of Rhagoletis cerasi 
L. in the two experimental years are shown in 
Figures 10 and 11. 
In 2016, adult flight started on May 26, scaling 
it down for 55 days. The flight ended on 19 
July. The maximum flight curve was recorded 

during the period 13-17 June, during which 
there were 197 catches, representing 
approximately 19% of the total of this year's 
catches. 

 

 
Figure 10. Adult flight curve of Rhagoletis cerasi  

(Cluj-Napoca, 2016) 
 
In 2017, adult flight started on May 19, one 
week faster than in the previous year. This 
phenomenon is determined by the thermal 
factor. As can be seen in Table 3, this year's 
average temperature was 15.3°C, with 1.3°C 
higher than last year. Adult flight ended on July 
4th. This year the flight staggered over a 47-
day period, down 8 days compared to the 
previous year. In June, the average monthly 
temperature was 20°C, with 2.5°C higher than 
the multiannual average (Table 3). The 
maximum flight curve was recorded in the 
period from 5 to 9 June, during which there 
were 151 catches, representing about 16% of 
the total of this year's catches. 
 

 
Figure 11. Adult flight curve of Rhagoletis cerasi  

(Cluj-Napoca, 2017) 

In 2016, the first catches on the colored panels 
were 92 days from the time of the first day 
recording with average temperatures above 
7°C. During this period, a total of 395.9 active 
degrees was accumulated. The maximum flight 
curve was recorded 22 days after the start of 
the flight. Taking as reference date the first day 
when active degrees were achieved, the 
maximum flight curve took place at 114 days, 
during which 542.7 active degrees 
accumulated. 
In 2017, the flight started 81 days after the 
temperatures recorded above 7°C, which 
corresponded to a value of 367.5 active degrees 
accumulated. The maximum flight intensity 
was reported 20 days after the start of the 
flight, that is, after 101 days from the first day 
with an average temperature above 7°C, 
accumulated within this range, 587.8 active 
degrees accumulated. 
Similar results were obtained by Chireceanu, 
(2008). His experiment was carried out in the 
southern area of our country at the Băneasa 
Tree Plant Research Center. After 3 years of 
research it is stated that for the Băneasa area a 
sum of active degrees between 313.8 and 
403.7°C is needed for the first adults, which is 
directly influenced by climatic conditions 
(temperature and precipitation). The maximum 
flight curve was reached in the range of 474.3-
522.8°C active degrees. 
Kovanci and Kovanci (2006) show that the 
appearance of the first adult cherry flies was 
correlated with the altitude of the orchard, so at 
an altitude of 150 m an accumulation of 582.50 
± 10.50 active degrees was required, and for 
the altitude of 1170 m, was needed 667.5 ± 
14.50 active degrees. 
 
CONCLUSIONS 
 
The V6 variant, which contains acetate acetates 
and ethanol tested in 2016, made the most 
catches, 2.5 times more than the yellow trap 
that is currently used in monitoring Rhagoletis 
cerasi L., and in 2017, there are 2.8 times more 
catches. 
V1, which contains only carbonyl compounds, 
produced 2 times more catches than the control 
variant in 2016, and in 2017, there are 2.2 times 
more catches. 

Variant V2 containing only terpenic 
compounds, produced 1.5 times more catches 
than the control variant in 2016 and 1.9 times 
more catches in 2017. 
These ecomonial variants can be used to 
monitor Rhagoletis cerasi L., and on small 
surfaces can be a method of controlling adults 
number by mass capture. 
In the area of Cluj, the flight of adults of 
Rhagoletis cerasi L. is started in the last decade 
of May and is extended over an interval of 
about 50 days. 
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(Figure 8). There were also statistically ensured 
differences between variants V1 and Control. 
 

 
Figure 8. Statistical differences between the tested lures 

(Cluj-Napoca, 2016) 
 

 
Figure 9. Statistical differences between the tested lures 

(Cluj-Napoca, 2017) 
 

In 2017, multiple comparisons showed very 
significant differences, between V6, which 
captured a larger number of specimens than the 
Control (p = 0.000088), V5 (p = 0.000069), V4 
(p = 0.000034), V3 (p = 0.000423), and only 
significant differences compare to V2 (p = 
0.021608). There are not significant differences 
between V6 and V1. Between variants V1 and 
V2 no statistical differences were observed. 
Between the V2, V3, V4, V5 and Control baits, 
statistical differences were also not detected 
(Figure 9).
The flight curves of adults of Rhagoletis cerasi 
L. in the two experimental years are shown in 
Figures 10 and 11. 
In 2016, adult flight started on May 26, scaling 
it down for 55 days. The flight ended on 19 
July. The maximum flight curve was recorded 

during the period 13-17 June, during which 
there were 197 catches, representing 
approximately 19% of the total of this year's 
catches. 

 

 
Figure 10. Adult flight curve of Rhagoletis cerasi  

(Cluj-Napoca, 2016) 
 
In 2017, adult flight started on May 19, one 
week faster than in the previous year. This 
phenomenon is determined by the thermal 
factor. As can be seen in Table 3, this year's 
average temperature was 15.3°C, with 1.3°C 
higher than last year. Adult flight ended on July 
4th. This year the flight staggered over a 47-
day period, down 8 days compared to the 
previous year. In June, the average monthly 
temperature was 20°C, with 2.5°C higher than 
the multiannual average (Table 3). The 
maximum flight curve was recorded in the 
period from 5 to 9 June, during which there 
were 151 catches, representing about 16% of 
the total of this year's catches. 
 

 
Figure 11. Adult flight curve of Rhagoletis cerasi  

(Cluj-Napoca, 2017) 

In 2016, the first catches on the colored panels 
were 92 days from the time of the first day 
recording with average temperatures above 
7°C. During this period, a total of 395.9 active 
degrees was accumulated. The maximum flight 
curve was recorded 22 days after the start of 
the flight. Taking as reference date the first day 
when active degrees were achieved, the 
maximum flight curve took place at 114 days, 
during which 542.7 active degrees 
accumulated. 
In 2017, the flight started 81 days after the 
temperatures recorded above 7°C, which 
corresponded to a value of 367.5 active degrees 
accumulated. The maximum flight intensity 
was reported 20 days after the start of the 
flight, that is, after 101 days from the first day 
with an average temperature above 7°C, 
accumulated within this range, 587.8 active 
degrees accumulated. 
Similar results were obtained by Chireceanu, 
(2008). His experiment was carried out in the 
southern area of our country at the Băneasa 
Tree Plant Research Center. After 3 years of 
research it is stated that for the Băneasa area a 
sum of active degrees between 313.8 and 
403.7°C is needed for the first adults, which is 
directly influenced by climatic conditions 
(temperature and precipitation). The maximum 
flight curve was reached in the range of 474.3-
522.8°C active degrees. 
Kovanci and Kovanci (2006) show that the 
appearance of the first adult cherry flies was 
correlated with the altitude of the orchard, so at 
an altitude of 150 m an accumulation of 582.50 
± 10.50 active degrees was required, and for 
the altitude of 1170 m, was needed 667.5 ± 
14.50 active degrees. 
 
CONCLUSIONS 
 
The V6 variant, which contains acetate acetates 
and ethanol tested in 2016, made the most 
catches, 2.5 times more than the yellow trap 
that is currently used in monitoring Rhagoletis 
cerasi L., and in 2017, there are 2.8 times more 
catches. 
V1, which contains only carbonyl compounds, 
produced 2 times more catches than the control 
variant in 2016, and in 2017, there are 2.2 times 
more catches. 

Variant V2 containing only terpenic 
compounds, produced 1.5 times more catches 
than the control variant in 2016 and 1.9 times 
more catches in 2017. 
These ecomonial variants can be used to 
monitor Rhagoletis cerasi L., and on small 
surfaces can be a method of controlling adults 
number by mass capture. 
In the area of Cluj, the flight of adults of 
Rhagoletis cerasi L. is started in the last decade 
of May and is extended over an interval of 
about 50 days. 
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Abstract 
 
This paper aims to quantify the attack of Pseudomonas syringe pv glycinea in ecological conditions in Transylvania but 
also in different cultural conditions. Thus, observations were made regarding the frequency of attack of these bacteria 
in three soybean varieties, sown at different distances (25, 12.5, 50 cm). The attack of the bacterium was influenced by 
the soybean sowing distance. The attack frequency of this pathogen was between 9 and 25%. The lowest value of the 
attack was recorded in the Caro variety in the case of the 12.5 cm between rows. 
 
Key words: soybean, pathogen, sowing distance Pseudomonas syringe pv. glycinea. 
 
INTRODUCTION 
 
Soybean is one of the most important crop 
plants in Romania (Cărăbeț et al., 2010) with 
cultivated areas that grow from year to year. 
Soybean production is influenced by climatic 
factors (Ionescu et al., 2016) but for high yields 
it is recommended to cultivate new varieties 
and/ or adapted to the production area (Haș, 
2006) and due to nitrogen fixation capacity it 
can be a viable alternative to improve the soil 
fertility (Buah et al., 2017). Soybean 
production is expected to grow in the future, 
mainly because of the potential of this plant to 
improve the diet of the human population. 
(Hartman et al., 2011).  
A limiting factor of the production is 
represented by the specific pathogens of 
soybean plants. From these, the most important 
in the Transylvanian region are: Peronospora 
manshurica, Sclerotinia sclerotiorum, Soybean 
Mosaic Virus and Pseudomonas syringe pv 
glycinea. For the control of the pathogens there 
are fungicides applicable to soil or vegetation 
(Reznikov et al., 2016), but there are other 
alternative methods to prevent their occurrence. 
It is already known that plant density 
influences the incidence of plant pathogens 
(Janzen, 1970; Connell, 1971; Bagchi et al., 

2014). This paper aims to study the behavior of 
soybean plants sown at different distances 
between rows. 
 
MATERIALS AND METHODS 
 
In order to determine the incidence of the 
pathogen Pseudomonas syringe pv glycinea 
under different ecological conditions were 
studied three soybean cultivations: Felix, Onix 
and Caro, these being some of the most 
cultivated varieties in Transylvania. Those 
three varieties are owned by Agricultural 
Research and Development Station (ARDS) 
Turda and shows similar characteristics. The 
main difference between the three varieties 
refers to their height (Figure 1).  
 

 
Figure 1. Comparison of varieties tested according to 

their height 
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Abstract 
 
This paper aims to quantify the attack of Pseudomonas syringe pv glycinea in ecological conditions in Transylvania but 
also in different cultural conditions. Thus, observations were made regarding the frequency of attack of these bacteria 
in three soybean varieties, sown at different distances (25, 12.5, 50 cm). The attack of the bacterium was influenced by 
the soybean sowing distance. The attack frequency of this pathogen was between 9 and 25%. The lowest value of the 
attack was recorded in the Caro variety in the case of the 12.5 cm between rows. 
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These three cultivars were sown at different 
distances between rows while maintaining a 
density of 50 plants/ square meter (Figure 2). 
 

 
Figure 2. Rows distribution in experiment 

 
Thus, three variants were sown: 

- 50 cm distance between rows and 4 cm 
plant spacing; 
- 25 cm distance between rows and 8 cm 
plant spacing; 
- 12.5 cm distance between rows and 16.7 
cm plant spacing. 

The experiment met the requirements of the 
experimental technique and was performed in 
three repetitions. 
The experiment was conducted over the course 
of two years (2016 and 2017) at the same 
location, but not on the same field. 
In order to determine the level of the bacterial 
attack, notes were made at two different dates 
2, 17 August in 2016 and 31 July, 16 August 
2017. Recorded data on bacterial attack as well 
as production data have been statistically 
interpreted using Duncan test and T test and 
presented in the following. 
 
RESULTS AND DISCUSSIONS 
 
The main objective of this paper was to 
determine the evolution and behavior of the 
main soybean pathogens under different 
technological conditions. These mainly referred 
to the sowing distance between rows. To 
achieve this, three soybeans were compared: 
Felix, Onix and Caro. Thus, in 2016, an 
experimental field was set up in Salaj County, 
where soy was sown in rare rows (50 cm), 
normal (25 cm) and in thick rows (12.5 cm). 
The recorded data refer to the incidence 
(frequency) of the attack (IA %) of the 
pathogens, but also to the production recorded 
according to the parameter mentioned above. 

The first observation was made on 02.08.2016 
and after these observations, we obtained the 
data presented in Table 1.  
 
Table 1. Influence of sowing distance on the incidence of 

bacterium Pseudomonas syringe pv. glycinea 
(02.08.2016) 

Variant IA% Difference Duncan test 

25 cm 16.60mt 0.00   B 
50 cm 15.83- -0.77   B 

12.5 cm 7.69ooo -8.91 A 
LSD p 5%                             0.74 
LSD p 1%                              1.14 
LSD p 0.1%                           1.71 

DS – 0.74 

 
By sowing at different distances, the conditions 
for the manifestation of the bacterium 
Pseudomonas syringe pv glycinea have been 
changed. Thus, it can be seen the plants sown 
at a distance of 12.5 cm exhibited a lower 
incidence of attack compared with the classical 
sowing distance of 25 cm. The difference is 
over 50% and is statistically very significant 
(Table 1). Although the incidence of the 
disease is lower than the control, also in the 
variant sown in rare rows, it does not show 
significant differences. 
Data showing the behavior of the varieties on 
the attack of Pseudomonas syringe pv glycinea 
is presented in Table 2. It can be noticed that 
there are no significant differences between the 
three varieties, the incidence of the attack being 
about 13%. 
 
Table 2. The behavior of soybean varieties on the attack 

of Pseudomonas syringe pv. glycinea (02.08.2016) 

Cultivar IA % Difference Duncan test 

Felix 13.45mt 0.00 A 
Onix 13.50 - 0.05 A 
Caro 13.18 - -0.27 A 

LSD p5%                                0.53 
LSD p1%                                0.71 
LSD p0.1%                             0.96 

DS – 0.53 

 
Analyzing the behavior of the varieties under 
differentiated sowing conditions (Figure 3) it 
can be observed that: the sowing distance of 
12.5 cm, resulted in a very significant decrease 
of the incidence of attack for all three varieties. 
For the sowing distance of 50 cm the frequency 
of attack increased only for the Caro variety, 
the differences being insignificant compared to 
the parcel sown at 25 cm.  

 
Figure 3. Influence of the sowing distance on the 

incidence of attack of the bacterial blight according to 
the monitored variety (02.08.2016) 

 
In the case of the variant sown in thick rows 
(12.5 cm), the Onix and the Caro varieties are 
noticeable with the lowest levels of incidence, 
significantly differing from the Felix variety. 
The highest incidence of the attack was noted 
for the Onix variety, the plot sown at 25 cm. 
 
Table 3. Influence of sowing distance on the incidence of 

attack of bacterium Pseudomonas syringe pv. glycinea 
(17.08.2016) 

Variant IA% Difference Duncan test 

25 cm 22.59 mt 0.00   B 

50 cm 24.08 ** 1.49     C 

12.5 cm 11.74 ooo -10.85 A 
LSD (p 5%)                                     1.00
LSD (p 1%)                                     1.45
LSD (p 0.1%)                                   2.18

DS – 1.00 

 
Further analyzing the incidence of the 
Pseudomonas syringe pv glycinea, it can be 
observed that: 2 weeks after the first 
observation on 17.08.2016, the frequency of 
the attack increased, due to climatic conditions 
(data not shown) favoring the manifestation of 
this pathogen.  
On this date was noticed also the attack of the 
pseudofungus Peronospora manshurica (data 
not shown). 
 

Table 4. The behavior of soybean varieties on the attack 
of Pseudomonas syringe pv. glycinea (17.08.2016) 

Cultivar IA % Difference Duncan test 

Felix 19.43 mt. -0.04 A 

Onix 19.62 - 0.15 A 

Caro 19.36 - -0.14 A 
LSD (p 5%)                                     0.79 
LSD (p 1%)                                     1.08 
LSD (p 0.1%)                                   1.44 

DS – 0.79 

 

 
Figure 4. Influence of the sowing distance  

on the frequency of attack of the bacterial blight 
according to the monitored variety (17.08.2016) 

 
As in the case of the first observation, the 
plants sown at 12.5 cm showed the lowest 
frequency of the attack; only 11.74% is the 
difference to the control (25 cm between the 
rows) being very significant. The data from the 
Table 3 shows that sowing plants in rare rows 
causes their sensitization to the bacterial blight. 
No significant difference has been recorded in 
the second observation between the three 
varieties; however, it can be seen that the 
frequency of the attack had increased in two 
weeks from the first observation with about six 
percentage points, reaching a maximum  
of 19.62% in the case of the Onix variety 
(Table 4). 
From Figure 4 it can be seen that in the case of 
sowing at a distance of 12.5 cm, all three 
varieties registered significant decreases 
ranging between 9.5 and 12.6 percentage 
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These three cultivars were sown at different 
distances between rows while maintaining a 
density of 50 plants/ square meter (Figure 2). 
 

 
Figure 2. Rows distribution in experiment 

 
Thus, three variants were sown: 

- 50 cm distance between rows and 4 cm 
plant spacing; 
- 25 cm distance between rows and 8 cm 
plant spacing; 
- 12.5 cm distance between rows and 16.7 
cm plant spacing. 

The experiment met the requirements of the 
experimental technique and was performed in 
three repetitions. 
The experiment was conducted over the course 
of two years (2016 and 2017) at the same 
location, but not on the same field. 
In order to determine the level of the bacterial 
attack, notes were made at two different dates 
2, 17 August in 2016 and 31 July, 16 August 
2017. Recorded data on bacterial attack as well 
as production data have been statistically 
interpreted using Duncan test and T test and 
presented in the following. 
 
RESULTS AND DISCUSSIONS 
 
The main objective of this paper was to 
determine the evolution and behavior of the 
main soybean pathogens under different 
technological conditions. These mainly referred 
to the sowing distance between rows. To 
achieve this, three soybeans were compared: 
Felix, Onix and Caro. Thus, in 2016, an 
experimental field was set up in Salaj County, 
where soy was sown in rare rows (50 cm), 
normal (25 cm) and in thick rows (12.5 cm). 
The recorded data refer to the incidence 
(frequency) of the attack (IA %) of the 
pathogens, but also to the production recorded 
according to the parameter mentioned above. 

The first observation was made on 02.08.2016 
and after these observations, we obtained the 
data presented in Table 1.  
 
Table 1. Influence of sowing distance on the incidence of 

bacterium Pseudomonas syringe pv. glycinea 
(02.08.2016) 

Variant IA% Difference Duncan test 

25 cm 16.60mt 0.00   B 
50 cm 15.83- -0.77   B 

12.5 cm 7.69ooo -8.91 A 
LSD p 5%                             0.74 
LSD p 1%                              1.14 
LSD p 0.1%                           1.71 

DS – 0.74 

 
By sowing at different distances, the conditions 
for the manifestation of the bacterium 
Pseudomonas syringe pv glycinea have been 
changed. Thus, it can be seen the plants sown 
at a distance of 12.5 cm exhibited a lower 
incidence of attack compared with the classical 
sowing distance of 25 cm. The difference is 
over 50% and is statistically very significant 
(Table 1). Although the incidence of the 
disease is lower than the control, also in the 
variant sown in rare rows, it does not show 
significant differences. 
Data showing the behavior of the varieties on 
the attack of Pseudomonas syringe pv glycinea 
is presented in Table 2. It can be noticed that 
there are no significant differences between the 
three varieties, the incidence of the attack being 
about 13%. 
 
Table 2. The behavior of soybean varieties on the attack 

of Pseudomonas syringe pv. glycinea (02.08.2016) 

Cultivar IA % Difference Duncan test 

Felix 13.45mt 0.00 A 
Onix 13.50 - 0.05 A 
Caro 13.18 - -0.27 A 

LSD p5%                                0.53 
LSD p1%                                0.71 
LSD p0.1%                             0.96 

DS – 0.53 

 
Analyzing the behavior of the varieties under 
differentiated sowing conditions (Figure 3) it 
can be observed that: the sowing distance of 
12.5 cm, resulted in a very significant decrease 
of the incidence of attack for all three varieties. 
For the sowing distance of 50 cm the frequency 
of attack increased only for the Caro variety, 
the differences being insignificant compared to 
the parcel sown at 25 cm.  

 
Figure 3. Influence of the sowing distance on the 

incidence of attack of the bacterial blight according to 
the monitored variety (02.08.2016) 

 
In the case of the variant sown in thick rows 
(12.5 cm), the Onix and the Caro varieties are 
noticeable with the lowest levels of incidence, 
significantly differing from the Felix variety. 
The highest incidence of the attack was noted 
for the Onix variety, the plot sown at 25 cm. 
 
Table 3. Influence of sowing distance on the incidence of 

attack of bacterium Pseudomonas syringe pv. glycinea 
(17.08.2016) 

Variant IA% Difference Duncan test 

25 cm 22.59 mt 0.00   B 

50 cm 24.08 ** 1.49     C 

12.5 cm 11.74 ooo -10.85 A 
LSD (p 5%)                                     1.00
LSD (p 1%)                                     1.45
LSD (p 0.1%)                                   2.18

DS – 1.00 

 
Further analyzing the incidence of the 
Pseudomonas syringe pv glycinea, it can be 
observed that: 2 weeks after the first 
observation on 17.08.2016, the frequency of 
the attack increased, due to climatic conditions 
(data not shown) favoring the manifestation of 
this pathogen.  
On this date was noticed also the attack of the 
pseudofungus Peronospora manshurica (data 
not shown). 
 

Table 4. The behavior of soybean varieties on the attack 
of Pseudomonas syringe pv. glycinea (17.08.2016) 

Cultivar IA % Difference Duncan test 

Felix 19.43 mt. -0.04 A 

Onix 19.62 - 0.15 A 

Caro 19.36 - -0.14 A 
LSD (p 5%)                                     0.79 
LSD (p 1%)                                     1.08 
LSD (p 0.1%)                                   1.44 

DS – 0.79 

 

 
Figure 4. Influence of the sowing distance  

on the frequency of attack of the bacterial blight 
according to the monitored variety (17.08.2016) 

 
As in the case of the first observation, the 
plants sown at 12.5 cm showed the lowest 
frequency of the attack; only 11.74% is the 
difference to the control (25 cm between the 
rows) being very significant. The data from the 
Table 3 shows that sowing plants in rare rows 
causes their sensitization to the bacterial blight. 
No significant difference has been recorded in 
the second observation between the three 
varieties; however, it can be seen that the 
frequency of the attack had increased in two 
weeks from the first observation with about six 
percentage points, reaching a maximum  
of 19.62% in the case of the Onix variety 
(Table 4). 
From Figure 4 it can be seen that in the case of 
sowing at a distance of 12.5 cm, all three 
varieties registered significant decreases 
ranging between 9.5 and 12.6 percentage 
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points. Although at the first observation Felix 
and Onix varieties recorded lower frequency of 
attack than the control when they were sown at 
a distance of 50 cm between rows, the second 
notation shows that they behave differently, the 
incidence was 2-3% higher than the control.  
In the case of the variant sown in thick rows 
(12.5 cm) no significant differences are 
observed between the three varieties. For 
variants sown at 25 or 50 cm, the frequency of 
the attack exceeded 20%. 
 

 
Figure 5. Evolution of attack frequency of the bacterial 

blight during 2016 
 
The evolution of the pathogen between the two 
observations is shown in Figure 5. It can be 
noticed that the pathogen had a weak evolution 
only in the case of the Felix variety, which was 
in sow in thick rows, only 2.54%. For variants 
sowed in rare rows, the evolution was large, 
exceeding 8% for Felix and Onix varieties. 
Also, a great evolution is also noted for the 
Caro variety, sowing 25 cm between the rows. 
In 2017, the attack had a different evolution 
than in 2016. Thus, it is noted that the 
incidence of the attack at the first date of 
monitoring (31.07.2017) is higher than in 2016. 
In this case, sowing in thick rows leads to an 
incidence of attack much less than in the 25 
and 50 cm variants. The attack of the 
Pseudomonas syringe pv glycinea bacteria is 
about twice as high in normal and rare-row 
variants (Table 5). Differences between the 
three variants are statistically covered. 
 

Table 5. Influence of sowing distance on the incidence of 
attack of bacterium Pseudomonas syringe pv. glycinea 

(31.07.2017) 

Variant IA% Difference Duncan test 

25 cm 18.80 mt. 0.00     C 

50 cm 17.91 o -0.89   B 

12.5 cm 8.73 ooo -10.07 A 
LSD (p 5%)                                     0.67 
LSD (p 1%)                                     0.90 
LSD (p 0.1%)                                   1.17 

DS – 0.67 

 
If in 2016 there were no significant differences 
between the three tested varieties, in 2017 the 
behavior of the varieties was different, and 
there were significant differences between 
them (Table 6). The most resistant was the 
Caro variety with a frequency of attack of 
14.61%, being the only variety that had an 
attack of less than 15%. 
The Duncan analysis shows that there are 
significant differences between the three 
varieties and, in comparison with the Felix 
variety, Caro variety presents distinctly 
significant differences. Compared to 2016, the 
frequency of attack was about 2% higher.
 
Table 6. The behavior of soybean varieties on the attack 

of Pseudomonas syringe pv. glycinea (31.07.2017) 

Cultivar IA % Difference Duncan test 

Felix 15.67 mt. 0.00     C 

Onix 15.17 - -0.50   B 

Caro 14.61 oo -1.07 A 
LSD (p 5%)                                     0.61 
LSD (p 1%)                                     0.88 
LSD (p 0.1%)                                   1.30 

DS – 0.47 

 
Analyzing the behavior of the varieties under 
differentiated sowing conditions (Figure 6) it 
can be observed that: the sowing distance of 
12.5 cm, resulted in a very significant decrease 
of the incidence of attack for all three varieties, 
as in 2016. 
For Onix and Caro varieties, the incidence of 
attack on variants sown at 12.5 cm was below 
10%, while for Felix it was 10.55%. While the 
Felix and Onix varieties have the highest 
frequency of attack, note the in normal sowing 
variants (25 cm), the Caro variety reacts 
negatively to sowing in rare rows (50 cm). 
 

 
Figure 6. Influence of the sowing distance on the 

incidence of attack of the bacterial blight according to 
the monitored variety (31.07.2017) 

 
The second date to observe the frequency of 
pathogen attack Pseudomonas syringe pv 
glycinea was 16 August. At this time we notice 
that the attack of this pathogen has not evolved 
as much as in 2016. This is probably due to 
drought-related climatic conditions (data not 
shown). 
While, in the case of the variant sowed in thick 
rows, the evolution was not very significant 
(from 8.73 to 10.24), in the case of the rare 
rows variant, the increase was more significant, 
exceeding the value of the attack from the 
control variant. The difference between the 
control variant and the variants sown in thick 
rows is very significant (Table 7). 
If on July 31, on the rare rows variants, the 
difference in attack was significantly lower, in 
August 16 the differences became distinctly 
positive, which could be explained by the more 
intimate contact between the plants on the 
rows. 
From the analysis of Table 8 it can be noted 
that the Caro variety remains at the top of the 
most resistant varieties at the attack of the 
Pseudomonas syringe pv glycinea. There are 
no significant differences between Felix and 
Onix varieties. 
 

Table 7. Influence of sowing distance on the incidence of 
attack of bacterium Pseudomonas syringe pv. glycinea 

(16.08.2017) 

Variant IA% Difference Duncan test 

25 cm 20.10 mt. 0.00   B 
50 cm 21.10 ** 1.00     C 

12.5 cm 10.24 ooo -9.86 A 
LSD (p 5%)                                     0.67 
LSD (p 1%)                                     0.90 
LSD (p 0.1%)                                   1.17 

DS – 0.67 

 
Table 8. The behavior of soybean varieties on the attack 

of Pseudomonas syringe pv. glycinea (16.08.2017) 

Cultivar IA % Difference Duncan test 

Felix 17.68 mt. 0.00   B 
Onix 17.28 - -0.40   B 
Caro 16.48 oo -1.20 A 

LSD (p 5%)                                     0.61 
LSD (p 1%)                                     0.88 
LSD (p 0.1%)                                   1.30 

DS – 0.47 

 
From Figure 7 it can be seen that in the case of 
sowing at a distance of 12.5 cm, all three 
varieties registered significant incidence 
decreases ranging between 9.6 and 11.1 
percentage. 
In the year 2017, the values of the attack of 
over 20% were recorded in rare rows variants 
for the Felix and Onix varieties, but also in the 
variants normally sown for the Caro and Onix 
varieties. 
The Onix variety presents the highest incidence 
of the attack, both variants sown in rare rows 
and normally exceeding 20%. 
As for the evolution of the attack, it is easy to 
see that the values are much lower than in 2016 
(Figure 8). Except for varieties rarely sown for 
Felix and Onix varieties, which show medium 
increase of attack, at the other variants, the 
increase from the first reading, are small. 
Climatic conditions have significantly 
influenced the behavior of the bacterium 
Pseudomonas syringe pv glycinea. Year 2017 
favored less the attack of this pathogen, 
especially in the first half of August. Data 
shown in Table 9 shows that there are 
significant differences between the two 
experimental years. 
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points. Although at the first observation Felix 
and Onix varieties recorded lower frequency of 
attack than the control when they were sown at 
a distance of 50 cm between rows, the second 
notation shows that they behave differently, the 
incidence was 2-3% higher than the control.  
In the case of the variant sown in thick rows 
(12.5 cm) no significant differences are 
observed between the three varieties. For 
variants sown at 25 or 50 cm, the frequency of 
the attack exceeded 20%. 
 

 
Figure 5. Evolution of attack frequency of the bacterial 

blight during 2016 
 
The evolution of the pathogen between the two 
observations is shown in Figure 5. It can be 
noticed that the pathogen had a weak evolution 
only in the case of the Felix variety, which was 
in sow in thick rows, only 2.54%. For variants 
sowed in rare rows, the evolution was large, 
exceeding 8% for Felix and Onix varieties. 
Also, a great evolution is also noted for the 
Caro variety, sowing 25 cm between the rows. 
In 2017, the attack had a different evolution 
than in 2016. Thus, it is noted that the 
incidence of the attack at the first date of 
monitoring (31.07.2017) is higher than in 2016. 
In this case, sowing in thick rows leads to an 
incidence of attack much less than in the 25 
and 50 cm variants. The attack of the 
Pseudomonas syringe pv glycinea bacteria is 
about twice as high in normal and rare-row 
variants (Table 5). Differences between the 
three variants are statistically covered. 
 

Table 5. Influence of sowing distance on the incidence of 
attack of bacterium Pseudomonas syringe pv. glycinea 

(31.07.2017) 

Variant IA% Difference Duncan test 

25 cm 18.80 mt. 0.00     C 

50 cm 17.91 o -0.89   B 

12.5 cm 8.73 ooo -10.07 A 
LSD (p 5%)                                     0.67 
LSD (p 1%)                                     0.90 
LSD (p 0.1%)                                   1.17 

DS – 0.67 

 
If in 2016 there were no significant differences 
between the three tested varieties, in 2017 the 
behavior of the varieties was different, and 
there were significant differences between 
them (Table 6). The most resistant was the 
Caro variety with a frequency of attack of 
14.61%, being the only variety that had an 
attack of less than 15%. 
The Duncan analysis shows that there are 
significant differences between the three 
varieties and, in comparison with the Felix 
variety, Caro variety presents distinctly 
significant differences. Compared to 2016, the 
frequency of attack was about 2% higher.
 
Table 6. The behavior of soybean varieties on the attack 

of Pseudomonas syringe pv. glycinea (31.07.2017) 

Cultivar IA % Difference Duncan test 

Felix 15.67 mt. 0.00     C 

Onix 15.17 - -0.50   B 

Caro 14.61 oo -1.07 A 
LSD (p 5%)                                     0.61 
LSD (p 1%)                                     0.88 
LSD (p 0.1%)                                   1.30 

DS – 0.47 

 
Analyzing the behavior of the varieties under 
differentiated sowing conditions (Figure 6) it 
can be observed that: the sowing distance of 
12.5 cm, resulted in a very significant decrease 
of the incidence of attack for all three varieties, 
as in 2016. 
For Onix and Caro varieties, the incidence of 
attack on variants sown at 12.5 cm was below 
10%, while for Felix it was 10.55%. While the 
Felix and Onix varieties have the highest 
frequency of attack, note the in normal sowing 
variants (25 cm), the Caro variety reacts 
negatively to sowing in rare rows (50 cm). 
 

 
Figure 6. Influence of the sowing distance on the 

incidence of attack of the bacterial blight according to 
the monitored variety (31.07.2017) 

 
The second date to observe the frequency of 
pathogen attack Pseudomonas syringe pv 
glycinea was 16 August. At this time we notice 
that the attack of this pathogen has not evolved 
as much as in 2016. This is probably due to 
drought-related climatic conditions (data not 
shown). 
While, in the case of the variant sowed in thick 
rows, the evolution was not very significant 
(from 8.73 to 10.24), in the case of the rare 
rows variant, the increase was more significant, 
exceeding the value of the attack from the 
control variant. The difference between the 
control variant and the variants sown in thick 
rows is very significant (Table 7). 
If on July 31, on the rare rows variants, the 
difference in attack was significantly lower, in 
August 16 the differences became distinctly 
positive, which could be explained by the more 
intimate contact between the plants on the 
rows. 
From the analysis of Table 8 it can be noted 
that the Caro variety remains at the top of the 
most resistant varieties at the attack of the 
Pseudomonas syringe pv glycinea. There are 
no significant differences between Felix and 
Onix varieties. 
 

Table 7. Influence of sowing distance on the incidence of 
attack of bacterium Pseudomonas syringe pv. glycinea 

(16.08.2017) 

Variant IA% Difference Duncan test 

25 cm 20.10 mt. 0.00   B 
50 cm 21.10 ** 1.00     C 

12.5 cm 10.24 ooo -9.86 A 
LSD (p 5%)                                     0.67 
LSD (p 1%)                                     0.90 
LSD (p 0.1%)                                   1.17 

DS – 0.67 

 
Table 8. The behavior of soybean varieties on the attack 

of Pseudomonas syringe pv. glycinea (16.08.2017) 

Cultivar IA % Difference Duncan test 

Felix 17.68 mt. 0.00   B 
Onix 17.28 - -0.40   B 
Caro 16.48 oo -1.20 A 

LSD (p 5%)                                     0.61 
LSD (p 1%)                                     0.88 
LSD (p 0.1%)                                   1.30 

DS – 0.47 

 
From Figure 7 it can be seen that in the case of 
sowing at a distance of 12.5 cm, all three 
varieties registered significant incidence 
decreases ranging between 9.6 and 11.1 
percentage. 
In the year 2017, the values of the attack of 
over 20% were recorded in rare rows variants 
for the Felix and Onix varieties, but also in the 
variants normally sown for the Caro and Onix 
varieties. 
The Onix variety presents the highest incidence 
of the attack, both variants sown in rare rows 
and normally exceeding 20%. 
As for the evolution of the attack, it is easy to 
see that the values are much lower than in 2016 
(Figure 8). Except for varieties rarely sown for 
Felix and Onix varieties, which show medium 
increase of attack, at the other variants, the 
increase from the first reading, are small. 
Climatic conditions have significantly 
influenced the behavior of the bacterium 
Pseudomonas syringe pv glycinea. Year 2017 
favored less the attack of this pathogen, 
especially in the first half of August. Data 
shown in Table 9 shows that there are 
significant differences between the two 
experimental years. 
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Figure 7. Influence of the sowing distance on the 

frequency of attack of the bacterial blight according to 
the monitored variety (16.08.2017) 

 

 
Figure 8. Evolution of the frequency of attack of the 

bacterial blight during 2017 

 
The average of the two experimental years 
(Table 10) shows that thick sowing of the 
soybean may result in very significant 
decreases in the incidence of the bacterial 
blight attack. Sowing the soybean in thick rows 
can lead to half the attack, which can be 
explained by the more uniform distribution of 
the nutrition space and implicitly the distances 
between the plants. These elements must be 
confirmed by future research. 

Table 9. The influence of climatic conditions on the 
attack of Pseudomonas syringe pv. glycinea 

Cultivar IA % Difference Duncan test 
Media 18.31 mt. 0.00  
2016 19.47 *** 1.16   B 
2107 17.15 ooo -1.16 A 

LSD (p 5%)                                     0.28 
LSD (p 1%)                                     0.40 
LSD (p 0.1%)                                   0.58 

DS – 0.35 

 
Table 10. Influence of sowing distance on the incidence 

of attack of bacterium Pseudomonas syringe pv. glycinea 
(2016-2017) 

Variant IA% Difference Duncan test 

25 cm 21.34 mt. 0.00   B 
50 cm 22.59 *** 1.25     C 

12.5 cm 10.99 ooo -10.35 A 
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On rare sown variants the attack increased. 
Although the difference between these variants 
and those sown normally is only 1.25%, it is 
statistically covered. 
The behavior of varieties tested in the two 
experimental years was very similar regarding 
the differences between them.  
However, it can be seen from the statistical 
analysis that the Caro variety shows significant 
differences from the other two tested varieties. 
In this case, the frequency of the Pseudomonas 
syringe pv glycinea attack had the lowest value 
of 17.92 (Table 11). 
From the analysis of the graph in Figure 9 it 
can state that there are significant differences 
between the variants sown in thick rows 
compared to the other two experimental 
variants. On average over the two experimental 

years, the incidence of the attack ranged 
between 10.5 and 11.4 for variants sown in 
rows and between 20.9 and 23.4 for variants 
sowed in normal and rare rows. 
Analyzing the production data of the three 
varieties (Figure 10) it can be seen that the 
different sowing distance influences their 
production. The lowest yields (under 2000 
kg/ha) are recorded for variants sown in rare 
rows. This is due in particular to the high 
incidence of pathogens in these plots. 
For all the tested varieties in the plots sown in 
thick rows the yields exceed 3000 kg/ha. 
Also, the graphic shows the relationship 
between production and the level of attack of 
the bacterial blight. It is noted that there is an 
inversely proportional relationship between 
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Figure 10. Relationship between production and the frequency of attack  

 
CONCLUSIONS 
 
The sowing distance influences the level of 
attack of the bacterium Pseudomonas syringe 
pv glycinea.  
Under the climatic conditions of 2016, bacterial 
blight showed an incidence of the attack 
(frequency) which range between 11 to 25%. 
In 2017 attack frequency range 9 to23%, about 
2% lower than in the previous year. 
Seeding in thick rows (12.5 cm) led to a 
significant decrease in the attack of this 
disease.  
Climatic conditions have significantly influen-
ced the pathogen attack. The drought in the 

first half of August practically stopped its 
evolution. 
The soybean variety with the best bacterial 
attack behavior in the two experimental years 
turned out to be Caro 
It can also be concluded that there is an 
inversely relationship between the level of 
attack and production. The production in 
variants sown at 12.5 cm between rows 
exceeded 3 tons per hectare. 
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Figure 7. Influence of the sowing distance on the 

frequency of attack of the bacterial blight according to 
the monitored variety (16.08.2017) 
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bacterial blight during 2017 
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Abstract 
 
Objectives: MRI is proven to be an accurate method for noninvasive assessment of cardiac function in tetralogy of 
Fallot patients (TOF). Various geometrical models are used in healthy patients to quantify cardiac function. The 
purpose of this study is to assess the reproducibility and validity of these geometrical models in patients operated on for 
TOF by comparison with cMRI. Methods: This is a retrospective study of 59 patients with TOF (mean age 22.46±6.67).  
Left ventricular (LV) volumes and ejection fraction (EF) were quantified based on a 1.5 Tesla MRI. The LV volumes 
and EF were either assessed with modified Simpson rule (SR), hemisphere cylinder model (HC), single plane ellipsoid 
model (EM) and 4 chamber Simpson rule (4cSR). Results: Good correlations were found for all volumes and EF for SR 
mode compared with full volume data set (r2 ranged between 0.63 and 0.82 with a p value <0.001 for all correlations). 
The HC, EM and 4cSR models proved to be less useful for the EF assessment (r2 >0.53 for HC, r20.1 and r2>0.41 for 
4cSR respectively). Conclusion: Only SR model has proven to be a valuable method for the assessment of LV volumes, 
stroke volume and EF in TOF patients.  
 
Key words: magnetic resonance imaging, tetralogy of Fallot, left ventricular dysfunction, ventricular ejection fraction, 
stroke volume. 
 
INTRODUCTION  

 
The incidence of congenital heart diseases 
(CHD) is approximately 7 to 1,000 new borns.  
Among them tetralogy of Fallot (TOF), is a 
complex CHD, with an incidence of 0.5/1,000 
births (Zeng et al., 2016).  
These defects are diagnosed through different 
techniques such as fetal echocardiography and 
postnatal referral to a specialized center. 
During the last two decades cardiovascular 
magnetic resonance (cMRI) has evolved as the 
reference imaging modality for anatomical and 
functional assessment in patients with repaired 
TOF. cMRI has emerged as an essential 
diagnostic tool in these patients because it 
overcomes many of the limitations of 
echocardiography, cardiac CT, and cardiac 
catheterization (Tal Geva, 2011). 
Using cMRI, systolic function can be assessed 
by calculating the ejection fraction (EF). Still, 
this method requires, during the heart cycle, 20 

to 25 frames at about 10 to 14 slices positions 
in order to cover the whole heart. This 
procedure can be quite time consuming, 
especially in studies requiring high spatial 
resolution. Likewise, the manual or 
semiautomatic analysis of these slices requires 
another time period (Young et al., 2009). 
Additionally, long acquisition times can 
prolongs anesthesia time in patients who need 
this procedure, in particular in small children. 
Global left ventricular function represents an 
important parameter in all cardiologic patients.  
Furthermore, it is advisable to rapidly assess 
cardiac function, without increasing scan time 
too much. In order to take up these challenges, 
several studies have implemented geometrical 
models to assess cardiac function in animals 
and patients. These geometrical models 
estimate left ventricular (LV) volumes based on 
maximum two or three slices in parallel or 
perpendicular planes (Dulce et al., 1993), thus 
allowing a more rapid assessment of the LV 
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Abstract 
 
Objectives: MRI is proven to be an accurate method for noninvasive assessment of cardiac function in tetralogy of 
Fallot patients (TOF). Various geometrical models are used in healthy patients to quantify cardiac function. The 
purpose of this study is to assess the reproducibility and validity of these geometrical models in patients operated on for 
TOF by comparison with cMRI. Methods: This is a retrospective study of 59 patients with TOF (mean age 22.46±6.67).  
Left ventricular (LV) volumes and ejection fraction (EF) were quantified based on a 1.5 Tesla MRI. The LV volumes 
and EF were either assessed with modified Simpson rule (SR), hemisphere cylinder model (HC), single plane ellipsoid 
model (EM) and 4 chamber Simpson rule (4cSR). Results: Good correlations were found for all volumes and EF for SR 
mode compared with full volume data set (r2 ranged between 0.63 and 0.82 with a p value <0.001 for all correlations). 
The HC, EM and 4cSR models proved to be less useful for the EF assessment (r2 >0.53 for HC, r20.1 and r2>0.41 for 
4cSR respectively). Conclusion: Only SR model has proven to be a valuable method for the assessment of LV volumes, 
stroke volume and EF in TOF patients.  
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INTRODUCTION  

 
The incidence of congenital heart diseases 
(CHD) is approximately 7 to 1,000 new borns.  
Among them tetralogy of Fallot (TOF), is a 
complex CHD, with an incidence of 0.5/1,000 
births (Zeng et al., 2016).  
These defects are diagnosed through different 
techniques such as fetal echocardiography and 
postnatal referral to a specialized center. 
During the last two decades cardiovascular 
magnetic resonance (cMRI) has evolved as the 
reference imaging modality for anatomical and 
functional assessment in patients with repaired 
TOF. cMRI has emerged as an essential 
diagnostic tool in these patients because it 
overcomes many of the limitations of 
echocardiography, cardiac CT, and cardiac 
catheterization (Tal Geva, 2011). 
Using cMRI, systolic function can be assessed 
by calculating the ejection fraction (EF). Still, 
this method requires, during the heart cycle, 20 

to 25 frames at about 10 to 14 slices positions 
in order to cover the whole heart. This 
procedure can be quite time consuming, 
especially in studies requiring high spatial 
resolution. Likewise, the manual or 
semiautomatic analysis of these slices requires 
another time period (Young et al., 2009). 
Additionally, long acquisition times can 
prolongs anesthesia time in patients who need 
this procedure, in particular in small children. 
Global left ventricular function represents an 
important parameter in all cardiologic patients.  
Furthermore, it is advisable to rapidly assess 
cardiac function, without increasing scan time 
too much. In order to take up these challenges, 
several studies have implemented geometrical 
models to assess cardiac function in animals 
and patients. These geometrical models 
estimate left ventricular (LV) volumes based on 
maximum two or three slices in parallel or 
perpendicular planes (Dulce et al., 1993), thus 
allowing a more rapid assessment of the LV 
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volumes and EF. Although these geometrical 
models were compared with echocardiogram 
and were validated in healthy humans (Bunck 
et al., 2009), none of the previous studies has 
determined whether or not any of these 
geometrical models is viable in determining 
cardiac function by comparison with the gold 
standard (cMRI) in patients operated on for 
tetralogy of Fallot. 
Consequently, the purpose of this study is to 
assess the reproducibility and validity of these 
geometrical models in patients operated on for 
TOF by comparison with cMRI, which 
represents the gold standard. 
 
MATERIALS AND METHODS 
 
59 patients with a mean age of 22.46±6.67 
years and a male: female ratio of 1.45:1, 
operated on for TOF, were examined. The 
cMRI assessment was performed between 
December 2004 and March 2012 and took into 
account their gender, the mean age at which 
they underwent MRI and the assessment of LV 
volumes and EF through the gold standard as 
well as by using various geometrical models, as 
described by Dulce et al., in 1993. The patients 
were selected from the database of the Division 
of Pediatric Radiology, Department of 
Radiology - University of Graz, Austria. 
Image analysis: All images were assessed in 
DICOM Viewer version 3.5. The end-diastolic 
volumes (EDV) and the end-systolic volume 
(ESV) of the left ventricle were considered to 
be the largest and the smallest area of the LV 
area in each slice.  
For the cMRI analysis, the window width and 
level were manually adjusted in order to 
recognize ventricular morphological character-
ristics. To measure LV volumes, the LV area 
was selected using the semiautomatic segmen-
tation parameters in DICOM Viewer. The 
papillary muscle was excluded from the LV 
volume during the assessment.  
The diameter (D) of the LV volume on the 
short-axis was measured as the longest distance 
between the septum and the ventricular wall. 
The length (L) of the LV was defined as the 
longest distance from the apex to the valves. 
Data analysis: The end-diastolic volume 
(EDV), end-systolic volume (ESV), stroke-
volume (SV=EDV-ESV) and EF 

(EF=SV/EDV) were calculated in all patients 
with TOF. The calculation was based either on 
cMRI images of the left ventricle (the gold 
standard) and on various geometrical models, 
as described by Dulce et al., in 1993 and van de 
Weijer Tet et al., in 2012 (Figure 1).  
 

 
Figure 1. Algorithms and formula to calculate the  

LV volumes and EF by cine-MRI (full data set) and 
geometrical models based on a few MRI slices  

(After Dulce et al., 1993 and Weijer Tet et al., 2012) 
 
The various geometrical models used to 
determine the LV volumes and the EF are 
presented: Ai - cross-sectional area of the LV 
cavity in the LA plane; Am - cross-sectional 
area of the LV cavity in the short axis plane, 1-
2 mm below the bicuspid valve; Ap - cross-
sectional area of the LV cavity in the SA plane, 
approximately at the base of the papillary 
muscles; D - diameter of the LV cavity in the 
short axis plane, 1-2 mm below the bicuspid 
valve; L - the longest axis of the LV in the LA 
plane; S1, S2, S3 … 1 mm SA slices from the 
top to the bottom of the left ventricle. 
Statistical analysis: The values of the LV 
volumes and the EF determined by cine-MRI 
were presented as mean values. The 
correlations between the LV volumes and the 
EF, determined through various geometrical 
models vs the LV data-set obtained through 
cine-MRI (the gold standard) were assessed by 

 
linear regression. R2 and p values were reported 
for all regression analyses. The p<0.05 value 
was considered statistically significant. The 
difference between the geometrical models and 
the MRI data was assessed using the one-way 
ANOVA test. 
 
RESULTS AND DISCUSSIONS 
 
The values of the LV volumes and EF, 
calculated using the gold standard and various 
geometrical models, are listed in Table 1. 

 
Table1. LV volumes and EF determined by cine MRI 

(FV) and various geometrical models 

 EDV (μl) ESV (μl) SV (μl) EF% 

Cine-MRI 
(FV) 128.2±33.0 53.8±18.2 74.4±18.0 58.6±5.9 

Simpson 
Rule (SR)

123.6±33.9 
(NS) 

48.6±16.2 
(NS) 

75.2±21.2 
(NS) 

60.9±6.7 
(NS) 

Single-
plane 

ellipsoid 
(EM) 

113.4±37.0* 45.9±23.0* 73.0±18.6 
(NS) 

57.8±8.2 
(NS) 

Hemisphere
-cylinder 

(HC) 
144.2±41.8* 59.6±20.8 

(NS) 
74.4±18.0 

(NS) 
58.6±5.9 

(NS) 

4 chamber 
Simpson 

Rule 
(4cSR) 

100.4±35.7* 40.8±17.8* 59.6±26.9* 59.2±11.8 
(NS) 

 
The model relying on Simpson’s rule was the 
only one to yield statistically indifferent values 
for the LV volumes and the EF by comparison 
with the gold standard. As far as the EF is 
concerned, no differences were noted by the 
single-plane ellipsoid model and the 
hemisphere cylinder model or by 4 chamber 
Simpson’s rule (apical 4-chamber view). The 
EF was quantified by geometrical models vs 
cine-MRI. Pearson’s correlation coefficient (r) 
and R2 can also be identified in Figures 2-5. 
 

 
Figure 2. Scatter-plot showing the correlation  

between EF-FV and EF-SR

 
Figure 3. Scatter-plot showing correlation  

between EF- FV and EF-EM 
 

 
Figure 4. Scatter-plot showing correlation  

between EF-FV and EF-HC 
 

 
Figure 5. Scatter-plot showing weak correlation  

between EF-FV and EF-4cSR 
 
The geometrical model based on Simpson’s 
rule was the only one to provide perfectly 
accurate absolute values for the LV volumes 
and the EF. Despite the fact that these 
correlations were statistically significant, only 
the SR model showed a linear regression with a 
Pearson correlation coefficient >0.75. The 
other three models showed a poorer correlation, 
with correlation coefficients <0.75 and R2< 
0.53. Since the geometrical model based on 
Simpson’s rule presented the best correlations 
for the EF calculated, we performed the linear 
regression analysis of the EDV, ESV and SV of 
the LV by comparison with the gold standard. 
The recorded R2 values ranged between 0.76 
and 0.82, with p<0.001 for all assessed 
correlations. For EDV and ESV, the Pearson 
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cavity in the LA plane; Am - cross-sectional 
area of the LV cavity in the short axis plane, 1-
2 mm below the bicuspid valve; Ap - cross-
sectional area of the LV cavity in the SA plane, 
approximately at the base of the papillary 
muscles; D - diameter of the LV cavity in the 
short axis plane, 1-2 mm below the bicuspid 
valve; L - the longest axis of the LV in the LA 
plane; S1, S2, S3 … 1 mm SA slices from the 
top to the bottom of the left ventricle. 
Statistical analysis: The values of the LV 
volumes and the EF determined by cine-MRI 
were presented as mean values. The 
correlations between the LV volumes and the 
EF, determined through various geometrical 
models vs the LV data-set obtained through 
cine-MRI (the gold standard) were assessed by 

 
linear regression. R2 and p values were reported 
for all regression analyses. The p<0.05 value 
was considered statistically significant. The 
difference between the geometrical models and 
the MRI data was assessed using the one-way 
ANOVA test. 
 
RESULTS AND DISCUSSIONS 
 
The values of the LV volumes and EF, 
calculated using the gold standard and various 
geometrical models, are listed in Table 1. 

 
Table1. LV volumes and EF determined by cine MRI 

(FV) and various geometrical models 

 EDV (μl) ESV (μl) SV (μl) EF% 

Cine-MRI 
(FV) 128.2±33.0 53.8±18.2 74.4±18.0 58.6±5.9 

Simpson 
Rule (SR)

123.6±33.9 
(NS) 

48.6±16.2 
(NS) 

75.2±21.2 
(NS) 

60.9±6.7 
(NS) 

Single-
plane 

ellipsoid 
(EM) 

113.4±37.0* 45.9±23.0* 73.0±18.6 
(NS) 

57.8±8.2 
(NS) 

Hemisphere
-cylinder 

(HC) 
144.2±41.8* 59.6±20.8 

(NS) 
74.4±18.0 

(NS) 
58.6±5.9 

(NS) 

4 chamber 
Simpson 

Rule 
(4cSR) 

100.4±35.7* 40.8±17.8* 59.6±26.9* 59.2±11.8 
(NS) 

 
The model relying on Simpson’s rule was the 
only one to yield statistically indifferent values 
for the LV volumes and the EF by comparison 
with the gold standard. As far as the EF is 
concerned, no differences were noted by the 
single-plane ellipsoid model and the 
hemisphere cylinder model or by 4 chamber 
Simpson’s rule (apical 4-chamber view). The 
EF was quantified by geometrical models vs 
cine-MRI. Pearson’s correlation coefficient (r) 
and R2 can also be identified in Figures 2-5. 
 

 
Figure 2. Scatter-plot showing the correlation  

between EF-FV and EF-SR

 
Figure 3. Scatter-plot showing correlation  

between EF- FV and EF-EM 
 

 
Figure 4. Scatter-plot showing correlation  

between EF-FV and EF-HC 
 

 
Figure 5. Scatter-plot showing weak correlation  

between EF-FV and EF-4cSR 
 
The geometrical model based on Simpson’s 
rule was the only one to provide perfectly 
accurate absolute values for the LV volumes 
and the EF. Despite the fact that these 
correlations were statistically significant, only 
the SR model showed a linear regression with a 
Pearson correlation coefficient >0.75. The 
other three models showed a poorer correlation, 
with correlation coefficients <0.75 and R2< 
0.53. Since the geometrical model based on 
Simpson’s rule presented the best correlations 
for the EF calculated, we performed the linear 
regression analysis of the EDV, ESV and SV of 
the LV by comparison with the gold standard. 
The recorded R2 values ranged between 0.76 
and 0.82, with p<0.001 for all assessed 
correlations. For EDV and ESV, the Pearson 
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correlation coefficient obtained was of 0.909 
and 0.908 respectively.  
The number of patients with repaired TOF, 
many of them with considerable cardiac and 
non-cardiac disease burden, is growing rapidly 
(O’Rourke RA, 2000). Most of the studies 
concerning LV measurements by cMRI were 
based on healthy volunteers or patients with 
acquired heart disease (Hudsmith et al., 2005). 
Few studies have addressed reproducibility of 
volumetric measurements by cMRI in patients 
with repaired TOF (Heehan et al., 2010) and, to 
our knowledge, no studies were conducted in 
operated TOF patients concerning the LV 
assessment by geometrical models.  
There are some particularities in pediatric 
patients characterized by higher heart rates, 
more significant variations in the breathing 
cycle and lower LV dimensions. 
Echocardiogram is currently the most common 
examination method. Nevertheless, the results 
for left ventricular volumetry are less accurate, 
especially in the case of surgically modified 
ventricles (Kai Thorsten Laser et al., 2010). 
Additional drawbacks include a bad 
assessment-reassessment correlation and 
weaker acoustic windows with weight gain. 
Cardiovascular magnetic resonance imaging 
(cMRI) is considered a first-line technique in 
the assessment of LV volumes, EF and 
myocardial mass, given its high accuracy and 
reproducibility (Pennell et al., 2004). It does 
not depend on irregular geometric shapes. 
Cardiac computed tomography (CT) provides 
very reproducible measurements of the LV 
volumes, with good spatial resolution and 
contrast, but it is not advised in pediatric 
patients, given the exposure to radiation and 
intravenous injection of iodine based contrast 
material. LV kinetics and its impact on long-
term clinical evolution are more and more 
acknowledged in patients with TOF, after 
surgical repair (Geva et al., 2004). The 
differences in synchronicity characterizing the 
segmental contractions of the LV suggest the 
presence of ventricular mechanical dis-
synchrony after TOF repair (Raedle-Hurst et 
al., 2009). The geometrical distortion of the LV 
subsequent to TOF repair develops due to 
septal changes and to the RV volume overload, 
which makes the assessment of the LV ever 
more complex.      

In this study, we aimed to assess the viability of 
a series of geometrical models in quantifying 
the LV volumes and EF by comparison with 
the gold standard (cMRI). The comparison 
between these models and cMRI showed that 
Simpson’s rule was the only model for which 
no significant statistical differences from the 
gold standard were recorded, for all calculated 
parameters. The values obtained using 
Simpson’s rule for the LV volumes, SV and EF 
correlated well with the data obtained using the 
gold standard. Likewise, the EF calculated by 
the single-plane ellipsoid model and the 
hemisphere cylinder model showed good 
correlation coefficients with the full data set 
obtained by the standard method. Although 
these results are new for MRI applications, 
previous studies have already pointed out their 
importance. Still, different imaging methods 
were used (Bunck et al., 2009). All studies 
conducted on healthy animal models revealed 
statistically significant results for the Simpson 
model. The discrepancy in the absolute values 
obtained for all models - except for the 
Simpson’s rule - by comparison with the gold 
standard, underlines the need to carefully 
interpret the results when the cardiac function 
is compared across studies, using different 
methodologies and applying to diseased 
patients.  
The geometrical model based on Simpson’s 
rule is the only model that divides the heart into 
three different compartments, based on three 
imaging planes. This may explain why it is 
more accurate in assessing LV volumes. 
Consequently, it may be a more sensitive 
method of quantification in the case of 
asymmetric pathologies (such as Tetralogy of 
Fallot, for instance). The other models are 
based on one (the single-plane ellipsoid model) 
or two (the hemisphere cylinder model) 
imaging planes. The more simplified models, 
which use a single imaging plane, have indeed 
shown the weakest correlations, whereas good 
correlations were obtained in the case of two-
plane models. Despite the fact that the EF 
calculated by these two-plane models 
correlated well with the EF determined by 
cMRI, LV volumes were significantly over- or 
underestimated. Therefore, Simpson’s rule 
alone may be used in the study of patients 
operated on for TOF. Even though cMRI is 

 
considered to be the gold standard in the 
assessment of the LV volumes and function, 
the measurement of EDV, ESV, SV and EF is 
not error-free and depends on the software used 
(Heijman et al., 2008). Despite advances in all 
cardiac imaging modalities, the accuracy and 
reproductibility of cMRI remains unrivalled. 
cMRI is being incorporated into clinical 
surveillance protocols once patients with 
repaired TOF reach adolescence (Kilner et al., 
2010). The combination between low 
echocardiographic windows, examination 
without sedation, and the comprehensive nature 
of the cMRI data has contributed to its broad 
acceptance in this patient group. In addition to 
identifying anatomic and functional 
abnormalities, cMRI ability to quantify 
chamber size and function and measure blood 
flow is especially helpful in clinical decision-
making. 
 
CONCLUSIONS  
 
Nevertheless, the study aimed to compare 
volume and EF values obtained by each 
geometrical model and their reproductibility, 
(goal that has been possible). The functional 
analysis based on Simpson’s rule may represent 
a precious alternative – confirming the results 
obtained through cMRI, especially if a large 
number of patients is examined - in which the 
effectiveness-time relation is crucial. 
 
REFERENCES 
 
Apostol A., Aldea C.I., 2016. Using the Spline Functions 

for the Calculation of Limnimetrics Key. Agrolife 
Scientific Journal, 5(2): p. 15-18.  

Bunck A.C., Engelen M.A. et al., 2009. Feasibility of 
functional cardiac MR imaging in mice using a 
clinical 3 Tesla whole body scaner. Invest Radiol., 
44: p. 749-756.  

Dulce M.C., Mostbeck G.H. et al., 1993. Quantification 
of the left ventricular volumes and function with cine 
MR imaging: comparison of geometric models with 
three-dimensional data. Radiology 188: p. 371-376.  

Geva T., Sandweiss B.M., Gauvreau K., Lock J.E., 
Powell A.J., 2004. Factors associated with impaired 
clinical status in long-term survivors of tetralogy of 
Fallot repair evaluated by magnetic resonance 
imaging. J Am Coll. Cardiol. 43: p. 1068-1074.  

Hudsmith L.E., Petersen S.E., Francis J.M., Robson 
M.D., Neubauer S., 2005. Normal human left and 
right ventricular and left atrial dimensions using 
steady state free precession magnetic resonance 
imaging. J. Cardiovasc. Magn. Reson. 7: p. 775-82.  

Heehan F.H., Kilner P.J., Sahn D.J., Vick G.W., Stout 
K.K., Ge S., Helbing W.A., Lewin M., Shurman A.J., 
Buechel E.V., Litt H.I., Waiss M.P., 2010. Accuracy 
of knowledge-based reconstruction for measurement 
of right ventricular volume and function in patients 
with tetralogy of Fallot. Am J. Cardiol. 105: p. 993-9.  

Heijman E., Aben J.P., Penners C. et al., 2008. 
Evaluation of manual and automatic segmentation of 
the mouse heart from CINE MR images. J. Magn. 
Reson. Imaging 27: p. 86-93.  

Kramer C.M.: Imaging of Function. In Imaging in 
Cardiovascular Disease, Eds. Pohost GM, O’Rourke 
R.A., Berman D.S. et al., 2000. Philadelphia, NY: 
Lippincott Williams & Wilkins, p. 417-422.  

Kai Thorsten Laser, Miriam Bunge et al., 2010. Left 
ventricular volumetry in healthy children and 
adolescents: comparison of two different real-time 
three-dimensional matrix transducers with 
cardiovascular magnetic resonance. European Journal 
of Echocardiography 11: p. 138-148.  

Kilner P.J., Geva T., Kaemmerer H., Trindade P.T., 
Schwitter J., Webb G.D., 2010. Recommendations 
for cardiovascular magnetic resonance in adults with 
congenital heart disease from the respective working 
groups of the European Society of Cardiology. Eur. 
Heart J. 31: p. 794-805. 

Pennell D., Sechtem U., Higgins C., Manning W. et al., 
2004. Clinical indications for cardiovascular 
magnetic resonance (CMR): Consensus Panel report. 
Eur. Heart J. 25: p. 1940-65.  

Raedle-Hurst T.M., Mueller M., Rentzsch A. et al., 2009. 
Assessment of left ventricular dyssynchrony and 
function using real-time 3-dimensional 
echocardiography in patients with congenital right 
heart disease. Am Heart J. 157: p. 791-798 

Tal Geva, 2011. Repaired tetralogy of Fallot: the roles of 
cardiovascular magnetic resonance in evaluating 
pathophysiology and for pulmonary valve 
replacement decision support. J. Cardiovasc Magn 
Reson, 13(1): 9. 

Van de Weijer T., van Ewijk P.A., Zandbergen H.R. et 
al., 2012. Geometrical models for cardiac MRI in 
rodents: comparison of quantification of left 
ventricular volumes and function by various 
geometrical models with a full-volume MRI data set 
in rodents. Am J. Physiol. Heart Circ Physiol. 302(3): 
H709-15. 

Young A.A., Barnes H., Davison et al., 2009. Fast left 
ventricular mass and volume assessment in mice with 
three-dimensional guide-point modeling. J. Magn 
Reson. Imaging 30: p. 514-520. 

Zeng Z., Zhang H., Liu F., Zhang N., 2016. Current    
diagnosis and treatments for critical congenital heart 
defects. Exp. Ther Med. 11(5): p. 1550-1554. 

 



81

 
correlation coefficient obtained was of 0.909 
and 0.908 respectively.  
The number of patients with repaired TOF, 
many of them with considerable cardiac and 
non-cardiac disease burden, is growing rapidly 
(O’Rourke RA, 2000). Most of the studies 
concerning LV measurements by cMRI were 
based on healthy volunteers or patients with 
acquired heart disease (Hudsmith et al., 2005). 
Few studies have addressed reproducibility of 
volumetric measurements by cMRI in patients 
with repaired TOF (Heehan et al., 2010) and, to 
our knowledge, no studies were conducted in 
operated TOF patients concerning the LV 
assessment by geometrical models.  
There are some particularities in pediatric 
patients characterized by higher heart rates, 
more significant variations in the breathing 
cycle and lower LV dimensions. 
Echocardiogram is currently the most common 
examination method. Nevertheless, the results 
for left ventricular volumetry are less accurate, 
especially in the case of surgically modified 
ventricles (Kai Thorsten Laser et al., 2010). 
Additional drawbacks include a bad 
assessment-reassessment correlation and 
weaker acoustic windows with weight gain. 
Cardiovascular magnetic resonance imaging 
(cMRI) is considered a first-line technique in 
the assessment of LV volumes, EF and 
myocardial mass, given its high accuracy and 
reproducibility (Pennell et al., 2004). It does 
not depend on irregular geometric shapes. 
Cardiac computed tomography (CT) provides 
very reproducible measurements of the LV 
volumes, with good spatial resolution and 
contrast, but it is not advised in pediatric 
patients, given the exposure to radiation and 
intravenous injection of iodine based contrast 
material. LV kinetics and its impact on long-
term clinical evolution are more and more 
acknowledged in patients with TOF, after 
surgical repair (Geva et al., 2004). The 
differences in synchronicity characterizing the 
segmental contractions of the LV suggest the 
presence of ventricular mechanical dis-
synchrony after TOF repair (Raedle-Hurst et 
al., 2009). The geometrical distortion of the LV 
subsequent to TOF repair develops due to 
septal changes and to the RV volume overload, 
which makes the assessment of the LV ever 
more complex.      

In this study, we aimed to assess the viability of 
a series of geometrical models in quantifying 
the LV volumes and EF by comparison with 
the gold standard (cMRI). The comparison 
between these models and cMRI showed that 
Simpson’s rule was the only model for which 
no significant statistical differences from the 
gold standard were recorded, for all calculated 
parameters. The values obtained using 
Simpson’s rule for the LV volumes, SV and EF 
correlated well with the data obtained using the 
gold standard. Likewise, the EF calculated by 
the single-plane ellipsoid model and the 
hemisphere cylinder model showed good 
correlation coefficients with the full data set 
obtained by the standard method. Although 
these results are new for MRI applications, 
previous studies have already pointed out their 
importance. Still, different imaging methods 
were used (Bunck et al., 2009). All studies 
conducted on healthy animal models revealed 
statistically significant results for the Simpson 
model. The discrepancy in the absolute values 
obtained for all models - except for the 
Simpson’s rule - by comparison with the gold 
standard, underlines the need to carefully 
interpret the results when the cardiac function 
is compared across studies, using different 
methodologies and applying to diseased 
patients.  
The geometrical model based on Simpson’s 
rule is the only model that divides the heart into 
three different compartments, based on three 
imaging planes. This may explain why it is 
more accurate in assessing LV volumes. 
Consequently, it may be a more sensitive 
method of quantification in the case of 
asymmetric pathologies (such as Tetralogy of 
Fallot, for instance). The other models are 
based on one (the single-plane ellipsoid model) 
or two (the hemisphere cylinder model) 
imaging planes. The more simplified models, 
which use a single imaging plane, have indeed 
shown the weakest correlations, whereas good 
correlations were obtained in the case of two-
plane models. Despite the fact that the EF 
calculated by these two-plane models 
correlated well with the EF determined by 
cMRI, LV volumes were significantly over- or 
underestimated. Therefore, Simpson’s rule 
alone may be used in the study of patients 
operated on for TOF. Even though cMRI is 

 
considered to be the gold standard in the 
assessment of the LV volumes and function, 
the measurement of EDV, ESV, SV and EF is 
not error-free and depends on the software used 
(Heijman et al., 2008). Despite advances in all 
cardiac imaging modalities, the accuracy and 
reproductibility of cMRI remains unrivalled. 
cMRI is being incorporated into clinical 
surveillance protocols once patients with 
repaired TOF reach adolescence (Kilner et al., 
2010). The combination between low 
echocardiographic windows, examination 
without sedation, and the comprehensive nature 
of the cMRI data has contributed to its broad 
acceptance in this patient group. In addition to 
identifying anatomic and functional 
abnormalities, cMRI ability to quantify 
chamber size and function and measure blood 
flow is especially helpful in clinical decision-
making. 
 
CONCLUSIONS  
 
Nevertheless, the study aimed to compare 
volume and EF values obtained by each 
geometrical model and their reproductibility, 
(goal that has been possible). The functional 
analysis based on Simpson’s rule may represent 
a precious alternative – confirming the results 
obtained through cMRI, especially if a large 
number of patients is examined - in which the 
effectiveness-time relation is crucial. 
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Abstract 
 
The purpose of this study was to identify the optimal tillage methods and N levels in a wheat-chickpea (Cicer arietinum 
L.), wheat-fallow and wheat monoculture in dry farming areas. In this study, two tillage methods (conventional and 
reduced tillage), three crop rotations (wheat-wheat; wheat-fallow; wheat-chickpea) and four N levels  (0, 50, 100, 150 
kg ha-1) were evaluated in Central Anatolia Region for 4 year. The experimental design was split-split-plot with three 
replicates. Tillage methods were in main plots, crop rotations in subplots and N levels in sub-sub plots. Conventional 
tillage methods resulted in higher grain yield compared to reduced tillage.  Four years is certainly not long enough to 
reveal the full effects of the crop rotation, but wheat-chickpea rotation provided an alternative to wheat-fallow cropping 
system in the region. Increasing nitrogen doses increased plant height, head length, biological yield and grain yield.   
Results also indicated that; using conventional tillage with wheat-chickpea rotation and 100 to 150 N kg ha-1 for wheat 
would be recommended for wheat production in the region.  
 
Key words: crop rotation, N levels, tillage methods, wheat yield. 

INTRODUCTION 

Soil water is the major limiting factor in crop 
production under  dryland condition in Central 
Anatolia region. Mean annual precipitation of 
the Central Anatolia region is about 400 mm 
and majority of precipitation falls between 
September and May. Crop rotation system 
consisting of wheat-fallow is widely applied in 
the region as is elsewhere in dry areas. In 
region,  fallow starts in July after the harvest of 
the preeceding crop and finishes the fallowing 
year in October, at sowing, about 15-16  
months latter. Objectives of fallowing are to 
maximize soil water storage through improved 
waterintake and decreased evaporation; 
maximize plant nutrient availability; 
minimizesoil erosion hazard  (Greb, 1979). 
Konn et  al. (1966) indicated that fallowing in 
the year before cropping is of little importance 
with respect to moisture conservation.  
Papastylianou and Jones (1988) stated that 
fallowing improves water availability to a crop 
only when a relatively dry year follows a 
relatively wet year.  

Inclusion of grain legumes inrotation  can 
protect degradation of soil fertility (Derksen et 
al., 2001), improve soil structure, water holding 
capacity (Goh et al., 2001), and result in greater 
productivity and higher income,while 
minimizing production risk and ensuring long-
termsustainability, as well as ensure a greener 
environment (Goh et al., 2001). Experimental 
data from temperate Europe show that cereals 
yield on average 17 and 21% higher after grain 
legumes than after cereals under usual and 
moderate fertilisation levels, respectively  
(Dachler and Köchl, 2003; Jensen et al., 2004). 
The main goal of tillage is to prepare the land 
or the seedbed where the plants can easily 
grow. Different types of tillage systems have 
different tillage depths and capacity to change 
soil physical and chemical properties that affect 
the crop yield and quality (Strudley et al., 
2008). Ploughing may damage the pore 
continuity and agregate stability resulting in 
sediment mobilization, erosion and surface 
hardening. Ploughing is also high energy 
consuming. Shallow tillage has the positive 
effects on soil health such as aggregate stability 
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capacity, hydraulic conductivity and aeration. 
Also, the importance of reduced or shallow 
tillage for soil conservation and low cost have 
been well documented (Sijtsma et al., 1998; 
Tebrugge and During, 1999; Arvidsson et al., 
2004). 
Nitrogen is an essential element required for 
successful plant growth. Although inorganic 
nitrogen compounds (i.e., NH4

+, NO2
‒, and 

NO3
‒) account for less than 5% of the total 

nitrogen in soil (Brady and Weil, 2008), they 
are the main form of the element absorbed by 
most plants. Inorganic and organic  fertilizer 
are applied to maintain the nutritional condition 
of different cropping systems. 
Winter wheat is a major crop in Central 
Anatolia that is generally grown in rotation 
with legumes such as vetch, chickpea and 
lentil. The aim of this study was to determine 
suitable tillage method and crop design under 
dry land conditions of Central Anatolia, 
Turkey. For this goal two tillage systems 
(conventional tillage and reduced tillage), three 
crop rotations (wheat-wheat; wheat-fallow; 
wheat-chickpea) and four N levels (0, 50, 100, 
150 kg ha-1) were evaluated in Eskişehir 
Region for 4 years.  
 
MATERIALS AND METHODS 
 
Study site and soil 
Field study was conducted under dryland 
conditions at the experimental area of the 
Department of Field Crops, Faculty of 
Agriculture, Eskisehir Osmangazi University, 
Eskisehir, Turkey (39o48’ N; 30o31’ E, 798 m 
above sea level) for 4 years between 2011-
2014. The climate of the region is characterized 

as semiarid with cold moisty winters and hot 
dry summers. The long-term (35 years) annual 
total precipitation and annual average 
temperature and relative humidity of the study 
area are 329.7 mm, 9.70C and 64.3%, 
respectively. Monthly and annual precipitation 
and temperature during the study period is  
presented Figure 1. Physical  and chemical 
proporties of  the soil before the starting of the 
experiment is presented Table 1.  
Experimental design and treatments 
In this study, two tillage methods [conventional 
tillage (CT) and reduced tillage (RT)], three 
crop rotations [wheat-wheat (WW); wheat-
fallow (WF); wheat-chickpea (WC)]  and four 
N levels (0, 50, 100, 150 kg ha-1) were 
evaluated in Central Anatolia Region for 4 
years.The experimental design was split-split -
plot with three replicates. Tillage method was 
in main plots, crop rotation in subplots and N 
fertilizer in sub-sub plots. 
Soil tillage: The conventional tillage included 
mouldboard ploughing followed by one passes 
of a sweep and/or rototiller cultivation to 
provide a proper seedbed. The reduced tillage 
included only sweep plowing and/or rototiller 
cultivation. Tillage depths for CT and RT were 
25-30 and 8-10 cm, respectively. Tillage 
treatments were made in September in all years 
but when chickpea sown (in spring), no 
planting plots were tilled by rototiller for 
weeds.  
Crop rotation: Three crop rotations were 
considered in the experiment. Wheat were 
sown in all of the plots in the first and third 
years. In the second and fourth years, wheat, 
chickpea and fallow were sown on the research 
plot. 
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Abstract 
 
The purpose of this study was to identify the optimal tillage methods and N levels in a wheat-chickpea (Cicer arietinum 
L.), wheat-fallow and wheat monoculture in dry farming areas. In this study, two tillage methods (conventional and 
reduced tillage), three crop rotations (wheat-wheat; wheat-fallow; wheat-chickpea) and four N levels  (0, 50, 100, 150 
kg ha-1) were evaluated in Central Anatolia Region for 4 year. The experimental design was split-split-plot with three 
replicates. Tillage methods were in main plots, crop rotations in subplots and N levels in sub-sub plots. Conventional 
tillage methods resulted in higher grain yield compared to reduced tillage.  Four years is certainly not long enough to 
reveal the full effects of the crop rotation, but wheat-chickpea rotation provided an alternative to wheat-fallow cropping 
system in the region. Increasing nitrogen doses increased plant height, head length, biological yield and grain yield.   
Results also indicated that; using conventional tillage with wheat-chickpea rotation and 100 to 150 N kg ha-1 for wheat 
would be recommended for wheat production in the region.  
 
Key words: crop rotation, N levels, tillage methods, wheat yield. 

INTRODUCTION 

Soil water is the major limiting factor in crop 
production under  dryland condition in Central 
Anatolia region. Mean annual precipitation of 
the Central Anatolia region is about 400 mm 
and majority of precipitation falls between 
September and May. Crop rotation system 
consisting of wheat-fallow is widely applied in 
the region as is elsewhere in dry areas. In 
region,  fallow starts in July after the harvest of 
the preeceding crop and finishes the fallowing 
year in October, at sowing, about 15-16  
months latter. Objectives of fallowing are to 
maximize soil water storage through improved 
waterintake and decreased evaporation; 
maximize plant nutrient availability; 
minimizesoil erosion hazard  (Greb, 1979). 
Konn et  al. (1966) indicated that fallowing in 
the year before cropping is of little importance 
with respect to moisture conservation.  
Papastylianou and Jones (1988) stated that 
fallowing improves water availability to a crop 
only when a relatively dry year follows a 
relatively wet year.  

Inclusion of grain legumes inrotation  can 
protect degradation of soil fertility (Derksen et 
al., 2001), improve soil structure, water holding 
capacity (Goh et al., 2001), and result in greater 
productivity and higher income,while 
minimizing production risk and ensuring long-
termsustainability, as well as ensure a greener 
environment (Goh et al., 2001). Experimental 
data from temperate Europe show that cereals 
yield on average 17 and 21% higher after grain 
legumes than after cereals under usual and 
moderate fertilisation levels, respectively  
(Dachler and Köchl, 2003; Jensen et al., 2004). 
The main goal of tillage is to prepare the land 
or the seedbed where the plants can easily 
grow. Different types of tillage systems have 
different tillage depths and capacity to change 
soil physical and chemical properties that affect 
the crop yield and quality (Strudley et al., 
2008). Ploughing may damage the pore 
continuity and agregate stability resulting in 
sediment mobilization, erosion and surface 
hardening. Ploughing is also high energy 
consuming. Shallow tillage has the positive 
effects on soil health such as aggregate stability 

(Vakali et al., 2011) as well as infiltration 
capacity, hydraulic conductivity and aeration. 
Also, the importance of reduced or shallow 
tillage for soil conservation and low cost have 
been well documented (Sijtsma et al., 1998; 
Tebrugge and During, 1999; Arvidsson et al., 
2004). 
Nitrogen is an essential element required for 
successful plant growth. Although inorganic 
nitrogen compounds (i.e., NH4

+, NO2
‒, and 

NO3
‒) account for less than 5% of the total 

nitrogen in soil (Brady and Weil, 2008), they 
are the main form of the element absorbed by 
most plants. Inorganic and organic  fertilizer 
are applied to maintain the nutritional condition 
of different cropping systems. 
Winter wheat is a major crop in Central 
Anatolia that is generally grown in rotation 
with legumes such as vetch, chickpea and 
lentil. The aim of this study was to determine 
suitable tillage method and crop design under 
dry land conditions of Central Anatolia, 
Turkey. For this goal two tillage systems 
(conventional tillage and reduced tillage), three 
crop rotations (wheat-wheat; wheat-fallow; 
wheat-chickpea) and four N levels (0, 50, 100, 
150 kg ha-1) were evaluated in Eskişehir 
Region for 4 years.  
 
MATERIALS AND METHODS 
 
Study site and soil 
Field study was conducted under dryland 
conditions at the experimental area of the 
Department of Field Crops, Faculty of 
Agriculture, Eskisehir Osmangazi University, 
Eskisehir, Turkey (39o48’ N; 30o31’ E, 798 m 
above sea level) for 4 years between 2011-
2014. The climate of the region is characterized 

as semiarid with cold moisty winters and hot 
dry summers. The long-term (35 years) annual 
total precipitation and annual average 
temperature and relative humidity of the study 
area are 329.7 mm, 9.70C and 64.3%, 
respectively. Monthly and annual precipitation 
and temperature during the study period is  
presented Figure 1. Physical  and chemical 
proporties of  the soil before the starting of the 
experiment is presented Table 1.  
Experimental design and treatments 
In this study, two tillage methods [conventional 
tillage (CT) and reduced tillage (RT)], three 
crop rotations [wheat-wheat (WW); wheat-
fallow (WF); wheat-chickpea (WC)]  and four 
N levels (0, 50, 100, 150 kg ha-1) were 
evaluated in Central Anatolia Region for 4 
years.The experimental design was split-split -
plot with three replicates. Tillage method was 
in main plots, crop rotation in subplots and N 
fertilizer in sub-sub plots. 
Soil tillage: The conventional tillage included 
mouldboard ploughing followed by one passes 
of a sweep and/or rototiller cultivation to 
provide a proper seedbed. The reduced tillage 
included only sweep plowing and/or rototiller 
cultivation. Tillage depths for CT and RT were 
25-30 and 8-10 cm, respectively. Tillage 
treatments were made in September in all years 
but when chickpea sown (in spring), no 
planting plots were tilled by rototiller for 
weeds.  
Crop rotation: Three crop rotations were 
considered in the experiment. Wheat were 
sown in all of the plots in the first and third 
years. In the second and fourth years, wheat, 
chickpea and fallow were sown on the research 
plot. 

 
Table 1. Physical and chemical properties of the soil before starting of the experiment 
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Figure 1. Total rainfall and monthly mean temperature for four seasons at Eskişehir, Turkey 
 

Fertilization: Nitrogen fertiliser was applied to 
wheat plots as ammonium nitrate. Half was 
applied at the sowing and the remaining N was 
topdressed at the begining of the wheat stem 
elongation.Basal fertilizer application of 60 kg 
P2O5 ha-1 (for wheat) and 60 kg P2O5 ha-1and 20 
kg N ha-1 (for chickpea) were applied to each 
sub-subplot at the time of sowing.  
Seeding: Each sub-subplot was 12 m2 (4 m x 3 
m). A sowing machine with 18 cm row spacing 
was used to sown wheat in all plots. Winter 
wheat (cv. Sönmez) was sown at the rate of 600 
seeds m-2 on 8 October, on 12 October, on 11 
October and on 21 October, in 2011, 2012,  
2013 and 2014, respectively. 2-4 -D was used 
in early spring to control broadleaf weeds. 
Chickpea cultivar Gökçe was sown 30 cm row 
spacing at a seeding rate of 60 seeds m-2 on 01 
April and 14 April in 2013 and 2015, 
respectively. No herbicide was applied and 
weeds were removed by hand. Winter wheat 
was harvested on 23 July, on 8 July, on 9 July, 
on 22 July, in 2012, 2013, 2014 and 2015, 
respectively. Chickpea was harvested on 29 
July and 25 August in 2013 and 2015, 
respectively. 
 

Crop yield measurements 
Plant height, head leght, biological yield and 
grain yield were measured for wheat. Plant 
height and head lenghtwere determined by 10 
randomly selected plants in each sub-subplot. 
A 1 m2 portion at the centre of each sub-
subplot was sampled at harvest time. The 
biological yield was measured from this 
sample.When the moisture content in grain 
down to 13%, grain yield was obtained with 
machine at maturity in each sub-subplot.  
Statistical analysis 
All data were subjected to analysis of variance 
based on General Linear Model using the 
Statview package (SAS Institute).  Means were 
compered by Least Significant Differences 
(LSD) test.  
 
RESULTS AND DISCUSSIONS 
 
Wheat was sown in all plots in 2011-2012 
growing season. Because of rotation was not 
applied, the results were evaluated according to 
split-plot with three replicates. Tillage methods 
did not significantly affected investigated 
parameters but wheat plant height, biological 
yield and grain yield was significantly affected 

by N levels (Table 2). In this season, total 
precipitation (361.6 mm) was higher than long-
term (329.7 mm) and mean temperature for 
growing season was near the long term (Figure 
1). The effect of tillage methods on 
investigated parameters was not significant due 
to heavy rain [especially October, January, 
February, March, and May at the vegetation 
period (Figure 1). Rainfall could prevent the 
potential benefit of RT. Adak (1999) reported 
that conventional tillage and minimum tillage 
did not affect wheat plant height, head length 
and biological yield in first experimental year 
but conventional tillage gave higher head 
lenght in second experimental year. Ozpınar 
(2006) estimated that wheat plant height and 

head lenght affected different tillage methods. 
Hemmat and Eskandari (2004b) reported that 
plant height did not affected different tillage 
methods but head length affected different 
tillage methods. Eser et al. (1999) and Hao et 
al. (2001) estimated that conventional and 
minimum tillage did not affect wheat biological 
yield and grain yield. Increasing N levels 
increased plant height, biological yield and 
grain yield in this season. The highest plant 
height, biological yield and grain yield were 
obtained with 150 N kg ha-1. Başar et al. (1998) 
and Çiftçi and Doğan (2013) reported that 
increasing N levels increased wheat plant 
height and grain yield. 

Table 2. Effect of different tillage methods and nitrogen levels on some characters of wheat 
in 2011-2012 and 2012-2013 growing seasons 

 

 2011-2012 growing season 2012-2013 growing season 

Treatments PH  
(cm) 

HL 
(cm) 

BY   
( kg ha-1) 

GY 
 (kg ha-1) 

PH 
(cm) 

HL 
(cm) 

BY  
( kg ha-1) 

GY  
(kg ha-1) 

CT 102.1 9.22 17729.2 3876.9 99.99 10.02 18800.0 A 2823.5 b 
RT 103.2 8.99 18458.3 3868.1 102.65 10.29 15991.7 B 4071.7 a 
Mean 102.6 9.10 18093.8 3872.5 101.32 10.15 17395.8 3447.6 
0( kg ha-1) 101.0 b 8.80 15250.0 C 3743.4 b 99.97 9.56 B 13750.0 C 3320.2 bc 
50( kg ha-1) 100.9  b 9.05 17083.3 BC 3564.9 b 101.85 10.72 A 18016.7 B 3551.0 ab 
100 ( kg ha-1) 103.0 ab 9.20 18091.7 B 3904.4 ab 99.77 9.69 AB 20933.3 A 3218.0 c 
150( kg ha-1) 105.9 a 9.37 21950.0 A 4277.4 a 103.70 10.66 A 16883.3 B 3701.1 a 
Mean 102.6 9.10 18093.8 3872.5 101.32 10.15 17395.8 3447.6 
Tillage met. Ns Ns ns ns ns Ns ** * 
N levels * Ns ** * ns ** ** * 
Till. x N levels  Ns Ns ns ns * Ns ** * 

ns: non-significant, *: p≤0.05, **: p≤0.01. Means in the same column with different letters are significant. PH: plant 
height, HL: head lenght, BY: biological yield GY: grain yield. 

 
In 2012-2013 growing season, wheat, chickpea 
and fallow were established on the research 
area. The results were evaluated according to 
split-plot with three replicates because of 
rotation was not applied. The effects of tillage 
methods on biological yield and grain yield 
were significant. The differences of N levels 
were significant for head length, biological 
yield and grain yield (Table 2). Moreover, the 
interaction between tillage methods and N 
levels were significant for plant height, 
biological yield and grain yield. While 50 kg 
ha-1 N levels had highest plant height under 
CT, 0 kg ha-1 N levels had lowest plant height.  
Thus, interaction between tillage methods and 
N levels was significant for plant height 
(Figure 2a). While 100 kg ha-1 N levels had 
highest biological yield under CT, 0 kg ha-1 N 
levels had lower biological yield.  Thus, 

interaction between tillage methods and N 
levels was significant for biological yield 
(Figure 2b). While 50 and 150 kg ha-1 N level 
had high grain yield under RT, 100 kg ha-1 N 
level had lower grain yield.  Thus, interaction 
between tillage methods and N levels was 
significant for grain yield (Figure 3a). Total 
precipitation and mean temperature for this 
season was near the long term. Total 
precipitation during the growing season and 
long term were 338.5 and 329.7 mm, 
respectively.  Total precipitation for the April 
and May growing season (49.4 mm) were 
below the long-term total precipitation (79.7 
mm) in same months but May mean 
temperatures was above long-term (Figure 1). 
There were low rainfall and high evaporation in 
the spring. Wheat grain yield was significantly 
affected by tillage methods in this season. 
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Fertilization: Nitrogen fertiliser was applied to 
wheat plots as ammonium nitrate. Half was 
applied at the sowing and the remaining N was 
topdressed at the begining of the wheat stem 
elongation.Basal fertilizer application of 60 kg 
P2O5 ha-1 (for wheat) and 60 kg P2O5 ha-1and 20 
kg N ha-1 (for chickpea) were applied to each 
sub-subplot at the time of sowing.  
Seeding: Each sub-subplot was 12 m2 (4 m x 3 
m). A sowing machine with 18 cm row spacing 
was used to sown wheat in all plots. Winter 
wheat (cv. Sönmez) was sown at the rate of 600 
seeds m-2 on 8 October, on 12 October, on 11 
October and on 21 October, in 2011, 2012,  
2013 and 2014, respectively. 2-4 -D was used 
in early spring to control broadleaf weeds. 
Chickpea cultivar Gökçe was sown 30 cm row 
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was harvested on 23 July, on 8 July, on 9 July, 
on 22 July, in 2012, 2013, 2014 and 2015, 
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July and 25 August in 2013 and 2015, 
respectively. 
 

Crop yield measurements 
Plant height, head leght, biological yield and 
grain yield were measured for wheat. Plant 
height and head lenghtwere determined by 10 
randomly selected plants in each sub-subplot. 
A 1 m2 portion at the centre of each sub-
subplot was sampled at harvest time. The 
biological yield was measured from this 
sample.When the moisture content in grain 
down to 13%, grain yield was obtained with 
machine at maturity in each sub-subplot.  
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All data were subjected to analysis of variance 
based on General Linear Model using the 
Statview package (SAS Institute).  Means were 
compered by Least Significant Differences 
(LSD) test.  
 
RESULTS AND DISCUSSIONS 
 
Wheat was sown in all plots in 2011-2012 
growing season. Because of rotation was not 
applied, the results were evaluated according to 
split-plot with three replicates. Tillage methods 
did not significantly affected investigated 
parameters but wheat plant height, biological 
yield and grain yield was significantly affected 

by N levels (Table 2). In this season, total 
precipitation (361.6 mm) was higher than long-
term (329.7 mm) and mean temperature for 
growing season was near the long term (Figure 
1). The effect of tillage methods on 
investigated parameters was not significant due 
to heavy rain [especially October, January, 
February, March, and May at the vegetation 
period (Figure 1). Rainfall could prevent the 
potential benefit of RT. Adak (1999) reported 
that conventional tillage and minimum tillage 
did not affect wheat plant height, head length 
and biological yield in first experimental year 
but conventional tillage gave higher head 
lenght in second experimental year. Ozpınar 
(2006) estimated that wheat plant height and 

head lenght affected different tillage methods. 
Hemmat and Eskandari (2004b) reported that 
plant height did not affected different tillage 
methods but head length affected different 
tillage methods. Eser et al. (1999) and Hao et 
al. (2001) estimated that conventional and 
minimum tillage did not affect wheat biological 
yield and grain yield. Increasing N levels 
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grain yield in this season. The highest plant 
height, biological yield and grain yield were 
obtained with 150 N kg ha-1. Başar et al. (1998) 
and Çiftçi and Doğan (2013) reported that 
increasing N levels increased wheat plant 
height and grain yield. 

Table 2. Effect of different tillage methods and nitrogen levels on some characters of wheat 
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50( kg ha-1) 100.9  b 9.05 17083.3 BC 3564.9 b 101.85 10.72 A 18016.7 B 3551.0 ab 
100 ( kg ha-1) 103.0 ab 9.20 18091.7 B 3904.4 ab 99.77 9.69 AB 20933.3 A 3218.0 c 
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In 2012-2013 growing season, wheat, chickpea 
and fallow were established on the research 
area. The results were evaluated according to 
split-plot with three replicates because of 
rotation was not applied. The effects of tillage 
methods on biological yield and grain yield 
were significant. The differences of N levels 
were significant for head length, biological 
yield and grain yield (Table 2). Moreover, the 
interaction between tillage methods and N 
levels were significant for plant height, 
biological yield and grain yield. While 50 kg 
ha-1 N levels had highest plant height under 
CT, 0 kg ha-1 N levels had lowest plant height.  
Thus, interaction between tillage methods and 
N levels was significant for plant height 
(Figure 2a). While 100 kg ha-1 N levels had 
highest biological yield under CT, 0 kg ha-1 N 
levels had lower biological yield.  Thus, 

interaction between tillage methods and N 
levels was significant for biological yield 
(Figure 2b). While 50 and 150 kg ha-1 N level 
had high grain yield under RT, 100 kg ha-1 N 
level had lower grain yield.  Thus, interaction 
between tillage methods and N levels was 
significant for grain yield (Figure 3a). Total 
precipitation and mean temperature for this 
season was near the long term. Total 
precipitation during the growing season and 
long term were 338.5 and 329.7 mm, 
respectively.  Total precipitation for the April 
and May growing season (49.4 mm) were 
below the long-term total precipitation (79.7 
mm) in same months but May mean 
temperatures was above long-term (Figure 1). 
There were low rainfall and high evaporation in 
the spring. Wheat grain yield was significantly 
affected by tillage methods in this season. 
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Grain yield was significantly higher under RT 
than CT. The crop residue cover reduces 
evaporation, and the standing stubble traps 
snow for extra soil moisture (Avcı, 2011).  In 
our research, RT could better protect the soil 
moisture and grain yield might have increased. 
Some researchers reported that wheat grain 
yield was higher under RT than CT (Hemmat 
and Eskandari, 2004a; Hemmat and Eskandari 
2004b; Özpınar and Çay, 2005; Özpınar 2006). 

The differences of N levels were significant for 
head length, biological yield and grain yield in 
this season. Increasing N levels increased head 
length, biological yield and grain yield. Ortiz-
Monasterio et al. (1997), Eser et al. (1999), 
Lopez-Bellido and Lopez Bellido (2001) 
reported that increasing N levels increased 
wheat grain yield. Başar et al. (1998) reported 
that increasing N levels increased head length 
and grain yield.  

 

 
 

Figure 2. The interaction between tillage methods and N levels on plant height (A) and biological yield (B) of wheat in 
2012-2013 [LSD 5%: 6.404 (A);1%:102,33(B)] 

 
Wheat was sown all plots in 2013-2014 
growing season. Tillage methods, crop rotation 
systems and N levels significantly affected 
grain yield. The effects of crop rotation systems 
and N levels on biological yield were 
significant and only crop rotation significantly 
affected head lenght (Table 3). While WC crop 
rotation systems had higher biological yield 
under CT, WW crop rotation systems had 
lowest biological yield.  Thus, interaction 
between tillage methods and crop rotation 
systems were significant for biological yield 
(Figure 3b). The 50 N kg ha-1 showed superior 
performance under CT but 150 N kg ha-1 had 
lowest biological yield same tillage methods. 
Thus, interaction between tillage methods and 
N levels were significant for biological yield 
(Figure 4a). While WC crop rotation systems 
had highest biological yield on 0 N kg ha-1, 
same rotation systems showed lower values on 
150 N kg ha-1 N levels. Thus, interaction 
between crop rotations and N levels were 
significant for biological yield (Figure 4b). The 
50 N kg ha-1 showed superior performance 
under WF rotation in the RT but same N levels 
performed better performance under WW 
rotation in RT. Hence, the interaction between 

tillage methods, rotation systems and N levels 
was significant for grain yield (Figure 5a). 
Total precipitation during this season and mean 
of long term were 269.4 and 329.7 mm, 
respectively. Mean temperature for growing 
season was near the long term but total 
precipitation was lower than long term (Figure 
1). Grain yield, biological yield, plant height 
and head length were particularly low in the 
third year than normal. It seems that the water 
stress clearly tended to reduce these 
components. Wheat grain yield was 
significantly affected by tillage methods in this 
season. Grain yield for CT was higher than RT 
in third experimental year. Similar results were 
also reported by Malecka et al. (2012) and 
Wozniak (2013). He et al. (2017) argued that 
deep ploughing and conventional tillage may 
be caused more water store under drought 
condition. WC crop rotation systems had 
highest head length and biological yield. Eser 
et al. (1999) reported that wheat biological 
yields after lentil were higher than fallow. 
Wheat grain yields were higher in the WW and 
WC rotation than in the WF rotation in this 
season. WW and WC increased wheat yields 
compared with WF cropping system. Fallow 

efficiency is general low and variable from 
year to year. Similar results were also reported 
by Power and Follett (1987), Peterson and 
Varvel (1989a,b,c), Mitchell et al. (1991),  
Lopez and Arrue (1997), Unver et al. (2001), 
Hao et al. (2001). In our research, narrowing of 
the difference in yields from the WW and WC 
rotations may be due to drought (Figure 1). 
Fisher et al. indicated that wheat grain yield 
were not significantly different in WW rotation 
and wheat-legumes rotation. Dalal et al. (1998) 
reported that the magnitude of wheat yield is 
likely to be depend on severel factors including 

seasonal conditions [both fallow period rainfall 
and crop year rainfall, performance of the 
previous chickpea crop (plant biomass, grain 
yield, N accretion and grain N removal), soil 
fertility levels, tillage practices and disease 
incidence]. The effects of N levels on grain 
yield were not clear in this season. No N and 
100 N kg ha-1 produced higher grain yield 
(Table 3).  The reduction of soil water content 
due to drought might reduce the N solubility 
(Figure 1). N solubility and intake might be 
influenced by drought. 

 

      
 

Figure 3. The interaction between tillage methods and N levels on grain yield in 2012-2013 (A) and interaction between 
tillage methods and crop rotation on biological yield in 2013-2014 (B) of wheat  

[LSD 5%: 43,450 (A);1%: 122,896 (B)] 
 
In 2014-2015 growing season, wheat, chickpea 
and fallow were established in the research 
area. Tillage methods and N levels significantly 
affected biological yield and grain yield (Table 
4). While 150 N kg ha-1 N levels had highest 
biological yield under CT, 0 N kg ha-1 N levels 
had lowest biological yield on same tillage 
methods.  Thus, interaction between tillage 
methods and N levels were significant for 
biological yield (Figure 5b). CT showed 
superior performance for all of N levels but RT 
showed better performance for all N levels. 
Hence, there was significant interaction 
between tillage methods and N levels for grain 
yield (Figure 6a). Grain yield was significantly 
higher under CT than RT. Total precipitation 
during the growing season and long term were 
546.1 and 329.7 mm, respectively. Mean 
temperature for growing season was near the 
long term but total precipitation was very 
higher than long term (Figure 1). Total 
precipitation for the November and December 
(42.4 mm) were below the long-term total 

precipitation (78.0 mm). The low precipitation 
after sowing caused drought which had 
negative effect on crop establishment. 
Therefore, plant height, head length, biological 
yield and grain yield were particularly low in 
the fourth year. CT was more productive than 
RT in this year. Similar results were also 
reported by Frederict et al. (2001), Lopez-
Bellido et al. (2004), Ozpınar and Çay (2005), 
Malecka et al. (2012), Wozniak (2013). Wet 
conditions during June in 2014-2015 growing 
season may be caused decreasing in soil 
aeration due to excessive water in reduced 
tillage. Carter and Johnston (1989) indicated 
that same conclusion for spring cereals. The 
differences of N levels were significant for 
grain yield in this season (Table 4). One 
hundred-fifty N kg ha-1 gave higher grain yield 
with no significant difference with No N 
treatment. There was an excessive precipitation 
in the area in fourth growing season (Figure 1) 
which can leach N fertilizer. Therefore, effect 
of N fertilization may have been lost.  
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Grain yield was significantly higher under RT 
than CT. The crop residue cover reduces 
evaporation, and the standing stubble traps 
snow for extra soil moisture (Avcı, 2011).  In 
our research, RT could better protect the soil 
moisture and grain yield might have increased. 
Some researchers reported that wheat grain 
yield was higher under RT than CT (Hemmat 
and Eskandari, 2004a; Hemmat and Eskandari 
2004b; Özpınar and Çay, 2005; Özpınar 2006). 

The differences of N levels were significant for 
head length, biological yield and grain yield in 
this season. Increasing N levels increased head 
length, biological yield and grain yield. Ortiz-
Monasterio et al. (1997), Eser et al. (1999), 
Lopez-Bellido and Lopez Bellido (2001) 
reported that increasing N levels increased 
wheat grain yield. Başar et al. (1998) reported 
that increasing N levels increased head length 
and grain yield.  

 

 
 

Figure 2. The interaction between tillage methods and N levels on plant height (A) and biological yield (B) of wheat in 
2012-2013 [LSD 5%: 6.404 (A);1%:102,33(B)] 
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deep ploughing and conventional tillage may 
be caused more water store under drought 
condition. WC crop rotation systems had 
highest head length and biological yield. Eser 
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Varvel (1989a,b,c), Mitchell et al. (1991),  
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(Figure 1). N solubility and intake might be 
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conditions during June in 2014-2015 growing 
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aeration due to excessive water in reduced 
tillage. Carter and Johnston (1989) indicated 
that same conclusion for spring cereals. The 
differences of N levels were significant for 
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treatment. There was an excessive precipitation 
in the area in fourth growing season (Figure 1) 
which can leach N fertilizer. Therefore, effect 
of N fertilization may have been lost.  
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Table 3. Effect of different tillage methods, crop rotation and nitrogen levels on some characters of wheat in  
2013-2014 growing season 

 

 2013-2014 growing season 
Treatments PH(cm) HL(cm) BY(kg ha-1) GY (kg ha-1) 
CT 49.76 8.08 4815.3  1283.5 A 
RT 48.63 8.02 5007.6  935.6   B 
Mean 49.19 8.05 4907.2 1109.5 
W-W-W 46.76 7.72 b 3888.1 C 1173.0 A 
W-F-W 51.61 8.08 ab 4979.2 B  990.1   B 
W-C-W 49.22 8.34 a 5727.1 A 1165.6 A 
Mean 49.19 8.05 4907.2 1109.5 
0 (kg ha-1) 49.40 7.92 5114.7 ab 1115.6 B 
50 (kg ha-1) 49.99 8.04 5225.0 a 1034.2 C 
100 (kg ha-1) 49.57 8.07 4711.8 bc 1192.2 A 
150 (kg ha-1) 47.82 8.15 4558.8 c 1096.2 BC 
Mean 49.19 8.05 4907.2 1109.5 
Tillage methods ns ns ns ** 
Crop rotation ns * ** ** 
N  levels ns ns * ** 
Tillage x rotation ns ns ** ** 
Tillage  x N levels ns ns ** ** 
Rotation x N levels ns ns ** ** 
Tillage x rotation x N levels ns ns ns ** 

ns:  non-significant, *: p≤0.05, **: p≤0.01. Means in the same column with different letters are significant.  
PH: plant height, HL: head lenght, BY: biological yield GY: grain yield.  

      
 

Figure 4. The interaction between tillage methods and N levels on biological yield (A) and interaction between crop 
rotation and N levels on biological yield (B) of wheat in 2013-2014 [LSD 1%: 81.931 (A);40,965(B)] 

Table 4. Effect of different tillage methods and nitrogen levels on some characters  
of wheat in 2014-2015 growing season 

 

 2014-2015 growing season 
Treatments PH (cm) HL (cm) BY (kg ha-1) GY (kg ha-1) 
CT 86.79 9.15 9549.2 A 2178.00 A 
RT 82.58 8.80 5707.5 B 1438.00 B 
Mean 84.68 8.97 7628.3 1808.00 
0 (kg ha-1) 81.72 8.80 4380.0 D 1851.00 ab 
50 ( kg ha-1) 81.07 9.14 6250.0 C 1654.00 b 
100 ( kg ha-1) 83.87 8.76 7316.7 B 1790.00 ab 
150 ( kg ha-1) 92.08 9.18 12566.7 A 1935.00 a 
Mean 84.68 8.97 7628.3 1808.00 
Tillage methods ns ns ** ** 
N levels ns ns ** * 
Tillage x N levels ns ns ** ** 

ns: non-significant, *: p≤0.05, **: p≤0.01. Means in the same column with different letters are significant. PH: plant height, HL: head lenght, BY: 
biological yield GY: grain yield. 
 

 
 

Figure 5. The interaction between tillage methods,crop rotations and N levels on grain yield 2013-2014 (A) and 
interaction between tillage methods and N levels on biological yield in 2014-2015 (B) of wheat  

[LSD 1%: 16.574 (A); 265,661 (B)] 
 
 

 
 

Figure 6. The interaction between tillage methods and N levels on grain yield of wheat in 2014-2015 
[LSD 1%:34.983(A)] 

 
CONCLUSIONS 
 
Winter wheat grain yield based on the results of 
four growing seasons under the dry land 
conditions of the Central Anatolia region were 
influenced by tillage systems, crop rotations 
and nitrogen levels. Conventional tillage 
method resulted in higher grain yield compared 
to reduced tillage. Conventional tillage was 
more productive than reduced tillage due to 
more water storage, especially in wet years. 
Four years is certainly not enough to reveal the 
full effects of the crop rotations, but wheat-
chickpea rotation provided an alternative to 
wheat-fallow cropping system in the region. 
Increasing nitrogen doses increased plant 
height, head length, biological yield and grain 
yield. According to the results, 100 or 150 N kg 
ha-1 is recommended in the region for wheat. 
Results also indicated that; using conventional 
tillage with wheat-chickpea rotation and 100 to 

150 N kg ha-1 for wheat would be recom-
mended for wheat production in the region.  
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Abstract 
 
Degenerative disc disease is a condition of the spine caused by dehydration and degeneration of intervertebral discs 
being an inevitable process with increasing age of the animals. These changes can lead to clinical and pathological 
diseases characterized differently, such as Hansen type II (protrusion) and Hansen type I (extrusion) disc disease. 
Medical records of three Beagle dogs, aged 3-8 years, who were presented in the clinic of the Faculty of Veterinary 
Medicine of Bucharest with neurological features, were reviewed. Animals were evaluated by radiographic and MRI 
imaging. Radiographic examination was conducted in lateral incidence at the level of cervical segment. MRI images 
were obtained with a low field magnetic resonance of 0.3 Tesla, through: T1 SE (spin echo), T2 FSE (fast spin echo) 
and T1 sequences after the administration of contrast agent, dogs were positioned in lateral decubitus under inhalatory 
anesthesia. 
Radiographic examination revealed narrowing of the intervertebral space in two cases, at the level of C2-C3. MRI 
examination revealed intervertebral disc degeneration and dehydration at a total number of eight discs in the cervical 
segment from all three cases. Hansen type II (protrusion) compression on the spinal cord has been registered in one 
case at C3-C4 level, and in two cases was detected Hansen type I (extrusion) at C2-C3 level, with the movement of the 
disc fragments in the spine, confirmed by radiographic examination. 
Magnetic resonance imaging has provided a useful, safe, non-invasive evaluation of the cervical spinal cord. 
 
Key words: dog, extrusion, MRI, protrusion. 
 
INTRODUCTION 
 
Intervertebral disc herniation is a spinal cord 
disease commonly found in dogs, with two 
types of degenerate intervertebral discs hernias, 
namely intervertebral disc extrusion or Hansen 
type I and intervertebral disc protrusions or 
Hansen type II (Hansen, 1952; Bergknut et al., 
2013). Both types of disc disease are associated 
with different pathological and clinical features 
(Decker et al., 2016). Extrusion of the 
intervertebral disc is characterized by a sudden 
and unexpected herniation of the degenerated 
and/or calcified nucleus pulp by a rupture of 
the fibrous ring, followed by the migration of 
the disc material into the vertebral canal. The 
usual affection is found in young dogs 
belonging to the chondrodystrophic breeds and 
is accompanied by an acute onset of clinical 
signs, which may range from cervical 
hyperesthesia to paraplegia (Hansen, 1952; 
Smolders et al., 2013). Protrusion of the 
intervertebral disc is characterized by the slow, 
progressive and focal extension of the fibrous 
ring and the longitudinal dorsal ligament into 

the vertebral canal. This type of disorder is 
common in older non-chondrodystrophic dogs, 
where clinical signs, such as paresis and limb 
ataxia, slowly settle (Hansen, 1952; Smolders 
et al., 2013). 
In practice, it is very important to make an 
exact distinguish between the extrusion and 
protrusion of the disc before the treatment. 
Magnetic resonance imaging (MRI) is 
considered to be the best way to diagnose 
intervertebral disc disease in dogs because it is 
safe, non-invasive and offers high-resolution 
digital images in multiple planes. It also 
provides a good view of the parenchyma of the 
spinal cord and other vertebral structures 
(Hansen, 1952; Murthy et al., 2014). 
The objectives of this study were to describe 
and establish the type of disc degenerative 
disease in 3 Beagle dogs evaluated by 
neurological, radiographic and magnetic 
resonance examination. 
 
MATERIALS AND METHODS 
 
The medical records of three dogs from the 
Beagle breed (case 1: 5 years old, female; case 

 

2: 3 years old, male; case 3: 8 years, male) 
were reviewed at the clinic of the Faculty of 
Veterinary Medicine of Bucharest with 
neurological signs. The clinical evaluation was 
done according to the methodology described 
in the specialized textbooks (Vlăgioiu and 
Tudor, 2012). Radiographic images were 
obtained from latero-lateral incidence with an 
Optimus Bucky Diagnost (Philips, Germany) 
using a focal length of 100 cm. The MRI 
examination was done using a VET MR 
GRADE with a power of 0.3 Tesla (ESAOTE, 
Italy) using a permanent magnet and dedicated 
coils. The protocols used to obtain the images 
consist of T1 Spin Eco (SE) and T2 Fast Spin 
Eco (FSE) in three planes (sagittal, transversal 
and dorsal) with a slices thickness of 3 mm and 
postcontrast images obtained in T1 sequence 
after administration of the intravenous contrast 
substance (Multihance, 0.2 ml/kg). For the MRI 
examination, the animals were positioned in 
lateral/sterno-abdominal decubitus and were 
anaesthetized using premedication protocol 
composed of one of the following: Diazepam, 

Butorphanol or Domitor, then induction with 
propofol (Propovet, IV), then intubated and 
maintained under general anesthesia with 
Isoflurane in 100% oxygen and adjusted in 
accordance with the depth of anesthesia, to 
obtain superior image quality and without 
motion artifacts. 
 
RESULTS AND DISCUSSIONS 
 
Clinical examination by general examination 
methods revealed pain in the cervical segment, 
and after the neurological examination a disc 
degeneration at the C2-T2 level was suspected, 
but other pathologies such as myelopathy, 
vascular disease or a trauma at that level have 
not been excluded. Neurological signs were 
represented by: limb ataxia and low 
proprioception of the anterior limbs.  
The radiographic examination revealed the 
narrowing of the C2-C3 intervertebral space in 
cases 1 and 3 (Figure 1), suspecting a disc 
herniation, and in case 2 there were no 
radiographic changes. 

 
 

 
Figure 1. Latero-lateral incidence of the cervical spine in case 3: collapse of intervertebral space at the level of 

C2-C3 (arrows) is observed 
 
The magnetic resonance imaging examination 
revealed the following aspects: degeneration 
and dehydration of the intervertebral disc at a 
total of 8 discs in the cervical segment in all the 
three cases (case 1: 4 discs, case 2: 1 disc, case 
3: 3 discs), from which one case (case 2) had 
disc protrusion (Hansen type II) at the C3-C4 
intervertebral space with compression on the 
spinal cord (Figure 2), and in cases 1 and 3 disc 

extrusion was revealed (Hansen type I) at the 
C2-C3 level, as follows: median, right 
paramedian (case 1) with the caudal migration 
of the disc fragment in the vertebral canal 
(Figure 4 and 5), respectively (case 3) left 
paramedian disc extrusion (Figure 3). The 
results of the MRI examination confirm the 
radiography suspicion of disc herniation at the  
C2-C3 level. 
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Figure 1. Latero-lateral incidence of the cervical spine in case 3: collapse of intervertebral space at the level of 

C2-C3 (arrows) is observed 
 
The magnetic resonance imaging examination 
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total of 8 discs in the cervical segment in all the 
three cases (case 1: 4 discs, case 2: 1 disc, case 
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(Figure 4 and 5), respectively (case 3) left 
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results of the MRI examination confirm the 
radiography suspicion of disc herniation at the  
C2-C3 level. 
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Figure 2. Images in sagittal T2 (A) and transverse T2 (B) planes, at the C3-C4 intervertebral space, case 2: can 

be observed the hipointenity of the degenerate disc, dehydrated, but also moderate dorsal compression (A) respectively 
median compression of the meninges and spinal cord without breaking the fibrous ring (B). Light diffuse hiperintensity 

area caused by compression (arrows) 
 
 

 
Figure 3. Images in sagittal T2 (A) and transverse T2 (B) planes, at the C2-C3 intervertebral space, case 3: can 

be observed the hipointensity of the degenerate, dehydrated disc (A), but also a heterogeneous area, well-defined 
iso/hipointensity, left paramedian (B) compressing the spinal cord (arrows) 

 
 

 
Figure 4. Images in sagittal T1 (A) and T2 (B) planes, at the C2-C3 intervertebral space, case 1: can be 

observed the hipointensity of the degenerate, dehydrated disc, but also a heterogeneous area, well-defined hipointensity 
(disc material), slightly migrated caudally, compressing the spinal cord (arrows) 

B A 
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Figure 5. Images in transverse T1 (A) and T2 (B) planes, at the C2-C3 intervertebral space,  

case 1: can be observed a slightly heterogeneous area, median, right paramedian, which disrupts  
the medullar parenchyma causing a medullary compression (arrows) 

 
In the literature (Hansen, 1951, 1952), it is 
assumed that the disc degenerations in the 
condrodistrofic (CD) and non-condrodistrofic 
(NCD) breeds appears different depending on 
the age and the speed at which the degenerative 
changes spread, considering there are two 
different degenerative processes. Further 
studies have supported this hypothesis, 
showing that there are important differences 
between the disc degeneration processes 
recorded in the CD breeds compared to those 
encountered in NCD breeds (Bergknut, 2013). 
In this paper are presented the imaging, 
radiographic and MRI aspects of three 
chondrodistrofic (Beagle) dogs (3-8 years old). 
Intervertebral disc disease is a common cause 
of back pain and neurological deficits in dogs 
and in individuals witch present disc 
calcifications that increases the risk of 
intervertebral disc disease (Lappalainen et al., 
2001). The clinical manifestations expressed by 
the animals that we evaluated were in 
agreement with previous data stating that 
intervertebral disc herniation caused different 
degrees of myelopathy, including pain, 
paralysis, or permanent paralysis, and the 
Beagle breed was most affected by the cervical 
intervertebral disc herniation (34.8%) (Itoh et 
al., 2008). It has also been shown that disc 
extrusion commonly affects small dogs in the 
cervical segment at C2-C3 and large at C6-C7 
(Cherrone et al. 2004) or even C5-C6 and C6-
C7 (Ryan et al., 2008; Hillman et al., 2009; 

Costa Costa et al., 2012). In our report, disc 
changes have been identified at C2-C3 (case 1 
and 3) and C3-C4 level (case 2), in 
concordance with previous studies. 
In a study by Kranenburg et al. (2013), type I 
hernia has been reported to frequently affect the 
cervical segment (17/49), followed by the 
thoracolumbar segment (31/49) and the 
lumbosacral segment (1/49), while type II 
hernia frequently affects the lumbosacral 
segment (16/25), followed by thoracolumbar 
segment (5/25) and cervical segment (4/25), 
concluding that the cervical segment presents 
an increased risk of developing a type I disc 
disease and a low risk for a type II disc disease 
(Kranenburg et al., 2013).  
Risk of occurrence and the development of 
intervertebral disc degeneration and their 
associated disorders is higher in 
chondrodystrophic breeds, suggesting that 
besides the potential genetic component, some 
external factors such as physical activity and 
the environment in which the animals live 
(Lappalainen et al., 2001).
 
CONCLUSIONS 
 
In the presence of cervical pain, a neurological 
examination accompanied by a detailed 
imaging examination is needed to identify the 
presence of spinal cord injuries. Because 
cervical pain can have multiple causes, 
including intervertebral disc disease, magnetic 
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Figure 5. Images in transverse T1 (A) and T2 (B) planes, at the C2-C3 intervertebral space,  

case 1: can be observed a slightly heterogeneous area, median, right paramedian, which disrupts  
the medullar parenchyma causing a medullary compression (arrows) 
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changes have been identified at C2-C3 (case 1 
and 3) and C3-C4 level (case 2), in 
concordance with previous studies. 
In a study by Kranenburg et al. (2013), type I 
hernia has been reported to frequently affect the 
cervical segment (17/49), followed by the 
thoracolumbar segment (31/49) and the 
lumbosacral segment (1/49), while type II 
hernia frequently affects the lumbosacral 
segment (16/25), followed by thoracolumbar 
segment (5/25) and cervical segment (4/25), 
concluding that the cervical segment presents 
an increased risk of developing a type I disc 
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(Kranenburg et al., 2013).  
Risk of occurrence and the development of 
intervertebral disc degeneration and their 
associated disorders is higher in 
chondrodystrophic breeds, suggesting that 
besides the potential genetic component, some 
external factors such as physical activity and 
the environment in which the animals live 
(Lappalainen et al., 2001).
 
CONCLUSIONS 
 
In the presence of cervical pain, a neurological 
examination accompanied by a detailed 
imaging examination is needed to identify the 
presence of spinal cord injuries. Because 
cervical pain can have multiple causes, 
including intervertebral disc disease, magnetic 
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resonance imaging (MRI) is a useful method in 
confirming structural and positional alterations 
of intervertebral discs, thus excluding other 
pathologies and helping to guide the physician 
in choosing the appropriate therapy. 
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Abstract  
 
The most suitable sturgeon species for culture in artificial systems are freshwater and non-migratory species: sterlet - 
Acipenser ruthenus - and Siberian sturgeon - Acipenser baerii, recently introduced in Romania. The experiment aimed 
at establishing the age and salinity thresholds to be taken into account in attempting to rear (Siberian sturgeon - 
Acipenser baerii) in a recirculating system using Black Sea water. From the point of view of adaptability in general, in 
about a week the individuals adapted to the captive breeding conditions of NIMRD’s recirculating system. The 
specimens also easily adapted to manipulation during measurements, showing calm handling behavior. The food used 
was very easily accepted, the active feeding behavior being observed even in the presence of the staff. Throughout the 
experiment, the fish were active. The survival rate was 100%. However, adaptability to the brackish environment has 
posed problems. The experimental batch became more sedentary and ingested significantly less food compared to the 
control group, when salinity exceeded 3‰. Upon reaching the 7‰ threshold, all individuals were already completely 
refusing food, which is why it was decided to stop sea water input. The return to freshwater caused the resumption of 
feeding behavior in just a week, calling for further research on the osmoregulatory mechanisms of A. baerii. 
 
Key words: adaptation, marine water, recirculating aquaculture systems (RAS), Siberian sturgeon. 
 
INTRODUCTION  

 

Although not ranked first in aquaculture 
statistics worldwide, sturgeons are extremely 
valuable fish species, given the quality of their 
meat and eggs (caviar). Being favored by the 
existence of 1,075 km of the Danube, Romania 
has a privileged position, as there are still living 
natural populations of wild sturgeons: beluga 
(Huso huso), Danube sturgeon (Acipenser 
gueldenstaedtii), starry sturgeon (Acipenser 
stellatus) and sterlet (Acipenser ruthenus), 
which can provide spawners captured from the 
natural environment. Also, in recent years, two 
new sturgeon species have been introduced into 
freshwater aquaculture, namely Americam 
paddlefish (Polyodon spathula) and Siberian 
sturgeon (Acipenser baerii), highly adaptable 
species, prone to aquaculture.  Wild sturgeon 
populations are facing a decline and the most 
important legal instruments for the protection 
of wild sturgeons are legislative protection acts 

(Habitats Directive 92/43, Annex II, 1992) and 
national fishing bans (prohibition orders). In 
Romania and Bulgaria a moratorium banning 
sturgeon fishing is in force until 2021 (DSTF, 
2016). 
In order to counteract the decline of wild 
populations, the optimal alternative is to rear 
them in specially designed culture systems, 
including Recirculating Aquaculture Systems 
(RAS) (Oprea et al., 2012). 
The most suitable sturgeon species for culture 
in artificial systems are freshwater and non-
migratory species: sterlet (A. ruthenus) and 
Siberian sturgeon (A. baerii), recently 
introduced in Romania. The Siberian sturgeon 
inhabits rivers flowing northwards from 
Siberia. It is usually an anadromous species. 
The migratory form of the Siberian sturgeon 
spends most of its life in the middle and lower 
part of Siberian Rivers, and when migrating 
into the Arctic Ocean bays, it enters a brackish 



97

 
resonance imaging (MRI) is a useful method in 
confirming structural and positional alterations 
of intervertebral discs, thus excluding other 
pathologies and helping to guide the physician 
in choosing the appropriate therapy. 
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Abstract  
 
The most suitable sturgeon species for culture in artificial systems are freshwater and non-migratory species: sterlet - 
Acipenser ruthenus - and Siberian sturgeon - Acipenser baerii, recently introduced in Romania. The experiment aimed 
at establishing the age and salinity thresholds to be taken into account in attempting to rear (Siberian sturgeon - 
Acipenser baerii) in a recirculating system using Black Sea water. From the point of view of adaptability in general, in 
about a week the individuals adapted to the captive breeding conditions of NIMRD’s recirculating system. The 
specimens also easily adapted to manipulation during measurements, showing calm handling behavior. The food used 
was very easily accepted, the active feeding behavior being observed even in the presence of the staff. Throughout the 
experiment, the fish were active. The survival rate was 100%. However, adaptability to the brackish environment has 
posed problems. The experimental batch became more sedentary and ingested significantly less food compared to the 
control group, when salinity exceeded 3‰. Upon reaching the 7‰ threshold, all individuals were already completely 
refusing food, which is why it was decided to stop sea water input. The return to freshwater caused the resumption of 
feeding behavior in just a week, calling for further research on the osmoregulatory mechanisms of A. baerii. 
 
Key words: adaptation, marine water, recirculating aquaculture systems (RAS), Siberian sturgeon. 
 
INTRODUCTION  

 

Although not ranked first in aquaculture 
statistics worldwide, sturgeons are extremely 
valuable fish species, given the quality of their 
meat and eggs (caviar). Being favored by the 
existence of 1,075 km of the Danube, Romania 
has a privileged position, as there are still living 
natural populations of wild sturgeons: beluga 
(Huso huso), Danube sturgeon (Acipenser 
gueldenstaedtii), starry sturgeon (Acipenser 
stellatus) and sterlet (Acipenser ruthenus), 
which can provide spawners captured from the 
natural environment. Also, in recent years, two 
new sturgeon species have been introduced into 
freshwater aquaculture, namely Americam 
paddlefish (Polyodon spathula) and Siberian 
sturgeon (Acipenser baerii), highly adaptable 
species, prone to aquaculture.  Wild sturgeon 
populations are facing a decline and the most 
important legal instruments for the protection 
of wild sturgeons are legislative protection acts 

(Habitats Directive 92/43, Annex II, 1992) and 
national fishing bans (prohibition orders). In 
Romania and Bulgaria a moratorium banning 
sturgeon fishing is in force until 2021 (DSTF, 
2016). 
In order to counteract the decline of wild 
populations, the optimal alternative is to rear 
them in specially designed culture systems, 
including Recirculating Aquaculture Systems 
(RAS) (Oprea et al., 2012). 
The most suitable sturgeon species for culture 
in artificial systems are freshwater and non-
migratory species: sterlet (A. ruthenus) and 
Siberian sturgeon (A. baerii), recently 
introduced in Romania. The Siberian sturgeon 
inhabits rivers flowing northwards from 
Siberia. It is usually an anadromous species. 
The migratory form of the Siberian sturgeon 
spends most of its life in the middle and lower 
part of Siberian Rivers, and when migrating 
into the Arctic Ocean bays, it enters a brackish 
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environment (Sokolov and Vasilev, 1989; 
Krayushkina, 1995; Ruban, 1997). 
The physiological mechanisms involved in 
maintaining the hydromineral plasma balance 
under brackish conditions are not yet 
elucidated. Euryhaline fish exposed to a hyper-
osmotic environment compensate for the loss 
of water through the permeable surfaces of the 
body by drinking water and excreting excess 
sodium and chlorine (Na+ and Cl-) through the 
gills. The bivalent ions, except Mg2+, which are 
absorbed and subsequently secreted in the 
urine, are excreted through the rectum (Boeuf, 
1987; McCormick et al., 1996).  
Body tissues in saltwater fish contain less salt 
than the water in which they live. The saltier 
environment draws water from their body 
tissues, resulting in constant water loss through 
the skin and gills. To compensate and prevent 
dehydration, saltwater fish drink large amounts 
of saltwater, produce small amounts of 
concentrated (salty) urine, and secrete salt 
through their gills. In contrast, body tissues in 
freshwater fish contain more salt than the water 
they live in. As such, the body continually 
draws in water through its skin and gills. Due 
to this constant water intake, freshwater fish 
drink very little water and produce copious 

amounts of diluted urine to avoid excessive 
water in body tissues. 
At present, there are not enough information 
about the osmoregulatory physiology of the 
Siberian sturgeon, but these data are needed for 
a better understanding of the vital cycle of this 
species, designing restocking programs, and 
exploiting its potential for aquaculture in 
brackish environments. 
 
MATERIALS AND METHODS 
 
The rearing of marine living resources in 
controlled environments is one of NIMRD’s 
(National Institute for Marine Research and 
Development “Grigore Antipa”) constant 
concerns.  NIMRD’s team of engineers and 
biologists has designed and built a relatively 
simple marine Recirculating Aquaculture 
System (RAS), but incorporating all the 
modern filtering steps required and widely used 
worldwide (Figure 1). 
The system is based on four rectangular 
fiberglass tanks, each of which has an 
approximate capacity of 1 m3 (800 liters of real 
use water, controlled by sensors monitored by 
an industrial computer). 

 

 
Figure 1. Schematic representation of NIMRD’s RAS system 

 

 
From each of the four tanks, water is drained 
by computerized action of electrovalves to a 
central collector tank. Here water is strongly 
aerated, which is the primary foaming step, the 
foamed residues being drained out of the 
circuit. From the collector tank, water is 
pumped into the self-cleaning mechanical filter, 
and then through the sand and quartz filters 
(Figure 2). 
 

 
Figure 2. Mechanical sand and quartz filters in NIMRD’s 

RAS (Photo: Nita V.N.) 
 
After the three mechanical filtration steps 
described above, the effluent enters the 
biological filter (design and construction 
carried out within NIMRD), and the water, 
after washing the bio-balls, is pumped to the 
denitrifier.  
The last step is UV sterilization, made by 
passing water through a high-power lamp. 
Then, through a distribution and pre-aeration 
system, it is pumped back to the four pools at 
optimum parameters. 
The system has been previously used for 
experimental rearing of turbot (Psetta maxima) 
(Nita and Nenciu, 2017) and golden gray 
mullet (Liza aurata) (Nita et al., 2018), with 
encouraging results. Moreover, the possibility 
of rearing other sturgeon species (Huso huso 
and Acipenser gueldenstaedti) in Black Sea 
marine water has been investigated (Zaharia et 
al., 2008; Zaharia et al., 2011; Zaharia et al., 
2017). 
Our current experiment aimed at establishing 
the age and salinity thresholds to be taken into 
account in attempting to rear A. baerii in 
NIMRD’s RAS using Black Sea water. 
The biological material used for the experiment 
consisted of 75 juveniles, aged 5 months, 

purchased from S.C. Quality Fish S.R.L. 
Timisoara, Romania, the origin of the embryos 
being Germany. 
The acquisition of the biological material was 
made at just 5 months of age, precisely to 
capture the minimum tolerance threshold for 
the brackish environment in terms of fish age. 
Although apparently the very young age of 
Siberian sturgeons specimens (Boeuff, 1987; 
McKenzie et al., 1992; McKenzie et al., 1999, 
2001) for a good adaptation to high salinity, we 
considered it necessary to check lower age 
thresholds, knowing the differences in the ionic 
balance between Pontic waters and other seas 
of the world. 
Thus, the 75 A. baerii individuals were kept for 
10 days from the time of their acquisition in 
fresh water, in order to overcome the stressful 
period caused by the transport between 
Timisoara and Constanta and to generally adapt 
to the new conditions life (brightness, color, 
environment) (Figure 3). 
 

 
Figure 3. Acclimation of A. baerii in NIMRD’s tank 

(Photo: Nita V.N.) 
 

 
After the acclimation period, the fish were 
divided into two lots, one witness (control) 
batch (37 specimens) and one experimental 
batch (38 specimens), as balanced as possible 
in terms of size and biomass of fish. Each of 
the batches was placed in a rectangular tank 
with a surface area of 2 m2 and the water 
column of 50 cm. 
The control batch was kept constantly in fresh 
water, while for the experimental batch salinity 
was gradually increased, at a rate of about 1‰ 
per week, by mixing sea water with fresh water 
(Figure 4, Figure 5).  
Feeding was dosed according to the regulations 
in force, based on the biomass of each batch. 
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experimental rearing of turbot (Psetta maxima) 
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in force, based on the biomass of each batch. 
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Figure 4. Experimental batch 20 days after beginning the 

experiment, salinity 2.4‰ (Photo: Nita V.N.) 
 

 
Figure 5. Experimental batch 40 days after beginning the 

experiment, salinity 5.9‰ (Photo: Nita V.N.) 
 
The feed used was ALTERNA STURGEON 2 
P (Table 1). 

Table 1. Proximate composition of ALTERNA 
STURGEON 2 P 

Composition % 2P 
Raw protein 48.0 
Raw fat 16.0 
Raw fiber 3.0 
Raw ash 11.0 
Phosphorus 1.0 
Digestible energy (MJ/kg) 16.0 

  
At one month interval, between February and 
May, length and biomass measurements of each 
individual in the two batches were performed 
(Figure 6, Figure 7).  
All data were registered in tables and analyzed.  
 

 
Figure 6. Length measurements using a modified 

ichthyometer (Photo: Nita V.N.) 

 
Figure 7. Weight measurements (Photo: Nita V.N.) 

 
RESULTS AND DISCUSSIONS 
 
From the point of view of adaptability in 
general, we can appreciate that in about a week 
the individuals had adapted to the conditions 
offered by rearing in the tanks of the NIMRD’s 
recirculating system. The specimens have also 
easily adapted to manipulation during 
measurements, showing calm behavior during 
handling.  
The food used (ALTERNA STURGEON 2 P) 
was very easily accepted, the active feeding 
behavior being observed even in the presence 
of the staff. Throughout the experiment, the 
fish were active (in the normal species, which 
is moderately active). 
During the experiment, the health status of the 
fish was good, with no infection or parasitosis 
recorded. 
The survival rate at the end of the two months 
of monitoring was 100% (all of the 75 
individuals entered into the experiment 
survived).  

 
Adaptability to brackish environment has, 
however, posed problems.  
Although it would have been expected, no 
behavioral and metabolic changes could be 
observed at least up to the 8‰ salinity 
threshold (Boeuff, 1987; Franklin et al., 1992; 
McKenzie et al., 1999, 2001).  
 

The experimental lot became more sedentary 
and ingested significantly less food compared 
to the control group, as long as salinity 
exceeded 3‰, length between 4-6‰ salinity, 
after stagnation between 2-4‰ salinity (Figure 
8). 
 

 
Figure 8. Fish length - salinity correlation, control versus experimental tank 

 

 
Figure 9. Fish biomass - salinity correlation, control versus experimental tank 

 
The measurements performed indicated that 
specimens both in the experimental and the 
control tank recorded a steady linear growth in  
As far as weight is concerned, however, while 
Siberian sturgeons in the control group showed 
a positive increasing trend, the specimens in the 
study group recorded a slight decrease in 
biomass along the gradual passage from 2‰ to 
6‰ salinity. 
Upon reaching the 7‰ threshold, all 
experimenting individuals were already 
completely refusing food, which is why it was 
decided to stop the sea water supply. The return 

to 100% freshwater caused the resumption of 
feeding behavior in just one week. 
The ability of a fish to adapt to different 
salinity levels depends on its ability to regulate 
intake and excretion of ions and maintain its 
hydromineral balance. In the study conducted 
by Rodríguez et al., 2002, only minor changes 
in osmolarity and electrolyte concentrations 
were reported in A. baerii juveniles, however 
they were statistically significant. These results 
can be considered as proof of adapting fish of 
these ages/sizes to low salinity levels (Boeuff, 
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1987; Franklin et al., 1992; McKenzie et al., 
1999, 2001).  
However, Siberian sturgeon juveniles (7 
months old) did not tolerate exposure to hyper-
osmotic environments (14‰) for 45 days. 
Osmolarity and electrolyte levels increased 
compared to freshwater fish, indicating that the 
specimens were unable to excrete enough ions 
to maintain constant electrolyte values 
(Rodríguez et al., 2002). 
Other authors (Williot et al., 1988) reported 
that A. baerii can adapt to salinity up to 12‰, 
while retaining their hydromineral balance and 
comfortable osmotic levels, but salinity higher 
than 17‰ is fatal.  
However, the size and age of the fish were not 
mentioned in the latter case. 
We can identify two possible causes of 
differences between our results and those 
reported in the literature. On the one hand, we 
can suspect the origin of the fish from which 
the sexual elements were sampled. There are 

naturally living sturgeon populations living in 
exclusively in lakes, carrying a fresh water life, 
and populations living in rivers, making 
migrations in salty/brackish estuarine waters. 
Although they belong to the same species, 
migratory species may have a genetically and 
evolutionary modified baggage in the sense of a 
better tolerance to salinity exposure. This is 
important to be investigated in the future.  
A second cause could be the young age at 
which we exposed Siberian sturgeon specimens 
to the stress caused by osmoregulation. In this 
sense, the investigations are to be resumed and 
deepened after the fish have passed the age of 
one year, during which time they will be kept 
in freshwater. 
After the experiment was stopped and all fish 
were returned to the combined fresh water tank, 
fish length (Figure 10) and biomass (Figure 11) 
showed a positive linear growth, and an overall 
healthy behavior (Figure 12). 
 

 

 
Figure 10. Evolution of mean length (combined tank) 

 

 
Figure 11. Evolution of mean biomass (combined tank) 

 
 

 
Figure 12. A. baerii (combined batches) 9 months after 

the beginning of the experiment (Photo: Nita V.N.) 
 
CONCLUSIONS 
 
Concluding, the results we have obtained 
suggest that while juvenile Siberian sturgeons 
(5-7 months old) presented some of the 
morpho-physiological mechanisms needed to 
adapt to hyperosmotic environments, as has 
been described in other sturgeon species 
(Krayushkina et al., 1995; McKenzie et al., 
1999; Rodriguez et al., 2002), they cannot be 
considered hyper osmotic regulators as they 
were unable to maintain their plasma 
osmolality and electrolyte balance in salinities 
higher than 7‰.  
Further research in this respect will be pursued, 
extending the adaptation experiment to adult A. 
baerii specimens. The final objective is to 
reduce the pressure on wild sturgeon stocks by 
introducing a new species to marine 
aquaculture, which can be successfully reared 
along the Romanian and Bulgarian Black Sea 
coast. 
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Abstract 
 
Groundwater is a vital resource, when considering its role in the water supply for human activities. Regardless their 
location, the quality of groundwater resources is influenced by different natural and anthropic factors, especially if the 
hydro geomorphological settings allow the pollutants to reach the aquifer from the ground surface. Various methods 
for aquifer vulnerability assessment were developed over time. This paper presents the vulnerability assessment of the 
karst aquifer Zaton-Bulba, situated in the South-Western part of Romania, in the Mehedinti Plateau. Two specific 
methods were used for the vulnerability assessment of this aquifer. The first method is DRASTIC which is a general 
method that can be applied for any kind of aquifer and the second method is EPIK which is a method developed 
specifically for karst aquifers. These methods were chosen considering the available data and their international use. 
Each of these methods uses different parameters revealing different characteristics of the studied aquifer. Two 
vulnerability maps, corresponding to each method, have been obtained. The aquifer groundwater protection area could 
be delineated considering the mapping vulnerability assessment results.  
 
Key words: karst aquifer, groundwater, vulnerability, protection areas, vulnerability map. 
 
INTRODUCTION 
 
Groundwater represents a fundamental resource 
considering mainly its role in the human 
activities, such as water supply for human 
settlements, agriculture, or industry. Assuming 
its importance, groundwater protection activity 
has ahigh priority in Europe. This isunderlined 
by the Water Framework Directive 2000 
(2000/60/EC) and by other European 
regulations, especially by the Groundwater 
80/68/EEC Council Directive. Almost 25% of 
the global population is dependent on the karst 
groundwater (Leibundgut, 1998). Karst 
groundwater protection is particularly 
important, as karst aquifers by their unique 
structure (Doerfliger et al., 1999), are 
exceptionally vulnerable to contamination 
(Zwahlen, 2004). Groundwater vulnerability 
assessment is not a directlymeasurable 
characteristic in the field, but an approach 

based on the fundamental concept that some 
areas are more vulnerable than others when 
considering the groundwater pollution (Gogu 
and Dassargues, 2000b).  
The International Association of 
Hydrogeologists defines vulnerability as „an 
intrinsic property of  groundwater that depends 
on the sensitivity of that system to human 
and/or natural impacts”(Harter and Rollins, 
2008).   
According to COST Action 620, intrinsic 
vulnerability “is the term used to define the 
vulnerability of groundwater to contaminants 
generated by human activities. It takes account 
of the inherent geological, hydrological and 
hydrogeological characteristics of an area, but 
is independent of the nature of human 
activities” (Zwahlen, 2004). 
Numerous methods and schemes have been 
developed for assessing and mapping 
vulnerability.The most used methods belongs 
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to theindex and overlay category. These are 
considering several relevant factors affecting 
the aquifer vulnerability (soil, geology, 
recharge etc.). The process involves scoring, 
integrating, and classifying the information 
based on interpretation, for producing indexes, 
ranks or classes of vulnerability (Harter and 
Rollins, 2008). 
 
Zaton-Bulba study area  
This paper presents the vulnerability 
assessment of the Zaton-Bulba karst aquifer. 
The vulnerability analyses were made using 
two methods: the general method- DRASTIC 
which can be applied on any type of aquifer 
(Aller et al., 1987), and the specific method 
EPIKwhich can be used for karst environments 
(Doerfliger et al., 1999). 
 
Geography of the studied area  
Zaton-Bulba karst aquifer is situated in the 
South-Western part of Romania, in the 
Mehedinti Plateau.  
The studied area has approximately 41 km2 and 
represents the hydrologic basin of the 

Bulbarivulet (see Figure 1). It covers the small 
town Baia de Arama and Ponoarele village.  
Due to the intensity of the karst processes and 
to the diversity of endokarst and 
exokarstfeatures, unless the limestone outcrop 
has a small area (25 km2), this region represents 
one significant Romanian karst areas. In this 
plateau, more than 200 caves can be found, on 
an area of 45 km2 (Vlaicu et al., 2010).  
The area presents some special karst landforms, 
named “cornete” (calcareous hills) which were 
formed as a result of the limestone bands 
fragmentation, and wide karren fields 
(Sandulache, 2012; Vlaicu et al., 2010). The 
natural bridge “Podul lui Dumnezeu” (God’s 
Bridge) is a unique karst landform, which was 
formed after the ceiling of a cave collapsed. 
The karst depression Zatonul Mare is covered 
mostly by temporary lakes in rainy periods and 
by alluvial deposits in drought periods.  
The water from Zatonul Mare Lake supply 
Bulba River through an underground cavity 
(Figure 1) (Sandulache, 2012). 

 
Figure 1. Zaton-Bulba study area 

 

 
Geology and geomorphology 
The formation of the Mehedinti Plateau is of 
tectonic nature, and closely related to the 
formation of the Carpathians, the plateau being 
a submerged step of the Carpathians 
(Mehedinti CC, 2015).  
The studied area includes a limestone bar, 
developed on the same direction as Carpathian 
structures, NNE-SSW, which quarters the 
aquifer system Zaton-Bulba (Vlaicu et al., 
2010). 
The karst area Baia de Arama-Ponoarele was 
formed in a massive limestone unit, of 
Barremian-Aptian age, which is a part of the 
stratigraphic subdivision of the Upper Jurassic-
Aptian (Codarcea and Răileanu, 1968). 
The limestone bar is bounded to the north by 
Nadanova layers (marly limestone, clay, 
sandstone) from the Upper Cretaceous, 
followed by an area of sandstone and 
conglomerate, from the same geological period. 
The south part is represented by Precambrian 
and Paleozoic magmatic formation, namely 
granite, and also Tortonian formations 

represented by marl, gravel and shell limestone 
(Figure 2).  
In the west part of the limestone bar, the karstic 
processes from Baia de Arama-Ponoarele area 
led to the underground capture of the 
hydrologic network. This takes place through 
ponors, caves and other drainage system 
formations (Vlaicu et al, 2010), which are 
represented by dry valleys (downstream) and 
by karst depressions (upstream) - Zaton and 
Ponoarele (Mehedinti CC, 2015). The caves 
through which the catches are made are Zaton 
Cave and Bulba Cave. The water drainage 
system between Zaton and Ponoarele karst 
depressions is made through Podului Cave 
(Vlaicu et al., 2010). 
Considering the behaviour of the drainage 
system, it can be established that groundwater 
flows from S-W to N-E. 
A longitudinal profile by limestone bar was 
made in order to highlight the calcareous 
elements from the area (Figure 3). It crosses the 
limestone bar from the Zaton depression to 
Bulba course through Baia de Arama. 
 

 
Figure 2. Geology of the studied area 
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Figure 3. Longitudinal profile of the limestone bar 
 
MATERIALS AND METHODS 
 
The used methods for assessing the 
vulnerability of the Zaton-Bulba karst aquifer 
were EPIK and DRASTIC. 
EPIK is a specific method used to 
assessintrinsic vulnerability mapping of karst 
aquifers, which is considering the 
hydrogeological behaviour of this type of 
aquifers. It is an index-and-overlay method 
(Vrba&Zaporozec, 1994). The acronym of this 
method comes from the four karst 
aquiferattributewhich are considered: E- 
Epikarst, P- Protective cover, I- Infiltrations 
and K- Karst network (Doerfliger et al., 1999). 
This method considers the natural and 
anthropic influences of the environment and 
can reach the sensitivity of a karst aquifer in a 
general and effective manner (Doerfliger and 
Zwahlen, 1998). Each parameter is subdivided 
in three or four classes that characterise the 
anticipated influence of this parameter on karst 
aquifer vulnerability to contamination (Gogu 
and Dassargues, 2000a). 
Epikarst is defined as “an immediate 
subsurface zone, highly fissured due to the 
dissolution and pressure release of rock near 
the ground surface”and “it is subject to extreme 
weathering” (Doerfliger et al., 1999). The three 
classes of this parameter are: (E1) indicating 
areas where the epikarst is associated with the 
karstic network forming swallow holes, 
sinkholes, caves, karrenfileds; (E2) refers to the 
intermediate zones of these features, where 
epikarst is associated with the fissured matrix 
zone (dry valleys, allignement of dolines); and 
(E3) refers to the areas which do not present 
epikarst morphology and which include the rest 

of the studied area (Gogu et Dassargues, 2000a; 
Vlaicu et al., 2010). 
Protective cover factor refers to the soil 
thickness. The three classes of this parameter 
are: (P1) which represents a soil thickness less 
than 20 cm; (P2) category includes areas with 
soil cover of 20-100 cm and (P3) includes areas 
with soil thickness of more than 100 cm 
(Doerfliger and Zwahlen, 1998). 
Infiltration condition represents the most 
complex parameter to be estimated (Gogu and 
Dassargues, 2000a) and concerns the type of 
recharge to the karst aquifer (Doerfliger et al., 
1999). For estimating this parameter, the most 
important element to consider is the surface 
runoff, which is a function of slope and 
vegetation-cover type. (I1) is associated with 
areas where direct concentrated infiltration is 
possible, such as swallow holes. (I2) and (I3) 
are assigned considering different slope ranges 
(0-10%, 10%-25% and >25%) and different 
vegetation cover types (cultivated areas and 
meadows and pastures areas). (I4) represents 
the rest of the catchment) (Doerfliger et al., 
1999; Doerfliger and Zwahlen, 1998; Gogu and 
Dassargues, 2000a). 
Last parameter, karst network development, 
covers three categories: (K1) which is 
characterised by the presence of a well-
developed karst network; (K2) presents a 
poorly developed karst network; and (K3) for 
systems with presence of porous media for 
outlet, as well as for fissured non-karstified 
limestone aquifers (Doerfliger and Zwahlen, 
1998; Gogu and Dassargues, 2000a). 
Following the EPIK method, each of these 
categories of the parameters receives rating 
values, while each of the four parameters (E, P, 
I, K) receives a weighting factor (α, β, γ and δ). 

 
The protection factor, which represents the 
vulnerability index, is calculated as: 

   (1) 
 
where: 
Vi is the vulnerability index; 
Ei is the rating value for parameter E (epikarst); 
Pi is the rating value for parameter P (protective 
cover); 
Ii is the rating value for parameter I (infiltration 
conditions); 
Ki is the rating value for parameter K (karst 
network development).  
Table 1 presents the rating values for each class 
of each parameter. 
α, β, γ, δ are the weighting factors 
corresponding to E, P, I, K parameters. Their 
values are: α=3, β=1, γ=3, and δ=2. 
Considering the vulnerability index, the lower 
the rating values, the higher the vulnerability. 
The final vulnerability index ranges from 9 to 
34. Four classes of vulnerability are defined by 
Doerfliger, the author of this method, based on 
these values: very high vulnerability (9-19), 
high vulnerability (20-25), moderate 
vulnerability (higher than 25), low vulnerability 
(presence of P4 class).  
 

Table 1. Rating values for E, P, I, K parameters  

Parameter E1 E2 E3 P1 P2 P3 P4 
Rate value 1 3 4 1 2 3 4 
Parameter I1 I2 I3 I4 K1 K2 K3 
Rate value 1 2 3 4 1 2 3 
 
DRASTIC represents a general vulnerability 
assessment model which can be applied for any 
type of aquifer. It is one of the most used 
vulnerability assessment methods and it was 
developed by Aller et al., (1987). Such as 
EPIK, this method is an index-and-overlay 
method, considering seven parameters which 
characterise the aquifers and which can be used 
for assessing the aquifer’s vulnerability. The 
seven parameters are: 
D - Depth to water   
R - (Net) Recharge 
A - Aquifer Media 
S - Soil Media 
T - Topography (Slope) 
I - Impact of the Vadose Zone Media 
C - (Hydraulic) Conductivity of the Aquifer. 

Groundwater vulnerability is assessed by 
DRASTIC, using weights, ranges and ratings.  
Each DRASTIC parameter is explained in Aller 
et al. (1987). A synthetic description is given 
below. 
Depth to water parameter is set as having 
primarily importance, as it represents the depth 
of the unsaturated area through which a 
contaminant must travel before reaching the 
aquifer. The ranges in depth to water are 
defined in DRASTIC in order to relieve the 
depth intervals where the potential for ground-
water pollution significantly changes (Aller et 
al., 1987). 
Net Recharge is estimated as the amount of 
precipitation minus surface runoff, and 
evapotranspiration. For better estimations, 
literature based equations can be used, 
considering more factors influencing the net 
recharge. 
Aquifer media refers to the consolidated or 
unconsolidated rock as the geological matrix of 
an aquifer. Grain size and the rate of fractures 
and openings are the two criteria in assessing 
ranges and rates for this parameter. The greater 
these two factors, the higher the permeability of 
the aquifer and the lower the attenuation 
capacity of the aquifer media. Geological 
mapping is used to assess this parameter. 
Soil media refers to the uppermost portion of 
the vadose zone essential for maintaining plants 
growing process (Heath, 1983). As it is the first 
layer the infiltrations have to go through, soil 
media has a significant impact on the quantity 
of infiltrations (and implicitly to the 
contaminant quantity) which reach the vadose 
zone.  
Topography refers in DRASTIC method to the 
slope variability of the land surface. An 
estimation of the infiltrations and runoff can be 
made considering this parameter. For this 
method, the areas with 0% to 2% slope are 
considered to be the places forhighest 
infiltrations, so this range interval will have the 
greatest rating value.  
Vadose area is defined as the area situated 
below the soil cover and is delimited by the 
saturated area on its bottom. It has a high 
importance on different mechanical, chemical 
and biological processes which affects 
thetransport of contaminants. 
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Figure 3. Longitudinal profile of the limestone bar 
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Hydraulic conductivity characterises the ability 
of the aquifer formation to allow the water 
flow. It depends mainly on porosity and water 
properties and it also has an essential role in the 
transportof contaminants.  
Each DRASTIC factor has assigned a relative 
weight ranging from 1 to 5, representing the 
relative importance of each factor.  
These values are: Dw=5; Rw=4; Aw=3; Sw=2; 
Tw=1; Iw=5; Cw=3.  
Ranges or significant media types which have 
an impact on vulnerability assessment were 
attributed to each DRASTIC factor. And each 
range has been evaluated and received a rating.  
Final DRASTIC index, assessing groundwater 
vulnerability is calculated as:
 

,  (2) 
where: 
Di is DRASTIC index for a mapping unit; 
j is the parameter;
Wj is the weight of the parameter; 
Rjis the rating of the parameter. 
Tables with ranges and ratings can be found in 
Aller et al., (1987). 
A high DRASTIC index estimates a high 
groundwater vulnerability. 
The usual five DRASTIC vulnerability ratings 
found in the literature are:

� Very low vulnerability (index values 
lower than 79); 

� Low vulnerability (index values 
between 80 and 119); 

� Moderate vulnerability (index values 
between 120 and 159); 

� High vulnerability (index values 
between 160 and 199); 

� Very high vulnerability (index values 
higher than 199). 

For applying the EPIK and DRASTIC 
methods, different sources of data were used: 
karst map of the Zaton-Bulba area, 
topographical maps, geological map, 
pedological map, precipitation data from the 
meteorological station Apa Neagra situated 10 
km from the center of the studied area (data 
provided by the National Meteorological 
Administration), evapotranspiration data from 
the MODIS satellite sensor 
(https://modis.gsfc.nasa.gov/), Digital 
Elevation Model: SPOT-HRS-DEM, Land 
cover data from Corine Land 2012 (CLC2012), 

Very High Resolution SPOT data, in-situ 
topographical, hydrogeological, and 
geophysical measurements made during a field 
campaign in June 2016. 
 
RESULTS AND DISCUSSIONS 
 
Maps were developed for each series of 
parameters which ultimately reveal their values 
across the studied area. 
EPIK Method 
Considering the presented criteria, a map of 
Epikarst (E) was made, using as primarily 
source the karst map of the area (Figure 4). 

 
Figure 4. The E (epikarst) parameter map 

 
Protective cover (P) parameter estimation was 
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four parameters, a vulnerability map using the 
EPIK model was obtained (Figure 8). 
DRASTIC method results 
The depth to water (D) parameter was 
estimated using different in-situ data 
(topographical levels, hydraulic head).  
Depths higher than 30 meters were obtained for 
some areas from the hills covering Pestera and 
Bulba caves. The rating value for this depth is 
1. Most of the study area presents a depths to 
water lower than 4.5 m, thus being rated with 9 
and 10 (depths lower than 1.5 m). 
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Depth values between 4.5 m and 30 m covers 
the rest of the rating range. As original depths 
in DRASTIC model are given in feet’s, a 
correlation has been made for the metric 
system. The D (depth to water) parameter map 
can be seen in Figure 9. 
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The Net Recharge (R) parameter assessment, 
involved the precipitation data and 
evapotranspiration data for the time period 
2010-2014. The MODIS evapotranspiration 
satellite data have a spatial resolution of 1 km.  
The annual differences between precipitations 
and evapotranspiration values were used for 
determining the estimated multiannual net 
recharge value, which vary between 1038 
mm/year and 1064 mm/year. According to 
DRASTIC ranging for R, all the areas with 
values higher than 245 mm/year are rated as 
very high vulnerability degree and receive the 
rate 9. It means that the entire studied area 
receives the highest rate, 9. 
For the estimation of the aquifer media (A) 
parameter, the geological map of the area was 
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Hydraulic conductivity characterises the ability 
of the aquifer formation to allow the water 
flow. It depends mainly on porosity and water 
properties and it also has an essential role in the 
transportof contaminants.  
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,  (2) 
where: 
Di is DRASTIC index for a mapping unit; 
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used. Different geological layers were rated 
according to DRASTIC model, as it can be 
seen in Figure 10. 

 
Figure 10. The A (Aquifer Media) parameter map 

 
The Soil Media (S) parameter considers for 
assessing the vulnerability, the soil texture. 
Based on the pedological map, the soil textures 
of the Zaton-Bulba area were rated according 
to DRASTIC. Figure 11 presents the resulting 
map. 
Next parameter, topography (T), was 
estimated using the DEM of the area from 
which the percent slope map was generated. 
The values were integrated in ranging values 
which received specific rating, as in the 
DRASTIC vulnerability model. Slopes higher 
than 18% were considered as having very low 
vulnerability, and received the rating 1. Slopes 
ranging from 0% to 2% received the maximum 
rating values, 10. The resulted T parameter can 
be seen in Figure 12. 

 
Figure 11. The S (Soil Media) parameter map 

 
The impact of the vadose zone media (I) 
assessment, was considered similar to the 
estimation of the epikarst which was used in 
the EPIK model. The rating of this parameter 
has been applied following the DRASTIC 

methodology. The results can be seen in Figure 
13. 
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Figure 13. The I (Impact of vadose zone media) 

parameter map 
 
The last DRASTIC parameter, Hydraulic 
Conductivity (C), was estimated using the 
geological map, an analysis of the karstic 
conduits and several tracer tests. For each 
geological formation the range of hydraulic 
conductivity was used for rating. The areas 
which were considered as having a very 
developed karst network, received the 
maximum rating for C.  
By overlaying the results derived from the 
geological map and those highlighting the karst 
network, the resulting vulnerability map for C 
parameter has been obtained (Figure 14). 
By overlaying the vulnerability maps resulted 
for each DRASTIC parameter, and by applying 
equation 2, the DRASTIC vulnerability 
assessment map was produced (Figure 15). The 
DRASTIC index gathered values from 87 to 
217, covering four of the five vulnerability 
categories. The areas with very high 
vulnerability, belongs to the areas with very 

 
developed karst outcrop. Most of the basin, is 
assessed with moderate vulnerability.  
 

 
Figure 14. The C (Hydraulic Conductivity) parameter 

map 

 
Figure 15. DRASTIC vulnerability map assessment 

Considering the results from both EPIK and 
DRASTIC, it could be observed that the 
vulnerability maps are quite similar, in terms of 
spatial deployment of the vulnerability 
categories. Table 2 presents a comparison of 
vulnerability assessment areas for both 
methods. 

Table 2. Vulnerability assessment percentage per 
category for EPIK and DRASTIC  

Vulnerability EPIK (%) DRASTIC (%) 
Very high 4 0.45 
High 14 16.79 
Moderate 82 80.08 
Low - 2.68 

Both methods present very high and high 
vulnerability classes for areas with very 
developed karst landforms, including shallow 
holes and springs.  
 
CONCLUSIONS  
 
This study presented the intrinsic vulnerability 
assessment for the karst aquifer Zaton-Bulba, 
using EPIK- a specific method used for karst 

aquifers- and DRASTIC - a general method 
used for all kind of aquifers. The vulnerability 
assessment maps can be used by administration 
to develop environmental policies. 
As vulnerability assessment methods are 
empirical methods, the obtained results present 
a certain degree of uncertainty. Thus, the final 
results should be interpreted considering the 
input data and the initial assumptions for 
assessing vulnerability. 
Time and costs represent some advantages of 
these used methods for assessing groundwater 
vulnerability, in contrast with other methods. 
For our studied area, by applying the two 
specified methods, similar vulnerability 
assessment maps were obtained. The most 
vulnerable zones are situated on the limestone 
bar, in the most karstified areas. The main 
actions to be considered in order to protect the 
groundwater in this area, are defining and 
mapping the aquifer protection areas on the 
basis of the vulnerability analysis results. 
Restricting some activities in the vulnerable 
areas could be benefice to preserve the quality 
of the groundwater.  
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Abstract  
 
Climate change is one of the most important factors influencing agricultural production, by natural energy flows 
blocking the work of the plant systems. Human activity, primarily the use of fossil fuels as the main energy source, 
contributes with over 40% increase greenhouse gas emissions. The principles of conservation agriculture include 
practices that retain soil undisturbed, conservation of soil fertility, minimum loss of organic matter and reduce the 
amount of water lost from the soil, conservation and use of water by plants spread throughout the growing season. The 
purpose of this paper is researching the influence of the minimum tillage systems application and climate conditions on 
the momentary soil moisture reserves and yield in the case of pea crops. The experimental factors were: factor A - 
tillage system, a1 = classical tillage system (with plowing), a2 = minimum tillage system (chisel variant), a3 = no-tillage 
system (direct sowing); factor B -  experimental years, b1 = 2014, b2 = 2015, b3 = 2016. The afila pea variety cultivated 
was Tudor. Momentary soil moisture reserves were determined by the oven drying method. The average annual 
temperature increased during 2014-2016 by 0.9-2.00C from the annual average of the past 59 years of 9.10C recorded 
at the Meteorological Station Turda. Rainfall monthly registered over the three years were higher than the average on 
59 years by 127.6 mm in 2015, 227.9 mm in 2014 and 303.2 mm in 2016. Soil reserve moisture determined between 
March and July at pea crop was higher in 2016 both the depth of 0-20 cm and 0-50 cm, the pea yield was 4210 kg/ha, 
compared to 2015 when the moisture reserve was close to the minimum limit and the yield obtained was 2360 kg/ha. 
Momentary soil moisture reserves calculated on 0-20 cm and 0-50 cm of depths were influenced by the soil tillage 
processing, in the minimum tillage systems and no-tillage the momentary soil moisture reserves are preserved better 
than in the classical tillage system. Reserve momentary soil moisture and pea yield are influenced by climate conditions 
and the processing of soil.  
 
Key words: climate conditions, water conservation, tillage systems, yield, peas. 
 
INTRODUCTION 
 
Climate changes are one of the biggest 
economical, social and environment threats and  
one of the most important factors which 
influence agricultural production by blocking 
natural energy flows to the plant’s working 
systems (Rusu et al., 2015); it’s necessary to 
adapt applied technologies and to make the 
works in the optimal period (Simon et al., 
2016), so as the result should be an efficient 
use of available water but also the increase of 
the water reserve in the soil (Teka, 2002; 
French, 2004; Mihailovic and Mikic, 2010; 
Marin et al., 2015; Chetan et al., 2016). 
The result of keeping at the soil surface vegetal 
debris in the case of minimum tillage (Mcphee, 

2003) is an increase of the content of organic 
mass in the soil (Malecka et al., 2012), the 
protection of soil against water erosion during 
heavy rain and wind (Assayehegne, 2002), the 
reduction of water quantity evaporated from the 
soil and surface leaks (Rukavina et al., 2002). 
The principles of conservative agriculture 
include practices which keep the soil 
undisturbed, preserve soil fertility, minimum 
losses of organic mass, preserve and use in 
steps of water by plants during the entire 
vegetation period (Rusu et al., 1999; Simon et 
al., 2015). 
How soil is processed affects significantly the 
soil structure and moisture during the 
vegetation period of the crop, in general these 
changes are related to the type of soil, the soil 
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Abstract  
 
Climate change is one of the most important factors influencing agricultural production, by natural energy flows 
blocking the work of the plant systems. Human activity, primarily the use of fossil fuels as the main energy source, 
contributes with over 40% increase greenhouse gas emissions. The principles of conservation agriculture include 
practices that retain soil undisturbed, conservation of soil fertility, minimum loss of organic matter and reduce the 
amount of water lost from the soil, conservation and use of water by plants spread throughout the growing season. The 
purpose of this paper is researching the influence of the minimum tillage systems application and climate conditions on 
the momentary soil moisture reserves and yield in the case of pea crops. The experimental factors were: factor A - 
tillage system, a1 = classical tillage system (with plowing), a2 = minimum tillage system (chisel variant), a3 = no-tillage 
system (direct sowing); factor B -  experimental years, b1 = 2014, b2 = 2015, b3 = 2016. The afila pea variety cultivated 
was Tudor. Momentary soil moisture reserves were determined by the oven drying method. The average annual 
temperature increased during 2014-2016 by 0.9-2.00C from the annual average of the past 59 years of 9.10C recorded 
at the Meteorological Station Turda. Rainfall monthly registered over the three years were higher than the average on 
59 years by 127.6 mm in 2015, 227.9 mm in 2014 and 303.2 mm in 2016. Soil reserve moisture determined between 
March and July at pea crop was higher in 2016 both the depth of 0-20 cm and 0-50 cm, the pea yield was 4210 kg/ha, 
compared to 2015 when the moisture reserve was close to the minimum limit and the yield obtained was 2360 kg/ha. 
Momentary soil moisture reserves calculated on 0-20 cm and 0-50 cm of depths were influenced by the soil tillage 
processing, in the minimum tillage systems and no-tillage the momentary soil moisture reserves are preserved better 
than in the classical tillage system. Reserve momentary soil moisture and pea yield are influenced by climate conditions 
and the processing of soil.  
 
Key words: climate conditions, water conservation, tillage systems, yield, peas. 
 
INTRODUCTION 
 
Climate changes are one of the biggest 
economical, social and environment threats and  
one of the most important factors which 
influence agricultural production by blocking 
natural energy flows to the plant’s working 
systems (Rusu et al., 2015); it’s necessary to 
adapt applied technologies and to make the 
works in the optimal period (Simon et al., 
2016), so as the result should be an efficient 
use of available water but also the increase of 
the water reserve in the soil (Teka, 2002; 
French, 2004; Mihailovic and Mikic, 2010; 
Marin et al., 2015; Chetan et al., 2016). 
The result of keeping at the soil surface vegetal 
debris in the case of minimum tillage (Mcphee, 

2003) is an increase of the content of organic 
mass in the soil (Malecka et al., 2012), the 
protection of soil against water erosion during 
heavy rain and wind (Assayehegne, 2002), the 
reduction of water quantity evaporated from the 
soil and surface leaks (Rukavina et al., 2002). 
The principles of conservative agriculture 
include practices which keep the soil 
undisturbed, preserve soil fertility, minimum 
losses of organic mass, preserve and use in 
steps of water by plants during the entire 
vegetation period (Rusu et al., 1999; Simon et 
al., 2015). 
How soil is processed affects significantly the 
soil structure and moisture during the 
vegetation period of the crop, in general these 
changes are related to the type of soil, the soil 
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processing equipment, the cultivating depth and 
climate changes (Szajdak et al., 2003; Simon et 
al., 2014). The quantity of water stocked in the 
soil depends not only on a good management of 
technology but also on the crop, the most 
reduced water deficit in the soil appears to be 
after the pea crop (Sopterean and Puia, 2012; 
Velykis and Satkus, 2012). 
Minimum tillage has numerous positive effects 
on soil, such as improvement of water content, 
reduction of soil erosion and fuel economy, but 
minimum tillage can also lead to soil 
compaction, which could affect seed 
germination, root growth and crop yield 
(D’Haene et al., 2008).  
Penetration resistance of soil is an important 
parameter that influences to the root growth 
and water movement, therefore, penetration 
resistance is mostly associated with soil 
moisture changes (Quang et al., 2012). The soil 
penetration resistance is influenced by soil 
moisture and is necessary when using this 
parameter on soil property, the values be 
supplemented by the information of soil 
moisture value (Cara et al., 2008). 
Pea is a plant which is cultivated in regions 
with cold climate (Simon et al., 2015) but it is 
tolerant to different environment conditions, 
different types of soil and it has a short 
vegetation period, taking into account all of the 
above it can be easily introduced in crop 
rotations. 
The purpose of this paper is the research of the 
influence of applying minimum tillage systems 
and climate conditions on the current moisture 
reserve in the soil and the production of pea 
crop. 
 
MATERIALS AND METHODS 
 
The experiment was made during 2014-2016, at 
the Agricultural Research and Development 
Station Turda (ADRS Turda), on a vertic 
phaeosiom type of soil, with neutral pH, 
clayey-loamy texture, average humus  content 
and good supply of nitrogen, phosphorus and 
mobile potassium. 
Pea was sowed in the third decade of March, 
with a quantity of 100 germinable grains per 1 
m2, at a distance between lines of 18 cm, with 
Gaspardo Directa 400 sowing machine. 
The experimental factors are:  

Factor a - Soil tillage system: a1-conventional 
tillage system which includes plowing 25 cm 
deep after the harvest of the pre-emerging crop 
and soil processing with rotary harrow before 
sowing; a2-Minimum tillage system with chisel 
30 cm deep after the harvest of the pre-
emerging crop and soil processing with rotary 
harrow before sowing; a3-No-tillage system.  
Factor b - climate conditions during 
experimental years: b1-2014, b2-2015, b3-2016. 
In order to assess the pea production cultivated 
in all three soil tilalge systems, we have studied 
an afila pea genotype: Tudor. Pea was 
cultivated in a 3 years rotation crop, the pre-
emerging plant was autumn wheat. 
After having sowed, a pre-emerging 
herbicidation with Glyfos (glyfosat 360 g/l) - 4 
l/ha was made in all three systems. The control 
of monocotyledonous and dicotyledonous 
weeds per vegetation was made with Tender 
(S-metolaclor 960 g/l) - 1.5 l/ha, Pulsar 
(imazamox 40 g/l) - 1.0 l/ha and Agil 
(propaquizafop 100 g/l) - 1.0 l/ha herbicides in 
the rosette phenophase of dicotyledonous 
weeds and 3-4 leaves at monocotyledonous. 
In order to protect pea crop against pests during 
early bloom, a treatment with insecticide 
(tiacloprid 480 g/l) - 0.1 l/ha was made and 10 
days after blooming the treatment was repeated. 
Determine the reserve of momentaneous 
moisture: in order to determine these indices, 
monthly samples have been taken from each 
soil tillage system during all vegetation period 
with the help of the Tetha drill, 50 cm deep by 
using the gravimetric method with drying oven 
at 108°C for 8 hours. 
Determine the soil resistance to penetration: it 
was made after harvesting the crop, with the 
help of the Digital Field Scout Penetrometer 
900 SC, 0-45 cm deep, from each experimental 
variant. 
The results obtained were statistically 
processed according to the method of analyzing 
the variant and establishing the lowest 
significant differences, LSD (5%, 1% and 
0.1%) (ANOVA, 2015). 
 
RESULTS AND DISCUSSIONS 
 
The climate conditions during 2014-2016 are 
presented according to ARDS Turda Weather 
Station (Figures 1 and 2). During the last 59 

years, the annual temperature average recorded 
was 90C and the annual amount of rainfall was 
520.6 mm. The average temperatures recorded 
during the months from the vegetation period 
of pea crop have varied during all three years, 
but they were higher than the average during 59 
years by 1.40C in 2014, characterized as the 
hottest year during the last 59 years, by 1.10C 
in 2015, being considered a hot year and by 
1.20C in 2016, being considered a warm year.  
 

 
Figure 1. Thermal regime during the vegetation period of 

pea crop, ARDS Turda 2014-2016 
 

 
Figure 2. Rain regime during the vegetation period of 

pea crop, ARDS Turda, 2014-2016 
 

The amount of rainfall recorded in 2014 was 
higher than the average during 59 years, being 
considered an excessively rainy year, the 
rainfall during the first half of 2015 was under 
the monthly amount during the last 59 years 
and pea had to suffer from the drought installed 
in spring, in 2016 the amount of rainfall was 
higher than the average during 59 years, being 
considered an excessively rainy year. In 2015, 
the rainfall was more reduced, and its absence 
during the optimal moments for the 

development of the crop resulted in a 
significant production loss. In 2014 and 2016, 
temperatures and rainfall were beneficial for 
the pea crop, the productions obtained were the 
result of the interaction between optimal 
climate conditions. 
The rainfall from the winter months and those 
from the vegetation period contributed to the 
increase of soil moisture, which resulted in the 
creation of favorable conditions for the uprise 
and development of pea crop. 
The relief from the research area is represented 
71% by a hill orographic frame, with slopes 
submitted to an increased process of surface 
erosion. This, together with the degree of soil 
coverage with vegetation influences the process 
of erosion especially when they are strongly 
connected to rain, temperature and wind.  
The lack of rain corroborated with the increase 
of annual average temperature offer a tendency 
of aridization of the climate in the area, which 
imposes taking measures to prevent erosion for 
the agricultural fields by introducing some 
variants of soil tillage systems according to the 
effects of global warming. 
The main aim of introducing the new variants 
of soil tillage systems is the reduction of soil 
erosion, but in the areas lacking rain it is highly 
important to reduce the effects of the 
atmosphere and pedological drought by 
accumulating and keeping rain water in the soil 
for a higher period of time. 
The vegetal debris from the soil surface reduce 
the degree of soil erosion produced by wind 
and surface leaks but also prevent the 
evaporation of water from the soil exposed 
from the first phases of vegetation of 
agricultural crops, but also after the harvest of 
the plants, especially those which are harvested 
early, like it is the case of pea, when it is very 
important that the soil should preserve a 
quantity of water as high as possible for the 
crops which are going to be sown in the fall. 
The current moisture reserve of the soil 
recorded 0-20 cm deep is higher than the 
minimum limit of 503.1 m3/ha in all three soil 
tillage systems, the highest values are recorded 
in the conservative soil tillage systems, as these 
systems have a higher capacity of accumulating 
and keeping water in the soil. In the system 
with direct sowing, the water reserve recorded 
is significantly higher than the one from the 
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processing equipment, the cultivating depth and 
climate changes (Szajdak et al., 2003; Simon et 
al., 2014). The quantity of water stocked in the 
soil depends not only on a good management of 
technology but also on the crop, the most 
reduced water deficit in the soil appears to be 
after the pea crop (Sopterean and Puia, 2012; 
Velykis and Satkus, 2012). 
Minimum tillage has numerous positive effects 
on soil, such as improvement of water content, 
reduction of soil erosion and fuel economy, but 
minimum tillage can also lead to soil 
compaction, which could affect seed 
germination, root growth and crop yield 
(D’Haene et al., 2008).  
Penetration resistance of soil is an important 
parameter that influences to the root growth 
and water movement, therefore, penetration 
resistance is mostly associated with soil 
moisture changes (Quang et al., 2012). The soil 
penetration resistance is influenced by soil 
moisture and is necessary when using this 
parameter on soil property, the values be 
supplemented by the information of soil 
moisture value (Cara et al., 2008). 
Pea is a plant which is cultivated in regions 
with cold climate (Simon et al., 2015) but it is 
tolerant to different environment conditions, 
different types of soil and it has a short 
vegetation period, taking into account all of the 
above it can be easily introduced in crop 
rotations. 
The purpose of this paper is the research of the 
influence of applying minimum tillage systems 
and climate conditions on the current moisture 
reserve in the soil and the production of pea 
crop. 
 
MATERIALS AND METHODS 
 
The experiment was made during 2014-2016, at 
the Agricultural Research and Development 
Station Turda (ADRS Turda), on a vertic 
phaeosiom type of soil, with neutral pH, 
clayey-loamy texture, average humus  content 
and good supply of nitrogen, phosphorus and 
mobile potassium. 
Pea was sowed in the third decade of March, 
with a quantity of 100 germinable grains per 1 
m2, at a distance between lines of 18 cm, with 
Gaspardo Directa 400 sowing machine. 
The experimental factors are:  

Factor a - Soil tillage system: a1-conventional 
tillage system which includes plowing 25 cm 
deep after the harvest of the pre-emerging crop 
and soil processing with rotary harrow before 
sowing; a2-Minimum tillage system with chisel 
30 cm deep after the harvest of the pre-
emerging crop and soil processing with rotary 
harrow before sowing; a3-No-tillage system.  
Factor b - climate conditions during 
experimental years: b1-2014, b2-2015, b3-2016. 
In order to assess the pea production cultivated 
in all three soil tilalge systems, we have studied 
an afila pea genotype: Tudor. Pea was 
cultivated in a 3 years rotation crop, the pre-
emerging plant was autumn wheat. 
After having sowed, a pre-emerging 
herbicidation with Glyfos (glyfosat 360 g/l) - 4 
l/ha was made in all three systems. The control 
of monocotyledonous and dicotyledonous 
weeds per vegetation was made with Tender 
(S-metolaclor 960 g/l) - 1.5 l/ha, Pulsar 
(imazamox 40 g/l) - 1.0 l/ha and Agil 
(propaquizafop 100 g/l) - 1.0 l/ha herbicides in 
the rosette phenophase of dicotyledonous 
weeds and 3-4 leaves at monocotyledonous. 
In order to protect pea crop against pests during 
early bloom, a treatment with insecticide 
(tiacloprid 480 g/l) - 0.1 l/ha was made and 10 
days after blooming the treatment was repeated. 
Determine the reserve of momentaneous 
moisture: in order to determine these indices, 
monthly samples have been taken from each 
soil tillage system during all vegetation period 
with the help of the Tetha drill, 50 cm deep by 
using the gravimetric method with drying oven 
at 108°C for 8 hours. 
Determine the soil resistance to penetration: it 
was made after harvesting the crop, with the 
help of the Digital Field Scout Penetrometer 
900 SC, 0-45 cm deep, from each experimental 
variant. 
The results obtained were statistically 
processed according to the method of analyzing 
the variant and establishing the lowest 
significant differences, LSD (5%, 1% and 
0.1%) (ANOVA, 2015). 
 
RESULTS AND DISCUSSIONS 
 
The climate conditions during 2014-2016 are 
presented according to ARDS Turda Weather 
Station (Figures 1 and 2). During the last 59 

years, the annual temperature average recorded 
was 90C and the annual amount of rainfall was 
520.6 mm. The average temperatures recorded 
during the months from the vegetation period 
of pea crop have varied during all three years, 
but they were higher than the average during 59 
years by 1.40C in 2014, characterized as the 
hottest year during the last 59 years, by 1.10C 
in 2015, being considered a hot year and by 
1.20C in 2016, being considered a warm year.  
 

 
Figure 1. Thermal regime during the vegetation period of 

pea crop, ARDS Turda 2014-2016 
 

 
Figure 2. Rain regime during the vegetation period of 

pea crop, ARDS Turda, 2014-2016 
 

The amount of rainfall recorded in 2014 was 
higher than the average during 59 years, being 
considered an excessively rainy year, the 
rainfall during the first half of 2015 was under 
the monthly amount during the last 59 years 
and pea had to suffer from the drought installed 
in spring, in 2016 the amount of rainfall was 
higher than the average during 59 years, being 
considered an excessively rainy year. In 2015, 
the rainfall was more reduced, and its absence 
during the optimal moments for the 

development of the crop resulted in a 
significant production loss. In 2014 and 2016, 
temperatures and rainfall were beneficial for 
the pea crop, the productions obtained were the 
result of the interaction between optimal 
climate conditions. 
The rainfall from the winter months and those 
from the vegetation period contributed to the 
increase of soil moisture, which resulted in the 
creation of favorable conditions for the uprise 
and development of pea crop. 
The relief from the research area is represented 
71% by a hill orographic frame, with slopes 
submitted to an increased process of surface 
erosion. This, together with the degree of soil 
coverage with vegetation influences the process 
of erosion especially when they are strongly 
connected to rain, temperature and wind.  
The lack of rain corroborated with the increase 
of annual average temperature offer a tendency 
of aridization of the climate in the area, which 
imposes taking measures to prevent erosion for 
the agricultural fields by introducing some 
variants of soil tillage systems according to the 
effects of global warming. 
The main aim of introducing the new variants 
of soil tillage systems is the reduction of soil 
erosion, but in the areas lacking rain it is highly 
important to reduce the effects of the 
atmosphere and pedological drought by 
accumulating and keeping rain water in the soil 
for a higher period of time. 
The vegetal debris from the soil surface reduce 
the degree of soil erosion produced by wind 
and surface leaks but also prevent the 
evaporation of water from the soil exposed 
from the first phases of vegetation of 
agricultural crops, but also after the harvest of 
the plants, especially those which are harvested 
early, like it is the case of pea, when it is very 
important that the soil should preserve a 
quantity of water as high as possible for the 
crops which are going to be sown in the fall. 
The current moisture reserve of the soil 
recorded 0-20 cm deep is higher than the 
minimum limit of 503.1 m3/ha in all three soil 
tillage systems, the highest values are recorded 
in the conservative soil tillage systems, as these 
systems have a higher capacity of accumulating 
and keeping water in the soil. In the system 
with direct sowing, the water reserve recorded 
is significantly higher than the one from the 
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classical soil tillage system, as one can notice 
in Table 1.  
The results obtained by Su et al. (2007), 
showed that the water reserve in the soil is 
growing by 25% when applying the system of 
direct sowing compared to the classical system, 
over a period of 6 years. 
The level of field capacity of 590.6 m3/ha 0-20 
cm deep was reached during the period when 
recordings were made, the values recorded in 
the conservative systems were higher than this 
level compared to the classical system, where 
the moisture value records a deficit compared 
to the field capacity, of 7.8 m3/ha. 
 

Table 1. Influence of the soil tillage system on the 
moisture reserve of the soil 0-20 cm deep,  

Turda 2014-2016 
Variant Moisture 

reserve 
(m3/ha) 

Difference, 
± 

(m3/ha)

Significance 

Conventional 
system (witness) 

582.8 Mt. - 

Minimum tillage 593.4 10.6 - 
No-tillage 600.0 17.2 * 

LSD (p 5%) 13.1     LSD (p 1%) 30.2    LSD (p 0.1%) 96.1 

 
The rainfall during the vegetation period of the 
pea crop in 2016 determined a very significant 
growth of the water reserve in the soil 
compared to the average of all three years 
studied, the plants could benefit from a higher 
quantity of accessible water. As one can notice 
in Table 2, during 2014 and 2015 the water 
quantity from the soil was significantly lower 
than the witness, rainfall during this period was 
scarce and more non-uniform than in 2016, 
some of it torrential. 
 

Table 2. Influence of the experimental years on the 
moisture reserve of the soil 0-20 cm deep 

Variant Moisture 
reserve 
(m3/ha) 

Difference, 
± 

(m3/ha) 

Significance 

Average 
(witness) 

592.0 Mt. - 

2014 575.3 -16.7 000 
2015 559.7 -32.3 000 
2016 641.1 49.1 *** 
LSD (p 5%) 3.9        LSD (p 1%) 5.9        LSD (p 0.1%) 9.5

 
During the vegetation period of the pea crop, 
the recorded moisture reserve from the soil 
varied, the smallest value being recorded in 
March, with a very significant difference 
compared to the average of the 5 months when 
the recordings were made and the highest in 

April and May with very significant differences 
compared to witness (Figure 3), as Moraru and 
Rusu (2012) states, the water content in the soil 
is growing during all development season of 
plants, especially when conventional soil tillage 
systems are being replaced by conservative soil 
tillage systems, this water is used more 
efficiently during all vegetation period. 
The current moisture reserve from the soil 
recorded 0-50 cm deep is higher after having 
applied conservative soil tillage systems, with a 
significant difference of 11.5 m3/ha  in the case 
of applying minimum tillage system and with a 
distinct significant difference of 19.6 m3/ha in 
the case of direct sowing system compared to 
the classical soil tillage system considered as a 
witness (Table 3). 
 

 
Figure 3. Monthly average of the current moisture 
reserve of the soil 0-20 cm deep, Turda 2014-2016 

 
Table 3. Influence of the soil tillage system on the 

moisture reserve of the soil 0-50 cm deep,  
Turda 2014-2016 

Variant Moisture 
reserve 
(m3/ha) 

Difference, 
± 

(m3/ha) 

Significance 

Conventional 
system (witness) 

1873.9 Mt. - 

Minimum tillage 1885.4 11.5 * 
No-tillage 1893.5 19.6 ** 

LSD (p 5%) 7.7     LSD (p 1%) 17.9    LSD (p 0.1%) 56.9 

 
Following the research made with regards to 
the moisture reserve from the soil recorded at 
the wheat crop in Turda area, Chetan et al. 
(2016) specify the fact that in general, the 
higher values of the accessible water reserve in 
the soil were found in the classical soil tillage 
system, but from which it was lost easier than 
in the no tillage system, that in the conservative 

soil tillage systems water accumulates with 
more difficulty in the soil but it is lost slower 
and in the classical system it accumulates easier 
but it is also lost easier. 
The moisture reserve from the soil 0-50 cm 
deep was also influenced by the rainfall during 
the vegetation period, the water reserve was 
over the minimum limit of 1734.8 m3/ha in all 
three years studied, but in 2016 the moisture 
value recorded was significantly higher than 
the average of all three years (Table 4). 
 
Table 4. Influence of experimental years on the moisture 

reserve of the soil 0-50 cm deep 
Variant Moisture reserve 

(m3/ha) 
Difference, ± 

(m3/ha) 
Significance 

Average 
(witness) 

1884.3 Mt. - 

2014 1847.9 -36.4 000 
2015 1817.0 -67.3 000 
2016 1987.9 103.7 *** 

LSD (p 5%) 11.7    LSD (p 1%) 17.7    LSD (p 0.1%) 28.4 

 
As one can notice in Table 5, in the case of 
interaction between the two experimental 
factors (soil tillage systems and climate 
conditions), the highest quantity of water from 
the soil was determined in 2016, in the case of 
applying the system with no-tillage system, 
with a very significant positive difference of 
52.7 m3/ha compared to witness. 
 
Table 5. The interaction between year and tillage system 
factor on the moisture reserve of the soil 0-20 cm deep 

Variant* Moisture 
reserve 
(m3/ha) 

Difference, 
± 

(m3/ha) 

Significance 

b0a1 582.8 0 Mt. 
b1a1 565.2 -17.6 000 
b2a1 554.6 -28.2 000 
b3a1 628.5 +45.7 *** 
b0a2 593.4 0 Mt. 
b1a2 579.7 -13.7 00 
b2a2 558.3 -35.1 000 
b3a2 642.1 +48.7 *** 
b0a3 600.0 0 Mt. 
b1a3 581.1 -18.9 000 
b2a3 566.2 -33.8 000 
b3a3 652.7 +52.7 *** 

LSD (p 5%) 6.7    LSD (p 1%) 10.2    LSD (p 0.1%) 16.4 
*b0-years average; b1-2014; b2-2015; b3-2016. 
a1- conventional system; a2- minimum tillage; a3- no-tillage. 
 
Although in 2015 there was a deficit of rain 
during the vegetation period of the pea crop 
(March-July), there weren’t recorded values of 
the soil moisture under 333 m3/ha, representing 
the value of the fading coefficient. 

The rain from March-July in 2016 resulted in 
the reserve of useful water in the soil exceed 
the level of field capacity 590.6 m3/ha, by 37.9 
m3/ha in the conventional soil tillage system, 
by 51.5 m3/ha when applying the minimum soil 
tillage system and by 62.1 m3/ha in the case of 
the system with no-tillage. 
The level of field capacity hasn’t been reached 
during the vegetation period of the pea crop in 
2014, respectively in 2015, in the case of the 
conventional soil tillage system, but after 
applying the conservative soil tillage systems, 
the value of the soil moisture determined in 
2014 was close to this value, with a deficit of -
10.9 m3/ha in the case of minimum soil tillage 
system and by 9.5 m3/ha in the case of the 
system with no-tillage. 
How soil is processed influences a lot 
productions recorded in the case of pea crops, 
the highest production being recorded in the 
classical soil tillage system, after having 
applied the minimum soil tillage system it 
drops with a distinct significant difference and 
after having applied the direct sowing system, 
production decreases very much compared to 
the conventional system, as one can see in 
Table 6. 
According to the research made by Jitareanu et 
al. (2006), in the case of the pea crop, the 
biggest productions are recorded in the 
conventional soil tillage system,  that is almost 
40.8% higher than the herbicide system. From 
the experiments made by Marin et al. (2011), 
the grain production obtained in the 
conventional system is higher compared to the 
chisel variants at different depths. 
 
Table 6. The influence of the tillage system on the yield 

of pea 
Variant  Yield (kg/ha) Difference, ± 
Conventional system 
(witness) 

3683 - 

Minimum tillage 360800 -74 
No-tillage 2459000 -1223 
LSD (p 5%) 53        LSD (p 1%) 73         DL (p 0.1%) 99 

 
As one can notice in Table 7, in 2015 the lack 
of rainfall in the first half of June (blooming 
time-formation of pods) led to a very 
significant decrease of production by - 890 
kg/ha compared to the average of the years and 
compared to the other two years (2014 and 
2016) when rainfall was more uniformly 
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classical soil tillage system, as one can notice 
in Table 1.  
The results obtained by Su et al. (2007), 
showed that the water reserve in the soil is 
growing by 25% when applying the system of 
direct sowing compared to the classical system, 
over a period of 6 years. 
The level of field capacity of 590.6 m3/ha 0-20 
cm deep was reached during the period when 
recordings were made, the values recorded in 
the conservative systems were higher than this 
level compared to the classical system, where 
the moisture value records a deficit compared 
to the field capacity, of 7.8 m3/ha. 
 

Table 1. Influence of the soil tillage system on the 
moisture reserve of the soil 0-20 cm deep,  

Turda 2014-2016 
Variant Moisture 

reserve 
(m3/ha) 

Difference, 
± 

(m3/ha)

Significance 

Conventional 
system (witness) 

582.8 Mt. - 

Minimum tillage 593.4 10.6 - 
No-tillage 600.0 17.2 * 

LSD (p 5%) 13.1     LSD (p 1%) 30.2    LSD (p 0.1%) 96.1 

 
The rainfall during the vegetation period of the 
pea crop in 2016 determined a very significant 
growth of the water reserve in the soil 
compared to the average of all three years 
studied, the plants could benefit from a higher 
quantity of accessible water. As one can notice 
in Table 2, during 2014 and 2015 the water 
quantity from the soil was significantly lower 
than the witness, rainfall during this period was 
scarce and more non-uniform than in 2016, 
some of it torrential. 
 

Table 2. Influence of the experimental years on the 
moisture reserve of the soil 0-20 cm deep 

Variant Moisture 
reserve 
(m3/ha) 

Difference, 
± 

(m3/ha) 

Significance 

Average 
(witness) 

592.0 Mt. - 

2014 575.3 -16.7 000 
2015 559.7 -32.3 000 
2016 641.1 49.1 *** 
LSD (p 5%) 3.9        LSD (p 1%) 5.9        LSD (p 0.1%) 9.5

 
During the vegetation period of the pea crop, 
the recorded moisture reserve from the soil 
varied, the smallest value being recorded in 
March, with a very significant difference 
compared to the average of the 5 months when 
the recordings were made and the highest in 

April and May with very significant differences 
compared to witness (Figure 3), as Moraru and 
Rusu (2012) states, the water content in the soil 
is growing during all development season of 
plants, especially when conventional soil tillage 
systems are being replaced by conservative soil 
tillage systems, this water is used more 
efficiently during all vegetation period. 
The current moisture reserve from the soil 
recorded 0-50 cm deep is higher after having 
applied conservative soil tillage systems, with a 
significant difference of 11.5 m3/ha  in the case 
of applying minimum tillage system and with a 
distinct significant difference of 19.6 m3/ha in 
the case of direct sowing system compared to 
the classical soil tillage system considered as a 
witness (Table 3). 
 

 
Figure 3. Monthly average of the current moisture 
reserve of the soil 0-20 cm deep, Turda 2014-2016 

 
Table 3. Influence of the soil tillage system on the 

moisture reserve of the soil 0-50 cm deep,  
Turda 2014-2016 

Variant Moisture 
reserve 
(m3/ha) 

Difference, 
± 

(m3/ha) 

Significance 

Conventional 
system (witness) 

1873.9 Mt. - 

Minimum tillage 1885.4 11.5 * 
No-tillage 1893.5 19.6 ** 

LSD (p 5%) 7.7     LSD (p 1%) 17.9    LSD (p 0.1%) 56.9 

 
Following the research made with regards to 
the moisture reserve from the soil recorded at 
the wheat crop in Turda area, Chetan et al. 
(2016) specify the fact that in general, the 
higher values of the accessible water reserve in 
the soil were found in the classical soil tillage 
system, but from which it was lost easier than 
in the no tillage system, that in the conservative 

soil tillage systems water accumulates with 
more difficulty in the soil but it is lost slower 
and in the classical system it accumulates easier 
but it is also lost easier. 
The moisture reserve from the soil 0-50 cm 
deep was also influenced by the rainfall during 
the vegetation period, the water reserve was 
over the minimum limit of 1734.8 m3/ha in all 
three years studied, but in 2016 the moisture 
value recorded was significantly higher than 
the average of all three years (Table 4). 
 
Table 4. Influence of experimental years on the moisture 

reserve of the soil 0-50 cm deep 
Variant Moisture reserve 

(m3/ha) 
Difference, ± 

(m3/ha) 
Significance 

Average 
(witness) 

1884.3 Mt. - 

2014 1847.9 -36.4 000 
2015 1817.0 -67.3 000 
2016 1987.9 103.7 *** 

LSD (p 5%) 11.7    LSD (p 1%) 17.7    LSD (p 0.1%) 28.4 

 
As one can notice in Table 5, in the case of 
interaction between the two experimental 
factors (soil tillage systems and climate 
conditions), the highest quantity of water from 
the soil was determined in 2016, in the case of 
applying the system with no-tillage system, 
with a very significant positive difference of 
52.7 m3/ha compared to witness. 
 
Table 5. The interaction between year and tillage system 
factor on the moisture reserve of the soil 0-20 cm deep 

Variant* Moisture 
reserve 
(m3/ha) 

Difference, 
± 

(m3/ha) 

Significance 

b0a1 582.8 0 Mt. 
b1a1 565.2 -17.6 000 
b2a1 554.6 -28.2 000 
b3a1 628.5 +45.7 *** 
b0a2 593.4 0 Mt. 
b1a2 579.7 -13.7 00 
b2a2 558.3 -35.1 000 
b3a2 642.1 +48.7 *** 
b0a3 600.0 0 Mt. 
b1a3 581.1 -18.9 000 
b2a3 566.2 -33.8 000 
b3a3 652.7 +52.7 *** 

LSD (p 5%) 6.7    LSD (p 1%) 10.2    LSD (p 0.1%) 16.4 
*b0-years average; b1-2014; b2-2015; b3-2016. 
a1- conventional system; a2- minimum tillage; a3- no-tillage. 
 
Although in 2015 there was a deficit of rain 
during the vegetation period of the pea crop 
(March-July), there weren’t recorded values of 
the soil moisture under 333 m3/ha, representing 
the value of the fading coefficient. 

The rain from March-July in 2016 resulted in 
the reserve of useful water in the soil exceed 
the level of field capacity 590.6 m3/ha, by 37.9 
m3/ha in the conventional soil tillage system, 
by 51.5 m3/ha when applying the minimum soil 
tillage system and by 62.1 m3/ha in the case of 
the system with no-tillage. 
The level of field capacity hasn’t been reached 
during the vegetation period of the pea crop in 
2014, respectively in 2015, in the case of the 
conventional soil tillage system, but after 
applying the conservative soil tillage systems, 
the value of the soil moisture determined in 
2014 was close to this value, with a deficit of -
10.9 m3/ha in the case of minimum soil tillage 
system and by 9.5 m3/ha in the case of the 
system with no-tillage. 
How soil is processed influences a lot 
productions recorded in the case of pea crops, 
the highest production being recorded in the 
classical soil tillage system, after having 
applied the minimum soil tillage system it 
drops with a distinct significant difference and 
after having applied the direct sowing system, 
production decreases very much compared to 
the conventional system, as one can see in 
Table 6. 
According to the research made by Jitareanu et 
al. (2006), in the case of the pea crop, the 
biggest productions are recorded in the 
conventional soil tillage system,  that is almost 
40.8% higher than the herbicide system. From 
the experiments made by Marin et al. (2011), 
the grain production obtained in the 
conventional system is higher compared to the 
chisel variants at different depths. 
 
Table 6. The influence of the tillage system on the yield 

of pea 
Variant  Yield (kg/ha) Difference, ± 
Conventional system 
(witness) 

3683 - 

Minimum tillage 360800 -74 
No-tillage 2459000 -1223 
LSD (p 5%) 53        LSD (p 1%) 73         DL (p 0.1%) 99 

 
As one can notice in Table 7, in 2015 the lack 
of rainfall in the first half of June (blooming 
time-formation of pods) led to a very 
significant decrease of production by - 890 
kg/ha compared to the average of the years and 
compared to the other two years (2014 and 
2016) when rainfall was more uniformly 
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distributed during the 5 months, the biggest 
production of 4210 kg/ha was recorded in 
2016, the difference compared to the average of 
the three years being statistically ensured as 
very important. 

 
Table 7. The influence of experimental years on the yield 

of pea 
Variant Yield (kg/ha) Difference, ± 
Average (witness) 3250 - 
2014 3181 -69 
2015 2360000 -890 
2016 4210*** 959 
LSD (p 5%) 73         LSD (p 1%) 110         LSD (p 0.1%) 177 

 
The soil resistance to penetration was 
influenced by the climate conditions from all 
three experimental years (moisture), thus in 
2015 when rain was lower than in the other two 
years, the values recorded when harvesting the 
crop were higher than the average for three 
years, the difference of 145 kPa is very 
significantly positive, still the value of 1450 
kPa hasn’t prevented the development of the 
radicular system in the case of the pea. 
The values of resistance to penetration recorded 
in 2014 were slightly more reduced than the 
average considered witness, the difference of 
only -39 kPa is insignificant, the results are 
presented in Table 8. 
In 2016, the quantity of rain fallen during the 
entire vegetation period of the pea crop resulted 
in the soil resistance to penetration determined 
when the crop was harvested, should record the 
lowest values in all three years studied, the 
difference of -105 kPa is considered from a 
statistically point of view distinct significantly 
negative. 

 
Table 8. Influence of the experimental years on soil 

penetration resistance 
Variant  Soil penetration 

resistance 
 (kPa) 

Difference, ±  
(kPa) 

Significance  

Average 
(witness) 

1305 - Mt. 

2014 1266 -39 - 
2015 1450 145 *** 
2016 1200 -105 00 
LSD  (p 5%) 46          LSD (p 1%) 69        LSD (p 0.1%) 111 

 
From the data presented in Table 9 it results 
that the soil tillage system influences the soil 
resistance to penetration, in the case of 
applying the two conservative systems 
(minimum soil tillage and no-tillage system) 

the value of resistance increases with very 
significant differences (90 kPa respectively 156 
kPa) compared to the conventional soil tillage 
system considered as witness. 
The soil from the research area is slightly 
compactable, but even when applying 
minimum soil tillage systems during more than 
5 years we didn’t record very high values of the 
soil resistance to penetration, values which can 
prevent the natural development of the  
radicular system of crop plants. 
 

Table 9. The influence of the tillage system on soil 
penetration resistance 

Variant  Soil 
penetration 
resistance 

(kPa) 

Difference, ± 
(kPa)  

Significance  

Conventional 
system 
(witness) 

1224 - Mt. 

Minimum 
tillage 

1313 90 *** 

No-tillage 1379 156 *** 
LSD (p 5%) 39          LSD (p 1%) 54          LSD (p 0.1%) 73 

  
Table 10 presents the influence of the depth of 
the soil layer on the soil resistance to 
penetration, as it has a really big influence on 
it, as one can notice on the depth of 0-10 cm 
the values recorded don’t exceed 800 kPa, the 
differences compared to the average of the 
values on the depth of 0-45 cm being 
considered very significantly negative, on the 
depth of 10-15 cm the value increases up to 
1223 kPa, the value is lower than the average, 
still the difference of -83 kPa is considered 
significantly negative. 
 
Table 10. Influence of the soil depth on soil penetration 

resistance 
Variant   Soil penetration 

resistance  
(kPa) 

Difference, ±  
(kPa) 

Significance  

Average 
(witness) 

1305 - Mt. 

0-5 368 -937 000 
5-10 770 -535 000 
10-15 1223 -83 0 
15-20 1354 48 - 
20-25 1546 241 *** 
25-30 1617 312 *** 
30-35 1632 327 *** 
35-40 1636 331 *** 
40-45 1602 297 *** 
LSD (p 5%) 64          LSD (p 1%) 85      LSD (p 0.1%) 109 

 
After the depth of 20 cm the values of the soil 
resistance to penetration increase with highly 

significant differences compared to the witness, 
the highest value of resistance is recorded on 
the depth of 35-40 cm, this value reaching over 
1636 kPa. 
The values of the soil resistance to penetration 
increase up to the depth of 30 cm, the depth of 
the soil processing, stabilizes on the depth 25-
40 cm then begin to decrease after the depth of  
40 cm. 
 
CONCLUSIONS 
 
The water quantity in the soil available to 
plants is one of the most important factors 
which determines the production of a crop. 
Even if the amount of rainfall from the 
vegetation period corresponds to the value 
necessary for a good development of pea 
plants, the non-uniformity of rainfall and its 
lack during important periods lead to an 
important decrease of the production. 
The soil tillage system influences a lot the 
moisture reserve of the soil, the conservative 
soil tillage systems are an important factor for 
the accumulation and preserve of the soil 
moisture. 
Both in the conventional system and in the 
conservative systems, the water is over the 
minimum limit of 503.1 m3/ha, the highest 
value is recorded in the case of the minimum 
systems. In the case of applying the 
conservative systems, the water reserve is kept 
better than in the conventional soil tillage 
system. The highest quantity of water was 
recorded in 2016. The closest values of the 
water reserve were set in 2015 when rainfall 
was very low. 
The pea production is influenced by several 
factors, the most important ones being the 
climate conditions through the quantity of 
water necessary for the best development and 
how soil is processed. 
At 30-40 cm depth, the highest value of soil 
resistance to penetration of 1636 kPa is 
recorded, the depth reached by the machines’ 
working parts. 
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distributed during the 5 months, the biggest 
production of 4210 kg/ha was recorded in 
2016, the difference compared to the average of 
the three years being statistically ensured as 
very important. 

 
Table 7. The influence of experimental years on the yield 

of pea 
Variant Yield (kg/ha) Difference, ± 
Average (witness) 3250 - 
2014 3181 -69 
2015 2360000 -890 
2016 4210*** 959 
LSD (p 5%) 73         LSD (p 1%) 110         LSD (p 0.1%) 177 

 
The soil resistance to penetration was 
influenced by the climate conditions from all 
three experimental years (moisture), thus in 
2015 when rain was lower than in the other two 
years, the values recorded when harvesting the 
crop were higher than the average for three 
years, the difference of 145 kPa is very 
significantly positive, still the value of 1450 
kPa hasn’t prevented the development of the 
radicular system in the case of the pea. 
The values of resistance to penetration recorded 
in 2014 were slightly more reduced than the 
average considered witness, the difference of 
only -39 kPa is insignificant, the results are 
presented in Table 8. 
In 2016, the quantity of rain fallen during the 
entire vegetation period of the pea crop resulted 
in the soil resistance to penetration determined 
when the crop was harvested, should record the 
lowest values in all three years studied, the 
difference of -105 kPa is considered from a 
statistically point of view distinct significantly 
negative. 

 
Table 8. Influence of the experimental years on soil 

penetration resistance 
Variant  Soil penetration 

resistance 
 (kPa) 

Difference, ±  
(kPa) 

Significance  

Average 
(witness) 

1305 - Mt. 

2014 1266 -39 - 
2015 1450 145 *** 
2016 1200 -105 00 
LSD  (p 5%) 46          LSD (p 1%) 69        LSD (p 0.1%) 111 

 
From the data presented in Table 9 it results 
that the soil tillage system influences the soil 
resistance to penetration, in the case of 
applying the two conservative systems 
(minimum soil tillage and no-tillage system) 

the value of resistance increases with very 
significant differences (90 kPa respectively 156 
kPa) compared to the conventional soil tillage 
system considered as witness. 
The soil from the research area is slightly 
compactable, but even when applying 
minimum soil tillage systems during more than 
5 years we didn’t record very high values of the 
soil resistance to penetration, values which can 
prevent the natural development of the  
radicular system of crop plants. 
 

Table 9. The influence of the tillage system on soil 
penetration resistance 

Variant  Soil 
penetration 
resistance 

(kPa) 

Difference, ± 
(kPa)  

Significance  

Conventional 
system 
(witness) 

1224 - Mt. 

Minimum 
tillage 

1313 90 *** 

No-tillage 1379 156 *** 
LSD (p 5%) 39          LSD (p 1%) 54          LSD (p 0.1%) 73 

  
Table 10 presents the influence of the depth of 
the soil layer on the soil resistance to 
penetration, as it has a really big influence on 
it, as one can notice on the depth of 0-10 cm 
the values recorded don’t exceed 800 kPa, the 
differences compared to the average of the 
values on the depth of 0-45 cm being 
considered very significantly negative, on the 
depth of 10-15 cm the value increases up to 
1223 kPa, the value is lower than the average, 
still the difference of -83 kPa is considered 
significantly negative. 
 
Table 10. Influence of the soil depth on soil penetration 

resistance 
Variant   Soil penetration 

resistance  
(kPa) 

Difference, ±  
(kPa) 

Significance  

Average 
(witness) 

1305 - Mt. 

0-5 368 -937 000 
5-10 770 -535 000 
10-15 1223 -83 0 
15-20 1354 48 - 
20-25 1546 241 *** 
25-30 1617 312 *** 
30-35 1632 327 *** 
35-40 1636 331 *** 
40-45 1602 297 *** 
LSD (p 5%) 64          LSD (p 1%) 85      LSD (p 0.1%) 109 

 
After the depth of 20 cm the values of the soil 
resistance to penetration increase with highly 

significant differences compared to the witness, 
the highest value of resistance is recorded on 
the depth of 35-40 cm, this value reaching over 
1636 kPa. 
The values of the soil resistance to penetration 
increase up to the depth of 30 cm, the depth of 
the soil processing, stabilizes on the depth 25-
40 cm then begin to decrease after the depth of  
40 cm. 
 
CONCLUSIONS 
 
The water quantity in the soil available to 
plants is one of the most important factors 
which determines the production of a crop. 
Even if the amount of rainfall from the 
vegetation period corresponds to the value 
necessary for a good development of pea 
plants, the non-uniformity of rainfall and its 
lack during important periods lead to an 
important decrease of the production. 
The soil tillage system influences a lot the 
moisture reserve of the soil, the conservative 
soil tillage systems are an important factor for 
the accumulation and preserve of the soil 
moisture. 
Both in the conventional system and in the 
conservative systems, the water is over the 
minimum limit of 503.1 m3/ha, the highest 
value is recorded in the case of the minimum 
systems. In the case of applying the 
conservative systems, the water reserve is kept 
better than in the conventional soil tillage 
system. The highest quantity of water was 
recorded in 2016. The closest values of the 
water reserve were set in 2015 when rainfall 
was very low. 
The pea production is influenced by several 
factors, the most important ones being the 
climate conditions through the quantity of 
water necessary for the best development and 
how soil is processed. 
At 30-40 cm depth, the highest value of soil 
resistance to penetration of 1636 kPa is 
recorded, the depth reached by the machines’ 
working parts. 
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Abstract 
 
Length-weight relationship, Fulton’s K condition factor and the size structure were assessed for unsexed cyprinid gibel 
carp, Carassius gibelio (Bloch, 1782) (N= 100) caught from Pantelimon II Lake area - a man-made lake from 
Colentina River.  
Negative allometric growth was estimated for gibel carp in both seasons: TW = 0.0396 x TL2.7583 (N=50, November 
2016) and TW = 0.0269 x TL2.8639 (N=50, May 2017). Condition factor K registered values between 1.44 and 2.38 (cold 
season), 1.49 and 3.79 (warm season). 
The physico-chemical parameters such as pH, electrical conductivity, total dissolved solids, total hardness, chemical 
oxygen demand, ammonium nitrogen, nitrite-nitrogen, nitrate nitrogen and phosphorus-phosphate were determined, in 
order to evaluate the impact of abiotic environmental conditions on fish population. The microbiological examination 
of water quality was also carried out, to detect the micromycetes which may pose health risk to both human and fish. 
The presence of Penicillium spp. and some yeast strains were confirmed in water samples from the studied area. 
According to all analyzed parameters, the water resource was found to be within the suitable range for well-being of C. 
gibelio, which is important assuming that local fishermen often catch and eat gibel carp. 
To our knowledge, this paper provides first information on length-weight relationship, Fulton’s K condition factor and 
the size structure of Carassius gibelio from Pantelimon II Lake. 
 
Key words: gibel carp, length-weight relationship, Pantelimon Lake, water quality. 
 
INTRODUCTION  
 
The size of specimens and water-quality factors 
are among the many determinants that 
influence the population of a fish (Stavrescu-
Bedivan et al., 2016).  
Pantelimon lakes I and II - man-made lakes, 
originating in the damming of Colentina River, 
crossing the Bucharest municipality - have 
recreational value, being designed for the local 
tourism and for fishing activities (Petrisor, 
2000).  
Pantelimon II Lake, along with Cernica Lake, 
is also used as industrial water supply, in the 
south-east of Bucharest (Stănescu & 
Gavriloaie, 2011).  
Environmental pollution was noticed in this 
lentic ecosystem, due to the use of pesticides 
and the dumping of household wastes by the 
inhabitants of the adjacent districts (Petrisor, 
2000).  

According to data obtained from sportive 
fisherman and other reports, in the 
ichthyofauna community structure of 
Pantelimon lakes were noticed before the 
following species:  Carassius auratus gibelio 
(gibel carp), Carassius carassius (crucian 
carp), Hypophthalichthys nobilis (bighead 
carp), Cyprinus carpio (common carp),  
Alburnus sp. (bleak), Pelecus cultratus (sichel), 
Perca fluviatilis (European perch), Stizostedion 
lucioperca (zander), Rutilus rutilus (roach), 
Scardinius erythrophtalmus (rudd), Rhodeus 
amarus (European biterrling), Lepomis 
gibossus (pumpkinseed), Gobius kessleri (the 
Kessler’s gudgeon), Gambusia holbrooki 
(mosquitofish), Ameiurus nebulosus (brown 
bullhead) (Petrisor, 2000; Gavriloaie & Chis, 
2007; Gavriloaie, 2008; www.pescuitul.ro/; 
www.rapitori.ro/). 
A survey of literature revealed that scarce 
information is available on growth features of 
gibel carp Carassius gibelio (Bloch, 1782) - an 
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Abstract 
 
Length-weight relationship, Fulton’s K condition factor and the size structure were assessed for unsexed cyprinid gibel 
carp, Carassius gibelio (Bloch, 1782) (N= 100) caught from Pantelimon II Lake area - a man-made lake from 
Colentina River.  
Negative allometric growth was estimated for gibel carp in both seasons: TW = 0.0396 x TL2.7583 (N=50, November 
2016) and TW = 0.0269 x TL2.8639 (N=50, May 2017). Condition factor K registered values between 1.44 and 2.38 (cold 
season), 1.49 and 3.79 (warm season). 
The physico-chemical parameters such as pH, electrical conductivity, total dissolved solids, total hardness, chemical 
oxygen demand, ammonium nitrogen, nitrite-nitrogen, nitrate nitrogen and phosphorus-phosphate were determined, in 
order to evaluate the impact of abiotic environmental conditions on fish population. The microbiological examination 
of water quality was also carried out, to detect the micromycetes which may pose health risk to both human and fish. 
The presence of Penicillium spp. and some yeast strains were confirmed in water samples from the studied area. 
According to all analyzed parameters, the water resource was found to be within the suitable range for well-being of C. 
gibelio, which is important assuming that local fishermen often catch and eat gibel carp. 
To our knowledge, this paper provides first information on length-weight relationship, Fulton’s K condition factor and 
the size structure of Carassius gibelio from Pantelimon II Lake. 
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The size of specimens and water-quality factors 
are among the many determinants that 
influence the population of a fish (Stavrescu-
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originating in the damming of Colentina River, 
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recreational value, being designed for the local 
tourism and for fishing activities (Petrisor, 
2000).  
Pantelimon II Lake, along with Cernica Lake, 
is also used as industrial water supply, in the 
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Environmental pollution was noticed in this 
lentic ecosystem, due to the use of pesticides 
and the dumping of household wastes by the 
inhabitants of the adjacent districts (Petrisor, 
2000).  

According to data obtained from sportive 
fisherman and other reports, in the 
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Pantelimon lakes were noticed before the 
following species:  Carassius auratus gibelio 
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carp), Hypophthalichthys nobilis (bighead 
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gibossus (pumpkinseed), Gobius kessleri (the 
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www.rapitori.ro/). 
A survey of literature revealed that scarce 
information is available on growth features of 
gibel carp Carassius gibelio (Bloch, 1782) - an 
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important cyprinid species for recreational 
fishing – in Romanian waters. We provided 
some new data on length-weight relationship 
and condition factor for C. gibelio from few 
lentic ecosystems in a previous study 
(Stavrescu-Bedivan et al., 2015).  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Sampling points from water and fish from 
Pantelimon II Lake (map source: Google Earth) 

 
In most studies concerning the growth patterns 
of a fish species, the length-weight 
relationships (LWR) play an important role 
(Stavrescu-Bedivan et al., 2016). Condition 
factor, used to show the fitness or well-being of 
an individual fish, represents an indicator 
reflecting the interactions between biotic and 
abiotic environmental factors to the 
physiological condition (Keyombe et al., 2015; 
Stavrescu-Bedivan et al., 2015).  
On the other hand, the importance of 
monitoring water quality for protection of 
aquatic life has been documented by numerous 
authors (Isa et al., 2012; Mitrănescu et al., 
2007; Scăeţeanu et al., 2012). In terms of 
moulds and fungi, several papers have shown 
the link between biological pollution and the 
environmental health (Refai et al., 2010; 
Scăeţeanu et al., 2012).  
Since several ecological and physiological 
factors are more size-depended than age-
dependent, length of the fish was considered to 
be more biologically relevant than age (Kalaycı 
et al., 2007; Rosli and Isa, 2012; Stavrescu-
Bedivan et al., 2016).  
For Romanian ichtyofauna there is still a vast 
paucity of data on length-frequency distribution 
of gibel carp (Stavrescu-Bedivan et al., 2015).  
Considering our ongoing interest concerning 
evaluation of length-weight relationship for 
various fish species correlated with water 
chemical composition, we found proper to: (1) 

investigate the length-weight relationship, 
Fulton’s condition factor and growth pattern for 
Carassius gibelio sampled in two season 
(December 2016 and May 2017) from the lentic 
ecosystem - Lake Pantelimon II; (2) detect the 
water quality in order to see if gibel carp lives 
in a friendly environment and if caught in the 
area could represent a healthy source of food. 
 
MATERIALS AND METHODS 
 
Study area 
With a surface of 260 ha, Pantelimon II Lake is 
located in Ilfov County, in the eastern 
neighborhood the 2nd sector of Bucharest; most 
of the lake is outside Bucharest, in Pantelimon 
city (Sfetcu, 2005).  
The fish and water samples, for both chemical 
and microbiological analysis were collected 
from the following points (Figure 1) of 
Pantelimon II Lake: 44°26'39.59"N, 
26°12'4.65"E (SP 1 - “La Pod”/”at the bridge” 
and 44°26'32.22"N, 26°11'52.25"E, 
respectively (SP 2 - “La Cabană”/”at the 
cottage”) (Figures 2-3).  
 
 
 
 
 
 
 
 
 

Figure 2. Sampling point “at the bridge”, at the border 
between Dobroeşti Lake and Pantelimon Lake 

 
 
 
 
 
 
 
 
 
 
 

Figure 3. Sampling point “at the cottage” 
 
Fish collection and measurements 
Overall (December 2016, May 2017), 100 gibel 
carp were caught from Pantelimon II Lake 
freshwater ecosystem. 

 
A total number of 50 fish individuals (sex 
combined) were collected on gillnet in 2016, 
respectively in 2017. After sampling, C. gibelio 
specimens were transported directly in 
laboratory for biometric analysis (Figure 4).  
 
 
 
 
 
 
 
 
 

Figure 4. Analyzing gibel carp in the laboratory 
 
Each fish individual was measured for total 
length (TL ± 1 mm) and weighted (TW ± 1 g). 
The length-weight relationship (LWR) was 
expressed by using the equation: TW=aTLb, 
where intercept (coefficient a) describes the 
rate of change of weight with length and slope 
(coefficient b) offers information about 
isometric or allometric types of growth (Froese, 
2006). The relationships between the length 
and the weight of fish in each sampling 
campaign were determined through linear 
regression (Log TW= Log a + b Log TL).  
It is known that when b > 3, positive allometric 
pattern of growth is indicated, while low values 
of b (< 3) suggest negative allometric or 
hypoallometric growth (Karachle and Stergiou, 
2012; Stavrescu-Bedivan et al., 2016). The 
parameters of LWR and coefficient of 
determination (r2) were estimated by the least-
square method, using PAST (Paleontological 
Statistics Software) version 3.04. 
Fulton’s condition factor (K), used for 
assessing the degree of well-being of the fish in 
their habitat (Nehemia et al., 2012) was 
calculated using the equation: K= 
(TW/TL3)*100. 
Size intervals for total length distribution of C. 
gibelio samples caught in study site were 
established in accordance with Innal (2012) and 
Stavrescu-Bedivan et al. (2015). 
 
Water sampling 
For samples collected from the Pantelimon II 
Lake were determined some physico-chemical 
parameters, as it follows: pH, electrical 
conductivity (EC), total dissolved solids (TDS), 

total hardness (TH), chemical oxygen demand 
(COD), ammonium nitrogen (N-NH4

+), nitrite-
nitrogen (N-NO2

-), nitrate nitrogen (N-NO3
-) 

and phosphorus-phosphate (P-PO4
3-). Water 

samples and fish collection were done in the 
same month of the year (December 2016, May 
2017). 
Water samples were taken at about 45 cm 
below surface layer in sterile recipients, both 
for chemical and microbiological analyses. The 
microbiological analysis was performed within 
4 hours after collection. For chemical analyses, 
the samples were subsequently stored at 4°C 
before analysis to minimize physical and 
chemical changes. These analyses were 
conducted within 48 hours after collection. All 
samples were allowed to stay until they reached 
room temperature before analysis (Stavrescu-
Bedivan et al., 2015). 
 
Chemical analysis 
The chemical analysis of water samples was 
performed in the same manner (same 
methodology and instrumentation) as 
previously reported (Stavrescu-Bedivan et al., 
2015), by using methods similar to those 
recommended for drinking water (Mănescu et 
al., 1994). All analyses were performed in 
triplicate and the reported values represent the 
mean of results. 
 
Microbiological analysis 
The water samples from Pantelimon II Lake 
were inoculated on Potato-Dextrose-Agar 
growth medium sterilized at 121oC and 1.2 
atmospheres during 15 minutes. The next step 
was to take 1 mL of suspension from each 
sample and places it directly on the growth 
medium in Petri dishes of 90 mm diameter. All 
samples were then incubated in the dark for 7 
days, at 24oC. Identification of the 
micromycetes according to specialist literature 
was made with a Krüss Optronic microscope 
(Manole and Ciocoiu, 2011; Ciocoiu et al., 
2015; Stavrescu-Bedivan et al., 2016).  
 
RESULTS AND DISCUSSIONS 
 
Fish growth characteristics 
The biological information about growth offers 
important data regarding the fish well-being 
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and organisms’s adaptation to the environment 
(Stavrescu-Bedivan et al., 2016).  
The biometric data for Carassius gibelio 
sampled from Pantelimon II Lake in November 
2016 were registered as: TL (min. 18.2 – max. 
24.8 cm, with a mean of 21.05 cm); TW (min. 
103 - max 273 g, with average of 168.0 g); Log 
(TW) = 2.758 L Log (TL) - 1.402 (r2= 0.843, 
95% CL of the parameters a and b); TW = 
0.0396 x TL2.7583 (Figure 5). Growth type for 
Gibel carp was determined as negative 
allometric (b < 3). Fulton’s condition factor K 
has a value of 1.90 (min. 1.44 - max. 2.38).  
In May 2017, the biometric data were 
registered as: TL (min. 15.4 - max. 29.3 cm, 
with a mean of 19.48 cm); TW (min. 72 - max 
434 g, with average of 138.92 g); Log (TW) = 
2.863 L Log (TL) - 1.570 (r2= 0.842, 95% CL 
of the parameters a and b); TW = 0.0269 x 
TL2.8639 (Figure 6). Growth type for gibel carp 
sampled in 2017 was estimated also as negative 
allometric (b < 3). Fulton’s condition factor K 
has a value of 1.82 (min. 1.48- max. 3.79).  
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The common total length for gibel carp is 20 
cm, according to FishBase.  
In Pantelimon II Lake area, the total length of 
most gibel carp (96%) had values between 18.5 
and 24 cm, while more than half of these fish 
specimens (62%) sampled in November 2016 
weighted more than 160 grams. Similar length 
frequency was noticed for C. gibelio in a 
previous report (Stavrescu-Bedivan et al., 
2015).  For 86% of the fish captured in May 
2017, the total body length ranged between 
16.5 and 22 cm, and 74% of them weighted 
between 66 and 150 grams. The results showed 
that total body length for C. gibelio inhabiting 
Pantelimon II Lake in Ilfov County is included 
in the normal range of values recorded for this 
measurement of this species.  
Various factors including season, preservation 
technique, population density, sexual maturity 
age, length range of captured specimens, 
habitat, food, environmental conditions affect 
the parameters of the length-weight relationship 
(Innal, 2012; Stavrescu-Bedivan et al., 2016). 
In the present study, the slope b was within the 
expected range of 2.5-3.5 for all the gibel carp 
analyzed individuals.  
Length-weight relationship indicated that 
populations of Carassius gibelio caught in 
December 2016 from Pantelimon II Lake 
aquatic ecosystem exhibited a negative 
allometric growth. Similar data were recorded 
for the same cyprinid fish sampled in Brăneşti 
3 Lake on the River Pasărea, tributary of the 
Dâmboviţa, Ilfov County (Stavrescu-Bedivan et 
al., 2015). In a previous study, we noticed that 
the pattern of negative allometric growth could 
be attributed to trophic state of the water, 
assuming the results of the chemical analysis 
(Stavrescu-Bedivan et al., 2015). 
The Fulton’s condition of the fish sampled in 
study area has values between 1.44 and 2.38. 
Thus, Carassius gibelio specimens from 
Pantelimon II Lake may suggest a better fitness 
than C. gibelio collected from other Romanian 
water bodies (Stavrescu-Bedivan et al., 2015).  
Among the factors responsible for differences 
in condition factor for the same species in 
various habitats are included the values of 
water quality parameters or the effect of 
increased fishing pressure (Stavrescu-Bedivan 
et al., 2016). 
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Water quality 
Physico-chemical parameters for water samples 
collected from Pantelimon II Lake are 
presented in Table 1.  

 
Table 1. Physico-chemical parameters for water samples 

from Pantelimon II Lake 
 

Parameters 
    

                  
Results 

 
SP1  

 

 
SP2 

 

2016 2017 2016 2017 

pH 6.97 7.26 7.88 8.19 
EC (�S/cm) 785 743 562 524 
TDS (mg/L) 425 [I] 406 [I] 342 [I] 318[I] 
TH (mg CaCO3/L) 28.74 27.94 18.37 16.78 
COD (mg O2/L) 4.84 [I] 3.89 [I] 6.07 [II] 6.35 [II] 
N-NH4

+ (mg N/L) 0.21 [I] 0.31 [I] 0.13 [I] 0.24 [I] 
N-NO2

- (mg N/L) 0.022 [II] 0.021[II] 0.051[III] 0.038 [III] 
N-NO3

- (mg N/L) 1.47 [II] 1.26[II] 0.11 [I] 0.32 [I] 
P-PO4

3- (mg P/L) 0.43 [IV] 0.41 [IV] 0.45 [IV] 0.48[IV] 
 

SP - sampling points, where the fish were caught in December 
2016 and May 2017: SP1 – “la pod” (“at the bridge”); SP2 – 
”la cabană” (“at the cottage”). Values between square brackets 
represent quality classes for surface water according to Order 
161/2006 

 
According to literature (Stone et al., 2013), 
optimal growth of most fish species is favoured 
by pH values that are within 6.5 and 9.0, values 
below 6.5 leading to a decrease of 
reproduction. In the case of analyzed water 
samples, the results are between 6.97-8.19, 
these values being within the range 
recommended by Order 161/2006 (pH=6.5-8.5) 
and similar with those reported for Cişmigiu 
Lake, Brăneşti 3 Lake (Stavrescu-Bedivan et 
al., 2015) and Morii Lake (Stavrescu-Bedivan 
et al., 2016). Some authors (Alatorre-Jacome et 
al., 2011) consider that ideal pH for an 
aquaculture system must be near 7, for most of 
the fish species the lethal limits being below 5 
and above 10. Furthermore, some studies 
indicate that pH values for lakes range between 
7.3 and 9.2 (Tsytsarin, 1988; Nikanorov and 
Brazhnikova, 2009). 
EC is a parameter often used to evaluate TDS, 
which represent about half of the EC (Stone et 
al., 2013). Our results for EC were 524-785 
�S/cm, within the desirable range for fish 
culture (60-2000 �S/cm) (Stone et al., 2013). 
TDS varied between 318-425 mg/L and on the 
basis of these values the water may be 
associated with first class of quality for surface 
waters. The found values were similar with 
those reported for Morii Lake (Stavrescu-

Bedivan et al., 2016). Anyway, it has been 
reported that TDS levels vary in different 
waters depending upon the season, location or 
other factors (Dastagir et al., 2014). 
The water hardness is associated with the 
presence of dissolved polyvalent metallic 
cations, the main contribution being made by 
calcium and magnesium. TH (as mg CaCO3/L) 
is a parameter of water for fish culture and it is 
desirable to be found in the range 50-150 mg/L, 
but values greater than 20 mg/L are considered 
to be acceptable (Stone et al., 2013). For SP2 
sampling point, the TH values in 2016 and 
2017 were below 20 mg CaCO3/L, meanwhile 
for SP1, it have been found values close to 30 
mg CaCO3/L.   
COD is a parameter that indicates water 
pollution and is expressed as amount of oxygen 
that oxidizes organic species. Clean water 
usually has COD between 2-4 mg/L (Cohl et 
al., 2014). Water samples collected from SP1 
present COD values that allow associating the 
water to first class quality, meanwhile the COD 
values for SP2 sampling point are higher and 
allow framing to second class of quality for 
analyzed water samples. 
Nitrogen species and phosphates are nutrients 
for different microorganisms and aquatic plants 
but in certain circumstances are unwanted due 
of their possible effects as inhibiting water 
aeration, which can lead to death of various 
aquatic species.  
Found ammonium nitrogen levels indicate that 
water from SP1 and SP2 during both sampling 
campaigns may be categorised to first class of 
quality for surface waters. The found values for 
Pantelimon II Lake are much lower than those 
reported for Morii Lake (Stavrescu-Bedivan et 
al., 2016). Some studies (Yang et al., 2011) 
indicated that the increase in ammonia 
concentration in lake water may cause toxicity 
to aquatic organisms. However, toxicity of 
ammonia to fish varies with fish species, age or 
other quality parameters (Latha and Lipton, 
2007; Stone et al., 2013).  
Nitrite nitrogen concentrations found after 
analysis ranges between 0.021-0.051 mg/L, 
similar with those reported for Cişmigiu Lake 
(Stavrescu-Bedivan et al., 2015) but lower than 
those reported for Brăneşti 3 Lake (Stavrescu-
Bedivan et al., 2015) and Morii Lake 
(Stavrescu-Bedivan et al., 2016). The main 
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and organisms’s adaptation to the environment 
(Stavrescu-Bedivan et al., 2016).  
The biometric data for Carassius gibelio 
sampled from Pantelimon II Lake in November 
2016 were registered as: TL (min. 18.2 – max. 
24.8 cm, with a mean of 21.05 cm); TW (min. 
103 - max 273 g, with average of 168.0 g); Log 
(TW) = 2.758 L Log (TL) - 1.402 (r2= 0.843, 
95% CL of the parameters a and b); TW = 
0.0396 x TL2.7583 (Figure 5). Growth type for 
Gibel carp was determined as negative 
allometric (b < 3). Fulton’s condition factor K 
has a value of 1.90 (min. 1.44 - max. 2.38).  
In May 2017, the biometric data were 
registered as: TL (min. 15.4 - max. 29.3 cm, 
with a mean of 19.48 cm); TW (min. 72 - max 
434 g, with average of 138.92 g); Log (TW) = 
2.863 L Log (TL) - 1.570 (r2= 0.842, 95% CL 
of the parameters a and b); TW = 0.0269 x 
TL2.8639 (Figure 6). Growth type for gibel carp 
sampled in 2017 was estimated also as negative 
allometric (b < 3). Fulton’s condition factor K 
has a value of 1.82 (min. 1.48- max. 3.79).  
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The common total length for gibel carp is 20 
cm, according to FishBase.  
In Pantelimon II Lake area, the total length of 
most gibel carp (96%) had values between 18.5 
and 24 cm, while more than half of these fish 
specimens (62%) sampled in November 2016 
weighted more than 160 grams. Similar length 
frequency was noticed for C. gibelio in a 
previous report (Stavrescu-Bedivan et al., 
2015).  For 86% of the fish captured in May 
2017, the total body length ranged between 
16.5 and 22 cm, and 74% of them weighted 
between 66 and 150 grams. The results showed 
that total body length for C. gibelio inhabiting 
Pantelimon II Lake in Ilfov County is included 
in the normal range of values recorded for this 
measurement of this species.  
Various factors including season, preservation 
technique, population density, sexual maturity 
age, length range of captured specimens, 
habitat, food, environmental conditions affect 
the parameters of the length-weight relationship 
(Innal, 2012; Stavrescu-Bedivan et al., 2016). 
In the present study, the slope b was within the 
expected range of 2.5-3.5 for all the gibel carp 
analyzed individuals.  
Length-weight relationship indicated that 
populations of Carassius gibelio caught in 
December 2016 from Pantelimon II Lake 
aquatic ecosystem exhibited a negative 
allometric growth. Similar data were recorded 
for the same cyprinid fish sampled in Brăneşti 
3 Lake on the River Pasărea, tributary of the 
Dâmboviţa, Ilfov County (Stavrescu-Bedivan et 
al., 2015). In a previous study, we noticed that 
the pattern of negative allometric growth could 
be attributed to trophic state of the water, 
assuming the results of the chemical analysis 
(Stavrescu-Bedivan et al., 2015). 
The Fulton’s condition of the fish sampled in 
study area has values between 1.44 and 2.38. 
Thus, Carassius gibelio specimens from 
Pantelimon II Lake may suggest a better fitness 
than C. gibelio collected from other Romanian 
water bodies (Stavrescu-Bedivan et al., 2015).  
Among the factors responsible for differences 
in condition factor for the same species in 
various habitats are included the values of 
water quality parameters or the effect of 
increased fishing pressure (Stavrescu-Bedivan 
et al., 2016). 
 

TW = 0.0269TL2.8639

R2 = 0.8421
N=50

0

100

200

300

400

500

0 5 10 15 20 25 30 35
TL (cm)

T
W

 (
g

)

W = 0.0396TL2.7583

R2 = 0.8436
N=50

0

50

100

150

200

250

300

0 5 10 15 20 25 30
TL (cm)

T
W

 (
g

)

 
Water quality 
Physico-chemical parameters for water samples 
collected from Pantelimon II Lake are 
presented in Table 1.  

 
Table 1. Physico-chemical parameters for water samples 

from Pantelimon II Lake 
 

Parameters 
    

                  
Results 

 
SP1  

 

 
SP2 

 

2016 2017 2016 2017 

pH 6.97 7.26 7.88 8.19 
EC (�S/cm) 785 743 562 524 
TDS (mg/L) 425 [I] 406 [I] 342 [I] 318[I] 
TH (mg CaCO3/L) 28.74 27.94 18.37 16.78 
COD (mg O2/L) 4.84 [I] 3.89 [I] 6.07 [II] 6.35 [II] 
N-NH4

+ (mg N/L) 0.21 [I] 0.31 [I] 0.13 [I] 0.24 [I] 
N-NO2

- (mg N/L) 0.022 [II] 0.021[II] 0.051[III] 0.038 [III] 
N-NO3

- (mg N/L) 1.47 [II] 1.26[II] 0.11 [I] 0.32 [I] 
P-PO4

3- (mg P/L) 0.43 [IV] 0.41 [IV] 0.45 [IV] 0.48[IV] 
 

SP - sampling points, where the fish were caught in December 
2016 and May 2017: SP1 – “la pod” (“at the bridge”); SP2 – 
”la cabană” (“at the cottage”). Values between square brackets 
represent quality classes for surface water according to Order 
161/2006 

 
According to literature (Stone et al., 2013), 
optimal growth of most fish species is favoured 
by pH values that are within 6.5 and 9.0, values 
below 6.5 leading to a decrease of 
reproduction. In the case of analyzed water 
samples, the results are between 6.97-8.19, 
these values being within the range 
recommended by Order 161/2006 (pH=6.5-8.5) 
and similar with those reported for Cişmigiu 
Lake, Brăneşti 3 Lake (Stavrescu-Bedivan et 
al., 2015) and Morii Lake (Stavrescu-Bedivan 
et al., 2016). Some authors (Alatorre-Jacome et 
al., 2011) consider that ideal pH for an 
aquaculture system must be near 7, for most of 
the fish species the lethal limits being below 5 
and above 10. Furthermore, some studies 
indicate that pH values for lakes range between 
7.3 and 9.2 (Tsytsarin, 1988; Nikanorov and 
Brazhnikova, 2009). 
EC is a parameter often used to evaluate TDS, 
which represent about half of the EC (Stone et 
al., 2013). Our results for EC were 524-785 
�S/cm, within the desirable range for fish 
culture (60-2000 �S/cm) (Stone et al., 2013). 
TDS varied between 318-425 mg/L and on the 
basis of these values the water may be 
associated with first class of quality for surface 
waters. The found values were similar with 
those reported for Morii Lake (Stavrescu-

Bedivan et al., 2016). Anyway, it has been 
reported that TDS levels vary in different 
waters depending upon the season, location or 
other factors (Dastagir et al., 2014). 
The water hardness is associated with the 
presence of dissolved polyvalent metallic 
cations, the main contribution being made by 
calcium and magnesium. TH (as mg CaCO3/L) 
is a parameter of water for fish culture and it is 
desirable to be found in the range 50-150 mg/L, 
but values greater than 20 mg/L are considered 
to be acceptable (Stone et al., 2013). For SP2 
sampling point, the TH values in 2016 and 
2017 were below 20 mg CaCO3/L, meanwhile 
for SP1, it have been found values close to 30 
mg CaCO3/L.   
COD is a parameter that indicates water 
pollution and is expressed as amount of oxygen 
that oxidizes organic species. Clean water 
usually has COD between 2-4 mg/L (Cohl et 
al., 2014). Water samples collected from SP1 
present COD values that allow associating the 
water to first class quality, meanwhile the COD 
values for SP2 sampling point are higher and 
allow framing to second class of quality for 
analyzed water samples. 
Nitrogen species and phosphates are nutrients 
for different microorganisms and aquatic plants 
but in certain circumstances are unwanted due 
of their possible effects as inhibiting water 
aeration, which can lead to death of various 
aquatic species.  
Found ammonium nitrogen levels indicate that 
water from SP1 and SP2 during both sampling 
campaigns may be categorised to first class of 
quality for surface waters. The found values for 
Pantelimon II Lake are much lower than those 
reported for Morii Lake (Stavrescu-Bedivan et 
al., 2016). Some studies (Yang et al., 2011) 
indicated that the increase in ammonia 
concentration in lake water may cause toxicity 
to aquatic organisms. However, toxicity of 
ammonia to fish varies with fish species, age or 
other quality parameters (Latha and Lipton, 
2007; Stone et al., 2013).  
Nitrite nitrogen concentrations found after 
analysis ranges between 0.021-0.051 mg/L, 
similar with those reported for Cişmigiu Lake 
(Stavrescu-Bedivan et al., 2015) but lower than 
those reported for Brăneşti 3 Lake (Stavrescu-
Bedivan et al., 2015) and Morii Lake 
(Stavrescu-Bedivan et al., 2016). The main 
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danger associated with high nitrite nitrogen 
levels is represented by the hypoxia due to the 
methemoglobin formation in fish blood 
("brown blood disease") (Durborow et al., 
1997). Some studies (Buttner, 1993) evidenced 
that levels of 0.5 mg/L nitrite have reduced 
growth and adversely affected fish. 
Notwithstanding, nitrite toxicity to fish varies 
significantly with fish species, some of them 
being more sensitive (trout), while others are 
very resistant (mouth bass and bluegill sunfish) 
(Stone et al., 2013). 
Nitrate nitrogen levels are much lower in SP2 
sampling point in comparison with SP1, where 
found values framed the analyzed water in 
second class of quality for surface waters. 
According to literature (Stone et al., 2013), 
nitrate is relatively non-toxic to fish and does 
not represent a health hazard, excepting levels 
higher than 90 mg/L nitrate nitrogen. 
In surface waters, inorganic phosphorus is 
encountered as phosphate (PO4

3-) and is bound 
to living or dead particulate matter. The level of 
phosphorus reported for surface waters usually 
range between 0.005-0.5 mg P/L (Stone et al., 
2013). The concentration found in analyzed 
samples is slightly above 0.4 mg P/L, this being 
the criteria to classify the subjected surface 
water to fourth class of quality.  
In SP 1, the fungal population from Pantelimon 
II Lake was represented by some yeast strains 
and Penicillium spp. fungus (December, 2016). 
In SP 2, leek, opaque, white-creamy, dense and 
milky-colored yeast colonies have been 
identified. Chromophoric colonies have also 
been isolated, which, through the released 
pigment, stained the culture medium in yellow 
(May 2017) (Figure 7). 
In a previous study (Stavrescu-Bedivan et al., 
2016), we mentioned that microbial pollution in 
the aquatic environment could be accumulated 
in the tissues of fish, but further investigations 
are needed in order to establish a link between 
the water load in fungus and quality and fish 
wellbeing. 
 
CONCLUSIONS  
 
As literature survey evidenced the lack of 
information regarding length-weight 
relationship and type of fish growth related to 
water quality for Pantelimon II Lake, our study 

was focused on this subject and provided the 
conclusions presented below.  
The length-weight equations determined for 
gibel carp captured from this environment 
indicated a negative allometric type of growth, 
which means that fish increase in length rather 
than in body thickness. 
Mycological analysis indicated the presence of 
yeast and Penicillium spp. fungus in the water 
samples taken from the studied ecosystem. 
Also, the chemical analysis highlighted the 
presence of nitrite nitrogen content and the 
presence of high levels of phosphorus in 
surface waters, which classifies the lake's 
waters in II and III-IV quality classes 
respectively. However, the values were lower 
compared with other lakes studied before, 
indicating a possible increased confidence 
when it comes to fish life quality and fish 
consumption. 
These results could be useful references for 
future comparative studies about biometric data 
of Carassius gibelio from Romanian related to 
the features of freshwater ecosystems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Microbiota identified in water sampling points 
from Pantelimon II Lake: a. Penicillium spp. and yeasts 
colonies (SP1, December 2016); b. chromophoric yeasts 

(SP2, May 2017) 
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danger associated with high nitrite nitrogen 
levels is represented by the hypoxia due to the 
methemoglobin formation in fish blood 
("brown blood disease") (Durborow et al., 
1997). Some studies (Buttner, 1993) evidenced 
that levels of 0.5 mg/L nitrite have reduced 
growth and adversely affected fish. 
Notwithstanding, nitrite toxicity to fish varies 
significantly with fish species, some of them 
being more sensitive (trout), while others are 
very resistant (mouth bass and bluegill sunfish) 
(Stone et al., 2013). 
Nitrate nitrogen levels are much lower in SP2 
sampling point in comparison with SP1, where 
found values framed the analyzed water in 
second class of quality for surface waters. 
According to literature (Stone et al., 2013), 
nitrate is relatively non-toxic to fish and does 
not represent a health hazard, excepting levels 
higher than 90 mg/L nitrate nitrogen. 
In surface waters, inorganic phosphorus is 
encountered as phosphate (PO4

3-) and is bound 
to living or dead particulate matter. The level of 
phosphorus reported for surface waters usually 
range between 0.005-0.5 mg P/L (Stone et al., 
2013). The concentration found in analyzed 
samples is slightly above 0.4 mg P/L, this being 
the criteria to classify the subjected surface 
water to fourth class of quality.  
In SP 1, the fungal population from Pantelimon 
II Lake was represented by some yeast strains 
and Penicillium spp. fungus (December, 2016). 
In SP 2, leek, opaque, white-creamy, dense and 
milky-colored yeast colonies have been 
identified. Chromophoric colonies have also 
been isolated, which, through the released 
pigment, stained the culture medium in yellow 
(May 2017) (Figure 7). 
In a previous study (Stavrescu-Bedivan et al., 
2016), we mentioned that microbial pollution in 
the aquatic environment could be accumulated 
in the tissues of fish, but further investigations 
are needed in order to establish a link between 
the water load in fungus and quality and fish 
wellbeing. 
 
CONCLUSIONS  
 
As literature survey evidenced the lack of 
information regarding length-weight 
relationship and type of fish growth related to 
water quality for Pantelimon II Lake, our study 

was focused on this subject and provided the 
conclusions presented below.  
The length-weight equations determined for 
gibel carp captured from this environment 
indicated a negative allometric type of growth, 
which means that fish increase in length rather 
than in body thickness. 
Mycological analysis indicated the presence of 
yeast and Penicillium spp. fungus in the water 
samples taken from the studied ecosystem. 
Also, the chemical analysis highlighted the 
presence of nitrite nitrogen content and the 
presence of high levels of phosphorus in 
surface waters, which classifies the lake's 
waters in II and III-IV quality classes 
respectively. However, the values were lower 
compared with other lakes studied before, 
indicating a possible increased confidence 
when it comes to fish life quality and fish 
consumption. 
These results could be useful references for 
future comparative studies about biometric data 
of Carassius gibelio from Romanian related to 
the features of freshwater ecosystems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Microbiota identified in water sampling points 
from Pantelimon II Lake: a. Penicillium spp. and yeasts 
colonies (SP1, December 2016); b. chromophoric yeasts 

(SP2, May 2017) 
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Abstract 
 
Either increasing pressure of biotic and abiotic factors along with growing demand for the grains intended for fodder 
or edible purposes induce attempts to look for alternative elements of cultivation technology for supporting plant 
growth and yield. Among natural growth stimulation methods, a considerable role can be played by biostimulants.  
The three-year field experiment, located in Poland (53°13’N; 17°51’E) with spring wheat Triticum aestivum L. was 
conducted to assess the response of grain yield, yield components as well as the content and uptake of N, P and K in 
grain to various methods of seaweed biostimulant application. The different times (developmental phases of wheat) and 
doses of biostimulant Kelpak (Ecklonia maxima Osbeck) application were tested. This biostimulant contains 
phytohormones: auxins and cytokinins (11 and 0.031 mg l-1, respectively). Preparation was applied in a single dose of 2 
l/ha at BBCH 22 or in a dose of 2 l/ha at BBCH 31, as well as two-times, 1.5 l/ha each, in both mentioned phases 
(sequential treatment). The study indicated that the biostimulant Kelpak had a favourable effect on the root weight, the 
number of grains per spike, thousand grain weight and grain yield of spring wheat, in sequential treatment. This 
method for biostimulant application also resulted in increase in the content and uptake of P and K in wheat grain in 
comparison with the control. Favourable response of the grain yield and nutrient uptake gives grounds for 
recommendations of sequential application of seaweed biostimulant Kelpak for spring wheat. 
 
Key words: root weight, yield component, grain yield, macroelement, wheat. 
 
INTRODUCTION 
 
Wheat is one of the most important cereal 
species. In respect to the cropping area in the 
world, wheat takes the first place (FAOSTAT, 
2017). This cereal is used mostly for food 
production (directly in the food industry or 
indirectly, as a raw material for feed 
production). An increase in the world 
population and meat production generate an 
increasing demand for grain of consumer and 
fodder cereals, but at the same time, there is a 
risk of limiting yields due to the growing 
pressure of biotic and abiotic factors. It is 
connected with withdrawal from the use of 
some pesticides, as well as with forecasting 
climatic changes, and an increased risk of 
drought and heat stress in some regions of 
cereal production (Sharma et al., 2014). 
Therefore new methods for stimulating of 
yields are sought for, and among them, 
biostimulants are very promising (Calvo et al., 

2014; Craigie, 2011; Khan et al., 2009; 
Kotwica et al., 2014; Sharma et al., 2014). 
Among biostimulants, preparations produced 
from marine algae are an important group 
(Craigie, 2011). Plants treated with these 
biostimulants are more able to tolerate biotic 
and abiotic stress (pressure of diseases and 
pests, drought, temperature extremes, salinity, 
deficiency of nutrients (Beckett and Van 
Staden, 1990; Craigie, 2011; Khan et al., 2009; 
Papenfus at al., 2013; Sharma et al., 2014). The 
beneficial effects of alga biostimulant treatment 
include promoted root and shoot growth 
(Rayorath et al., 2008), and enhanced 
resistance to diseases (Stadnik and de Freitas, 
2014), as well as pests (Lamparski and 
Szczepanek, 2014). Moreover enhanced index 
of the effectiveness of water use in 
photosynthesis (Mikiciuk and Dobromilska, 
2014), and nutrient uptake (Jannin et al., 2012), 
as well as increased accumulation of some 
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or edible purposes induce attempts to look for alternative elements of cultivation technology for supporting plant 
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conducted to assess the response of grain yield, yield components as well as the content and uptake of N, P and K in 
grain to various methods of seaweed biostimulant application. The different times (developmental phases of wheat) and 
doses of biostimulant Kelpak (Ecklonia maxima Osbeck) application were tested. This biostimulant contains 
phytohormones: auxins and cytokinins (11 and 0.031 mg l-1, respectively). Preparation was applied in a single dose of 2 
l/ha at BBCH 22 or in a dose of 2 l/ha at BBCH 31, as well as two-times, 1.5 l/ha each, in both mentioned phases 
(sequential treatment). The study indicated that the biostimulant Kelpak had a favourable effect on the root weight, the 
number of grains per spike, thousand grain weight and grain yield of spring wheat, in sequential treatment. This 
method for biostimulant application also resulted in increase in the content and uptake of P and K in wheat grain in 
comparison with the control. Favourable response of the grain yield and nutrient uptake gives grounds for 
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INTRODUCTION 
 
Wheat is one of the most important cereal 
species. In respect to the cropping area in the 
world, wheat takes the first place (FAOSTAT, 
2017). This cereal is used mostly for food 
production (directly in the food industry or 
indirectly, as a raw material for feed 
production). An increase in the world 
population and meat production generate an 
increasing demand for grain of consumer and 
fodder cereals, but at the same time, there is a 
risk of limiting yields due to the growing 
pressure of biotic and abiotic factors. It is 
connected with withdrawal from the use of 
some pesticides, as well as with forecasting 
climatic changes, and an increased risk of 
drought and heat stress in some regions of 
cereal production (Sharma et al., 2014). 
Therefore new methods for stimulating of 
yields are sought for, and among them, 
biostimulants are very promising (Calvo et al., 

2014; Craigie, 2011; Khan et al., 2009; 
Kotwica et al., 2014; Sharma et al., 2014). 
Among biostimulants, preparations produced 
from marine algae are an important group 
(Craigie, 2011). Plants treated with these 
biostimulants are more able to tolerate biotic 
and abiotic stress (pressure of diseases and 
pests, drought, temperature extremes, salinity, 
deficiency of nutrients (Beckett and Van 
Staden, 1990; Craigie, 2011; Khan et al., 2009; 
Papenfus at al., 2013; Sharma et al., 2014). The 
beneficial effects of alga biostimulant treatment 
include promoted root and shoot growth 
(Rayorath et al., 2008), and enhanced 
resistance to diseases (Stadnik and de Freitas, 
2014), as well as pests (Lamparski and 
Szczepanek, 2014). Moreover enhanced index 
of the effectiveness of water use in 
photosynthesis (Mikiciuk and Dobromilska, 
2014), and nutrient uptake (Jannin et al., 2012), 
as well as increased accumulation of some 
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nutrients (Becket and Van Staden, 1990; Shah 
et al., 2013) have been shown.  
Currently, the economics of crop production 
constrain the use of macroalgal biostimulants 
mainly to high-value crops. However, rising 
prices for fertilizers and pesticides may change 
this situation. Biostimulants promoting plant 
growth and stress resistance can become an 
available option for less profitable agricultural 
and horticultural crops (Sangha et al., 2014; 
Sharma et al., 2014).  
Developing recommendations for use of 
biostimulants requires research concerning the 
time, and dose of application, which form the 
basis for increasing the effectiveness of those 
preparations. The aim of the current study was 
to assess the response of grain yield and yield 
components, as well as the content and uptake 
of macronutrients in spring wheat grain to 
differentiated times (growing stages) and a 
dose of seaweed biostimulant Kelpak (Ecklonia 
maxima Osbeck) application. 
 
MATERIALS AND METHODS 
 
The study was based on field experiments 
located in Poland (53°13’N; 17°51’E), 
conducted in 2010-2012 on a typical Alfisol 
(USDA). The topsoil was characterized by a 
medium content of available P 190-210 mg kg-1 
and K 95-150 mg kg-1 (determined with Egner-
Riehm method), a very low content of Mg 
<20.0 mg kg-1 (Schetschabel method) and a 
slight acidic reaction (pH in 1M KCL 5.7-6.1) 
(with the use of potentiometry). The content of 
total N (0.69-0.75 g kg-1) in the soil was 
relatively low. The study was conducted as 
one-factorial experiment with the spring wheat 
(Triticum aestivum ssp. vulgare) cultivar 
Katoda. In the experiment, the marine 
macroalga biostimulant Kelpak was used in 
three growing seasons. This biostimulant is 
obtained from (Ecklonia maxima Osbeck) 
belonging to the division of brown algae 
(Phaeophyta), harvested on the south coast of 
Africa. This biostimulant contains 
phytohormones: auxins and cytokinins (11 and 
0.031 mg/l, respectively), brassinosteroids, 
alginians, amino acids, as well as small 
amounts of macro and microelements. Kelpak 
was applied in different doses and 
developmental stages of wheat: as a single dose 

of 2 l/ha at BBCH 22 (early treatment) or in a 
dose of 2 l/ha w BBCH 31 (late treatment), as 
well as two-times, 1.5 l/ha each, in both 
mentioned stages (sequential treatment). 
Preparation was applied as aqueous solution in 
a dose of 300 l/ha. The treatments with the 
biostimulant were compared with the control 
(without treatment).  
The spring wheat was sown 02-04 of April in 
an amount of 230 kg/ha on plots with an area of 
12 m2, in four replications. Presowing 
fertilization of 31 kg/ha P (superphosphate), 66 
kg/ha K (potassium chloride) and 80 kg/ha N 
(ammonium nitrate) was applied. At the 
beginning of the shooting stage, the second 
dose of N (ammonium nitrate) was applied in 
dose of 60 kg/ha. For weed control triasulfuron 
118.6 g/ha + dicamba 7.4 g/ha were used at 
BBCH 22-24. Pest control was performed once 
at BBCH 59 using dimethoat 200 g/ha. To 
protect spring wheat against diseases 
epoxiconazole 93 g/ha + fenpropimorph 300 
g/ha + metrafenone 112.5 g/ha at BBCH 34-39 
and fusilazole 125 g/ha + carbendazim 250 
g/ha at BBCH 51-59 were used. The harvest of 
the wheat was performed in the first ten days of 
August.   
At flowering stage (BBCH 65) the dry matter 
of roots was determined based on 20 successive 
plants in a row. At the same time the number of 
generative tillers on the area of 1 m2 and 
generative tiller length on 30 randomly chosen 
tillers were determined. At the full maturity 
stage the number of grains per spike was 
determined on 30 randomly selected spikes 
from each plot. The grain yield and moisture 
were determined directly after harvest, and 
straw yield 10 days after. The thousand grain 
weight was assessed – two months after harvest 
based on 200 grains from each plot. Presented 
yields of grain and straw were converted to the 
determined humidity 14%. Harvest index was 
calculated for each plot as the dry matter of 
grain divided by the sum of the dry matter of 
grain and straw yield. Wheat grain was ground 
before performing chemical analyses. 
Mineralization was performed by wet 
combustion of plant material with sulphuric 
acid and perhydrol. Analyses were made using 
the following methods: the content of total 
nitrogen with the Kjeldahl method, potassium 
content with flame photometry, and phosphorus 

content with the vanadium-molybdenum 
method. The uptake of N, P and K were 
calculated for each plot as the product of grain 
dry matter yield and the content of 
macroelements. The obtained results were 
analysed statistically using the statistical 
program Analysis of variance for orthogonal 
experiments by the UTP University of Science 
and Technology in Bydgoszcz, Poland. The 
differences between the values were verified 
with Tukey’s test on the significance level 
P=0.05. Pearson’s correlation analyses were 
carried out using the Statistica for Windows. 
 
RESULTS AND DISCUSSIONS 
 
In the current study, application of the seaweed 
biostimulant had a favourable effect on the 
spring wheat root weight (Table 1). In each 
variant of the use of the preparation (early, late 
and sequential treatment) the root weight was 
higher than in the control. Moreover, it was 

found that sequential use of seaweed 
biostimulant (in a dose of 1.5 l/ha at BBCH 22 
+ 1.5 l/ha at BBCH 31) resulted in an increase 
in the root weight in relation to the single early 
treatment. Stimulation of the spring wheat root 
system growth may result from the action of 
phytohormones contained in the extract from 
algae, mainly auxins responsible for root 
initiation and branching (Kurepin et al., 2014). 
In the current study, the dose 1.5 l/ha applied 
twice (sequential treatment) stimulated the 
growth of the root weight more than the single 
application of the dose 2 l/ha at the tillering 
stage (early treatment). Similarly Kumar and 
Sahoo (2011) present the effect of an extract 
from algae used for soaking seeds on the 
development of the wheat root system. In that 
study, 20% concentration of the seaweed 
extract resulted in an increase in the root length 
and the number of lateral roots, as compared 
with the control. 

 
Table 1. Biometric features and yield of wheat depending on biostimulant rate and growth stage during application, 

means from 2009-2011 

Characteristics 
Biostimulant rate and growth stage of wheat 

2 l/ha 
BBCH 22 

1.5 l/ha BBCH 22 
1.5 l/ha BBCH 31 

2 l/ha  
BBCH 31 Control 

Root weight† [g] 18.3 B‡ 19.7 A 19.3 AB 16.1 C 
Generative tiller length [cm] 72.3 A 72.1 A 70.4 B 73.5 A 
Generative tiller density [no/mm2] 532 A 505 A 505 A 513 A 
Grain number per spike [no] 28.5 B 30.4 A 28.7 B 28.8 B 
Thousand grain weight [g] 39.9 B 41.4 A 40.3 B 39.6 B 
Grain yield [kg/ha] 4757 B 4947 A 4874 AB 4697 B 
Straw yield [kg/ha] 5341 D 6222 A 5555 C 6031 B 
Harvest index 0.476 A 0.457 BC 0.472 AB 0.442 C 
†dry root weight from 20 plants; ‡within a row for each characteristic, values followed by different letters are 
significantly different according to LSD (0.05).  
 
The effect of the biostimulant on the 
development of the wheat aboveground part 
indicated in the current study differed 
depending on the analysed feature. Generative 
tillers were longer in the early and sequential 
treatments, as well as in the control, as 
compared with the late treatment. No 
significant effect of the biostimulant 
application (early, sequential, late treatment) on 
the generative tiller density was shown. The 
results presented in the literature prove that the 
aboveground part response to preparations 
from algae depends on the application method. 
Carvalho et al. (2014) report that wheat was 

higher after the application of an extract from 
algae, but only when the preparation was used 
as soil irrigation, but there was no effect on 
seed treatment. In the experiment of 
Muhammad et al. (2013), after the application 
of a seaweed extract with humic acid, wheat 
tillers were longer than in the control. In the 
study by Kumar and Sahoo (2011), a positive 
effect of soaking seeds in an extract from algae 
was proved both for the number of branches 
and for the tiller length. In the current study, 
the yield structure elements responding to the 
extract from algae include the number of grain 
per spike and the thousand grain weight. These 
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nutrients (Becket and Van Staden, 1990; Shah 
et al., 2013) have been shown.  
Currently, the economics of crop production 
constrain the use of macroalgal biostimulants 
mainly to high-value crops. However, rising 
prices for fertilizers and pesticides may change 
this situation. Biostimulants promoting plant 
growth and stress resistance can become an 
available option for less profitable agricultural 
and horticultural crops (Sangha et al., 2014; 
Sharma et al., 2014).  
Developing recommendations for use of 
biostimulants requires research concerning the 
time, and dose of application, which form the 
basis for increasing the effectiveness of those 
preparations. The aim of the current study was 
to assess the response of grain yield and yield 
components, as well as the content and uptake 
of macronutrients in spring wheat grain to 
differentiated times (growing stages) and a 
dose of seaweed biostimulant Kelpak (Ecklonia 
maxima Osbeck) application. 
 
MATERIALS AND METHODS 
 
The study was based on field experiments 
located in Poland (53°13’N; 17°51’E), 
conducted in 2010-2012 on a typical Alfisol 
(USDA). The topsoil was characterized by a 
medium content of available P 190-210 mg kg-1 
and K 95-150 mg kg-1 (determined with Egner-
Riehm method), a very low content of Mg 
<20.0 mg kg-1 (Schetschabel method) and a 
slight acidic reaction (pH in 1M KCL 5.7-6.1) 
(with the use of potentiometry). The content of 
total N (0.69-0.75 g kg-1) in the soil was 
relatively low. The study was conducted as 
one-factorial experiment with the spring wheat 
(Triticum aestivum ssp. vulgare) cultivar 
Katoda. In the experiment, the marine 
macroalga biostimulant Kelpak was used in 
three growing seasons. This biostimulant is 
obtained from (Ecklonia maxima Osbeck) 
belonging to the division of brown algae 
(Phaeophyta), harvested on the south coast of 
Africa. This biostimulant contains 
phytohormones: auxins and cytokinins (11 and 
0.031 mg/l, respectively), brassinosteroids, 
alginians, amino acids, as well as small 
amounts of macro and microelements. Kelpak 
was applied in different doses and 
developmental stages of wheat: as a single dose 

of 2 l/ha at BBCH 22 (early treatment) or in a 
dose of 2 l/ha w BBCH 31 (late treatment), as 
well as two-times, 1.5 l/ha each, in both 
mentioned stages (sequential treatment). 
Preparation was applied as aqueous solution in 
a dose of 300 l/ha. The treatments with the 
biostimulant were compared with the control 
(without treatment).  
The spring wheat was sown 02-04 of April in 
an amount of 230 kg/ha on plots with an area of 
12 m2, in four replications. Presowing 
fertilization of 31 kg/ha P (superphosphate), 66 
kg/ha K (potassium chloride) and 80 kg/ha N 
(ammonium nitrate) was applied. At the 
beginning of the shooting stage, the second 
dose of N (ammonium nitrate) was applied in 
dose of 60 kg/ha. For weed control triasulfuron 
118.6 g/ha + dicamba 7.4 g/ha were used at 
BBCH 22-24. Pest control was performed once 
at BBCH 59 using dimethoat 200 g/ha. To 
protect spring wheat against diseases 
epoxiconazole 93 g/ha + fenpropimorph 300 
g/ha + metrafenone 112.5 g/ha at BBCH 34-39 
and fusilazole 125 g/ha + carbendazim 250 
g/ha at BBCH 51-59 were used. The harvest of 
the wheat was performed in the first ten days of 
August.   
At flowering stage (BBCH 65) the dry matter 
of roots was determined based on 20 successive 
plants in a row. At the same time the number of 
generative tillers on the area of 1 m2 and 
generative tiller length on 30 randomly chosen 
tillers were determined. At the full maturity 
stage the number of grains per spike was 
determined on 30 randomly selected spikes 
from each plot. The grain yield and moisture 
were determined directly after harvest, and 
straw yield 10 days after. The thousand grain 
weight was assessed – two months after harvest 
based on 200 grains from each plot. Presented 
yields of grain and straw were converted to the 
determined humidity 14%. Harvest index was 
calculated for each plot as the dry matter of 
grain divided by the sum of the dry matter of 
grain and straw yield. Wheat grain was ground 
before performing chemical analyses. 
Mineralization was performed by wet 
combustion of plant material with sulphuric 
acid and perhydrol. Analyses were made using 
the following methods: the content of total 
nitrogen with the Kjeldahl method, potassium 
content with flame photometry, and phosphorus 

content with the vanadium-molybdenum 
method. The uptake of N, P and K were 
calculated for each plot as the product of grain 
dry matter yield and the content of 
macroelements. The obtained results were 
analysed statistically using the statistical 
program Analysis of variance for orthogonal 
experiments by the UTP University of Science 
and Technology in Bydgoszcz, Poland. The 
differences between the values were verified 
with Tukey’s test on the significance level 
P=0.05. Pearson’s correlation analyses were 
carried out using the Statistica for Windows. 
 
RESULTS AND DISCUSSIONS 
 
In the current study, application of the seaweed 
biostimulant had a favourable effect on the 
spring wheat root weight (Table 1). In each 
variant of the use of the preparation (early, late 
and sequential treatment) the root weight was 
higher than in the control. Moreover, it was 

found that sequential use of seaweed 
biostimulant (in a dose of 1.5 l/ha at BBCH 22 
+ 1.5 l/ha at BBCH 31) resulted in an increase 
in the root weight in relation to the single early 
treatment. Stimulation of the spring wheat root 
system growth may result from the action of 
phytohormones contained in the extract from 
algae, mainly auxins responsible for root 
initiation and branching (Kurepin et al., 2014). 
In the current study, the dose 1.5 l/ha applied 
twice (sequential treatment) stimulated the 
growth of the root weight more than the single 
application of the dose 2 l/ha at the tillering 
stage (early treatment). Similarly Kumar and 
Sahoo (2011) present the effect of an extract 
from algae used for soaking seeds on the 
development of the wheat root system. In that 
study, 20% concentration of the seaweed 
extract resulted in an increase in the root length 
and the number of lateral roots, as compared 
with the control. 

 
Table 1. Biometric features and yield of wheat depending on biostimulant rate and growth stage during application, 

means from 2009-2011 

Characteristics 
Biostimulant rate and growth stage of wheat 

2 l/ha 
BBCH 22 

1.5 l/ha BBCH 22 
1.5 l/ha BBCH 31 

2 l/ha  
BBCH 31 Control 

Root weight† [g] 18.3 B‡ 19.7 A 19.3 AB 16.1 C 
Generative tiller length [cm] 72.3 A 72.1 A 70.4 B 73.5 A 
Generative tiller density [no/mm2] 532 A 505 A 505 A 513 A 
Grain number per spike [no] 28.5 B 30.4 A 28.7 B 28.8 B 
Thousand grain weight [g] 39.9 B 41.4 A 40.3 B 39.6 B 
Grain yield [kg/ha] 4757 B 4947 A 4874 AB 4697 B 
Straw yield [kg/ha] 5341 D 6222 A 5555 C 6031 B 
Harvest index 0.476 A 0.457 BC 0.472 AB 0.442 C 
†dry root weight from 20 plants; ‡within a row for each characteristic, values followed by different letters are 
significantly different according to LSD (0.05).  
 
The effect of the biostimulant on the 
development of the wheat aboveground part 
indicated in the current study differed 
depending on the analysed feature. Generative 
tillers were longer in the early and sequential 
treatments, as well as in the control, as 
compared with the late treatment. No 
significant effect of the biostimulant 
application (early, sequential, late treatment) on 
the generative tiller density was shown. The 
results presented in the literature prove that the 
aboveground part response to preparations 
from algae depends on the application method. 
Carvalho et al. (2014) report that wheat was 

higher after the application of an extract from 
algae, but only when the preparation was used 
as soil irrigation, but there was no effect on 
seed treatment. In the experiment of 
Muhammad et al. (2013), after the application 
of a seaweed extract with humic acid, wheat 
tillers were longer than in the control. In the 
study by Kumar and Sahoo (2011), a positive 
effect of soaking seeds in an extract from algae 
was proved both for the number of branches 
and for the tiller length. In the current study, 
the yield structure elements responding to the 
extract from algae include the number of grain 
per spike and the thousand grain weight. These 
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structural yield elements were higher after the 
application of the preparation in the sequential 
treatment (two times 1.5 l/ha), but a single dose 
of 2 l/ha, applied at the tillering or shooting 
stages (early and late treatment), did not 
differentiate the values of those traits in 
comparison with the control. The effect of the 
biostimulant from algae on the number of 
grains per spike and the dry weight of grain is 

also reported in the study by Kumar and Sahoo 
(2011). In this study, soaking seeds before 
sowing in 20% solution of the extract from 
algae resulted in an increase in those yield 
structure elements, and a higher concentration 
caused their decrease. Also, an extract from 
algae applied together with humic acids had a 
favourable effect on the thousand seed weight 
(Muhammad et al., 2013).  

 
Table 2. Pearson’s correlation coefficients for the relation between biometric features and yield of wheat 

Characteristics 1. 2. 3. 4. 5. 6. 7. 
1. Root weight [g]        
2. Generative tiller length [cm] 0.67*       
3. Generative tiller density [no/mm2] 0.17 ns 0.26 ns      
4. Grain number per ear [no] 0.61* 0.84* 0.06 ns     
5. Thousand grain weight [g] -0.19 ns -0.48* 0.20 ns -0.77*    
6. Grain yield [kg/ha] 0.68* 0.67* 0.42* 0.32* 0.25 ns   
7. Straw yield [kg/ha] 0.66* 0.90* 0.28 ns 0.75* -0.34 * 0.71*  
8. Harvest index -0.19 -0.52* 0.10 ns -0.75* 0.87* 0.19 ns -0.54* 
*significant at P<0.05; ns - non significant 

 
In the current study, an increase in the grain 
yield in relation to the control was caused by 
the sequential application of the biostimulant. 
Also an increase in the yield structure elements, 
such as the number of grains per spike and 
thousand grain weight, was recorded in the 
sequential treatment. Favourable effect of the 
application of an extract from algae on wheat 
yield is also presented in the literature 
(Matysiak et al., 2012; Muhammad et al., 2013; 
Shah et al., 2013). In the study by Shah et al. 
(2013), this favourable effect is attributed to an 
increase in the thousand grain weight. Also, 
Matysiak et al. (2012), in the growing period 
characterized by dry spring, obtained a positive 
effect of the biostimulant Kelpak on the yield 
and thousand grain weight of winter wheat. 
Beckett and Van Staden (1989), in turn, in 
conditions of potassium deficiency, indicated 
an increase in both the number of grain in the 
spike and the average grain mass after the foliar 
application of the seaweed preparation. The 
increase in grain yield of spring wheat in our 
study may be attributed to an increased root 
weight (positive correlation with the grain 
yield), which could result in a better supply of 
water and nutrients for plants. Also, Zodape et 
al. (2009) indicated a significant growth of 
wheat grain yield, as well as the thousand seed 
weight, after the application of the algae 

(Kappaphycus alvarezii) preparation. They 
claim this resulted from the increase in the root 
system weight. In the study by Beckett and Van 
Staden (1989), the growth in the root weight 
after foliar application of the seaweed 
preparation contributed to an increase in the 
grain weight per spike. According to Foulkes et 
al. (2009), the well-developed root system of 
wheat forms the basis for an increase in 
nutrient-use efficiency determining the yield 
quantity and quality. Wheat treated with the 
biostimulant two times (sequential treatment) 
formed significantly higher straw weight in 
comparison with the control and the other 
variants of the preparation application. The 
harvest index was significantly higher in the 
case of early and late application, in 
comparison with the sequential and the control. 
No significant difference in the harvest index 
was shown after the sequential application of 
the biostimulant and the control. 
Positive correlation was indicated between 
grain yield and the root weight, straw yield, 
generative tiller length and density as well as 
the number of grains per spike (Table 2). The 
number of grains per spike positively correlated 
with the root weight, straw yield and tiller 
length, but negatively with the thousand grain 
weight. The length of generative tillers was 
significantly positively correlated with the root 

weight but negatively with the thousand grain 
weight. The straw yield was positively 
correlated with the root weight and the 
generative tiller length and negatively with the 
thousand grain weight. There was a negative 

correlation between the harvest index with the 
tiller length, straw yield and the number of 
grains per spike and a positive correlation with 
the thousand grain weight. 

 
Table 3. Content and uptake of N, P, K in wheat grain depending on biostimulant rate and growth stage during 

application, means from 2009-2011 

Macroelement 
Biostimulant rate and growth stage of wheat 

2 l/ha  
BBCH 22 

1.5 l/ha BBCH 22 
1.5 l/ha BBCH 31 

2 l/ha  
BBCH 31 Control 

Content [g/kg] 
N 20.6 A‡ 21.3 A 21.0 A 21.2 A 
P 3.67 C 3.75 A 3.74 A 3.69 B 
K 3.14 C 3.17 B 3.24 A 3.13 C 

Uptake [kg/ha] 
N 86.5 B 92.5 A 89.7 AB 87.6 AB 
P 15.7 B 16.7 A 16.4 AB 15.7 B 
K 12.2 AB 12.8 A 13.0 A 12.0 B 

‡Within a row for each macroelement, values followed by different letters are significantly different according to 
LSD (0.05).  

Data presented in the literature indicates that 
the application of algae preparations may also 
have a favourable effect on macroelement 
concentration in wheat grain (Matysiak at al., 
2012; Zadope et al., 2009). In the current study, 
the application of the biostimulant Kelpak did 
not have a significant effect on N content or 
uptake in the spring wheat grain (Table 3). 
There was indication, however, of an increase 
in P and K content and uptake in the grain after 
the sequential application of the preparation in 
comparison with the control treatment. This 
could result from forming a larger root weight, 
creating favourable conditions for nutrient 
uptake from soil (Foulkes et al., 2009). The 
study by Jannin et al. (2012) proved an increase 
in the expression of genes responsible for 
nutrient uptake after the application of 
preparations from algae. Shah et al. (2013), 
following Becket and Van Staden (1990), 
explains that an increase in P and K 
concentration in wheat grain after the 
application of algae preparation resulted from 
an increase in the photosynthesis rate or 
delayed senescence of the last two leaves. 
 
CONCLUSIONS 
 
Response of spring wheat to the foliar 
application of seaweed extract Kelpak 
(Ecklonia maxima Osbeck) depended on the 

dose and developmental stage of plant during 
application. Sequential treatment (biostimulant 
in a dose of 1.5 l/ha at BBCH 22 and in a dose 
of 1.5 l/ha at BBCH 31) had a favourable effect 
on the number of grains per spike, thousand 
grain weight, and grain yield. This method of 
application also stimulated growth of the root 
mass, and increased P and K concentration and 
uptake in grain as compared to the control. 
Favourable response of the grain yield and 
nutrient (P and K) uptake gives grounds for 
recommendations of the foliar application of 
seaweed biostimulant Kelpak in sequential 
treatment for spring wheat.  
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structural yield elements were higher after the 
application of the preparation in the sequential 
treatment (two times 1.5 l/ha), but a single dose 
of 2 l/ha, applied at the tillering or shooting 
stages (early and late treatment), did not 
differentiate the values of those traits in 
comparison with the control. The effect of the 
biostimulant from algae on the number of 
grains per spike and the dry weight of grain is 

also reported in the study by Kumar and Sahoo 
(2011). In this study, soaking seeds before 
sowing in 20% solution of the extract from 
algae resulted in an increase in those yield 
structure elements, and a higher concentration 
caused their decrease. Also, an extract from 
algae applied together with humic acids had a 
favourable effect on the thousand seed weight 
(Muhammad et al., 2013).  

 
Table 2. Pearson’s correlation coefficients for the relation between biometric features and yield of wheat 

Characteristics 1. 2. 3. 4. 5. 6. 7. 
1. Root weight [g]        
2. Generative tiller length [cm] 0.67*       
3. Generative tiller density [no/mm2] 0.17 ns 0.26 ns      
4. Grain number per ear [no] 0.61* 0.84* 0.06 ns     
5. Thousand grain weight [g] -0.19 ns -0.48* 0.20 ns -0.77*    
6. Grain yield [kg/ha] 0.68* 0.67* 0.42* 0.32* 0.25 ns   
7. Straw yield [kg/ha] 0.66* 0.90* 0.28 ns 0.75* -0.34 * 0.71*  
8. Harvest index -0.19 -0.52* 0.10 ns -0.75* 0.87* 0.19 ns -0.54* 
*significant at P<0.05; ns - non significant 

 
In the current study, an increase in the grain 
yield in relation to the control was caused by 
the sequential application of the biostimulant. 
Also an increase in the yield structure elements, 
such as the number of grains per spike and 
thousand grain weight, was recorded in the 
sequential treatment. Favourable effect of the 
application of an extract from algae on wheat 
yield is also presented in the literature 
(Matysiak et al., 2012; Muhammad et al., 2013; 
Shah et al., 2013). In the study by Shah et al. 
(2013), this favourable effect is attributed to an 
increase in the thousand grain weight. Also, 
Matysiak et al. (2012), in the growing period 
characterized by dry spring, obtained a positive 
effect of the biostimulant Kelpak on the yield 
and thousand grain weight of winter wheat. 
Beckett and Van Staden (1989), in turn, in 
conditions of potassium deficiency, indicated 
an increase in both the number of grain in the 
spike and the average grain mass after the foliar 
application of the seaweed preparation. The 
increase in grain yield of spring wheat in our 
study may be attributed to an increased root 
weight (positive correlation with the grain 
yield), which could result in a better supply of 
water and nutrients for plants. Also, Zodape et 
al. (2009) indicated a significant growth of 
wheat grain yield, as well as the thousand seed 
weight, after the application of the algae 

(Kappaphycus alvarezii) preparation. They 
claim this resulted from the increase in the root 
system weight. In the study by Beckett and Van 
Staden (1989), the growth in the root weight 
after foliar application of the seaweed 
preparation contributed to an increase in the 
grain weight per spike. According to Foulkes et 
al. (2009), the well-developed root system of 
wheat forms the basis for an increase in 
nutrient-use efficiency determining the yield 
quantity and quality. Wheat treated with the 
biostimulant two times (sequential treatment) 
formed significantly higher straw weight in 
comparison with the control and the other 
variants of the preparation application. The 
harvest index was significantly higher in the 
case of early and late application, in 
comparison with the sequential and the control. 
No significant difference in the harvest index 
was shown after the sequential application of 
the biostimulant and the control. 
Positive correlation was indicated between 
grain yield and the root weight, straw yield, 
generative tiller length and density as well as 
the number of grains per spike (Table 2). The 
number of grains per spike positively correlated 
with the root weight, straw yield and tiller 
length, but negatively with the thousand grain 
weight. The length of generative tillers was 
significantly positively correlated with the root 

weight but negatively with the thousand grain 
weight. The straw yield was positively 
correlated with the root weight and the 
generative tiller length and negatively with the 
thousand grain weight. There was a negative 

correlation between the harvest index with the 
tiller length, straw yield and the number of 
grains per spike and a positive correlation with 
the thousand grain weight. 

 
Table 3. Content and uptake of N, P, K in wheat grain depending on biostimulant rate and growth stage during 

application, means from 2009-2011 

Macroelement 
Biostimulant rate and growth stage of wheat 

2 l/ha  
BBCH 22 

1.5 l/ha BBCH 22 
1.5 l/ha BBCH 31 

2 l/ha  
BBCH 31 Control 

Content [g/kg] 
N 20.6 A‡ 21.3 A 21.0 A 21.2 A 
P 3.67 C 3.75 A 3.74 A 3.69 B 
K 3.14 C 3.17 B 3.24 A 3.13 C 

Uptake [kg/ha] 
N 86.5 B 92.5 A 89.7 AB 87.6 AB 
P 15.7 B 16.7 A 16.4 AB 15.7 B 
K 12.2 AB 12.8 A 13.0 A 12.0 B 

‡Within a row for each macroelement, values followed by different letters are significantly different according to 
LSD (0.05).  

Data presented in the literature indicates that 
the application of algae preparations may also 
have a favourable effect on macroelement 
concentration in wheat grain (Matysiak at al., 
2012; Zadope et al., 2009). In the current study, 
the application of the biostimulant Kelpak did 
not have a significant effect on N content or 
uptake in the spring wheat grain (Table 3). 
There was indication, however, of an increase 
in P and K content and uptake in the grain after 
the sequential application of the preparation in 
comparison with the control treatment. This 
could result from forming a larger root weight, 
creating favourable conditions for nutrient 
uptake from soil (Foulkes et al., 2009). The 
study by Jannin et al. (2012) proved an increase 
in the expression of genes responsible for 
nutrient uptake after the application of 
preparations from algae. Shah et al. (2013), 
following Becket and Van Staden (1990), 
explains that an increase in P and K 
concentration in wheat grain after the 
application of algae preparation resulted from 
an increase in the photosynthesis rate or 
delayed senescence of the last two leaves. 
 
CONCLUSIONS 
 
Response of spring wheat to the foliar 
application of seaweed extract Kelpak 
(Ecklonia maxima Osbeck) depended on the 

dose and developmental stage of plant during 
application. Sequential treatment (biostimulant 
in a dose of 1.5 l/ha at BBCH 22 and in a dose 
of 1.5 l/ha at BBCH 31) had a favourable effect 
on the number of grains per spike, thousand 
grain weight, and grain yield. This method of 
application also stimulated growth of the root 
mass, and increased P and K concentration and 
uptake in grain as compared to the control. 
Favourable response of the grain yield and 
nutrient (P and K) uptake gives grounds for 
recommendations of the foliar application of 
seaweed biostimulant Kelpak in sequential 
treatment for spring wheat.  
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Abstract 
 
This paper tries to emphasize the changes in concentration of Romanian agricultural holdings and their utilized 
agricultural area, during 2002-2016 periods. Our research was based on census data at county level (40 counties) and 
utilized concentration indicators, like Herfindahl – Hirschman Index, Gini-Struck Coefficient, Gini Coefficient and 
Concentration Index. The results showed, in general, a low concentration, respectively an equitable distribution 
between counties of land and farms. However, we observed in the 2002-2016 periods a slightly increase in inequality (a 
higher concentration) when we analysed the number of individual agricultural holdings, the UAA of non-individual 
agricultural farms, the UAA of farms with under 10 ha and over 100 ha and the leased land. Also, the process of 
concentration had a higher growth in counties with hill and mountain landscape. 
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INTRODUCTION  
 
In Romania, in 2016, there were almost 3.45 
million farms (with around 27% lower than in 
2002) from which over 99% are individual 
agricultural holdings. The total utilized 
agricultural area reached 12.5 million hectares, 
with only 9% lower than in 2002. In the 
mentioned period, there were also majors 
changes in ownership. For example, in 2002 the 
rented area was under 100 thou hectares, but in 
2016 reached almost 3.8 million hectares which 
reveals modification in concentration patterns 
of farms and land due to farm merging, land 
parcelling etc.  
If we follow the evolution from 2002 to 2016 
we may observe that agricultural Romanian 
sector went through structural changes reflected 
by the slightly increase of farm size, merging 
land processes etc. According with Stanciu 
(Stanciu, 2016) all this movement on 
agricultural and land market should converge to 
a higher concentration and a more specialized 
production. But even if the land concentration 
is improving, Romania is far away from 
reaching an optimal farm size due to a still 
unbalanced land use (Popescu, 2015) reflected 
by the “concentration of agricultural land 
around the farms of small and very small size” 
(Timofti et al., 2015) and by the large-scale 

land deals (land grabbing phenomenon) 
(Loughrey et al., 2017). 
 
MATERIALS AND METHODS 
 
The aim of this paper was to quantify the 
changes in concentration/diversification and 
distribution of farms and UAA between 2002 
and 2016. The research was carried out starting 
from the agricultural census statistical 
information for years 2002 and 2016, for 
Romanian farms. We identified 40 counties 
which had available data for the years 
mentioned and the selected variables were: 
number of individual agricultural holdings 
(NI), number of agricultural holdings with legal 
personality (NL), utilised agricultural area of 
individual agricultural holdings (UAA-NI), 
utilised agricultural area of agricultural 
holdings with legal personality (UAA-NL), 
leased utilised agricultural area (UAA-L) and 
utilised agricultural area of different holding 
sizes.  
The concentration assessment was realized per 
total and per areas with similar geographical 
patterns. To assess the concentration we 
utilized various indicators like (Dona et al., 
2015): 
-The Herfindahl index (Herfindahl - Hirschman 
Index - HHI) reveals the degree of 
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This paper tries to emphasize the changes in concentration of Romanian agricultural holdings and their utilized 
agricultural area, during 2002-2016 periods. Our research was based on census data at county level (40 counties) and 
utilized concentration indicators, like Herfindahl – Hirschman Index, Gini-Struck Coefficient, Gini Coefficient and 
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INTRODUCTION  
 
In Romania, in 2016, there were almost 3.45 
million farms (with around 27% lower than in 
2002) from which over 99% are individual 
agricultural holdings. The total utilized 
agricultural area reached 12.5 million hectares, 
with only 9% lower than in 2002. In the 
mentioned period, there were also majors 
changes in ownership. For example, in 2002 the 
rented area was under 100 thou hectares, but in 
2016 reached almost 3.8 million hectares which 
reveals modification in concentration patterns 
of farms and land due to farm merging, land 
parcelling etc.  
If we follow the evolution from 2002 to 2016 
we may observe that agricultural Romanian 
sector went through structural changes reflected 
by the slightly increase of farm size, merging 
land processes etc. According with Stanciu 
(Stanciu, 2016) all this movement on 
agricultural and land market should converge to 
a higher concentration and a more specialized 
production. But even if the land concentration 
is improving, Romania is far away from 
reaching an optimal farm size due to a still 
unbalanced land use (Popescu, 2015) reflected 
by the “concentration of agricultural land 
around the farms of small and very small size” 
(Timofti et al., 2015) and by the large-scale 

land deals (land grabbing phenomenon) 
(Loughrey et al., 2017). 
 
MATERIALS AND METHODS 
 
The aim of this paper was to quantify the 
changes in concentration/diversification and 
distribution of farms and UAA between 2002 
and 2016. The research was carried out starting 
from the agricultural census statistical 
information for years 2002 and 2016, for 
Romanian farms. We identified 40 counties 
which had available data for the years 
mentioned and the selected variables were: 
number of individual agricultural holdings 
(NI), number of agricultural holdings with legal 
personality (NL), utilised agricultural area of 
individual agricultural holdings (UAA-NI), 
utilised agricultural area of agricultural 
holdings with legal personality (UAA-NL), 
leased utilised agricultural area (UAA-L) and 
utilised agricultural area of different holding 
sizes.  
The concentration assessment was realized per 
total and per areas with similar geographical 
patterns. To assess the concentration we 
utilized various indicators like (Dona et al., 
2015): 
-The Herfindahl index (Herfindahl - Hirschman 
Index - HHI) reveals the degree of 
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diversification (a tendency to 1 equals a high 
degree of concentration and a tendency to 0 
equals a high degree of diversification; “above 
0.25 - highly concentrated; below 0.15 - not 
concentrated; between 0.15-0.25 - moderate 
concentration”) (Naldi et al., 2014): 
 
 
 

(1) 
 
 
 
where: HHI = Herfindahl index; HHI*= 
Normalized Herfindahl index 
The Gini-Struck Coefficient reveals the degree 
of concentration (a tendency to 0 equals a low 
degree of concentration and a tendency to 1 
equals a high degree of concentration) (Săvoiu 
et al., 2010): 
 

 (2) 
 
 
Gini Coefficient reveals the inequality level (a 
value next to 0 shows a perfect equality and a 
value next to 1 shows a perfect inequality 
(Shryock et al., 1980): 
 
 

(3) 
 
The Gini coefficient is completed by the 
following Concentration Index (with values 
between [-1, 1]):  
 

(4) 
 
Actually, if Gini coefficient “represents the 
surface between the diagonal and the Lorenz 
curve relative to the total surface below the 
diagonal” (Dona et al., 2015), then when the 
concentration index is positive we have a curve 
below the diagonal and vice versa. In this way 
the graphical representation of the concen-
tration degree through the Lorenz curve enables 
us to observe the tendency to equality or 
inequality. 
 
RESULTS AND DISCUSSIONS 
 
General evolution of agricultural sector  
To emphasize and analyse these changes we 
used census data grouped by counties and we 

created a database with the characteristics 
presented in Table 1. 
 

Table 1. Data set - descriptive statistics  
(40 counties level)s 

Source: Romanian Agricultural Census 2002 and 2016 
 
By analysing the average data, we may observe 
a decrease in the numbers of individual 
agricultural holdings (with almost 28%) and an 
increase with 14% of the agricultural holdings 
with legal personality. This change reveals a 
slightly process of farming merge, but also a 
decrease of 10% of the utilised agricultural in 
both cases. The major change may be observed 
in the category of farms with 10-100 hectares 
where the UAA increased. 
If we organize the data based on the 
geographical patterns of the counties (Toma et 
al., 2015), we observed the characteristics 
presented in Table 2. 
The mountain areas present major changes, like 
an increase in the number of farms with 12-
13%, an increase of UAA of individual 
agricultural holdings with 13% and an increase 
of the cultivated area of farms with 5-100 

 M.U.  2002 2016 % 
Individual 
agricultural 

holdings (NI) 

thou Minimum 59.40 29.42 49.5 
Maximum 204.52 155.18 75.9 

Mean 116.30 84.38 72.6 
Agricultural 

holdings with 
legal personality 

(NL) 

thou Minimum 0.31 0.28 90.3 
Maximum 0.98 1.34 136.7 

Mean 0.57 0.65 
114.0 

UAA-individual 
agricultural 

holdings (UAA-
NI) 

thou 
ha 

Minimum 87.46 83.51 95.5 
Maximum 358.72 288.39 80.4 

Mean 191.44 172.64 
90.2 

UAA -
Agricultural 

holdings with 
legal personality 

(UAA-NL) 

thou 
ha 

Minimum 48.40 30.00 62.0 
Maximum 382.22 388.33 101.6 

Mean 151.76 138.32 

91.1 
Lease land 
(UAA-L)  

 

thou 
ha 

Minimum 0.20 3.56 1780.0 
Maximum 8.50 329.45 3875.9 

Mean 1.56 88.75 5689.1 
UAA of 

agricultural 
holdings with 

under 1 hectare 

thou 
ha 

Minimum 6.16 3.18 51.6 
Maximum 41.75 43.40 104.0 

Mean 18.63 15.88 
85.2 

UAA of 
agricultural 

holdings with 1-
5 hectares 

thou 
ha 

Minimum 29.63 15.07 50.9 
Maximum 225.94 149.16 66.0 

Mean 103.85 73.51 
70.8 

UAA of 
agricultural 

holdings with 5-
10 hectares 

thou 
ha 

Minimum 10.21 8.77 85.9 
Maximum 85.91 71.62 83.4 

Mean 35.92 32.55 
90.6 

UAA of 
agricultural 

holdings with 
10-20 hectares 

thou 
ha 

Minimum 3.41 3.26 95.6 
Maximum 49.06 43.13 87.9 

Mean 11.73 16.62 
141.7 

UAA of 
agricultural 

holdings with 
20-50 hectares 

thou 
ha 

Minimum 1.91 3.29 172.3 
Maximum 32.50 29.72 91.4 

Mean 6.95 13.77 
198.1 

UAA of 
agricultural 

holdings with 
50-100 hectares 

thou 
ha 

Minimum 0.93 2.77 297.8 
Maximum 23.08 27.70 120.0 

Mean 6.34 10.43 
164.5 

UAA of 
agricultural 

holdings with 
over 100 
hectares 

thou 
ha 

Minimum 46.29 30.41 65.7 
Maximum 420.91 411.63 97.8 

Mean 159.58 148.20 

92.9 
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hectares. Also, we observe a big increase in the 
surface cultivated by the farms with 20-50 
hectares (with 215.4%). 
 

Table 2. Data set - descriptive statistics (geographical 
areas level) 

Source: Romanian Agricultural Census 2002 and 2016 
 
In the hill areas, we observe a decrease in the 
number of farms and UAA, but the biggest 
decrease is in the sector of agricultural holdings 
with legal personality where the utilized 
agricultural area was with over 33% lower. 
However, we have an increase of UAA for the 
farms with 10-100 hectares. 
In the counties with plain areas we can observe 
an increase with almost 24% in the number of 
agricultural holdings with legal personality and 

a major increase of the leased UAA (two times 
higher than in other areas). We also may 
observe that the commercial farms, with 20-100 
hectares, had an increase of UAA with around 
50-60%. 
Concentration assessment of agricultural 
holdings  
Individual agricultural holdings present a high 
degree of diversification (HHI<0.15), 
respectively a low concentration (Gini 
coefficient under 0.19) (Table 3). The increase 
of GI in 2016 by 25.5% face to 2002 show a 
slightly tendency to concentration but the 
values are too low to reveal real changes. 
 

Table 3. Concentration indicators - NI 
 2002 2016 % 
Herfindal 0.0276 0.0291 105.4 
Normalized Herfindal 0.0027 0.0042 155.6 
Gini-Struck 0.0518 0.0646 124.7 
Gini Coefficient 0.1838 0.2306 125.5 
Concentration Coefficient 0.1885 0.2365 125.5 
Source: own calculation 
 
The Lorenz curve enables us to observe this 
tendency to inequality (Figure 1) but due to the 
low values of concentration indexes we may 
affirm that the individual agricultural holdings 
sector is homogeneous with similar distribution 
of farms between counties. 
 

Figure 1. Lorenz curve - NI 
Source: Own design 

 
The situation is similar in the case of 
agricultural holdings with legal personality 
(Table 4).  
 

Table 4. Concentration indicators - NL 
 2002 2016 % 
Herfindal 0.0273 0.0279 102.2 
NormalizedHerfindal 0.0024 0.0030 125.0 
Gni-Struck 0.0489 0.0548 112.1 
Gini Coefficient 0.1717 0.1851 107.8 
ConcentrationCoefficient 0.1761 0.1898 107.8 
Source: own calculation 
 

 M.U. Level 2002 2016 % 
Individual 
agricultural 

holdings (NI) 

thou Plain 50-80% 205.7 170.6 82.9 
Hill 50-80% 183.6 174.1 94.9 
Mountain 50-

80% 156.4 177.1 113.2 
Agricultural 

holdings with 
legal 

personality 
(NL)

thou Plain 50-80% 0.6 0.7 123.7 
Hill 50-80% 0.6 0.6 91.9
Mountain 50-

80% 
0.5 0.5 111.8 

UAA-
individual 

agricultural 
holdings 

(UAA-NI) 

thou 
ha 

Plain 50-80% 205.7 170.6 82.9 
Hill 50-80% 183.6 174.1 94.9 
Mountain 50-

80% 
156.4 177.1 113.2 

UAA -
Agricultural 

holdings with 
legal 

personality 
(UAA-NL) 

thou 
ha 

Plain 50-80% 175.4 174.8 99.7 
Hill 50-80% 118.7 79.9 67.3 
Mountain 50-

80% 

114.0 87.2 76.4 
Leased land 

(UAA-L)  
 

thou 
ha 

Plain 50-80% 1.8 125.7 7024.2 
Hill 50-80% 1.5 39.6 2728.7 
Mountain 50-

80% 1.0 27.0 2721.5 
UAA of 

agricultural 
holdings with 

under 1 
hectare 

thou 
ha 

Plain 50-80% 20.4 17.5 85.9 
Hill 50-80% 21.0 18.7 89.1 
Mountain 50-

80% 
10.9 7.9 72.2 

UAA of 
agricultural 

holdings 
with 1-5 
hectares 

thou 
ha 

Plain 50-80% 108.9 73.5 67.5 
Hill 50-80% 111.4 81.0 72.7 
Mountain 50-

80% 
81.3 66.1 81.3 

UAA of 
agricultural 

holdings 
with 5-10 
hectares 

thou 
ha 

Plain 50-80% 34.0 26.8 78.8 
Hill 50-80% 32.6 30.4 93.4 
Mountain 50-

80% 
44.9 50.1 111.7 

UAA of 
agricultural 

holdings 
with 10-20 

hectares 

thou 
ha 

Plain 50-80% 11.8 13.7 116.2 
Hill 50-80% 9.2 14.2 154.3 
Mountain 50-

80% 
14.0 24.1 172.3 

UAA of 
agricultural 

holdings 
with 20-50 

hectares 

thou 
ha 

Plain 50-80% 8.4 13.5 161.0 
Hill 50-80% 5.5 14.6 265.3 
Mountain 50-

80% 
4.1 12.8 315.4 

UAA of 
agricultural 

holdings 
with 50-100 

hectares 

thou 
ha 

Plain 50-80% 7.6 11.2 147.7 
Hill 50-80% 5.7 10.1 176.0 
Mountain 50-

80% 
3.2 8.0 252.7 

UAA of 
agricultural 

holdings 
with over 

100 hectares 

thou 
ha 

Plain 50-80% 189.7 189.2 99.7 
Hill 50-80% 116.6 85.0 72.9 
Mountain 50-

80% 
112.3 88.6 78.9 
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diversification (a tendency to 1 equals a high 
degree of concentration and a tendency to 0 
equals a high degree of diversification; “above 
0.25 - highly concentrated; below 0.15 - not 
concentrated; between 0.15-0.25 - moderate 
concentration”) (Naldi et al., 2014): 
 
 
 

(1) 
 
 
 
where: HHI = Herfindahl index; HHI*= 
Normalized Herfindahl index 
The Gini-Struck Coefficient reveals the degree 
of concentration (a tendency to 0 equals a low 
degree of concentration and a tendency to 1 
equals a high degree of concentration) (Săvoiu 
et al., 2010): 
 

 (2) 
 
 
Gini Coefficient reveals the inequality level (a 
value next to 0 shows a perfect equality and a 
value next to 1 shows a perfect inequality 
(Shryock et al., 1980): 
 
 

(3) 
 
The Gini coefficient is completed by the 
following Concentration Index (with values 
between [-1, 1]):  
 

(4) 
 
Actually, if Gini coefficient “represents the 
surface between the diagonal and the Lorenz 
curve relative to the total surface below the 
diagonal” (Dona et al., 2015), then when the 
concentration index is positive we have a curve 
below the diagonal and vice versa. In this way 
the graphical representation of the concen-
tration degree through the Lorenz curve enables 
us to observe the tendency to equality or 
inequality. 
 
RESULTS AND DISCUSSIONS 
 
General evolution of agricultural sector  
To emphasize and analyse these changes we 
used census data grouped by counties and we 

created a database with the characteristics 
presented in Table 1. 
 

Table 1. Data set - descriptive statistics  
(40 counties level)s 

Source: Romanian Agricultural Census 2002 and 2016 
 
By analysing the average data, we may observe 
a decrease in the numbers of individual 
agricultural holdings (with almost 28%) and an 
increase with 14% of the agricultural holdings 
with legal personality. This change reveals a 
slightly process of farming merge, but also a 
decrease of 10% of the utilised agricultural in 
both cases. The major change may be observed 
in the category of farms with 10-100 hectares 
where the UAA increased. 
If we organize the data based on the 
geographical patterns of the counties (Toma et 
al., 2015), we observed the characteristics 
presented in Table 2. 
The mountain areas present major changes, like 
an increase in the number of farms with 12-
13%, an increase of UAA of individual 
agricultural holdings with 13% and an increase 
of the cultivated area of farms with 5-100 

 M.U.  2002 2016 % 
Individual 
agricultural 

holdings (NI) 

thou Minimum 59.40 29.42 49.5 
Maximum 204.52 155.18 75.9 

Mean 116.30 84.38 72.6 
Agricultural 

holdings with 
legal personality 

(NL) 

thou Minimum 0.31 0.28 90.3 
Maximum 0.98 1.34 136.7 

Mean 0.57 0.65 
114.0 

UAA-individual 
agricultural 

holdings (UAA-
NI) 

thou 
ha 

Minimum 87.46 83.51 95.5 
Maximum 358.72 288.39 80.4 

Mean 191.44 172.64 
90.2 

UAA -
Agricultural 

holdings with 
legal personality 

(UAA-NL) 

thou 
ha 

Minimum 48.40 30.00 62.0 
Maximum 382.22 388.33 101.6 

Mean 151.76 138.32 

91.1 
Lease land 
(UAA-L)  

 

thou 
ha 

Minimum 0.20 3.56 1780.0 
Maximum 8.50 329.45 3875.9 

Mean 1.56 88.75 5689.1 
UAA of 

agricultural 
holdings with 

under 1 hectare 

thou 
ha 

Minimum 6.16 3.18 51.6 
Maximum 41.75 43.40 104.0 

Mean 18.63 15.88 
85.2 

UAA of 
agricultural 

holdings with 1-
5 hectares 

thou 
ha 

Minimum 29.63 15.07 50.9 
Maximum 225.94 149.16 66.0 

Mean 103.85 73.51 
70.8 

UAA of 
agricultural 

holdings with 5-
10 hectares 

thou 
ha 

Minimum 10.21 8.77 85.9 
Maximum 85.91 71.62 83.4 

Mean 35.92 32.55 
90.6 

UAA of 
agricultural 

holdings with 
10-20 hectares 

thou 
ha 

Minimum 3.41 3.26 95.6 
Maximum 49.06 43.13 87.9 

Mean 11.73 16.62 
141.7 

UAA of 
agricultural 

holdings with 
20-50 hectares 

thou 
ha 

Minimum 1.91 3.29 172.3 
Maximum 32.50 29.72 91.4 

Mean 6.95 13.77 
198.1 

UAA of 
agricultural 

holdings with 
50-100 hectares 

thou 
ha 

Minimum 0.93 2.77 297.8 
Maximum 23.08 27.70 120.0 

Mean 6.34 10.43 
164.5 

UAA of 
agricultural 

holdings with 
over 100 
hectares 

thou 
ha 

Minimum 46.29 30.41 65.7 
Maximum 420.91 411.63 97.8 

Mean 159.58 148.20 

92.9 
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hectares. Also, we observe a big increase in the 
surface cultivated by the farms with 20-50 
hectares (with 215.4%). 
 

Table 2. Data set - descriptive statistics (geographical 
areas level) 

Source: Romanian Agricultural Census 2002 and 2016 
 
In the hill areas, we observe a decrease in the 
number of farms and UAA, but the biggest 
decrease is in the sector of agricultural holdings 
with legal personality where the utilized 
agricultural area was with over 33% lower. 
However, we have an increase of UAA for the 
farms with 10-100 hectares. 
In the counties with plain areas we can observe 
an increase with almost 24% in the number of 
agricultural holdings with legal personality and 

a major increase of the leased UAA (two times 
higher than in other areas). We also may 
observe that the commercial farms, with 20-100 
hectares, had an increase of UAA with around 
50-60%. 
Concentration assessment of agricultural 
holdings  
Individual agricultural holdings present a high 
degree of diversification (HHI<0.15), 
respectively a low concentration (Gini 
coefficient under 0.19) (Table 3). The increase 
of GI in 2016 by 25.5% face to 2002 show a 
slightly tendency to concentration but the 
values are too low to reveal real changes. 
 

Table 3. Concentration indicators - NI 
 2002 2016 % 
Herfindal 0.0276 0.0291 105.4 
Normalized Herfindal 0.0027 0.0042 155.6 
Gini-Struck 0.0518 0.0646 124.7 
Gini Coefficient 0.1838 0.2306 125.5 
Concentration Coefficient 0.1885 0.2365 125.5 
Source: own calculation 
 
The Lorenz curve enables us to observe this 
tendency to inequality (Figure 1) but due to the 
low values of concentration indexes we may 
affirm that the individual agricultural holdings 
sector is homogeneous with similar distribution 
of farms between counties. 
 

Figure 1. Lorenz curve - NI 
Source: Own design 

 
The situation is similar in the case of 
agricultural holdings with legal personality 
(Table 4).  
 

Table 4. Concentration indicators - NL 
 2002 2016 % 
Herfindal 0.0273 0.0279 102.2 
NormalizedHerfindal 0.0024 0.0030 125.0 
Gni-Struck 0.0489 0.0548 112.1 
Gini Coefficient 0.1717 0.1851 107.8 
ConcentrationCoefficient 0.1761 0.1898 107.8 
Source: own calculation 
 

 M.U. Level 2002 2016 % 
Individual 
agricultural 

holdings (NI) 

thou Plain 50-80% 205.7 170.6 82.9 
Hill 50-80% 183.6 174.1 94.9 
Mountain 50-

80% 156.4 177.1 113.2 
Agricultural 

holdings with 
legal 

personality 
(NL)

thou Plain 50-80% 0.6 0.7 123.7 
Hill 50-80% 0.6 0.6 91.9
Mountain 50-

80% 
0.5 0.5 111.8 

UAA-
individual 

agricultural 
holdings 

(UAA-NI) 

thou 
ha 

Plain 50-80% 205.7 170.6 82.9 
Hill 50-80% 183.6 174.1 94.9 
Mountain 50-

80% 
156.4 177.1 113.2 

UAA -
Agricultural 

holdings with 
legal 

personality 
(UAA-NL) 

thou 
ha 

Plain 50-80% 175.4 174.8 99.7 
Hill 50-80% 118.7 79.9 67.3 
Mountain 50-

80% 

114.0 87.2 76.4 
Leased land 

(UAA-L)  
 

thou 
ha 

Plain 50-80% 1.8 125.7 7024.2 
Hill 50-80% 1.5 39.6 2728.7 
Mountain 50-

80% 1.0 27.0 2721.5 
UAA of 

agricultural 
holdings with 

under 1 
hectare 

thou 
ha 

Plain 50-80% 20.4 17.5 85.9 
Hill 50-80% 21.0 18.7 89.1 
Mountain 50-

80% 
10.9 7.9 72.2 

UAA of 
agricultural 

holdings 
with 1-5 
hectares 

thou 
ha 

Plain 50-80% 108.9 73.5 67.5 
Hill 50-80% 111.4 81.0 72.7 
Mountain 50-

80% 
81.3 66.1 81.3 

UAA of 
agricultural 

holdings 
with 5-10 
hectares 

thou 
ha 

Plain 50-80% 34.0 26.8 78.8 
Hill 50-80% 32.6 30.4 93.4 
Mountain 50-

80% 
44.9 50.1 111.7 

UAA of 
agricultural 

holdings 
with 10-20 

hectares 

thou 
ha 

Plain 50-80% 11.8 13.7 116.2 
Hill 50-80% 9.2 14.2 154.3 
Mountain 50-

80% 
14.0 24.1 172.3 

UAA of 
agricultural 

holdings 
with 20-50 

hectares 

thou 
ha 

Plain 50-80% 8.4 13.5 161.0 
Hill 50-80% 5.5 14.6 265.3 
Mountain 50-

80% 
4.1 12.8 315.4 

UAA of 
agricultural 

holdings 
with 50-100 

hectares 

thou 
ha 

Plain 50-80% 7.6 11.2 147.7 
Hill 50-80% 5.7 10.1 176.0 
Mountain 50-

80% 
3.2 8.0 252.7 

UAA of 
agricultural 

holdings 
with over 

100 hectares 

thou 
ha 

Plain 50-80% 189.7 189.2 99.7 
Hill 50-80% 116.6 85.0 72.9 
Mountain 50-

80% 
112.3 88.6 78.9 
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Here the concentration is even lower, with GI 
values between 0.17-0.18 and a change of only 
7.8% (Figure 2). 
 

 
Figure 2. Lorenz curve - NL 

Source: Own design 
 
The individual agricultural holdings from plain 
areas present a higher concentration than in 
others (hill and mountain) (Table 5). With a 
value of GI of 0.23 in 2016, we may observe 
that the concentration increased with 31.5% 
face to 2002. However, in mountain areas 
exists a tendency to inequality (due to an 
increase of GI with 77.6% and GS with 81.6%) 
and an increase in concentration (an increase of 
HHI with 228.1%). 
 

Table 5. Concentration indicators – NI and NL on 
geographical areas 

Level Concentration 
Indicators 

NI NL 
2002 2016 % 2002 2016 % 

Plain Herfindal 0.0455 0.0482 105.9 0.1367 0.1372 100.4 
Normalized 
Herfindal 0.0040 0.0068 170.0 0.0133 0.0139 104.5 
Gni-Struck 0.0632 0.0827 130.9 0.1154 0.1178 102.1 
Gini Coefficient 0.1729 0.2273 131.5 0.1732 0.1705 98.4 
Concentration 
Coefficient 0.1804 0.2372 131.5 0.1980 0.1949 98.4 

Hill Herfindal 0.1334 0.1357 101.7 0.1301 0.1350 103.8 
Normalized 
Herfindal 0.0096 0.0123 128.1 0.0058 0.0115 198.3 
Gni-Struck 0.0979 0.1108 113.2 0.0760 0.1071 140.9 
Gini Coefficient 0.1440 0.1405 97.6 0.1138 0.1563 137.3 
Concentration 
Coefficient 0.1645 0.1606 97.6 0.1300 0.1787 137.5 

Mountain Herfindal 0.1306 0.1434 109.8 0.0454 0.0460 101.3 
Normalized 
Herfindal 0.0064 0.0210 328.1 0.0039 0.0045 115.4 
Gni-Struck 0.0798 0.1449 181.6 0.0624 0.0669 107.2 
Gini Coefficient 0.1157 0.2055 177.6 0.1678 0.1742 103.8 
Concentration 
Coefficient 0.1323 0.2349 177.6 0.1750 0.1818 103.9 

Source: own calculation 
 
In the sector of agricultural holdings with legal 
personality the situation is different. The 
concentration in plain and mountain areas 
changed very little, but in hill areas we 
observed an increase with 37.5%.   
 

Concentration assessment of utilized 
agricultural area 
The utilized area of individual agricultural 
holdings shows a high tendency to equality 
(Table 6a). 
 

Table 6a. Concentration indicators – UAA-NI 
 2002 2016 % 
Herfindal 0.0273 0.0270 98.9 
Normalized Herfindal 0.0024 0.0020 83.3 
Gni-Struck 0.0487 0.0451 92.6 
Gini Coefficient 0.1680 0.1588 94.5 
Concentration Coefficient 0.1723 0.1628 94.5 
Source: own calculation 
 
Also, we may observe that the changes are very 
small in 2002-2016 periods (Figure 3). 
 

 
Figure 3. Lorenz curve - UAA-NI 

Source: Own design 
 
The UAA of non-individual farms, which are 
generally big agricultural holdings, is not so 
equally distributed between counties (Table 
6b). The indicators show a slightly inequality 
tendency due to the different geographical 
patterns (Figure 4). 
 

Table 6b. Concentration indicators - UAA-NL 
 2002 2016 % 
Herfindal 0.0309 0.0341 110.4 
Normalized Herfindal 0.0060 0.0093 155.0 
Gni-Struck 0.0777 0.0966 124.3 
Gini Coefficient 0.2635 0.3308 125.5 
Concentration Coefficient 0.2703 0.3393 125.5 
Source: own calculation 

 
Figure 4. Lorenz curve - UAA-NL 

 
Actually, in plain areas, in 2002, we observed a 
higher concentration (0.255) which 
demonstrate an inequality of distribution 
between countries with this landscape profile. 
But, if we analyze the 2002-2016 periods we 
observe an increase in concentration in hill and 
mountain areas (with around 40-45%), even 
over the level registered in plain areas (Table 
7). This indicates that in the present the UAA 
of agricultural holdings with legal personality 
is more unequally distributed among counties 
with a preponderant hill and mountain 
landscape. The individual agricultural holdings 
show a much lower concentration and little 
changes in distribution between counties over 
time.  
 
Table 7. Concentration indicators - UAA-NI and UAA-

NL on geographical areas 
Level Concentration 

Indicators 
UAA-NI UAA-NL 

2002 2016 % 2002 2016 % 
Plain Herfindal 0.0456 0.0457 100.2 0.0504 0.0511 101.4 

Normalized 
Herfindal 0.0041 0.0042 102.4 0.0091 0.0099 108.8 
Gni-Struck 0.0643 0.0646 100.5 0.0957 0.0993 103.8 
Gini Coefficient 0.1727 0.1731 100.2 0.2555 0.2656 104.0 
Concentration 
Coefficient 0.1802 0.1807 100.3 0.2666 0.2772 104.0 

Hill Herfindal 0.1312 0.1296 98.8 0.1421 0.1600 112.6 
Normalized 
Herfindal 0.0071 0.0052 73.2 0.0196 0.0400 204.1 
Gni-Struck 0.0843 0.0724 85.9 0.1399 0.1999 142.9 
Gini Coefficient 0.1228 0.1034 84.2 0.2024 0.2833 140.0 
Concentration 
Coefficient 0.1403 0.1182 84.2 0.2314 0.3238 139.9 

Mountain Herfindal 0.1317 0.1320 100.2 0.1401 0.1567 111.8 
Normalized 
Herfindal 0.0077 0.0080 103.9 0.0172 0.0362 210.5 
Gni-Struck 0.0877 0.0896 102.2 0.1313 0.1903 144.9 
Gini Coefficient 0.1260 0.1316 104.4 0.1908 0.2768 145.1 
Concentration 
Coefficient 0.1440 0.1504 104.4 0.2181 0.3163 145.0 

Source: own calculation 
 
Like we presented in the first part of the paper, 
the leased land had a strong growth in all 
counties, but especially in the plain areas. The 
Gini index is over 0.4 in both years and its 
increasing (with 6.6%) which reveals a 
tendency to inequity (Table 8). 
 

Table 8. Concentration indicators – leased land 
 2002 2016 % 
Herfindal 0.0463 0.0425 91.8 
Normalized Herfindal 0.0218 0.0180 82.6 
Gni-Struck 0.1477 0.1341 90.8 
Gini Coefficient 0.4197 0.4472 106.6 
Concentration Coefficient 0.4304 0.4586 106.6 
Source: own calculation 
 
Concentration assessment of UAA by size of 
agricultural holdings 
In 2016, the lowest level of land inequality 
(low concentration) was found in the category 
of farms with 1-5 ha (0.253) and the highest 
level (0.349) was found in the category of 

farms under 1 ha (Table 9). Face with 2002 we 
observe a more inequitable distribution 
between counties in the category of farms with 
under 10 ha and over 100 ha. But in the 
category of farms with 10-100 ha the 
distribution of UAA was more equitable.  This 
means that we have a real change in structure 
of UAA. The categories of farms under 10 ha 
and over 100 ha are going through a decreasing 
process and the commercial farms (with 10-100 
ha) are developing in each county. 
 
Table 9. Concentration indicators - UAA-NI and UAA-

NL on geographical areas 
Level 

Concentration 
Indicators 

Individual agricultural 
holdings 

2002 2016 % 
UAA of 

agricultural 
holdings with 

under 1 
hectare 

Herfindal 0.0313 0.0350 111.8 
Normalized 
Herfindal 0.0065 0.0102 156.9 
Gni-Struck 0.0804 0.1011 125.7 
Gini Coefficient 0.2763 0.3490 126.3 
Concentration 
Coefficient 0.2834 0.3579 126.3 

UAA of 
agricultural 

holdings with 
1-5 hectares 

Herfindal 0.0290 0.0300 103.4 
Normalized 
Herfindal 0.0041 0.0051 124.4 
Gni-Struck 0.0643 0.0717 111.5 
Gini Coefficient 0.2227 0.2525 113.4 
Concentration 
Coefficient 0.2284 0.2590 113.4 

UAA of 
agricultural 

holdings with 
5-10 hectares 

Herfindal 0.0314 0.0328 104.5 
Normalized 
Herfindal 0.0066 0.0080 121.2 
Gni-Struck 0.0811 0.0894 110.2 
Gini Coefficient 0.2750 0.3122 113.5 
Concentration 
Coefficient 0.2821 0.3202 113.5 

UAA of 
agricultural 

holdings with 
10-20 hectares 

Herfindal 0.0393 0.0331 84.2 
Normalized 
Herfindal 0.0147 0.0083 56.5 
Gni-Struck 0.1211 0.0910 75.1 
Gini Coefficient 0.3566 0.3103 87.0 
Concentration 
Coefficient 0.3658 0.3183 87.0 

UAA of 
agricultural 

holdings with 
20-50 hectares 

Herfindal 0.0390 0.0305 78.2 
Normalized 
Herfindal 0.0144 0.0056 38.9 
Gni-Struck 0.1199 0.0751 62.6 
Gini Coefficient 0.3334 0.2641 79.2 
Concentration 
Coefficient 0.3420 0.2709 79.2 

UAA of 
agricultural 

holdings with 
50-100 
hectares 

Herfindal 0.0355 0.0326 91.8 
Normalized 
Herfindal 0.0107 0.0078 72.9 
Gni-Struck 0.1037 0.0881 85.0 
Gini Coefficient 0.3286 0.2956 90.0 
Concentration 
Coefficient 0.3370 0.3032 90.0 

UAA of 
agricultural 

holdings with 
over 100 
hectares 

Herfindal 0.0325 0.0352 108.3 
Normalized 
Herfindal 0.0077 0.0105 136.4 
Gni-Struck 0.0877 0.1025 116.9 
Gini Coefficient 0.2898 0.3454 119.2 
Concentration 
Coefficient 0.2972 0.3542 119.2 

Source: own calculation 
 
Actually, if we analyze these results in 
correlation with the data from Table 2 we can 
see that the biggest modifications are in hill and 
mountain areas. In the counties with hill 
landscape the UAA increased with 50-80% in 
the sector of farms with 10-20 ha and 50-100 
ha. In counties with mountain landscape the 
UAA increased with over 70% in the sector of 
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Here the concentration is even lower, with GI 
values between 0.17-0.18 and a change of only 
7.8% (Figure 2). 
 

 
Figure 2. Lorenz curve - NL 

Source: Own design 
 
The individual agricultural holdings from plain 
areas present a higher concentration than in 
others (hill and mountain) (Table 5). With a 
value of GI of 0.23 in 2016, we may observe 
that the concentration increased with 31.5% 
face to 2002. However, in mountain areas 
exists a tendency to inequality (due to an 
increase of GI with 77.6% and GS with 81.6%) 
and an increase in concentration (an increase of 
HHI with 228.1%). 
 

Table 5. Concentration indicators – NI and NL on 
geographical areas 

Level Concentration 
Indicators 

NI NL 
2002 2016 % 2002 2016 % 

Plain Herfindal 0.0455 0.0482 105.9 0.1367 0.1372 100.4 
Normalized 
Herfindal 0.0040 0.0068 170.0 0.0133 0.0139 104.5 
Gni-Struck 0.0632 0.0827 130.9 0.1154 0.1178 102.1 
Gini Coefficient 0.1729 0.2273 131.5 0.1732 0.1705 98.4 
Concentration 
Coefficient 0.1804 0.2372 131.5 0.1980 0.1949 98.4 

Hill Herfindal 0.1334 0.1357 101.7 0.1301 0.1350 103.8 
Normalized 
Herfindal 0.0096 0.0123 128.1 0.0058 0.0115 198.3 
Gni-Struck 0.0979 0.1108 113.2 0.0760 0.1071 140.9 
Gini Coefficient 0.1440 0.1405 97.6 0.1138 0.1563 137.3 
Concentration 
Coefficient 0.1645 0.1606 97.6 0.1300 0.1787 137.5 

Mountain Herfindal 0.1306 0.1434 109.8 0.0454 0.0460 101.3 
Normalized 
Herfindal 0.0064 0.0210 328.1 0.0039 0.0045 115.4 
Gni-Struck 0.0798 0.1449 181.6 0.0624 0.0669 107.2 
Gini Coefficient 0.1157 0.2055 177.6 0.1678 0.1742 103.8 
Concentration 
Coefficient 0.1323 0.2349 177.6 0.1750 0.1818 103.9 

Source: own calculation 
 
In the sector of agricultural holdings with legal 
personality the situation is different. The 
concentration in plain and mountain areas 
changed very little, but in hill areas we 
observed an increase with 37.5%.   
 

Concentration assessment of utilized 
agricultural area 
The utilized area of individual agricultural 
holdings shows a high tendency to equality 
(Table 6a). 
 

Table 6a. Concentration indicators – UAA-NI 
 2002 2016 % 
Herfindal 0.0273 0.0270 98.9 
Normalized Herfindal 0.0024 0.0020 83.3 
Gni-Struck 0.0487 0.0451 92.6 
Gini Coefficient 0.1680 0.1588 94.5 
Concentration Coefficient 0.1723 0.1628 94.5 
Source: own calculation 
 
Also, we may observe that the changes are very 
small in 2002-2016 periods (Figure 3). 
 

 
Figure 3. Lorenz curve - UAA-NI 

Source: Own design 
 
The UAA of non-individual farms, which are 
generally big agricultural holdings, is not so 
equally distributed between counties (Table 
6b). The indicators show a slightly inequality 
tendency due to the different geographical 
patterns (Figure 4). 
 

Table 6b. Concentration indicators - UAA-NL 
 2002 2016 % 
Herfindal 0.0309 0.0341 110.4 
Normalized Herfindal 0.0060 0.0093 155.0 
Gni-Struck 0.0777 0.0966 124.3 
Gini Coefficient 0.2635 0.3308 125.5 
Concentration Coefficient 0.2703 0.3393 125.5 
Source: own calculation 

 
Figure 4. Lorenz curve - UAA-NL 

 
Actually, in plain areas, in 2002, we observed a 
higher concentration (0.255) which 
demonstrate an inequality of distribution 
between countries with this landscape profile. 
But, if we analyze the 2002-2016 periods we 
observe an increase in concentration in hill and 
mountain areas (with around 40-45%), even 
over the level registered in plain areas (Table 
7). This indicates that in the present the UAA 
of agricultural holdings with legal personality 
is more unequally distributed among counties 
with a preponderant hill and mountain 
landscape. The individual agricultural holdings 
show a much lower concentration and little 
changes in distribution between counties over 
time.  
 
Table 7. Concentration indicators - UAA-NI and UAA-

NL on geographical areas 
Level Concentration 

Indicators 
UAA-NI UAA-NL 

2002 2016 % 2002 2016 % 
Plain Herfindal 0.0456 0.0457 100.2 0.0504 0.0511 101.4 

Normalized 
Herfindal 0.0041 0.0042 102.4 0.0091 0.0099 108.8 
Gni-Struck 0.0643 0.0646 100.5 0.0957 0.0993 103.8 
Gini Coefficient 0.1727 0.1731 100.2 0.2555 0.2656 104.0 
Concentration 
Coefficient 0.1802 0.1807 100.3 0.2666 0.2772 104.0 

Hill Herfindal 0.1312 0.1296 98.8 0.1421 0.1600 112.6 
Normalized 
Herfindal 0.0071 0.0052 73.2 0.0196 0.0400 204.1 
Gni-Struck 0.0843 0.0724 85.9 0.1399 0.1999 142.9 
Gini Coefficient 0.1228 0.1034 84.2 0.2024 0.2833 140.0 
Concentration 
Coefficient 0.1403 0.1182 84.2 0.2314 0.3238 139.9 

Mountain Herfindal 0.1317 0.1320 100.2 0.1401 0.1567 111.8 
Normalized 
Herfindal 0.0077 0.0080 103.9 0.0172 0.0362 210.5 
Gni-Struck 0.0877 0.0896 102.2 0.1313 0.1903 144.9 
Gini Coefficient 0.1260 0.1316 104.4 0.1908 0.2768 145.1 
Concentration 
Coefficient 0.1440 0.1504 104.4 0.2181 0.3163 145.0 

Source: own calculation 
 
Like we presented in the first part of the paper, 
the leased land had a strong growth in all 
counties, but especially in the plain areas. The 
Gini index is over 0.4 in both years and its 
increasing (with 6.6%) which reveals a 
tendency to inequity (Table 8). 
 

Table 8. Concentration indicators – leased land 
 2002 2016 % 
Herfindal 0.0463 0.0425 91.8 
Normalized Herfindal 0.0218 0.0180 82.6 
Gni-Struck 0.1477 0.1341 90.8 
Gini Coefficient 0.4197 0.4472 106.6 
Concentration Coefficient 0.4304 0.4586 106.6 
Source: own calculation 
 
Concentration assessment of UAA by size of 
agricultural holdings 
In 2016, the lowest level of land inequality 
(low concentration) was found in the category 
of farms with 1-5 ha (0.253) and the highest 
level (0.349) was found in the category of 

farms under 1 ha (Table 9). Face with 2002 we 
observe a more inequitable distribution 
between counties in the category of farms with 
under 10 ha and over 100 ha. But in the 
category of farms with 10-100 ha the 
distribution of UAA was more equitable.  This 
means that we have a real change in structure 
of UAA. The categories of farms under 10 ha 
and over 100 ha are going through a decreasing 
process and the commercial farms (with 10-100 
ha) are developing in each county. 
 
Table 9. Concentration indicators - UAA-NI and UAA-

NL on geographical areas 
Level 

Concentration 
Indicators 

Individual agricultural 
holdings 

2002 2016 % 
UAA of 

agricultural 
holdings with 

under 1 
hectare 

Herfindal 0.0313 0.0350 111.8 
Normalized 
Herfindal 0.0065 0.0102 156.9 
Gni-Struck 0.0804 0.1011 125.7 
Gini Coefficient 0.2763 0.3490 126.3 
Concentration 
Coefficient 0.2834 0.3579 126.3 

UAA of 
agricultural 

holdings with 
1-5 hectares 

Herfindal 0.0290 0.0300 103.4 
Normalized 
Herfindal 0.0041 0.0051 124.4 
Gni-Struck 0.0643 0.0717 111.5 
Gini Coefficient 0.2227 0.2525 113.4 
Concentration 
Coefficient 0.2284 0.2590 113.4 

UAA of 
agricultural 

holdings with 
5-10 hectares 

Herfindal 0.0314 0.0328 104.5 
Normalized 
Herfindal 0.0066 0.0080 121.2 
Gni-Struck 0.0811 0.0894 110.2 
Gini Coefficient 0.2750 0.3122 113.5 
Concentration 
Coefficient 0.2821 0.3202 113.5 

UAA of 
agricultural 

holdings with 
10-20 hectares 

Herfindal 0.0393 0.0331 84.2 
Normalized 
Herfindal 0.0147 0.0083 56.5 
Gni-Struck 0.1211 0.0910 75.1 
Gini Coefficient 0.3566 0.3103 87.0 
Concentration 
Coefficient 0.3658 0.3183 87.0 

UAA of 
agricultural 

holdings with 
20-50 hectares 

Herfindal 0.0390 0.0305 78.2 
Normalized 
Herfindal 0.0144 0.0056 38.9 
Gni-Struck 0.1199 0.0751 62.6 
Gini Coefficient 0.3334 0.2641 79.2 
Concentration 
Coefficient 0.3420 0.2709 79.2 

UAA of 
agricultural 

holdings with 
50-100 
hectares 

Herfindal 0.0355 0.0326 91.8 
Normalized 
Herfindal 0.0107 0.0078 72.9 
Gni-Struck 0.1037 0.0881 85.0 
Gini Coefficient 0.3286 0.2956 90.0 
Concentration 
Coefficient 0.3370 0.3032 90.0 

UAA of 
agricultural 

holdings with 
over 100 
hectares 

Herfindal 0.0325 0.0352 108.3 
Normalized 
Herfindal 0.0077 0.0105 136.4 
Gni-Struck 0.0877 0.1025 116.9 
Gini Coefficient 0.2898 0.3454 119.2 
Concentration 
Coefficient 0.2972 0.3542 119.2 

Source: own calculation 
 
Actually, if we analyze these results in 
correlation with the data from Table 2 we can 
see that the biggest modifications are in hill and 
mountain areas. In the counties with hill 
landscape the UAA increased with 50-80% in 
the sector of farms with 10-20 ha and 50-100 
ha. In counties with mountain landscape the 
UAA increased with over 70% in the sector of 
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farms with 10-20 ha and with around 153% in 
the sector of farms with 50-100 ha. The biggest 
growth is in the sector of farms with 20-50 ha. 
Here, we have an increase with 61% in plain 
areas, 165% in hill areas and 215% in mountain 
areas.  
 
CONCLUSIONS 
 
Our research shows a low concentration of 
farm and land, but also emphasize the structural 
change due to the exit of farms with under 5 ha, 
a split of farms with over 100 ha and a merging 
process especially in the sector of farms with 
20-50 ha. The changes are small, with little 
impact in the distribution of farms and UAA 
between counties (concentration indexes), but 
they show a slightly tendency towards 
inequality. These facts reveal different patterns 
of change in Romanian counties due to 
different degree of development in the last 
decades.   
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Abstract  
 
The study aimed at investigating the presence of various variants of the IBV by RT-PCR in Romania, the territory being 
divided into four main regions: Q1-North West (n=78), Q2-North East (n=68), Q3-South East (n=173) and Q4-South 
West (n=53) to provide information for improvement of vaccination protocols and IBV infection overall control 
strategies. Two types of RT-PCR were applied to characterise the strains from the 33 farms. Numerous variants of the 
IBV virus were identified in different farms of the four major regions of Romania, with the obvious dominance of 4/91. 
Nevertheless, the identified pathotypes, of which some not mentioned in Romania, like Xinandi which might have been 
“imported” from Turkey or D1466, mentioned elsewhere in Europe, did not overlap the vaccine strains, leading to the 
clinical expression of the disease with different degrees of severeness, which stands for IBV versatile character and 
potential re-combinations occurring in spite of affiliation of certain variants to various geographical areas.  
 
Key words: infectious bronchitis virus, PCR, ELISA, mapping, Romania. 
 
INTRODUCTION  
 
One of the most economically impacting 
disease in poultry production is the infectious 
bronchitis, since the causative Gamma 
Coronavirus (Cavanagh et al., 2007, 2008), is 
spreading fast, it is highly infectious and 
persists for long periods of time on the farms. 
The economic loss is further increased by costs 
for disease control and for implementing 
specific bio-security conditions (Custura et al., 
2012) as well as consumer safety insurance 
(Lelieveld, 2012), due to various zoonotic 
bacteria (ie, Salmonella) associated to the virus 
during some episodes (Tudor et al., 2017 a and 
b; Sato et al., 2017). 
All ages are susceptible, chicks as well as 
layers, and the disease has regularly a very 
severe course. The morbidity and mortality 
differ from farm to farm, the clinical signs 
being expressed by poor weight gain or weight 
loss, respiratory symptoms and nephropathy 
(Ignjatovic et al., 2002; Ignjatović and Sapats, 
2000; Chousalkar et al., 2007) as well as 
reduction in the egg production and its quality 
(Awad et al., 2016; Cavanagh, 2003, 2007). 
Mutations at the virus level were indicated to 
be quite frequent and more pathogenic variants 

appeared (Ignjatovic et al., 1991). Over the 
years, numerous variants emerged, most of 
them of regional importance, not necessarily 
connected with severe disease (Chen et al., 
2015) (ie, Italian 02, It-02). Others, such as 
4/91 (known as 793B) were correlated with 
severe disease, sometimes in previously 
vaccinated flocks, and led to research and 
development of vaccines to control the 
outbreaks and losses (Sjaak et al., 2011).  
Novel strains of infectious bronchitis continue 
to emerge in the field (Bru et al., 2017). 
The IBV variants, considered to be induced by 
genetic recombination and point mutations in 
S1 gene, impaired the vaccination efforts, due 
to lack of cross-protection (Cavanagh and 
Gelb, 2008; Liu et al., 2003).  
Since major changes occurred at S1 gene level, 
its analysis was considered the best strategy to 
differentiate IBV genotypes and serotypes, 
allowing to also select appropriate vaccines for 
disease prevention in various regions 
(Jackwood, 2012).  
Nevertheless, aspects of the immune response 
and protection against the disease remain 
unclear (Chhabra et al., 2015; Moreno et al., 
2017) and in case of regular vaccinations and 
simultaneous occurrence of various wild strains 
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farms with 10-20 ha and with around 153% in 
the sector of farms with 50-100 ha. The biggest 
growth is in the sector of farms with 20-50 ha. 
Here, we have an increase with 61% in plain 
areas, 165% in hill areas and 215% in mountain 
areas.  
 
CONCLUSIONS 
 
Our research shows a low concentration of 
farm and land, but also emphasize the structural 
change due to the exit of farms with under 5 ha, 
a split of farms with over 100 ha and a merging 
process especially in the sector of farms with 
20-50 ha. The changes are small, with little 
impact in the distribution of farms and UAA 
between counties (concentration indexes), but 
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of change in Romanian counties due to 
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INTRODUCTION  
 
One of the most economically impacting 
disease in poultry production is the infectious 
bronchitis, since the causative Gamma 
Coronavirus (Cavanagh et al., 2007, 2008), is 
spreading fast, it is highly infectious and 
persists for long periods of time on the farms. 
The economic loss is further increased by costs 
for disease control and for implementing 
specific bio-security conditions (Custura et al., 
2012) as well as consumer safety insurance 
(Lelieveld, 2012), due to various zoonotic 
bacteria (ie, Salmonella) associated to the virus 
during some episodes (Tudor et al., 2017 a and 
b; Sato et al., 2017). 
All ages are susceptible, chicks as well as 
layers, and the disease has regularly a very 
severe course. The morbidity and mortality 
differ from farm to farm, the clinical signs 
being expressed by poor weight gain or weight 
loss, respiratory symptoms and nephropathy 
(Ignjatovic et al., 2002; Ignjatović and Sapats, 
2000; Chousalkar et al., 2007) as well as 
reduction in the egg production and its quality 
(Awad et al., 2016; Cavanagh, 2003, 2007). 
Mutations at the virus level were indicated to 
be quite frequent and more pathogenic variants 

appeared (Ignjatovic et al., 1991). Over the 
years, numerous variants emerged, most of 
them of regional importance, not necessarily 
connected with severe disease (Chen et al., 
2015) (ie, Italian 02, It-02). Others, such as 
4/91 (known as 793B) were correlated with 
severe disease, sometimes in previously 
vaccinated flocks, and led to research and 
development of vaccines to control the 
outbreaks and losses (Sjaak et al., 2011).  
Novel strains of infectious bronchitis continue 
to emerge in the field (Bru et al., 2017). 
The IBV variants, considered to be induced by 
genetic recombination and point mutations in 
S1 gene, impaired the vaccination efforts, due 
to lack of cross-protection (Cavanagh and 
Gelb, 2008; Liu et al., 2003).  
Since major changes occurred at S1 gene level, 
its analysis was considered the best strategy to 
differentiate IBV genotypes and serotypes, 
allowing to also select appropriate vaccines for 
disease prevention in various regions 
(Jackwood, 2012).  
Nevertheless, aspects of the immune response 
and protection against the disease remain 
unclear (Chhabra et al., 2015; Moreno et al., 
2017) and in case of regular vaccinations and 
simultaneous occurrence of various wild strains 
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in the same flock, the clinical outcome could be 
difficult to interpret (Tudor et al., 2017b). 
This study aimed at investigating the presence 
of various variants of the IBV by RT-PCR in 
Romania to provide information for 
improvement of vaccination protocols and IBV 
infection overall control strategies. 
 
MATERIALS AND METHODS 
 
Sampling was performed from the entire 
Romanian territory divided into four main 
regions: Q1-North West (n=78), Q2-North East 
(n=68), Q3-South East (n=173) and Q4-South 
West (n=53). Cloacal, tracheal and kidney 
swabs were sampled from both chickens and 
adult hens from 33 farms. On all farms, clinical 
signs such as panting, sneezing and bronchial 
rales, weight loss, decreased egg production, 
changes in egg shell were encountered. 
Bacteriology was positive for Salmonella and 
Mycoplasma genera. Each five samples were 
pooled and sent for diagnosis to GD Animal 
Health Laboratory, Deventer, Netherlands.  
 
Nucleic acid extraction. The viral RNA was 
extracted from cloacal, trachea and kidney 
swabs using the High Pure Viral Nucleic Acid 
kit (Roche Diagnostics, USA) according to the 
manufacturer’s instructions. 
 
IBV RT-PCR and sequencing. Two reverse 
transcriptase PCRs were used, a genotype 
specific RT-PCR for D1466 and a general RT-
PCR generating a fragment of about 350 bp of 
the S1 gene with the primers XCE1+ 
(CACTGGTAATTTTTCAGATGG) and 
XCE3- (CAGATTGCTTACAACCACC) 
(Cavanagh et al., 2007).  
 
Agarose gel electrophoresis. The S1 
amplicons were separated on a 1% agarose gel, 
and visualized with 0.50 μg mL-1 ethidium 
bromide staining and an ultraviolet light 
transilluminator.  
 
PCR product purification. The purified 
amplicon was sequenced (BaseClear, Leiden, 
Netherlands) using both XC1+ and XCE3- 

primers. The sequence data were aligned by 
using computer software Bio Numerics 
(Applied Maths, Sint-Martens-Latem, 
Belgium) (Tudor et al., 2017; Saadat et al., 
2017). 
 
Statistical analysis. Student’s t test was used 
to estimate the statistical significance of the 
differences between regions in prevalence of 
the variants. Prevalence scores were allocated 
to the isolated IBV variants in the regions (Q1-
Q4), meaning the most frequently identified 
variant was scored 4, the least, 1 and the 
absence of a variant, 0. The correlation 
between the regions was calculated using the 
Excel program. The statistical significance of r 
was interpreted according to the table of critical 
values for Pearson correlation. 
 
RESULTS AND DISCUSSIONS 
 
The emergence of numerous IBV variants in 
the last decades, which is still an ongoing 
process (Sjaak et al., 2011; deGroot et al., 
2012), impeded the design of vaccines/ 
vaccination protocols and implementation of 
control strategies to prevent severe economic 
loss and preserve welfare of the birds (Khataby 
et al., 2016).   
Differences in techniques used by different 
research groups looking at various parts of the 
S1 region of the S gene lead to difficulties in 
comparison of the isolates, therefore stan-
dardised methods are needed. Genetic pecu-
liarities of the variants conducted to a different 
antigenic stimulation, therefore there is no 
overlap between serology and molecular 
methods in evaluating the cross-protection 
(Sjaak et al., 2011; Khataby et al., 2016) 
In case of IBV, nucleotide sequencing of the S1 
glycoprotein (Ignjatović and Sapats, 2000; 
Moreno et al., 2017) represents the most 
valuable tool in identifying the variants 
occurring in a certain area. In Europe, 
numerous variants were identified: Mass, 
D207, D212, D3128 D389S, D1466, PL-
84084-France, AZ23.74/Italy, B1648-Belgium, 
UK/91B/67, UK6/82, UK/142/86, UK793/B, 
624/Italy.  

 
Figure 1. Phylogenetic tree of IBV (Phylogenetic tree provided by Jackwood, http://www.infectious-

bronchitis.com/phylogenetic-tree.pdf)  

Key: Conn= Connecticut, Fla=Florida, Mass= Massachusetts, Beau= Beaudette, Variant 1 and Variant 2 are from 
Israel, CAV= California variant, Ark= Arkansas, CU-T2= Cornell University, GAV= Georgia variant, D274, D207, and 

D1466= Dutch isolates, UK/167/84= United Kingdom isolate, DE072= Delaware isolate. 

 
Figure 2. Prevalence of IBV variants in NW Romania 

 
Two new variants emerged, D388 (QX) and the 
variant Italian-02 (initially considered non-
pathogenic - Sjaak et al., 2011). Variants such 
as D1466, also identified in this study in 
Romania in less than 1% of the samples, 
caused lately financial loss on chicken farms.  
In Q1 (n=78) 33 samples were positive for 
IBV. The overall Q1 sero-positivity 
percentages indicated that the IBV strain 4-
91/793B (n=9) and 1/96 (n=6) had the highest 
incidence (100%). From a total of 18 samples, 

9 samples presented 100% homology with 4-
91/793B, 4 samples 99.4% homology with 4-
91/793B and 5 samples 98.5% homology with 
4-91/793B. The prevalence of QX (D388) was 
96.0% (n=5). The incidence of the 
Massachusetts (M41) IBV strains was 99.1%. 
In Q2 42 samples tested for IBV were 100% 
positive. The overall combined prevalence for 
IBV 4-91/793B was 100%.  
In Q3, 35 samples were positive for IBV. The 
prevalence of IBV 1/96 was 100% (n=5), 6 
samples presented 99.7% homology with IBV 
4-91/793B and 6 samples 99.1% homology 
with IS/1494/06.   
The prevalence of IBV Massachusetts was 
97.6% (n=7). In Q4 out of a total of 53 samples 
58% were positive for IBV. Ten samples 
indicated a 100.0% homology with 4-91/793B, 
8 samples 99.7% homology with 4-91/793B, 5 
samples mix: 97.0% homology with 4-91/793B 
and 99.4 homology with QX5 samples 100.0% 
homology with 1/96 and 5 samples 98.3% 
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in the same flock, the clinical outcome could be 
difficult to interpret (Tudor et al., 2017b). 
This study aimed at investigating the presence 
of various variants of the IBV by RT-PCR in 
Romania to provide information for 
improvement of vaccination protocols and IBV 
infection overall control strategies. 
 
MATERIALS AND METHODS 
 
Sampling was performed from the entire 
Romanian territory divided into four main 
regions: Q1-North West (n=78), Q2-North East 
(n=68), Q3-South East (n=173) and Q4-South 
West (n=53). Cloacal, tracheal and kidney 
swabs were sampled from both chickens and 
adult hens from 33 farms. On all farms, clinical 
signs such as panting, sneezing and bronchial 
rales, weight loss, decreased egg production, 
changes in egg shell were encountered. 
Bacteriology was positive for Salmonella and 
Mycoplasma genera. Each five samples were 
pooled and sent for diagnosis to GD Animal 
Health Laboratory, Deventer, Netherlands.  
 
Nucleic acid extraction. The viral RNA was 
extracted from cloacal, trachea and kidney 
swabs using the High Pure Viral Nucleic Acid 
kit (Roche Diagnostics, USA) according to the 
manufacturer’s instructions. 
 
IBV RT-PCR and sequencing. Two reverse 
transcriptase PCRs were used, a genotype 
specific RT-PCR for D1466 and a general RT-
PCR generating a fragment of about 350 bp of 
the S1 gene with the primers XCE1+ 
(CACTGGTAATTTTTCAGATGG) and 
XCE3- (CAGATTGCTTACAACCACC) 
(Cavanagh et al., 2007).  
 
Agarose gel electrophoresis. The S1 
amplicons were separated on a 1% agarose gel, 
and visualized with 0.50 μg mL-1 ethidium 
bromide staining and an ultraviolet light 
transilluminator.  
 
PCR product purification. The purified 
amplicon was sequenced (BaseClear, Leiden, 
Netherlands) using both XC1+ and XCE3- 

primers. The sequence data were aligned by 
using computer software Bio Numerics 
(Applied Maths, Sint-Martens-Latem, 
Belgium) (Tudor et al., 2017; Saadat et al., 
2017). 
 
Statistical analysis. Student’s t test was used 
to estimate the statistical significance of the 
differences between regions in prevalence of 
the variants. Prevalence scores were allocated 
to the isolated IBV variants in the regions (Q1-
Q4), meaning the most frequently identified 
variant was scored 4, the least, 1 and the 
absence of a variant, 0. The correlation 
between the regions was calculated using the 
Excel program. The statistical significance of r 
was interpreted according to the table of critical 
values for Pearson correlation. 
 
RESULTS AND DISCUSSIONS 
 
The emergence of numerous IBV variants in 
the last decades, which is still an ongoing 
process (Sjaak et al., 2011; deGroot et al., 
2012), impeded the design of vaccines/ 
vaccination protocols and implementation of 
control strategies to prevent severe economic 
loss and preserve welfare of the birds (Khataby 
et al., 2016).   
Differences in techniques used by different 
research groups looking at various parts of the 
S1 region of the S gene lead to difficulties in 
comparison of the isolates, therefore stan-
dardised methods are needed. Genetic pecu-
liarities of the variants conducted to a different 
antigenic stimulation, therefore there is no 
overlap between serology and molecular 
methods in evaluating the cross-protection 
(Sjaak et al., 2011; Khataby et al., 2016) 
In case of IBV, nucleotide sequencing of the S1 
glycoprotein (Ignjatović and Sapats, 2000; 
Moreno et al., 2017) represents the most 
valuable tool in identifying the variants 
occurring in a certain area. In Europe, 
numerous variants were identified: Mass, 
D207, D212, D3128 D389S, D1466, PL-
84084-France, AZ23.74/Italy, B1648-Belgium, 
UK/91B/67, UK6/82, UK/142/86, UK793/B, 
624/Italy.  

 
Figure 1. Phylogenetic tree of IBV (Phylogenetic tree provided by Jackwood, http://www.infectious-

bronchitis.com/phylogenetic-tree.pdf)  

Key: Conn= Connecticut, Fla=Florida, Mass= Massachusetts, Beau= Beaudette, Variant 1 and Variant 2 are from 
Israel, CAV= California variant, Ark= Arkansas, CU-T2= Cornell University, GAV= Georgia variant, D274, D207, and 

D1466= Dutch isolates, UK/167/84= United Kingdom isolate, DE072= Delaware isolate. 

 
Figure 2. Prevalence of IBV variants in NW Romania 

 
Two new variants emerged, D388 (QX) and the 
variant Italian-02 (initially considered non-
pathogenic - Sjaak et al., 2011). Variants such 
as D1466, also identified in this study in 
Romania in less than 1% of the samples, 
caused lately financial loss on chicken farms.  
In Q1 (n=78) 33 samples were positive for 
IBV. The overall Q1 sero-positivity 
percentages indicated that the IBV strain 4-
91/793B (n=9) and 1/96 (n=6) had the highest 
incidence (100%). From a total of 18 samples, 

9 samples presented 100% homology with 4-
91/793B, 4 samples 99.4% homology with 4-
91/793B and 5 samples 98.5% homology with 
4-91/793B. The prevalence of QX (D388) was 
96.0% (n=5). The incidence of the 
Massachusetts (M41) IBV strains was 99.1%. 
In Q2 42 samples tested for IBV were 100% 
positive. The overall combined prevalence for 
IBV 4-91/793B was 100%.  
In Q3, 35 samples were positive for IBV. The 
prevalence of IBV 1/96 was 100% (n=5), 6 
samples presented 99.7% homology with IBV 
4-91/793B and 6 samples 99.1% homology 
with IS/1494/06.   
The prevalence of IBV Massachusetts was 
97.6% (n=7). In Q4 out of a total of 53 samples 
58% were positive for IBV. Ten samples 
indicated a 100.0% homology with 4-91/793B, 
8 samples 99.7% homology with 4-91/793B, 5 
samples mix: 97.0% homology with 4-91/793B 
and 99.4 homology with QX5 samples 100.0% 
homology with 1/96 and 5 samples 98.3% 
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homology with Xindadi (Table 1, Figures 2, 3 
and 4). 
The most frequently observed variant, 
independently on the vaccination protocol 
performed on the farm, was 4/91. Since the 
symptoms of the disease were present and the 
strains used for vaccination as well, it was 
difficult to discern concerning the aetiology of 
the episode. 
 

Table 1. Distribution of identified strains by regions  

Romania Pooled 
samples 

Total 
P 

Total 
N P N IBV strains 

identified

Q1 
(NW) 78 33 45 43% 57% 

QX; 4-
91/793B; 

1/96; Mass 
Q2 (NE) 42 42 0 100% 0 4-91/793B 

Q3 (SE) 173 117 11 68% 32% 

Mass, 4-
91/793B; 

1/96; 
IS/1494/06 

Q4 
(SW) 53 30 20 58% 42% 

4-91/793B; 
4-91+QX; 

1/96; 
Xindadi 

 
The overall percentages of the isolated variants 
were indicated in Table 2. 

 
Table 2. Percentages of isolated variants 

 4/91 QX 1/96 
and 

Xinandi 

Mass IS/1494 Total 

No 80 10 15 11 6 122 
% 65.57 8.20 12.30 9.02 4.92 100.00 

 

 
Figure 3. Prevalence of IBV variants in SE Romania 

 
The highest percentage of positive samples 
(Q2) did not match the highest variety of the 
strains (Q3 and 4). This might be related to the 
raising technology and also the reciprocal 
commercial relationships between the various 
farms from different areas of the country.  
The correlation between the different areas, 
statistically significant at a level of p<0.01, in 
terms of prevalence of the variants was the 
strongest between NW and NE, thus indicating 

a strong uphill positive relationship, while the 
correlation between SE and SW is moderate 
downhill relationship.  

 

 
Figure 4. Prevalence of IBV variants in SW Romania 

 
These relationships could be related to the 
spreading of different variants across the 
territory (Table 3).  
 

Table 3. Statistical significance of the correlation 
coefficient for the isolated variants by region 

Q Q1Q2 Q1Q3 Q1Q4 Q2Q3 Q2Q4 Q3Q4 
r 0.7** 0.15*  0.66** 0.29* 0.52** -0.56** 

*-0.01, **-0.001 

No relationship concerning cross-protection 
could be established based on the isolated IBV 
variants and vaccine strains used in various 
locations, which further complicated the 
establishment of the in situ control programs 
(OIE manual, Smialek et al., 2017). 
 
CONCLUSIONS  
 
Numerous variants of the IBV virus were 
identified in different farms of the four major 
regions of Romania, with the obvious 
dominance of 4/91. Nevertheless, the identified 
pathotypes, of which some not mentioned in 
Romania, like Xinandi which might have been 
“imported” from Turkey or D1466, mentioned 
elsewhere in Europe, did not overlap the 
vaccine strains, leading to the clinical 
expression of the disease with different degrees 
of severeness, which stands for IBV versatile 
character and potential re-combinations 
occurring in spite of affiliation of certain 
variants to various geographical areas.  
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homology with Xindadi (Table 1, Figures 2, 3 
and 4). 
The most frequently observed variant, 
independently on the vaccination protocol 
performed on the farm, was 4/91. Since the 
symptoms of the disease were present and the 
strains used for vaccination as well, it was 
difficult to discern concerning the aetiology of 
the episode. 
 

Table 1. Distribution of identified strains by regions  

Romania Pooled 
samples 

Total 
P 

Total 
N P N IBV strains 

identified

Q1 
(NW) 78 33 45 43% 57% 

QX; 4-
91/793B; 

1/96; Mass 
Q2 (NE) 42 42 0 100% 0 4-91/793B 

Q3 (SE) 173 117 11 68% 32% 

Mass, 4-
91/793B; 

1/96; 
IS/1494/06 

Q4 
(SW) 53 30 20 58% 42% 

4-91/793B; 
4-91+QX; 

1/96; 
Xindadi 

 
The overall percentages of the isolated variants 
were indicated in Table 2. 
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farms from different areas of the country.  
The correlation between the different areas, 
statistically significant at a level of p<0.01, in 
terms of prevalence of the variants was the 
strongest between NW and NE, thus indicating 

a strong uphill positive relationship, while the 
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These relationships could be related to the 
spreading of different variants across the 
territory (Table 3).  
 

Table 3. Statistical significance of the correlation 
coefficient for the isolated variants by region 

Q Q1Q2 Q1Q3 Q1Q4 Q2Q3 Q2Q4 Q3Q4 
r 0.7** 0.15*  0.66** 0.29* 0.52** -0.56** 

*-0.01, **-0.001 

No relationship concerning cross-protection 
could be established based on the isolated IBV 
variants and vaccine strains used in various 
locations, which further complicated the 
establishment of the in situ control programs 
(OIE manual, Smialek et al., 2017). 
 
CONCLUSIONS  
 
Numerous variants of the IBV virus were 
identified in different farms of the four major 
regions of Romania, with the obvious 
dominance of 4/91. Nevertheless, the identified 
pathotypes, of which some not mentioned in 
Romania, like Xinandi which might have been 
“imported” from Turkey or D1466, mentioned 
elsewhere in Europe, did not overlap the 
vaccine strains, leading to the clinical 
expression of the disease with different degrees 
of severeness, which stands for IBV versatile 
character and potential re-combinations 
occurring in spite of affiliation of certain 
variants to various geographical areas.  
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Abstract 
 
The aim of research for getting optimization of condition of process (doze of chemical or microbial and time of 
processing) on the stage of deproteination and demineralization as chemical and biological on protein and mineral 
liquefy from chitin extract. The product of chitin extract  used as feed supplement for getting optimize level in ration on 
digestibility value and performance at broiler. The research conducted in three stages using experimental method at 
Laboratory. The first stage used Nested Design (3x3) consisted three replication. The second and third stage used 
Completely Randomized Design consisted eight treatments and four. Variables which examined in first stage were the 
contents of protein, calcium, and phosphor liquefy at liquid product of chitin extract; The second stage were 
digestibility of dry matter, protein, and organic matter; The third stage: consumption of ration, gain of body weight, 
and conversion of ration at broiler. The Results were analyzed by variance and deference of chitin extract of waste 
shrimp as biological through deproteination processed with Bacillus licheniformis at doze 4% time 48 hour, and 
followed demineralization with Aspergillus niger at doze 2% time 48 hour result the best of protein and mineral liquefy. 
Liquid product of chitin extract as biological can be feed supplement, and were used about 3% in ration at broiler for 
result optimized digestibility value and performance.  
 
Key words: Waste shrimp, chitin extract, digestibility, performance, broiler. 
 
INTRODUCTION 
 
The ration is a determinant of growth, in 
addition to seeds and maintenance 
management. Optimality of broiler 
performance can be realized if given a quality 
ration that meets certain requirements in 
sufficient quantities. Fulfilling the need for 
food substances in the ration can be done by 
adding feed additives (feed supplement) in 
order to improve the quality and efficiency of 
the ration. One of them is the utilization of 
liquid waste of chitin extraction from chemical 
and biologically processed shrimp waste 
through the deproteination-demineralization 
stage. 
Indonesia is one of the major shrimp producers 
in Asia. The shrimp production is mostly 
exported in the form of frozen headless and 

peeled. Waste from frozen shrimp processing is 
estimated to be about 60-70% by weight of 
shrimp (Krissetiana, 2004). Shrimp waste 
contains high enough protein and minerals, as 
well as astaxanthin which is a pro-vitamin A 
for color formation. The high content of protein 
and minerals to describe the potential of shrimp 
waste can be used as feed/affixed feed for 
poultry. The constraint is the presence of chitin, 
which causes proteins and minerals (in the 
form of calcium carbonate) bound, making it 
difficult to digest by poultry digestive enzymes, 
especially broiler chickens. 
The chitin structure of shrimp waste is similar 
to that of cellulose, with the bonding occurring 
between the monomers coupled with glucoside 
at the position of β (1-4). The difference with 
cellulose is the hydroxyl group attached to the 
second carbon atom, replaced by the acetamide 

group (-NHCOCH3) in chitin so that chitin 
becomes an N-acetyl glucosamine-linked 
polymer. Chitin is a macromolecule and can 
decompose by chemical processes (strong and 
strong acid) or biologically (bio-degradable) 
mainly by microbes producing lysozyme and 
chitinase enzymes (Bising et al., 1995). 
The process of shrimp waste treatment (chitin 
extraction from shrimp waste) can be done 
chemically through deproteination stages using 
strong bases and demineralization using strong 
acids. Chitin extraction from shrimp waste can 
also be carried out biologically, i.e. through a 
fermentation process by using microbes 
producing lysozyme enzyme and chitinase. 
Some studies that have been carried out in 
chemical chitin extraction step from shrimp 
waste include deproteination by using strong 
base (Cira et al., 2000), then demineralization 
using a strong acid (Bisping et al., 2005). The 
chitinous extraction steps of chitin include 
deproteination using Bacillus licheniformis 
bacteria (Bisping et al., 2005); then 
demineralized by lactic acid fermentation by 
Lactobacillus sp. bacteria (Cira et al., 2000). 
Demineralization can also be done by using 
Aspergillus niger mold which has the ability to 
create an acidic atmosphere in the process of 
fermentation. But so far, liquid waste of chitin 
extraction from shrimp waste has not been 
studied and used for feed. The experiments 
designed in this study are intended to utilize 
liquid waste from the chitin extraction process 
which is then used as feed additives in broiler 
ration to improve the quality and benefit value, 
and the ration efficiency. 
Several factors that influence the quality of the 
liquid product of chitin extraction is the way of 
the process stages is deproteination then 
proceed with demineralization and process 
conditions of each stage. Process conditions 
include the concentration of 
chemicals/microbes, processing time, 
temperature and pH. The chemical used at the 
deproteination stage is NaOH, and at 
demineralization stage is H2SO4. Microbes 
used in the deproteination stage are bacteria B. 
licheniformis, and at demineralization, stage 
using Aspergillus niger shell. 
The product of chitin salt extract extraction 
chemically and biologically can be seen the 
value of its benefits when it is added to feed 

and biologically tested in broiler chickens 
because broiler chicken has fast-growing nature 
and is responsive to ration treatment. 
Therefore, to see the quality and value of feed 
additive benefits is measured through the 
digestibility value, and to see the efficiency 
added to broiler ration through measurement of 
performance (consumption of ration, weight 
gain, and ration conversion). 
 
MATERIALS AND METHODS 
 
First Stage Trial (Chitin Extraction) 
The first phase of the experiment was to obtain 
optimization of chitin extracting process from 
chemical and biological shrimp waste through 
deproteination-demineralization process, and 
determination of process conditions at each 
stage (chemical or microbial dosage and 
processing time). Materials used in this study 
include NaOH, H2SO4, Isolate B. licheniformis 
and Aspegillus niger. The main raw material is 
tiger shrimp waste consisting of skin and head. 
The tools used are a stenless jar, incubator, 
autoclave, bunsen burner, Petri dish, centrifuge, 
funnel, pH meter, spectrophotometer, test tube, 
and milling machine. 
a. Deproteination stages 
Chemical Process. Shrimp waste was washed 
and added 3%, 4%, and 5% potassium 
hydroxide (NaOH) solution, then boiled for 1 
hour, 2 hours and 3 hours at 65oC, then 
demineralization process. 
Biological Process. The optimization 
experiments were performed with 3%, 4% and 
5% doses of inoculum B. licheniformis, and the 
length of the process was 24 hours, 48 hours 
and 72 hours, which was done at 500C, then 
demineralized. 
b. Demineralization Stages 
Chemical Process. Deproteination product, 
added 1%, 2%, and 3% sulfate (H2SO4) 
solution, then boiled for 1 hour, 2 hours and 3 
hours at 450C, then the separation between 
solid and liquid products. Liquid products 
analyzed the content of soluble proteins and 
minerals (calcium and phosphorus). 
Biological Process. The optimization 
experiments were conducted at Aspergillus 
niger inoculum dose of 1%, 2%, and 3%, and 
the length of the process was 24 hours, 48 
hours and 72 hours, at temperature 350C, the 
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Abstract 
 
The aim of research for getting optimization of condition of process (doze of chemical or microbial and time of 
processing) on the stage of deproteination and demineralization as chemical and biological on protein and mineral 
liquefy from chitin extract. The product of chitin extract  used as feed supplement for getting optimize level in ration on 
digestibility value and performance at broiler. The research conducted in three stages using experimental method at 
Laboratory. The first stage used Nested Design (3x3) consisted three replication. The second and third stage used 
Completely Randomized Design consisted eight treatments and four. Variables which examined in first stage were the 
contents of protein, calcium, and phosphor liquefy at liquid product of chitin extract; The second stage were 
digestibility of dry matter, protein, and organic matter; The third stage: consumption of ration, gain of body weight, 
and conversion of ration at broiler. The Results were analyzed by variance and deference of chitin extract of waste 
shrimp as biological through deproteination processed with Bacillus licheniformis at doze 4% time 48 hour, and 
followed demineralization with Aspergillus niger at doze 2% time 48 hour result the best of protein and mineral liquefy. 
Liquid product of chitin extract as biological can be feed supplement, and were used about 3% in ration at broiler for 
result optimized digestibility value and performance.  
 
Key words: Waste shrimp, chitin extract, digestibility, performance, broiler. 
 
INTRODUCTION 
 
The ration is a determinant of growth, in 
addition to seeds and maintenance 
management. Optimality of broiler 
performance can be realized if given a quality 
ration that meets certain requirements in 
sufficient quantities. Fulfilling the need for 
food substances in the ration can be done by 
adding feed additives (feed supplement) in 
order to improve the quality and efficiency of 
the ration. One of them is the utilization of 
liquid waste of chitin extraction from chemical 
and biologically processed shrimp waste 
through the deproteination-demineralization 
stage. 
Indonesia is one of the major shrimp producers 
in Asia. The shrimp production is mostly 
exported in the form of frozen headless and 

peeled. Waste from frozen shrimp processing is 
estimated to be about 60-70% by weight of 
shrimp (Krissetiana, 2004). Shrimp waste 
contains high enough protein and minerals, as 
well as astaxanthin which is a pro-vitamin A 
for color formation. The high content of protein 
and minerals to describe the potential of shrimp 
waste can be used as feed/affixed feed for 
poultry. The constraint is the presence of chitin, 
which causes proteins and minerals (in the 
form of calcium carbonate) bound, making it 
difficult to digest by poultry digestive enzymes, 
especially broiler chickens. 
The chitin structure of shrimp waste is similar 
to that of cellulose, with the bonding occurring 
between the monomers coupled with glucoside 
at the position of β (1-4). The difference with 
cellulose is the hydroxyl group attached to the 
second carbon atom, replaced by the acetamide 

group (-NHCOCH3) in chitin so that chitin 
becomes an N-acetyl glucosamine-linked 
polymer. Chitin is a macromolecule and can 
decompose by chemical processes (strong and 
strong acid) or biologically (bio-degradable) 
mainly by microbes producing lysozyme and 
chitinase enzymes (Bising et al., 1995). 
The process of shrimp waste treatment (chitin 
extraction from shrimp waste) can be done 
chemically through deproteination stages using 
strong bases and demineralization using strong 
acids. Chitin extraction from shrimp waste can 
also be carried out biologically, i.e. through a 
fermentation process by using microbes 
producing lysozyme enzyme and chitinase. 
Some studies that have been carried out in 
chemical chitin extraction step from shrimp 
waste include deproteination by using strong 
base (Cira et al., 2000), then demineralization 
using a strong acid (Bisping et al., 2005). The 
chitinous extraction steps of chitin include 
deproteination using Bacillus licheniformis 
bacteria (Bisping et al., 2005); then 
demineralized by lactic acid fermentation by 
Lactobacillus sp. bacteria (Cira et al., 2000). 
Demineralization can also be done by using 
Aspergillus niger mold which has the ability to 
create an acidic atmosphere in the process of 
fermentation. But so far, liquid waste of chitin 
extraction from shrimp waste has not been 
studied and used for feed. The experiments 
designed in this study are intended to utilize 
liquid waste from the chitin extraction process 
which is then used as feed additives in broiler 
ration to improve the quality and benefit value, 
and the ration efficiency. 
Several factors that influence the quality of the 
liquid product of chitin extraction is the way of 
the process stages is deproteination then 
proceed with demineralization and process 
conditions of each stage. Process conditions 
include the concentration of 
chemicals/microbes, processing time, 
temperature and pH. The chemical used at the 
deproteination stage is NaOH, and at 
demineralization stage is H2SO4. Microbes 
used in the deproteination stage are bacteria B. 
licheniformis, and at demineralization, stage 
using Aspergillus niger shell. 
The product of chitin salt extract extraction 
chemically and biologically can be seen the 
value of its benefits when it is added to feed 

and biologically tested in broiler chickens 
because broiler chicken has fast-growing nature 
and is responsive to ration treatment. 
Therefore, to see the quality and value of feed 
additive benefits is measured through the 
digestibility value, and to see the efficiency 
added to broiler ration through measurement of 
performance (consumption of ration, weight 
gain, and ration conversion). 
 
MATERIALS AND METHODS 
 
First Stage Trial (Chitin Extraction) 
The first phase of the experiment was to obtain 
optimization of chitin extracting process from 
chemical and biological shrimp waste through 
deproteination-demineralization process, and 
determination of process conditions at each 
stage (chemical or microbial dosage and 
processing time). Materials used in this study 
include NaOH, H2SO4, Isolate B. licheniformis 
and Aspegillus niger. The main raw material is 
tiger shrimp waste consisting of skin and head. 
The tools used are a stenless jar, incubator, 
autoclave, bunsen burner, Petri dish, centrifuge, 
funnel, pH meter, spectrophotometer, test tube, 
and milling machine. 
a. Deproteination stages 
Chemical Process. Shrimp waste was washed 
and added 3%, 4%, and 5% potassium 
hydroxide (NaOH) solution, then boiled for 1 
hour, 2 hours and 3 hours at 65oC, then 
demineralization process. 
Biological Process. The optimization 
experiments were performed with 3%, 4% and 
5% doses of inoculum B. licheniformis, and the 
length of the process was 24 hours, 48 hours 
and 72 hours, which was done at 500C, then 
demineralized. 
b. Demineralization Stages 
Chemical Process. Deproteination product, 
added 1%, 2%, and 3% sulfate (H2SO4) 
solution, then boiled for 1 hour, 2 hours and 3 
hours at 450C, then the separation between 
solid and liquid products. Liquid products 
analyzed the content of soluble proteins and 
minerals (calcium and phosphorus). 
Biological Process. The optimization 
experiments were conducted at Aspergillus 
niger inoculum dose of 1%, 2%, and 3%, and 
the length of the process was 24 hours, 48 
hours and 72 hours, at temperature 350C, the 
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separation of solid and liquid products. 
Furthermore, the optimum point is determined 
which produces the optimal dissolved protein 
and mineral content. The selected product is 
dried and used as a feed additive. 
Experimental design 
The first experimental experiments were 
carried out experimentally in the laboratory 
using the Authorized Design as much as (3x3) 
treatment and repeated 3 times. Treatment 
consists of factor A, an i.e. dose of chemicals 
or microbes (D1, D2, and D3), and factor B, 
i.e. chemical or biological process time (W1, 
W2, and W3). Factor B (time) is nested on 
factor A (dose). The observed variables are 
protein and mineral content (calcium and 
phosphorus) dissolved liquid chitin extraction 
products from shrimp waste. The data obtained 
from the observations were analyzed by the 
variance, and the differences between 
treatments with Duncan multiple range test 
(Steel and Torries, 1995). 
Second Stage Trial (Determination of 
Digestibility Value) 
Livestock used in this experiment is broiler 
final chicken strain Cobb stock. The number of 
chickens used as many as 32 birds aged 7 
weeks. The enclosure used is 35 x 20 x 35 cm 
individual cage as many as 32 units. Treatment 
rations consist of: 
1. R0 = Control rations, rations that do not 

contain feed suplement with 20% 
protein content and 3000 kcal/kg of 
energy. 

2. R1 = 99% R0 + 1% of the chemical feed 
suplement product. 

3. R2 = 98% R0 + 2% of the chemical feed 
suplement product. 

4. R3 = 97% R0 + 3% of the chemical feed 
suplement product. 

5. R4 = 99% R0 + 1% of the biological feed 
suplement product. 

6. R5 = 98% R0 + 2% of the biological feed 
suplement product. 

7. R6 = 97% R0 + 3% of the biological feed 
suplement product. 

8. RS = Standard Rations, rations that do not 
contain feed suplement with 22% 
protein content and 3000 kcal/kg 
energy. 

The feed ingredients of the ration composition 
consist of yellow corn, fine bran, soybean meal, 
coconut meal, fish meal, dicalcium phosphate, 
CaCO3, coconut oil, premix, chemical feed 
additive and feed additive biological process. 
Trial Procedure 
Chickens are placed into individual enclosures, 
then fasted for 36 hours to remove the previous 
feed residue from the digestive tract. Feeding 
force-feeding rations, done in the form of a 
paste that is inserted into the esophagus as 
much as 150 grams per bird. Drinking water is 
given in ad libitum. After 14 hours of feeding, 
the chickens were slaughtered and their colon 
was expelled to obtain a fecal sample. The 
formula for obtaining digestibility (Schneider 
dan Flatt 1973; Ranjhan 1980): 

 

 
 

Experiments were performed experimentally in 
the laboratory, using Completely Randomized 
Design with 8 treatments of ration and each 
repeated 4 times. Differences between 
treatments performed Duncan Multiple Range 
Test. 
Third Stage Trial (Trial Feeding Trial) 
Chicken used is broiler age 1 day (DOC) Cobb 
strain of 160 birds without sex separator. The 
used cage measured 0.80 m x 0.70 m x 0.75 m, 
for every 5 chickens and amounted to 32 units. 
The ration consisted of control ration (protein 

20% and metabolic energy 3000 kcal/kg) and 
rations with the addition of chemical and 
biological feed additive products, as well as 
standard rations (22% protein and 3000 
kcal/metabolic energy).  
The feed ingredients used and the treatment 
ration arrangement as in the digestion test. The 
variables observed were ration consumption, 
weight gain, and ration conversion. 
 
 
 

RESULTS AND DISCUSSIONS 
 
Processing of shrimp waste for feed additives 
can be done mechanically, chemically, or 
biologically. The purpose of processing is to 
extract certain substances, prevent decay, 
increase palatability and digestibility, which in 
turn can increase livestock productivity. 
Therefore, the processing of shrimp waste 
through chitin extraction, and its products used 
as feed additives. 
Effect of treatment on protein and mineral 
contents dissolved chemical process products 

The rate of protein content, calcium, and 
phosphorus dissolved in the chemical process 
product of chitin extraction from shrimp waste 
through deproteination -demineralization stage 
in each treatment was statistically analyzed 
through Random Variables, and the results 
showed that dose and time in dose were 
significantly different (P<0.05) protein content, 
calcium and phosphorus dissolved chemical 
chitin extraction process products from shrimp 
waste. To know the effect difference between 
treatments, Duncan Multiple Test Duncan was 
performed which results can be reviewed in 
Table 1. 

 
Table 1. Duncan Multiple Range Test - influence of dosage on protein, calcium and phosphorus content of chemical 

process products dissolved 

Treatment The variables observed 
Protein dissolved Calcium dissolved Phosphorus dissolved 

 ................................................(%)................................................... 
D1 (NaOH 3% + H2SO4 1%) 20.09 A 5.44 A 0.33 A 
D2 (NaOH 4% + H2SO4 2%) 22.67 B 5.55 B 0.57 B 
D3 (NaOH 5% + H2SO4 3%) 21.91 B 5.80 C 0.73 C 

 
Table 1 shows that the soluble proteins in the 
treatment of D2 and D3 were not significantly 
different (P>0.05), but both were significantly 
higher (P<0.05) than the treatment D1. The 
content of calcium and soluble phosphorus in 
the treatment of D3 was significantly higher 
(P<0.05) than the treatment of D2 and D1, as 

did the actual treatment D2 (P<0.05) higher 
than the treatment D1. Furthermore, to find out 
how much influence the time in doses of 
protein content, calcium and dissolved 
phosphorus, Duncan test which results are 
presented in Table 2. 

 
Table 2. Duncan Multiple Range Test - effect of time in dosage on protein, calcium, and phosphorus dissolved chemical 

process products 

Treatment The variables observed 
Protein dissolved Calcium dissolved Phosphorus dissolved 

 ....................................................(%)............................................................ 
D3W1 (NaOH 5%, 1 hour + 

H2SO4 3%, 1 hour) 18.01 A 5.11 A 0.34 A 

D3W2 (NaOH 5%, 2 hour + 
H2SO4 3%, 2 hour) 24.24 B 6.11 B 0.70 B 

D3W3 (NaOH 5%, 3 hour + 
H2SO4 3%, 3 hour) 23.49 B 6.17 B 1.14 C 

 
Table 2 shows that the proteins and calcium 
dissolved in the treatment of W2 and W3 were 
not significantly different (P>0.05), but both 
were significantly higher (P<0.05) than the W1 
treatment. The dissolved phosphorus content in 
the W3 treatment was significantly higher 
(P<0.05) than the treatment of W2 and W1, as 
did the actual W2 treatment (P<0.05) higher 
than that of W1 treatment. 
Deproteination and demineralization in the 
chitin extraction process are influenced by the 

concentration of the solution, temperature and 
reaction time. The more protein and mineral 
content released during the chitin extraction 
process is in line with increasing time, dose and 
concentration of base and acid used (Bastaman, 
1989; Chatelet et al., 1991; Pomeranz, 1991; 
Benjakul and Sophanodora, 1993). Chemical 
treatments such as acid or base with higher 
doses accompanied by longer process/time can 
release or stretch protein and mineral bonds 
with chitin and other organic materials on 
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separation of solid and liquid products. 
Furthermore, the optimum point is determined 
which produces the optimal dissolved protein 
and mineral content. The selected product is 
dried and used as a feed additive. 
Experimental design 
The first experimental experiments were 
carried out experimentally in the laboratory 
using the Authorized Design as much as (3x3) 
treatment and repeated 3 times. Treatment 
consists of factor A, an i.e. dose of chemicals 
or microbes (D1, D2, and D3), and factor B, 
i.e. chemical or biological process time (W1, 
W2, and W3). Factor B (time) is nested on 
factor A (dose). The observed variables are 
protein and mineral content (calcium and 
phosphorus) dissolved liquid chitin extraction 
products from shrimp waste. The data obtained 
from the observations were analyzed by the 
variance, and the differences between 
treatments with Duncan multiple range test 
(Steel and Torries, 1995). 
Second Stage Trial (Determination of 
Digestibility Value) 
Livestock used in this experiment is broiler 
final chicken strain Cobb stock. The number of 
chickens used as many as 32 birds aged 7 
weeks. The enclosure used is 35 x 20 x 35 cm 
individual cage as many as 32 units. Treatment 
rations consist of: 
1. R0 = Control rations, rations that do not 

contain feed suplement with 20% 
protein content and 3000 kcal/kg of 
energy. 

2. R1 = 99% R0 + 1% of the chemical feed 
suplement product. 

3. R2 = 98% R0 + 2% of the chemical feed 
suplement product. 

4. R3 = 97% R0 + 3% of the chemical feed 
suplement product. 

5. R4 = 99% R0 + 1% of the biological feed 
suplement product. 

6. R5 = 98% R0 + 2% of the biological feed 
suplement product. 

7. R6 = 97% R0 + 3% of the biological feed 
suplement product. 

8. RS = Standard Rations, rations that do not 
contain feed suplement with 22% 
protein content and 3000 kcal/kg 
energy. 

The feed ingredients of the ration composition 
consist of yellow corn, fine bran, soybean meal, 
coconut meal, fish meal, dicalcium phosphate, 
CaCO3, coconut oil, premix, chemical feed 
additive and feed additive biological process. 
Trial Procedure 
Chickens are placed into individual enclosures, 
then fasted for 36 hours to remove the previous 
feed residue from the digestive tract. Feeding 
force-feeding rations, done in the form of a 
paste that is inserted into the esophagus as 
much as 150 grams per bird. Drinking water is 
given in ad libitum. After 14 hours of feeding, 
the chickens were slaughtered and their colon 
was expelled to obtain a fecal sample. The 
formula for obtaining digestibility (Schneider 
dan Flatt 1973; Ranjhan 1980): 

 

 
 

Experiments were performed experimentally in 
the laboratory, using Completely Randomized 
Design with 8 treatments of ration and each 
repeated 4 times. Differences between 
treatments performed Duncan Multiple Range 
Test. 
Third Stage Trial (Trial Feeding Trial) 
Chicken used is broiler age 1 day (DOC) Cobb 
strain of 160 birds without sex separator. The 
used cage measured 0.80 m x 0.70 m x 0.75 m, 
for every 5 chickens and amounted to 32 units. 
The ration consisted of control ration (protein 

20% and metabolic energy 3000 kcal/kg) and 
rations with the addition of chemical and 
biological feed additive products, as well as 
standard rations (22% protein and 3000 
kcal/metabolic energy).  
The feed ingredients used and the treatment 
ration arrangement as in the digestion test. The 
variables observed were ration consumption, 
weight gain, and ration conversion. 
 
 
 

RESULTS AND DISCUSSIONS 
 
Processing of shrimp waste for feed additives 
can be done mechanically, chemically, or 
biologically. The purpose of processing is to 
extract certain substances, prevent decay, 
increase palatability and digestibility, which in 
turn can increase livestock productivity. 
Therefore, the processing of shrimp waste 
through chitin extraction, and its products used 
as feed additives. 
Effect of treatment on protein and mineral 
contents dissolved chemical process products 

The rate of protein content, calcium, and 
phosphorus dissolved in the chemical process 
product of chitin extraction from shrimp waste 
through deproteination -demineralization stage 
in each treatment was statistically analyzed 
through Random Variables, and the results 
showed that dose and time in dose were 
significantly different (P<0.05) protein content, 
calcium and phosphorus dissolved chemical 
chitin extraction process products from shrimp 
waste. To know the effect difference between 
treatments, Duncan Multiple Test Duncan was 
performed which results can be reviewed in 
Table 1. 

 
Table 1. Duncan Multiple Range Test - influence of dosage on protein, calcium and phosphorus content of chemical 

process products dissolved 

Treatment The variables observed 
Protein dissolved Calcium dissolved Phosphorus dissolved 

 ................................................(%)................................................... 
D1 (NaOH 3% + H2SO4 1%) 20.09 A 5.44 A 0.33 A 
D2 (NaOH 4% + H2SO4 2%) 22.67 B 5.55 B 0.57 B 
D3 (NaOH 5% + H2SO4 3%) 21.91 B 5.80 C 0.73 C 

 
Table 1 shows that the soluble proteins in the 
treatment of D2 and D3 were not significantly 
different (P>0.05), but both were significantly 
higher (P<0.05) than the treatment D1. The 
content of calcium and soluble phosphorus in 
the treatment of D3 was significantly higher 
(P<0.05) than the treatment of D2 and D1, as 

did the actual treatment D2 (P<0.05) higher 
than the treatment D1. Furthermore, to find out 
how much influence the time in doses of 
protein content, calcium and dissolved 
phosphorus, Duncan test which results are 
presented in Table 2. 

 
Table 2. Duncan Multiple Range Test - effect of time in dosage on protein, calcium, and phosphorus dissolved chemical 

process products 

Treatment The variables observed 
Protein dissolved Calcium dissolved Phosphorus dissolved 

 ....................................................(%)............................................................ 
D3W1 (NaOH 5%, 1 hour + 

H2SO4 3%, 1 hour) 18.01 A 5.11 A 0.34 A 

D3W2 (NaOH 5%, 2 hour + 
H2SO4 3%, 2 hour) 24.24 B 6.11 B 0.70 B 

D3W3 (NaOH 5%, 3 hour + 
H2SO4 3%, 3 hour) 23.49 B 6.17 B 1.14 C 

 
Table 2 shows that the proteins and calcium 
dissolved in the treatment of W2 and W3 were 
not significantly different (P>0.05), but both 
were significantly higher (P<0.05) than the W1 
treatment. The dissolved phosphorus content in 
the W3 treatment was significantly higher 
(P<0.05) than the treatment of W2 and W1, as 
did the actual W2 treatment (P<0.05) higher 
than that of W1 treatment. 
Deproteination and demineralization in the 
chitin extraction process are influenced by the 

concentration of the solution, temperature and 
reaction time. The more protein and mineral 
content released during the chitin extraction 
process is in line with increasing time, dose and 
concentration of base and acid used (Bastaman, 
1989; Chatelet et al., 1991; Pomeranz, 1991; 
Benjakul and Sophanodora, 1993). Chemical 
treatments such as acid or base with higher 
doses accompanied by longer process/time can 
release or stretch protein and mineral bonds 
with chitin and other organic materials on 
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shrimp shells (Whittenbury et al., 1967; 
Johnson and Peterson, 1974; Lehninger, 1975; 
Fennema, 1985). However, warming for a long 
time can cause protein denaturation so that 
dissolved protein is reduced (Winarno, 1997). 
Effect of treatment on protein and mineral 
content dissolved biological process products 
The rate of protein content, calcium, and 
phosphorus dissolved in the biological process 
of chitin extraction from shrimp waste through 
deproteination-demineralization step in each 
treatment was statistically analyzed, and the 
results showed that dose and time in dose, 
significantly different (P<0.05) to protein 

content, calcium, and phosphorus dissolved 
biological products of chitin extraction process 
from shrimp waste. To know the effect 
difference between treatments, Duncan 
Multiple Range Test is used which results can 
be examined in Table 3.Table 3 shows that the 
proteins, calcium, and phosphorus dissolved in 
the treatment of D2 and D3 were not 
significantly different (P>0.05), but both were 
significantly higher (P<0.05) than the treatment 
D1. The table also shows that the higher the 
dose of inoculum used the greater the content 
of dissolved proteins and minerals. 

 
Table 3. Duncan Multiple Range Test - influence of dosage on protein, calcium and phosphorus content of dissolved 

biological process products 

Treatment The variables observed 
Protein dissolved Calcium dissolved Phosphorus dissolved 

 .....................................................(%)......................................................... 
D1 (B. licheniformis 3% + A. 

niger 1%) 20.60 A 6.27 A 1.20 A 

D2 (B. licheniformis 4% + A. 
niger 2%) 31.73 B 7.03 B 1.48 B 

D3 (B. licheniformis 5% + A. 
niger 3%) 32.36 B 7.42 B 1.51 B 

 
Furthermore, to determine the effect of time in 
doses on protein content, calcium and dissolved 

phosphorus, Duncan test was performed which 
results are presented in Table 4. 

 
Table 4. Duncan Multiple Duncan Test - effect of time in dosage on protein, calcium, and phosphorus dissolved 

biological process products 

Treatment The variables observed 
Protein dissolved Calcium dissolved Phosphorus dissolved 

 ......................................................(%)...................................................... 
D2W1 (B. licheniformis 4%, 24 jam + 

A. niger 2%,  24 jam) 22.82 A 6.36 A 1.38 A 

D2W2 (B. licheniformis 4%, 48 jam + 
A. niger 2%, 48 jam) 36.76 B 7.54 B 1.52 B 

D2W3 (B. licheniformis 4%, 72 jam + 
A. niger 2%, 72 jam) 35.62 B 7.20 B 1.54 B 

 
Table 4 shows that the proteins, calcium, and 
phosphorus dissolved in the treatment of W2 
and W3 were not significantly different 
(P>0.05), but both were significantly higher 
(P<0.05) than the W1 treatment. Treatment of 
D2W2 (dose of Bacillus licheniformis by 4% 
for 48 hours, and 2% Aspergillus niger dose for 
48 hours) resulted in optimum protein, calcium 
and phosphorus content on the chitin extraction 
of biological shrimp waste through 
deproteination-demineralization process stages. 
The content of protein and mineral products of 
chitin extraction from shrimp waste 
biologically will increase in line with the length 

of time of fermentation to a certain time limit 
then decline again (Sulaiman, 1988). 
Furthermore, Tanuwidjadja (1975) stated that 
too much microbial quantity can cause 
sporulation too fast, so some energy is not used 
to multiple cells, and vice versa, the number of 
microbes that are too little growth is not 
optimal. 
 
Effect of treatment on digestibility 
The potential nutritional value of chitin 
extraction products from shrimp waste can be 
determined by means of chemical analysis, i.e. 
proximate analysis. The true value is shown 

from the missing part after the ingredients are 
ingested, absorbed and metabolized (Schneider 
and Flatt, 1973; Tillman et al., 1991).  
The more food substances that can be absorbed 
by broiler chickens, the digestibility value of 

chitin extraction products from shrimp waste is 
higher. Average values of dry matter digesti-
bility, crude protein and organic matter rations 
contained feed additives, analyzed statistically 
and the results are shown in Table 5. 

 
Table 5. Meaning of Digestibility value of dry material, crude protein and organic ration material at each treatment 

Treatment The variables observed 
Dry matter digestibility Protein digestibility Organic matter digestibility 

 ...................................................(%)........................................................... 
R0 (P 20%, ME 3000 kcal/kg; 

0% feed suplement) 70.41 E 70.37 D 70.91 E 

R1 (99% R0 + 1% chemical 
feed suplement) 73.29 D 74.49 C 72.88 D 

R2(98% R0 + 2% % chemical 
feed suplement)  74.79 CD 76.45 BC 76.07 C 

R3 (97% R0 + 3% % chemical 
feed suplement)  77.02 BC 78.09 B 78.10 B 

R4 (99% R0 + 1% biological 
feed suplement) 74.04 D 75.41 C 75.36 C 

R5 (98% R0 + 2% biological 
feed suplement) 77.83 B 78.83 B 78.48 B 

R6 (97% R0 + 3% biological 
feed suplement) 80.82 A 81.52 A 82.03 A 

RS (P 22%, ME 3000 kcal/kg; 
0% feed suplement) 80.80 A 81.20 A 81.13 A 

 
The use of feed ssuplement of biological 
process products of 3% (R6) in broiler chicken 
ration is equivalent to standard ration (RS) with 
a crude protein content of 22%, although at R6 
only 20%.  
While control rations (R0) containing 20% 
crude protein, very low digestibility value. 
Differences in digestibility are due to differ-
rences in the nature of processed foods, 
including their suitability to be hydrolyzed by 
broiler digestive enzymes (Kompiang and 
Ilyas, 1983; Sukarsa et al., 1985; Wahju, 1997). 
The low digestibility value in R0 treatment is 
caused by the ration containing only 20% crude 
protein with the ME of 3000 kcal/kg, not 
enough support for broiler needs.  
The ration with 97% R0 (CP 20%, ME 3000 
kcal/kg) plus the added biological feed 
suplement products as much as 3%, support the 
nutritional needs for broiler chickens.  
Feed ssuplement biological process products 
have well enough nutritional value such as 
proteins (amino acids) and minerals that have 
been dissolved so much easier to be absorbed 
and digested by broiler chickens. 

Feed ssuplement biological process products 
have a better digestibility value than with the 
feed addition chemical process.  
This is due to the biological process of material 
changes in the quality of the material caused by 
the fermentation process by microbes (Bacillus 
licheniformis and Aspergillus niger), resulting 
in chemical changes from one complex com-
pound to a simpler and easier to digest com-
pounds that give a positive effect on diges-
tibility (Schneider and Flatt, 1975; Stanton and 
Yeoh, 1976; Gumbira, 1989). Other factors 
affecting digestibility are (1) the level of the 
proportion of the ingredients in the ration, (2) 
the chemical composition, (3) the ration protein 
level and (4) the minerals (Maynard 1979; 
Bautrif, 1990; Wahju 1997). 
Effect of treatment on broiler chicken 
performances 
The treatment of this experiment was the rate 
of use of feed ssuplement of chemical and 
biological process products of 1%, 2% and 3% 
in broiler rations, by measuring the consump-
tion of rations, weight gain, and feed con-
version. The data obtained were analyzed sta-
tistically and the results are shown in Table 6. 
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shrimp shells (Whittenbury et al., 1967; 
Johnson and Peterson, 1974; Lehninger, 1975; 
Fennema, 1985). However, warming for a long 
time can cause protein denaturation so that 
dissolved protein is reduced (Winarno, 1997). 
Effect of treatment on protein and mineral 
content dissolved biological process products 
The rate of protein content, calcium, and 
phosphorus dissolved in the biological process 
of chitin extraction from shrimp waste through 
deproteination-demineralization step in each 
treatment was statistically analyzed, and the 
results showed that dose and time in dose, 
significantly different (P<0.05) to protein 

content, calcium, and phosphorus dissolved 
biological products of chitin extraction process 
from shrimp waste. To know the effect 
difference between treatments, Duncan 
Multiple Range Test is used which results can 
be examined in Table 3.Table 3 shows that the 
proteins, calcium, and phosphorus dissolved in 
the treatment of D2 and D3 were not 
significantly different (P>0.05), but both were 
significantly higher (P<0.05) than the treatment 
D1. The table also shows that the higher the 
dose of inoculum used the greater the content 
of dissolved proteins and minerals. 

 
Table 3. Duncan Multiple Range Test - influence of dosage on protein, calcium and phosphorus content of dissolved 

biological process products 

Treatment The variables observed 
Protein dissolved Calcium dissolved Phosphorus dissolved 

 .....................................................(%)......................................................... 
D1 (B. licheniformis 3% + A. 

niger 1%) 20.60 A 6.27 A 1.20 A 

D2 (B. licheniformis 4% + A. 
niger 2%) 31.73 B 7.03 B 1.48 B 

D3 (B. licheniformis 5% + A. 
niger 3%) 32.36 B 7.42 B 1.51 B 

 
Furthermore, to determine the effect of time in 
doses on protein content, calcium and dissolved 

phosphorus, Duncan test was performed which 
results are presented in Table 4. 

 
Table 4. Duncan Multiple Duncan Test - effect of time in dosage on protein, calcium, and phosphorus dissolved 

biological process products 

Treatment The variables observed 
Protein dissolved Calcium dissolved Phosphorus dissolved 

 ......................................................(%)...................................................... 
D2W1 (B. licheniformis 4%, 24 jam + 

A. niger 2%,  24 jam) 22.82 A 6.36 A 1.38 A 

D2W2 (B. licheniformis 4%, 48 jam + 
A. niger 2%, 48 jam) 36.76 B 7.54 B 1.52 B 

D2W3 (B. licheniformis 4%, 72 jam + 
A. niger 2%, 72 jam) 35.62 B 7.20 B 1.54 B 

 
Table 4 shows that the proteins, calcium, and 
phosphorus dissolved in the treatment of W2 
and W3 were not significantly different 
(P>0.05), but both were significantly higher 
(P<0.05) than the W1 treatment. Treatment of 
D2W2 (dose of Bacillus licheniformis by 4% 
for 48 hours, and 2% Aspergillus niger dose for 
48 hours) resulted in optimum protein, calcium 
and phosphorus content on the chitin extraction 
of biological shrimp waste through 
deproteination-demineralization process stages. 
The content of protein and mineral products of 
chitin extraction from shrimp waste 
biologically will increase in line with the length 

of time of fermentation to a certain time limit 
then decline again (Sulaiman, 1988). 
Furthermore, Tanuwidjadja (1975) stated that 
too much microbial quantity can cause 
sporulation too fast, so some energy is not used 
to multiple cells, and vice versa, the number of 
microbes that are too little growth is not 
optimal. 
 
Effect of treatment on digestibility 
The potential nutritional value of chitin 
extraction products from shrimp waste can be 
determined by means of chemical analysis, i.e. 
proximate analysis. The true value is shown 

from the missing part after the ingredients are 
ingested, absorbed and metabolized (Schneider 
and Flatt, 1973; Tillman et al., 1991).  
The more food substances that can be absorbed 
by broiler chickens, the digestibility value of 

chitin extraction products from shrimp waste is 
higher. Average values of dry matter digesti-
bility, crude protein and organic matter rations 
contained feed additives, analyzed statistically 
and the results are shown in Table 5. 

 
Table 5. Meaning of Digestibility value of dry material, crude protein and organic ration material at each treatment 

Treatment The variables observed 
Dry matter digestibility Protein digestibility Organic matter digestibility 

 ...................................................(%)........................................................... 
R0 (P 20%, ME 3000 kcal/kg; 

0% feed suplement) 70.41 E 70.37 D 70.91 E 

R1 (99% R0 + 1% chemical 
feed suplement) 73.29 D 74.49 C 72.88 D 

R2(98% R0 + 2% % chemical 
feed suplement)  74.79 CD 76.45 BC 76.07 C 

R3 (97% R0 + 3% % chemical 
feed suplement)  77.02 BC 78.09 B 78.10 B 

R4 (99% R0 + 1% biological 
feed suplement) 74.04 D 75.41 C 75.36 C 

R5 (98% R0 + 2% biological 
feed suplement) 77.83 B 78.83 B 78.48 B 

R6 (97% R0 + 3% biological 
feed suplement) 80.82 A 81.52 A 82.03 A 

RS (P 22%, ME 3000 kcal/kg; 
0% feed suplement) 80.80 A 81.20 A 81.13 A 

 
The use of feed ssuplement of biological 
process products of 3% (R6) in broiler chicken 
ration is equivalent to standard ration (RS) with 
a crude protein content of 22%, although at R6 
only 20%.  
While control rations (R0) containing 20% 
crude protein, very low digestibility value. 
Differences in digestibility are due to differ-
rences in the nature of processed foods, 
including their suitability to be hydrolyzed by 
broiler digestive enzymes (Kompiang and 
Ilyas, 1983; Sukarsa et al., 1985; Wahju, 1997). 
The low digestibility value in R0 treatment is 
caused by the ration containing only 20% crude 
protein with the ME of 3000 kcal/kg, not 
enough support for broiler needs.  
The ration with 97% R0 (CP 20%, ME 3000 
kcal/kg) plus the added biological feed 
suplement products as much as 3%, support the 
nutritional needs for broiler chickens.  
Feed ssuplement biological process products 
have well enough nutritional value such as 
proteins (amino acids) and minerals that have 
been dissolved so much easier to be absorbed 
and digested by broiler chickens. 

Feed ssuplement biological process products 
have a better digestibility value than with the 
feed addition chemical process.  
This is due to the biological process of material 
changes in the quality of the material caused by 
the fermentation process by microbes (Bacillus 
licheniformis and Aspergillus niger), resulting 
in chemical changes from one complex com-
pound to a simpler and easier to digest com-
pounds that give a positive effect on diges-
tibility (Schneider and Flatt, 1975; Stanton and 
Yeoh, 1976; Gumbira, 1989). Other factors 
affecting digestibility are (1) the level of the 
proportion of the ingredients in the ration, (2) 
the chemical composition, (3) the ration protein 
level and (4) the minerals (Maynard 1979; 
Bautrif, 1990; Wahju 1997). 
Effect of treatment on broiler chicken 
performances 
The treatment of this experiment was the rate 
of use of feed ssuplement of chemical and 
biological process products of 1%, 2% and 3% 
in broiler rations, by measuring the consump-
tion of rations, weight gain, and feed con-
version. The data obtained were analyzed sta-
tistically and the results are shown in Table 6. 
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Table 6. Average ration consumption, weight gain and ration conversion on each treatment 

Treatment The variables observed 
Ration Consumption Weight Gain Ration Conversion 

 .......(g)....... .......(g)....... ...(index).... 
R0 (P 20%, ME 3000 kcal/kg; 0% 

feed suplement) 2353.00 A 1250.63 E 1.88 C 

R1 (99% R0 + 1% chemical feed 
suplement) 2357.00 A 1276.63 DE 1.85 C 

R2 (98% R0 + 2% % chemical feed 
suplement)  2373.00 A 1302.13 DE 1.82 BC 

R3 (97% R0 + 3% % chemical feed 
suplement)  2385.00 A 1370.56 BC 1.74 B 

R4 (99% R0 + 1% biological feed 
suplement) 2358.00 A 1303.31 DE 1.81 BC 

R5 (98% R0 + 2% biological feed 
suplement) 2338.00 A 1335.25 CD 1.75 B 

R6 (97% R0 + 3% biological feed 
suplement) 2339.00 A 1425.50 AB 1.64 A 

RS (P 22%, ME 3000 kcal/kg; 0% 
feed suplement) 2372.00 A 1446.56 A 1.64 A 

 
Table 6 shows that the treatment did not show a 
significant difference (P>0.01) to ration 
consumption, but there was a very significant 
difference (P<0.01) on weight gain and feed 
conversion. Similar consumption of rations 
indicates that the addition of feed suplement to 
broiler rations, both chemical and biological 
products, does not affect the consumption of 
rations. Ration consumption is strongly 
influenced by the palatability of the constituent 
feed ingredient. 
The weight gain in the RS and R6 treatments 
did not show any significant difference 
(P>0.01), but both were significantly higher 
(P<0.01) than those treated with R0, R1, R2, 
R4 and R5, and between the treatment of R6 
with R3 was not significantly different 
(P>0.01). Similarly, between treatments R5, 
R4, R3, R2 and R1, and between R2, R1 and 
R0 show no significant difference (P>0.01). 
The treatment of R0 was very significant 
(P<0.01) lower than the treatment of R3, R5, 
R6 and RS. 
The weight gain of broiler chickens increased 
with the addition of feed additives of chemical 
process products by 3%, and for biological 
process products with 2% addition have shown 
weight gain. The use of feed additives of 
biological process products as much as 3% in 
ration (R6) is equivalent to standard ration (RS) 
containing 22% protein, although R6 ration 
contains only 20% protein. This is because R6 
rations undergo chemical changes from one 
complex compound to simpler and easily 

digestible compounds caused by microbial 
activity so as to have a positive effect on the 
growth of broiler chickens (Schneider and Flat, 
1975; Stanton and Yeoh, 1976). 
The conversion value of ration on RS and R6 
treatment did not show any significant 
difference (P>0.01), but both were very 
significantly (P<0.01) lower than those of R0, 
R1, R2, R3, R4, and R5. The treatment of R0 
was very significant (P<0.01) higher than that 
of the other treatments. The conversion value 
of broiler rations decreased with the addition of 
feed additives of chemical process products by 
3%, and for biological process products with 
2% addition have shown a decrease in 
conversion value of rations. The use of feed 
additives of biological process products of 3% 
in ration (R6) is equivalent to standard ration 
(RS) containing 22% protein, although R6 
ration contains only 20% protein. Decreasing 
the conversion value of the ration signifies an 
increase in the biological value, thus impacting 
on the growth and efficiency improvement of 
the ration. It is known that the consumption of 
rations in each treatment is almost the same, 
but along with the addition of feed suplement, 
there is an increase in growth, especially on R6 
which is almost the same as standard rations. In 
line with the opinions of Winarno (1980) and 
Gumbira (1989), the biological processing can 
transform an organic material into another 
useful product and have better-added value. 
Products that can be produced by a biological 
process are microbial cells or biomass, 

enzymes, primary metabolites and secondary 
metabolites as well as chemical compounds 
produced by microbes (Ansori, 1989). Thus, 
the low conversion value of the ration reflected 
in increased growth signifies the high quality 
and efficiency of the ration (Bautrif, 1990), as 
occurs in R6 rations (addition of 3% of 
biological process feed additives by B. 
licheniformis and A. niger). 
 
CONCLUSIONS 
 
The biological waste chitin salt extraction 
through the deproteination process by Bacillus 
licheniformis at 4% dose for 48 hours, followed 
by demineralization by Aspergillus niger at 2% 
dose for 48 hours resulted in the best soluble 
protein and mineral content. Liquid product of 
chitin extraction from shrimp waste 
biologically can be used as a feed suplement in 
broiler chicken ration. The addition of feed 
suplements into the basal ration (CP 20%, ME 
3000 kcal/kg) of 3%, yielding the optimal 
digestibility and performance value in broiler 
chickens. 
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Table 6. Average ration consumption, weight gain and ration conversion on each treatment 

Treatment The variables observed 
Ration Consumption Weight Gain Ration Conversion 

 .......(g)....... .......(g)....... ...(index).... 
R0 (P 20%, ME 3000 kcal/kg; 0% 

feed suplement) 2353.00 A 1250.63 E 1.88 C 

R1 (99% R0 + 1% chemical feed 
suplement) 2357.00 A 1276.63 DE 1.85 C 

R2 (98% R0 + 2% % chemical feed 
suplement)  2373.00 A 1302.13 DE 1.82 BC 

R3 (97% R0 + 3% % chemical feed 
suplement)  2385.00 A 1370.56 BC 1.74 B 

R4 (99% R0 + 1% biological feed 
suplement) 2358.00 A 1303.31 DE 1.81 BC 

R5 (98% R0 + 2% biological feed 
suplement) 2338.00 A 1335.25 CD 1.75 B 

R6 (97% R0 + 3% biological feed 
suplement) 2339.00 A 1425.50 AB 1.64 A 

RS (P 22%, ME 3000 kcal/kg; 0% 
feed suplement) 2372.00 A 1446.56 A 1.64 A 

 
Table 6 shows that the treatment did not show a 
significant difference (P>0.01) to ration 
consumption, but there was a very significant 
difference (P<0.01) on weight gain and feed 
conversion. Similar consumption of rations 
indicates that the addition of feed suplement to 
broiler rations, both chemical and biological 
products, does not affect the consumption of 
rations. Ration consumption is strongly 
influenced by the palatability of the constituent 
feed ingredient. 
The weight gain in the RS and R6 treatments 
did not show any significant difference 
(P>0.01), but both were significantly higher 
(P<0.01) than those treated with R0, R1, R2, 
R4 and R5, and between the treatment of R6 
with R3 was not significantly different 
(P>0.01). Similarly, between treatments R5, 
R4, R3, R2 and R1, and between R2, R1 and 
R0 show no significant difference (P>0.01). 
The treatment of R0 was very significant 
(P<0.01) lower than the treatment of R3, R5, 
R6 and RS. 
The weight gain of broiler chickens increased 
with the addition of feed additives of chemical 
process products by 3%, and for biological 
process products with 2% addition have shown 
weight gain. The use of feed additives of 
biological process products as much as 3% in 
ration (R6) is equivalent to standard ration (RS) 
containing 22% protein, although R6 ration 
contains only 20% protein. This is because R6 
rations undergo chemical changes from one 
complex compound to simpler and easily 

digestible compounds caused by microbial 
activity so as to have a positive effect on the 
growth of broiler chickens (Schneider and Flat, 
1975; Stanton and Yeoh, 1976). 
The conversion value of ration on RS and R6 
treatment did not show any significant 
difference (P>0.01), but both were very 
significantly (P<0.01) lower than those of R0, 
R1, R2, R3, R4, and R5. The treatment of R0 
was very significant (P<0.01) higher than that 
of the other treatments. The conversion value 
of broiler rations decreased with the addition of 
feed additives of chemical process products by 
3%, and for biological process products with 
2% addition have shown a decrease in 
conversion value of rations. The use of feed 
additives of biological process products of 3% 
in ration (R6) is equivalent to standard ration 
(RS) containing 22% protein, although R6 
ration contains only 20% protein. Decreasing 
the conversion value of the ration signifies an 
increase in the biological value, thus impacting 
on the growth and efficiency improvement of 
the ration. It is known that the consumption of 
rations in each treatment is almost the same, 
but along with the addition of feed suplement, 
there is an increase in growth, especially on R6 
which is almost the same as standard rations. In 
line with the opinions of Winarno (1980) and 
Gumbira (1989), the biological processing can 
transform an organic material into another 
useful product and have better-added value. 
Products that can be produced by a biological 
process are microbial cells or biomass, 

enzymes, primary metabolites and secondary 
metabolites as well as chemical compounds 
produced by microbes (Ansori, 1989). Thus, 
the low conversion value of the ration reflected 
in increased growth signifies the high quality 
and efficiency of the ration (Bautrif, 1990), as 
occurs in R6 rations (addition of 3% of 
biological process feed additives by B. 
licheniformis and A. niger). 
 
CONCLUSIONS 
 
The biological waste chitin salt extraction 
through the deproteination process by Bacillus 
licheniformis at 4% dose for 48 hours, followed 
by demineralization by Aspergillus niger at 2% 
dose for 48 hours resulted in the best soluble 
protein and mineral content. Liquid product of 
chitin extraction from shrimp waste 
biologically can be used as a feed suplement in 
broiler chicken ration. The addition of feed 
suplements into the basal ration (CP 20%, ME 
3000 kcal/kg) of 3%, yielding the optimal 
digestibility and performance value in broiler 
chickens. 
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Abstract 
 
Romanian farmers’ burnout rate is investigated through a questionnaire for explorative studies to cover the most 
commune influences on burnout, integrating original items with selective scales from COPSOQ II. The sample (n=241) 
joins men 65% and women 35% predominantly aged 40-54 years, medium studies, living in partnership, practicing 
conventional type of farming within rural areas mainly from 5/8 Romanian development regions, surface of farms lower 
than 10 ha 57% and 50+ha 23%, ownership of the farm “owner” 50% and “both partners owner” 30%; 58% of the 
respondents are farm manager, 61% work full-time within the farm. Top 5 (agricultural) pressure factors are: extreme 
weather events, managerial responsibility, economic pressure, heavy financial burden, lack of leisure. Within the 
burnout rate (8%), by gender females are almost three times more exposed comparing with males; the most exposed 
age category is 55-65 years; by double-pressure those who are not in this category are higher compromised (9%) than 
the others (5%) - which could be interpreted as more work, up to a certain level, involves more engagement and 
motivation so less chances for burnout and/or depression.  
 
Key words: burnout, burnout rate, Romanian farmers, survey. 
 
Motto: People are not disturbed by the things themselves, but by the view they take of them. Epictetus 
 
INTRODUCTION 

 
Nowadays, when increasing social dynamics 
marks profoundly the work field, it seems 
subversive more than ever;  it is not always 
clear and easy to be recognized, quantified and 
managed due to the surprising diversity of its 
causes - a multitude of combinations of factors, 
internal and external, obvious and insidious, 
some of them apparently insignificant and 
controversial while others heavy and approved 
by the majority of the scientific community; it 
makes us wonder if work nowadays is still that 
human specific and deliberate activity during 
which the human being practices, develops and 
values, both subjectively (intra-psychic) and 
objectively (inter-relating with the fellowmen) 
an always amazing potential; it is rated 
nowadays as a major global public health issue 
as its price disrupts the individual as the cell of 
the society and, in this quality, a sum of results 
(a sort of common denominator of the 
bibliography we used for the present study) 

assesses this disturbance as extremely costly 
starting with the personal level of one’s quality 
of life up to the national, even global socio-
economic dimension; and despite its gravity, it 
is called by a more and more common word, 
possible not always used with the awareness of 
its complex meaning according to its 
complexity as phenomenon: the burnout.  
The notion burnout, introduced in the 
psychosocial literature in the middle of the 
1970ʼs by Freudenberger (1974) and Maslach 
(1976), is today a common ground within 
psychosocial research. For the last 30 years 
researchers examined the job burnout 
(interchangeably with burnout, word whose 
origin is burnout equivalent to complete 
combustion, breakdown) described as a 
„psychological syndrome involving chronic 
emotional and interpersonal stressors that 
individuals experience at work and their 
subsequent responses to their tasks, 
organizations, coworkers, clients and 
themselves” (Cordes and Dougherty, 1993; 

Maslach, 2003; Maslach and Leiter, 2008 apud 
Swider and Zimmerman, 2010). There are two 
well-known standardized instruments used for 
its measurement: 1. The Maslach Burnout 
Inventory (MBI) which, around year 2000, 
according to Schaufeli and Enzmann (apud 
Kristensen et al., 2005), has been applied in 
more than 90% of all empirical studies in the 
world; 2. Copenhagen Burnout Inventory (CBI) 
(Kristensen et al., 2005), included in a revised 
version of Copenhagen Psychosocial 
Questionnaire (COPSOQ II), released in 2005, 
a tool that also gained ground.  
Burnout relates to depression (some specialists 
consider depression and/or anxiety as causes of 
burnout), they have common symptoms 
(permanent fatigue, exhaustion, low energy, 
states of sadness, problems of concentration 
and memory, decrease of motivation and 
performance) but there are also differences 
between them: 1. burnout is considered a state 
of physical and emotional exhaustion of the 
person at exposure to chronic stress at the 
workplace, with negative effects on his 
physical and mental health, respectively the 
increase of the risk of developing affections – 
but there is not a general consensus if it could 
be qualified as affection; 2. depression1 is a 
complex mental disorder (affection) that 
requires treatment for healing, caused by 
genetic, psychological, social interacting 
factors (after Costin, 2017). 
It is considered that depressive disorders are 
those psychological disturbances most marked 
by stress (Légeron, 2003, p. 173) and it is also 
signaled more than 15 years ago that 
„Psychiatric disorders are becoming more and 
more common [...] a worker out of ten suffers 
from depression, anxiety, stress or fatigue and 
because of this/these risks hospitalization and 
unemployment. [...] Employees are depressed, 
                                                 
1Depression, though frequent beyond the professional context and for 
reasons out of its frame, often intersects with the workplace where, 
however, nowadays, it is still preferable to use instead of the term 
"depression” another words like "tiredness” or “fatigue” due to high 
stakes, especially for managers of all kinds, and in general due to the 
high price of the burnout: absenteeism, professional instability, nervous 
exhaustion, work accidents, violence, claims for damages. Depression 
is characterized by several categories of symptoms: mood collapse 
(Hypothymia), loss of interest, slow-moving life, unbalanced appetite, 
sleep disturbances that cause chronic fatigue. Conjugated and installed, 
these symptoms generate physical and psychological exhaustion, 
characterized in turn by symptoms that include intense fatigue with 
diffuse pain and sleep disorder, "dehumanization" as emotional 
detachment of the fellows, deceptions of the profession and the feeling 
of uselessness relatively to the professional activity (synthesis from 
Légeron, 2003, p. 173-178). 

overwhelmed, anxious, stressed. They lose 
their income; they even get into unemployment 
and, following, victims of the disparagement as 
inevitably consequence of a mental illness.” 
(„Mental health at work”, International Labor 
Office, Geneva, 2000 apud Légeron, 2003, p. 
164-165). 
Related to stress at the workplace, the burnout 
study expanded with the entry into the 
informational era where burnout syndrome has 
left medical practices, hospital corridors and 
classrooms and has extended to almost all 
professional categories.  
The research on occupational health enriched 
mainly revealing the negative work-related 
outcomes (Schaufeli and Bakker, 2004). One of 
the main and most serious consequences of 
exhaustion is suicide (Légeron, 2003, synthesis 
p. 173-187) and if we add that in 2010 a 
representative Canadian study has been 
reported agricultural work to be among the 
proffesions with the highest risk of mortality by 
suicide, with a normalized mortality rate in 
males rising to 31.4 suicides/100 000 people 
per year (Mustard et al., 2010), hopefully we 
made out a case for the topic of our study. 
As, according to our knowledge, the scientific 
literature doesn’t provide results on the burnout 
rate within Romanian farmers and farm 
managers or their life partners, the 
investigation of burnout degree and 
peculiarities among these categories is the 
research problem and main goal of the present 
study.  
Due to the specificity of the Romanian 
agriculture which bear the imprint of the 
transition period characteristic for Romania 
after 1989, to the working conditions and the 
typical low incomes of subsistence rural 
households/farms as well as due to the 
predominant traditional model of the Romanian 
rural family (Iorga 2014; Nicolaescu, 2017), 
our research hypothesis is that we will find the 
burnout phenomenon among the studied 
population and that, analyzing the burnout rate 
by sex, it will be higher among the female 
population. 
The associated objectives of the research are to 
introduce and justify, within a general frame on 
professional stress - particularly worldwide 
stress in farmers nowadays, the original 
instrument designed to collect the data, the 
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sample and its representativeness and the 
statistical analyses that conducted to results on 
the psychosocial condition of the Romanian 
farmers nowadays. Based on the primary 
descriptive results, we further search for 
analyses and correlations to identify and 
explain, taking into account the main features 
of the Romanian rural space, the most 
influential factors of the burnout rate.  

 
MATERIALS AND METHODS 
 
Coordinates from the scientific literature 
related to stress in farmers  
We focused on stress in farmers studies starting 
with the debut of our century until present for 
both justification of the present research and 
also as a landmark to relate our results. Sanne 
et al. (2004) indicated that „farming is 
associated with increased levels of anxiety and 
increased levels and prevalence of depression”.  
A qualitative research across England and 
Wales (Parry et al., 2005) noted that „Principal 
farmers displayed the most visible 
manifestations of stress, linked at once to the 
intrinsic, extrinsic and work related dimensions 
of their work.”, and also influential in 
explaining stress were the differences (by 
dimension, by type - livestock/arable, 
mixed/non-mixed) between farms (Parry et al., 
2005, introduction, i). Another survey on 
farmers in England and Wales confirmed 
results from regional studies that many farmers 
are experiencing considerably stress and among 
factors they indicated „record keeping and 
paperwork (62%), difficulty understanding 
forms (56%) and problems arising from the 
effects of new legislation and regulations 
(49%). Nearly a quarter reported financial 
problems and most worried about money. Very 
few were socially isolated, 70% worked >10 
hours a day, and 31% had health problems 
which interfered with their work” (Simkin et 
al., 1998).  
Studying stress in farmers from New Zealand, 
Firth et al. (2007) highlighted the most stressful 
factors as „increased work load at peak times, 
dealing with workers compensation’, bad 
weather and complying with health and safety 
legislation” - with differences by gender 
regarding the stress experienced. „Age, being 
separated or divorced, being a deer farmer, the 

farm not making a profit in the last year, and 
supervising staff were independently associated 
with higher stress.”  
A Canadian study between 1991-2001 on 
suicide mortality, based on a 15% sample of 
the non-institutionalized population aged 30 to 
69 years, showed that among occupationally 
active men, elevated rates of suicide mortality 
were observed for 9 occupational groups and 
the group „other farm, horticulture, or animal 
husbandry” figured within these 9 groups 
(Mustard, 2010).  
A risk perception study among farming 
families in Switzerland showed that „a part of 
economic and political risks, the risk of 
depression and burnout was considered as a 
considerably high risk among a rather big 
group of the participants” - results in line with 
national Swiss statistics which identified a 
growing number of depression diagnoses 
within population working in agriculture 
(Reissig and Jurt, 2015).  
A Finnish study on psychosocial risks revealed 
changes during the past decade and new 
features of the well-being at work on dairy 
farms with surface over 50 hectares and that the 
prevalence of stress (42%) was found to have 
increased, the whole group was classified as 
having slight symptoms of burnout, and one 
tenth (9%) of dairy farmers had experienced 
severe burnout. „The most common stressors 
were external, such as agricultural policy of the 
EU” (European Union) and „the treatment of 
farmers in society and the media”. Common 
stressors were related to farm and work (e.g. 
amount of work, unpredictability, and animal 
diseases). Stressors related to the workload and 
health, a poor economic situation and 
loneliness were associated with stress and 
burnout symptoms. „Factors protecting against 
burnout included positive features of the work 
and living environment” (Kallioniemi et al., 
2016). 
As for burnout research in Romania, we could 
find mainly that: 1. according to recent EU 
social and health policies, from year 2014 there 
is a Romanian standardized translation of CBI 
(Iordache & Petreanu, 2014); 2. the most part 
of Romanian studies investigated factors, 
peculiarities, rates of burnout mainly within the 
employees from medical and educational 
fields; 3. a psychosocial comparative study 

between blue and white collars (Stoia, 2015), 
with results from applying a short and adjusted 
COPSOQ version (but the burnout scale was 
not between the scales applied), showed 
significant correlations between 18 of 23 
dimensions investigated, „especially in white 
collars group between fatigue - stress, and 
social support - quality of leadership 
(rSpearman >0.71). Reliability and diagnostic 
power for low vitality (fatigue) was better 
reflected in white collars group (rSpearman 
=0.61) compared with blue collars group 
(rSpearman =0.55), considering the criteria of 
interpersonal relations and leadership scale 
more relevant than quantitative demands or job 
satisfaction in assessing Romanian 
psychosocial working conditions for certain 
groups”; 4. Karatepe, 2013, using data 
gathered from frontline hotel 
employee manager dyads in Romania, 
showed that “emotional exhaustion functions 
as a full mediator of the effects of work 
overload, work family conflict, and 
family work conflict on job embeddedness 
and job performance”. 
Previous results determined us to investigate 
from psychosocial perspective the Romanian 
professional category involved in farming: 
farmers, farm managers and/or their life 
partners. 
The sample 
Final sample size 2 n=241, response rate: 80%. 
Baseline characteristics of studied population 
and representativeness of the sample are in 
section “Results”. 
Figure 1 allow better understanding/orientation 
on certain national administrative divisions (a) 
and the distribution of respondents by 
Romanian counties (b). 
The instrument and data collection 
The instrument we applied to collect the data 
has been provided by the Swiss author of this 
study and it is a wide questionnaire used in 
explorative studies to cover the well-known 
and most commune influences on burnout. 
Still, the Romanian partner, for the present 
study, applied a shorter and adapted version of 

                                                 
2We eliminated 9 cases from the initial sample: 8 subjects did not fit 
the target group having no direct involvement in the agricultural 
activity, being only people living in the countryside, landowners whose 
professional activity is not related with the agriculture/farming or 
landowners that have leased to someone else their land and only collect 
the tax; 1 case eliminated for inconsistent answers. 

this instrument due to peculiarities related to 
the way of collecting the data (mainly by 
subject’s self-filling on paper printed 
questionnaire) and other restrictive conditions 
related to the Romanian respondents’ 
availability/receptivity to a very complex, still 
long, new (for them) and personal-oriented 
investigative tool. 
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Figure 1. Administrative map of Romania:  
development regions and counties 

a) development regions (8) 
(source: http://www.romania-central.com/wp-

content/uploads/2009/08/map-romania-nuts-ii-development-
regions-1.jpg and further own processing) 

b) distribution of respondents by Romanian counties, from 22 / 
41 counties (source: own processing) 

 

The main sources of the items/variables lay in 
selective scales from Copenhagen Psychosocial 
Questionnaire (COPSOQ II) combined with a 
questionnaire used in a pre-study not entirely 
published by now (Reissig and Jurt, 2015), to 
comprehensively measure the pressures on the 
farmers related and/or supposed to have a 
connection with burnout. 
The goal of the instrument is to assess factors 
which could be called and generally simplified 
in two big categories: external and internal 
influences - even we are aware this is a risky, 
critical way to classify them due to the 
complexity and dynamics of individuals 
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which interfered with their work” (Simkin et 
al., 1998).  
Studying stress in farmers from New Zealand, 
Firth et al. (2007) highlighted the most stressful 
factors as „increased work load at peak times, 
dealing with workers compensation’, bad 
weather and complying with health and safety 
legislation” - with differences by gender 
regarding the stress experienced. „Age, being 
separated or divorced, being a deer farmer, the 

farm not making a profit in the last year, and 
supervising staff were independently associated 
with higher stress.”  
A Canadian study between 1991-2001 on 
suicide mortality, based on a 15% sample of 
the non-institutionalized population aged 30 to 
69 years, showed that among occupationally 
active men, elevated rates of suicide mortality 
were observed for 9 occupational groups and 
the group „other farm, horticulture, or animal 
husbandry” figured within these 9 groups 
(Mustard, 2010).  
A risk perception study among farming 
families in Switzerland showed that „a part of 
economic and political risks, the risk of 
depression and burnout was considered as a 
considerably high risk among a rather big 
group of the participants” - results in line with 
national Swiss statistics which identified a 
growing number of depression diagnoses 
within population working in agriculture 
(Reissig and Jurt, 2015).  
A Finnish study on psychosocial risks revealed 
changes during the past decade and new 
features of the well-being at work on dairy 
farms with surface over 50 hectares and that the 
prevalence of stress (42%) was found to have 
increased, the whole group was classified as 
having slight symptoms of burnout, and one 
tenth (9%) of dairy farmers had experienced 
severe burnout. „The most common stressors 
were external, such as agricultural policy of the 
EU” (European Union) and „the treatment of 
farmers in society and the media”. Common 
stressors were related to farm and work (e.g. 
amount of work, unpredictability, and animal 
diseases). Stressors related to the workload and 
health, a poor economic situation and 
loneliness were associated with stress and 
burnout symptoms. „Factors protecting against 
burnout included positive features of the work 
and living environment” (Kallioniemi et al., 
2016). 
As for burnout research in Romania, we could 
find mainly that: 1. according to recent EU 
social and health policies, from year 2014 there 
is a Romanian standardized translation of CBI 
(Iordache & Petreanu, 2014); 2. the most part 
of Romanian studies investigated factors, 
peculiarities, rates of burnout mainly within the 
employees from medical and educational 
fields; 3. a psychosocial comparative study 

between blue and white collars (Stoia, 2015), 
with results from applying a short and adjusted 
COPSOQ version (but the burnout scale was 
not between the scales applied), showed 
significant correlations between 18 of 23 
dimensions investigated, „especially in white 
collars group between fatigue - stress, and 
social support - quality of leadership 
(rSpearman >0.71). Reliability and diagnostic 
power for low vitality (fatigue) was better 
reflected in white collars group (rSpearman 
=0.61) compared with blue collars group 
(rSpearman =0.55), considering the criteria of 
interpersonal relations and leadership scale 
more relevant than quantitative demands or job 
satisfaction in assessing Romanian 
psychosocial working conditions for certain 
groups”; 4. Karatepe, 2013, using data 
gathered from frontline hotel 
employee manager dyads in Romania, 
showed that “emotional exhaustion functions 
as a full mediator of the effects of work 
overload, work family conflict, and 
family work conflict on job embeddedness 
and job performance”. 
Previous results determined us to investigate 
from psychosocial perspective the Romanian 
professional category involved in farming: 
farmers, farm managers and/or their life 
partners. 
The sample 
Final sample size 2 n=241, response rate: 80%. 
Baseline characteristics of studied population 
and representativeness of the sample are in 
section “Results”. 
Figure 1 allow better understanding/orientation 
on certain national administrative divisions (a) 
and the distribution of respondents by 
Romanian counties (b). 
The instrument and data collection 
The instrument we applied to collect the data 
has been provided by the Swiss author of this 
study and it is a wide questionnaire used in 
explorative studies to cover the well-known 
and most commune influences on burnout. 
Still, the Romanian partner, for the present 
study, applied a shorter and adapted version of 

                                                 
2We eliminated 9 cases from the initial sample: 8 subjects did not fit 
the target group having no direct involvement in the agricultural 
activity, being only people living in the countryside, landowners whose 
professional activity is not related with the agriculture/farming or 
landowners that have leased to someone else their land and only collect 
the tax; 1 case eliminated for inconsistent answers. 

this instrument due to peculiarities related to 
the way of collecting the data (mainly by 
subject’s self-filling on paper printed 
questionnaire) and other restrictive conditions 
related to the Romanian respondents’ 
availability/receptivity to a very complex, still 
long, new (for them) and personal-oriented 
investigative tool. 
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Figure 1. Administrative map of Romania:  
development regions and counties 

a) development regions (8) 
(source: http://www.romania-central.com/wp-

content/uploads/2009/08/map-romania-nuts-ii-development-
regions-1.jpg and further own processing) 

b) distribution of respondents by Romanian counties, from 22 / 
41 counties (source: own processing) 

 

The main sources of the items/variables lay in 
selective scales from Copenhagen Psychosocial 
Questionnaire (COPSOQ II) combined with a 
questionnaire used in a pre-study not entirely 
published by now (Reissig and Jurt, 2015), to 
comprehensively measure the pressures on the 
farmers related and/or supposed to have a 
connection with burnout. 
The goal of the instrument is to assess factors 
which could be called and generally simplified 
in two big categories: external and internal 
influences - even we are aware this is a risky, 
critical way to classify them due to the 
complexity and dynamics of individuals 
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personality system which determine the 
people’s ability to cope with stress to be „very 
personal, linked to their unique biographies and 
the constellation of events within these, to 
particular triggers, and to their individual 
resources” (Parry et al., 2005, p. 46). More, it is 
difficult to precisely discern between factor and 
consequence, as vicious circles are also 

involved in burnout cases. Under these 
circumstances, even it seems really impossible 
to clearly distinguish and objective measure the 
degree of intrinsic/extrinsic influence within 
every dimension directly related to burnout that 
we investigated, we would frame and 
synthesize the Romanian version of 
questionnaire in Table 1. 

  

Table 1. The questionnaire used to collect the data - structure, content, sources 
 
Categories of items / dimensions Variables (main aspects and dimensions investigated) Source of the items 
Farm descriptors, personal 
perception  
and planning related to the farm  
(possible stress factors) 

Management type 
Localization (county, type of locality – rural/urban, landform),  
Ownership of the farm,  
The manager,  
Surface,  
Type/ types of production 
Work within the farm (for the respondent and for his/her partner)  
Employees  
The main responsibility(-ies) of the respondent 
Farm work: main activity or sideline (for the respondent and for his/her partner)  
Fluctuation of the revenue during the last 10 years 
Present financial situation (self-rated) 
Forthcoming expenditures  

Variables designed / propounded by the 
Swiss author 

Socio-demographic variables Age, Gender, Civil status, The household component, Level of education Variables propounded by the Swiss author 
Burnout measurement 

� general factors and 
indicators 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

� agricultural work-related 
factors 

Quantitative demands (tempo, work pace) 
Self-rated health  
Burnout  
Sleeping troubles 
Work-family conflict 
Absenteeism from work (no. of whole days during last year) 
Present chronic illness  
Life events during the last year (partner’s death, serious illness of a family member, 
serious illness of the respondent, unemployment, death of a friend, the respondent as 
victim of an act of violence, divorce / separation, care of a close person) 
Active conflicts (besides the previous mentioned): 
within couple / quality of the partnership (where applicable) 
family-work conflict (with children / parents and parents-in-law, child care) 
within the farm / off-farm job (where applicable) 
Heavy financial burden 
Addictive  behavior (alcoholism) of the respondent and within close people 
Depression/burnout in the personal environment of the respondent 
Social isolation 
Keeping up social appearances 
Over investing in work 
Various anxieties  

Selective items / scales 
from Copenhagen Psychosocial 
Questionnaire (COPSOQ II) 
 
Variables propounded by the Swiss author 
according to / derived from the scientific 
literature on stress and burnout 

Managerial responsibility 
High administrative input 
Difficulty in finding suitable employees 
Changes in the agricultural surface (increase, decrease) 
Diversification of areas of work 
Lack of solidarity among farmers, Lack of social support and security, Lack of 
appreciation of agricultural work (including unsatisfactory revenue), Lack of skills 
to be a farmer (self-rated), Lack of partner  
Economic pressure (capitalist economy, international trade and competition, 
frequently changing guidelines, tendency towards flexibility in today’s society etc.) 
Changes in direct payments 
Traditions (as restrictive factor or loss) 
Innovation (e.g. genetic engineering) 
Out of control constraints (weather, environment, State regulations etc.) 
Crop failure and/or animal illness, mortality  
Workload (peaks, stress)  
Loss of independence  
Lack of leisure and “You don’t get sick in farming” 
Intensive manual labour  
Poor water-, wastewater- or traffic infrastructure 
Creeping information on new regulations, Other - open item 

Variables propounded by the Swiss partner 
according to / derived from the scientific 
literature on stress and burnout in farmers, 
based on a pre-study (Reissig and Jurt, 
2015) 

 
Statistical procedure: descriptive statistics 
(distribution, frequencies, min./max., means, 
median, cross-tabulation) using SPSS. 
 
RESULTS AND DISCUSSIONS  
 
We start with baseline characteristics of 
studied population searching meantime the  

 
representativeness of the sample (task which 
has required the use of multiple criteria, not 
always in the most satisfactory way). By 
gender we found men 65% and women 35% 
and the predominance of men could be assessed 
as representative as a status like “farmer”, 
“manager”, “administrator” is typically repre-
sented by men in Romanian tradition and 

culture; also, like in UE27, within the total 
volume of labour force  from agriculture 
predominate men (***Socio-economic analysis 
of Romanian rural space, p. 7). By age we have 
five categories as following: 16 - 24 years   
11%, 25 - 39 years 21%, 40 - 54 years 53%, 55 
- 65 years 9%, 66+ years  6%, with min. 20 - 
max. 84 and mean 43.68. The census from 
January 1st, 2014 (***Stable - resident) 
population - main demographic characteristics 
on 1st of January 2014), showed the following 
population distribution by broad groups: 1-14 
years 17%; 15-64 years 64%; 65+ years 19% 
and for both sexes age mean 41.2 years. We did 
not find statistical data on age specific to 
working force, still, if we add that in the 
Romanian subsistence farms there are no 
legally age limits for work (there are regulation 
only to access founds, subsidies), we could 
consider the sample representative for 
Romania. By educational level 8% 
respondents attended minimum school up to 
professional school, 65% respondents high 
school, post-secondary studies and 27% 
respondents academic studies. With 5 age 
groups in the sample and due to the fact that 
during last 8 decades there were significant 
changes in Romania (socio-economic, political, 
cultural) it would be required a detailed 
investigation on this topic (an it is not major for 
our topic) to measure sharp. Still, correlating 
with the most representative age groups and 
specific/rigors of education before 1989 (under 
socialist regime), also with new regulation for 
founds competitions and the fact that 23% of 
the sample own or manage farms over 50 ha 
and (assuming this requires know-how), we 
could assess that the sample is representative 
for nowadays Romania. Results of living in 
partnership (marriage or consensual union) 
variable shows 79% yes and 21% no (from “no 
partnership” category 16 % of the respondent 
are single and 5% belong to one of the 
following: divorced, separated, widowed). 
According to a 2011 census, more than half of 
Romania's 20-year-old resident population 
consists of married people (61.1%) and 4.5% of 
the 20-year-old population or more have 
declared that they are living in a consensual 
union (Population and Housing Census, 2011), 
cumulated it means 66% living in partnership 
(legal or not) in 2011. Also, due to the major 

age groups from the sample and as in Romania 
the family based on marriage continues to be an 
essential element in the life of the individual 
(the consensual union is not as prevalent as in 
other EU states - see Population and Housing 
Census 2011) we would consider the sample 
generally representative for Romania. By type 
of farming results show conventional 80%, 
organic 15%, farm in transition 5%. We know 
that in 2010 organic farms had an insignificant 
per cent “(0.4%) but rising” (***Socio-
economic analysis of Romanian rural space, p. 
1), and this could partly explain the difference 
with our sample. Also, it is very possible that 
the respondents from “organic” category, also 
owners of subsistence farms, may have never 
official certification as they are not aware of 
such thing and/or have a vague notion of 
“organic” and/or according specific regulation. 
So, in 2017, we would also consider the sample 
representative. Farm location joins three 
aspects: type of locality - rural 96%, urban  4%; 
landform - plain 62%, hill 31%, mountain 7%; 
Romanian development regions - North-West, 
West, Centre  0%, North-East, South-East 33%, 
South-Muntenia together with Bucharest and 
Ilfov 54%, South-West Oltenia 13%.  
Rural space is representative for Romania. In 
2012 it contained 87% from the national 
surface (***Socio-economic analysis of 
Romanian rural space p. 1), so from this 
criterion the sample is representative, and also 
taking into consideration the sample 
distribution by landform, which keeps 
proportion with the national distribution: the 
largest share of the agricultural land belongs to 
arable land (62.4%) predominant in the South-
East and South-Muntenia regions (these are 
plain zone), followed by pastures and meadows 
(33.9%) specific to hill and mountain 
(***Socio-economic analysis of Romanian 
rural space, p. 6). 
We would assess the sample representative for 
3 of 4 Romanian macro-region (even for macro 
region IV we have the least data), because in 
the two regions of which it is very well 
represented there is the largest part of the 
Romanian agricultural land. By surface of the 
farm we found 0 - < 3 ha 25%, 3 - < 10 ha 
32%, 10 - < 20 ha 11%, 20 - < 30 ha  3%, 30 - 
< 50 ha 6%, 50 + ha  23%; total agricultural 
area (ha) min. 0.12 ha - max. 3300 ha, mean 
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personality system which determine the 
people’s ability to cope with stress to be „very 
personal, linked to their unique biographies and 
the constellation of events within these, to 
particular triggers, and to their individual 
resources” (Parry et al., 2005, p. 46). More, it is 
difficult to precisely discern between factor and 
consequence, as vicious circles are also 

involved in burnout cases. Under these 
circumstances, even it seems really impossible 
to clearly distinguish and objective measure the 
degree of intrinsic/extrinsic influence within 
every dimension directly related to burnout that 
we investigated, we would frame and 
synthesize the Romanian version of 
questionnaire in Table 1. 

  

Table 1. The questionnaire used to collect the data - structure, content, sources 
 
Categories of items / dimensions Variables (main aspects and dimensions investigated) Source of the items 
Farm descriptors, personal 
perception  
and planning related to the farm  
(possible stress factors) 

Management type 
Localization (county, type of locality – rural/urban, landform),  
Ownership of the farm,  
The manager,  
Surface,  
Type/ types of production 
Work within the farm (for the respondent and for his/her partner)  
Employees  
The main responsibility(-ies) of the respondent 
Farm work: main activity or sideline (for the respondent and for his/her partner)  
Fluctuation of the revenue during the last 10 years 
Present financial situation (self-rated) 
Forthcoming expenditures  

Variables designed / propounded by the 
Swiss author 

Socio-demographic variables Age, Gender, Civil status, The household component, Level of education Variables propounded by the Swiss author 
Burnout measurement 

� general factors and 
indicators 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

� agricultural work-related 
factors 

Quantitative demands (tempo, work pace) 
Self-rated health  
Burnout  
Sleeping troubles 
Work-family conflict 
Absenteeism from work (no. of whole days during last year) 
Present chronic illness  
Life events during the last year (partner’s death, serious illness of a family member, 
serious illness of the respondent, unemployment, death of a friend, the respondent as 
victim of an act of violence, divorce / separation, care of a close person) 
Active conflicts (besides the previous mentioned): 
within couple / quality of the partnership (where applicable) 
family-work conflict (with children / parents and parents-in-law, child care) 
within the farm / off-farm job (where applicable) 
Heavy financial burden 
Addictive  behavior (alcoholism) of the respondent and within close people 
Depression/burnout in the personal environment of the respondent 
Social isolation 
Keeping up social appearances 
Over investing in work 
Various anxieties  

Selective items / scales 
from Copenhagen Psychosocial 
Questionnaire (COPSOQ II) 
 
Variables propounded by the Swiss author 
according to / derived from the scientific 
literature on stress and burnout 

Managerial responsibility 
High administrative input 
Difficulty in finding suitable employees 
Changes in the agricultural surface (increase, decrease) 
Diversification of areas of work 
Lack of solidarity among farmers, Lack of social support and security, Lack of 
appreciation of agricultural work (including unsatisfactory revenue), Lack of skills 
to be a farmer (self-rated), Lack of partner  
Economic pressure (capitalist economy, international trade and competition, 
frequently changing guidelines, tendency towards flexibility in today’s society etc.) 
Changes in direct payments 
Traditions (as restrictive factor or loss) 
Innovation (e.g. genetic engineering) 
Out of control constraints (weather, environment, State regulations etc.) 
Crop failure and/or animal illness, mortality  
Workload (peaks, stress)  
Loss of independence  
Lack of leisure and “You don’t get sick in farming” 
Intensive manual labour  
Poor water-, wastewater- or traffic infrastructure 
Creeping information on new regulations, Other - open item 

Variables propounded by the Swiss partner 
according to / derived from the scientific 
literature on stress and burnout in farmers, 
based on a pre-study (Reissig and Jurt, 
2015) 

 
Statistical procedure: descriptive statistics 
(distribution, frequencies, min./max., means, 
median, cross-tabulation) using SPSS. 
 
RESULTS AND DISCUSSIONS  
 
We start with baseline characteristics of 
studied population searching meantime the  

 
representativeness of the sample (task which 
has required the use of multiple criteria, not 
always in the most satisfactory way). By 
gender we found men 65% and women 35% 
and the predominance of men could be assessed 
as representative as a status like “farmer”, 
“manager”, “administrator” is typically repre-
sented by men in Romanian tradition and 

culture; also, like in UE27, within the total 
volume of labour force  from agriculture 
predominate men (***Socio-economic analysis 
of Romanian rural space, p. 7). By age we have 
five categories as following: 16 - 24 years   
11%, 25 - 39 years 21%, 40 - 54 years 53%, 55 
- 65 years 9%, 66+ years  6%, with min. 20 - 
max. 84 and mean 43.68. The census from 
January 1st, 2014 (***Stable - resident) 
population - main demographic characteristics 
on 1st of January 2014), showed the following 
population distribution by broad groups: 1-14 
years 17%; 15-64 years 64%; 65+ years 19% 
and for both sexes age mean 41.2 years. We did 
not find statistical data on age specific to 
working force, still, if we add that in the 
Romanian subsistence farms there are no 
legally age limits for work (there are regulation 
only to access founds, subsidies), we could 
consider the sample representative for 
Romania. By educational level 8% 
respondents attended minimum school up to 
professional school, 65% respondents high 
school, post-secondary studies and 27% 
respondents academic studies. With 5 age 
groups in the sample and due to the fact that 
during last 8 decades there were significant 
changes in Romania (socio-economic, political, 
cultural) it would be required a detailed 
investigation on this topic (an it is not major for 
our topic) to measure sharp. Still, correlating 
with the most representative age groups and 
specific/rigors of education before 1989 (under 
socialist regime), also with new regulation for 
founds competitions and the fact that 23% of 
the sample own or manage farms over 50 ha 
and (assuming this requires know-how), we 
could assess that the sample is representative 
for nowadays Romania. Results of living in 
partnership (marriage or consensual union) 
variable shows 79% yes and 21% no (from “no 
partnership” category 16 % of the respondent 
are single and 5% belong to one of the 
following: divorced, separated, widowed). 
According to a 2011 census, more than half of 
Romania's 20-year-old resident population 
consists of married people (61.1%) and 4.5% of 
the 20-year-old population or more have 
declared that they are living in a consensual 
union (Population and Housing Census, 2011), 
cumulated it means 66% living in partnership 
(legal or not) in 2011. Also, due to the major 

age groups from the sample and as in Romania 
the family based on marriage continues to be an 
essential element in the life of the individual 
(the consensual union is not as prevalent as in 
other EU states - see Population and Housing 
Census 2011) we would consider the sample 
generally representative for Romania. By type 
of farming results show conventional 80%, 
organic 15%, farm in transition 5%. We know 
that in 2010 organic farms had an insignificant 
per cent “(0.4%) but rising” (***Socio-
economic analysis of Romanian rural space, p. 
1), and this could partly explain the difference 
with our sample. Also, it is very possible that 
the respondents from “organic” category, also 
owners of subsistence farms, may have never 
official certification as they are not aware of 
such thing and/or have a vague notion of 
“organic” and/or according specific regulation. 
So, in 2017, we would also consider the sample 
representative. Farm location joins three 
aspects: type of locality - rural 96%, urban  4%; 
landform - plain 62%, hill 31%, mountain 7%; 
Romanian development regions - North-West, 
West, Centre  0%, North-East, South-East 33%, 
South-Muntenia together with Bucharest and 
Ilfov 54%, South-West Oltenia 13%.  
Rural space is representative for Romania. In 
2012 it contained 87% from the national 
surface (***Socio-economic analysis of 
Romanian rural space p. 1), so from this 
criterion the sample is representative, and also 
taking into consideration the sample 
distribution by landform, which keeps 
proportion with the national distribution: the 
largest share of the agricultural land belongs to 
arable land (62.4%) predominant in the South-
East and South-Muntenia regions (these are 
plain zone), followed by pastures and meadows 
(33.9%) specific to hill and mountain 
(***Socio-economic analysis of Romanian 
rural space, p. 6). 
We would assess the sample representative for 
3 of 4 Romanian macro-region (even for macro 
region IV we have the least data), because in 
the two regions of which it is very well 
represented there is the largest part of the 
Romanian agricultural land. By surface of the 
farm we found 0 - < 3 ha 25%, 3 - < 10 ha 
32%, 10 - < 20 ha 11%, 20 - < 30 ha  3%, 30 - 
< 50 ha 6%, 50 + ha  23%; total agricultural 
area (ha) min. 0.12 ha - max. 3300 ha, mean 
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109. Around 2013 the average size of a 
Romanian farm was 3.4 ha ASU (agricultural 
surface used) / farm (Eurostat apud *** Socio-
economic analysis of Romanian rural space, p 
6). According to a 2010 statistics (***Socio-
economic analysis of Romanian rural space, p 
6), small farms less than 5 ha were 93% - at 
present the percent is evaluated to 95% (*** 
Clarifications required for semi-subsistence 
farms), our sample is around half represented 
by this criterion. By Otiman (2012) it is higher 
representative. Still, small farms under 5 ha use 
around 30% from Romanian agricultural land, 
while the farms over 50 ha manage around 53 
of it. Taking into account the national 
distribution of the agricultural land and also the 
heterogeneity and polarization of the sample, 
we consider these peculiarities valuable to 
investigate the burnout rate on all categories of 
farm owners/ managers. Top 7 (> 20%) farm 
production from 14 investigated types are 
Special crops (vegetables, fruits, berries)  49%, 
Poultry  45%, Pigs  43%, Field crops 41%, 
Wine 30%, Milk  29%, Sheep, goats, other 
23%. According to General Agricol Register 
2010, livestock farming is an area with a 
tradition in Romania confirmed by the 
preponderance of farms with animal breeding 
profile and mixed farms: 68% of the total. 
(***Socio-economic analysis of Romanian 
rural space, p. 7), but there are some 
differences comparing to Otiman (2012). 
Within our sample, the ownership of the farm 
is shared in: Respondent owner 50%, Partner 
owner 9%, Both partners owner 30%, Farm is 
leased 11%. As we found that, according to the 
surface of the farm, around 60% of the farms 
from the sample are subsistence and semi-
subsistence farms (surface between 0 - 10 ha), 
the ownership of the farm is predominantly 
representative. Farm manager status is 
distributed between Respondent 58%, Partner 
16% or Both 26% share it - the figures confirm 
that the respondents belong to our target group. 
Work within the farm: by Respondent / 
partner we have Respondent 85% yes, 14% 
occasionally and Partner 63% yes, 16% 
occasionally; by the time invested (full time 
job/collateral work) we found Full time 61%, 
collateral  39% and Work both in farm and off-
farm (min. 41% off-farm) with Double pressure 
risk 28%. Responsibility within the farm: by 

top-down frequencies we found Farm work 
58%, Administration 45%, Garden and 
landscaping 34%, Caring for family members 
31%, Household 25%, Off-farm paid 
employment 24%, Child-rearing/childcare 
22%, Para-agricultural activities 13%; by the 
number of responsibilities per respondent we 
found min. 1 - max. 7 with mean 2.5. The 
responsibilities within the farm are 
representative for Romanian farms/rural 
households. The household structure 
(selective) includes: Partner 71%, Parent(s)/ 
parent(s)-in-law 34%, Child(ren) 44%. Taking 
into account the respondent age, particularly 
the most predominant age group of the sample, 
and predominant traditional rural model of 
family (living with and caring for old parents), 
the sample is representative at least for the 
macro-regions of origin. For the income 
evolution over the last ten years we found 
next top-down frequencies (self-rated): 
somewhat better 52%, much better 21%, the 
same 13%, somewhat worse 8%, much worse 
5%, I don't know 2%. After 1989, Romanian 
people started experiencing transition to market 
economy. More, the last decade coincides with 
the entrance of Romania within EU. Around 
70% of the sample lived „before“/„after“ ‘89, 
respectively „outside”/ „inside” EU - and their 
financial capital, personality features and other 
peculiarities can explain the figures. 
Sample’s characteristics usually related to 
burnout and to the vicious circle factor - 
consequence (general health self-rated, sleeping 
troubles, absenteeism from work, present 
chronic illness, quantitative demands at work, 
life events during last year)  are presented in 
Tables 2-7 and show prevalently a good general 
health of respondents (self-rated), mild sleep 
disorders, low rate of absenteeism as well as of 
the chronic or persistent illness, an work tempo 
which often (cumulated frequencies for „fairly 
often” and „very often/always”) determines to 
give up breaks only for 27% of the sample, 
work at fast pace (cumulated frequencies for 
„fairly often” and „very often/always”) for 50% 
of the sample and work under time-pressure 
(cumulated frequencies for „fairly often” and 
„very often/always”) for 58.5% of the 
respondents. On life events criterion 
(with/without) the sample is almost half-half. 
 
 

Table 2. General health (self-rated) 
 

 
 
 
 
 

 

Table 3. Sleep disorders 
 

 
Frequency 
 

Percent 
 

Valid 
% 

Cumulative 
% 

Valid no 17 7.1 7.1 7.1 
mild 213 88.4 88.8 95.8 
moderate 2 .8 .8 96.7 
very 
strong 

8 3.3 3.3 100.0 

Total 240 99.6 100.0  
Missing System 1 .4   
Total 241 100.0   
 

Table 4. Absenteeism from work, full days, 
the last 12 months, owing to a health problem 

 

 
 
 
 
 

 

Table 5. Chronic or persistent illness/disease 
or health problem in present 

 

 Frequency Percent Valid % Cumulative % 
Valid No 183 75.9 75.9 75.9 

Yes  30 12.4 12.4 88.4 
Don’t know 28 11.6 11.6 100.0 
Total 241 100.0 100.0  

 
Table 6. Quantitative demands (tempo, work pace) 

 

How often are you unable to take a break owing to too much 
work? 
 Frequency Percent Valid % Cumulative % 
Valid Very rare / never 28 11.6 11.6 11.6 

Rarely 72 29.9 29.9 41.5 
Occasionally 75 31.1 31.1 72.6 
Fairly often 53 22.0 22.0 94.6 
Very often / 
always 

13 5.4 5.4 100.0 

Total 241 100.0 100.0  
  
How often does your work require you to work at a fast pace? 
 Frequency Percent Valid % Cumulative % 
Valid Very rare / never 14 5.8 5.8 5.8 

Rarely 37 15.4 15.4 21.2 
Occasionally  69 28.6 28.6 49.8 
Fairly often 87 36.1 36.1 85.9 
Very often 
/always 

34 14.1 14.1 100.0 

Total 241 100.0 100.0  
 
How often are you under time pressure? 
 Frequency Percent Valid % Cumulative % 
Valid Very rare / never 10 4.1 4.1 4.1 

Rarely 36 14.9 14.9 19.1 
Occasionally  54 22.4 22.4 41.5 
Fairly often 90 37.3 37.3 78.8 
Very often 
/always 

51 21.2 21.2 100.0 

Total 241 100.0 100.0  

 

Table 7. Life event(s) during the last year (partner’s 
death, serious illness of a family member, serious illness 
of the respondent, unemployment, death of a friend, the 

respondent as victim of an act of violence, divorce / 
separation, care of a close person) 

 

 
Frequency 
 

Percent 
 

Valid % 
 

Cumulative 
% 

Valid without life 
event(s) 

116 48.1 48.5 48.5 

life event(s)  123 51.0 51.5 100.0 
Total 239 99.2 100.0  

Missing System 2 .8   
Total 241 100.0   

 

Referring to Work-Family Conflict3, high 
values (75 = Tend to agree, 100 = Completely 
agree) correspond to high scores on the 
respective dimensions (COPSOQ) and there are 
16% respondents between 75-100 value, with 
the half 8% between 85-100. 
Romanian farmers’ burnout rate, 7.9%, is 
presented in Table 8, while Table 9 shows a 
synthetic way to introduce the outputs from 
cross-tabulations of burnout rate with the 
independent variables sex, age, double pressure 
and life events: 
 

Table 8. Burnout rate of Romanian farmers 
 
 Frequency Percent Valid % Cumulative % 
Valid No burnout (risk) 222 92.1 92.1 92.1 

Burnout 
compromised 

19 7.9 7.9 100.0 

Total 241 100.0 100.0  

 
Identification of the most agricultural 
influential factors for Romanian farmers 
(20/56 variables) is presented in Figure 2 which 
shows on top extreme weather events. It must 
be add that the values for the pressure felt at the 
contact with each of the given factors were 
between min. 0 - max. 4 (0 „not at all”, 1 
„slightly”, 2 „medium”, 3 „strong”, 4 „very 
strong”) and the highest mean of scores for the 
Romanian sample is 2.2. 

                                                 
3Items for work-family conflict:  
The demands of my job disrupt my private- and family life. 
The time I spend working makes it difficult for me to meet my familial 
or personal obligations. 
Things that I’d like to do in my free time remain undone owing to the 
demands of my job. 
My work generates stress that makes it difficult to meet private or 
family obligations. 
Work obligations make it necessary for me to alter plans for private or 
family activities. 

 Frequency Percent Valid % Cumulative % 
Valid very good 52 21.6 21.6 21.6 

good 148 61.4 61.4 83.0 
fair 40 16.6 16.6 99.6 
bad 1 .4 .4 100.0 
Total 241 100.0 100.0  

 Frequency Percent Valid % Cumulative % 
Valid None at all 105 43.6 43.6 43.6 

9 days as most 101 41.9 41.9 85.5 
10-24 days 30 12.4 12.4 97.9 
25-99 days 3 1.2 1.2 99.2 
100 Tdays plus 2 .8 .8 100.0 
Total 241 100.0 100.0  
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109. Around 2013 the average size of a 
Romanian farm was 3.4 ha ASU (agricultural 
surface used) / farm (Eurostat apud *** Socio-
economic analysis of Romanian rural space, p 
6). According to a 2010 statistics (***Socio-
economic analysis of Romanian rural space, p 
6), small farms less than 5 ha were 93% - at 
present the percent is evaluated to 95% (*** 
Clarifications required for semi-subsistence 
farms), our sample is around half represented 
by this criterion. By Otiman (2012) it is higher 
representative. Still, small farms under 5 ha use 
around 30% from Romanian agricultural land, 
while the farms over 50 ha manage around 53 
of it. Taking into account the national 
distribution of the agricultural land and also the 
heterogeneity and polarization of the sample, 
we consider these peculiarities valuable to 
investigate the burnout rate on all categories of 
farm owners/ managers. Top 7 (> 20%) farm 
production from 14 investigated types are 
Special crops (vegetables, fruits, berries)  49%, 
Poultry  45%, Pigs  43%, Field crops 41%, 
Wine 30%, Milk  29%, Sheep, goats, other 
23%. According to General Agricol Register 
2010, livestock farming is an area with a 
tradition in Romania confirmed by the 
preponderance of farms with animal breeding 
profile and mixed farms: 68% of the total. 
(***Socio-economic analysis of Romanian 
rural space, p. 7), but there are some 
differences comparing to Otiman (2012). 
Within our sample, the ownership of the farm 
is shared in: Respondent owner 50%, Partner 
owner 9%, Both partners owner 30%, Farm is 
leased 11%. As we found that, according to the 
surface of the farm, around 60% of the farms 
from the sample are subsistence and semi-
subsistence farms (surface between 0 - 10 ha), 
the ownership of the farm is predominantly 
representative. Farm manager status is 
distributed between Respondent 58%, Partner 
16% or Both 26% share it - the figures confirm 
that the respondents belong to our target group. 
Work within the farm: by Respondent / 
partner we have Respondent 85% yes, 14% 
occasionally and Partner 63% yes, 16% 
occasionally; by the time invested (full time 
job/collateral work) we found Full time 61%, 
collateral  39% and Work both in farm and off-
farm (min. 41% off-farm) with Double pressure 
risk 28%. Responsibility within the farm: by 

top-down frequencies we found Farm work 
58%, Administration 45%, Garden and 
landscaping 34%, Caring for family members 
31%, Household 25%, Off-farm paid 
employment 24%, Child-rearing/childcare 
22%, Para-agricultural activities 13%; by the 
number of responsibilities per respondent we 
found min. 1 - max. 7 with mean 2.5. The 
responsibilities within the farm are 
representative for Romanian farms/rural 
households. The household structure 
(selective) includes: Partner 71%, Parent(s)/ 
parent(s)-in-law 34%, Child(ren) 44%. Taking 
into account the respondent age, particularly 
the most predominant age group of the sample, 
and predominant traditional rural model of 
family (living with and caring for old parents), 
the sample is representative at least for the 
macro-regions of origin. For the income 
evolution over the last ten years we found 
next top-down frequencies (self-rated): 
somewhat better 52%, much better 21%, the 
same 13%, somewhat worse 8%, much worse 
5%, I don't know 2%. After 1989, Romanian 
people started experiencing transition to market 
economy. More, the last decade coincides with 
the entrance of Romania within EU. Around 
70% of the sample lived „before“/„after“ ‘89, 
respectively „outside”/ „inside” EU - and their 
financial capital, personality features and other 
peculiarities can explain the figures. 
Sample’s characteristics usually related to 
burnout and to the vicious circle factor - 
consequence (general health self-rated, sleeping 
troubles, absenteeism from work, present 
chronic illness, quantitative demands at work, 
life events during last year)  are presented in 
Tables 2-7 and show prevalently a good general 
health of respondents (self-rated), mild sleep 
disorders, low rate of absenteeism as well as of 
the chronic or persistent illness, an work tempo 
which often (cumulated frequencies for „fairly 
often” and „very often/always”) determines to 
give up breaks only for 27% of the sample, 
work at fast pace (cumulated frequencies for 
„fairly often” and „very often/always”) for 50% 
of the sample and work under time-pressure 
(cumulated frequencies for „fairly often” and 
„very often/always”) for 58.5% of the 
respondents. On life events criterion 
(with/without) the sample is almost half-half. 
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Valid no 17 7.1 7.1 7.1 
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Total 241 100.0 100.0  
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How often are you under time pressure? 
 Frequency Percent Valid % Cumulative % 
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Very often 
/always 

51 21.2 21.2 100.0 
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Valid without life 
event(s) 

116 48.1 48.5 48.5 

life event(s)  123 51.0 51.5 100.0 
Total 239 99.2 100.0  

Missing System 2 .8   
Total 241 100.0   

 

Referring to Work-Family Conflict3, high 
values (75 = Tend to agree, 100 = Completely 
agree) correspond to high scores on the 
respective dimensions (COPSOQ) and there are 
16% respondents between 75-100 value, with 
the half 8% between 85-100. 
Romanian farmers’ burnout rate, 7.9%, is 
presented in Table 8, while Table 9 shows a 
synthetic way to introduce the outputs from 
cross-tabulations of burnout rate with the 
independent variables sex, age, double pressure 
and life events: 
 

Table 8. Burnout rate of Romanian farmers 
 
 Frequency Percent Valid % Cumulative % 
Valid No burnout (risk) 222 92.1 92.1 92.1 

Burnout 
compromised 

19 7.9 7.9 100.0 

Total 241 100.0 100.0  

 
Identification of the most agricultural 
influential factors for Romanian farmers 
(20/56 variables) is presented in Figure 2 which 
shows on top extreme weather events. It must 
be add that the values for the pressure felt at the 
contact with each of the given factors were 
between min. 0 - max. 4 (0 „not at all”, 1 
„slightly”, 2 „medium”, 3 „strong”, 4 „very 
strong”) and the highest mean of scores for the 
Romanian sample is 2.2. 

                                                 
3Items for work-family conflict:  
The demands of my job disrupt my private- and family life. 
The time I spend working makes it difficult for me to meet my familial 
or personal obligations. 
Things that I’d like to do in my free time remain undone owing to the 
demands of my job. 
My work generates stress that makes it difficult to meet private or 
family obligations. 
Work obligations make it necessary for me to alter plans for private or 
family activities. 

 Frequency Percent Valid % Cumulative % 
Valid very good 52 21.6 21.6 21.6 

good 148 61.4 61.4 83.0 
fair 40 16.6 16.6 99.6 
bad 1 .4 .4 100.0 
Total 241 100.0 100.0  
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Valid None at all 105 43.6 43.6 43.6 

9 days as most 101 41.9 41.9 85.5 
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Figure 2. Top 20 agricultural influential factors for Romanian farmers 

 
Table 9. Burnout rate by gender, age, double pressure, work-family conflict, life event 

 

n 241 
Burnout rate for n  
(% round) 

8% 

Variable SEX AGE 
(5 categories) 

DOUBLE 
PRESSURE 

LIFE EVENT(S) 

Categories of variable ♂ ♀ 16-24 
years 

25-39 
years 

40-54 
years 

55-65 
years 

66+ 
years 

no yes without with 

Categories of variable 
(% round) 

65% 35% 11% 21% 53% 9% 6% 
 

62% 38% 48,5% 51.5% 

Burnout rate within 
categories (% round) 

5% 14% 4% 8% 6% 27% 7% 9% 5% 7% 9% 

 

 

Within the burnout rate by gender females are 
more exposed (14%) comparing with males 
(5%) which confirm the hypothesis and can be 
justified by their manifold traditional roles; the 
most exposed age category is 55-65 years 
(27%, over 3 times higher than the following); 
by double-pressure those who are not in this 
category are higher compromised (9%) than the 
others (5%) - which could be interpreted as 
more work, up to a certain level, involves more 
engagement and motivation so less chances for 
depression (Schaufeli and Bakker, 2004). The 
burnout rate is 7% for those without life events 
within last year and 9% for those with, which is 
in accord with the fundamental theoretical 
background for burnout. 
 
CONCLUSIONS 
 
Romanian farmers’ burnout rate is investigated 
through a wide questionnaire for explorative 
studies to cover the well-known and most 
commune influences on burnout which 
integrates original and particular items for this 

research with selective scales from COPSOQ 
II.  
The sample (n=241) joins men 65% and 
women 35% predominantly (53%) aged 40-54 
years with dominant educational level high 
school and postsecondary studies (65%), living 
in partnership 79%, practicing in 80% 
conventional type of farming within 96% 
mainly rural space from 5 Romanian regions 
(North-East, South-East, South-Muntenia, 
Bucharest-Ilfov, South-West Oltenia), surface 
of farms lower than 10 ha 57% and 50+ha  
23%, ownership of the farm “owner” 50% and 
„both partners owner” 30%; 58% of the 
respondents are farm manager, 61% work full-
time within the farm.  
The highest frequencies (round) are: good 
general health (self-rated) 61%, mild sleep 
disorders 88%, absenteeism from work (full 
days within last year owing to a health 
problem) showed 44% none at all and 42% 9 
days as most, present chronic illness 76% no, 
for the work-family conflict 16% tend to agree 
& completely agree and 51% passed through a 
life-event during the last year; regarding the 

work tempo and pace 31% of respondents are 
occasionally unable to take a break owing to 
too much work, 36% are fairly often required 
to work at fast pace and 37% are fairly often 
under time pressure.  
Top 5 pressure factors are: extreme weather 
events, managerial responsibility, economic 
pressure, heavy financial burden, lack of leisure 
and the highest mean is 2.2/max. 4.  
Within the burnout rate (8%), by gender 
females are more exposed (14%) comparing 
with males (5%) which confirm the hypothesis; 
the most exposed age category is 55-65 years 
(27%, over 3 times higher than the following); 
by double-pressure those who are not in this 
category are higher compromised (9%) than the 
others (5%) - which could be interpreted as 
more work, up to a certain level, involves more 
engagement and motivation so less chances for 
burnout and/or depression (Schaufeli and 
Bakker, 2004). The burnout rate is 7% for those 
without life events within last year and 9% for 
those with. 
Degree of generalization of the results: the 
sample could be assessed as representative for 
the Romanian regions where it belongs and 
generally indicative for Romania. 
Last but not least we keep a reccomandation on 
preventing or dealing with burnout at least on a 
self-intervention level (generally hard to 
practice if the personality type doesn’t favorite 
it and it lacks awareness in this matter) which 
in short would be „Make engagement, not 
burnout!” (Maslach & Lieter apud Schaufeli & 
Bakker, 2004), assuming by job engagement 
the positive antipode of burnout. „We define 
engagement as a positive, fulfilling, work-
related state of mind that is characterized by 
vigor, dedication, and absorption”4.  
                                                 
4Schaufeli & Taris (2005) accept the theoretical underpinnings of the 
Maslach Burnout Inventory (MBI), even Schaufeli & Bakker (2004) do 
not approve to consider burnout-engagement as opposite poles of a 
continuum entirely covered by MBI (Maslach & Leiter, 1997, p. 24, 
34); they develop the concept of engagement: „Engagement refers to a 
persistent and pervasive affective–cognitive state that is not focused on 
any particular object, event, individual, or behavior. Vigor is 
characterized by high levels of energy and mental resilience while 
working, the willingness to invest effort in one’s work, and persistence 
also in the face of difficulties. Dedication is characterized by a sense of 
significance, enthusiasm, inspiration, pride, and challenge. Vigor and 
dedication are the direct positive opposites of exhaustion and cynicism, 
respectively. The third dimension of engagement is called absorption, 
which was found to be a constituting element of engagement in 30 in-
depth interviews. Absorption is characterized by being fully 
concentrated and happily engrossed in one’s work, whereby time 
passes quickly and one has difficulties with detaching oneself from 
work. Being fully absorbed in one’s work comes close to what has been 
called ‘flow,’ a state of optimal experience that is characterized by 

Another desirable economic approach would 
start by noticing that calculating the cost of 
distress and burnout is a difficult exercise. 
Perhaps also interesting and even more useful 
would be the evaluation of earnings deficit, 
namely the benefit that firms could have from 
the well-being of their employees wishful to 
express their skills and creativity within their 
jobs (Légeron, 2003, p. 213). 
But because such directions, though 
complicated and risky, are easier to debate than 
practically intervene to recover, strengthen 
mentalities and also multiple levels and fields 
related to conditions and particularities of work 
nowadays (work which get under the same 
social, political, economic frame where the 
individual is extremely exposed, from the 
earliest ages, to manipulative means of 
control), we end this paper in the same key that 
we started it through our motto (considering 
that prevention is preferable to treating the 
professional distress complications), 
paraphrasing an ancient Chinese proverb as the 
quintessence of self-management of the 
stressful thoughts that have stirred the human 
being during times, hoping that all in need will 
find power to change what can be changed, 
power to accept what cannot be changed and 
wisdom to distinguish between these two. 
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Figure 2. Top 20 agricultural influential factors for Romanian farmers 
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Within the burnout rate by gender females are 
more exposed (14%) comparing with males 
(5%) which confirm the hypothesis and can be 
justified by their manifold traditional roles; the 
most exposed age category is 55-65 years 
(27%, over 3 times higher than the following); 
by double-pressure those who are not in this 
category are higher compromised (9%) than the 
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engagement and motivation so less chances for 
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within last year and 9% for those with, which is 
in accord with the fundamental theoretical 
background for burnout. 
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nowadays (work which get under the same 
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find power to change what can be changed, 
power to accept what cannot be changed and 
wisdom to distinguish between these two. 
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Abstract 
 
Croatian Busha is among the world's smallest cattle breeds and belongs to the group of so called short-horns cattle 
(Bos brachyeros europeus). Croatian Busha is one of the three autochthonous cattle in Croatia. The number of Busha is 
constantly decreasing, and one of the possibilities for rescuing the breed is the supply of milk, meat and processed 
products through agrotourism. The aim of this research is to identify the opinions and attitudes of the respondents 
about the introduction of Busha's meat and dairy products into the offer of agrotourism. For the research purposes, an 
on-line survey was conducted on 508 randomly selected respondents. The Busha is relatively unknown to the 
respondents (59.8%), but has great potential for agrotourism. Most of the respondents (70.5%) agree with the idea of 
branding Busha’s products to increase their popularity and create additional value to the farm. Potential consumers 
support Busha as an autochthonous breed with value-added that endorses tradition and support its appearance in 
Croatian agrotouristic offer. 
 
Key words:Busha, agrotourism, consumers, tradition, Croatia. 
 
INTRODUCTION 
 
Autochthonous breed, according to the FAO 
(2012) is a specific group of animals grown in 
a given country or region long enough to 
genetically adapt to traditional production 
systems and the environment. Autochthonous 
breeds of domestic animals are the valuable 
heritage of every state or region at the 
economic, social, scientific and cultural level 
(FAO, 2007). Autochthonous breeds are an 
important part of the biodiversity of animal and 
plant species used in agriculture (FAO, 2016). 
The permanent, centuries-old loss of genetic 
resources is a global challenge for the 
environment, and autochthonous breeds are at 
risk of extinction around the world (FAO, 
2007). Biodiversity and ecosystems are very 
close concepts because biodiversity depends on 
the sustainability of the ecosystem (UK 
National Ecosystem Assessment, UK-NEA, 
2016). Agriculture directly affects ecosystems, 
whereby it is important to meet general 
production targets, to produce food and fiber 

for human consumption that are acceptable in 
terms of quantity and price. Such a pure 
economic approach has recently been 
complemented by other aspects of the 
sustainability of the ecosystem (ecological, 
cultural, service, social aspect etc.). So far, 
little research has been done on autochthonous 
breeds within the framework of the concept of 
sustainability of the ecosystem (Hajjar et al., 
2008; Tancoigne et al., 2014). However, some 
aspects of the ecosystems preservation that can 
provide autochthonous breeds are recognized in 
previous researches, particularly in the part of 
food production, genetic resources 
conservation and maintenance or conservation 
of habitats or landscapes where they live 
(Hoffmann et al., 2014; Rodríguez-Ortega et 
al., 2014). Autochthonous breeds have cultural, 
social and other value added (Soini et al., 
2012a; Narloch et al., 2011; Gandini and Villa, 
2003) which should be further explored and 
when identified should be incorporated or made 
more visible in policies related to rural areas. 
The concepts of sustainable ecosystems, as a 
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INTRODUCTION 
 
Autochthonous breed, according to the FAO 
(2012) is a specific group of animals grown in 
a given country or region long enough to 
genetically adapt to traditional production 
systems and the environment. Autochthonous 
breeds of domestic animals are the valuable 
heritage of every state or region at the 
economic, social, scientific and cultural level 
(FAO, 2007). Autochthonous breeds are an 
important part of the biodiversity of animal and 
plant species used in agriculture (FAO, 2016). 
The permanent, centuries-old loss of genetic 
resources is a global challenge for the 
environment, and autochthonous breeds are at 
risk of extinction around the world (FAO, 
2007). Biodiversity and ecosystems are very 
close concepts because biodiversity depends on 
the sustainability of the ecosystem (UK 
National Ecosystem Assessment, UK-NEA, 
2016). Agriculture directly affects ecosystems, 
whereby it is important to meet general 
production targets, to produce food and fiber 

for human consumption that are acceptable in 
terms of quantity and price. Such a pure 
economic approach has recently been 
complemented by other aspects of the 
sustainability of the ecosystem (ecological, 
cultural, service, social aspect etc.). So far, 
little research has been done on autochthonous 
breeds within the framework of the concept of 
sustainability of the ecosystem (Hajjar et al., 
2008; Tancoigne et al., 2014). However, some 
aspects of the ecosystems preservation that can 
provide autochthonous breeds are recognized in 
previous researches, particularly in the part of 
food production, genetic resources 
conservation and maintenance or conservation 
of habitats or landscapes where they live 
(Hoffmann et al., 2014; Rodríguez-Ortega et 
al., 2014). Autochthonous breeds have cultural, 
social and other value added (Soini et al., 
2012a; Narloch et al., 2011; Gandini and Villa, 
2003) which should be further explored and 
when identified should be incorporated or made 
more visible in policies related to rural areas. 
The concepts of sustainable ecosystems, as a 
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focus of current development policies, are 
discussed as link between the economic and 
ecological side of agricultural production 
(Chan et al., 2012). The conducted analyzes 
confirms this in the frame of Payment for 
Ecosystem Services (PES) and other valuations 
of non-market products and services that can be 
obtained from autochthonous cattle (Zander et 
al., 2013; Hoffmann, 2011; Narloch et al., 
2011). According to some research (Lescourret 
et al., 2015; Morgan-Davies et al., 2014; 
Bernués et al., 2011) there is matching between 
the autochthonous breeds and ecosystems, with 
regard to sustainability of agro-biological 
diversity management and related policies. 
Ovska and Soini (2016) consider that the 
ecosystem integrates both ecological and 
cultural aspects of conservation and can be 
considered a great opportunity for the 
conservation and sustainable use of genetic 
resources of animals. Genetic resources of 
animals, on the one hand, are the result of 
simultaneous evolution of man and nature, and 
on the other hand depend on cultural values and 
practices. According to Sæther and Vangen 
(2001), Norwegian cattle breeders have 
different motives for autochthonous cattle 
breeding. One of the motives is to maintain the 
diversity of domestic animals in this area due to 
farmers own enthusiasm, and the other is due to 
the formal state support of such activities. 
Norwegian cattle breeders consider that the 
characteristics of such autochthonous cattle by 
commercial selection do not provide 
conservation treatment as well as natural cattle 
selection. The research found that farms that 
bred autochthonous cattle can have a positive 
financial result if all the comparative 
advantages of such animals are economically 
evaluated. Livestock breeders in Norway 
consider that keeping autochthonous cattle can 
have advantages over conventional farming, as 
consumers increase awareness about ecology 
and biodiversity. In Croatia there is a 
systematic protection of autochthonous cattle 
(Busha, Istrian cattle, and Slavonian Syrmian 
Podolian cattle) since the nineties (Busha since 
the year 2003). Then the registries are 
established and grants are given to the breeders 
of autochthonous cattle. Planned and 
continuous breeding work seeks to minimize 

the loss of genetic originality (Ivanković et al., 
2006). 
Intensive agricultural production today gives 
preference to the breeds with expressed 
desirable production characteristics. Such 
breeds have been shown to be less resistant, 
more susceptible to disease, and more 
demanding in keeping condition. Unlike these, 
autochthonous breeds were created by the 
centuries-old (almost natural) selection in 
natural environment. Their diversity represents 
genetic potential and resources that can always 
be used to improve the properties of other 
breed. On the other hand, autochthonous breeds 
are characterized by the weaker production and 
economic properties of today's breeds, which is 
why state aid is needed in their economic 
sustainability. The importance of this has been 
recognized in the EU rural development 
programs, so there is a National Program for 
the Conservation of Original and Protected 
Domestic Breeds1 which compensates the 
poorer production and economic performance. 
Croatian Busha is among the world's smallest 
cattle breeds and belongs to the group of so 
called short-horns cattle (Bos brachyeros 
europeus). Croatian Busha is one of the three 
autochthonous cattle in Croatia, which was the 
basis for cattle production until the middle of 
the twentieth century. Because of its modest 
productivity, in the second half of the twentieth 
century it was suppressed by intensive 
production where it was partially replaced by 
crossing with other breeds more suitable for the 
more intensive cattle production. 
In the early 20th century in the karst areas of 
the Kingdom of Croatia, Slavonia and Dalmatia 
the Busha exceeded 92% of the total number of 
cattle (Frangeš, 1903). It especially dominated 
the coastal and mountainous regions of Croatia, 
where its population is the most concentrated 
even today. According to the data of 1939, the 
Busha was dominant until the Second World 
War with as much as 50% in the population of 
2 million cattle (Ogrizek, 1941). 
Today, this breed is almost extinct because of 
the weaker production characteristics and 
production focus on highly profitable breeds 
that have good economic performance but little 

                                                 
1Ministry of Agriculture, 2010.  

 
 

contribution to biodiversity. For this reason, 
recently there have been trying to find a way to 
save Busha from extinction and to stop the 
reduction of the genetic fund and heritage of 
the Republic of Croatia. Some of the values 
that will be used to estimate the interest for 
Busha in the future are the genetic structure and 
genomic specificity, the production of 
recognizable foods, ecological production, the 
preservation of habitats in the original 
environment and the improvement of the 
identity of the rural environment (Čačić et al., 
2012). 
One of the options is commercialization of 
Busha, ie linking the ecosystem in which it 
lives with its valorization through agrotourism. 
To our knowledge, no research has defined the 
consumer’s opinions and attitudes about intro-
ducing Busha in agrotourism. The objective of 
this paper is to identify the consumers’ 
opinions and attitudes about introducing food 
delicacies of Busha in farm agrotourism offer.  
 
MATERIALS AND METHODS 
 
The survey  
For the purpose of this paper, a survey was 
conducted in the period since 18th May 2016 to 
13th June 2016 in which the potential 
beneficiaries of services and products of 
agrotouristic farms were involved, which offer 
meat and milk products. Their attitudes and 
opinions about cattle as well as justification for 
the inclusion of its products into tourism 
offerings on agricultural holdings have been 
examined. For the collection of primary data in 

the survey, a questionnaire was used online and 
sent to several hundred electronic addresses 
and distributed via the Facebook and LinkedIn 
networks. The study involved 508 respondents 
of different age groups, education level and 
place of residence. The survey questionnaire 
consisted of 17 questions, according to the 
following groups: sociodemographic variables 
(gender, age, place of residence, education), 
frequency of visits to agrotouristic farms, 
familiarity with the term Busha, impact of 
product offerings on agrotouristic farms to 
preserve the breed, consumption frequency of 
Busha products, the necessity of branding the 
products, and the opinions about development 
of the tourist offer of the rural area based on 
autochtonous products and the price 
justifiability of such intent.  Respondents had to 
express their agreement about statements on a 
five-point Likert scale that ranged from (1) - 
completely disagree to (5) - completely agree. 
Busha belongs to the endangered breeds, and as 
a criterion it is used „Effective population size” 
according to Falconer (1989): Ne =4 Nm * Nf / 
Nm + NfW here: Nm-number of bulls, Nf-
number of cows. If Ne is higher than 50 and 
lower than 200 it is a highly endangered breed. 
Sample characteristics  
The survey involved 508 respondents. The 
sample characteristics are presented in the 
Table 1. From the total number of respondents, 
54.3% are female.  Although the sample was 
heterogeneous according to sociodemographic 
characteristics, female respondents younger 
than 35 years, well educated, with residence in 
urban area predominate in the sample. 

 
Table 1. Description of the sample 

Sociodemographic N=508 % 

Gender Female 276 54.3 
Male 232 45.7 

Age 

< 25 225 44.3 
26-35 151 29.7 
36-45 63 12.4 
45 > 69 13.6 

Education 
Elementary school 4 0.8 

High school 217 42.7 
University, Master and/or PhD 287 56.5 

Place of living/Residence City 298 58.7 
Village 210 41.3 

 
Data analyses 
The gathered data was coded and entered in the 
program package SPSS (Statistical Package for 

Social Science, version 17.0). Prior to entering 
the data in the SPSS program, pre-audit and 
overlay of the response was performed. After 



169
 

 

focus of current development policies, are 
discussed as link between the economic and 
ecological side of agricultural production 
(Chan et al., 2012). The conducted analyzes 
confirms this in the frame of Payment for 
Ecosystem Services (PES) and other valuations 
of non-market products and services that can be 
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al., 2013; Hoffmann, 2011; Narloch et al., 
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commercial selection do not provide 
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financial result if all the comparative 
advantages of such animals are economically 
evaluated. Livestock breeders in Norway 
consider that keeping autochthonous cattle can 
have advantages over conventional farming, as 
consumers increase awareness about ecology 
and biodiversity. In Croatia there is a 
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Podolian cattle) since the nineties (Busha since 
the year 2003). Then the registries are 
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of autochthonous cattle. Planned and 
continuous breeding work seeks to minimize 

the loss of genetic originality (Ivanković et al., 
2006). 
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economic properties of today's breeds, which is 
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programs, so there is a National Program for 
the Conservation of Original and Protected 
Domestic Breeds1 which compensates the 
poorer production and economic performance. 
Croatian Busha is among the world's smallest 
cattle breeds and belongs to the group of so 
called short-horns cattle (Bos brachyeros 
europeus). Croatian Busha is one of the three 
autochthonous cattle in Croatia, which was the 
basis for cattle production until the middle of 
the twentieth century. Because of its modest 
productivity, in the second half of the twentieth 
century it was suppressed by intensive 
production where it was partially replaced by 
crossing with other breeds more suitable for the 
more intensive cattle production. 
In the early 20th century in the karst areas of 
the Kingdom of Croatia, Slavonia and Dalmatia 
the Busha exceeded 92% of the total number of 
cattle (Frangeš, 1903). It especially dominated 
the coastal and mountainous regions of Croatia, 
where its population is the most concentrated 
even today. According to the data of 1939, the 
Busha was dominant until the Second World 
War with as much as 50% in the population of 
2 million cattle (Ogrizek, 1941). 
Today, this breed is almost extinct because of 
the weaker production characteristics and 
production focus on highly profitable breeds 
that have good economic performance but little 

                                                 
1Ministry of Agriculture, 2010.  

 
 

contribution to biodiversity. For this reason, 
recently there have been trying to find a way to 
save Busha from extinction and to stop the 
reduction of the genetic fund and heritage of 
the Republic of Croatia. Some of the values 
that will be used to estimate the interest for 
Busha in the future are the genetic structure and 
genomic specificity, the production of 
recognizable foods, ecological production, the 
preservation of habitats in the original 
environment and the improvement of the 
identity of the rural environment (Čačić et al., 
2012). 
One of the options is commercialization of 
Busha, ie linking the ecosystem in which it 
lives with its valorization through agrotourism. 
To our knowledge, no research has defined the 
consumer’s opinions and attitudes about intro-
ducing Busha in agrotourism. The objective of 
this paper is to identify the consumers’ 
opinions and attitudes about introducing food 
delicacies of Busha in farm agrotourism offer.  
 
MATERIALS AND METHODS 
 
The survey  
For the purpose of this paper, a survey was 
conducted in the period since 18th May 2016 to 
13th June 2016 in which the potential 
beneficiaries of services and products of 
agrotouristic farms were involved, which offer 
meat and milk products. Their attitudes and 
opinions about cattle as well as justification for 
the inclusion of its products into tourism 
offerings on agricultural holdings have been 
examined. For the collection of primary data in 

the survey, a questionnaire was used online and 
sent to several hundred electronic addresses 
and distributed via the Facebook and LinkedIn 
networks. The study involved 508 respondents 
of different age groups, education level and 
place of residence. The survey questionnaire 
consisted of 17 questions, according to the 
following groups: sociodemographic variables 
(gender, age, place of residence, education), 
frequency of visits to agrotouristic farms, 
familiarity with the term Busha, impact of 
product offerings on agrotouristic farms to 
preserve the breed, consumption frequency of 
Busha products, the necessity of branding the 
products, and the opinions about development 
of the tourist offer of the rural area based on 
autochtonous products and the price 
justifiability of such intent.  Respondents had to 
express their agreement about statements on a 
five-point Likert scale that ranged from (1) - 
completely disagree to (5) - completely agree. 
Busha belongs to the endangered breeds, and as 
a criterion it is used „Effective population size” 
according to Falconer (1989): Ne =4 Nm * Nf / 
Nm + NfW here: Nm-number of bulls, Nf-
number of cows. If Ne is higher than 50 and 
lower than 200 it is a highly endangered breed. 
Sample characteristics  
The survey involved 508 respondents. The 
sample characteristics are presented in the 
Table 1. From the total number of respondents, 
54.3% are female.  Although the sample was 
heterogeneous according to sociodemographic 
characteristics, female respondents younger 
than 35 years, well educated, with residence in 
urban area predominate in the sample. 

 
Table 1. Description of the sample 

Sociodemographic N=508 % 

Gender Female 276 54.3 
Male 232 45.7 

Age 

< 25 225 44.3 
26-35 151 29.7 
36-45 63 12.4 
45 > 69 13.6 

Education 
Elementary school 4 0.8 

High school 217 42.7 
University, Master and/or PhD 287 56.5 

Place of living/Residence City 298 58.7 
Village 210 41.3 

 
Data analyses 
The gathered data was coded and entered in the 
program package SPSS (Statistical Package for 

Social Science, version 17.0). Prior to entering 
the data in the SPSS program, pre-audit and 
overlay of the response was performed. After 
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entering the data, the post logical control of the 
entered data was made. One-way and two-way 
data processing was used. Respondents’ socio 
demographic features were used for sample 
segmentation as independent variables.  
The differences between segments were 
examined using comparative analyses (Chi-
square test). The level of significance that is 
applied is p<0.05. 
 
RESULTS AND DISCUSSIONS 
 
Production and breeding characteristics of 
Busha 
Busha has a relatively weak milk production as 
evidenced by its appearance, and especially the 
weakly developed udder (Konjačić, 2005). 
Lactation of Busha according to Adametz 
(1895) lasts from 5 weeks to 5 months and in 
that period produces 600-1,400 liters of milk. 
Rako (1943) speaks about the Neretva Busha 
and about the satisfactory amount of milk if it 
takes into account the quality and quantity of 
food that the animal receives. Through the 
conducted 4-year test, Busha gives 1,030 to 
1,546 liters of milk in lactation, proving that 
Busha produces 4.85 to 5.34 times more milk 
than their own mass (Konjačić, 2005). It should 
also be noted that the amount of milk fat ranges 
from 4.44 to 5.00%, whereas that value in 
intensive production (Simmental breed) is 
3.98%. Caput (1996) states that Busha can 
produce from 1,000 to 2,000 liters of milk, and 
in good feeding conditions up to 3,000 liters 
with 4-5% fat. Accordingly, the effectiveness 
of milk production is at an enviable level and 
may amount to up to 1,000 liters per 100 kg of 
body weight. From this milk, it is possible to 
produce a whole range of products such as: 
cheese, cream, sour milk, basa (traditional fresh 
soft cheese from Lika), prgica (spiced dried 
fresh cheese from Međimurje).   
It is small cattle, which means that the 
slaughter body mass is small. According to 
Ogrizek (1941) the average body mass of adult 
cows was 150-180 kg, while the better fed 
cows reached a significantly higher body mass, 
up to 280 kilograms. Meat of Busha is lighter 
than the meat of Podolian cattle (Ogrizek, 
1941). The color of meat depends on sex, age, 
nutrition and choice of feed in meal. Dark red 

meat occurs in older animals and in male sex, 
while slightly less red occures in cows, and 
light pink color is meat of calves. Slaughter 
dressing percentage is small, about 45%. 
Busha is very resistant cattle (Adametz, 1895; 
Rako, 1943; Frangeš, 1903; Ogrizek, 1941; 
Šmacelj and Rako, 1955). Over the years, 
resistance and health were influenced by 
natural selection that eliminated animals with 
weaker exterior, constitutional and vital 
deficiencies, and diseases such as tuberculosis, 
gallstones and fever were unknown or very rare 
in areas where the Busha was breeding. For this 
reason, there is a possibility that the Busha's 
genome will be inserted into the noble breeds 
that are much more sensitive and more unstable 
in terms of health. 
 

 
Figure 1. Busha 

Source: Project BBio, 2014 
 
Busha belongs to late maturing cattle and 
reaches its maturity for 2 years while full 
physical development ends in age of five 
(Ogrizek, 1941). The cows remain in breeding 
up to 20 years of age. Over the past period, one 
of the problems was that the male and female 
cattle were held together on the pasture, so 
unplanned calving came in, usually too early 
and this is one of the reasons why the cattle has 
been "undeveloped". The fertility of Busha is 
good without any significant problems in 
calving and is usually calved without the help 
of the breeder. Konjačić (2005) states that there 
are almost no cows that do not calves ones in a 
year. Adametz (1985) states that the weight of 
calves ranges from 13 to 22 kilos (16.5 kg on 
average). Sexual cycles are regular, and the 
first is reported a month after calving. In the 
history, Busha besides the other so-called 
„cargo“ animals, were used to work on the field 

 
 

or to pull the material from the field or from the 
forest. Ogrizek (1941) points out that the 
Busha's bull working strength was very good 
considering the small age and weight. They had 
the biggest usage on sloping and steep 
positions due to their agility and endurance. By 
modernizing agriculture, the work of domestic 
animals was replaced by modern 
mechanization, which also negatively 
influenced the population of domestic animals 
and thus Croatian Busha. Nowadays, domestic 

animals are used in remote parts of the world 
with poorly developed agricultural production, 
while in Croatia they could only be used in old 
customs and in some folkloric occasions as 
attractions for farm visitors or events. 
Number of Busha in Croatia 
The number of Busha cattle in Croatia 
increases in the period from 2008 to 2015, but 
it is still small and according to the effective 
size of the population in the category of 
endangered breeds, potentially endangered. 

 
Table 2. Changes in the number of heads in the 2008-2015 period in Croatia 

 

Year Nr. heards Nr. bulls Nr. cows Young female cows Effective size 
of population Total 

<1 y 1 y> 
2008 45 16 172 46 35 58.55 269 
2009 48 22 199 75 44 79.24 340 
2010 57 25 240 95 89 90.57 449 
2011 66 33 308 116 106 113.93 563 
2012 70 35 385 146 216 128.33 782 
2013 89 46 461 157 268 167.31 932 
2014 91 53 538 208 287 192.99 1,086 
2015 100 55 703 267 287 204.04 1,312 

Source: Annual reports of Croatian Agricultural Agency (CAA, 2009; CAA, 2010; CAA, 2011; CAA, 2012; CAA, 2013; CAA, 2014; 
CAA, 2015; CAA 2016) 
 
According to the Croatian Agricultural Agency 
(HPA, Hrvatska poljoprivredna agencija) the 
largest numbers of Busha cows are registered 
in Lika-Senj, Split-Dalmatia and Dubrovnik-
Neretva counties, while potential breeding 
grounds exist also in continental counties such 
as Koprivnica-Križevci and Bjelovar-Bilogora 
counties where there are several herds. 
Croatian areas where Busha is grown are 
characterized by many features as naturally 
poor, rough and unsuitable for intensive 
agricultural production, which is proof of the 
great adaptability of this breed. Therefore, 
Busha could be adapted to the much more 

favorable conditions that can be provided by 
continental Croatia, which would allow 
growers better financial results.  
Results of survey 
Agrotouristic offer in Croatia is more and more 
important (Grgić et al., 2011.), as well as the 
demand for such a type of tourism by 
consumers (Zrakić et al., 2012).Thus, most of 
the respondents (57%) visited an agrotouristic 
farm and most of them were once a year 
(25.2% of respondents or 44.0% of respondents 
with a positive answer). There are fewer 
respondents who did it several times a year 
(21.3% and 37.1% respectively) (Table 3).  

 
Table 3. How often do you visit agrotouristic farms? 

Answer Frequency Percentage 
Once a month 27 5.3 
Several times a month 28 5.5 
Once a year 128 25.2 
Several times a year 108 21.3 
I do not visit, but I intend in the near future 171 33.7 
I do not intend because I'm not interested  46 9.1 
Total 508 100 

 
Relatively there is the least of respondents who 
do it once or more times a month and usually 
these are one-day family visits, while multi-day 
stays, from 7 to 10 days, are less common. One 
third of respondents has never visited the 

agrotouristic farm, but intends to do so in the 
near future while only 9.1% do not intend to go 
because they do not have an interest.  
The agrotouristic farms' attendance, in terms of 
gender and age is significantly determined by 
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the sample structure and is not different from 
the results of some other researches (Zrakić et 
al. 2015). Agrotouristic farms are equally 
visited by both: men and women, without 
major differences in age. A more significant 
problem is the seasonality of the visit and 
greatest attendance is, as well as for Zrakić et 
al. (2015), in the autumn and spring months 
while in the winter and summer the number of 
visits is smaller.  
There are different motives of visiting 
agrotourism farms, as well as their different 
attitudes towards consumption. Most of the 
respondents (60.6%) are willing to allocate 
more money for something autochthonous and 
quality, the smaller part (3.5%) wants to get as 
much as possible for less money even if it is 
worse quality of products and services. More 
than a third of the respondents (35.8%) have an 
indifferent attitude, that is, they are only 
interested to be in the nature and outside the 
city crowd. 
Franić and Cunj (2007) state that tourists to 
agrotourism come mainly from gastronomic 
reasons (domestic food and traditional 
beverages), while their interests in visiting the 
farm and domestic animals is in the second 
plan. According to these results, it is evident 
that it is necessary to introduce changes and 
improvements to the Croatian tourist offer and 
to "revive it" with something autochthonous, 
special and quality such as preserved varieties 
and breeds of domestic animals (Grgić et al., 

2015). In recent times significant media and 
other attention is devoted to food safety and in 
the part of discussion to the controlled use of 
agrochemicals and about autochthonous 
varieties and breeds. Although it is a less 
known breed of cattle, a significant proportion 
(40.2%) of respondents knows what the Busha 
is, while 59.8% said they did not know before 
this research.  
The offer of Busha's processed milk and meat 
products at agrotouristic farm would cause 
54.3% of respondents to visit them in curiosity, 
and for 45.7% of them does not represent an 
important factor in the choice of destination. 
Nevertheless, most of respondents (76%) think 
that it is necessary to preserve something 
domestic, special and autochthonous, and for 
that reason they would support the agrotouristic 
farm involved in Busha breeding. The smaller 
part of respondents (2%) believes that there are 
more attractive breeds that are more productive 
than Busha, and would not support such a farm, 
while 22% do not have an opinion about it. 
A small supply of meat and processed products 
from Busha results in a small percentage 
(4.1%) of respondents who tried and who 
would do it again and only one respondent 
(0.2%) tasted it and would not repeat it. The 
vast majority, 76.8%, has not tried Busha's 
products so far, but they would like to, while 
19% said they did not and would not like to 
(Table 4).  

 
Table 4. Frequencies of Busha's products consumption due to gender of respondents 

Gender Have you tried meat and processed meat of Busha? Total Yes and would again Yes and would not again No but would like No and would not like  
Female 10 (2.0%) 0 (0.0%) 189 (37.2%) 77 (15.2%) 276 (54.3%) 
Male 11 (2.1%) 1 (0.2%) 201 (39.6%) 19 (3.7%) 232 (45.7%) 
Total 21 (4.1%) 1 (0.2%) 390 (76.8%) 96 (18.9%) 508 (100.0%) 

Have you tried milk and processed dairy products of Busha? 
Female 14 (2.8%) 0 (0.0%) 211 (41.5%) 51 (10.0%) 276 (54.3%) 
Male 14 (2.8%) 1 (0.2%) 198 (39.0%) 19 (3.7%) 232 (45.7%) 
Total 28 (5.6%) 1 (0.2%) 409 (80.5%) 70 (13.7%) 508 (100.0%) 

 
According to the analysis performed by 
crossing the sex variables and the frequency of 
Busha's products consumption, a statistically 
significant difference was observed between 
females and males at the significance level of 
5% (χ2=32.894; p=0.000). Even 77 female 
respondents said they have never consumed 
Busha's meat and meat products, and don't even 
want it, while only 19 men have the same 

opinion. The difference is even greater if we 
observe the relative share in the population and 
out of the total number of women 27.9% did 
not and would not try the meat of Busha, while 
the same opinion has only 8.2% of male’s 
population. The reason why males are more 
willing to buy novel food is likely to be their 
adventurous tendency: for instance, Trickey 
(2012) found that males are more than 

 
 

adventurous and carefree compared to females. 
When asked whether they tried or were willing 
to taste milk and dairy products, respondents 
responded almost the same as to the question of 
meat consumption. 80.5% of them said they 
would be happy to drink milk and eat dairy 
products, 5.6% of them taste it and would do it 
again, one respondent (0.2%) try it and would 
not again, 13.7% is not and would not like to 
taste it. According to conducted χ2 test 
(χ2=12.323; p=0.006) there is a statistically 
significant difference between males and 

females in preference to milk and dairy 
products. In the opinion of 70.5% of 
respondents, it is desirable to brand the 
products of Busha, 2.4% believe that this 
should not be done, until 27.3% have no 
opinion about it. In this way, 69.9% of 
respondents thought they would keep the breed 
alive, while 6.1% thought that branding would 
lead to excessive popularity and could have the 
opposite effect (destruction of Busha as an 
autochthonous breed). About a quarter of 
respondents (24%) have no opinion about it.  

 
Table 5.The opinion about branding with respect to the educational structure of the respondents 

Education 
Branding the Busha's products would 

Total be useful to keep the 
breed alive 

contributed to excessive popularity 
and thus actually destroyed it 

Have no opinion 
about it 

Elementary school 4 (100%) 0 0 4 (100%) 
High school 141 (65%) 15 (7%) 61 (28%) 217 (100%) 

University, Master and/or PhD 210 (73%) 16 (6%) 61 (21%) 287 (100%) 
Total 355 (70%) 31 (6%) 122 (24%) 508 (100%) 

 
The level of education of the respondents 
(Table 5) does not have a significant influence 
on the attitude about the contribution of the 
market number (brand) to the preservation of 
Busha as an autochthonous breed (χ2=7.417; 
p=0.284). 
When it comes to the opinion of the 
respondents and potential beneficiaries of 
agrotourism farms about whether such farms 
should be particularly highlighted on tourism 
maps, 73.6% of them consider this to be 
desirable and would thus make tourists easier 
and increase their arrival to such farms. 26.4% 
of them believe that Busha is not so big 
attraction that the farms should especially 
emphasize. Croatia considers its gastronomy as 
one of the most important segments of tourism 
but also cultural offer to the Europe and the 

world, based on tradition and on autochthonous 
products. Even 76.2% of the respondents 
believe that Busha will contribute to the 
enrichment of gastronomy, and the smaller part 
(8.7%) believes that, along with a number of 
natural sights, the gastronomy is secondary and 
that additional Busha's products would not be 
of major importance. It is often discussed about 
the role and the need for state incentives in 
agriculture. Most of respondents (74.2%) 
believe that farms with Busha should be 
additionally encouraged, 20.9% of them thing 
that current incentives are enough, while the 
remaining 4.3% think that incentives should be 
abolish, the existing ones as well. Because the 
farms grow something different that they can 
get good money for. 

 
Table 6. Average grades of respondents’ attitudes according to the statements 

N=508 Grade* SD 
Croatian agrotourism should be based on an autochthonous breed 4.44 0.832 
Busha should be branded 4.42 0.865 
The products of autochthonous breeds are much better than the products of commercialized 
breeds 4.25 0.972 

Growing Busha for agrotourism would increase the number of employees and reduce the 
number of young people leaving the village 3.88 1.110 

The only real driver of village development is tourism 3.72 1.313 
The prices of autochthonous breeds should be considerably higher 3.67 1.157 
If the product is of Busha I would paid much more 3.43 1.160 

 
For Croatian agrotourism to be based on 
autochthonous breeds (4.44), think 90.1% of 
respondents. Indifferent are 5.7%, and not 

agreed with this statement are 4.2%.  
Busha should be protected by branding (4.42) 
think 82.1% respondents, indifferent are 



173
 

 

the sample structure and is not different from 
the results of some other researches (Zrakić et 
al. 2015). Agrotouristic farms are equally 
visited by both: men and women, without 
major differences in age. A more significant 
problem is the seasonality of the visit and 
greatest attendance is, as well as for Zrakić et 
al. (2015), in the autumn and spring months 
while in the winter and summer the number of 
visits is smaller.  
There are different motives of visiting 
agrotourism farms, as well as their different 
attitudes towards consumption. Most of the 
respondents (60.6%) are willing to allocate 
more money for something autochthonous and 
quality, the smaller part (3.5%) wants to get as 
much as possible for less money even if it is 
worse quality of products and services. More 
than a third of the respondents (35.8%) have an 
indifferent attitude, that is, they are only 
interested to be in the nature and outside the 
city crowd. 
Franić and Cunj (2007) state that tourists to 
agrotourism come mainly from gastronomic 
reasons (domestic food and traditional 
beverages), while their interests in visiting the 
farm and domestic animals is in the second 
plan. According to these results, it is evident 
that it is necessary to introduce changes and 
improvements to the Croatian tourist offer and 
to "revive it" with something autochthonous, 
special and quality such as preserved varieties 
and breeds of domestic animals (Grgić et al., 

2015). In recent times significant media and 
other attention is devoted to food safety and in 
the part of discussion to the controlled use of 
agrochemicals and about autochthonous 
varieties and breeds. Although it is a less 
known breed of cattle, a significant proportion 
(40.2%) of respondents knows what the Busha 
is, while 59.8% said they did not know before 
this research.  
The offer of Busha's processed milk and meat 
products at agrotouristic farm would cause 
54.3% of respondents to visit them in curiosity, 
and for 45.7% of them does not represent an 
important factor in the choice of destination. 
Nevertheless, most of respondents (76%) think 
that it is necessary to preserve something 
domestic, special and autochthonous, and for 
that reason they would support the agrotouristic 
farm involved in Busha breeding. The smaller 
part of respondents (2%) believes that there are 
more attractive breeds that are more productive 
than Busha, and would not support such a farm, 
while 22% do not have an opinion about it. 
A small supply of meat and processed products 
from Busha results in a small percentage 
(4.1%) of respondents who tried and who 
would do it again and only one respondent 
(0.2%) tasted it and would not repeat it. The 
vast majority, 76.8%, has not tried Busha's 
products so far, but they would like to, while 
19% said they did not and would not like to 
(Table 4).  

 
Table 4. Frequencies of Busha's products consumption due to gender of respondents 

Gender Have you tried meat and processed meat of Busha? Total Yes and would again Yes and would not again No but would like No and would not like  
Female 10 (2.0%) 0 (0.0%) 189 (37.2%) 77 (15.2%) 276 (54.3%) 
Male 11 (2.1%) 1 (0.2%) 201 (39.6%) 19 (3.7%) 232 (45.7%) 
Total 21 (4.1%) 1 (0.2%) 390 (76.8%) 96 (18.9%) 508 (100.0%) 

Have you tried milk and processed dairy products of Busha? 
Female 14 (2.8%) 0 (0.0%) 211 (41.5%) 51 (10.0%) 276 (54.3%) 
Male 14 (2.8%) 1 (0.2%) 198 (39.0%) 19 (3.7%) 232 (45.7%) 
Total 28 (5.6%) 1 (0.2%) 409 (80.5%) 70 (13.7%) 508 (100.0%) 

 
According to the analysis performed by 
crossing the sex variables and the frequency of 
Busha's products consumption, a statistically 
significant difference was observed between 
females and males at the significance level of 
5% (χ2=32.894; p=0.000). Even 77 female 
respondents said they have never consumed 
Busha's meat and meat products, and don't even 
want it, while only 19 men have the same 

opinion. The difference is even greater if we 
observe the relative share in the population and 
out of the total number of women 27.9% did 
not and would not try the meat of Busha, while 
the same opinion has only 8.2% of male’s 
population. The reason why males are more 
willing to buy novel food is likely to be their 
adventurous tendency: for instance, Trickey 
(2012) found that males are more than 

 
 

adventurous and carefree compared to females. 
When asked whether they tried or were willing 
to taste milk and dairy products, respondents 
responded almost the same as to the question of 
meat consumption. 80.5% of them said they 
would be happy to drink milk and eat dairy 
products, 5.6% of them taste it and would do it 
again, one respondent (0.2%) try it and would 
not again, 13.7% is not and would not like to 
taste it. According to conducted χ2 test 
(χ2=12.323; p=0.006) there is a statistically 
significant difference between males and 

females in preference to milk and dairy 
products. In the opinion of 70.5% of 
respondents, it is desirable to brand the 
products of Busha, 2.4% believe that this 
should not be done, until 27.3% have no 
opinion about it. In this way, 69.9% of 
respondents thought they would keep the breed 
alive, while 6.1% thought that branding would 
lead to excessive popularity and could have the 
opposite effect (destruction of Busha as an 
autochthonous breed). About a quarter of 
respondents (24%) have no opinion about it.  

 
Table 5.The opinion about branding with respect to the educational structure of the respondents 

Education 
Branding the Busha's products would 

Total be useful to keep the 
breed alive 

contributed to excessive popularity 
and thus actually destroyed it 

Have no opinion 
about it 

Elementary school 4 (100%) 0 0 4 (100%) 
High school 141 (65%) 15 (7%) 61 (28%) 217 (100%) 

University, Master and/or PhD 210 (73%) 16 (6%) 61 (21%) 287 (100%) 
Total 355 (70%) 31 (6%) 122 (24%) 508 (100%) 

 
The level of education of the respondents 
(Table 5) does not have a significant influence 
on the attitude about the contribution of the 
market number (brand) to the preservation of 
Busha as an autochthonous breed (χ2=7.417; 
p=0.284). 
When it comes to the opinion of the 
respondents and potential beneficiaries of 
agrotourism farms about whether such farms 
should be particularly highlighted on tourism 
maps, 73.6% of them consider this to be 
desirable and would thus make tourists easier 
and increase their arrival to such farms. 26.4% 
of them believe that Busha is not so big 
attraction that the farms should especially 
emphasize. Croatia considers its gastronomy as 
one of the most important segments of tourism 
but also cultural offer to the Europe and the 

world, based on tradition and on autochthonous 
products. Even 76.2% of the respondents 
believe that Busha will contribute to the 
enrichment of gastronomy, and the smaller part 
(8.7%) believes that, along with a number of 
natural sights, the gastronomy is secondary and 
that additional Busha's products would not be 
of major importance. It is often discussed about 
the role and the need for state incentives in 
agriculture. Most of respondents (74.2%) 
believe that farms with Busha should be 
additionally encouraged, 20.9% of them thing 
that current incentives are enough, while the 
remaining 4.3% think that incentives should be 
abolish, the existing ones as well. Because the 
farms grow something different that they can 
get good money for. 

 
Table 6. Average grades of respondents’ attitudes according to the statements 

N=508 Grade* SD 
Croatian agrotourism should be based on an autochthonous breed 4.44 0.832 
Busha should be branded 4.42 0.865 
The products of autochthonous breeds are much better than the products of commercialized 
breeds 4.25 0.972 

Growing Busha for agrotourism would increase the number of employees and reduce the 
number of young people leaving the village 3.88 1.110 

The only real driver of village development is tourism 3.72 1.313 
The prices of autochthonous breeds should be considerably higher 3.67 1.157 
If the product is of Busha I would paid much more 3.43 1.160 

 
For Croatian agrotourism to be based on 
autochthonous breeds (4.44), think 90.1% of 
respondents. Indifferent are 5.7%, and not 

agreed with this statement are 4.2%.  
Busha should be protected by branding (4.42) 
think 82.1% respondents, indifferent are 
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15.7%, while 2.2% does not agree. When asked 
if they agree that products of autochthonous 
breeds are better than commercialized breeds 
(4.25), 78.9% of respondents stated that they 
agree, 15.4% have no opinion, and 5.7% do not 
agree with that statement. 
With the claim that agrotourism would open up 
workplaces in the rural area and keep the youth 
(3.88) 344 respondents agreed, 112 did not 
agree nor disagree, while 52 do not agree with 
this fact. 
Tourism is one of the strongest drivers of the 
economy, but 64.9% of respondents agreeing 
that tourism is also the driving force for the 
development of the village (3.72), 15.2% are 
indifferent, while 19.8% of respondents do not 
agree. 
When we talk about the price of a product it is 
always considered that something special, 
better quality, autochthonous and natural on the 
market has a higher price than commodity that 
is produced industrially. 61.8% of respondents 
agree with this statement, 30.5% of them don't 
agree but also don't disagree, while 20.3% 
disagree with the fact that the price of 
autochthonous products should be higher. 
Whether consumers would be willing to pay a 
much higher price if there were a Busha's 
product (3.43), 49.2% said they would, 30.5% 
were indifferent, while disagreeing were 20.3% 
of respondents (Table 6). 
 
CONCLUSIONS 
 
Today's intensive cattle breeding do not 
recognize autochthonous breeds as 
economically efficient. As a result, their value 
is recognized in the non-economic factors of 
sustainable development of rural areas such as 
preservation of biodiversity, tradition, 
preservation of gastro-culture and identity. The 
Busha is a breed of cattle traditionally present 
in Croatia, whose low productivity in meat and 
milk production contributed to the status of 
highly endangered breeds.  
In its revitalization, agrotourism can play an 
important role through the supply of meat and 
dairy products of this breed. According to 
research results among potential visitors to 
agrotouristic farms, there is a significant 
interest in Busha products. More than half of 

the respondents would visit farms that offer 
foodstuffs from the Busha, and about 80% of 
respondents would gladly try the milk and meat 
products of Busha. The role of autochthonous 
products in agrotourism was confirmed by the 
opinion of more than 90% of respondents that 
agrotourism in Croatia should be based on 
autochthonous products.  
Market demand for Busha products in Croatia 
has been demonstrated, whose low productivity 
can be compensated by higher market demand 
and potentially higher sales prices, compared to 
today's cattle breeds. The final decision on the 
financial and economic justification of Busha 
breeding should be made on the basis of 
additional analyzes of the level of consumer 
price willingness towards Busha's products as 
well as readiness of central and local 
government authorities to encourage non-
economic factors of rural development. 
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15.7%, while 2.2% does not agree. When asked 
if they agree that products of autochthonous 
breeds are better than commercialized breeds 
(4.25), 78.9% of respondents stated that they 
agree, 15.4% have no opinion, and 5.7% do not 
agree with that statement. 
With the claim that agrotourism would open up 
workplaces in the rural area and keep the youth 
(3.88) 344 respondents agreed, 112 did not 
agree nor disagree, while 52 do not agree with 
this fact. 
Tourism is one of the strongest drivers of the 
economy, but 64.9% of respondents agreeing 
that tourism is also the driving force for the 
development of the village (3.72), 15.2% are 
indifferent, while 19.8% of respondents do not 
agree. 
When we talk about the price of a product it is 
always considered that something special, 
better quality, autochthonous and natural on the 
market has a higher price than commodity that 
is produced industrially. 61.8% of respondents 
agree with this statement, 30.5% of them don't 
agree but also don't disagree, while 20.3% 
disagree with the fact that the price of 
autochthonous products should be higher. 
Whether consumers would be willing to pay a 
much higher price if there were a Busha's 
product (3.43), 49.2% said they would, 30.5% 
were indifferent, while disagreeing were 20.3% 
of respondents (Table 6). 
 
CONCLUSIONS 
 
Today's intensive cattle breeding do not 
recognize autochthonous breeds as 
economically efficient. As a result, their value 
is recognized in the non-economic factors of 
sustainable development of rural areas such as 
preservation of biodiversity, tradition, 
preservation of gastro-culture and identity. The 
Busha is a breed of cattle traditionally present 
in Croatia, whose low productivity in meat and 
milk production contributed to the status of 
highly endangered breeds.  
In its revitalization, agrotourism can play an 
important role through the supply of meat and 
dairy products of this breed. According to 
research results among potential visitors to 
agrotouristic farms, there is a significant 
interest in Busha products. More than half of 

the respondents would visit farms that offer 
foodstuffs from the Busha, and about 80% of 
respondents would gladly try the milk and meat 
products of Busha. The role of autochthonous 
products in agrotourism was confirmed by the 
opinion of more than 90% of respondents that 
agrotourism in Croatia should be based on 
autochthonous products.  
Market demand for Busha products in Croatia 
has been demonstrated, whose low productivity 
can be compensated by higher market demand 
and potentially higher sales prices, compared to 
today's cattle breeds. The final decision on the 
financial and economic justification of Busha 
breeding should be made on the basis of 
additional analyzes of the level of consumer 
price willingness towards Busha's products as 
well as readiness of central and local 
government authorities to encourage non-
economic factors of rural development. 
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