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Abstract 
 
The purpose of this work is to look for changes in the aroma profile of wines obtained under Critical Agricultural 
Practices (CAP), in comparison with wines treated under Good Agricultural Practices (GAP). Four new fungicides 
(mandipropamid, valifenalate, cyazofamid and famoxadone) to control downy mildew (Plasmopara viticola) were 
applied under CAP in an experimental vineyard producing white grapes Vitis vinifera cv. Godello.  
Several fatty acids, their esters and acetates were formed during the winemaking process in higher levels under GAP 
and could be expected to strongly influence the aroma of the wines by introducing floral, fruity and spicy nuances. The 
concentrations of six compounds (2-phenylethyl acetate, ethyl butanoate, ethyl octanoate, 4-vinylguaiacol, 3-
methylbutanoic acid and methionol) were found to suffice with a view to discriminating between wines from grapes 
treated with fungicides under CAP and under GAP. The critically treated wine was moved to a sweeter balance with a 
ripe fruit taste, which are associated to higher viscosity and also a higher cloudy colour. 
We conducted exploratory research with a view to correle the results of instrumental analyses of the aroma compounds 
in Godello wine and their sensory perception, using Principal Component Analysis (PCA) and Partial Least Squares 
Regression (PLS) for comparisons. PCA revealed the distribution of volatile compounds with near-unity or higher 
Odour Activity Values (OAVs) in relation to sensory characteristics, and PLS exposed relationships between sensory 
descriptors and volatile compounds in the wines.  
 
Key words: sensory properties, volatile compounds, multivariate statistical techniques, Vitis vinifera cv. Godello. 

 
INTRODUCTION 
 
Aroma is one of the main factors contributing 
to the quality of wine and sets the difference 
between a vast number of wines (Rodríguez-
Nogales, Fernández-Fernández & Vila-Crespo, 
2009). More than a thousand flavour 
compounds have so far been identified in wine 
(Bonino, Schellino, Rizzi, Aigotti, Delfini & 
Baiocchi, 2003; Guth, 1997). Identifying the 
specific chemical compounds that impart wine 
desirable sensory characteristics requires a 
sound knowledge of the compounds concerned 
in wine (Francis & Newton, 2005). Volatile 
compounds can be analysed under conditions 
closely mimicking those under which humans 
perceive aroma. Gas chromatography (GC) and 
mass spectrometry (MS) provide an effective 
tool for the odorant characterization of wines 
(Noguerol-Pato, González-Barreiro, Cancho-

Grande & Simal-Gándara, 2009). Without 
sensory evaluation, the mere knowledge of the 
precise volatile composition of the “sniffed 
aroma” of a wine is inadequate to predict the 
flavour of the whole system as perceived by a 
trained sensory judge (Noble & Ebeler, 2002). 
Aroma compounds can interact synergistically 
and have masking or suppressing effects at 
above-threshold concentrations, or additive 
interactions at sub-threshold concentrations 
(Francis & Newton, 2005). Multivariate 
statistical techniques have been used on 
multiple occasions to elucidate the relationships 
between sensory and instrumental data for 
wines (Aznar, López, Cacho & Ferreira, 2003; 
Campo, Ferreira, Escudero & Cacho, 2005; Lee 
& Noble, 2006; Botelho, Mendes-Faia & 
Clímago, 2008; Pereira, Reis, Saraiva & 
Marques, 2010).  
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In this work, a combination of sensory analysis 
and aroma compound detection was used to 
identify the aroma characteristics of 
monovarietal Godello white wines, using 
multivariate analysis to look for changes in the 
aroma profile of wines obtained under Critical 
Agricultural Practices (CAP), in comparison 
with wines treated under Good Agricultural 
Practices (GAP). 

 
Experimental 
All experimental details about grapes, wines, 
materials, methods and statistics are taken from 
our previous works (González-Álvarez, 
González-Barreiro, Cancho-Grande & Simal-
Gándara, 2011, 2012; González-Álvarez, 
Noguerol-Pato, González-Barreiro, Cancho-
Grande & Simal-Gándara, 2012). 
 
RESULTS AND DISCUSSIONS 
 
1. Volatiles by instrumental analysis 
1.1.-Volatile composition of the wines  
GC-MS analysis of the five Godello wines 
studied allowed the identification and 
quantitation of 37 compounds belonging to 9 
different groups of volatile compounds (Table 
1), namely: terpenes (6 compounds), alcohols 
(8), acetates (3), ethyl esters (6), volatile 
phenols (6), volatile fatty acids (5), lactones 
(1), aldehydes (1) and sulphur compounds (1). 
The alcohols were, quantitatively, the largest 
group of volatile compounds, accounting for 
about 83% and followed by volatile fatty acids 
Table 1 shows the mean and standard deviation 
for each compound in the five wines. The 
relatively low standard deviations obtained 
confirm that the volatile profile of Godello 
wines is highly stable within the same vintage.  
More than 80% of the volatile fraction 
consisted of two compounds: isoamyl alcohol 
and 2-phenylethanol. Both are fusel alcohols, 
which are usually present in wines as a result of 
yeast metabolism during alcoholic 
fermentation. Concentrations above 300 mg/L 
in these alcohols have an adverse impact on 
wine aroma and flavour (specifically, a pungent 
smell and taste) (Rapp & Versini, 1991); on the 
other hand, concentrations below that level can 
have a positive impact by imparting the wine 
with fruity and floral notes. 

All volatile fatty acids detected were present at 
concentrations above 500 g/L. Although fatty 
acids usually confer undesirable odours, they 
only do at concentrations above 20 mg/L 
(Ribéreau-Gayon, Glories, Maujean & 
Dubourdieu, 2006), which were found in none 
of the Godello wines. In small amounts, fatty 
acids can contribute to a balanced aroma in 
wine by hindering hydrolysis of their esters 
(Flanzy, 2003). 
Among acetates and the ethyl esters family, 
isoamyl, hexyl acetate, ethyl hexanoate and 
octanoate, were the major volatile compounds 
in terms of concentration in the wines. Most 
wine esters are produced by yeasts during 
alcoholic fermentation. Ethyl acetates of fatty 
acids have very pleasant odours of wax and 
honey which contribute to the aromatic finesse 
of white wines. Also, acetic esters of higher 
alcohols contribute to the complex aroma of 
naturally neutral wines, but may mask some 
varietal aromas (Ribéreau-Gayon et al., 2006). 
In addition to the previous major components, 
the wines contained minor compounds 
including terpenes, volatile phenols, aldehydes 
(0.11%, 0.08% and 0.013%, respectively) and 
even C13-norisoprenoids -in trace amounts.  
Terpenes and volatile phenols included six 
compounds each, geraniol being the most 
abundant compound in the former group and 4-
vinylguaiacol that in the latter. 
According to Guth (1997), only those 
compounds with OAV>1 contribute 
individually to wine aroma. However, this 
aroma index has some limitations; thus, as 
shown by Francis & Newton (2005), 
compounds with OAV<1 may also contribute 
to wine aroma through and additive effect of 
compounds with a similar structure or odour, 
and compounds with OAV>1 may be 
olfactorily imperceptible. Ferreira & Cacho 
(2009) have described the contribution of 
aroma compounds to the formation of different 
aroma nuances of wine distinguishing between: 
impact or highly active compounds; impact 
groups of compounds; subtle compounds or 
families and compounds forming the base of 
wine aroma-which include aroma enhancers 
and depressors. The problem is that many 
wines contain no compounds with a clear-cut 
impact, but rather compound families 
contributing to a given aroma nuance. 
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Table 1. Volatile composition of the five Godello wines (μg/L). Mean, standard deviation and OAV  

for different compounds 
Family/ 
Code Compound Mean SD Odour descriptor 

Odour 
threshold 
(μg/L) 

OAV 

Terpenes           

 T1 (+/-)-Linalool  2.21 0.38 Flower,1 muscat,1 lavender2 2510 0.09 

 T2 -Terpineol  1.00 0.14 Oil,2 anise,1 mint2 25010 0.004 

 T3 (±)- -Citronellol 7.20 0.76 Rose2 10011 0.07 

 T4 Nerol 6.83 1.39 Flower,3 grass3 40012 0.02 

 T5 Geraniol 77.36 8.43 Rose,2 geranium2 3010 2.58 

 T6 trans,trans-Farnesol 26.01 4.84 Muguet (flower)2  2013 1.30 

  Subtotal concentration 120.62        

  % 0.11         

Higher alcohols/C6-Alcohols           

 H1 1-Butanol  186.98 34.38 Medicine,2 fruit2 150 00014 0.001 

 H2 Isoamyl alcohol 70512.29 7725.97 Fusel4 30 00010 2.35 

 H3 1-Hexanol  1642.14 422.06 Grass,2 Resin,2 flower2  800011 0.21 

 H4 trans-3-Hexen-1-ol  48.59 10.29 Grass3 10003 0.05 

 H5 cis-3-Hexen-1-ol  28.46 5.18 Grass1  40010 0.07 

 H6 Benzyl alcohol  21.76 3.93 Flower2 200 0001 0.0001 

 H7 1-Propanol 93.74 20.92 Alcohol2 900015 0.01 

 H8 2-Phenylethanol 16951.20 4546.10 Rose1 14 00010 1.21 

  Subtotal concentration 89485.15         

  % 82.68         

Acetates           

 A1 Isoamyl acetate 486.69 98.42 Banana1 3011 16.22 

 A2 Hexyl acetate  529.76 132.17 Cherry,5 pear5 150016 0.35 

 A3 2-Phenylethyl acetate  216.55 53.46 Rose,4 violet4 25011 0.87 

  Subtotal concentration 1233.00         

  % 1.14         

Ethyl esters           

 E1 Ethyl butyrate  136.42 67.67 Strawberry5 2011 7.95 

 E2 Ethyl hexanoate  569.47 30.31 Apple,3 banana3 1410 40.68 

 E3 Ethyl octanoate  625.26 156.50 Pineapple,5 pear5 6003 1.04 

 E4 Ethyl 3-hydroxybutyrate  207.41 49.50  n.f. 20 0001 0.01 

 E5 Ethyl decanoate  273.65 47.96 Grapes2 20010 1.37 

 E6 Diethyl succinate  49.95 7.69 Wine2 200 00016 0.0002 

  Subtotal concentration 1862.16         

  % 1.72         

Volatile phenols           

 V1 4-Ethyl-phenol  2.54 0.49 Must2 44011 0.01 

 V2 4-Vinylguaiacol  54.09 13.50 Clove6 4011 1.35 

 V3 Acetovanillone 18.01 1.19 Vanilla1 100011 0.02 

 V4 Ethyl vanillate 2.97 0.18 Vanilla4 99011 0.003 

 V5 Eugenol 1.78 0.12 Clove,3 cinnamon3 610 0.30 
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 V6 Vanillin 2.41 0.45 Vanilla1 601 0.04 

  Subtotal concentration 81.80         

  % 0.08         
 
Fatty acids           

 F1 Butyric acid  782.90 105.09 Butterlike,7 cheesy,7 stinky,7 
floral7 

17310 4.53 

 F2 Isovaleric acid  622.45 182.04 Rancid8  33.410 18.64 

 F3 Hexanoic acid 2823.36 489.33 Green8 42010 6.72 

 F4 Octanoic acid 5746.37 1253.47 Candy,7 caramelized,7 
perfumy,7 fruity,7 peachy,7 
strawberry7  

50010 11.49 

 F5 Decanoic acid 2252.64 354.88 Rancid,2 fat2 100010 2.25 

  Subtotal concentration 12 227.73         

  % 11.30         

Lactones           

 L1 (R)-(-)-Pantolactone 184.93 26.88 Liquorice,3 coconut9 22003 0.08 

  Subtotal concentration 184.93         

  % 0.17         

Aldehydes           

 Al1 Benzaldehyde  138.18 35.66 Almond,2 burnt sugar2 200014 0.07 

  Subtotal concentration 138.18         

  % 0.13         

Sulphur compounds           

 O1 Methionol 2903.20 1334.08 Herbal,7 vegetal,7 grass,7 
chemical,7 sulphury7 100010 2.90 

  Subtotal concentration 2903.20         

  % 2.68         

TOTAL           

  Concentration total 108 650.36         

  % 100         
In bold, volatile components with near-unity or higher OAVs.  
n.f. not found. 1 Culleré, Escudero, Cacho, & Ferreira, 2004; orthonasal thresholds were calculated in a 10% water/ethanol mixture containing 5 g/l 
tartaric acid at pH 3.2. 2 Acree & Arn, 2004. 3 Moyano, Zea, Moreno, & Medina, 2002; odour thresholds were determined in 14% ethanolic solution. 4 

Escudero et al, 2007. 5 Li, Tao, Wang, & Zhang, 2008. 6  Flanzy, 2003. 7 Cliff, Yuksel, Girard, & King, 2002. 8 Cacho, 2006.  
 
Terpenes and volatile phenols included six 
compounds each, geraniol being the most 
abundant compound in the former group and 4-
vinylguaiacol that in the latter. 
According to Guth (1997), only those 
compounds with OAV>1 contribute 
individually to wine aroma. However, this 
aroma index has some limitations; thus, as 
shown by Francis & Newton (2005), 
compounds with OAV < 1 may also contribute 
to wine aroma through and additive effect of 
compounds with a similar structure or odour, 
and compounds with OAV > 1 may be 
olfactorily imperceptible. Ferreira & Cacho 
(2009) have described the contribution of 

aroma compounds to the formation of different 
aroma nuances of wine distinguishing between: 
impact or highly active compounds; impact 
groups of compounds; subtle compounds or 
families and compounds forming the base of 
wine aroma-which include aroma enhancers 
and depressors. The problem is that many 
wines contain no compounds with a clear-cut 
impact, but rather compound families 
contributing to a given aroma nuance. 
Table 1 also shows the odour descriptors and 
OAVs for each compound detected. Only 17 
volatile compounds had near-unity or 
significantly higher OAVs; five conferred a 
fruity aroma, four a floral aroma and eight one 
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deemed “spicy” and including peculiar or 
distinct nuances. 
The highest OAVs were those of the ethyl 
esters (particularly ethyl hexanoate, with OAV 
= 40.68). Fatty acids and acetates followed, 
with specially high OAVs for isovaleric acid 
(18.64) and isoamyl acetate (16.22). 
Geraniol and trans,trans-farnesol were the only 
terpenes with OAVs slightly higher than 1 
(2.58 and 1.30, respectively). 4-Vinylguaiacol, 
a volatile phenol, exhibited a near-unity OAV 
(1.35) and the sulphur compound methionol 
one close to 3. On the other hand, neither 
lactones nor aldehydes seemingly contribute 
individually to aroma in Godello wines —their 
OAVs were all lower than 0.08. 
1.2.-. Major volatiles in wines from grapes 
treated with fungicides under CAP and GAP 
A discriminant analysis based on a stepwise 
forward selection algorithm with F-to-enter and 
remove = 4 was used to identify those variables 
being significant predictors for the five groups 
of samples, i.e., those treated with fungicides 
against downy mildew under CAP (A, B, C and 
D) and those treated under GAP (control wine). 
The four standardized discriminating functions 
with P < 0.05 were statistically significant at 
the 95% confidence level and constructed from 
6 variables, namely: 
SDF1 (86.71% variance) = 2.870 × (2-
phenylethyl acetate) + 0.564 × (ethyl 
butanoate) + 2.077 × (ethyl octanoate) + 1.448 
× (4-vinylguaiacol) – 1.646 × (3-
methylbutanoic acid) – 4.286 × (methionol). 
SDF2 (8.78% variance) = – 0.244 × (2-
phenylethyl acetate) + 0.431 × (ethyl 
butanoate) – 0.931 × (ethyl octanoate) + 2.090 
× (4-vinylguaiacol) – 0.349 × (3-
methylbutanoic acid) – 0.600 × (methionol). 
SDF3 (3.52% variance) = – 0.818 × (2-
phenylethyl acetate) + 1.263 × (ethyl 
butanoate) + 0.251 × (ethyl octanoate) + 0.250 
× (4-vinylguaiacol) – 1.125 × (3-
methylbutanoic acid) + 0.042 × (methionol). 
SDF4 (0.99% variance) = – 0.883 × (2-
phenylethyl acetate) + 0.612 × (ethyl 
butanoate) – 0.197 × (ethyl octanoate) + 0.237 
× (4-vinylguaiacol) + 0.683 × (3-
methylbutanoic acid) – 0.373 × (methionol). 
The six variables were selected stepwise in the 
following sequence (with F-to-enter between 
brackets): methionol (140.78) = 4-

vinylguaiacol (177.07) > 3-methylbutanoic acid 
(35.48) = 2-phenylethyl acetate (38.02) > ethyl 
butanoate (8.01) = ethyl octanoate (4.50). The 
five resulting groups were plotted in a three-
dimensional space formed by the first three 
selected variables (Figure 1). 4-Vinylguaiacol 
and methionol exhibited higher values in the 
control group (control wine) than they did in 
the critically treated groups (A to D, grapes 
treated against downy mildew under CAP). 2-
Phenylethyl acetate was the dominant 
compound in group B, but had a low value in 
group D. Also, C contained higher levels of 
methionol than its closest follower, A. 
 

 
 

Figure 1. Group separation in the three-dimensional 
space formed by the most discriminating variables (3-
(methylthio) propanol = methionol; 2-methoxy-4-vinyl 

phenol=4-vinylguaiacol) 

 
All 15 observations used to fit the model (5 
groups × 3 samples) were correctly classified. 
As can be seen from Figure 2, a combination of 
the first two discriminant functions extracted 
accounted for 95.5% of the total variance and 
allowed the five groups to be accurately 
discriminated. Thus, SDF1 discriminated the 
four wines from grapes treated against downy 
mildew and the control wine (Control < C < A 
< D < B), and SDF2 established three groups: 
Control and B > A and C > D. The low values 
of SDF1 facilitated classifying the samples in 
the control group, whereas the high values of 
SDF2 helped classify the samples in both B and 
the control group. 
 2. Aromas by sensorial analysis 
2.1.-Detection of sensorial attributes intensities 
significantly different among the wines 
Table 2 shows the means of relative intensities 
for the 24 descriptors obtained from different 
Godello wines, together with a summary of the 
analysis of variance (ANOVA) for each 
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attribute for each of the treatment effects and a 
Fisher’s Least Significant Difference (LSD) 
test at 95% between treatments. 
 

 
Figure 2. Plot of discriminant functions 1 vs. 2 

 
According to LSD, six sensory attributes were 
significantly different among the wines from 
different treatments with fungicides (A, B, C 
and D) and the control wine E:  
1. Odour intensity, apricot and floral odours, 
together with flavour intensity are lower in 
wine A vs. E. 
2. Wine B gave similar results to wine E; only 
apricot and floral odours were slightly lower 
for wine B. 

3. Wines C and D showed similar differences 
with regards to wine E: a higher colour and 
odour intensity, with a lower apricot and floral 
odour. The main difference between wines C 
and D is that C acidity is higher than D acidity, 
and in between is E acidity. 
2.2.-Detection of the main sensorial attributes 
affecting overall wine quality 
A fitting of a multiple linear regression model 
to describe the relationship between overall 
quality and the rest of 23 sensorial independent 
variables was performed by stepwise forward 
selection to reduce to only a few the variables 
in the model. The adjusted R-squared statistic, 
which is more suitable for comparing models 
with different numbers of independent 
variables, was 94.15% for the following model: 
Quality= 0.312 × Odour fineness – 0.409 × 
Toasted + 0.445 × Acidity 
Within the normal ranks of these variables for 
Godello wines, a higher odour fineness and 
acidity contribute to a high quality, whereas a 
higher toasted odour intensity contributes to a 
lower overall quality.  
 

Table 2. Means of relative intensities for the descriptors 
obtained, together with a summary of the one-way 

analysis of variance (One-Way ANOVA) and a Fisher’s 
Least Significant Difference (LSD) test at 95% between 

treatment groups 
 
Attributes Relative Intensity % (mean; n= 7) ANOVA 

A B C D E F-
rati

o 

p-
value 

Lim-
pidness 

82.1 82.1 82.1 85.7 83.3 0.11 0.97 

Colour 
intensity 

67.9 
a 

70.8
a 

75.0 

a,b 
85.7 

b 
65.0 

a 
3.05 0.03 

Colour 
shade 

41.4 47.1 44.3 25.7 35.7 0.51 0.72 

Odour 
intensity 

32.1 
a 

50.0 
a,b 

54.2 
b 

60.0 
b 

42.9 
a,b 

2.06 0.11 

Odour 
fineness 

42.9 57.1 50.0 50.0 57.1 0.46 0.76 

Apple 40.0 34.3 37.1 34.3 40.0 0.08 0.98 
Melon 11.4 8.6 0.0 0.0 5.7 1.55 0.21 
Apricot 5.7 a 17.1 

a,b 
20.0 

a,b 
11.4 

a,b 
37.1 

b 
1.26 0.30 

Floral 22.9 
a 

45.7 
a,b 

25.7 
a 

45.7 
a,b 

57.1 
b 

2.95 0.03 

Citrus 20.0 25.7 48.6 40.0 34.3 1.23 0.31 
Herbaceou
s 

34.3 40.1 42.9 40.0 40.0 0.07 0.99 

Pineapple 17.1 5.7 8.6 20.0 11.4 0.49 0.744 

Tropical 11.4 8.6 8.6 11.4 11.4 0.04 0.997 
Toasted 8.6 5.7 2.9 8.6 5.7 0.23 0.92 
Pear 8.6 25.7 8.6 11.4 17.1 0.61 0.65 
Flavour 
intensity 

45.7 
a 

51.4 
a,b 

60.0 
b,c 

65.7 
c 

54.3 
a,b,c 

2.61 0.05 

Acidity 62.9 
a,b 

60.0 
a,b 

68.6 
b 

57.1 
a 

62.9 
a,b 

1.50 0.22 

Bitterness 54.3 40.0 48.6 45.7 57.1 0.89 0.48 

Persis-tent 48.6 57.1 62.9 57.1 57.1 0.80 0.53 

Dryness 45.7 40.0 48.6 34.3 48.6 0.67 0.62 
Silki-ness 31.4 45.7 45.7 48.6 45.7 1.12 0.363 

Visco-sity 25.7 40.0 40.0 28.6 37.1 1.18 0.340 

Fruity 40.0 42.9 54.3 57.1 54.3 1.52 0.221 
Quality 33.3 42.8 47.6 38.1 44.4 1.24 0.316 
In bold: Fisher’s Least Significant Difference (LSD) at 95% between 
groups. With this method, there is a 5.0% risk of calling each pair of 
means significantly different when the actual difference equals 0.  
a,b,c: values with the same letter are not significant  
 
2.3.-Detection of correlations amongst the 
descriptors for different senses 
Significant canonical correlations at the 95% 
confidence level were found between linear 
combinations of nose and mouth variables, and 
of nose and sight variables, but none between 
linear combinations of mouth and sight 
variables. Table 3 shows the linear 
combinations of variable sets for which the 
highest canonical correlations were found. For 
purposes of simplification in the interpretation, 
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only coefficients higher than 0.5 in the linear 
combinations were considered. In this way, it 
seems that a bitter taste together with a high 
viscosity and a low dryness in the mouth is 
correlated with a low odour fineness and an 
apricot odour (Table 3a). Instead, sight 
limpidness and a low colour intensity is 
correlated with high levels of melon odour and 
low levels of herbaceous and pear odours 
(Table 3b). 
 

Table 3. Highest and significant (p<0.05) canonical 
correlations between the linear combinations of two sets 

of variables: (a) nose vs. mouth, and (b) nose vs. sight 
(a) 

Highest canonical correlations between nose & mouth variables 

Linear combination of nose 
variables 

 Linear combination of 
mouth variables 

Nose 
variables 

Coefficients  Mouth 
variables 

Coefficient
s 

Odour 
intensity 

0.268  Flavour 
intensity 

0.156 

Odour 
fineness 

-0.751  Acidity 0.340 

Apple -0.223  Bitterness 0.941 
Melon 0.410  Persitent -0.240 
Apricot 0.648  Dryness -0.773 
Floral -0.277  Silkiness 0.079 
Citrus 0.402  Viscosity 0.604 
Herbaceous -0.231  Fruity -0.009 
Pineapple -0.452    
Tropical 0.118    
Toasted -0.298    
Pear -0.128    
Canonical correlation:  0.932 (p= 0.003) 

(b) 
Highest canonical correlations between nose & sight variables 
Linear combination of nose 
variables 

 Linear combination of sight 
variables 

Nose 
variables 

Coefficients  Sight 
variables 

Coefficient
s 

Odour 
intensity 

0.240  Limpidness 1.069 

Odour 
fineness 

0.389  Colour 
intensity 

-0.549 

Apple -0.275  Colour shade 0.010 
Melon 0.613    
Apricot 0.403    
Floral -0.234    
Citrus 0.269    
Herbaceous -0.610    
Pineapple -0.114    
Tropical -0.280    
Toasted 0.495    
Pear -0.587    
Canonical correlation:  0.811 (p= 0.023) 

 
 
 

2.4.-Detection of groups of highly correlated 
sensorial attributes 
Cluster analysis was used to detect groups of 
positively correlated variables within the total 
of 35 observations (7 tasters x 5 wines). Three 
big groups were detected (Figure 3): 
1. On the right, viscosity appears closely 
related to most of the tropical and 
Mediterranean fruit odours, which are rather 
sweet and quite peculiar. 
2. In the middle, bitterness is associated to 
apple odour, whereas odour intensity, persistent 
flavour and colour shade is associated with 
citrus and herbaceous odours. 
3. On the left, overall quality is positively 
correlated with dryness, silkiness and flavour 
intensity, with acid and fruity tastes, although 
colour intensity and limpidness, together with 
odour intensity and a floral odour also play an 
important role on overall quality. 
 

 
Figure 3. Cluster analysis of the 24 sensorial variables 

 
2.5.-Detection of the main sensorial attributes 
separating CAP and GAP fungicide wines 
A discriminate analysis based on a stepwise 

selection algorithm with F-to-enter=1 was used 
to determine which variables were significant 
predictors of two groups of samples, those 
treated under CAP fungicides against downy 
mildew and those treated under GAP. The first 
standardized discriminating function (SDF1) 
with P-value less than 0.05 is statistically 
significant at the 95% confidence level and is 
only using 10 variables: 
SDF1= 0.752×Colour shade + 0.628×Odour 
intensity – 0.484×Odour fineness –
0.720×Apricot odour – 0.927×Floral odour – 
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0.417×Herbaceous odour + 0.516×Tropical 
odour – 0.693×Bitterness – 0.706×Dryness – 
0.375×Quality. 
Amongst the 35 observations used to fit the 
model (7 tasters x 5 wines), 34 or 97% were 
correctly classified: 27/28 in group 1 (96%) and 
7/7 in group 2 (100%). From the relative 
magnitude of the coefficients in the above 
equation, together with the classification 
functions obtained for each group (Table 4), it 
is possible to determine how the independent 
variables are being used to discriminate 
amongst both groups. High inputs of 3 
variables (colour shade, odour intensity and 
tropical odour) contribute to classify the 
samples in group 1 (those treated with 
fungicides against downy mildew under CAP), 
whereas high inputs in the rest of 7 variables 
contribute to classify the samples in group 2 
(those treated with fungicides against downy 
mildew under GAP). 
 
Table 4. Classification functions are used to predict which 

level of Group new observations belong to 
Attributes Classification Function 

Coefficients 
Group 1 
(n=28) 

Group 2  
(n= 7) 

Colour shade 0.103 -0.034 
Odour intensity -0.027 -0.114 
Odour fineness 0.197 0.259 
Apricot -0.063 0.014 
Floral 0.220 0.334 
Herbaceous 0.198 0.239 
Tropical -0.077 -0.155 
Bitterness 0.538 0.646 
Dryness 0.144 0.248 
Quality 0.241 0.321 
CONSTANT -34.8 -50.4 

Groups: Those treated with fungicides against downy mildew 
under CAP (group 1) and under GAP (group 2) 
 
2.6.-Changes on the sensorial properties of 
Godello white wines with fungicides residues 
Summarizing the results of the sensorial tests 
used with the wine samples, our main findings 
were: 
1. Fisher’s LSD: in GAP wines there is a clear 
predominance of floral varietal odours with a 
distinct note at apricot odours. 
2. Stepwise multiple linear regression: overall 
quality in these wines is clearly related to the 
equilibration of odours (the so-called odour 
fineness) and the appreciated acidity in these 
young wines. 

3. Canonical correlations: odour fineness is 
negatively correlated with a bitter taste, 
whereas limpidness is positively associated 
with melon notes within the Mediterranean 
fruit odours. 
4. Cluster analysis: viscosity, which is 
characteristic of a full-bodied wine, is 
associated to tropical and Mediterranean fruit 
odours, typical fermentative aromas associated 
to esters. Instead, odour intensity and persistent 
flavours were associated to citrus and 
herbaceous odours (alcohols and aldehydes-
like, according to González-Álvarez et al., 
2011), whereas bitterness was associated to 
green apple odours (C6 alcohols-like, 
according to González-Álvarez et al., 2011). In 
general, overall quality was associated with 
dryness (the opposite of sweet), smooth, acid 
and fruity tastes, and also flavour intensity. 
5. Stepwise discriminant analysis: the quality 
of the GAP wines was described as the 
equilibration of odours (odour fineness) with 
floral varietal and herbaceous pre-fermentative 
notes together with apricot fermentative notes, 
and with a bitter and dry taste. 
As conclusion, it seems that high residue levels 
in CAP wines (A to D) respect to GAP wines 
(E) give rise to higher colour shades, higher 
tropical odour notes, and higher sweet tastes. 
3. Relationships between instrumental 
(volatiles) and sensorial (aromas) datasets. 
3.1.-Principal Component Analysis (PCA) of 
sensory descriptors and volatile compounds  
PCA was used to identify the specific volatile 
compounds and descriptors best discriminating 
among the five Godello wines studied. PCA 
was initially applied to the concentrations of 
the 17 volatile compounds with a near-unity or 
higher OAV as determined by GC–MS. Figure 
4a shows the scores scatter plot for the first two 
PCs, which jointly accounted for 99% of the 
total variance; the plot afforded discrimination 
of the five samples. Figure 4b is the 
corresponding loadings plot used to establish 
the relative importance of each volatile 
component in order to relate volatile 
compounds to one another and with samples. 
The Godello wines 1 and 4 were associated to 
PC1 and had small or negative values of PC2. 
Nevertheless, wines 2 and 3, together with 5 
fell, respectively, at negative and positive 
values of PC2. 
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The major volatile compounds (Table 1) 
contributed to explaining the variability in the 
data sets; thus, they seemingly influence the 
complexity of the aroma profile of Godello 
wines. Most of the wines (1–3) were associated 
with 2-phenylethanol (H8) and octanoic acid 
(F4); on the other hand, sample 5 contained 
high relative correlations mainly of isoamyl 
alcohol (H2) and methionol (O1). 
 
(a) 

 
(b) 

 
 
Figure 4. Two-dimensional PCA: scores plot for Godello 

wines (a) and loadings plot for 17 volatile components 
with near-unity or higher OAVs (b) 

 
T5: Geraniol; T6: trans,trans-Farnesol; H2: Isoamyl alcohol; 
H8: 2-Phenylethanol; A1: Isoamyl acetate; A3: 2-Phenylethyl 
acetate; E1: Ethyl butyrate; E2: Ethyl hexanoate; E3: Ethyl 
octanoate; E5: Ethyl decanoate; V2: 4-Vinylguaiacol; F1: 
Butyric acid; F2: Isovaleric acid; F3: Hexanoic acid; F4: 
Octanoic acid; F5: Decanoic acid; O1: Methionol. 
 
The results for the 12 nose descriptors used in 
the sensory analysis (Table 5) were analysed in 
a second PCA. Figure 5 shows the relationships 
between sensory aroma characters and the 
Godello wine samples. 
The first two principal components, PC1 and 
PC2, accounted for 79% of the total variance 
(49% and 30%, respectively). 
In this way, wines 2 and 5 that cluster at 
positive PC1 and negative PC2 scores, thus 

contained high relative correlations mainly of 
floral (N6), Mediterranean fruit notes (N5 or 
apricot, and N12 or pear), and odour fineness 
(N2). Wine 3 and 4 that cluster at negative and 
positive PC1 and positive PC2 scores contained 
high relative correlations of citrus (N7) and 
odour intensity (N1) attributes. Finally, wine 1 
that clusters at negative PC1 and PC2 contained 
high relative correlations of melon nuances 
(N4). 

Table 5. Nose descriptors for Godello wines. Mean intensity 
(%), standard deviation and definition of different descriptors 

Code Descriptor Mean  

(intensity 
%)  

SD Definition 

N1 Odour 
intensity 

47.8 10.8 Overall odour 
strength 

N2 Odour 
fineness 

51.4 6.0 Degree of 
pleasant odour 
perception 

N3 Apple 37.1 2.9 Green apple 

N4 Melon 5.1 5.1 Fermented 

N5 Apricot 18.3 11.9 Peach 

N6 Floral 39.4 14.6 Rose 

N7 Citrus 33.7 11.3 Lemon 

N8 Herbaceous 39.4 3.1 Green wood, 
freshly mown 
grass 

N9 Pineapple 12.6 5.9 Perfumed 

N10 Tropical 10.3 1.6 Banana 

N11 Toasted 6.3 2.4 Smoky, toast 

N12 Pear 14.3 7.3 Ripe pears 

 
3.2.-Partial Least Squares (PLS) regression 
analysis between volatile components and 
sensory descriptors 
The relationship between sensory variables and 
volatile compounds was established by Partial 
Least Squares (PLS) regression, a multivariate 
technique widely used to relate sensory and GC 
data sets (Cozzolino, Cynkar, Shah, Dambergs 
& Smith, 2009; Noble & Ebeler, 2002; Saurina, 
2010).  
PLS2 was initially used here to correlate 
volatile compounds with near-unity or higher 
OAVs as determined by GC-MS(ITD) and each 
matrix of sensory data. Then, PLS1 was used to 
model relationships between these volatile 
compounds and individual sensory attribute 
data. 

17



PLS2 modelling between the matrices of 
volatile compounds as determined by GC-
MS(ITD) (17) and aroma descriptors (12) 
provided a two-factor model explaining 98% of 
the variance in X (volatile compounds with 
near-unity or higher OAVs) and 51% of that in 
Y (sensory descriptors) (Figure 6). 
 
 (a) 

 
(b) 

 
Figure 5. Two-dimensional PCA: scores plot for Godello 

wines (a) and loadings plot for the 12 nose descriptors 
(b). N1: Odour intensity; N2: Odour fineness; N3: Apple; 

N4: Melon; N5: Apricot; N6: Floral; N7: Citrus; N8: 
Herbaceous; N9: Pineapple; N10: Tropical; N11: 

Toasted; N12: Pear 

 
The ensuing model was evaluated via the root 
mean square error for predictions (RMSEP), 
which was calculated to be lower than 10% for 
sensory descriptors. The central ellipsoid in 
Figure 6 indicates that all compounds inside the 
circle were poorly modelled and failed to 
explain variation in the sensory data.  
Positive correlations (r > 0.700) of the floral 
descriptor (N6) with ethyl hexanoate (E2) and 
isoamyl acetate (A1), and of the ripe fruit 
descriptor (e.g. melon notes, N4) and caprylic 

acid (F4), were found. Similarly, negative 
correlations (r < –0.700) between isovaleric 
acid (F2) and odour intensity (N1), and —to 
some extent—, also of apricot (N5) with 
geraniol (T5) and ethyl decanoate (E5), were 
observed.  
Additional loading coefficients for the volatiles 
were estimated for some specific nose 
descriptors of the wines by applying PLS1 to a 
single Y variable at time (Table 6). Connecting 
the individual sensory descriptors to the 
seventeen volatile compounds in the wines 
exposed a relationship of each sensory note 
with 6 volatile variables mainly (Table 6). This 
allowed the following four descriptor 
categories to be established in terms of the 
relative weights of some volatiles: 
1. Apple (N3), melon (N4), tropical (N10) 
and toasted (N11) were explained mainly by 
positive contributions of 3-methylbutanoic and 
octanoic acids (F2 and F4), but also isoamyl 
acetate (A1). 
2. Apricot (N5), floral (N6) and pear (N12) 
were mainly explained by positive 
contributions of isoamyl acetate (A1), together 
with ethyl butyrate and hexanoate (E1 and E2), 
as well as by negative contributions of 
isovaleric and octanoic acids (F2 and F4). 
3. Citrus (N7) and herbaceous (N8) were 
described by negative contributions of 
isovaleric and octanoic acids (F2 and F4). 
4. Pineapple (N9) was positively explained by 
isoamyl acetate (A1) and ethyl hexanoate (E2), 
and negatively explained by both isovaleric and 
octanoic acids (F2 and F4), together with 
methionol (O1). 
5. The loading weights (Table 4) obtained 
afford more useful conclusions, namely: 
6. Two compounds classified as potentially 
discriminating odorants by PCA were also 
present in the models: methionol (O1) and n-
octanoic acid (F4). 
7. Seven of the ten nose descriptors (N3, N4, 
N10, N11, N5, N6 and N12) were positively 
influenced by three volatiles as a result of their 
high loading weights. The volatiles included an 
acetate (isoamyl acetate, A1), an ester (ethyl 
hexanoate, E2) and an organic acid (3-
methylbutanoic acid, F2). 
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Table 6. One-dimensional PLS1: loading coefficients for X-variables (volatile components with near-unity or higher 
OAVs) used to estimate their weight into the Y-variables (sensory descriptors) 

 N3 N4 N5 N6 N7 N8 N9 N10 N11 N12 
y-

expl 
% 

62 79 63 76 62 65 55 46 49 44 

A1   0.745 0.560   0.480 0.425  0.826 
E1   0.271       0.297 
E2   0.502 0.389   0.317   0.548 
F2 0.919 0.880 –

0.510 
–

0.693 
–

0.899 
–

0.878 
–

1.473 
1.051 1.450 –

0.497 
F4 0.362 0.352 –

0.340 
–

0.392 
–

0.351 
–

0.352 
–

1.127 
 0.387 –

0.392 
O1       –

0.444 
   

 
a b 

c d 

 
T5: Geraniol; T6: trans,trans-Farnesol; H2: Isoamyl alcohol; H8: 2-Phenylethanol; A1: Isoamyl acetate; A3: 2-
Phenylethyl acetate; E1: Ethyl butyrate; E2: Ethyl hexanoate; E3: Ethyl octanoate; E5: Ethyl decanoate; V2: 4-

Vinylguaiacol; F1: Butyric acid; F2: Isovaleric acid; F3: Hexanoic acid; F4: Octanoic acid; F5: Decanoic acid; O1: 
Methionol. N1: Odour intensity; N2: Odour fineness; N3: Apple; N4: Melon; N5: Apricot; N6: Floral; N7: Citrus; N8: 

Herbaceous; N9: Pineapple; N10: Tropical; N11: Toasted; N12: Pear 

Figure 6. Two-dimensional PLS2: scores plot for Godello wines (a), loadings plots of X-variables for the 17 volatile 
components with near-unity or higher OAVs (b) and of Y-variables for the 12 nose descriptors (c), together with 

correlations between the loadings of X and Y variables (d) 

 
8. Ethyl hexanoate (E2) and octanoic acid (F4) 
were the greatest negative contributors to the 
remaining nose descriptors: citrus (N7), 
herbaceous (N8) and pineapple (N9). 
9. Similar results were obtained for floral (N6) 
and melon (N4) descriptors by applying, PLS1 
and PLS2: the intensity of the floral note in 

Godello wine is directly correlated with the 
wine content in ethyl hexanoate (E2) and 
isoamyl acetate (A1), and so is that of the 
melon note with the wine content in octanoic 
acid (F4). 
There were both positive and negative 
correlations and coefficients. This suggests 
that the perception of a given aromatic note is 
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influenced not only by the presence of a few 
components responsible for the note 
concerned, but also by that of other odorants 
with a negative impact on the perception the 
note (Aznar et al., 2003). Although confirming 
or rejecting the observed correlations would 
require further sensory testing (Campo et al., 
2005; Escudero, Campo, Fariña, Cacho, & 
Ferreira, 2007), these theoretical aroma 
models are by themselves useful with a view 
to supplementing and improving the scant 
information currently available about Godello 
wines. 
 
CONCLUSIONS 
 
Fungicide residues might induce some 
modifications of yeast metabolism due to an 
increment of typical fermentative odours 
associated to esters in CAP wines (A-D) 
respect to the GAP wine (E); as a 
consequence, the fruity note was promoted in 
the aroma. The CAP wines were moved to a 
sweeter balance with a ripe fruit taste, which 
are associated to higher viscosity and also a 
higher cloudy colour. 
OAVs were used to evaluate the contribution 
to aroma composition of 31 volatile 
compounds quantified in all studied wines. 
Based on their OAVs, only 17 volatile 
compounds can be considered active odorants 
(i.e., substances with near-unity or higher 
OAV). Fatty acid esters (ethyl hexanoate, ethyl 
octanoate, ethyl butanoate), acetates (3-
methyl-1-butyl acetate) and fatty acids (3-
methylbutanoic acid, octanoic acid and 
hexanoic acid), which are formed during 
alcoholic fermentation, exhibited OAVs from 
10 to 44. 
Based on a stepwise discriminant analysis, 
terpenes and higher alcohols were the only 
families of volatile compounds with OAVs > 1 
not contributing to discrimination between 
sample groups. The other families with 
OAVs>1 had at least one member among the 
discriminant volatiles: 2-phenylethyl acetate 
among acetates; ethyl butanoate and octanoate 
among ethyl esters; 4-vinylguaiacol among 
phenols; 3-methylbutanoic acid among organic 
acids; methionol among sulphur compounds. 
With the results of the instrumental analysis, 
the compounds most markedly contributing to 

flavour in Godello wines were those 
conferring a fruity (ethyl esters and acetates), 
spicy (fatty acids) or floral aroma (terpenes). 
Based on the sensory analysis, the descriptors 
with the highest intensity percent were fruity 
and floral (floral, apple and citrus), together 
with herbaceous notes.  
PCA was used to identify the specific volatile 
compounds and descriptors best discriminating 
among the five Godello wines studied, and 
PLS to detect positive and negative 
correlations between sensory descriptors and 
volatile compounds. 
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Abstract 
 
The issue of water resources management requires more and more approaches in which multiple skills and capacities 
are nested together (Integrated water resources management process), especially when critical situations are taken into 
account, such as climate change scenarios. The various disciplines involved can be climatology, meteorology, 
hydrology, ecology, environmental science, agricultural science, water resources engineering, socioeconomics, law and 
public policy. I n this context, Decision Support Systems (DSS), applied to the management of water resources, play an 
essential role since they must allow the different stakeholders and competencies involved to summarize results and 
produce decisions on a common and shared basis. The RIVER software is a DSS for water resource allocation and 
management which portraits the hydraulic situation in the catchment area with a simple intuitive "node-arc" sketch, at 
the same time uses simulation algorithms to allow the user to take into consideration many different scenarios of  water 
use according to the principle of "priority-balanced" criteria shared by all stakeholders involved. The case study for the 
Montedoglio reservoir in the Tiber River Basin, highlights how these principles can be applied for a proactive 
management of critical scenarios in periods of drought due to climate change hypothesis. In particular, time series of 
hydrological flow, modulated with drought and climate trends, have been simulated and, as output of the system, 
indications for preventive interventions to be planned for a correct use of water for irrigation, civil and environmental 
use have been obtained. 
 
Key words: climate change, decision support systems, environment, irrigation, water resource management. 
 
INTRODUCTION  
 
The management of surface water resources 
can be studied by means of simulation models 
to sketch hydrographic network in terms of 
nodes and arcs in a graph, which are combined 
with mathematical algorithms to simulate water 
management. By adopting this method, con-
figurations typical of the majority of the river 
systems can be described in a more or less 
synthetic way, but at the same time extremely 
effective. In literature there are some 
interesting applications of this methodology, 
the most relevant are: "Aquarius" (Diaz et al., 
1997), "REALM" (Resource Allocation Model, 
AA.VV., 2001) and "wargi" (Water Resources 
system optimization aided by Graphical 
Interface, Sechi and Sulis, 2009). 
In this bibliographic context, the River 
software, used in this study, has been 

developed and expanded by the authors 
(Pierleoni et al., 2008) in order to operate in a 
territorial scope of the river basin, in the 
presence of a multiple use of water resources, 
with the aim of representing an instrument to 
support the decisions that are often also subject 
to territorial and administrative constraints. 
The main features of River can be identified as 
follows: 
- weekly time-step simulation of the time 
series, with the possibility to work at a monthly 
scale; 
- Adoption of an algorithm for the management 
of water resources under deficit conditions that 
uses a policy called "primary balance"; 
- Possibility of using hydrological input data in 
the form of time series, the year type or both; 
- Extremely flexible data output for reservoirs, 
generic use and control of the flow in both a 
graphical and numerical way, with a particular 
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attention to the use of the model in terms of 
management in the short term together with 
probabilistic assessments. 
 
 MATERIALS AND METHODS 
 
The algorithm that manages the distribution of 
water from the reservoir node is certainly one 
of the features that characterize this 
mathematical model the most, in this particular 
case study, for the upper valley of the Tiber 
River. In fact, in this basin, there is the artificial 
reservoir of Montedoglio (maximum available 
volume 142.5 Mm3). The hydrological study of 
the reservoir dates back to the '60s, so the 
management of the reservoir must take into 
account the changing needs of users and the 
new hydrological framework, also according to 
the hypothesis of climate change. 
The algorithm is based on an equation of 
balance between the available volume present 
in the reservoir and the total need required by 
the various user nodes which should be 
supplied from the reservoir. The distribution 
and number of uses can be easily changed by 
editing the topology of the network, allowing 
the use the model both during management of 
existing works, and in the programming phase 
of the works of adduction to be built. 
The balance equation is centered on the calcu-
lation of the Total Available Volume (TAV) in 
the reservoir node (S) and the Total Required 
Volume (TRV) of the user nodes, resulting in a 
ratio for the generic time step i 

)(
)(

)(
iTRV
iTAV

i S
rid  

 
The parameter  is the management index, as it 
returns the ratio by which the requests FA of 
the n users managed must be reduced, therefore 
defining the actual Available Volume 

n

j
jrid iFAiiAV

1

* )()()(  

 
The issue of managing the water needs during 
periods of deficits can be studied in terms of 
optimization between the various users 
(Georgiou et al., 2006), or though the simula-
tion of hypothetical scenarios (Strzepek et al., 
1989). In this model, the logic of optimization 
has been made more flexible in terms of 

operational management, to obtain an 
instrument that can be adapted to the political 
and economic issues related to the various uses 
and in the territorial features. 
This was achieved by adopting, during deficit 
periods, an allocation rule called "priority-
balanced." In this, the term "priority" means 
that it is necessary to set priorities among the 
various uses served, while with the term 
"balanced" we mean that it deviates from the 
strict logic of distributing the resource starting 
from the higher priorities, or putting first the 
most economically advantageous uses, but each 
use is reduced by a certain amount, which 
varies from use to use, from the latest one in 
order of priority, recalculating the water budget 
until rid> 1 (Beauty et al., 2004). 
This procedure, basically allows the user to 
distribute the deficit between many different 
uses, according to different tolerance levels that 
can be properly studied and commonly shared 
among water managers or production activities. 
The model can simulate and manage river 
deficits with an input represented by 
hydrological time series of average flow rate 
(weekly or monthly). Obviously, this input can 
be represented by series of real or simulated 
time series based on assumptions like climate 
changes, allowing a quick comparison between 
the results of various simulations. 
In this study management scenarios have been 
simulated using as input, time series containing 
the climatic forcing. In particular, an increase 
in the average temperature expected in 60 years 
by about 0.75 °C, a linear trend for rainfalls (-
8% and -3%), a cyclic variation (15 years) for 
the winter and fall period and a linear trend 
(3%-10%) for the spring and summer seasons 
have been adopted. Such hypotheses on rains 
and temperatures have been used in a Model 
Hydrological Lumped continuous type, called 
MILC, which allows to simulate the continuous 
rainfall-runoff (Brocca et al., 2008), producing 
the flow rates to be used as inputs to the 
simulation model River. 
 
RESULTS AND DISCUSSIONS 
 
The topological scheme of the system on which 
they develop simulations (Figure 1) takes into 
account all the uses currently foreseen in the 
plans, together with the monitoring of releases 
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Figure 2. Water volume incoming in Montedoglio Reservoir 

 
 

Table 1. Irrigation demand foreseen for 2023 and 2040 
Years  2023   2040  

 Area  Vol. Area  Vol. 
Node Ha m3/ha Mm3/y Ha m3/ha Mm3/y 

Valdichiana 36965 1800 66.54 36965 1800 66.54 
Trasimeno 12471 2100 26.19 16047 2100 33.70 
Chiusi 
Montepulciano 833 

 
1800 

 
1.50 833 

 
1800 1.50 

CdC sud 3615 1800 6.51 3615 1800 6.51 
CdC nord 5661 1900 10.76 5661 1900 10.76 

Total 59545  111.49 63121  119.00 

 
Table 2. Domestic demand foreseen for 2023 and 2040 

Years 2023 2040 
 Vol. Vol. 

node Mm3/y Mm3/y 
ATO4 Capolona 1.45 1.56 
ATO4 Arezzo 13.79 14.84 
ATO4  Arezzo sud 7.79 8.39 
ATO4 Cortona 2.9 3.13 
ATO4 Montepulciano 3.67 3.95 
ATO4 Monterchi 0.33 0.36 
ATO4 S. Sepolcro 1.27 1.37 
ATO6 Ombrone 6.3 6.78 
SAT 9.63 9.97 
SPT 1.57 1.57 
SPT.SMT 1.57 1.57 

Total 50.27 53.49 

 
For the irrigation uses the increase in demand 
in the two horizons is more pronounced and yet 
only involves the Trasimeno node, while for 
domestic use the modest increase depends on 
all uses equally. 

Simulations are run at a weekly time step, so 
the annual needs must be distributed over the 
52 weeks in a typical year. For domestic use 
that distribution is almost uniform, with a slight 
increase in the weeks between the 27 and 35 
(Figure 3). In the case of crops instead, the 
demand is distributed in a restricted period 
between weeks 22 and 43, according to a law 
of use which reproduces the most unfavorable 
trend (Figure 4). 
 

 
Figure 3. Typical year for domestic use 

 

The first result to be examined in the 
simulation concerns the behavior of the 
reservoir in regard to the increasing demand for 
water for various uses, together with the trend 
for the hydrological input. 
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Figure 4. Typical year for irrigation use 

There is always a heavy water demand from the 
Montedoglio reservoir (Figure 5) with evident 
oscillations in the volume, and consequently in 
the levels, even in rather short periods of time, 
with a relative irrelevance of climate trends that 
still influences the trend of the volume stored. 
  
 

 
Figure 5. Trend of the volumes, in the simulated time series (2040), for the Montedoglio reservoir

The trend of the available volumes for the 
various uses, as well as the relative deficits, can 
be analyzed in terms of time series of weekly 
data, in order to better understand the 
frequency in relation to seasonal periods, or it 
can be cumulated in annual values, or even 
analyzed in terms of weekly or yearly extreme 
values. In any case, the approach investigated 
more in-depth the links between the uses and 
the reservoir, showing in a graph the trend of 
the annual deficit per use as a function of the 
reservoir volume in one week, which can be 
freely chosen. Figure 6 shows an example of 
this representation for one irrigation node, 
taking as a reference the volume stored in 
Montedoglio, for example, at the 22th week. As 
can be seen, there are many years with a deficit, 
as could be expected given the lower priority of 

irrigation use and especially the high-stress 
situation of the Montedoglio reservoir; 
however, the most interesting point is that once 
a critical deficit threshold has been set (e.g. 
10%), it is possible to read the value of the 
reservoir volume at the 22th week (approx. 120 
Mm3) below which it is probable that this 
threshold is exceeded, with increases in the 
deficit more or less linear with the decrease in 
the available volume at the 22th week. 
This result can be used both in the planning of 
stages for evaluating the degree to which the 
various uses suffer in the overall context of the 
network with the hypothetical priorities 
assigned, and in the management stage as a 
decision support system, especially in possible 
negative trend due to climate change. 
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Abstract 
 
The development during the last decades in fruit tree orchard systems resulted in the dominance “pedestrian orchard 
concept” for fruit species produced for fresh market. Trees trained to different conic shaped canopies (central leader, 
slender spindle, vertical axis, SolAxe, super spindle) and planted in single row system can be harvested easily from 
ground. Besides pip fruits (apple and pear) training and pruning systems were developed for stone fruits (peach, plum, 
apricot and cherry), however the open centre canopies are still widespread applied for these species. Research focused 
to maximize light interception, optimizing spacing, fruiting wood formation and leaf distribution within the canopy 
contributed to refining the pedestrian orchard concept. For fruit species produced for processing industry, where the 
fruits are harvested mechanically, the limb and trunk shakers are applied on vase shaped trees or trained to modified 
central leader. As new trend the continuously moving harvesters occurred in North America and East-Europe, which 
requires different tree shape and training. The paper gives and overview on the above topics. 
 
Key words: fruits, light interception, orchard systems, sustainability. 
 
 
INTRODUCTION 
 
Sustainability is a complex and continuously 
developing approach today in agriculture and 
also in horticulture. Principles of sustainable 
fruit production systems are based on optimal 
use of natural resources (light, water, soil 
fertility) where the input (labour, energy, fuel, 
other material) and output (yield) are well 
balanced and the resources remain renewable. 
In such a system the minimizing of 
environmental polluting input (fuel and 
agrochemicals) is essential (Sansavini 1997). 
Fruit orchards can be considered as artificial 
ecosystems converting the energy of 
photosynthetic active radiation (PAR) into 
edible, marketable fruits for human 
consumption. The core of this system is the 
bio-factory of leaves driven by the absorbed 
PAR. Several data support that the light 
interception is the basic factor for the modern 
orchard systems, albeit further factors as LAI, 
the spacing the trees, training and pruning 
systems, the species specific fruiting wood 
development, rootstocks also influence the 
orchard efficiency. From this point of view this 
paper gives a short review on the recent 
development in the orchard systems in complex 

approach of light interception, yield efficiency, 
vigour control, rootstock selection, tree 
architecture and fruiting wood management. 
 
MATERIALS AND METHODS 
 
Tree architecture and training in orchard 
systems developed for hand picking as 
“pedestrian” orchard 
In the sustainable fruit production the orchard 
system should allow an input of natural origin 
material if possible, maximize the yield in the 
early years and provide high yields after the 
trees are mature until the planned age of the 
orchard. The tree architecture, training and 
pruning should provide optimum light 
interception, optimum light penetration and air 
circulation into the canopy and allow an 
economic orchard management. Natural like 
tree architecture is preferable. Recent 
development in the tree architecture has 
produced some promising tree training and 
pruning systems as well for high density stone 
fruit orchards. 
After several trials and attempts the single row 
system is applied widespread in orchards 
planted for handpicking. Attempts in planting 
double or triple row, or “bed” system in the last 
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decades of last century did not get through 
mainly because of the shading inside the row 
centre and picking difficulties. Albeit the light 
interception and the crop increased in the 
different bed systems, due to the harvest 
difficulties, the high cost of planting material 
and the cost of special equipment their 
spreading was limited (Robinson 2003, 2005). 
Nowadays the fruit trees in hand picked 
orchards are trained to conic-shaped canopy 
with one central leader or to V or Y shaped 
canopy. However the light interception 
characteristics of V or Y shaped canopies is 
more favorable (Robinson 2003, Cittadini et al. 
2006), probably due to the higher planting and 
support system costs are less popular in 
Europe, but spreading in the USA and countries 
of southern hemisphere. Central leader and 
different spindle forms (central leader, slender 
spindle, vertical axis, SolAxe, super spindle) 
are usually applied for apple, pear, peach, 
apricot and plum and nowadays for sweet and 
sour cherry too (Fideghelli 1990, Timon 1996, 
Laurie and Claveri 2005, Hrotkó et al. 2010). 
As the third canopy shape should be mentioned 
the open centre canopy applied mainly for 
stone fruits (peach, apricot and sweet cherry) in 
southern part of Europe (Negueroles 2005). 
Considering the sustainability in fruit 
production the concept of “pedestrian orchard” 
provides the advantage in the possibility of 
hand picking from the ground and from low 
picking stands. In the high density orchard 
picking is more cost efficient, and the danger of 
accidents are reduced. One of the points is the 
improved fruit quality from the small-sized 
trees. As the fruiting branches on the trees are 
young, and the leaf/fruit ratio is higher, the fruit 
size is excellent. The conical tree shape and the 
young, fine fruiting wood allow better light 
penetration into the canopy thus the higher 
exposure to sunlight results better fruit color 
and taste. Spraying a smaller tree canopy is 
more precise and economical, and reduces the 
emission of chemicals into environment. It is 
possible to use a bird-net or rain-cover above 
the small-sized trees. 
Spacing of trees and light interception 
Planting high density apple orchards in 
Hungary too, raised questions in optimal tree 
spacing and orchard density. To calculate the 
optimal spacing for a given orchard site, the 

best way is to consider rootstocks/cultivar 
vigor, quality of planting material, site 
conditions, planned training system, harvesting 
technology and machinery and light 
interception (Soltész 1997, Hoying and 
Robinson 2000, Robinson 2003). 
Results of several researchers confirmed the 
close correlation between cropping and PAR-
absorption (Palmer et al 1992, Lakso and 
Robinson 1997, Robinson 1997, Wünsche et al. 
1996). Our investigation carried out in a seven-
year-old ‘Gala’ and ‘Jonica’ apple orchard 
confirmed the above authors, showing close 
linear correlation in case of both cultivars 
(Németh-Csigai 2009, Csigai and Hrotkó 2005, 
2007). Cumulative yield increases linearly with 
absorbed PAR, however a tight correlation 
exists only at Gala Must. There is difference in 
the slope of the correlation between the two 
cultivars. 
Light interception (PAR absorption) is also 
very important to consider, before choosing the 
optimal spacing. Commonly accepted that 
higher plant density may lead to crowded 
canopy, and bare-wood formation on shaded 
branches. The consequence of this, cropping is 
concentrated to the upper part of the tree. 
Optimized PAR absorption is necessary not 
only for avoiding bare-wood formation, but to 
have balanced and enough number of buds and 
also appropriate fruit coloring. Optimal light 
penetration is very important in high density 
orchards to result high productivity and quality 
(Wagenmakers and Callesen 1995, Wünsche et 
al. 1995, Robinson 2003). 
The amount of intercepted light 
(photosynthetically active radiation, PAR) by 
our results is slightly increasing when the tree 
distance is decreasing. Between the tree 
spacing and PAR absorption Hrotkó and Csigai 
(2007) and Németh-Csigai (2009) found on 
’Gala Must’ negative linear connection at 3.6 m 
row distance, while the same connection at 4.5 
m row distance was negative quadratic 
polynomial. These results confirm the previous 
research results that more than 2700-3000 
tree/ha plant density reduces the efficiency of 
light interception, and so PAR-absorption 
(Corelli and Sansavini 1989, Robinson and 
Lakso 1989, Wünsche and Lakso 2000). The 
increasing curve of orchard canopy volume and 
light interception flattens beyond a certain tree 
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density terminates (Hrotkó and Csigai 2007), 
thus leaf-density increases within the canopy, 
which decreases the light penetration into the 
canopy centre. 
By our investigations (Németh-Csigai 2009) 
the ratio of intercepted PAR there are 
differences between the two cultivars. The 
vigorous Gala Must intercepted 39-56% of the 
PAR arriving to the orchard surface, while the 
cultivar Jonica showed only 26-40% PAR 
interception. At both cultivars there was a 
negative connection characterized by quadratic 
polynom between the in-row spacing and PAR 
absorption. Gala Must with 3.6 m row distance 
reaches the maximum point around 1m plant 
distance, where the PAR-absorption stops 
increasing (similarly to the results of Wünsche 
and Lakso 2000). Jonica with 4.5 m row 
distance reaches the maximum point 
somewhere below 1 m plant distance, where 
light absorption stops increasing. 
As a conclusion our observations proved that 
the given rootstock-cultivar combinations 
showed such productivity and PAR-absorption 
efficiency decline with a number of 3000 
tree/ha plant density, which will possibly result 
in unprofitable orchard in the following years, 
although it can not be establish in the early 
years. 
Effect of spacing on bearing surface of the 
orchard and yielding characteristics of trees 
In our investigation we applied as comparison 
the fruiting branch density. The fruiting branch 
number in 1 m3 cnopy volume at Gala Must 
planted at 4.5 m, at Jonica planted at 3.6 m row 
distance shows a connection to tree spacing 
characterized by a quadratic polinomyal 
function; at last cultivar the differences 
between the tree spacings are significant. At 
Jonica cultivar planted to 3.6 m row distance 
there is an increasing tendency between 1.75-
1.5 m distance with a maximum between 1.25 - 
1.0 m tree distance, while at 0.75 m tree 
distance the fruiting branch number in 1 m3 
cnopy volume slightly decreased. Productivity 
indexes of rootstock-cultivar combinations 
(yield efficiency related to trunk cross-sectional 
area) in case of both cultivars showed 
maximum level around 2500-3000 tree/ha, and 
the correlation can be describe with a quadratic 
polynomial. Both cultivar showed decreasing 
yield efficiency (related to TCSA) beyond 2500 

tree/ha plant density, similarly to Stampar et al. 
(2000). 
Summarizing our results on apple we 
confirmed that the correlation between tree 
density and bearing surface within the range of 
1270-3704 trees ha-1 is not linear. The curve 
describing the correlation nears to a maximum 
typical to the rootstock-scion composite tree 
and to site conditions. Parameters of orchard 
bearing surface near an optimum around 3000 
trees ha-1 density. Within the investigated 
spacing range the number of fruiting branches 
increased in linear correlation to the tree 
density; consequently in the limited canopy 
volume the branch-, leaf-, and fruit population 
is more and more crowded. Albeit the larger 
tree density slightly increases the ratio of 
intercepted PAR, so the efficiency of PAR 
utilization decreases. The cumulative yield 
efficiency index on TCSA basis reaches a 
maximum around the tree density of 3000 trees 
ha-1. Based on our results in the investigated 
site conditions around 3.6 x 1 m spacing could 
be recommended for intensive orchards with 
slender spindle planted on dwarfing rootstocks. 
High density orchard systems for stone fruits 
There are numerous experiments all over the 
world to produce dwarf cherry trees for 
intensive orchards. One of the most promising 
training systems is described by F. G. Zahn, 
which needs well branched nursery trees for 
planting (Zahn 1990, 1996). Establishment of 
spindle trees by Zahn’s method is realizable, 
but in the later years on the basal part of the 
canopy the renewal of fruiting wood  may fail 
to come off due to lack of permanent basal 
branches (scaffolds). It seemed to be practical 
to combine the Zahn-spindle with permanent 
basal branches, and it isn’t else but the well 
known slender spindle. 
In northern countries the central leader versions 
are preferred while in South-Europe the open 
center canopy (spanish bush) is planted more. 
The main problem of these trainig systems was 
the lack of growth reducing roootstocks. The 
development in this field resulted in more 
series of dwarfing rootstocks which led to 
spreading of slender spindle. However, the 
growth reducing rootstocks allow planting of 
slender spindle trees in a density up to 1500 - 
2000 trees/ha (Vogel 1994, 1995, Zahn 1990, 
1996), growers in dry regions like in Hungary 
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prefer medium vigorous or vigorous rootstocks 
and train the trees to central leader (modified 
Brunner-spindle). While the growth control is 
managed in spanish bush orchard (Negueroles 
2005) with summer pruning and water 
restriction, for modified Brunner-spindle in 
Hungary only summer pruning is 
recommended. 
The yield in this orchard system two or three 
times higher compared to traditional 
plantations, 70% of the crop can be harvested 
from the ground and the fruit size and quality 
meets the requirements of world market. Our 
research and development project produced 
results in two stages of intensity, each stage is 
based on previous results, and now the complex 
system is spreading in Hungary and raised 
interest in abroad (Hrotkó et al. 2008, 2010). 
The Hungarian research in this field can be 
traced back to the early 70-es of last century 
when Brunner (1972) reported his invention, 
the so called sectorial double pruning. His 
spindle represented the first step forward with 
660 trees ha-1, which is followed by our semi-
intensive modified Brunner-spindle in a density 
of 600-800 trees ha-1. We targeted to collect 
and combine all the knowledge into our system, 
which fits well into our site conditions and can 
be based on vigorous or moderate vigorous 
mahaleb rootstocks. Working on this system 
and collecting experiences of other researchers 
led us to the recently recommended high 
density (1250 - 2000 trees ha-1) orchard system, 
called Hungarian Cherry Spindle, which unifies 
the advantages of Prunus mahaleb rootstocks, 
as well as the advantages of training and 
pruning practices, developed by Brunner 
(1972), Zahn (1996) and the application of 
bioregulator BA on cherries (Hrotkó et al 1999, 
Magyar and Hrotkó 2005). 
Importance of leaf canopy on example of high 
density sweet cherry orchard  
The fruit size became an important parameter 
on the fresh cherry market. Although the 
importance of leaf/fruit ratio in fruit size and 
firmness is well known (Roper and Loescher 
1987, Floree et al 1996, Cittadini et al 2006), 
little attention has been paid to the effect of 
rootstocks on leaf characteristics, distribution 
or canopy LAI of sweet cherry orchards. 
Cittadini et al (2006) developed an orchard-
model, based on the ideal leaf/fruit ratio, where 

1 m² leaf surface is required for the production 
of 0.8 kg of high quality and large sized fruit. 
Further on, considering that the cherry fruit 
consist of 80-85% water, the leaf canopy and 
its transpiration plays important role “pumping 
up” appropriate water supply for the fruits. 
In a modern orchard system it is important to 
maximize the amount of light interception and 
to optimize the light distribution within the 
canopy; these are two very important factors 
for productivity. The orchard leaf area index 
(LAI) is frequently applied in orchard 
evaluation. It has been shown that the 
productivity is correlated with LAI (Robinson 
and Lakso 1991). 
Recently in high density sweet cherry orchards 
several new rootstocks in wide range of vigor 
has been planted; their effect on vigour, tree 
size and precocity is intensely investigated 
(Lang et al. 2004, Hrotkó 2008, Franken-
Bembenek 2005). While the tree vigor, shoot 
growth and canopy density are strongly 
influenced by the rootstock, these rootstock 
effects are not separable from the effects of 
light environment within the canopy. 
As a conclusion we can summarize our results 
that leaf population characteristics of sweet 
cherry trees on different rootstocks are strongly 
influenced by actual rootstock vigor. Total leaf 
area correlates to the actual tree vigor, which 
perform under a complex influence of 
rootstocks and site conditions. The leaf area 
index (LAI) and the different parameters of leaf 
density showed significant differences between 
cultivars and between trees on different 
rootstocks, however this rootstock effect is not 
completely separable from the actual tree vigor. 
This complex influence of rootstock vigor and 
site conditions is manifested in leaf size both 
on spurs and extension shoots. Leaf size is 
larger on vigorous trees and on vigorous 
extension shoots compared to spur leaves, 
albeit in both leaf type group considerable 
rootstock vigor effects are found. The rootstock 
vigor and site condition both strongly influence 
the light environment in the orchard and within 
the tree canopy; thus they influence the LAI 
and the leaf density within the canopy. These 
conditions cause differences in the spur leaf 
area. Our investigation showed large 
differences in proportion of spur leaf area 
compared to the total. Precocious cultivar 
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‘Rita’ and trees on precocious rootstocks of 
both cultivars showed higher spur leaf area 
ratio, albeit extremely high ratio on dwarfing 
rootstocks may lead to reduced shoot growth 
and in the first half of the season to low 
leaf/fruit ratio. 
Open centre canopies for stone fruits 
In the southern part of Europe, through Balkan 
peninsula, Turkey, Iran to China several stone 
fruit species is trained to the so called open-
centre canopy, with certain special 
modifications. Peach, apricot and cherry trees 
are trained to this form. As one modification 
the compact vase is spreading nowadays in 
Hungary, while the “spanish bush” for cherries 
is based on the same tree architecture. When 
applied for cherry, the several summer pruning 
allows keeping the growth in the appropriate 
shape, combined with the lack of precipitation 
during the summer. For extremely dry and hot 
conditions vigorous rootstocks only are 
applicable to this system. 
Orchard systems for mechanical harvest 
The processing industry requires cheap raw 
material produced by fruit growers. Hand 
picking in sour cherry orchards trained to the 
traditional way to central leader or modified 
central leader is very expensive and inefficient. 
The small sized stone fruits (sour and sweet 
cherry, plums and apricots) are to be collected 
by hand from a huge space (50-130 m³ canopy 
volume) in a height of 2 to 5 m above soil 
level. Since the labour costs are increasing the 
picking costs are so high that hand picked sour 
cherry is less and less competitive for 
processing industry. On the other hand 
climbing on ladders or tree limbs is dangerous, 
picking people are exposed to serious injuries. 
As the labor costs are increasing all over the 
world, the mechanical harvest could provide 
the tool for reducing costs. 
In the 60-70s of last century shakers were 
developed for mechanical harvest. In USA and 
many East-European countries during the 80-
90-es the sour cherry was harvested by limb or 
trunk shakers. This generation of harvesters 
require special tree shape (vase or other open 
centre canopy), space for the machine (large 
row and plant distance) and robust tree capable 
to stand the shaking process. In these orchards 
the trees were planted on vigorous rootstocks 
which resulted in a late yield start and limited 

yield efficiency (10-15 t/ha max). Harvesting 
sour cherry by limb or trunk shakers involved a 
relative high loss on yield due to the harvesting 
process and diminished fruit quality due to fruit 
injury. On the other hand the nature of vase 
canopy shape developed for limb or trunk 
shakers involves the danger of larger loss on 
bearing surface when the tree looses one or two 
of its three limbs. This is extremely important 
for those cultivars sensitive to limb breakage. 
Spacing of trees in such mechanical harvested 
orchards are large (6-8 x 5-7 m) and the tree 
density is low (200-300 trees ha-1). The main 
requirements of mechanical harvest should be 
considered. The relief of the orchard should be 
suitable for mechanical harvesting. To develop 
an appropriate field, orchard and tree design for 
mechanical harvesting. Training systems and 
spacing of the fruit orchard should be 
developed accordingly the method of 
mechanical harvesting and the size of the 
mechanical harvester machine. The open centre 
vase training system is the most preferred in 
those stone fruit (cherry, plum and peach) 
orchards where mechanical harvesting is 
applied. In generally the height of trunk is 
about 100-120 cm, and the optimal spacing is 
about 7 x 5 m. Application of regular pruning is 
needed to keep the canopy in shakable form 
and status. Fruits from too long limbs can not 
be removed because their wavering movement. 
One of the most important requirements and 
task is to reduce the fruit damage during the 
tree shaking, removal of the fruit from the 
canopy, and falling the fruit onto the catching 
surface. The plant and fruit health are one of 
the most important grower’s task the point of 
the fruit and the product quality. Bark damages 
on the trunk should be treated and painted. 
Infected fruits should be removed during the 
grading process otherwise they become the 
transmitters of diseases and infect healthy 
fruits. 
In East-European countries, farmers are headed 
to renewal of their machines, which are now 
20-30 years old, many of them doesn’t work at 
all. That is the reason why around 70 percent of 
sour cherry is picked by hand. Medium sized or 
large farms producing sour cherry are thinking 
of buying new machines. For this renewal of 
technology this industry should be provided by 
an advanced new harvester technology which is 
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represented by the continuously working chain 
harvester (Perry et al. 2008). 
Chain harvester system was developed in 
Poland too (Holownicki 2013). Besides the 
advantages in the low fruit and yield loss and 
better fruit quality using this technology 
provides advantages for the orchard and 
bearing surface too. The tree shape is a spindle 
with one central leader, there are no limbs in 
the tree, which means that the loss on bearing 
surface due to limb breakage is eliminated. The 
technology requires small trees so it is possible 
to use growth reducing or dwarfing rootstocks 
for sour cherries also. Using low vigour 
rootstocks will contribute to larger tree density 
and increase the yield efficiency per ha. Of 
course there is little information how the sour 
cherry performs on dwarfing rootstocks in high 
density conditions, that is why this project 
needs investigation in this field too. 
Recommendations in rootstock usage 
The tree size control is an important factor for 
growers in reduction of fuel, agrochemical 
input and labour. The recent development in 
the rootstock research produced for each 
important temperate zone fruit crop a wide 
range of rootstocks in different vigour. On the 
other hand, in certain conditions, especially on 
stone fruit, high density plantations perform 
well even on vigorous rootstocks. In the 
complex approach besides the basic element, 
which is the rootstock vigour, attention should 
be paid to such indirect effects as water supply, 
soil fertility, precocity, tree architecture, 
training and pruning, leaf area index (LAI), 
relative light intensity, sunshine hours and 
length of growing season. Considering the 
competition of ground-cover plants and some 
weed, reduced fertilizer programs and irrigation 
supply, rootstock vigour larger than dwarf also 
may have increased importance (Hrotkó 2007). 
The rootstock selection for the sustainable fruit 
growing is an important opportunity to improve 
the orchard resistance to diseases and tolerance 
for abiotic stress conditions. Also the healthy 
and well developed planting material is 
essential for the orchard establishment and 
early turning to bearing. 
Rootstock breeder should regularly update their 
targets considering the changes in growers’ 
requirements. Orchards producing for fresh 
market: high density orchards, appropriate for 

hand picking. Low vigour rootstocks are 
predominant in many rootstock breeding 
projects of different fruit species, although the 
vigour range should not be narrowed. Semi 
dwarf and moderate vigorous rootstocks also 
may find space for application in sustainable 
systems, where the all year round grass cover 
and weed competition should be considered. 
On the other hand high density stone fruit 
orchards are sustainable even on moderate or 
vigorous but precocious rootstocks depending 
on soil fertility (Zahn 1996, Mika et al. 1998, 
Hrotkó 2005, 2007, Long 2005, Negueroles 
2005). 
Increasing fruit growing in new regions, 
increasing growing in southern hemisphere, 
Asian countries, temperate zone fruit species in 
subtropical conditions etc. requires a more 
differentiated approach from rootstock 
research. The climate changes increase the 
importance of rootstock adaptability to 
temperature extremities, cold tolerance, winter 
hardiness, drought tolerance, water-logging, 
efficient water utilization and adaptability to 
suboptimal soil conditions. Also the importance 
of pest and disease resistance or tolerance of 
rootstocks as an essential tool for integrated 
fruit production or sustainable systems is 
increasing. 
 
CONCLUSIONS 
 
The discussed development emphasized the 
importance of some research topics for the 
future that could contribute to the sustainability 
of fruit orchards: 
- optimized light interception and light 

penetration into the leaf canopy,  
- estimate the water requirements, optimized 

water use efficiency,  
- nutrient uptake and nutrient use efficiency, 
- integrated plant protection, reduced 

emission of chemicals, 
-  optimized technical efforts (labor, fuel, 

other industrial products). 
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Abstract 
 
The competition for arable land to grow food, feeds, and biomass for fuel production (mostly from grain) has reached 
an all-time peak. Recent publications suggest that crop production would have to about double to keep up with the 
estimated demands resulting from population growth, dietary changes (especially meat consumption), and increasing 
bioenergy use, unless there are dramatic changes in agricultural consumption patterns (Foley et al., 2011).  
We have seen fundamental changes in the feeding of cattle over the last 50 years. Previously, cattle were fed almost 
exclusively feeds that were unsuitable for human consumption. The availability of cheap fossil energy for the production 
of mineral fertilizers and pesticides, the cultivation of land and long-distance shipping of crops has made it possible 
and even profitable to feed even ruminants enormous amounts of grain and pulses. As a result, highly intensive animal 
production systems have emerged.  
Grain and pulses, however, are potentially edible for humans. This means that these supposedly highly efficient animal 
production systems contribute to the increasing competition for arable land for crops. In dairy farming, to attain 
lactation of 10,000 kg/year and beyond, the amount of concentrates in the ration has to be maximized. Most of these 
concentrates are grain and pulse products.  
This kind of dairy cow feeding is not only contradictory to the evolutionary adaptation of cattle, which allows these 
animals to be able to digest fibrous plant substrate, but has also resulted in an increasingly unfavorable food balance 
(i.e. animal-derived food per unit of feed input potentially edible to humans). The potential of ruminants to efficiently 
convert forages from grasslands, pastures, and fiber-rich by-products from the processing of plant-derived foods into 
milk and meat will soon be of great significance, because arable land is becoming scarce and the demand for human 
food is growing. The use of highly productive arable land to produce animal feed results in a net loss for the potential 
global food supply. 
 
Key words: dairy cow, food security, ruminant. 
 
INTRODUCTION 
 
The production of animal-derived foods cannot 
be viewed independently from the global food 
security situation (Flachowsky, 1992). The 
Global Food and Agriculture Organization of 
the United Nations (FAO) estimates that global 
grain production will have to increase by 40% 
between 2006/2008 and 2050 in order to meet 
the increasing demand for food and feed (FAO, 
2009). The additional demand for grain used to 
produce fuel is not included in this estimation 
and is therefore an element of uncertainty. 
Furthermore, it must be taken into account that 
the annual growth rate for the world’s grain 
production sunk from 3.2% to 1.5% between 
1960 and 2000 (FAO, 2009). 
Since the 1960s, we have seen a fundamental 
change in the way cattle are fed in affluent 
countries. Up to that time, for economic 
reasons, cattle were fed almost exclusively 

forages. Increasing crop yields on arable land, 
facilitated by the use of mineral fertilizers and 
the application of pesticides, the reduced cost 
for long distance shipping of grains and pulses, 
and international trade opportunities have made 
it profitable to feed concentrates not only to 
monogastric animals, but also in increasing 
amounts to ruminants. 
Sustainable animal agriculture 
In the long run, humankind can only continue 
to exist in balance with nature. Nature does not 
need humans, but humans need a sound 
environment. For this reason it is our duty to 
make a long term co-existence possible (Dürr, 
1996). This fundamental dependency on 
cultivated and permanently fertile agricultural 
land and the resulting responsibility for future 
generations were pointed out by the so-called 
Brundtland Report in October of 1987. When 
applied to our food system, it means we need a 
form of agriculture that meets the needs of the 
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present without diminishing opportunities for 
the future (WCED, 1987). Heitschmidt et al. 
(1996) broadly defined sustainable agriculture 
as “ecologically sound agriculture” and more 
narrowly as “eternal agriculture, that is, 
agriculture that can be practiced continually for 
eternity”. With regard to the form of energy 
driving agricultural production, Heitschmidt et 
al. (1996) observed that the grazing of 
indigenous grasslands is one of the most 
sustainable forms of agriculture known today, 
because it needs the least amount of exogenous 
energy subsidies to function. 
Of the globally available land surface, only 
about 12% is arable land; about twice this is 
grassland and pastures. Together, these make 
up all agriculturally used land, the rest is forest 
and barren land. 
The importance of ruminants 
The domestication of wild animals was a major 
cultural achievement. Humans provided 
protection, shelter and care for their captive 
animals, fed them non-edible feedstuffs, and in 
doing so, gained a valuable source of animal 
foods. Domestic ruminants have played a 
unique role in animal agriculture, since they are 
able to feed on fibrous plant substrate, which is 
plentifully available on grasslands and pastures. 
Their digestive systems can make use of the 
nutrients and energy bound in fibrous plan 
materials in amounts that simple-stomached 
animals like pigs and chickens cannot. Small 
ruminants are at a disadvantage as compared to 
large ruminants with regard to the digestion of 
fibrous plant substrate. Rumination capacity (g 
neutral detergent fiber/min) increases 
proportionally with higher body weight, but 
energy requirements for maintenance are 
related to body weight to the power of three 
quarters (Van Soest et al., 1994). For this 
reason, cattle are superior to sheep and goats in 
producing animal foods from a given amount of 
fibrous plant material. 
Feeding high-grain diets to ruminants 
The provision of energy-dense diets to modern 
high-yielding dairy cows seems to be an 
inevitable necessity. As dairy cows’ potential 
for milk synthesis has been continuously 
increased by efficient breeding measures over 
the past few decades, feed intake has not risen 
sufficiently to support the animals’ higher 
nutrient and energy demand. In order to 

compensate for the growing gap between 
energy demand and supply, dairy cow ration 
formulation has moved towards the inclusion of 
high quality forages on the one hand, and the 
necessity of feeding concentrate (mostly grain) 
on the other. This way, an ever-increasing 
productivity, defined as milk output per unit of 
feed intake, has been realized. 
The reason why more and more concentrate-
rich rations are being fed not only to 
monogastric animals like pigs and chickens but 
also to ruminants over the course of the last few 
decades described Van Soest (1994) as follows: 
“The feasibility of feeding all-concentrate 
rations to ruminants was in doubt before 1950, 
but the fact that the cost per unit of net energy 
was less for corn grain than for forage pushed 
ruminant nutrition research to solve the 
problems of digestive disturbances that 
frequently resulted from concentrate feeding. 
Concentrates are fed to animals only in 
developed Western societies when the cost of 
food energy per unit is less for concentrates 
than for fibrous feed.” 
German veterinarian and biologist R. R. 
Hofmann questioned the scientific orientation 
in plant and animal production (Hofmann, 
1983) as far back as 1983. His field 
observations 30 years ago resulted in a harsh 
criticism of the emerging and partially already 
established practice of intensive grain feeding, 
both to livestock in general and to ruminants in 
particular. Corn and other cereals are foods that 
are potentially edible by humans. The energy-
intensive conversion of grain and pulses into 
protein effected by feeding concentrates to 
cattle and sheep adapted to high-fiber rations is 
an expensive and anti-biological paradox 
practiced by affluent countries (Hofmann, 
1983). In the long run, this causes 
environmental damage and hinders the spread 
of regionally adapted ruminants. 
This trend was sustained over the last two 
decades, but now seems to have reached its 
economic limits, as the prices for concentrates 
have increased greatly due to speculative 
trading with agricultural commodities around 
the globe and the emerging competition 
between food, feed, and fuel. 
Milk yield and forage concentrate ratio 
The dietary energy and protein requirements 
for the maintenance of a dairy cow are a 
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substantial part of the total requirements, but 
they remain practically constant independent of 
milk performance (Bauman, 1995). In order to 
reduce the dietary cost for each kg of milk 
produced, it is desirable to increase milk 
performance in dairy cows through breeding, 
feeding, management, etc., allowing producers 
to distribute the nutritional load necessary to 
fulfill maintenance requirements over a greater 
amount of milk. A stronger dilution of the 
maintenance costs by increasing milk 
performance results in an improved productive 
efficiency (milk output in relation to nutrient 
intake). 
When the targeted milk performance in dairy 
cows is very high over a short period of time 
(i.e. lactation performances of 10,000 kg and 
above), it is crucial that nutrient density and 
energy levels be maximized within the first half 
of the lactation period by including the highest 
possible amounts of concentrate in the ration. 
This results in a ration that is, both in 
composition and structure, completely 
contradictory to the evolutionary adaptation of 
cattle to fibrous low quality plant substrate, an 
evolutionary adaptation that is the product of 
millions of years of strict selection. 
An average of over 40% concentrate in the 
ration (on a dry matter basis) is required when 
lactation performance is 9,000 kg and higher 
(Haiger, 2005). According to Breves (2007), a 
daily milk yield of 45 to 50 kg is achieved 
between weeks 7 and 14 of lactation, assuming 
a cow produces 10,000 kg of milk during a 
standard lactational period of 305 days. As the 
maximum daily dry matter intake capacity of 
such a cow is about 25 kg, it is necessary to 
push the daily use of concentrates to the limit to 
keep the negative energy balance as low as 
possible. However, the emergence of a strongly 
negative energy balance is unavoidable in these 
cows, even if the forage quality is optimal and 
the percentage of forage in the ration (dry 
matter) is only 40% (Breves, 2007). 
Feeding ruminants in a manner that is so 
contradictory to their evolutionary adaptation 
with regard to their nutritional ecology also 
raises animal welfare and animal health 
questions in the long run. In addition, feeding 
ruminants large amounts of concentrates, which 
consist of components that are potentially 
edible to humans, needs to be critically 

evaluated from a resource conservation point of 
view as well. 
Returns on edible inputs 
In a progressively globalized market, the way 
we produce our food cannot be viewed 
independently from shortages and hunger in 
other countries, because non-renewable 
resources are being used (i.e. mineral 
fertilizers, pesticides, etc.) to increase crop 
production on arable land. It was again 
Hofmann (1989) who seriously questioned the 
forced trends in the development of ruminant 
nutrition and feeding: “There is no doubt, man 
has domesticated predominantly such ruminant 
species which can easily, by evolutionary 
adaptation, utilize fibrous low-quality diets (v. 
Engelhardt et al., 1985) unfit for human 
consumption. It appears anti-biological if not 
immoral that much of to-days ruminant 
livestock production in affluent countries is 
based on grain feeding.” 
As far as we know today, cattle, sheep, and 
goats were domesticated between 8,500 and 
11,000 years ago, primarily to give people 
access to sustainable sources of animal foods 
based on energy and nutrients bound up in 
abundantly available pasture substrate. In the 
course of this co-evolution, ruminants and 
humans have never been competitors for food, 
which made ruminants tremendously important 
for the development of humans in many parts 
of the world. 
At the University of California, Davis, USA, 
Oltjen and Beckett (1996), analysed rations fed 
to dairy cows with a lactation performance 
level of 8,600 kg to determine the percentage of 
plant-based foods (mainly grain) they contained 
that could directly serve as human food (Table 
1).  
The meat and milk resulting from feeding a 
ration consisting of half forage and half 
concentrates (Ration I) contained only 57% of 
the energy that the edible foodstuffs in the 
ration contained. The protein content of the 
resulting animal foods amounts to 96% of the 
protein in the ration, protein which would also 
have been digestible for humans. These 
numbers clearly demonstrate that a high 
percentage of concentrates made up of mostly 
grain and soybean meal in livestock rations 
actually leads to a decrease in food (energy and 
protein) available for human consumption. 
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Table 1. Food balance in dairy cow husbandry 
Item Ration I Ration II 
  % dry matter 
Corn silage 20 35 
Alfalfa hay 30 34 
Corn grain 37 - 
Soybean meal 10 - 
Barley - 9 
By-products (milling and cotton industry) - 22 

  Humanly edible returns (milk and meat) 
% humanly edible ration inputs 

Energy 57 128 
Protein 96 276 
Adapted from Oltjen and Beckett (1996)
 
A positive food balance can be achieved if the 
livestock ration consists of approximately 70% 
forages and 30% concentrates, and if the 
concentrates in the ration contain 
approximately 70% by-products (Ration II). 
This dairy cow diet results in a 28% increase in 
energy for human consumption. The output in 
protein edible for humans is 176% higher as 
compared to the plant protein in the ration that 
would be directly consumable for humans. 
 
CONCLUSIONS 
 
Through their evolutionary adaptation, dairy 
cows can play a key role in converting high-
cellulosic feeds not directly consumable by 
humans into highly desirable and nutritious 
animal foods. The increased availability of 
cheap grain since the 1960s has led to a 
fundamental change in ruminant feeding by 
adding concentrates to rations in proportions 
comparable to those for non-ruminants. In light 
of the increasing world population’s growing 
demand for food and the declining availability 
of resources (arable land, fossil fuel, etc.) 
necessary for the production of cheap grain and 
pulses, it is no longer justifiable to feed high 
levels of feed grains to ruminants. 
By using feed sources for ruminants, in 
particular for dairy cows, that are not directly 
usable by humans, a favorable food balance 
(i.e. animal-derived food per unit of feed input 
potentially edible to humans) can be achieved. 
A dairy production system based on forages, in 
which cattle are selected for increased 
cellulosic product utilization, would be a 
substantial contribution to the world’s potential 
food supply. 
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Abstract 
 
A billion people are starving or severely undernourished but migration from rural areas to cities will not alleviate this. 
The situation can, however, be significantly improved by focussing on the actual problems where they occur and 
address these problems, using the vast amount of knowledge and experience that can be made available and by 
applying affordable technologies, such as needed for irrigation and reducing post-harvest losses. This cannot be done, 
however, without teaching the population also how to do this. In addition, smallholder farmers need to learn that 
cooperation will strengthen their position in negotiations conditions with traders. In areas where food production is 
scarce, arable land should not be used for breeding of animals for meat as it will be at the expense of growing crops, 
delivering at least five times less food per surface area. All children should receive at least primary education to ensure 
that knowledge is retained and will continue to be applied in the future.  
 
Key words: nutrient, food, agriculture, education. 
 
 
INTRODUCTION 
 
Of the roughly seven billion people on earth, 
almost one billion do not have access to 
sufficient food and about 10% have no access 
to safe water. Globally, 17% of preschool 
children are underweight, with 28.5% stunted 
(United Nations System - Standing Committee 
on Nutrition, 2010). There are many 
organisations in this world that have been 
founded to improve this situation and 
sometimes it looks like there is some progress – 
globally, but the real problems largely are very 
local. There are areas where at times, people 
literally have no food at all and starve by the 
thousands a day. There are areas where the 
population has food in terms of calories, but 
lack much of the essential nutrients. There are 
areas where water is rare and if available it is 
far from safe and morbidity and mortality is 
high. Regrettably, with the way the world at 
large takes care of its resources, the people who 
do have enough today may also have to 

struggle for nutritious food and sufficient safe 
water in the future. 
While organisations of the United Nations look 
at the global situation and advise what 
governments may do to alleviate the above 
problems, this article focuses on issues that can 
be solved without decisions of the UN, by 
trying to correct situations that make matters 
worse and discuss options to improve the 
availability of food, nutrients and water by 
means that are available today. The present 
ways do not provide for a sustainable future. 
Also, however, the past does not offer solutions 
for all foreseeable future problems, but past 
experience in combination with new insights 
may offer applicable, practical solutions.  
Some populations are rich, but they do not 
know. They seem not to know that the soil on 
which they live, combined with the sun, water, 
labour and cooperation would provide them 
with their needs and more. Learning from 
others is a must, undue dependence on others is 
undesirable and should stop – there is no need 
for poverty. 
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GROWTH OF FOOD AND THE NEED OF 
PRESERVATION IN VARIOUS AREAS IN 
THE WORLD 
Sometimes food and feed grow, sometimes 
they do not. Food and feed must be preserved 
to provide for the times that it does not grow. 
Growth and the need for preservation depend 
on local conditions. People live in areas that 
differ dramatically with respect to climate and 
consequently with the availability of water and 
the growth of food and feed. There are very 
fortunate areas, where there is always sufficient 
and often even overproduction. Other areas 
have sufficient production, be it not during the 
entire year. The third category consists of are 
large areas where regrettably the growth of 
food and feed is never sufficient and where a 
large part of the population is starving.  
Areas with always sufficient food and feed 
and with even overproduction  
 No need for preservation, because the local 

population has always access to enough 
fresh food.  

 Fresh produce that is not needed by the 
local population may be exported to 
neighbouring areas.  

 Another part of the surplus may be 
preserved for export to other places. 

In these areas there should be no food in-
security for anybody and the availability of safe 
water for drinking and food preparation may be 
expected to be sufficient too. Food related 
problems are likely obesity and possibly lack of 
some essential nutrients, resulting from bad 
eating habits. Nevertheless, care must be taken 
that also in the future there will be enough. 
This requires for instance that the soil is not 
exhausted or polluted, making the land unfit for 
future agriculture. Similarly, water sources 
should be protected from contamination and 
exhaustion, e.g. by irresponsible diversion the 
course of water for industrial reasons. 
Areas with sufficient food and feed 
production 
 Preservation for non-production months. 
 Any surplus of preserved food may be 

exported. 
Proper management should ensure that there is 
enough food available throughout the year, by 
not wasting the surplus of the production 
months. This of course requires proper 
preservation technologies. Preserved food may, 

however, provide sufficient energy, but may be 
lacking sufficient concentrations of essential 
nutrients. Most preservation methods reduce 
the concentrations of nutrients, although in 
some cases they make more of the nutrients 
available to the human body. 
Areas with insufficient production of food 
and feed  
 Need to import preserved food. 
 Focus on vegetable food, minimising the 

need for feed. 
 Locally applicable irrigation methods 

should be introduced.  
 Even unpreserved, food and feed may be 

kept for days, weeks or even months, if 
properly stored. 

 To improve yields, “greenhouses” may be 
developed that are simple and efficient. 

 When food needs to be transported, product 
losses should be reduced to a minimum by 
preserving the food before transport (e.g., 
by drying) and by using means that do not 
damage the preserved food. 

This applies to large areas in particularly Asia 
and Africa and the problems often are severe 
due to the climate and uncertain weather 
conditions, which may cause lack of water for 
very long periods and a massive abundance of 
water for very short times. Although is may be 
very hard to cope with the sometimes dramatic 
abundance of water, technologies may be used 
to cope with drought, technologies that have 
been successful in the past and may be even 
more successful today, if adapted to local 
circumstances. Greenhouses may be used to 
reduce water evaporation and provide 
protection from birds and some insects. 
Greenhouses need tot be complicated and 
expensive if locally available materials are used 
and the farmers learn what to do and how. 
Much of successfully produced food, however, 
is lost due to improper storage and transport, 
damaging the food and thereby causing the 
food to wilt and spoil by microbes. Improper 
storage may also lead to growth of moulds and 
the accompanying production of mycotoxins, 
which may make the food unfit for 
consumption. Locally available materials, in 
particular branches of trees and sturdy leaves 
may be used as construction materials for 
stockrooms and crates. All these are known 
technologies. 
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PRODUCTION AND PRESERVATION 
OPTIONS – PAST, NOW AND OPTIONS 
FOR THE FUTURE 
 
FISHERY 
Fish is an important source of many essential 
nutrients and a good source of protein. 
Growing fish is a more efficient way of 
producing protein than meat or even crops, but 
fishery needs to be done in a sustainable way. 
Coastal countries and those with rivers used to 
gain much if not most of their food from the 
water and during the ages, people learned how 
to preserve food for times when the catch is 
less than needed. The simplest method was and 
still is drying in the sun, provided there is 
enough sun. When dry, food remains safe 
because microbes need water for their growth. 
Other methods include salting, which basically 
is also a matter of reducing the water activity of 
the food; fermentation, where harmless 
microbes produce acids and antimicrobial 
substances that inhibit harmful ones; and 
smoking, which has several synergistic effects, 
such as reducing water activity, inactivation of 
surface microbes and depositing bactericidal 
substances on the surface. These traditional 
methods worked well and still work well. With 
increasing knowledge of how these methods 
work, they can be applied more effectively. 
Fishermen, their families and communities 
should therefore not have problems with the 
availability of healthy food. Increasingly, 
however, there are such problems and the cause 
if simple: governments sign away fishing rights 
to other nations that have large vessels and 
modern equipment. The resulting over-fishing 
of - in particular pelagic - fish, often 
dramatically reduces the catch by the local 
population. In addition, it deprives sea birds 
and water animals their food, disturbing the 
food chain. The revenues go to governments, 
not to suffering local populations. Such 
governments should be coerced, one way or 
another, to stop signing away fishing rights. 
They ought to respect the rights of the local 
population to their fishing grounds and thus 
any agreement should seriously take into 
account the needs of the local population and 
ensure that fishing grounds would not be 
overexploited. This will not only require 
correct agreements, but also adequate 

inspection of the fishing vessels. An alternative 
way of securing enough food is by fish farming 
under carefully controlled and tested 
conditions, as is the case in Kenya right now. 
 
AGRICULTURE 
While about a billion people depend mainly on 
fish, most people depend on agriculture and 
agriculture depends on the availability of soil, 
sun, water and energy, be it from labour or 
mechanical means. Some countries have a 
nearly perfect climate, but most have not and 
depend for their food supply on the periods in 
the year that there is enough sun, water and the 
right temperature. Farming has been practised 
for more than ten thousand years and all over 
the globe, cultivating food rather than just 
gathering it from what grows in the wild. It 
made it easier to ensure the availability of food 
in times that it would not grow. Although many 
crops can be stored for long times without 
preservation, people also discovered that such 
food alone was not enough to stay alive. Staple 
foods often lack sufficient essential nutrients. It 
is likely therefore that in conjunction with the 
development of agriculture therefore also 
preservation methods were discovered and of 
course initially just drying. With many staple 
foods such as cereals, drying works, and many 
cereals are naturally dry enough to be properly 
preserved. Nevertheless, care must be taken 
that the product remains dry enough to prevent 
the growth of moulds, meaning that the relative 
humidity should remain below 50%. Many 
moulds produce toxins that can be very harmful 
if ingested. If the concentration of mycotoxins 
is very high, consequences may be immediate. 
In low concentrations these toxins may cause 
cancer, which in the past nobody knew (and 
anyhow, most people did not get old enough to 
develop cancer in the first place). It is 
estimated that approximately 50% of the world 
production of cereals becomes unfit for 
consumption due to the presence of too high 
concentrations of mycotoxins, obviously a 
severe problem that threatens the availability of 
staple food. Preventing too high humidities in 
stored grains, and equally in other products 
preserved by drying, require understanding the 
migration of water from warm to less warm 
areas in the bulk of the food. Most farmers 
would not understand this and might have 
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blamed and probably still blame spirits or 
curses by enemies or witches for the spoilage 
of their stocks. It is therefore important to teach 
farmers and because large numbers of farmers 
are illiterate, teaching should be by pictorials 
rather than texts. To improve the situation for 
the future, children should be educated, to learn 
to read and write. Obviously, mankind also 
discovered other preservation methods, such as 
salting, fermentation and later, artificial 
acidification. Self-evidently, the food should 
also be adequately protected from insects and 
other pests. 
It is a good thing to have these preservation 
methods if there is enough to preserve, but 
there are many areas, such as in sub Saharan 
Africa, where there is nothing to preserve, 
because the production is insufficient even for 
todays meals. In these regions, irrigation is 
required but chronically insufficient and people 
either starve or depend on sustenance by others. 
One way of irrigation is diverting water from 
rivers to the farming area and another 
traditional way of irrigation is digging wells 
and use buckets to get the water to the surface, 
to be used for drinking, preparing food and 
irrigation. It is deplorable that governments 
sign agreements with companies to allow them 
to dig deep wells to source water for bottling 
and export. This leads to dramatically lower 
levels of groundwater, making it inaccessible 
for the local population. The governments are 
either ignorant, in which case there is hope that 
they would change their policy, once they have 
been made to understand, or they willingly 
ignore the rights of their population to water 
and deny them what they need for drinking, 
preparation of food and irrigation. 
Understanding the properties and migration of 
water may help alleviate the drought problem. 
Even in very dry climates agriculture is 
possible and even without high-tech solutions 
although high-tech solutions may help if 
affordable. Firstly, there are crops that need 
little water and are capable to retain any water 
that has been captured for a long time. Further, 
irrigation on small scale is possible, e.g. by 
applying drip technology, delivering the scarce 
water where it is needed, at the roots of the 
plants. There are also simple but effective 
condensate technologies, such as the small-
scale airdrop technology (Ed Linacre, 2011). 

On a larger scale permaculture technology may 
be applied (John D. Liu, 2012). 
Nutrient deficiency may be addressed by 
selecting crops with a higher concentration of 
the required nutrients and by improving 
bioavailability of nutrients that tend to be 
retained by the plant cells while passing the 
digestive tract, as a result of the strength of cell 
membranes, which have evolved to protect the 
contents of the cell. Here novel technologies 
may help, such as in particular pulsed electric 
field (PEF) treatment, which is based on the 
used of electric pulses with a duration of 2-3 
microseconds. The principle and the 
application of PEF for preservation of food are 
described in Lelieveld et al. (2007). Recently, 
however, the technology has found another 
application, cooking. For millions of years, 
perforation of the cell membranes required 
chewing, for most of the day. The discovery of 
fire, less than 100,000 years ago, changed that. 
Heating of the food for a few hours also 
destroys cell membranes. The next step is the 
use of PEF that too destroys membranes and at 
the same time can be used to heat the food to 
the adjusted, desired temperature. The entire 
process needs less than a second and neither 
flavour nor nutrients are destroyed. The energy 
needed is in the order of 10% or less of what is 
needed for traditional cooking. Almost all parts 
of vegetables and fruits can be used, but 
nevertheless, much is wasted. Here scientific 
input about the constituents and how to 
separate them may help. As discussed above, 
PEF treatment perforates plant cells, facilitating 
also harvesting intracellular constituents. 
Globally, about one-third of the food produced 
is wasted. In low-income countries food is 
mainly lost during the early and middle stages 
of the food supply chain, while much less food 
is wasted at the consumer level. In medium- 
and high-income countries food is to a great 
extent wasted at the point of consumption, even 
if it is still suitable for consumption 
(Gustavsson et al., 2011). Is seems likely 
therefore that between 30 and 50% of food is 
wasted between harvesting and delivering to 
the local market. Agricultural products are 
prone to mechanical damage and if damaged it 
may become unpalatable. A part of the losses 
may happen during storage at the production 
site, but a larger proportion may be lost during 
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transport. There must be ways to protect the 
products using locally available materials and 
some efforts to convert these materials into 
protective contraptions.  
 
ANIMAL HUSBANDRY 
The use of animals to produce food for human 
consumption is very important in many 
countries. Traditional products include milk 
from a variety of animals, eggs from birds and 
meat.  Milk from all sources usually can be 
preserved by fermentation with lactic acid 
bacteria, yeasts, moulds or combinations 
thereof, resulting in products like yoghurt, kefir 
and a variety of soft cheeses. These products 
remain safe for a few days to several weeks, 
depending on the conditions of storage, 
particularly of course on the temperature. For 
longer-term preservation, making hard cheese 
from fermented milk is a good solution, 
because properly stored cheese can be kept for 
a very long time. The animals, however, need 
feed and where feed is grown, there is no 
growing of food. Because animal products 
contain several essential nutrients, most 
importantly vitamin B12, animal husbandry is 
important in places where there is no or very 
limited availability of fish or other seafood. 
The conversion of feed into protein and energy 
by animals, however, is very inefficient. To 
produce 1 kg of animal, 5-20 kg of feed is 
needed (National Research Council, 2000), 
which in principle could also be healthy food. 
Because of this inefficiency, the cultivation of 
animals for production of meat is not 
sustainable and should be discouraged. 
Animals, raised for production of milk and 
eggs, when no longer capable of production, 
however, need not be wasted and hence a 
moderate consumption of meat is acceptable, 
also on the long term. 
 
EDUCATION 
Many people in low-income countries cannot 
read or write and therefore, instructions to 
increase production, reduce production losses 
and avoid food related diseases should be with 
pictures. Children, however, should learn to 
read and write. Primary education must be 
strongly encouraged, universally. 
Where conditions are harsh, the population 
must be taught that migration to cities is very 

unlikely to improve their situation, that instead 
conditions are very likely to become harsher, 
not better. It is understandably a difficult task, 
but a crucial one to remediate poverty. At the 
same time they need to be made to understand 
taught that applying affordable techniques for 
agriculture will yield what they need locally for 
themselves and for others in their community 
and they may also be able to produce even 
more to feed those who live in cities. To teach 
all this, appropriate teaching materials eviden-
tly must be developed and made available.  
Smallholder farmers need to learn that 
cooperation among them may help to negotiate 
better conditions when selling their products to 
traders. Cooperative marketing is the best 
practice for smallholder farmers and therefore 
this should be stepped up and encouraged in 
many countries. 
There are many technologies to make water 
safe for drinking and use in food preparation 
(Voigt, Jäger and Knorr, 2012). It again is a 
matter of teaching, making these technologies 
known and then also accessible. 
The International Union of Food Science and 
Technology (IUFoST) 
There are many solutions to problems that 
farmers face. The farmers, however, usually are 
not aware of the technologies that may provide 
efficient and affordable solutions. Local experts 
may be invited to identify the largest problem 
causing harvest failures in their region and 
have that problem discussed and solved by 
groups of experts, from wherever on the globe, 
based on use of locally available labour and 
materials. The International Union of Food 
Science and Technology (IUFoST) is a global 
organisation that may be instrumental in setting 
up such groups of experts, as IUFoST has 
access to more than 300,000 food scientists and 
technologists. IUFoST is keen to do what is in 
their capacity to improve global and sustainable 
nutrient security as can be concluded from the 
IUFoST Cape Town Declaration 
(http://iufost.org/cape-town-declaration, 
accessed 19 May 2013).  
 
CONCLUSIONS 
 
It is disappointing that in 2013 there are still a 
billion people who are severely undernourished, 
while “the world” is aware of the lack of access 
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to food and water to so many people, for many 
decades, while also so many programmes have 
been set up to address these issues. The on-
going discussions in the United Nations to 
monitor and evaluate the situation in the world 
and to develop new programmes, should not 
withhold the people from alleviating their 
problems by applying appropriate and 
affordable technologies, assisted by experts 
with experience in similar situations elsewhere 
on the globe. Experts may teach teachers who 
in turn can teach farmers what they can do and 
how. Meanwhile, everybody should exert 
pressure on governments and indeed the UN to 
become practical and promote primary 
education of children, to make them illiterate 
and capable even perhaps of teaching their 
parents. Governments should be pressed to stop 
selling rights to water and food (especially fish) 
to other nations and companies for the benefit 
of themselves and shareholders, denying their 
own citizens these rights. Experts in countries 
with undernourished populations should 
identify the most pressing issues and discuss 
these issues with experts from all over the 
world – they are there and many of them are 
accessible. In addition, there would be more 
progress if governments would stop 
wrongdoings: abusing people and resources. 
Governments should impose a penalty on greed 
and impropriety. Governments have the power 
to do this – if they care, dare and cooperate – 
globally.  
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Abstract 
 
Within the period 2011-2012 in the experimental field of the Agricultural University, Plovdiv, we conducted field 
experiments using the herbicides Lumux 538 SK, Gardoprim plus gold 500 SK, Wing, Merlin flex, which were applied 
to the soil after planting the crops and before their germination and also the herbicides Laudis OD, Elumis,  Stelar, 
Kaspar 55 WE, which were applied to the leaves during the vegetation period of the maize. The experiments were made 
using the block method over an area of 21 m2 in four repetitions. It has been established that the herbicides demonstrate 
excellent selectivity for this crop, which was measured on the EWRS scale in marks and control the existing annual 
late-spring types: Amaranthus retroflexus L., Chenopodium album L., Solanum nigrum L., Setaria spp., Echinochloa 
crus-galli L. and others. The weeds in the control sample without herbicides have a very high density and on the 40th 
day after treatment their number reaches 602 plants/m2. 
 
Key words: fodder maize, herbicides, efficiency, selectivity. 
 
INTRODUCTION 
 
Maize is one of the main fodder crops in our 
country. Pest cause serious damage to the crop 
(Dimitrov et all., 2012) Since weeds are the 
most widely distributed of late spring such as: 
barnyard grass (Echinochloa crus-galli), foxtail 
(Setaria spp.), white goosefoot (Chenopodium 
album), amaranth (Amaranthus), black 
nightshade (Solanium nigrum), carline thistle 
(Carlina acanthifolia), abutilon, common 
purslane (Portulaca oleracea) and others 
(Zhalnov, 1988; Zhelyakov, 2007). 
In order to obtain optimal and high-quality 
yield, it is necessary to fight the weeds using 
appropriate herbicides (Zhelyakov, 2007; 
Tonev et al., 2012). Different authors state (Sch 
ulte, Steinhener, 2012; Wegener, Kunhold, 
2010) that the new herbicides are tolerant to all 
maize hybrids grown in Europe and control a 
wide range of annual weeds. 
Over the last few years, there has been a 
change in the composition of weed associations 
as a result of the improvement of technologies 
used for growing field crops. This necessitated 
integrating new efficient herbicides in the fight 
against the main weeds on maize. 
 

 

MATERIALS AND METHODS 
 
Within the period 2011-2012 in the 
experimental field of the Agricultural 
University, Plovdiv, we made field experiments 
using new herbicides applied into the soil after 
sowing and before the germination of the crop 
and also applied to the leaves during the 
vegetation period of the maize - a hybrid of 
Pioner company: Kolomba (450 FAO). The 
sowing during the two years of the experiment 
was performed on 21.04.2011 and 23.04.2012. 
The experiments were made using the block 
method over an area of 21 m2 in four 
repetitions (Table 1).  
The agrotechnical activities were conducted in 
accordance with the commonly used 
technology for growing maize (processing of 
the soil, fertilization, sowing, rolling). The soil 
and leaf herbicides were applied using a 
knapsack sprayer and a solution of 30-40 l/dka. 
The efficiency of the herbicides was registered 
in sample areas (2 for each repetition) i.e. 8 per 
variant. 
- for the soil herbicides - on the 28th, 40th and 

56th days after spraying 
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- for the leaf herbicides - on the 20th and 40th 
days after spraying 
 

Variants Active substans Dose
1. Control (K1)-untreated and not trenced area
2. Industrial control (K2) – untreated with 2-3 hoeing

3. LaudisOD 44 g/l tembotrion 
200 cm3/dka 

(folair 
application)

  4. Lumux 
538 SK 

375 g/l s-metolaxlor 
125 g/l terbutilazin 
37.5 g/l mezotrion 

400 cm3/dka (soil 
application) 

5. Elumis  30 g/l nikosulfuron 
75 g/l mezotrion 

200 cm3/dka 
(folair 

application)
6. 
Gardoprim 
plusgold 500 
SK 

312.5 g/l s-
metolahlor  187.5 g/l 

terbutilazin 
450 cm3/dka (soil 

application) 

7. Wing 212.5 g/l dimetenamid-P 
250 g/l pendimetalin 

400 cm3/dka (soil 
application)

8. Stelar 50 g/l topramezon 
160 g/l dikamba 

100 cm3/dka 
(folair 

application)
9. Kaspar 55 
WG 

50 g/kg prosulfuron   
500 g/kg dikamba 

30 g/dka (folair 
application)

10. 
Merlinflex 240 g/l izoxaflutol 42 cm3/dka (soil 

application)
 

The year 2011 was characterized by moderately 
warm and dry spring considering the small 
quantity of the rainfall during the winter period 
(in January the rainfall was far below the norm 
- it barely reached 24.6 l/m2 compared with the 
year 2012 when the quantity of the rainfall was 
120.2 l/m2). The summer of 2011 was very hot 
and the quantity of the rainfall was close to the 
norm. 
In April 2012, the pre-sowing processing of the 
soil had already been performed in the 
conditions of extreme drought (the total 
quantity of the rainfall for the region in March 
and April barely reached 27.1 l/m2), which did 
not allow the growth of separate groups of 
weeds typical for that period. However, in May 
there were heavy precipitations (160.8 l/m2). 
This provided conditions for secondary 
weeding in the experimental areas and 
contributed to the good efficiency of the soil 
herbicides. 
 
RESULTS AND DISCUSSIONS 
 
In 2011, the experimental fields planted with 
maize were significantly weeded by weeds 
belonging to the group of annual late-spring 

types causing the weeding on the maize. The 
main representatives of this group are the 
following:  Amaranthus retroflexus L., 
Solanum nigrum L., Chenopodium album L., 
Portulaca oleraceae L., Dathura stramonium 
L., Setaria viridis L., Setaria glauca L., 
Sorghum halepense L.,  Xanthium strumarium 
L., Echinochloa grus-galli L. and others. 
In the variants treated with soil herbicides, on 
the 28th day after their application we registered 
a very good effect of the used preparations. In 
the zero control sample the density of the 
weeds reached 564 plants/m2 and in the 
economic control sample their density reached 
458 plants/m2. The hoeing of this variant was 
performed after the first registering of the 
weeding (stage 5-6 leaves on the maize plant) - 
Table 2. 
A total control of 100% was registered in the 
lots treated with Lumux 538 SK - 400 
ml/dka,  Gardoprim plus gold 500 SK - 400 
ml/dka and Wing - 400 ml/dka. In the variant 
treated with Merlin flex in a dose of 42 ml/dka 
the efficiency was 96.1%. 
The soil herbicides retain their efficiency up to 
the 40th day after spraying. In the zero control 
sample, the density of the weeds reached 602 
plants/m2. In the economic control sample 
(hoed once) we registered 34 plants/m2, which 
constituted 6% compared with the zero control 
sample. In the lots where soil herbicides were 
applied, the results were the following:  Lumux 
538 SK – 99.8%, Gardoprim plus gold 500 SK 
- 99.7%, Wing - 99.3%, Merlin flex - 97.8%, 
which shows that they are practically free from 
weeds - Table 3. 
A very good to excellent control over weeding 
was registered in the variants treated with leaf 
herbicides. In the zero control sample the 
density of the weeds on 16.06.2011 (the 20th 
day after spraying) was 706 plants/m2. As a 
result of the applied leaf herbicides, it was 
reduced to: 8-plants/m2 for Stelar in a dose of 
100ml/dka (97% efficiency), 12 - plants/m2 in 
the lots treated with Laudis OD - 200 ml/dka 
(96% efficiency), 28-plants/m2 for Elumis - 200 
ml/dka (91% efficiency) and 43-plants/m2 for 
Kaspar 55 WG - 30 g/dka (86% efficiency) - 
Tables 4 and 5. 
In 2012, the areas planted with maize were less 
weeded, which was due to the drought in April 
and early May. However, the weed associations 
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consist mainly of weeds belonging to the group 
of annual late-spring types mentioned above as 
well as some perennial types - Sorghum 
halepense Pers. The heavy precipitations within 
the period from the second half to the end of 
May (160.8 l/m2) improve the activity and the 
efficiency of the soil herbicides. The best 
control over weeds was exercised by 
Gardoprim plus gold 500 SK - 400 ml/dka 
(98%) and Lumux 538 SK – 400 ml/dka (97%) 
-Table 6. The efficiency of the other two 
herbicides Wing - 400 ml/dka and Merlin flex 
in a dose of 42 ml/dka on the 28th day after 
spraying was 94% and 93%, respectively. 
In Table 7 shows the composition and the 
density of the weeds before being sprayed with 
leaf herbicides. The highest degree of weeding 
was registered in the zero control sample (574 
plants/m2) and of all types, the highest value 
was registered for Amaranthus retroflexus - 
292 plants/m2 . On the 20th day after applying 
the leaf herbicides, the efficiency was the 
highest in the variants treated with Laudis OD - 
200 ml/dka and Stelar in a dose of 100ml/dka - 
99%. The other two leaf herbicides-Kaspar 55 
WG - 30 g/dka and Elumis - 200 ml/dka 
destroy 95% and 97% of the existing weeds. 
The duration of the herbicide effect lasted to 
the 40th day after spraying. 
 
CONCLUSIONS 
 
Of all examined soil herbicides, those that 
exercise excellent control over annual weeds on 
maize during the period of the experiment are 
the preparations Gardoprim plus gold 500 SK - 
400 ml/dka (99%) and Lumux 538 SK - 
400ml/dka (97%) as well as Wing - 400 ml/dka 
(97%). Very good efficiency was registered for 
Merlin flex in a dose of 42 ml/dka - 94.6%. 

The leaf herbicides Stelar-100ml/dka Laudis 
OD - 200 ml/dka destroy 96-97% of the 
existing weeds. The preparations Kaspar 55 
WG - 30 g/dka and Elumis - 200 ml/dka 
demonstrate selectivity of 90.5% to 94%. 
The duration of the effect of the examined 
herbicides is about 40-45 days. The selectivity 
of the preparations regarding the crop is 
excellent based on the EWRS scale. 
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Table 1. Weeds in number of square meters on the 28-th day after spraying soil herbicides – 24.05.2011 

Variants 
No. on scale 

Amaranthus 
retroflexus   

L. 

Solanum 
nigrum  

L. 

Chenopodium 
album   

L. 

Portulaca 
oleraceae  

L. 

Dathura 
stramonium   

  L. 

Xanthium 
strumarium  

L. 

Setaria 
viridis 

L. 

Setaria 
glauca 

L. 

Echinochloa 
grus-galli   

L. 

Sorghum
halepense 

Pers. 
Total 

1.Control (K1) 338 6 64 92 2 1 37 9 15 - 564 
2.Industrial control (K2) 62 9 19 233 1 1 51 23 59 - 458 
4. Lumux 538 SK-400 
ml/dka 

- - - - - - - - - - - 

6 Gardoprimplusgold 500 
SK-400 ml/dka 

- - - - - - - - - - - 

7. Wing-400 ml/dka - - - - - - - - 1 - 1 
10. Merlinflex-42 ml/dka 7  9 - 1 - 5 - - - 22 
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Table 2. Weeds in number of square meters on the 40-th day after spraying soil herbicides – 06.06.2011  

Variants 
No. on scale 

Amaranthus 
retroflexus   

 L. 

Solanum 
nigrum    

L. 

Chenopodium 
album    

L. 

Portulaca 
oleraceae   

L. 

Dathura 
stramonium    

 L. 

Xanthium 
strumarium  

L. 

Setaria 
viridis      

L. 

Setaria 
glauca   

L. 

Echinochloa 
grus-galli    

L. 

Sorghum 
halepense 

Pers. 
Total 

1.Control (K1)  360 16 64 92 8 1 37 9 15 - 602 
2.Industrial control (K2)  6 3 5 12 1 2 3 1 1 - 34 
4. Lumux 538 SK-400 
ml/dka 

- - - - - 1 - - - - 1 

6 Gardoprimplusgold 500 
SK-400 ml/dka 

- - - - - 2 - - - - 2 

7. Wing-400 ml/dka - - - 1 - 2 - - 1 - 4 
10. Merlinflex-42 ml/dka 5  3 - - 1 4 - - - 13 

 
 

Table 3. Weeds in number of square meters before making (folair application herbicides) – 27.05.2011 

Variants 
No. on scale  

Amaranthus 
retroflexus   

L. 

Solanum 
nigrum   

L. 

Chenopodium 
album     

L. 

Portulaca 
oleraceae   

L. 

Dathura 
stramonium   

  L. 

Xanthium 
strumarium  

L. 

Setaria 
viridis    

  L. 

Setaria 
glauca   

 L. 

Echinochloa 
grus-galli    

L. 

Sorghum
halepense

Pers. 
Total 

1. Control (K1)  342 8 64 94 6 1 37 10 15 1 578 
2. Industrial control 
(K2)  
 24.05.2011 year 

2 1 - - - 1 - - - - 4 

3. LaudisOD-200 
ml/dka 

34 1 54 106 2 - 65 6 - - 268 

5. Elumis-200 
ml/dka 

49 8 58 106 5 4 65 15 - 1 311 

8. Stelar-100 
ml/dka 

68 1 86 63 1 1 60 15 - - 295 

9. Kaspar 55 WE-
30 g/dka 

46 9 187 26 1 1 33 7 - 1 311 

 
 

Table 4. Weeds in number of square meters on the 20-th day after (folair application herbicides) – 16.06.2011 

Variants 
No. on scale 

Amaranthus 
retroflexus   

 L. 

Solanum 
nigrum 

L. 

Chenopodium 
album  

L. 

Portulaca 
oleraceae   

L. 

Dathura 
stramonium     

L. 

Xanthium 
strumarium  

L. 

Setaria 
viridis    

L. 

Setaria 
glauca    

L. 

Echinochloa 
grus-galli    

L. 

Sorghum 
halepense  

Pers. 
Total 

1.Control (K1)  408 27 73 99 14 6 45 13 18 3 706 
2.Industrial 
control (K2)  
24.05., 12.06.2011 
year 

2 1 - 2 - 1 - - - - 6 

3. LaudisOD-200 
ml/dka 

2 - 1 4 2 - 3 - - - 12 

5. Elumis-200 
ml/dka 

4 1 5 2 - 5 8 3 - - 28 

8. Stelar -100 
ml/dka 

1 - - 2 - 1 1 3 - - 8 

9. Kaspar 55 WE-
30 g/dka 

3 - 1 22 - - 11 5 -- 1 43 

 
 

Table 5. Weeds in number of square meters on the 28-th day after spraying soil herbicides, 2012 

Variants 
No. on scale 

Amaranthus
retroflexus 

L. 

Solanum 
nigrum 

L. 

Chenopodium 
album   

L. 

Portulaca 
oleraceae  

L. 

Dathura 
stramonium  

L. 

Xanthium 
strumarium  

L. 

Setaria 
viridis L.

Setaria 
glauca 

L. 

Echinochloa 
grus-galli  

L. 

Sorghum
halepense

Pers. 
Total 

1. Control (K1)  139 16 17.5 63 7 6.2 13.5 11.2 0.5 10 284 
4. Lumux 538 SK-400 
ml/dka 

- - - - - - - - - 9.3 9.3 

6. Gardoprimplusgold 500 
SK – 400 ml/dka 

- - - - - 1 - - - 5.5 6.5 

7. Wing-400 ml/dka 0.5 - - - 3 4 0.7 0.8 - 7.5 16.5 
10. Merlinflex-42 ml/dka 1 0.5 2 1.5 4 2.5 1.2 1.5 - 6.8 21 
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Table 6. Weeds in number of square meters before making (folair application herbicides) – 17.05.2012 

Variants 
No. on scale 

Amaranthus 
retroflexus  

 L. 

Solanum
nigrum   

L. 

Chenopodium 
album   

L. 

Portulaca 
oleraceae  

L. 

Dathura 
stramonium   

  L. 

Xanthium 
strumarium 

 L. 

Setaria 
viridis   

 L. 

Setaria 
glauca    

L. 

Echinochloa 
grus-galli   

L. 

Sorghum 
halepense   

Pers. 
Total 

1. Control (K1)  292 36 71 87 16 8 32 7 19 6 574 
2. Industrial 
control (K2)  
16.05.2011 year 

12 7 3 14 2 3 1 2 2 1 47 

3. LaudisOD-200 
ml/dka 

44 9 44 74 6 3 48 16 3 9 256 

5. Elumis-200 
ml/dka 

37 21 39 77 7 4 53 15 1 3 257 

8. Stelar-100 
ml/dka 

76 17 66 73 7 1 57 15 - 3 315 

9. Kaspar 55 
WG-30 g/dka 

56 13 87 76 6 1 33 13 - 3 288 

 

 

Table 7. Weeds in number of square meters on the 20-th day after (folair application herbicides) – 08.06.2012 

Variants 
No. on scale  

Amaranthus 
retroflexus    

L. 

Solanum 
nigrum    

L. 

Chenopodium 
album  

L. 

Portulaca 
oleraceae   

L. 

Dathura 
stramonium    

L. 

Xanthium 
strumarium   

L. 

Setaria 
viridis   

L. 

Setaria 
glauca  

 L. 

Echinochloa 
grus-galli    

L. 

Sorghum
halepense

Pers. 
Total

1. Control (K1)  361 57 73 99 24 11 45 13 28 13 724 
2.Industrial 
control (K2)  
 16.05., 06.06.2011 
year 

3 - 1 3 - 1 1 - - - 9 

3. LaudisOD-200 
ml/dka 

3 - - 2 - - 2 - - - 7 

5. Elumis-200 
ml/dka 

2 1 4 4 1 2 6 3 - 1 24 

8. Stelar-100 
ml/dka 

1 - - 3 - 1 1 1 - - 7 

9. Kaspar 55 WG-
30 g/dka 

3 - 1 19 - - 8 5 - 1 37 
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Abstract 
 
In the Câmpulung Muscel Depression, the soil surface mean annual temperatureover the past 40 years was 8.5°C, 
ranging between 7.3°C and 10.4°C.  During the year, the temperature of the soil surface was similar to air temperature, 
except the higher amplitude of the warmest month and the coldest month. The monthly minimum means of the soil was 
below the monthly minimum means of the air and, except for the months of January and December, themaximum mean 
was higher than the maximum mean of the air. The absolute minimum temperature of soilsurface was -33.0°C 
(February 19, 1985), and the absolute maximum was 56.8°C (July 2, 2003).  In the Câmpulung Muscel Depression, the 
last spring frosts and the first autumn frosts were the risk phenomena after May 1 and before October 5. The mean 
annual number of frost days on the ground was between 14.7 days in the decade 2001-2010 and 165.7 days in the 
decade 1981-1990. 
 
Key words: extreme frosts, temperatures, thermal amplitude. 
 
INTRODUCTION 
 
Climate variability affects all economic sectors, 
but agriculture remains the most vulnerable and 
its impact is more prevalent now, when climate 
change is becoming more accentuated (Qian et 
al., 2011; Selvaraju et al., 2011). 
Soil temperature represents the element 
thatdependson air heatingin its vicinity, 
influencing evaporation, the transformation of 
organic matter in soil, leaching or precipitation 
of soluble salts. At the ground surface, 
itconverts solar energy into heat energy 
(Kirschbaum, 1995; Frazer, 2009). 
Soil temperature is determined by the amount 
of solar energy incident on the surface, as well 
as the mutual exchanges of heat with the 
atmosphere and the deeper layers of soil. The 
size of the diurnal and annual variations is 
closely related to the physical properties of soil, 
water content, the nature of the plant, the 
presence of snow, altitude, land shape and 
slope orientation and inclination (Mavi, 2000; 
Bai et al., 2011). 
Plant growth and development are placed in a 
complex 'Soil-Plant-Atmosphere' system which 
runs a series of physical, chemical and 
biological processes that are interdependent 
with each other, the temperature which plays an 

important role (Helms et al., 1997; Singh et al., 
1998; Stone et al., 1999; Porter et al., 2000). 
 
MATERIALS AND METHODS 
 
In this study we used the climate data archive 
of the Câmpulung Muscel Meteorological 
Station recorded in the period 1971-2010 
(A.N.M.) and we calculated and interpreted: 
- the daily, monthly, annual and decadal means; 
- the minimumand maximum means; 
- the monthly amplitude of extremes; 
- the data over the threshold of 0°C; 
-the duration of the interval without frost. 
 
RESULTS AND DISCUSSIONS 
 
The soil, as a solid medium, has a heating 
potential much greater than the atmosphere, 
whereas the heat transmission to the interior by 
thermal conductivity is quite low, especially if 
the soil is dry. Thus, under the action of sun 
radiation, the soil surface temperature reaches 
very high values during the summer and during 
the night; in the absence of solar radiation, heat 
loss is fast, which causes diurnal variations. 
The annual mean temperature is the most 
synthetic parameter of soil temperature, which 
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highlightsits particular role as a source of heat 
(Clima României, 2008). 
At Câmpulung Meteorological Station, the 
annual mean temperature of the ground surface, 
calculated for the period 1971-2010, was 
8.5°C. The lowest annual mean temperatures 
were recorded in 1973, 1976 (7.3°C), 1978 and 
1980 (7.5°C) while the highest were recorded 
in 2007 (10.4°C) and 2008 (9.8°C). These 
values indicate, the annual mean temperature of 
the soil surface variability of 3.1°C, from 7.3°C 
to 10.4°Cover the last 40 years (Figure 1). 

 

 
Figure 1. Mean annual temperatureof soil surface 

recorded at Câmpulung (1971-2010) 
 

During the year, the mean temperature of the 
soil surface was similar to air temperature, with 
the difference that the amplitudes of the 
warmest (July) and the coldest month (January) 
were greater than the amplitude of air 
temperature, 24.8°C - the amplitude of soil 
temperatures, compared to 20.0°C - the 
amplitude of the air temperature (Figure 2). 

 

 
Figure 2. Mean monthly temperature variation of surface 

soil and air recorded at Câmpulung (1971-2010) 
 

The magnitude of the increase results from the 
fact that in winter, when thermal radiation 
cooling and chord inversions prevail, the soil 
surface temperature is lower than in the middle 

of the warm season, when active surface heats 
up very much, soil temperature substantially 
exceeding air temperature. The lowest monthly 
mean temperature values were recorded in 
January (-4.0°C), and the highest in July 
(20.8°C). 
The decadal evolution of the monthly mean soil 
surface temperatures recorded a major increase 
in temperature in the decade 2001-2010. Thus, 
the mean temperature of the soil surface in the 
months of January and July was -3.5° C and 
21.6°C, i.e. 0.5°C or 0.8°C higher than the 
mean of the period 1971-2010 (Figure 3). 

 

 
Figure 3. Decadal temperature evolution of the monthly 
mean of the soil surface recorded at Câmpulung weather 

station (1971-2010) 
 

The diurnal cycle of soil surface temperature 
was determined by the evolution of sun 
radiation and the Earth's rotation movement. It 
recorded a minimum in the morning hours 
occurring earlier in summer and later in winter, 
and a maximum in the early hours of the 
afternoon. At Câmpulung, the soil surface 
mean temperature in January, for the interval 
1971-2010 at 700, was -6.0°C, and at 1300 was 
1.1°C  (Figure  4). The lowest soil surface 
mean temperature, in the morning hours of 
January was -12.4 C recorded in 1985, and the 
highestwas -2.2°C in 1988. 
Atmidday, the lowest value of the multiannual 
mean temperature of January was -2.0°C 
between 1972 and 1987, and the highest was 
5.0°C recorded in 2007. In July, the real 
minimum temperature soccured between 100 
and 700 and were slightly lower than the 
temperature at 100. The mean temperature in the 
afternoon was 32.0°C, the lowest mean 
(26.0°C) being recorded in 1979 and the 
highest (41.2°C) in 2007. In April and October, 
the soil surface mean temperatures were close 
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at noon, being 17.8°C and 18.4°C, respectively. 
In April, the lowest mean midday temperature 
was recorded in 1997 (12.4°C) and the highest 
of 23.3°C recorded in 2007. In October, the 
lowest mean (12.6°C) was recorded in 1972 
and the highest (23.3°C) in 2000. 

 

 
Figure 4. Daily variation of mean ground surface 
temperature, recorded at Câmpulung (1971-2010) 

 
In the Câmpulung Muscel Depression, the daily 
mean temperature oscillations of the ground 
surface overlap the oscillations of air 
temperature, in the winter recording the 
highestdaily temperature variations (Figure 5) 
(Chichirez et al., 2012). 
Thus, in January 2010, the soil surface mean 
temperature decreased to 4.7°C in the first 
decade to -21.2°C in the third decade, then it 
increasedduring the following six days, 
reaching -0.7°C (Figure 5). 

 

 
Figure 5. Evolution of daily mean air temperature at 

ground surface at Câmpulung (1971-2010) 
 

During the summer, the interdiurnal 
oscillations of the soil surface temperature were 
lower, mean values increasing from 17.8°C at 
the end of July to 29.4°C in the first days of 
August. 

The mean monthly minimum soil surface 
temperature, calculated over the last 40 years at 
Câmpulung, was negative in November and 
March, with values ranging between -2.5°C in 
November and -9.3°C in January. In the 
warmest month (July), the minimum mean 
temperature reached 10.6°C. During the year, 
the monthly mean of minimum soil surface was 
below the minimum mean of air temperature 
(Figure 6). 

 

 
Figure 6. Monthly variation of minimum soil surface and 

air temperature at Campulung (1971-2010) 
 

At Câmpulung, the mean monthly maximum 
temperature of the soil surface, calculated for 
the period 1971-2010, was positive throughout 
the year, ranging between 2.9°C in January and 
38.1°C in July. With the exception of January 
and December, in the remaining months, the 
mean temperature of the soil surface was higher 
than the air temperature, the differences 
reaching 13.6°C in July (Figure 7). 

 

 
Figure 7. Monthly variation of maximum soil surface and 

air temperature at Câmpulung (1971-2010) 
 

At the level of the soil surface, the mean 
amplitude of the monthly extremes recorded 
the highest values in the warm season, unlike 
the magnitude of the air, when the highest 
values were recorded during the cold season. 
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Thus, from April to October, the amplitudes 
ranged from 21.6°C to 27.5°C, and in winter 
they ranged between 11.1°C in December and 
17.0°C in March (Figure 8). 

 

 
Figure 8. Mean amplitude of extreme temperatures, 

recorded at Câmpulung (1971-2010) 
 

Analyzing the daily variation of the minimum 
temperatures in 2010, it was found that the 
minimum soil was is less than the minimum of 
air temperature, the greatest differences being 
recorded in winter, up to 9.1°C; in summer they 
were up to 4.8° C (Figure 9). 

 

 
Figure 9. Minimum daily ground surface and air 

temperature evolution at Câmpulung in 2010 
 

In the Câmpulung Muscel Depression, the 
minimum temperature in the period 1971-2010 
was –33.0°C recorded on February 19, 1985. 
The GEV curve high lighted possible negative 
temperatures higher than the recorded ones. 
Thus, probabilistic calculation showed 
that  every 100 years (0.01%) the minimum 
temperature of the ground surface can reach -
36.6°C, every 50 years (0.02%) they can 
exceed -34.4°C, and every 20 years (0.05%) 
they can exceed -31.6°C (Figure 10). 

The lowest temperatures recorded hadan 
assurance of 2.44% (-33.0°C), 4.88% (-30.6° 
C) 7.32% (-30.2°C) and 9.76% (-28.6°C). 

 

 
Figure 10. Assurance of annual minimum temperature 
ground surface, measured and estimated at Campulung 

(1971-2010) 
 

The daily maximum temperature evolution of 
the ground surface was similar to air 
temperature, oscillations occurring every day. 
If the two elements overlapped or recorded 
close valuesduring the cold season, in hot 
season the differences increased very much, 
being over  20°C in May, June, July and 
August (Figure 11). 

 

 
Figure 11. Maximum daily ground surface and air 

temperature evolution at Câmpulung in 2010 
 

At Câmpulung Muscel meteorological station, 
the absolute maximum ground surface 
temperature was 56.8°C recorded on July 2, 
2003. 
The probabilistic calculations after Gumbel 
Max double exponential functionshowed that 
the maximum temperature of the ground 
surface might reach 61.9°C every 100 years, 
59.9°C (0.02%) every 50 year sand 57.4°C 
(0.05%) every 20 years (Figure 12). 
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Late spring and early autumn frosts posed risk 
phenomena at Câmpulung Muscel after  May 1 
and before October 5. 

 

 
Figure 12. Assurance of annual maximum temperature 
ground surface, measured and estimated at Câmpulung 

(1971-2010) 
 

Late spring and early autumn frosts posed risk 
phenomena at Câmpulung Muscel after  May 1 
and before October 5. 
The risk of the last spring frost in the ground 
was 41% until May 5, 22%  until May 10.7% 
up to May 25 and 2% until June 2 (Figure 13). 

 

 
Figure 13. Assurance curve of the last frost onground 

surface at Câmpulung (1971-2010) 
 

The probability of producing the first ground 
frost before October 1 was around 10% until 10 
September, 16% until September 15, 25% until 
September 20 and 37% by September 30 
(Figure 14).  
Generally,  in the Câmpulung Depression, the 
days with frost on the ground occur in October, 
their number ranging between 7.9 days in the 
decade 2001-2010 and 12.3 days in decades 
1971-1980 and 1981-1990, but there were years 
when they occurred in September. 
 

 

 
Figure 14. Assurance curve of the first frost on ground 

surface at Câmpulung (1971-2010) 
 

The last few days with frost on the ground were 
recorded in April, but there were years when 
this phenomenon occurred in May. A singular 
case occurred in 1990, when minimum 
temperature at the ground surface fell below 
0°C on June 1 and 2 (Figure 15). 

 

 
Figure 15. Monthly mean number of frost days on 

ground surface, recorded at Câmpulung meteorological 
station (1971-2010) 

 
The mean annual number of days with frost on 
the ground was between 147.7 in the decade 
2001-2010 and 165.7 in the decade 1981-1990. 
In Câmpulung, radiation cooling during the 
night resulted in a mean frost free range 
between 142 days in the decade 1981-1990 and 
165 days in the period 2001-2010, the mean of 
the decade being 152 days (Figure 16). 
 

  
Figure 16. Annual mean number of frost days on ground 

surface, recorded at Câmpulung (1971-2010) 
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Thermal processes (cooling and warming) 
occurring onthe soil surfacefall within the 
normal range asthe Câmpulung Muscel 
Depression is positioned at the foot of the Iezer 
Mountains, safe from the cold continental air 
circulation from the East and Northeast. 
 
CONCLUSIONS 
 
At Câmpulung Muscel, the annual mean 
temperature of the ground surface, calculated 
for the period 1971-2010, was 8.5°C. 
The soil surface temperature recorded during 
the year was similar to air temperature, with the 
difference that the amplitudes of the warmest 
month and the coldest month were higher. 
Throughout the year, the monthly mean of the 
soil was below the minimum mean temperature 
of the air, and, except for January and 
December, when it was higher than the mean of 
the air. 
The absolute minimum temperature of the soil 
surface was 33.0°C (February 19, 1985) and 
the absolute maximum was 56.8°C (July 2, 
2003). Late spring and early autumn frosts 
constituted risk phenomena in Câmpulung 
after  May 1, and before October 5. 
The average annual number of days with frost 
on the ground ranged between 147.7 in the 
decade 2001-2010 and 165.7 in the decade 
1981-1990. 
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Abstract 
 
One of the main objectives of the Kyoto Protocol and also the global directives is the reduction of GreenHouse Gas 
emissions (GHG) from consumption of fossil fuels and biofuels used mostly for transportation. Nowadays, a very 
important aspect is the technology process for production of biofuels together with the by-products from different 
renewable sources of raw materials. In this study two sources of oil for biofuels production in Romania, are studied: 
the well-known Rapeseed (Brassica napus) and Camelina (Camelina sativa), a new source of oil for several type of 
biofuels. 
Depending on the kind raw materials used, the by-products obtained during crushing of seeds and after 
transesterification or hydrogenation and hydrotreatment of the oil  can be used either as feed stocks, or as secondary 
fuels. 
In this study the Camelina cultivation requirements is assess by the authors, as well as the pilot scale oil recovery to 
calculate life cycle analyses of greenhouse gas (GHG) emissions and energy demand; a  comparison with the rapeseed 
cultivation in Romania is also conducted. The team has determined the response to model assumptions including the 
allocation methodology, as part of N fertilizer application rate. 
The use of Nitrogen as a fertilizer, the use of Rapeseed and Camelina by-products can also be related for further GHG 
emissions and energy consumption assessment and investigation. The best result obtained for camelina value chain, 
regarding the greenhouse gas emissions reduction was over 60%  compared to petroleum jet fuel reported. 
 
Key words: life cycle assessment, renewable jet fuel, camelina cultivation, rapeseed cultivation, by-products. 
 
INTRODUCTION 
 
The transport industry is an indispensable link 
for everyone, from public and private to small 
or big companies.  Considering the safety of 
our planet, as well as energy security, we need 
to develop new renewable energy sources with 
less Green House Gas emissions, with gentle 
environmental impact. This is a global 
objective that makes the transport industry to 
seek new sources of alternative fuels. 
The goal for reduction of (GHG) emissions is 
covered by the Kyoto Protocol and the EU 
Directive 2009/28/EC (RED). The Directive 
endorsed a mandatory target of a 20% share of 
energy from renewable sources in overall 
Community energy consumption by 2020 and a 
mandatory 10% minimum target to be achieved 

by all Member States for the share of biofuels 
in the transport sector by 2020 (UN Doc, 
1997). 
Moreover, the RED introduces environmental 
sustainability criteria for biofuels that are to be 
taken into account for the achievement of the 
imposed targets (UN Doc, 1997). 
Camelina is a new oilseed crop that has been 
gathering a worldwide interest in bio-fuels. 
Other possible bio-based products from 
camelina include bio-lubricants and animal 
adjuvant feed. Most recently, the jet fuel 
market has emerged as a potential business 
opportunity for camelina oil and, therefore, 
camelina producers (Vakulabharanam, 2010). 
Camelina plant (Camelina sativa) is an annual 
crop, it grows to a height of approximately 60-
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100 cm and the camelina seeds contain around 
35-45% oil (Imbrea, 2011). 
Camelina is primarily an energy crop, with 
high oil content for industrial use, as a 
feedstock to produce renewable fuels. 
The by-product obtained from the oil extraction 
(camelina meal/camelina cake) is used as high 
protein animal adjuvant feed. 
Camelina is suitable to be used as an oilseed 
rotational crop with traditional crops and more 
important, it has a good potential for cultivation 
on marginal, uncultivated and contaminated 
land. 
Camelina, though cultivated for over 2,000 
years in the area for its seeds containing 30-
45% oil, it was used as adjuvant food, in the 
dye industry, in the soap industry, and, more 
recently, for bio fuel. However, it is little 
known at present in Romania, though soil and 
climate conditions are favourable for this crop 
(Bugn ruc, 2007). 
The oil from camelina seeds, a golden liquid, 
contains over 50% polyunsaturated essential 
fatty acids, and particularly linoleic and alpha-
linoleic acids. Camelina oil is 10 times richer in 
these acids than many other vegetal oil and it is 
also suitable for human adjuvant consumption 
(Alice, 2007; Putnam, 1993; Tabara, 2007) 
Camelina oil is also a rich source of essential 
omega-3 and omega (Tabara, 2007). 
A cholesterol reducing effect of camelina oil 
was confirmed in some trials involving 
volunteers. The reduction of cholesterol in 
blood serum was ascribed to the synergistic 
effects of alpha linolenic acid and antioxidants 
(FAO, 2012). 
Besides the major exploitation as dietary 
supplement in salads and in various cold 
dishes, camelina oil can be also used for 
cooking, baking and frying. An official test 
confirmed that camelina oil is suitable for 
frying beef, fish, eggs and vegetables 
(Reenberg, 1994). 
During frying for up to 15 min at the 
temperature of 1800C, no rancidity was 
detected. However, prolonged heating 
accelerated the release of volatiles and the 
formation of polymerization and oxidation 
products (Zubr, 2009). 
Camelina meal is rich in protein, fat and 
essential n-3 and n-6 fatty acids, and could be 
incorporated into poultry rations as a source of 

energy, protein and essential n-3 and n-6 fatty 
acids (Zubr, 2009). 
Camelina oil also helps cell regeneration and 
skin elasticity and slenderness recovery [8]. 
The specificity of camelina oil is due to its 
basic properties, i.e.: 
- physical and chemical composition; 
- long preservation period (up to 2 years); 
- lower freezing point than rapeseed (-47/-48 

C), which meets the requirements for 
aviation biofuel. 

Life Cycle Assessment 
Life Cycle Assessment (LCA) is a technique 
used to assess the environmental impacts of a 
product during its entire life cycle from the 
“cradle”, where raw materials are cultivated, 
through production and final application to the 
“grave” or in our study to the “engine” 
(ISO14040, 1997). 
The evaluation of the life cycle of a product can 
also be used to compare two different 
production processes in terms of use of 
resources and emissions. 
As defined by ISO standards and several 
studies, a correct LCA assessment consists of 
four major phases: 
1) Goal and Scope Definition; 
2) Inventory analysis; 
3) Impact assessment; 
4) Interpretation. 
LCA stages 
The Goal and Scope definition provides the 
basis of the study through 5 fundamental steps: 
a) Drawing of initial flowchart for camelina 
cultivation chain; 
b) Choice of functional unit and reference flow; 
c) Choice of impact assessment method and 
related impact categories; 
d) Definition of system boundaries; 
e) Decision on allocation problems. 
The initial flowchart is the starting point of the 
study and it shows which processes are 
involved in the system and their primary or 
secondary connections. 
The functional unit is the unit of measurement 
to which all the data relate. It allows the 
comparison among different systems, which are 
functionally equivalent, determining energy 
and mass flows in relation to its value. 
There are two different types of impact 
assessment methods: the methods which deal 
with the impacts caused by the production 
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processes directly to the environment (mid 
points methods) and those dealing with the 
indirect effects to human health, ecosystem 
health and resources (end points methods). 
Both of them are characterized by impact 
categories (ISO14042, 2000). 
System boundaries define the limits of the 
study stating for example the processes 
involved in the system (technical boundaries), 
the time horizon and the geographical 
boundaries. 
Where physical relationship cannot be 
established as the basis for allocation, the 
environmental loads (resource consumption, 
energy consumption, emissions to air, soil and 
water etc.) should be allocated among the 
products in a way which reflects other 
relationships between them, for example the 
economic value. 
The second phase of a LCA analysis is the 
Inventory analysis (LCI). This step includes: 
the construction of the assessment plan 
according to the system boundaries decided in 
the goal and scope definition phase; the data 
collection of the inputs and outputs flows in 
each technology or production process and the 
calculation of the environmental impacts of the 
system in relation to the functional unit. 
The Impact Assessment (LCIA) is a phase 
which aims to describe the environmental 
consequences of the environmental loads 
quantified in the Inventory Analysis. The 
Impact Assessment is divided in four steps: 
Classification, Characterization, Normalization 
and Weighting [ISO14042,2000]. 
Life cycle Interpretation analyzes the findings 
of the preceding phases of the LCA, reaching 
conclusions and providing recommendations to 
improve the environmental performances of the 
system studied [ISO14043, 2000]. 
 
MATERIALS AND METHODS 
 
This study assesses the cultivation requirements 
of Camelina in Agricultural stage and energy 
demand, as well as the pilot scale oil recovery 
to calculate life cycle analyses of greenhouse 
gas (GHG) emissions, as well as  energy 
demand by comparison with the rapeseed 
cultivation in Romania. 
 
 

LCA methodology 
In this case-study for Romania, we used the 
data obtained during camelina cultivation in 
2010-2011, in Romania, Giurgiu county, 
Prunaru village. 
The LCA methodology was applied for 
agricultural step. 
Plant description  
From 2010, in cooperation with several farmers 
from different regions of Romania, we started 
to cultivate Camelina sativa as a new source of 
oil in order to obtain different biofuel sources 
for public transportation, including jet fuel and 
meal for live feed stocks (Figure 1). 
Our first assessment focused mostly on the 
agricultural stage,  involving later the seed 
crushing technology, including oil and meal 
obtained after crushing; the  economic and also 
environmental benefits were also relieved. 
From GHG point of view, the agricultural stage 
is the process that causes major GHG emissions 
because the technical level of the technology 
for production of oilseeds (>60%) includes the 
emissions due to the utilization of direct energy 
by using mechanical equipment and also 
indirect energy, such as N fertilizer. 
Other important aspects of vegetable oil 
production are the by-products obtained at the 
crushing stage and their subsequent 
use.  Camelina has sustainable by-products that 
can be used as feed stocks with no other further 
conditioning. 

 

 
Figure 1. Camelina plant at flowering 

 
Cultivation technology 
Agricultural stage of Camelina sativa: 
- The cultivation technology of camelina 
sativa was the following one: sowing was done 
1-2 cm in the soil, with 6 kg/ha of seed. The 
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biological material used was a local population 
of the NARDI-Institute of Fundulea (Romanian 
Camelia variety). 
- Winter wheat was the pre-emergent crop. 
- Soil works consisted in summer till 20-23 cm 
in the soil, with a plough aggregated with a star 
harrow, done right after wheat harvesting and 
straw removal from the field. 
- Phosphorus fertilizers applied as 
superphosphate and potassium fertilizers 
applied as potassium salts were incorporated 
under the summer till, while nitrogen fertilizers 
applied as ammonia nitrate was incorporated in 
spring, upon preparation of the germination 
bed, with a combinator. 
- Sowing was done in all three experimental 
years in the third decade of March. 

- Maintenance works consisted of harrowing 
after sprouting and weeding when the plants 
were 7-10 cm tall. 
- During vegetation there was no need to treat 
the crop to control diseases or pests. 
- Harvesting was done upon maturity, with a 
Hege experimental combine. 
- The crop from each variant was cleaned from 
silicules, weighed and reported per ha. Crop 
assessment was done when moisture reached 
11%. 
 
RESULTS AND DISCUSSIONS 
 
In order to check the LCA inputs we calculated 
the costs for camelina crop (Table 1). 
The technology costs with minimal tillage was 
calculated for camelina crop (1 ha, 2011):

 
Table 1. Camelina technology costs with minimal tillage 

Operation €/ha
Ploughing 44.00
Power harrowing 15.00
Fertilizing 5.00
Fertilizers 112.00
Disk harrowing 14.00
Seeds 10.00
Seeding 14.00
Harvest 52.00
Seed sifting and drying 27.00
Lease 40.00
Unexpected expenses – weed and pest control 56.00
TOTAL* 387.00
 ± 10%, depending of each farmer level of agricultural machines and equipment
 
In the Table 2, we can see the production yield 
for Camelina sativa (2011 in Romania, Giurgiu 
county) and rapeseed, too.
 

Table 2. Production yield between camelina and rapeseed 

Area counted - 1 ha Camelina sativa* Rapeseed
Seed production (kg) 1500 3400
Oil content % 40 43
Oil quantity after crushing  (kg) 484 1190
Oil density at 200C (g/cm3) 0.9219 0.9186
Oil quantity after crushing  (l) 525 1295
Cake quantity after crushing (kg) 1016 2210
 Minimal tillage
 
Chemical characterization of camelina 
products  

Chemical characterization of camelina oil, 
obtained in 2011, in Romania is described in 
Table 3.
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Table 3. Chemical characterisation of camelina oil 

FATTY ACID U/M VALUE
FATS (F) g%g sample Camelina Oil
MYRISTIC ACID C14:0 g%g  (F) 0.10
PALMITIC ACID C16:0 g%g  (F) 6.51
PALMITOLEIC ACID C16:1 g%g  (F) 0.18
STEARIC ACID C18:0 g%g  (F) 2.15
OLEIC ACID C18:1n9 g%g  (F) 16.27
LINOLEIC ACID C18:2n6 g%g  (F) 20.99
LINOLENIC ACID C18:3n6 g%g  (F) 35.58
CONJUGATED LINOLEIC ACID C18:2         g%g  (F) 1.06
LINOLENIC ACID C18:3n3 g%g  (F) 11.59
ERUCIC ACID C22:1n9 g%g  (F) 1.60
ARACHIDONIC ACID C20:4n6 g%g  (F) 1.11
DOCOSADIENOIC ACID C22:2n3 g%g  (F) 2.24
OTHER FATTY ACIDS g%g  (F) 0.61
 
The value of Erucic Acid, Linolenic Acid and 
Docosadienoic Acid makes the camelina oil 
suitable for animal diets. 

Physical and chemical properties of camelina 
meal are presented in Table 4 and 5.

 
Table 4. Physical and characteristics of camelina meal 

Description U/M Value
Dry substance g% 91.37
Crude Protein g% 33.35
Crude Fat g% 9.34 
Crude cellulose g% 12.64
Crude ash g% 5.96 

 
Table 5. Chemical characteristics of camelina meal 

FATTY ACID U/M Value
MYRISTIC ACID C14:0 g%g  (F) 0.17
PALMITIC ACID C16:0 g%g  (F) 9.12
PALMITOLEIC ACID C16:1 g%g  (F) 0.52
STEARIC ACID C18:0 g%g  (F) 2.70
OLEIC ACID C18:1n9 g%g  (F) 17.71
LINOLEIC ACID C18:2n6 g%g  (F) 24.58
LINOLENIC ACID  C18:3n6 g%g  (F) 0.13
LINOLENIC ACID  C18:3n3 g%g  (F) 26.92
ARACHIDIC ACID C20:0 g%g  (F) 1.17
EICOSENOIC ACID C:20(1n9) g%g  (F) 10.10
OCTADECATETRAENOIC ACID C18:4n3 g%g  (F) 0.80
ACID EICOSADIENOIC C20:n6          g%g  (F) 1.61
ERUCIC ACID C22:1n9 g%g  (F) 0.86
ARACHIDONIC ACID C20:4n6 g%g  (F) 0.26
EICOSAPENTAENOIC ACID C20:5n3 g%g  (F) 2.18
DOCOSATETRAENOIC ACID C22:4n6 g%g  (F) 0.30
DOCOSAPENTAENOIC ACID C22:5n6 g%g  (F) 0.16
DOCOSAHEXAENOIC ACID C22:6n3 g%g  (F) 0.43
Other fatty acids g%g  (F) 0.28
 
It can be observed that Camelina meal contains 
important amount of Linolenic acid (18:3 n-3) 
(an omega-3 fatty acid), and crude protein. Due 
to the high oil content, omega-3 fatty acid and 
crude protein, finding alternative use of 
camelina meal (a co-product obtained from 

camelina seed after oil extraction) in animal 
diets will increase the market value of the crop. 
The GHG emissions for using the by-products 
as feed stocks are reduced to minimum value 
and also the economically impact for the entire 
chain will be a significant one. 
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We calculated the energy input annual-
equivalent CO2 emission per ha and per GJ; the 

results are showen in Table 6.

  

Activity 

Combiner

Surface
ha 

Diesel 
Energy 

MJ 

Agro 
chemicals 

Track Agriculture 
equipment 

Specific 
consume 

L/ha

Consume 
L 

Specific 
consume 

kg/ha
0 1 2 3 4 5=3*4 6=5* *LHV 7
Preparing for sowing. 
Disc harrowing 1 

JD 7530 
Premium Super disc 6.4 3 11.5 34.5 1,237.1 - 

Fertilization: complex 
20.20.0 – 250 kg/ha U 650 MA 6 3 1.7 5.1 182.9 50 a.s. N

50 a.s. P2O5

Disc harrowing 2 JD 7530 
Premium Super disc 6.4 3 11.5 34.5 1,237.1 - 

Seeding U 650 Seeder SC31DN 3 4.2 12.6 451.8 6.0 (seed)
Fertilization: ammonium 
nitrate – 250 kg/ha U 650 MA 6 3 1.7 5.1 182.9 82.5 a.s. N 
Herbicides (Ridomil 68 VG) - Self-propelled 3 2.0 6.0 215.2 1

Harvesting - Harvesting 
combine NH 3 11.0 33.0 1,183.4 - 

Total  - - - - - 4,690.4 -
LHV diesel = 43.1 MJ/kg, diesel = 832 kg/m3, 
a.s. – active substance
 
In this experimental assessment we calculated 
indirect inputs and emissions: intrinsic energy, 
i.e. that spent to obtain agricultural production 

factors (fertilizers, pesticides, machinery, 
infrastructure, etc.) and emissions generated in 
the crop technique processes (Fazio, 2011).

 
Table 6. Experimental camelina cultivation total inputs and emissions for agricultural step (1 ha)  

 
The assessment of indirect inputs and related 
emissions per Ha was performed by the 
following principle: 
Goods totally consumed (e.g. fertilizer, 
pesticides): 
Energy input  = unit energy* input   x  total 
amount used 
Emissions = pollutants per unit  x  total amount 
used 
Goods and infrastructure partially consumed 
(e.g. machinery): 

Energy input = unit energy* input   x  amount 
used  x  % wearing** 
Emissions = pollutants per unit  x  amount 
used  x  % wearing** 
*of the energy spent to produce the good, not 
of the energy contained in it. 
**example: tractor weight (100 kW) 6500 kg; 
expected lifetime 10000 h;  utilization 20 h/ha; 
fraction consumed = 6500 x 20/10000 = 13 
kg/ha; 
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unit energy input 126 MJ/kg or 5.6 kg/kg CO2 
equivalents; 
Energy input: 13x126 = 1638 MJ;  CO2 eq. 
emission: 13x5.6 = 72.8 kg 
Also for direct inputs, the energy spent to 
produce them must be added to the intrinsic 
content (e.g. diesel intrinsic energy =  44 
MJ/kg; as direct input, 53 MJ/kg). 
During our study the response to model 
assumptions has been determined, including the 
allocation methodology, as part of N fertilizer 
application rate. 
LCA calculation for agricultural stage, with 
minimum tillage, shows 31404.4 MJ/ha energy 
input and 1218.9 kg/ha of CO2 emissions. 
The results obtained for camelina value chain, 
regarding the greenhouse gas emissions 
reduction was over 60% against petroleum jet 
fuel reported. 
The use of Nitrogen as a fertilizer, the use of 
Rapeseed and Camelina by-products can also 
be related for further GHG emissions and 
energy consumption assessment and 
investigation. 
 
CONCLUSIONS 
 
This paper deals with the assessment of Life 
Cycle Analysis of camelina value chain in 
Romania, considering the GHG emissions 
reduction according to Kyoto protocol and the 
RED. It identifies the LCA phases, its stages, 
and methodology. 
Cultivation technology is explained in depth 
and results are illustrated in several tables.  A 
comparison is made between camelina yield 
and the rapeseeds. Also, the chemical 
characteristics of camelina meal are presented, 
as well as its cultivation inputs. The assessment 
of indirect inputs and related emissions per ha 
was performed. 
LCA calculation for agricultural stage, with 
minimum tillage, shows  31404.4 MJ/Ha 
energy input and 1218.9 kg/Ha of CO2 
emissions. The assessment energy inputs and 
CO2 emissions were related to the experimental 
field from Prunaru, Giurgiu county, Romania, 
for autumn camelina (2010-2011). 

The step with the highest energy input and also 
CO2 emissions is the fertilizing with N. 
The by-products are very important for the 
entire value chain, they are suitable to be used 
as poultry, fish or animal diets with a 
perspective of a small amount for further GHG 
emissions. 
The results obtained for camelina value chain 
regarding the greenhouse gas emissions 
reduction was over 60% against petroleum jet 
fuel reported. 
However, more research is needed to have a 
better picture of the LCA across the entire 
camelina value chain. 
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Abstract 
 
Natural hybrids between wild species in Triticeae and common winter wheat (Triticum aestivum) are important part of 
breeding due to the mechanism of their creation, and because of the opportunity various qualities from the wild species 
to be more easily transferred into the genome of cultural plant. At the same time their detection in natural environment 
is difficult due to limited opportunities for interspecific and intergeneric pollination, fertilization and seed formation. 
One of the most common wide natural hybrids in wheat agrocenoses resulting from crosses between Aegilops cylindrica 
as a maternal component and bread wheat as a paternal component. In the survey conducted during 2008 the natural 
hybrid EXO F1 (Aegilops cylindrica x Triticum aestivum) was found, and its spikes were collected and analyzed for the 
presence of fertility. From the 10 found seeds only one seed germinated in 2009, and developed into second generation 
hybrid plant (EXO F2) which reached maturity. The flowering is an  open type and continues for a long period of time. 
Obtained 11 spikes were observed and all of them were determined as completely sterile. Throughout the period of its 
growth EXO F2 does not give indications of attack by pathogens of powdery mildew and brown rust. There have not 
been monitored any symptoms and lesions of the same pathogens when collecting EXO F1. Natural hybrids were 
distinguished by resistance to herbicides transferred from cultural plant because EXO F1 was found in agrocenosis, 
where treatment against all weed groups was applied. Despite their negative specifications, natural hybrids are a 
valuable source of genes encoding resistance to biotic and abiotic stress and they could become a good source of 
breeding material. 
 
Key words: Aegilops cylindrica, natural hybrids, Triticum aestivum L. 
 
INTRODUCTION 
 
Bread wheat (Triticum aestivum L.) is one of 
the most important food crops worldwide. The 
main task facing any economy is the 
sustainable production of this crop, coupled 
with continuous improvement in yield and 
quality of the production. This should be 
achieved through the development of new and 
improvement of existing technologies for 
growing, but also by using the classical 
breeding methods - creation of new varieties. In 
front of the modern breeders prime task is to 
develop lines and varieties that combine high 
yield and quality of bread wheat, but also the 
creation and introduction of genetic resistance 
to economically important pests. In this regard, 
searching, selection and use of suitable starting 
breeding material is the most serious problem 
for the wheat breeding. As promising in this 
regard are natural hybrids of bread wheat. 
The occurrence of natural hybrids between 
wheat cultivars and their phylogeneticaly 

related species allows much more easily 
qualities of the wild type as resistance to 
pathogens and pests (Spetsov, 1998; Plamenov, 
2003), cold resistance, metal toxicity 
(Landzheva et al., 2003) and others to be 
transferred into other cultures. Natural wide 
hybridization is a process in which the species 
incompatibility was eliminated which leads to 
biodiversity and a new combination of the 
genetic material. This process could be 
regarded as completely random, but on the 
other hand it could also be regarded as a 
mechanism of plant evolution (Ayala and 
Kiger, 1987). The result of such a process is the 
creation of bread wheat. By combining 
Triticum urartu (2n = 2x = 14, AA) and 
Aegilops speltoides (2n = 2x = 14, BB (SS)) is 
obtained tetraploid species Triticum turgidum 
ssp. dicoccoides (2n = 4x = 28, AABB), which 
is subsequently crossed with Aegilops tauschii 
(2n = 2x = 14, DD) which gives the beginning 
of the hexaploid wheat (Stoyanov et al., 2010). 
This multi-level process does not go through 
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intercourse alone and unilaterally, but over a 
long period of time. Along with the parallel 
polyploidisation similar species are separated 
(Matsuoka, 2011). This is the reason why the 
same subgenomes can be found in polyploid 
representatives of Triticeae (Nakai, 1981). The 
result of the natural process of wide 
hybridization is a wide variety of polyploid 
species in the same family. However, natural 
hybridization as a speciation mechanism should 
not be taken as strictly logical as the creation of 
new species is the result of a combination of 
other natural factors (natural mutation and 
natural disturbances in mitosis and meiosis, 
plant-plant interactions, plant- pests 
interactions, etc.). 
In contrast, species formation, which occurs 
over a long period of time, natural 
hybridization occurs in agroecosystems more 
often, but relatively discreet. This is due to the 
fact that often the resulting natural hybrids are 
completely sterile, and if not, then the seed is 
unviable (Ayala and Kiger, 1987). Often hybrid 
in wheat agroecosystem is Aegilops cylindrica 
x Triticum aestivum, due to the prevalence of 
the wild species, especially in meadows, 
shelterbelts, ditches and around roads located 
near the wheat crop (Stoyanov, 2009; 
Stoyanov, 2012). The ability to transfer 
valuable genes from Aegilops cylindrica into 
bread wheat, but also the possibility of negative 
transfer of genes in wild species (Gandhii, 
2006) (herbicide resistance) that might make it 
too invasive, is a prerequisite natural hybrids to 
be well researched, not only from breeding but 
also  agronomic point of view. 
The purpose of this report is to describe the 
morphological and physiological characteristics 
of first and second generation of natural 
hybrids between Aegilops cylindrica and 
Triticum aestivum and to assess their suitability 
as a starting breeding material and to determine 
the transferability of negative characteristics of 
bread wheat into the wild species. 
 
MATERIALS AND METHODS 
 
In the process of investigation for establishing 
the representation of wild grasses in the 
Bulgarian Black Sea coast in the period 2000-
2008, during the expedition in 2008 natural 
hybrids in wheat agroecosystems are found. All 

plants were collected during June-July, since  it 
is the period of maturity of the representatives 
of natural hybrids with bread wheat. When 
collecting samples as the primary method of 
distribution, visiting roadside habitats of wild-
type and meadows is used where no explicit 
human activity and agricultural processes are 
found, but they are close to wheat 
agroecosystems. The discovery of natural 
hybrids is conducted by searching near or in 
fields of wheat, or at the border between lawn 
and meadow and steppe ecosystems and 
cultural plantations. 
Plants from natural hybrids are evaluated for 
detection of pathogenic infection, for powdery 
mildew (EG) using the methods of Stoilova and 
Spetsov (2006) for brown rust (PR) using the 
methods of Roelfs et al. (1992) for early leaf 
blight (ST) using the methods of Eyal et al. 
(1987). 
It is reported the presence/absence of wild type 
near the hybrid plants and assessment of the 
herbicide resistance of hybrids is made. 
Collected spikes of natural hybrids are sorted 
and analyzed for the presence of pathogens. A 
structural analysis of the spikes is made and the 
number of spikelets in the spikes, number of 
flowers in spikes, number of grains in the 
spikes are reported. It is also reported the 
fertility of each spike. The data is averaged for 
the natural hybrid assemblies. The standard 
deviation and coefficient of variational are 
reported. The hybrid morphology of collected 
samples is described. 
The collected seeds are germinated in Petri 
dishes. Young seedlings are planted in ceramic 
pots and grown under unregulated greenhouse 
conditions. During the vegetation the attack of 
powdery mildew, brown rust and septoria leaf 
blight are estimated following the methods 
stated above. A parallel with standard varieties 
of susceptibility is made - to powdery mildew 
(Erysiphe graminis) - Sadowsky ranozreyka, 
brown rust (Puccinia recondita) - Michigan 
Amber, septoria leaf blight (Septoria tritici) - 
Enola. 
The spikes of second generation hybrid are 
collected in full maturity and analyzed for the 
same parameters as well as spikes found from 
the first generation hybrid plants. 
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RESULTS AND DISCUSSIONS 
 
In the expeditions to establish the distribution 
of wild cereals, a natural hybrid of Triticum 
aestivum (wheat) and Aegilops cylindrica, is 
found labeled as EXO F1. Figure 1 shows the 
natural EXO F1 hybrid involving Aegilops 
cylindrica at wheat agroecosystems. Clearly are 
seen the differences between the hybrid plant 
and bread wheat. It was of a larger height, with 
a pronounced luxuriance. There is relatively 
good tillering. 

 

 
Figure 1. Hybrid EXO F1 in wheat agroecosystem 

 
Figure 2 presents the collected natural hybrid 
spikes from EXO F1, and in Figure 3 is a 
comparative characteristic between the spikes 
of the hybrid and both parental forms. In the 
spikes collected from the hybrid the length is 
apparently almost twice of that of bread wheat 
and Aegilops cylindrica. Moreover, the spikes 
are straight and cylindrical, like the wild 
species, but are also wider. Awns are 
concentrated at the top and they are short and 
straight. There are differences between single 
spikelets. In Aegilops cylindrica spikelets are 
slender cylindrical, with a cut top, while those 
of hybrids are more compact similar to these of 
synthetic hexaploid wheats (Spetsov et al., 
2008; Spetsov et al., 2009; Stoyanov et al., 
2010). Figure 4 presents comparative 
characteristics of the seeds from hybrid and 
both parental forms. The seeds of hybrid plants 
differ significantly from those of common 
wheat, but there are also differences from the 
seeds of Aegilops cylindrica. They are highly 
shriveled as a result of differentiation of the 
hybrid endosperm. The size of the seeds 

compared to those of bread wheat is 
considerably smaller. The grain of the hybrid 
plant is separated from the glumes more 
difficultly compared to the parental forms 
(especially wheat). Grain scutellum is round, 
like this of bread wheat, and opposed to 
oblong-elliptical shape of the grain scutellum 
of Aegilops cylinrdica. The central crease of 
the grains is more expressed compared with the 
seeds of wild species. Epidermal hairs of the 
hybrid grains are similar to these of bread 
wheat. 
In 2008 there are found a large number of 
spikes of natural hybrid EXO F1 - 50, from 
which 10 seeds were obtained. Data from 
structural analysis of spikes are presented in 
Table 1. High degree sterility is established in 
relation to the studied hybrid - 99.22%. Similar 
data were reported by Shoenenberger et al. 
(2006), in deliberate crosses between Aegilops 
cylindrica with Triticum aestivum - 99.70-
99.97%. With regard to morphological 
characteristics of the spikes, there is little 
variation within 13%, which demonstrates 
normal physiological processes occurring in the 
first hybrid generation. For high degree of 
sterility in similar hybrids reported Wang et al. 
(2000a), Cifuentes and Benavente (2009), 
Shoenenberger et al. (2005), Sears (1943). 
On the collected plants any symptoms of 
pathogens attack of powdery mildew, brown 
rust and septoria leaf blight are not found that 
determines EXO F1, as completely resistant to 
these diseases. 

 

 
Figure 2. Spikes of EXO F1 
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Table 1. Spike characteristics of EXO F1 

No SN FN OSN Ft
1 14 28 0 0.00
2 12 24 0 0.00
3 13 26 0 0.00
4 12 24 0 0.00
5 12 24 0 0.00
6 11 22 0 0.00
7 16 32 1 3.13
8 14 28 0 0.00
9 14 28 0 0.00
10 15 30 1 3.33
11 13 26 0 0.00
12 13 26 0 0.00
13 16 32 2 6.25
14 14 28 0 0.00
15 12 24 0 0.00
16 12 24 0 0.00
17 16 32 1 3.13
18 13 26 0 0.00
19 16 32 0 0.00
20 15 30 1 3.33
21 11 22 0 0.00
22 14 28 1 3.57
23 12 24 0 0.00
24 14 28 0 0.00
25 14 28 0 0.00
26 12 24 0 0.00
27 12 24 0 0.00
28 14 28 0 0.00
29 15 30 1 3.33
30 14 28 0 0.00
31 14 28 0 0.00
32 11 22 0 0.00
33 14 28 0 0.00
34 13 26 0 0.00
35 12 24 0 0.00
36 11 22 0 0.00
37 13 26 0 0.00
38 14 28 1 3.57
39 9 18 0 0.00
40 10 20 0 0.00
41 12 24 0 0.00
42 11 22 0 0.00
43 13 26 0 0.00
44 11 22 0 0.00
45 11 22 0 0.00
46 11 22 0 0.00
47 12 24 0 0.00
48 14 28 1 3.57
49 11 22 0 0.00
50 12 24 0 0.00

Total 644 1288 10 0.78
AV 12.88 25.76 0.20 0.66
SD 1.65 3.30 0.45 1.49
VC 12.80% 12.80% - -

SN – spikelets number, FN – florets number, OSN – obtained 
seeds number, Ft – fertility; AV – average value; SD – standart 
deviation; VC – variation coefficient. 

From the hybrid EXO F1 seeds set to 
germination, only one germinated producing 
EXO F2, and the remaining seeds have non-
viable embryo. Similarly to EXO F1, EXO F2 
during its vegetation exhibits no symptoms of 
attack by powdery mildew, brown rust and 
septoria leaf blight. In both hybrids, the 
resistance is due to the imported genome from 
the wild species. 
Singh et al. (2004) state that Aegilops 
cylindrica, possesses the genes for resistance to 
brown rust, which could be successfully 
introduced into the genome of bread wheat. 
Simultaneously Stoyanov et al. (2011) reported 
resistance to powdery mildew in all phases of 
the development in hybrids of bread wheat with 
Aegilops cylindrica. In our observations during 
the period 2009-2012 Aegilops cylindrica was 
not attacked by septoria leaf blight (personal 
communication), which is indicative of the 
absence of infection by the pathogen on the 
hybrid plants. 

 
Table 2. Spike characteristics of EXO F2 

No SN FN OSN Ft
1 18 36 0 0.00
2 18 36 0 0.00
3 13 26 0 0.00
4 17 34 0 0.00
5 18 36 0 0.00
6 14 28 0 0.00
7 14 28 0 0.00
8 16 32 0 0.00
9 9 18 0 0.00
10 14 28 0 0.00
11 14 28 0 0.00

Total 165 330 0 0.00
AV 15 30 0 0.00
SD 2.76 5.51 0.00 0.00
VC 18.38% 18.38% - -

SN – spikelets number, FN – florets number, OSN – obtained 
seeds number, Ft – fertility; AV – average value; SD – standart 
deviation; VC – variation coefficient. 
 
In relation to the morphology of the EXO F2 
the spikes almost resemble that of EXO F1 
(Figure 5). During the flowering, all florets of 
EXO F2 are opened, which assume an inability 
of the plant to self itself. In this case, the 
stamens are rudimentary and do not burst. 
Without further pollination EXO F2 hybrid 
exhibits 100% male sterility. This is evidenced 
by the lack of seedset into the spikes. The data 
are presented in Table 2. There is low variation 
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in the morphology of the spikes as close to that 
of EXO F1. 

 

 
Figure 3. Spikes of: Aegilops cylindrica (left); hybrid 

EXO F1 (center); Triticum aestivum (right). 
 

 
Figure 4. Seeds of: Hybrid EXO F1 (up, left); Aegilops 

cylindrica (up, right); Triticum aestivum (down) 
 

 
Figure 5. Spikes of EXO F2 

 
An interesting feature of EXO F1 is that it is 
found in wheat agrocenosis but the wild type 
was observed quite far from the hybrid. This is 
indicative of treatment with herbicides to the 

crop, which excludes the presence of samples 
of Aegilops cylindrica close to hybrid plants. 
The hybrid is not affected which revealed 
imported resistance to herbicides from bread 
wheat. Perez-Jones et al. (2006) reported the 
ability to transfer a gene for resistance to 
herbicides based on imidazolin, because these 
genes are located in the D-genome of bread 
wheat. Aegilops cylindrica also possesses D-
genome, allowing genes easily to be 
exchanged  into the hybrid plants. 
Shoenenberger et al. (2006) reported high 
fertility of baccrossed hybrids with pollen of 
the wild species after subsequent self-
pollination. Gandhi et al. (2006) indicate that 
the sterility of hybrid plants decreases 
proportionally to the generation of natural 
hybrids in the presence of a natural process of 
backcross with the wild species. This exhibits a 
high degree of risk of increased invasiveness of 
Aegilops cylindrica as a weed in wheat crops 
due to increased gene flow from bread wheat to 
the wild species (Morrison et al., 2001; Wang 
et al., 2000b) and genetic material interchange 
(Avsenin et al., 2003). 
 
CONCLUSIONS 
 
Considering those results, the following 
conclusions could be drawn: 
Studied natural hybrids involving Aegilops 
cylindrica are characterized by a high degree of 
male sterility, which, depending on the hybrid 
generation,  ranged from 99.22 to 100%. 
Collected natural hybrids have alleged 
resistance to herbicides which is not proven, 
but it is potentially dangerous due to existing 
gene flow from bread wheat to Aegilops 
cylindrica. 
Natural hybrids involving Aegilops cylindrica 
are characterized by complete resistance to the 
pathogen of powdery mildew brown rust and 
septoria leaf blight, making them a potentially 
good source material for inclusion into the 
bread wheat breeding programs. 
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Abstract 
 
In this study, the soil acidity is characterized by pH, and content of exchangeable Al3+, H+and Mn2+. It is established 
the content of exchangeable ions, with neutralizing in respect to harmful acidity effect - exchangeable Ca2+ and Mg2+. 
On the basis of the results is calculated the degree of saturation of the permanent sorption positions in soil with easily 
mobile bases V3%. The latter is used as a quality criterion for characterizing the degree of need of liming of soil. The 
amount of neutralizing lime material is calculated based on the content of easily mobile Al3+, H+and Mn2+ in meq/100g 
soil. 
Overcoming the heterogeneity of soil, as regards to the need and rates of liming is done by application of method for 
geospatialization based on the distribution of sampling points in graticule.  
The data for eroded cinnamon forest soil show that relatively greatest variation in soil acidity is found in the most 
eroded areas. In them is more pronounced spatial heterogeneity of soil in respect to easily mobile exchangeable Al3+, 
H+and Mn2+, while as regards to the contents of easily mobile bases - Ca2+ and Mg2+eroded areas are relatively 
homogenous.  
Relatively greatest need of liming, based on the degree of base saturation is observed in average eroded soils, mainly in 
areas where illuvial clay issettled on the surface and forms relatively deep layer. Application of this ameliorative 
concept to full neutralization of the harmful Al3+ and part of the H+ and Mn2+ led to calculation of high rates of 
neutralization meliorants up to 6000 kg/ha. 
 
Key words: geospatialization, liming, soil acidity, soil heterogeneity. 
 
INTRODUCTION 
 
Acid-alkaline equilibrium in the soil is 
characterized by the intensity of ion exchange 
between the solid, organic-mineral colloidal 
phase and soil solution and by the ratio of 
negatively and positively charged colloids, 
involved in ion exchange (Miroslav and 
Kastori, 2000). From this viewpoint, the 
phytotoxic effect of soil acidity on one hand is 
due to desorption and direct toxic effect of 
exchangeable Al3+, H+, and Mn2+ on plant 
roots, and on the other due to the 
decalcification of soil sorption positions. 
(Totev, 1977) 
These two reasons for acid phytotoxicity of 
soils are distinguished so far as in the planned 
work is set the task to reduce the acid 
phytoeffect not by complete neutralization of 
Al3+, H+, and Mn2+ in exchangeable form but 
by adjusting the ratio between negatively and 
positively charged positions in the soil sorption 
complex, in order to prevent its acid destruction 

and to avoid the phytotoxic effect associated 
with the strong deficit of Ca2+ in the root active 
zone. 
This study is part of soil amelioration survey of 
derelicted, because of their low natural fertility 
terrain in the hilly Central Eastern part of 
Bulgaria. The main reason for deterioration of 
natural fertility is the soil acidity, raised to a 
degree that is harmful for the main agricultural 
crops traditionally grown in the region-wheat, 
barley, maize and sunflower. Economic results 
obtained from this crops are unsatisfactory and 
in addition their crops have demonstrated a 
strong heterogeneity in different parts of the 
field. During the preliminary studies of this 
object it is found that the main soil ameliorative 
problem is soil acidity, which however is 
expressed in different degree within the areas 
of investigation. The task we set ourselves is to 
be defined the boundaries of soil cover 
heterogeneity in relation to parameters of 
harmful acidity and at the stage of application 
of chemical melioration for neutralization of 
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the acidity this heterogeneity to be overcame 
within a model for ameliorative technological 
applications. 
 
MATERIALS AND METHODS 
 
During the course of planning of soils 
amelioration we accepted a model for 
collecting soil samples in which each sample is 
taken from the terrain with soil probe as the 
sampling points are situated in square grid, 
regardless of the borders of soil types and local 
terrain topography. We studied two sections- 
lots 108 and 155 (Figure 1), which have 
complex topography and lots 113, 157 and 158 
(Figure 2), where the terrain is relatively 
leveled and with slightly rough and 
monotonous relief. In both sites we take 
individual soil samples from three depths – 0-
25, 25-50 and 50-75 cm for each point (position 

of sampling points is marked in Figure 1 and 
Figure 2). The location of points was 
previously mapped and coordinates were 
entered into the Global Positioning System-
GARMIN, allowing to determine the location 
of each point to an accuracy of 1m. 
Soil samples were analyzed to establish the pH, 
potentiometrically in water (Arinushkina, 
1970); easily mobile and exchangeable Al3+ 
and H+, titrimetric by Sokolov (Sokolov,1939); 
easy mobile exchangeable Mn2+, in extract with 
1m KCl, as the preparation of the extract was 
carried out under the Laboratory system for 
liming of Palaveev and Totev (LSVPT-64) 
(Palaveev and Totev, 1970) and the 
determination of Mn2+ is by AAS (Ganev, 
1990); easily mobile and exchangeable Ca2+ 
and Mg2+, complexometric (Arinushkina, 
1970).

 

 
Figure 1. Situation and location of sampling points in lots 108 and 155 
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Figure 2. Situation and location of sampling points in lots 157, 158 and 113

 
RESULTS AND DISCUSSIONS 
 
Soil morphology 
Cinnamon forest soils (Chromic luvisols)  
Chromic luvisols, within the terrain are 
shallow, moderate to severe eroded. Parent 
material is hard, silicate, presented of highly 
weathered granite, metamorphites of granite 
and paleovolcanos. Weathering crust is shallow 
and most often its depth does not exceed 10-
15cm. The morphology of soil profile is typical 
for the cinnamon forest soils (Chromic 
luvisols) in the region. The surface horizon is 
elluvial pale, highly washed in respect of bases. 
Its depth ranges from 0 to about 15-18 cm. 
Subsoil is represented by metamorphic illuvial 

yellow-redish colored horizon with depth up to 
40-50 cm, with heavy texture and compacted 
significantly. 
Most shallow profiles are established in the 
high projecting parts of the terrain where the 
soil is very severe eroded and on the surface is 
established the transitional, illuvial-
metamorphic horizon. 
The structure of the surface horizon is highly 
powdered and in the illuvial-metamorphic 
horizon-lumpy-prismatic, dappled with non-
carbonate skeletal material whose granulometry 
is characterized by rock fragments with sizes in 
the range of 10 to 50 mm. In the zone of most 
active accumulation of clay in the illuvial 
horizon is established strong surface gleization, 
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presented of stains and concretions of 
manganese and iron oxides. 
Severe eroded leached cinnamon forest soils, 
shallow 
The depth of the humus horizon is between 10 
and 20 cm. In some parts of the terrain which 
have limited area humus layer is completely 
reduced, as a result of sheet erosion. Total 
depth of the soil profile is 50-60 cm. Deeper 
layers of the soil profile are highly skeleton. 
The skeletal part turns into shallow weathering 
crust. 
Shallow leached cinnamon forest soils have 
limited availability for cultivation of vines. 
These soils may be included within the 
vineyard with its peripheral parts of the 
distribution in order not to be disturbed the 
overall plan of the plantation. 
Soil acidity 
Soil reaction – pH (KCl)  
Most of the analyzed samples are characterized 
with acid reaction – average pH at depth 25 cm 
is 4.29, at 50 cm is 4.41, and at 75 cm - 4.48. 

 

 
Figure 3. Changes in pH (KCl) by lots and depths 

 
From Figure 3 can be seen the variation of soil 
pH in lots. The data show that the average pH 
values established for the separate lots do not 
differ significantly. There is a trend of 
increasing of pH in the deeper horizons, which 
is especially expressed in samples from lot 113. 
Neutral or near-neutral pH values are 
determined as an exception. Histograms in 
Figure 4 show that the frequency distribution of 
pH in all lots can be approximated to the 
normal (Gaussian distribution). Excessive high 

and close to neutral pH values are determined 
only in lot 155. 

 

 
Figure 4. Histograms of the frequency distributions of 

pH 
 

The average values established for the separate 
lots do not differ significantly, which indicates 
that acid reaction of the investigated sites is 
characteristic for the entire area. 
Content of easily mobile exchangeable Al3+ and 
H+ 
Relatively high content of easily mobile 
aluminum and hydrogen is determined in lot 
158-average 0.24 meq/100 g, as in this lot is 
also established the highest value of the 
exchange acidity, (determined by aluminum 
and hydrogen ions)-1.36 meq/100 g, in limit of 
aluminum toxicity of 0.2 meq/100 g. Values of 
easily mobile aluminum and hydrogen in the 
other lots are lower, but do not significantly 
differ to each other. Relatively highest is the 
content of aluminum and hydrogen in the 
surface horizon, at a depth of 0-25 cm, down 
the soil profile the content of these elements 
decreases significantly. This trend is well 
expressed in lots 113 and 158 (Figure 5) and in 
the total sample. In some cases, reduction of 
the exchange acidity down the soil profile is 
not established and it this gives a reason 
chemical melioration to be provided for the 
whole depth of the active root zone 0-75 cm, in 
order to avoid the negative impact of soil 
acidity in later period of life of the vines. 
Content of easily mobile Mn2+ 
Studied soils in the lands of village 
Balabanchevo even during the morphological 
observation of the field showed presence of 
genetically differentiated profile, determining 
the presence of periodic surface waterlogging 
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during morphogenesis of the soil and hence-
high content of easily mobile exchangeable 
manganese. The presence of redox processes in 
the transitional zone between elluvial and 
illuvial part of the soil profiles is morpholo-
gically expessed as presence of spots, dots and 
manganese concretions. Determined relatively 
high levels of exchangeable manganese in its 
reduced, bivalent form are an indication that 
the process of pseudogleization still occurs. 

 

 
Figure 5. Change of content of exchangeable Al3+ and 

H+ in extract with 1mKCl, by lots and depth 
 

The distribution of bivalent manganese down 
the soil profile shows a clear tendency for 
biogenic accumulation in the surface 25 cm of 
the soil profile and sharply decreases in depth 
(Figure 6). In areas, where established are 
deeper, well developed and relatively slightly 
eroded profiles the differences in the content of 
exchangeable manganese in depths 25-50 and 
50-75 cm are insignificant (lots 155 and 157). 
In other lots (108, 113 and 158) mobile 
manganese content decreases logically and 
relatively uniform in layers 0-75 cm. (Figure 
6). It is known that the content of exchangeable 
manganese in the soil depends on both acidity 
and redox conditions. In analyzed samples was 
found that the factor ”acidity” influences the 
content of exchangeable bivalent manganese 
only in surface horizons at depth of 0-25 cm. In 
the other depths manganese content in this form 
is determined by the reduction conditions and 
waterlogging (Figure 7). 
Against the background of the values of easily 
mobile aluminum and hydrogen the content of 

exchangeable manganese in all analyzed 
samples is too high. 
 

 

 
Figure 6. Average content and intervals of variation of 

easily mobile exchangeable manganese 
 

Content of easily mobile exchangeable Ca2+ 
and Mg2+ 
The content of exchangeable calcium and 
magnesium ions in the studied lots varies quite 
widely. The average amount of exchangeable 
Ca2+ and Mg2+ in all lots of the study is 
relatively high-13.26 meq/100 g, but in the total 
sample are established values from minimum 
3.97 to maximum 27.86 meq/100 g. 
Statistically proven, higher content of 
exchangeable Ca2+ and Mg2+ is established in 
lots 113, 157 and 158, which are united in a 
separate contour, but significantly lower are 
values in lots 108 and 155. Logically the 
amount of exchange Ca2+ and Mg2+ increases in 
depth, as the value of the increase is about 2 
meq per each 25 cm down the soil profile. 
The data for the average and changes in the 
content of easily mobile Ca2+ and Mg2+ down 
the soil profile are shown in Figure 8. 
Relatively higher levels of Ca2+ and Mg2+ in 
the deeper horizons, showed an increase in 
natural neutralizing capacity of the soil in 
relation to soil acidity. This is taken into 
account in determining of the rates of chemical 
meliorants, in order this natural neutralization 
buffering capacity of the soil to be used and 
thus to achieve some reduction of lime rates 
that should be applied.
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Figure 7. Regression relationships between the content of the exchange acidity and content of exchangeable manganese 

at depth 0-25, 25-50 and 50-75 cm 
 

 
Figure 8. Average content and intervals of variation of 

easily mobile Ca2+ and Mg2+ in observed lots 
 

Activities for neutralization of harmful acidity 
in the soil 
Melioration concept 
The results from the analyzes of harmful 
acidity and lime requirements of soils indicate 
that the observed terrains has acid reaction, 
high content of exchangeable Al3+, H+, and 
Mn2+ and relatively high, but too varying in 
separate lots and in soil depth content of 
exchangeable Ca2+ and Mg2+. 
The obtained results require performance of 
chemical amelioration of soil in the whole area 
of investigation as the main activity, on which 
we rely to neutralize the harmful acidity and 
high content of manganese is liming. 

Explanation of the need for liming 
In order to neutralize the established in 
preliminary study harmful soil acidity and to 
prevent further soil acidification during the 
cultivation of vineyard it is necessary to 
conduct a differentiated by sections liming. 
The rate of calcium oxide for liming of acid 
soils is calculated in order to achieve 
neutralization of harmful acidity and to be 
ensured expenditure elements in the balance of 
calcium in the soil. Expenditure elements in the 
balance of calcium, which are ensured by lime 
rate, are: 
- Neutralization of the toxic for crops, effect 

of easily mobile exchangeable aluminum, 
hydrogen and manganese;  

- Recovery of losses from utilization of 
calcium with plant biomass;  

- Neutralization of acidification effect of 
mineral nitrogen fertilizers accounted for the 
balanced fertilization rates for period, 
including five years after the liming;  

- Saturation of cations sorption capacity with 
calcium;  

- Mobilization of macro and micronutrients in 
the soil and regulation of mineral nutrition 
of plants;  

- Recovery of losses from leaching and 
compensation of positional unavailability of 
calcium containing chemical meliorants. 
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Distribution of meliorants rates in the whole 
area of terrain 
Collecting of soil samples in a square grid, 
allows the studied terrain to be divided into 
ameliorative sections with regular and conve-
nient for mechanized scattering of lime 
material configuration (Figure 9 and Figure 
10). Each soil sample is representative for the 
calculation of rate of chemical meliorants for 
one meliorative lot. 
In meliorative sub-lots, in which should be 
applied higher doses lime materials is resorted 
to multiple passing of spray units on the field. 
It is accepted maximum dose for spraying in a 
single pass of spray unit-1000 kg/ha. 

 

 
Figure 9. Map of sub-lots for liming in lots 108 and 155 

 
Figure 10. Map of sub-lots for liming in lots 113, 155 

and 157 

CONCLUSIONS 
 
The data presented in the two maps in Figure 9 
and Figure 10, show that: 
Determined during the preliminary monitoring 
of the terrain heterogeneity in habitus and 
condition of crops is confirmed by the data for 
heterogeneity of the parameters of soil acidity, 
integrated by the calculated with the balance 
method lime norms for neutralizing of harmful 
soil acidity. 
Soil sampling in a square grid allows meliora-
tive survey to be completed with establishment 
of melioration areas with regular configuration, 
which allows convenient from a technological 
viewpoint passing of the machinery for 
scattering of lime materials. 
Map schemes in Figure 9 and Figure 10 shows 
that the heterogeneity of the terrain in respect 
of parameters of harmful soil acidity under the 
conditions of homogeneous parent materials 
and uniform origin of soil is less dependent on 
the topographic complexity of the terrain. 
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Abstract 
 
The key for a successful investment in the sweet cherry orchard management consists in the way we choose the right 
cultivar/rootstock combination in conjunction with modern technological inputs and interventions. A testing plot is 
needed in the future orchard location or in the nearest area in order to have a precise response of the sweet cheery 
cultivars/rootstocks to the specific climatic and soil features. In this regard, we aimed to test ten sweet cherry/rootstock 
combinations such as: Kordia/Colt, Kordia/PHLC, Ferrovia/Colt, Ferrovia/PHLC, Skeena/Colt, Skeena/PHLC, 
Van/PHLC, FirmRed/CAB6P, GiantRed/CAB6P and EarlyRed/CAB11E. The experimental plot was established in the 
Faculty of Horticulture orchard, in Bucharest area, in 2009. Since then, biometrical and phenological data was 
collected and revealed EarlyRed/CAB11E and FirmRed/CAB6P as the most vigorous combinations. 20% reduced 
vigour was observed in the trees grafted on PHLC comparative to the same cultivars grafted on Colt. The highest yield 
was calculated for Ferrovia/Colt but the largest and most attractive fruit were noticed in GiantRed and FirmRed 
grafted on CAB6P. 
 
Key words: Prunus avium L., PHLC, Colt, CAB 6P, CAB 11E, morpho-productive traits. 
 
INTRODUCTION 
 
Much research has been conducted in the last 
years regarding the morpho-productive 
behavior of some new or old sweet cherry 
cultivars (Tomaszewska and Nychnerewics, 
2006; Chelpin'ski, 2000). Nevertheless, the 
adaptability of specific scion/rootstock 
combinations to different climate and soil 
conditions (De Salvador et al., 2005) reveals 
that some cultivars and sweet cherry rootstocks 
react better than others in terms of growth 
(Santos A.S. et al., 2007), productivity (Santos 
A. et al., 2006) or even compatibility (As nic  
A. et al., 2012). 
In order to accomplish the growers and market 
needs regarding the modern orchards and sweet 
cherry fruit quality, we propose to continue the 
study of some new and classic sweet cherry 
commercial cultivars behaviour in combination 
with different rootstocks that influence directly 
the main traits of the trees (As nic  A. and 
Tudor V., 2011). 
 
 

MATERIALS AND METHODS 
 
The experiment comprised the 5-year-old trees 
of different sweet cherry cultivars in 
combination with more or less vigorous 
rootstocks. 
All trees planted in 4 x 1.5 m spacing were 
grouped in an experimental plot of the 
University of Agronomic Sciences and 
Veterinary Medicine of Bucharest with a clay 
soil, medium/soft texture, deep ground water, 
10.50C annual temperature and 550-600 mm 
precipitation. The experimental field of the 
Horticulture Faculty is equipped with trellis 
system and drip irrigation, all the technological 
interventions being done in respect with the 
modern sweet cherry orchards exploitation 
technology. 
The cultivar/rootstock combinations chosen for 
the trail were Kordia/Colt, Kordia/PHLC, 
Ferrovia/Colt, Ferrovia/PHLC, Skeena/Colt, 
Skeena/PHLC, Van/PHLC, FirmRed/CAB6P, 
GiantRed/CAB6P and EarlyRed/CAB11E. 
The vigour of trees was calculated according to 
the mean trunk sized (TCSA) and the total 
height of the plant. The annual number and 
length of the spur and medium/long branches 
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was expressed as percentage of each one per 
tree. All the production elements were also 
counted starting with the number of 
inflorescences and flowers and ending with the 
estimated yield, considering the total number of 
fruit per tree and the average fruit weight (25 
samples of fruit). 
The means were compared using the Duncan's 
Multiple Range Test and LSD tests (P<0.05). 
Phenophases were noted accordingly to 
Fleckinger's method of reference stages 
(Leckinger, 1960, Chapman et al., 1976). 
 
RESULTS AND DISCUSSIONS 
 
Regarding the growth vigour of the sweet 
cherry trees, the cultivars growth differences 
marked the same trend as the previous years, 
the most vigorous combination in terms of 
trunk cross-sectional (Table 1) area and total 
length of annual increases (Table 2) remained 
the combinations EarlyRed/CAB11E (22.38 
cm2, 1395 cm)  and FirmRed/CAB6P (17.12 
cm2, 902 cm). 
The least vigorous cultivar was Skeena, also 
grafted on Colt and PHLC. Increased growth in 
thickness had the highest values the 
combination Firm Red/CAB6P (11.11 cm2) and 
Early Red/CAB11E (9.81 cm2), trees that also 
reached the highest levels of height (3.05 m 
respectively 2.95 m). 
PHLC compared to Colt rootstock determined a 
growth reduction in thickness of the trunk, 
influencing the vigour of growth of 
approximately 20% for Kordia, 28% in the 
Ferrovia case and 13% to Skeena (Figure 1). 

 

Table 1. Growth of sweet cherry cultivars on different 
rootstocks 

Cultivar/rootstock
Trunk Cross Sectional 

Area (TCSA) (cm2) Increased growth 
in thickness (cm2)

Tree 
height 

(m) 2011 2012 
Kordia/Colt 9.12ab 15.27b 6.15a 2.26a 
Kordia/PHLC 6.44b 12.12c 5.68a 2.84a 
Ferrovia/Colt 7.93b 15.41b 7.48a 2.13a 
Ferrovia/PHLC 6.69b 11.04c 4.35a 2.41a 
Skeena/Colt 3.58b 5.43d 1.85a 2.22a 
Skeena/PHLC 3.38b 4.71d 1.33a 1.85a 
Van/PHLC 9.29ab 15.61b 6.32a 2.92a 
FirmRed/CAB6P 6.01b 17.12b 11.11a 3.05a 
GiantRed/CAB6P 10.25ab 16.11b 5.86a 2.88a 
EarlyRed/CAB11E 12.57a 22.38a 9.81a 2.95a 
Mean 7.52 13.52 6.00 2.55 
Means followed by the same letter in the same column are not 
significantly different (Duncan’s multiple range test, P 0.05) 

 

 
Figure 1. The trunk cross sectional area (cm2) reduction 

by PHLC rootstock 
 

For all cultivars, the percentage of short 
branches was higher than the long one due to 
the summer pruning performed the previous 
year, which proved to stimulate early-lateral 
small shoots occurrence. 
 
 

Table 2. Types of branches and length distribution of annual increases sweet cherry cultivars grafted on different 
rootstocks (2012) 

Cultivar/ rootstock 
No of long branches No of short branches Amount of growth per 

tree (cm) Total annual 
growth / tree 

(cm) 

Share of long 
branches (%) 

Share of spur 
branches (%) Medium 

branches 
Long 

branches 
Fruiting spur 

branches 
Vegetative spur 

branches 
Medium 
branches 

Long 
branches 

Kordia/Colt 23a 3c 57e 38b 690a 252i 942c 21.48c 78.50e 
Kordia/PHLC 14c 10bc 46g 37b 434c 610d 1044b 22.43c 77.57e 
Ferrovia/Colt 17b 6c 32h 25e 476b 366f 842e 28.75a 71.25g 
Ferrovia/PHLC 16bc 7c 59d 8g 352d 315g 667g 25.55b 74.45f 
Skeena/Colt 4e 4c 5i 38b 84h 164j 248j 15.68de 84.32b 
Skeena/PHLC 2e 5c 3i 27d 48i 290h 338i 18.91d 81.09d 
Van/PHLC 10d 12ab 85b 21f 230g 672c 902d 17.18de 82.82c 
FirmRed/CAB6P 4e 12ab 52f 48a 36j 792b 828f 13.79e 86.21a 
GiantRed/CAB6P 11d 7c 76c 21f 286e 371e 657h 15.65de 84.35b 
EarlyRed/CAB11E 8de 15a 87a 35c 240f 1155a 1395a 15.86de 84.14b 
Mean  10.90 8.10 50.20 29.80 287.60 498.70 786.30 19.53 80.47 
  Means followed by the same letter in the same column are not significantly different (Duncan’s multiple range test, P 0.05)
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Following some of the fructification traits of 
the 10 cultivar/rootstock combinations (Table 
3), we observed that most flowers were present 
in the variant EarlyRed/CAB11E (859 
flower/tree) that belongs mostly to the 

inflorescence located on the spur fruiting 
branch type. A very small number of flowers 
were found in Skeena/PHLC (10 flowers/tree) 
and Skeena/Colt (44 flowers/tree). 

 
Table 3. Fruiting traits of some sweet cherry cultivars grafted on different rootstocks in the experimental field of 

UASVM Bucharest (2012) 

Cultivar/ 
rootstock 

No of inflorescences Total no of 
flowers / tree 

Total no of 
fruit / tree 

Fruit set 
(%) 

Fruit 
weight (g) 

Yield 
Spur fruiting 

branches 
Medium 
Branches 

Long 
branches (g/tree) (kg/ha)

Kordia/Colt 238f 190a 11h 440e 128c 29.19c 6.4a 818.8d 1364d
Kordia/PHLC 197g 98d 50d 346g 86e 24.95d 6.5a 560.3f 933f 
Ferrovia/Colt 140h 119b 45e 304h 194a 63.81a 6.2a 1193.0a 1988a
Ferrovia/PHLC 357d 113c 32f 502d 75f 14.96g 6.1a 453.8g 756g
Skeena/Colt 14i 11i 19g 44i 12h 27.82c 5.3a 65.1i 108i 
Skeena/PHLC 2j 2j 7i 10j 4i 42.11b 5.5a 22.0j 37j 
Van/PHLC 435b 57g 117b 609b 86e 14.13h 6.7a 577.1e 961e 
FirmRed/CAB6P 255e 33h 60c 348f 38g 10.94h 8.0a 305.1h 508h
GiantRed/CAB6P 419c 61f 49d 528c 115d 21.78e 8.1a 936.1c 1560c
EarlyRed/CAB11E 647a 90e 122a 859a 157b 18.32f 7.3a 1142.2b 1903b
  Means followed by the same letter in the same column are not significantly different (Duncan’s multiple range test, P 0.05)
 
A high percentage of fruit set (63.81%), in 
conjunction with higher productivity than the 
other cultivars, was recorded by the 
combination Ferrovia/Colt (1193 g/tree). A 
similar production was also achieved by the 
combination EarlyRed/CAB11E (1142 g/tree) 
due to a larger fruit size of EarlyRed than 
Ferrovia. 
In this regard, it was noticed that the largest 
and attractive fruit were obtained from 
combinations GiantRed/CAB6P (8.1 g) (Figure 
2) and FirmRed/CAB6P (8.0 g) (Figure 3). 

 

 
Figure 2. Fruit harvested from GiantRed/CAB6P 

 

 
Figure 3. Big and attractive fruit of FirmRed/CAB6P 

 
Related to the phenological stages development 
of the cultivars studied (Table 4), we observed 
that the bud burst of the trees held between 
21.03.2013 and 26.03.2012. Early Red/CAB6P 
was the first who burst the buds and 
Kordia/mahaleb the last one. In the first decade 
of April the white buttons showed up which 
conducted to the blossoming start in few days. 
Skeena/PHLC had the latest blossom (11.04), 
the other cultivars started blossom on April 6th 
or 8th. Fruit set was noted at the end of April. 
Most cultivars reached maturity in late May - 
early June, with very small differences between 
them. The only exception was noticed in the 
Skeena/PHLC combination in which fruit 
maturation was achieved on June, 8th. 
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Table 4. Development of the main phenophases of some sweet cherry cultivars grafted on different rootstocks during 
2012 in UASVM Bucharest experimental field 

 Cultivar/rootstock Bud burst Early white bud First blossom Petal fall Fruit set Fruit ripening date 
Kordia/ Colt 24.03 5.04 8.04 15.04 21.04 28.05 
Kordia/PHLC 24.03 4.04 6.04 12.04 20.04 1.06 
Ferrovia/ Colt 22.03 6.04 8.04 16.04 20.04 29.05 
Ferrovia/PHLC 22.03 5.04 8.04 15.04 20.04 28.05 
Skeena/Colt 22.03 6.04 8.04 15.04 20.04 29.05 
Skeena/PHLC 23.03 8.04 11.04 17.04 23.04 8.06 
Van/PHLC 25.03 4.04 6.04 13.04 20.04 4.06 
FirmRed/CAB6P 22.03 4.04 6.04 12.04 19.04 28.05 
GiantRed/ CAB6P 22.03 4.04 6.04 13.04 20.04 27.05 
EarlyRed/CAB11E 21.03 4.04 6.04 13.04 20.04 27.05 
Kordia/mahaleb 26.03 6.04 8.04 15.04 21.04 1.06 
Van/mahaleb 25.03 6.04 8.04 15.04 21.04 1.06 

CONCLUSIONS 
 
Most vigorous combinations were 
EarlyRed/CAB11E and FirmRed/CAB6P. 
PHLC rootstock reduced the vigour of trees by 
20%, comparative to the same cultivars grafted 
on Colt. 
For all cultivars, the share of spur branches per 
tree was greater than the long/medium type. 
Ferrovia/Colt and EarlyRed/CAB11E recorded 
the highest number of fruit/tree. 
The most attractive and largest fruit belonged 
to the cultivars GiantRed and FirmRed grafted 
on CAB6P. 
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Abstract 
 
Plum genetic resources were studied in the period 2004-2012. The fruiting type was established and the cultivars were 
divided into three groups. The major characteristics like fruit and stone weight, dry matter and acid content, fertility, 
resistance to PPV, frost and drought hardiness were identified and donors were selected for the breeding aims. 43315 
flowers were pollinated in 61 parental combinations in the frames of the breeding programme and 459 hybrid plants 
were obtained and have been studied. Elites of valuable economic and biological characteristics were selected. 
 
Key words: Prunus domestica, evaluation, economic and biological characteristics. 
 
INTRODUCTION 
 
Plum is a traditional fruit species in Bulgaria. 
Although in the period of transition the planted 
areas decreased significantly (almost twice 
compared to 1990), it ranks second after sweet 
cherry with 7489 ha of plum orchards and 
second after apple in the amount of fruit 
production. That shows comparative stability of 
the species development and it enjoys a good 
demand among the producers. The plum 
orchards have been renewed at an improved 
rate, 16% of the newly established fruit tree 
plantations in 2010 being plum orchards, 
surpassed only by sweet cherry orchards (21%). 
The most widely spread in our country is the 
common plum (Prunus domestica). The share 
of Prunus cerasifera and Prunus salicina 
species is limited. The cultivar 'Stanley' is most 
widely grown in the orchards. According to 
Agrostatistics, in 2006 the cultivar occupied 
70.1% of the plantations, followed by 
'Gabrovska' with 4.1% and ‘Cacanska najbolja’ 
with 0.5%. The prevailing single cultivar is a 
fact that could be changed in result of the 
studies on new plum genetic resources and by 
establishing new cultivars complying with the 
latest issues of both the producers and the 
consumers. 
Studies on the plum genetic resources influence 
directly the breeding process for the selection 
of donors (Bozhkova and Zhivondov, 2004; 
Blazek, 2007). 

At present, about 100 plum cultivars are 
maintained and studied in the collection 
plantations of the Fruit-Growing Institute - 
Plovdiv but in some periods that number was 
over 180 cultivars. 
 
MATERIALS AND METHODS 
 
Studies were carried out in the period 2004-
2012 in the collection and in the breeding 
plantations of the Fruit-Growing Institute – 
Plovdiv. The fruiting type of the plum cultivars 
was studied and the cultivars were grouped. 
The percentage of the fruit set on wood of 
different age was determined by counting the 
fruit in three scaffold branches of each tree, by 
3-4 trees from each cultivar. 
Fertility and susceptibility to PPV and to 
droughts were evaluated using IBPGR 
descriptors, as follow: Yield per unit area: 1 – 
extremely low, 3 – low, 5 – intermediate, 7 – 
high, 8 – very high, 9 – extremely high; Plum 
pox virus susceptibility: 1 – none, 2 – high 
tolerance, 3 – tolerant, 6 – susceptible, 7 –high 
susceptibility, 9 – extremely high 
susceptibility; Drought susceptibility: 1 – 
extremely low susceptibility, 3 – low 
susceptibility, 5 – moderate susceptibility, 7 – 
high susceptibility, 9 – extremely high 
susceptibility. 
Fruit quality potential was assessed by 
determining the dry matter by refractometer 
and titratable acidity. 
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A plum breeding plan was realized and elites 
grown against natural PPV infection 
background were selected after conducting 
initial assessment. 
 
RESULTS AND DISCUSSIONS 
 
Study on Plum Genetic Resources 
The observations confirmed that the largest 
number of fruit buds in plum is set on young 
short shoots: multiple buds and spurs. As they 
are structured on scaffold wood of different 
age, the percentage of the fruit set on each age 
group was of interest (Bozhkova, 2004). Figure 
1 presents the major fruiting types in plum 
cultivars grown on Prunus cerasifera seedling 
rootstock. The results obtained gave the 
grounds to distribute the cultivars into three 
major groups: 

First group - cultivars setting fruit mainly on 
young 2-year old wood, such as ‘Anna Spath’, 
‘Blufre’, ‘Pacific’, ‘Kyustendilska sinya’; 
Second group - cultivars setting fruit mainly on 
3-and 4-year old wood, such as ‘Althan's gage’, 
‘Katinka’, ‘Ortenauer’; 
Third group – cultivars setting fruit almost 
evenly on scaffold wood of different age, such 
as ‘Stanley’, ‘Tuleu timpuriu’, ‘Cacanska 
lepotica’. 
The cultivars of the first group need to have 
good annual shoot length increment as they 
bear fruit mainly on young wood. Such 
cultivars start rapidly setting fruit towards the 
crown margins. The most plastic proved to be 
the cultivars of the third group, which set fruit 
evenly all over the scaffold wood and it makes 
them suitable to be used as donors in the 
breeding practice. The cultivars ‘Stanley’ and 
‘Cacanska lepotica’ were included in our 
breeding programme. 

 

 
Figure 1. 1st 2nd and 3rd fruiting type of plum cultivars

 
Fruit of most of the cultivars ripen in August 
(Table 1). The cultivars ‘Tuleu timpuriu’, 
‘Topfirst’, ‘Katinka’, ‘Cacanska ranna’, 
‘Malvazinka’ and ‘Opal’ belong to the group of 
the earlier ripening cultivars, their fruit ripening 
in July. The cultivars ‘Ortenauer’, ‘Elena’, 
‘Jojo’ and ‘Anna Spath’ are of a later ripening 
period. Those two groups could be used in 
breeding for extending the fruit ripening season 
of the plum crop. 
Biometric analysis of the fruit showed that the 
fruit of cultivar ‘Malvazinka’ have the biggest 
weight and those of ‘Mirabelle de Nancy’ have 
the lowest weight, which was statistically 
proved. The cultivars surpassing the standard 
‘Stanley’ (34.94 g) in that characteristic, are 
‘Anna Spath’, ‘Haganta’, ‘Top Giant Plus’, 
‘Cacanska lepotica’, ‘Tuleu timpuriu’, 
‘Cacanska ranna’, ‘Althan's gage’, ‘Pacific’, 
‘Cacanska najbolja’ and ‘Jojo’, which were 

used in breeding as donors of large-sized fruit. 
Large stones (over 2 g) were reported for the 
cultivars ‘Tuleu timpuriu’, ‘Cacanska ranna’ 
and ‘Top Giant Plus’, while the stones of the 
other cultivars have a weight equal or below 
that of the standard, showing that in most 
cultivars the fruit flesh to stone ratio is very 
good. 
The dry matter and titratable acid content were 
established for tentative assessment of fruit 
quality. Out of the studied cultivars, the highest 
content of dry matter was reported for 
‘Kyustendilska sinya’ - 22.1% (Table 1). The 
cultivars ‘Cacanska lepotica’, ‘Mirabelle de 
Nancy’, ‘Pulpudeva’, ‘Cacanska rodna’, 
‘Promis’, ‘Ortenauer’ and ‘Jojo’ also belong to 
that group. As a whole, the earlier ripening 
cultivars have a lower dry matter content, 
which makes them more suitable for fresh 
consumption than for processing. Acidity of the 
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studied cultivars is not high and it varies within 
0.5 and 1.3%. 
Most of the cultivars are high yielding. The 
highest evaluation grades were awarded to the 
cultivars ‘Katinka’, ‘Opal’, ‘Mirabelle de 
Nancy’, ‘Top Giant Plus’, ‘Cacanska najbolja’ 
and ‘Stanley’. The cultivars ‘Cacanska rodna’, 
‘Promis’, ‘Kyustendilska sinya’ and ‘Valevka’ 
showed medium yielding, which might be due 
to their susceptibility to high summer 
temperatures and droughts and it would make 
them unsuitable to be grown in the region of 
Plovdiv. 
Among the studied cultivars grown under 
natural infection background, ‘Mirabelle de 
Nancy’, ‘Jojo’ and ‘Pacific’ did not show any 
symptoms of PPV. ELISA tests showed that the 
trees of the two latter cultivars were virus-free; 
however PNRSV was detected in both of the 
cultivars (Milusheva, unpublished data). It is 
considered that ‘Jojo’ cultivar shows 
hypersensitivity resistance, although there are 
publications that the resistance is only partial 
(Poggi Pollini et al., 2008). The cultivar 
‘Mirabelle de Nancy’ is known in literature as a 
latent carrier of the Plum pox virus and 
‘Ortenauer’ shows partial hypersensitivity. 
The cultivars ‘Katinka’ and ‘Kyustendilska 
sinya’ showed susceptibility and the percentage 
of premature fruit drop off was about 25% 
(Bozhkova et al., 2006). Most of the cultivars 
showed a different level of tolerance, the 
disease symptoms being found in the leaves of 
all those cultivars and symptoms such as 
mottling and deformations being found in the 
fruit of some cultivars, but the fruit retaining on 
the tree and their quality being acceptable. 
Based on the results of the studies, the cultivars 
‘Stanley’, ‘Jojo’, ‘Pacific’, ‘Cacanska najbolja’, 
‘Cacanska lepotica’ and ‘Ortenauer’ were used 
in breeding as donors of resistance or tolerance. 
The cultivar resistance to stress factors as 
droughts, frosts and high temperatures in 
summer acquires greater significance with the 
observed climate changes. Injuries caused by 
the high temperatures were established in 2010 
and in 2009, expressed as fruit flesh browning 
in the cultivars, ‘Pulpudeva’, ‘Pacific’ and 
‘Valjevka’ and as fruit drying up in the 
cultivars ‘Kyustendilska sinya’, ‘Althan's gage’ 
‘Nectavit’, ‘Tolar’ and ‘Promis’. Most of the 
cultivars responded to continuous high 

temperatures by leaf rolling. Responses to 
droughts and high temperatures were not 
observed in the early ripening cultivars ‘Tuleu 
timpuriu’, ‘Katinka’, ‘Cacanska ranna’ and 
‘Malvazinka’, which was probably due to the 
early fruit harvest, before the continuous spells 
of dry weather. Very good tolerance was shown 
by ‘Stanley’, ‘Jojo’, ‘Elena’, ‘Cacanska 
najbolja’ and ‘Cacanska lepotica’ and that 
makes the cultivars suitable to be used as 
donors of drought resistance. 
Studies on the effect of low winter 
temperatures showed that the cultivars of P. 
domestica species demonstrated good winter 
hardiness. Problems arise at the end of the 
winter and the beginning of spring, in case the 
temperatures drop down below-1 0C. Frost 
injuries were reported in 2004, 2006 and 2012 
(Table 2).  
In 2004 a minimum temperature of-2.30C was 
measured in the period of flowering, which 
caused about 1% frost damages in ‘Stanley’ 
cultivar and up to 97% in ‘Elena’. A very high 
percentage of frost damages was established in 
‘Pacific” cultivar - 95%. In February 2006, 
after a comparatively warm period, the 
temperatures dropped down to-100C. At that 
time the cultivars were still in a period of 
relative dormancy. The highest percentage of 
damaged buds was reported in ‘Elena’ cultivar 
(22%), while in the other cultivars frost 
damages were not observed or they were 
insignificant. The low temperatures at the 
beginning of April 2012 caused frost damages 
to the flower buds of the plum cultivars at the 
stage of swelling or white button. The 
percentage of the damages varied from 5 to 
51%.  
The damages reported in the cultivars ‘Top 
Giant Plus’ and ‘Mirabelle de Nancy’ were 
below 10%. For comparison, the frost damages 
in the standard cultivar ‘Stanley’ were 11%. 
The highest percentage of frost damages was 
reported in ‘Toptaste’ cultivar - 51%, followed 
by ‘Cacanska lepotica’ - 28%. The damages in 
the other studied cultivars varied within 11 – 
20%. 
The investigations showed that the cultivars 
‘Elena’, ‘Pacific’ and ‘Toptaste’ were the most 
susceptible to winter frosts compared to the rest 
of the studied cultivars in the collection 
plantation. 
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Plum Breeding 
In the last 50 years twenty-seven original plum 
cultivars and several clones of ‘Kyustendilska 
sinya’ cultivar were registered. Most of them 
were obtained as a result of purposeful 
breeding activities and the rest of them – by 
open pollination of local plum cultivars or of 
the cultivars ‘Stanley’ and ‘President’. Nine 
Bulgarian cultivars resulted from crossing of 
‘Kyustendilska sinya’ x ‘Montfort’. 
‘Kyustendilska sinya’ was used as a mother 
form in establishing twelve cultivars and in 
‘Pop Hariton’ and ‘Baleva’, which are complex 
hybrids, it was also used as a mother form in a 
combination in F1 progeny (Zhivondov et al., 
2012).The choice of that cultivar to be used in 
breeding is not random; it has a number of 
valuable economic and biological 
characteristics, such as: high fertility, late 
flowering period, self-fertility, excellent taste 
qualities, freestone. However, the cultivar has 
been excluded from modern breeding 
programmes because of its strong susceptibility 
to PPV. 
In the period 2004-2012, 61 parent 
combinations have been developed at the Fruit-
Growing Institute in Plovdiv, pollinating 43315 
flowers and obtaining 1568 hybrid seeds 
(Bozhkova, 2011). The average percentage of 

the obtained seeds for all the combinations was 
3.6%. Some authors established that in open 
pollination of plum, the percentage varied from 
3 to 45% (Vitanov, 1977; Iliev, 1985; Szabo 
and Nyeki, 2000). The most productive under 
the conditions in our country proved to be the 
parental combinations, in which the cultivars, 
‘Stanley’, ‘Althan's gage’, ‘Ortenauer’ and 
‘Pacific’ were used as the mother parent and 
the cultivars ‘Cacanska lepotica’ and ‘Cacanska 
najbolja’ – as the father parent (Bozhkova, 
2011). After conventional stratification, 459 
hybrids were grown and planted in the 
collection orchard. The percentage to the total 
number of seeds is 29.2% and to the pollinated 
flowers - 1.05%. 
Vitanov (1977) calculated the results of the 13-
year long investigations and he established that 
the percentage of the fruit set to the total 
number of pollinated flowers is 15.04% and the 
obtained plants - 4.09%, respectively. Those 
data show that breeding is quite labour-
consuming. 
300 of the grown hybrids have not yet started to 
bear fruit and selection among them has not 
been carried out. Elite 1-14 was selected among 
the progeny of the parental combination 
‘Althan's gage’ x ‘Sineva’. Its fruit are 37.7 g 
in weight and the stone weight is 1.5 g. 

 
Table 1. Evaluation of plum cultivars (selected results)  

Cultivar   Average data of 
ripening 

Fruit mass* 
(g) 

Stone mass* 
(g) 

Day 
matter*% 

Titratable acidity 
(%) Yield Susceptibility to 

PPV 
Susceptibility to 

drought 
Tuleu timpuriu 05-10.07. 47.3b 2.1a 15.6c 1.2a 8 4 2 
Topfirst 05.07. 27.9f 1.3bc 17.2bc 0.7b 7 4 4 
Katinka 07.07. 28.3ef 1.1c 15.7c 0.6c 9 6 3 
Cacanska rana 10.07. 46.3bc 2.1a 13.3c 0.7b 7 4 2 
Malvazinka 10-15.07. 58.3a 1.5b 14.9c 0.6c 7 3 2 
Opal 15.07. 21.9g 0.9c 13.1c 0.5c 9 3 4 
Cacanska lepotica 20.07-04.08. 37.4d 1.5b 20.3ab 0.8b 8 3 2 
Mirabelle de 
Nancy 03-06.08. 15.4h 0.5d 20.6ab 0.8b 9 2 4 

Green gage 8.??? 22.8fg 0.9cd 19.8ab 0.8b 7 5 3 
Pulpudeva 06-12.08. 27.4f 0.8d 21.3ab 0.5c 8 4 4 
Topgigant plus 10-13.08 44.1cd 2.0a 18.9b 1.3a 9 4 2 
Althan’s gage 09-23.08. 39.5d 1.3b 18.7bc 0.7b 7 5 5 
Pacific 10-24.08. 51.5b 1.5b 16.6bc 1.3a 7 1 4 
Cacanska rodna 10.08. 30.2ef 1.3b 20.2ab 0.9b 6 4 3 
Cacanska najbolja 11-24.08. 49.3b 1.8ab 18.3bc 0.8b 9 3 2 
Promis 19.08. 17.4g 0.8d 19.3ab 0.8b 5 4 6 
Stanley 20-31.08. 34.9d 1.8ab 17.9bc 0.6c 9 3 2 
Kyustendilska 
sinya 23.  17.4g 0.6d 22.1a 1.1ab 6 6 5 

Valevka 25.08. 19.8g 1.0c 15.6c 0.7b 6 4 6 
Ortenauer 23.08.-10.09. 24.5f 1.0c 19.2ab 0.6c 7 4 4 
Haganta 28.08-30.08 52.1b 1.8ab 17.4b 0.9b 7 4 3 
Jojo 25.  42.9cd 1.6b 20.5ab 0.8b 7 1 2 
Elena 05-07.09. 27.0f 1.3b 18.9b 0.6c 8 4 2 
Anna Spath 02-15.09. 36.3d 1.4b 18.4bc 0.5c 7 5 3 
 Means followed by the same letter do not differ at 5% of significance; Duncan’s multiple range test. 
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Table 2. Frost damages of plum cultivars 

Year/date Cultivar Frost damages in % Phenophase 
2004-16.04. Elena 97 White bud 

– 2.3o C Katinka 2 full flowering 
 Malvazinka 30 end of full flowering 
 Opal 17 full flowering 
 Pacific 95 White bud 
 Stanley 1 full flowering 
 Tuleu timpuriu 8 full flowering 
 Cacanska lepotica 8 full flowering 

2006-09.02. Tuleu timpuriu 3 dormant buds 
-10.0 o C Stanley 0 dormant buds 

 Katinka 0 dormant buds 
 Elena 22 dormant buds 
 Ortenauer 0 dormant buds 
 Tuleu timpuriu 3 dormant buds 
 Stanley 0 dormant buds 

2012-03.04. Cacanska lepotica 28 Swell bud 
-2.2°C Cacanska najbolja 10 Swell bud 

 Cacanska rodna 18 White bud 
 Cacanska ranna 10 White bud 
 Mirabelle de Nancy 9 White bud 
 Bellamira 20 White bud 
 Miragrande 18 White bud 
 Topfirst 17 Swell bud 
 Toptaste 51 Swell bud 
 Haganta 13 Swell bud 
 Jojo 16 Swell bud 
 Topgigant plus 9 Swell bud 
 Opal 19 White bud 
 Elena 16 Swell bud 
 Tuleu timpuriu 20 White bud 
 Pacific 20 Swell bud 
 Stanley 11 White bud 

 
The elite is characterized by good coloration of 
the fruit skin, orange-coloured fruit flesh and a 
very high content of dry matter - 26.8%, 
measured in 2011.Total sugar content is 14.8%, 
12.1% of which is inverted sugar and that is a 
good dietary characteristic. Acid content is 
0.8%. 
A population of 151 plants was grown from 
irradiated seeds obtained by open pollination of 
‘Althan's gage’ cultivar. 10 elites were selected 
among them, showing good tolerance to PPV 
(with slight symptoms on the leaves only), 
bearing large-sized fruit and having very high 
fertility and good taste. They were planted in an 
orchard for final assessment.  
From that group of elites, Elite 1-53 
demonstrated very good qualities. Its fruit have 
a mean weight of 63.6 g and the stone is 2.7 g. 
The dry matter of the fruit measured in 2012 is 
22.0%. Total sugar content is 13.2%, 9.0% of 
which is inverted sugar and the acid content is 
0.31%.  
That elite got an excellent grade after the 
sensory evaluation of fruit. 

CONCLUSIONS 
 
Study on plum genetic resources grown under 
natural PPV infection background and under 
stress abiotic factors, made it possible to 
compare their basic economic and biological 
characteristics and to select suitable donors for 
the further breeding process. The establishment 
of a rich genetic fund is a precondition for 
choosing promising elites and new cultivars. 
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Abstract 
 
Pietroasa is known by two local treasures: the treasure „Hen with golden chickens” and the wines produced here, 
especially the Tamâioasa româneasca and Grasa. In 1893, thus 120 years, at Pietroasa, one of the first nurseries in the 
countries was created, as a measure taken by the state for the production of viticultural planting material. From here, 
new solutions and methods of viticultural planting material production, choosing new varieties, establishing 
plantations, vine growing and wine production, continuously started growing, in the Romanian vitiviniculture. 
Extensive experiments performed here allowed the publication of valuable works by many leading personalities for the 
viticulture and agriculture of the country: G. Nicoleanu, I.C. Teodorescu, Gh. Constantinescu, T. Savulescu and others. 
Pietroasa Research and Development Station for Viticulture and Enology distinguished itself the last decades, also by 
enriching the assortment by new and valuable grapes varieties: Otilia, Timpuriu of Pietroasa, Centenar Pietroasa, 
Istrita and Alb aromat. 
 
Key words: Pietroasa, aniversary, grapevine, wine. 
 
 

INTRODUCTION 
 
Celebrating 120 years of research, education 
and vitivinicultural production at Pietroasa is a 
good opportunity to recall some moments, 
places and people that have marked this field 
and paying homage to some first class 
personalities, who have greatly contributed to 
the development of the Romanian viticulture, to 
enriching knowledge, in affirming the 
Romanian viticulture worldwide. 
Romanian modern and contemporary era of 
viticulture was, for good reason, divided in the 
pre-phylloxeric stage (until the late nineteen 
century) and the post-phylloxeric one, thus 
mass destruction of vines has determined 
profound changes in the viticultural area. 
Reconstruction of vines has been accomplished 
during the first stage with imported grafted 
vines, then with vines obtained from local 
nurseries, out of which a special place in the 
Romanian viticulture history was occupied by 
Pietroasa Nursery. 

MATERIALS AND METHODS 
 
The work is a documentary synthesis of the 
main activities of special importance for the 
Romanian viticulture, starting with the role of 
Pietroasa nursery in restoring the viticulture 
after the phylloxera disaster, continuing then 
with introducing the modern production 
techniques, creating new varieties, obtaining 
high quality wines, dissemination of results of 
researches, training specialists with high 
qualification etc. 
At the same time we pursued the role played by 
many prestigious personalities in affirming the 
Romanian school of viticulture in the world. 
 
RESULTS AND DISCUSSIONS 
 
History. According to the Official Gazette no. 
168 of the 31st of October 1891, the tasks of the 
nurseries and vineyards stations were to 
“experiment and choose the best species and 
varieties of rootstock, produce planting 
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material and distribute it, learn systematic 
cultivation of American vine, treat diseases, 
manufacture and preserving wine, learn the art 
of vine-grafting” (Picu M.V., 2008). 
Established in 1893, Pietroasa Nursery had the 
role to become a “model and experimental 
vineyard for the culture of vine and wine 
manufacturing” of the Ministry of Agriculture, 
Industry, Commerce and Domains. 
Pietroasa Nursery was established on the state 
domain in Pietroasa-Badeni, which had been 
impropriated from Bradu Monastery in 1864. 
When established, Pietroasa Nursery was 
attributed the courtyard of the former 
monastery and a total surface of 32.162 ha 
(Damian T. et al., 2008). 
By Law no. 986/16th of March 1893 in addition 
to other funds, 500 thousand lei were allocated 
to the Ministry of Agriculture, Industry, 
Commerce and Domain, for establishing the 

model farm Pietroasa and 500 thousand lei for 
building a winery and cellar in this farm. 
Between years 1893-1895, at Pietroasa a 
collection of 737 varieties of vine for table 
grapes and wine is established, on the 10 ha 
surface, an impressive accomplishment for that 
time, hard to imagine during our days. 
In 1924, the viticultural and enological Station 
Pietroasa-Buzau is being established, linked to 
Pietroasa Nursery, which passes in 1929 to the 
Academy of High Agronomic Studies in 
Bucharest, under the name of „Pietroasa 
Experimental Vineyard”. Management of the 
unit was assigned to Gherasim Constantinescu. 
Here at Pietroasa, in the interwar period, the 
foundations of rigorous scientific research in 
the viticultural domain were laid, coordinated 
by professors Ion C. Teodorescu (Figure 1), 
Gherasim Constantinescu (Figure 2), Traian 
Savulescu and others.

 
 

 

                                      
Figure 1. Ioan C. TEODORESCU            Figure 2. Gherasim CONSTANTINESCU 

(1886-1978)      (1902-1979)  
 

 
In 1928, an experimental plantation is 
established, under the guidance of I.C. 
Teodorescu, with 24 varieties for wine (12 
Romanian and 12 foreign), each variety grafted 
on 10 rootstocks and submitted to 5 pruning 
systems (1200 combinations). Also, a weather 
base was established to warn downy mildew of 
grapevine. 
During that same year, I.C. Teodorescu 
publishes the work Productive value of 
Romanian vines, which contains the results of a 
comparative study made starting from 1922 at 

Pietroasa on some Romanian and foreign 
varieties. 
In 1939 at Pietroasa a collection of 16 varieties 
of table grapes grafted on 4 rootstocks is being 
established. Based on the studies made at 
Pietroasa and Istrita, Gherasim Constantinescu 
writes in 1949 his PhD thesis entitled 
Comparative study of vine varieties Braghina 
and Negru vârtos at the experimental Vine 
Pietroasa-hill and Istrita Nursery-lowland, 
Buzau County. 
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Data from these experimental plantations were 
published in the monumental work 
“Ampelographic RSR” (8 volumes), published 
under the coordination of Professor Gherasim 
Constantinescu. 
Following these extensive experiments, 
continued in time, the famous variety of 
Pietroasa was profiled led by the Tamâioasa 
româneasca and Grasa, varieties well adapted 
to local climatic conditions (long autumn, 
relatively dry, soils rich in calcium carbonate, 
smooth slopes with a good exhibition, etc), 
with high potential to accumulate sugars (240-
260 g/l) and other noble products, that allow 
obtaining high quality wines. Varieties of 
Italian Riesling, Chardonnay, Sauvignon, and 
Pinot have also proven superiority for white 

quality wines, as well as Cabernet Sauvignon 
and Merlot for red wines. 
Creating new varieties of grape-vines and 
improving the main varieties of the assortment 
by clone selection were a basic concern of the 
researchers at Pietroasa, since 1957. 
Recent achievements of the Station are 
remarkable, related to obtaining and approving 
some new valuable varieties (Otilia, Timpuriu 
of Pietroasa, Centenar Pietroasa, Istrita, Alb 
aromat) (Figure 3) and some new clones (Grasa 
of Cotnari 4 Pt. and 45 Pt.; Babeasca neagra 94 
Pt.; Muscat of Hamburg 4 Pt.; Tamâioasa 
româneasca 36 Pt. and 5 Pt.; Muscat of Adda 5 
Pt.; Busuioaca of Bohotin 26 Pt. and Feteasca 
neagra 10 Pt.) (Toma O. and Aspas S., 2008).

 

 
Figure 3. New grape varieties obtained at Pietroasa

 
Research on vine pruning was initiated in the 
experimental plantation established with grape 
varieties for wine in 1929, using 5 types of 
pruning and bud loads (Damian et al., 2008). 
Later on, researches have extended on varieties 

of table grapes in the plantation established in 
1939 with 16 varieties grafted on 4 stocks and 4 
training forms. 
A special preoccupation of the researches in 
Pietroasa Station was, since 1962, the study of 
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high form of leading of stocks, increased 
production being highlighted; lower attack of 
downy mildew and grey mould, as well as an 
increased efficiency of exploitation of these 
plantations. 
At the basis of the modernization action of 
vineyards in Romania stood the numerous 
researches made at Pietroasa, during a long 
period of time, on high and semi high leading 
forms, on varieties of table grapes, as well on 
those of wine, which have proven their validity 
up to date, related to the planting distances, 
types of pruning, bud loads and length of the 
production elements. 
First researches on vineyard protection 
conducted at Pietroasa have aimed at fighting 
against phylloxera and downy mildew. In 1927, 
Professor Traian Savulescu has initiated 
systematic studies on biology of the fungus and 
warning treatments to downy mildew, which 
has proven to be the most dangerous disease of 
the vineyard. One year later (1928) has 
established near Pietroasa Experimental 
Vineyard, the Station for Warning downy 
mildew of grape vine, announcing the local 
vine growers about the optimum moment for 
applying treatments. 
After 1957, researches on protection of the 
vineyards have amplified by establishing a 
specialized laboratory. Gradually researches 
have extended to powdery mildew, virus 
diseases, excoriose, grey mould, useful fauna in 
the vineyard plantations, using of pheromones 
to control pests, integrated control, of 
biological means of control. 
During the last decade researches have 
intensified in the area of organic viticulture, in 
collaboration with specialists of the Department 
of Viticulture and Winemaking of USAMV 
Bucharest, by developing 3 projects, an organic 
plantation was established and a methodology 
for accreditation has been developed (Antoce 
A.O. et al., 2008). 
Production of viticultural planting material 
has been a basic activity of the Station 
throughout its existence. If in the beginning the 
planting material has been destined for 
reconstructing the vineyard plantations 
destroyed by the phylloxera, later increasing 
these activities was destined for extending the 
viticulture in all favorable area, introducing 
new varieties in the culture and exporting. 

Today seedling material with high biological 
value is produced according to the European 
legislation and is destined for establishing 
modern plantations, whose exploitation must 
meet the new requirements for promoting 
quality, without which we cannot speak about 
the viticulture of future. 
In winemaking, first researches refer to 
determinations of the chemical composition of 
the wines obtained from the experimental 
plantations. In the work Introduction à 
l'ampelographie roumaine, Gh. Nicoleanu 
(1900) presents the main features of wines in 
Buzau County, based on the analysis made at 
Pietroasa. 
Data on the qualitative potential of varieties in 
the plantation established in 1928 are contained 
in Viile experimentale din România 
(Experimental vineyards in Romania)  (1943) 
written by I.C. Teodorescu, Gh. 
Constantinescu, S.S. Gogalniceanu and C.V. 
Oprea. Authors have noticed the fact that the 
highest technological potential was showed by 
the varieties Grasa, Tamâioasa româneasca, 
Pinot gris, Muscat Ottonel, Sauvignon and 
Pinot noir, considering that Pietroasa wine 
center can be defined as a complex destined for 
producing desert liquor wines (Damian I. et al., 
2008). 
In 1940 at Pietroasa a wine center was created, 
equipped with modern facilities imported from 
Italy, which lead to improving the work 
methods used in primary winemaking, valuing 
the technological process of the varieties  
Tamâioasa româneasca and Grasa. 
Research in the field of wine were diversified 
and intensified after 1972, together with 
renewal of the whole technological process of 
primary winemaking. The importance of 
leading the alcoholic fermentation at low 
temperatures has been established, the 
favorable role of bentonite on musts, the 
duration of contact between must and marc was 
mentioned for producing the aromatic wines of 
Tamâioasa româneasca, the rotating metal 
tanks were introduced on the technological 
process for obtaining aromatic wines etc. 
Wines of Pietroasa, especially those of 
Tamâioasa româneasca and Grasa, especially 
after 1957, have enjoyed a good appreciation at 
the international and national competitions, 
obtaining various medals. 
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Researches conducted during the last two 
decades have aimed to establishing new 
methods of primary wine production which 
influence the content in volatile compounds of 
the Tamâioasa româneasca wines, influence on 
wine production technology and of enological 
materials on wines typical, using the flotation 
equipment for settling the must in continuous 
flow etc. (Varaticeanu Gh. et al., 2008). 
The production activity is further considering, 
production of seedlings, grapes and high 
quality wines. It is aimed to further reduce 
inputs and increase the quality of grape 
production, modernizing the technological 
process for obtaining quality wines, developing 
the marketing activity (Stanica F., 2008). 
The educational activity was, also, a constant 
concern of the Station, from preparing the 
grafts (at the end of the 19th century) of 
agricultural apprentices, of the cellar men, to 
practice of students, to researches made in the 
dissertation works and PhD thesis. 
This is where the first school for grafts 
personnel was established in 1894 thus the 
practice of grafting has spread to nearby places. 
Later on, a professional school for cellar men 
and a school for agricultural apprentices, with 
duration of 3 years, for the formation of 
practitioner growers. 
By complexity of the activities developed, 
Pietroasa Resort has imposed itself also as 
preparation center for teaching in higher 
education, passing in 1929 to the Academy of 
High Agronomic Studies in Bucharest 
(Pomohaci N., 2008). 
Collaboration with growers in the area, 
dissemination of the research results, has 
been a constant concern of the Station, from 
training courses, conferences, training, practical 
demonstrations, up to assistance in obtaining 
the wines in the winery, in the purpose of 
applying and respecting the enological 
practices authorized for obtaining quality wines 
with  name of controlled origin. 
Pietroasa - an ideal place for enoturism. It is 
known that the name of Pietroasa has become 
famous after discovering the famous treasury in 
1837, although viticulture and winemaking has 
a long tradition in these areas. Pietroasa Station 
is the only wine unit in Romania, which can 
weave its history with that of the treasury, 
discovered right at the superior part of the hill 

cultivated with grape-vine, in the „Via 
Ardelenilor” (Ivascu M., 2007). 
The Station is keeper of a luxury edition of the 
monography „Le trésor de Pétrossa”, edited in 
Paris by Alexandru Odobescu, between 1895 si 
1900. 
Along with the exceptional quality of Pietroasa 
wines, the wines presentation room is admired 
here by visitors, furnished and decorated by 
director Valeriu Popa (1957-1962; 1972-1986), 
who was inspired not only by the local tradition 
of wine, by the locals preoccupation to carve 
stone, but also by the history of these places. 
You can admire here the lamps, the engraving 
of Master Marcel Chirnoaga entitled „Strugurii 
mâniei” („Grapes of anger”), the stained glass, 
pieces of the famous Treasury from Pietroasa 
(in copy, natural size) etc. 
The golden book of the Resort is keeper of a 
significant number of testimonies of moments 
of enjoyment spent by numerous Romanian and 
foreign visitors, who have crossed its threshold 
accompanied by the famous wines. Not 
incidentally Nichita Stanescu recorded that 
„Here at Pietroasele, our stone heart has 
changed into a heart of heart”. 
All these accomplishments have entitled 
Professor Gherasim Constantinescu to assert 
with good reason: „Pietroasa can be considered, 
unmistakably, as being the cradle of Romanian 
vine science. Its purpose was to restore life to 
vineyards and to harness the efforts of the 
vinegrowers exploiting by vine plantations (...) 
the Carpathian hills which the grape vine 
occupies for millenniums, being above all 
crops” (Macici M., 2008). 
 
CONCLUSIONS 
 
The anniversary of 120 years of research, 
education and vitivinicultural production at 
Pietroasa, allows remembering the place and 
people who laid the foundation of the scientific 
research in this field. 
Pietroasa nursery, established in 1893, shortly 
after the invasion of phylloxera had an 
important role in restoration the viticulture and 
introducing the modern production techniques. 
This is where leading personalities of the 
Romanian viticulture from the last century have 
developed their activity, Ioan C. Teodorescu 
and Gherasim Constantinescu. 
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Over time, Pietroasa Station noted itself by 
studying the wine varieties, creating new 
varieties, obtaining clone selections, adapting 
rootstocks, extending the high and semi high 
training forms of the grapevines, introducing 
some new techniques in wine production. 
 
REFERENCES 
 
Antoce Arina Oana, Namolo anu I., Cazacu Silvia, 

Iva cu Maria, Dumitru Elena, 2008. Studii i 
cercet ri în domeniul viticulturii ecologice la 
USAMV Bucure ti, în cadrul filialei SCDVV 
Pietroasa - înfiin area unei planta ii ecologice. „115 
ani de cercetare, înv mânt i produc ie vitivinicol  
i pomicol  la Pietroasa i Istri a”. Ed. INVEL-

Multimedia, Bucure ti. 
Damian I., Toma A., Varaticeanu Gh., Ispas Sofia, 

Varaticeanu Charlotte, Iva cu Maria, Pucas Angela, 
Tomoiu A., Dumitru Elena, 2008. Sta iunea 
Pietroasa-115 ani în slujba viticulturii române ti. 
„115 ani de cercetare, înv mânt i produc ie 
vitivinicol  i pomicol  la Pietroasa i Istri a”. Ed. 
INVEL-Multimedia, Bucure ti. 

Iva cu Maria, 2007. Tezaur istoric i vinicol la Pietroasa. 
Ed. Cetatea de Scaun, Târgovi te. 

Macici M., 1993. Elemente reper pentru o istorie a 
tiin ei vitivinicole române ti. „Sta iunea de Cercet ri 

Vitivinicole Pietroasa, 1893-1993 - 100 de ani în 
slujba viticulturii i vinifica iei române ti”. 

Macici M., 2008. Pietroasa „Catedrala Viticulturii 
Române ti”. „115 ani de cercetare, înv mânt i 
produc ie vitivinicol  i pomicol  la Pietroasa i 
Istri a”. Ed. INVEL-Multimedia, Bucure ti. 

Picu Maria Valeria, 2008. Istri a i Pietroasa - Perle ale 
înv mântului i cercet rii horticole române ti la a 
115-a aniversare. „115 ani de cercetare, înv mânt i 
produc ie vitivinicol  i pomicol  la Pietroasa i 
Istri a”. Ed. INVEL-Multimedia, Bucure ti. 

Pomohaci N., 2008. Începuturile înv mântului horticol 
la Istri a i Pietroasa. „115 ani de cercetare, 
înv mânt i produc ie vitivinicol  i pomicol  la 
Pietroasa i Istri a”. Ed. INVEL-Multimedia, 
Bucure ti. 

Stanic  F., 2008. Istri a i Pietroasa - Privire spre viitor. 
„115 ani de cercetare, înv mânt i produc ie 
vitivinicol  i pomicol  la Pietroasa i Istri a”. Ed. 
INVEL-Multimedia, Bucure ti. 

Toma Otilia, Ispas Sofia, 2008. Realizari ale Sta iunii 
Pietroasa în ameliorarea sortimentului viticol. „115 
ani de cercetare, înv mânt i produc ie vitivinicol  
i pomicol  la Pietroasa i Istri a”. Ed. INVEL-

Multimedia, Bucure ti. 
Varaticeanu Gh., Iva cu Maria, Pucas Angela, Grigorica 

L.G., 2008. Vinul cu denumire de origine 
„Tamâioasa româneasc  de Pietroasa” – arealul de 
producere, principalele caracteristici de compozi ie, 
procedee clasice i moderne de vinificare primar . 
„115 ani de cercetare, înv mânt i produc ie 
vitivinicol  i pomicol  la Pietroasa i Istri a”. Ed. 
INVEL-Multimedia, Bucure ti.

 
 

94



 

 
SCIENTIFIC SUBSTANTIATION FOR THE INTRODUCTION,  

ON ROMANIAN TERRITORY, OF Lycium barbarum L.:  
A SPECIES WITH SANOGENE PROPERTIES 

 
Ioana Claudia MENCINICOPSCHI, Viorica B LAN 

 
University of Agronomic Sciences and Veterinary Medicine,  

59 M r sti Blvd., District 1, 011464, Bucharest, Romania 
 

Corresponding author email: claudia.menci@gmail.com 
 
Abstract 
 
In the year 2010, studies have been started at U. .A.M.V. Bucharest in order to meet the requirements for the scientific 
substantiation of the development of Lycium barbarum L. plant cultivation on Romanian specific spreading area. The 
aforementioned studies focused on the biological, agronomical and health-promoting properties of this plant species. 
Our study presents interpretations, conclusions and a synthesis regarding biological characteristics such as: growth 
and development dynamics of the goji plants’ vegetative and reproductive parts, between the years 2010 and 2012. The 
quantitative and qualitative aspects of the plants’ fruit production were also part of the research, as fructification 
characteristics, bio-physical and bio-chemical properties of goji berries and the quantity and quality of the fruit yield 
were all studied. This work also considers the adaptability potential of the Lycium plants to the environmental and 
climatic conditions of the Northern Bucharest region by mentioning: the traversing of vegetative and fructifying phases 
and the plants’ resistance to diseases and pests. So far, there have been certain differences, between the two studied 
Lycium barbarum L. varieties, regarding adaptability potentials and biological characteristics. The significance of our 
contribution is that it aims to provide scientific support for the cultivation of goji species in Romania. 
 
Key words: adaptability, fructification, Lycium barbarum L. (Goji), scientific substantiation, varieties. 
 
INTRODUCTION 
 
Lycium barbarum L. (LB) is a decumbent 
deciduous perennial nanophanerophyte from 
the Solanaceae family which is native to Asia 
and S-E Europe. It is also called wolfberry or 
“goji” from the Chinese “gou qi”, but these are 
terms which can also be used to denote its close 
relative: Lycium chinense Mill. (LC). 
Sometimes the distinction “Chinese wolfberry” 
for LC and “Ningxia goji” for LB is made, but 
in this study we refer to goji only as LB. 
Though used for a long time by Chinese 
people, who have included this plant amongst 
the remedies used in the Traditional Chinese 
Medicine, it is only in recent years that the 
popularity of this species has started to grow in 
western countries, being associated with the 
idea of a “super fruit”. 
These exotic berries are highly valued for their: 
anti-ageing properties, anti-diabetic effects, 
antioxidant activity, cardiovascular benefits, for 
promoting eye health and for strengthening the 
immune system. Some of these health claims 
have been studied and it has been shown that 

the fruit’s nutritional value and sanogene 
potential are notable (Amagase et al., 2011). 
There have been many studies regarding this 
species’ biological characteristics in China. 
Also, there is an ascendant trend in the number 
of studies focusing on the fruit’s nutritional and 
sanogene properties. 
In spite of this, in Romania, L. barbarum has 
only been regarded as a potentially invasive 
species (Anastasiu, 2005) and – to our best of 
knowledge – the possibility of introducing 
these plants towards cultivation has not been 
studied yet. 
Moreover, there haven’t been any studies 
regarding how the information existing in the 
speciality literature matches up to the agro-
pedo-climatic characteristics of the Northern 
Bucharest region. 
This is why this work aims to verify the 
information and hypotheses found in the 
consulted scientific studies (over 70 
bibliographic titles have been consulted), by 
comparing it to the synthesised data from the 
experimental field. 
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MATERIALS AND METHODS 
 
The period of this study was 2010 - 2012. Two 
phenotypes (V1 and V2), were planted in a non-
random block experiment with 6 repetitions (3 
for V1 and 3 for V2), within the research field at 
U. .A.M.V.’s Campus in Bucharest. 
In order to study the growth and development 
characteristics of plant individuals from the 
Lycium barbarum L. species, the following 
indicators were determined: plant height, 
number and length of shoots, number of leaves, 
flowering and fructifying dates, fruit yield, 
soluble dry substance in fruit (DS%) and fruit 
weight. Also, the volume and shape of the two 
years old goji shrubs were determined. 
The volume of the plants was determined by 
using the mathematical formula for the 
truncated cone shape which bared the most 
similarity with the plants’ natural architecture. 
The harmful and the helpful arthropod species, 
for the Lycium barbarum shrubs planted in the 
experimental field, were determined by using 
yellow sticky traps. One trap per variety was 
installed in the shrubs’ crowns. New traps were 
set up weekly, between July and October 2012. 
The entomological probes were collected and 
sorted according to taxonomic groups. The 
probes were studied under a binocular eyeglass, 
and identified according to existing speciality 
determinants, described in literature. 
The data from the experimental field was 
synthesised and analysed in order to verify the 
information and hypotheses found in the 
consulted scientific studies (over 70 
bibliographic titles). 
 
RESULTS AND DISCUSSIONS 
 
Ecologic area of Lycium barbarum L. 
Climatic zones and distribution areas. Goji 
shrubs prefer temperate or sub-tropical climatic 
zones. They are sun-loving plants and the 
quantity and quality of their fruit production 
heavily depends on the quantity of solar 
exposure they get. So, even if they will tolerate 
growing in partly shaded environments, the 
recommended planting spot would be that 
which ensures the plants get around 6 hours of 
sunlight per day. 
The plants are quite resistant to cold as they can 
tolerate temperatures as low as -15 °C, and 

even -23 °C, but only for short periods of time 
(Doroftei, 2009). Also, this species can easily 
tolerate maritime exposure and strong winds. 
Lycium barbarum L. originates from the region 
spanning from south-eastern Europe to south-
western Asia (Harrison et al., 1997). But, 
nowadays, the main cultivator and producer of 
goji plants and derived products is China 
(especially in the Ningxia Hui Autonomous 
Region). Same as the whole genus it belongs 
to, this species presents a disjunction between 
the northern and southern hemispheres (Levin 
et al., 2005). 
Along with Lycium barbarum L. (LB), 10 more 
species are mentioned as being native to the 
Euro-Asian zone (L. europaeum, L. chinense, 
L. rhutenicum). The richest diversity of Lycium 
species can be found in South America where 
the presence of almost 30 species of this genus 
has been recorded (L. cestroides, L. chilense, L. 
elongatum). North American (L. andersonii, L. 
californicum, L. pallidum) and South African 
(L. afrum, L. ferocissimum, L. cinereum) zones 
each have around 20 different Lycium species 
while, Australia (L. australe), The Galapagos 
Islands (L. minimum) and other Pacific Islands 
(L. sandwicense) each have only 1 Lycium 
species (Fukuda et al. 2001). 
Nowadays, the goji shrub has been introduced 
to most parts of the world due to its ornamental 
or commercial value. It can be found in almost 
all regions of the U.S.A., in Canada and in 
some parts of south-eastern Australia. It has 
been observed even in New Zeeland, but it is 
very rare (usually found in manmade habitats) 
as it cannot fruit freely in this region (Webb et 
al., 1988). 
One of the first European countries it has been 
introduced to is Great Britain. Usually the 
shrubs are used as hedges, especially in the 
southern parts of the country, such as the 
Suffolk region, or in coastal areas. 
Regarding this species’ distribution over 
European territory, its presence has been 
signalled in states like: Austria, Belgium, 
Bulgaria, Luxembourg, Italy, Greece, the 
Czech Republic, Slovakia, France, Germany, 
Switzerland, Holland, Spain, Hungary, 
Portugal, Poland, Russia and Turkey. It has 
even been recorded in northern countries such 
as: Denmark, Sweden and Norway. 
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In Romania, Lycium barbarum L. has been 
signalled in the eastern part of the country: in 
Dobrogea and Moldova regions. It has also 
been signalled in the western part of Romania, 
in the city of Timi oara. 
The climatic characteristics of the experimental 
field, where the two LB varieties have been 
planted, are those of a temperate-continental 
region. Slight thermal excesses tend to occur 
due to the high number of constructions, car 
traffic and industrial activities in this urban 
area. So, while at the outskirts of the city, the 
annual average temperature is 10.5 °C, at the 
centre the average value is 12 °C. 
In normal years, the summers are hot, even 
torrid, with frequent draught episodes and 
winters are cold, with large snow falls. Springs 
are short, with ample temperature fluctuations 
from one month to the other and with notable 
day-night variations. Autumns are characterised 
by thermal moderation as they ensure a slow 
transition towards the cold season. 
The usual sum of the minimum active 
temperatures from September to April is 148.1 
°C and the sum for the maximum active 
temperatures reaches 1,477.4 °C. The number 
of days without frost spans between 178 and 
205, while the vegetation period tends to be 
around 245 days. 
Annual precipitation ranges from 550 to 600 
mm, with a peak in the May-July interval. 
Showers and heavy rains are frequent. 
Dominant circulation of air is from the east and 
northeast in winter and from the west in the rest 
of the year. The maximum wind speed is 3.5-5 
m/sec. 
It can be concluded that the climatic conditions 
in the experimental field are generally 
favourable to the cultivation of grains, 
vegetables and also to different fruit-growing 
or ornamental shrub and tree species. 
Soil requirements. The LB shrub is a rather 
undemanding species when it comes to its soil 
requirements. It prefers sandy, loamy or even 
clayey soils as long as they are well drained. 
The optimum pH of the soil is around 7 
(neutral), but the plants may get used to more 
acid or alkaline soils too. 
Soils with high salinity are especially well 
tolerated by this species. This is due to a 
special biochemical mechanism regarding the 
structure of glycoproteins at the cell surface of 

LB leaves. Under salt stress, the glycoprotein 
layer gets thinner, while in low salt conditions 
it thickens (Juan et al., 2004). 
Goji plants thrive in soils with rich or moderate 
trophicity, but they can tolerate poor soil as 
well. According to some sources, this species 
can grow even in very dry soil conditions 
(Harrison et al., 1997). It is also capable of 
resisting moderate drought episodes, though it 
is advisable for the relative soil humidity to be 
over 50 % at all time, in order for the 
production not to be affected. 
On the other hand, the Lycium shrubs shouldn’t 
be planted in very humid soil, or in soils which 
tend to form puddles, otherwise the forming of 
fungus might set in. Some studies have shown 
that the appropriate monthly irrigation quota 
for this species, in terms of saving water, is 900 
m3 x hm (-2) (Zheng et al., 2010). 
There have been studies stating that Ningxia is 
the optimal place for producing high-quality L. 
barbarum fruit (Zheng G.Q., Zheng Z.Y. et al., 
2010). Possible favourable factors for the 
quality of these respective soils are the mineral-
rich deposits (loess) from the Huan He River. 
From an ecological point of view, this species 
is resistant to pollution (Möllerová, 2005) and 
there have even been studies attesting the fact 
that the goji shrubs may be used for aiding the 
conversion of croplands into forests, especially 
in lower mountain regions (Guoxiong, 2007). 
In a similar way, LB can also have the 
ecological function of fixing soil or preventing 
erosions. And in some regions, especially 
where it is grown as a hedge, it can also act as 
an ecological barrier (buffer strip). 
The experimental field, where we have chosen 
to plant the two LB varieties, is situated in the 
northern part of Bucharest. This city is situated 
in Vl siei Plain, the middle section of the 
Romanian Plain which is bordered by the Titu-
Gherghi a Plain in the north, by the B r ganul 
Mosti tei Plain in the east and south-east, by 
the Ialomi a River in the northwest and by the 
lower valley of the Arge  in the west and 
southwest. 
This is a typical tubular plain, with wide and 
flat interfluves. The foundation consists of 
Proterozoic crystalline deposits belonging to 
the Vlach Platform. On top of these, there are 
sedimentary deposits of Paleozoic and 
Mesozoic age, topped by Quaternary surface 
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materials represented by 2 to 12 m thick layers 
of loess on which numerous coves have formed 
through compacting and suffusion processes. 
Most of the relief is that of a smooth plain. The 
native vegetation of this plain consists of 
deciduous forests with Quercina species, 
remains of the Vl siei Woods and with tree 
steppe meadows. 
From a pedological point of view, the 
predominant soil class is that of the red 
preluvosoils which have a clayish texture, a 6.2 
pH and a humus content between 2.17% and 
2.64%. As a conclusion, the relief and soil 
requirements of the LB species is met by the 
experimental field’s characteristics. 
Plant architecture 
In most works, Lycium barbarum L. has been 
described as a decumbent, sometimes climbing, 
perennial nanophanerophyte which can grow 
up to 6 m tall and 3 m wide, if left unattended 
(Missouri Botanical Garden, 1932). Usually the 
cultivated shrub isn’t allowed to grow beyond 2 
m high so that its fruit can be easily harvested. 
The species has a moderate growth rate which 
is somewhere around 0.5 m/year. The plants are 
usually resistant to cuttings as they tend to 
regenerate easily. 
The two years old Lycium shrubs planted in the 
experimental field, have displayed similar 
growth tendencies as described in the 
aforementioned scientific works. In the first 
year from planting (2011), the average plant 
height for the first goji variety (V1) was 52 cm. 
The next year (2012), the average plant height 
for V1 plants was 108 cm, thus, the plants’ 
growth rate was 0.56 m/year. 
The second variety, however, displayed a more 
luxuriant growth rate: 1.23 m/year. In the first 
year from planting, the V2 plants had reached 
an average height of 53 cm, being mostly as tall 
as the V1 plants. The second year, however, the 
plants from the second variety had reached an 
average of 178 cm, being almost twice as tall as 
those of the first variety. 
Goji plants have a large number of curved, 
flexible branches which tend to bend if not 
supported. Their colour is either pale brown or 
white-greyish, with a glabrous surface. It is 
possible for the branches to also have small 
thorns, approximately 1 cm long, which 
sometimes develop into a proper branch, 
capable of bearing leaves, flowers and fruit. 

These characteristics have been displayed by 
the shrubs from the experimental field. Some of 
the plants’ branches, and also their shoots, have 
1-3 cm long thorns which sometimes develop 
into proper branches. This characteristic has 
been observed mostly on V1 plants. 
Because of the goji’s decumbent nature, in the 
second year from planting, the shrubs have 
been assisted in their growth using tutors 
(bamboo canes). This has been done taking into 
account the plants’ natural growth tendencies 
(Figure 1). 

 

 
Figure 1. LB V1 shrub which has been tutored 

 
The tutored plants’ shape has been determined 
by interpreting their biological measurements, 
and was found to be the most similar to a 
truncated cone or to a reversed truncated cone. 
Leaves.  The leaves of this species form on the 
shoot either in an alternating arrangement or in 
bundles of up to three. Their shape is 
symmetrical, but it tends to vary from: ovate to 
lanceolate or even to elliptical, depending on 
the cultivar or on the plants’ individual 
biological characteristics. The surface of the 
leaves is glabrous, with their upper side being 
deep green, and their back being paler, 
glaucescent. Somewhat fleshy and with 
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inconspicuous lateral veins, they gradually pass 
into the petiole. 
The plants in the experimental field showed 
similar biological characteristics as in scientific 
literature. However, there were some shape 
differences between V1 and V2 plants’ leaves. 
Also, V2’s leaves were a paler shade of green 
than those on V1’s plants (Figure 2). 

 

 
Figure 2. The leaves of a V2 LB individual 

 

 
Figure 3. The leaves of a V1 LB individual 

 
The V1 leaves were broader, usually ovate or 
elliptical (Figure 3). The V2 leaves were mostly 
lanceolate. It can also be noted that V1 plants 
manifested variability for the shape of their 

leaves. The leave shape was differed between 
individuals, but also at individual level. 
Flowers.  Lycium flowers grow solitary, from 
leaf axils, or in fascicles of 2-6. Their corolla is 
infundibuliform, with 5 petals. Their colour can 
vary from light violet to dark purple in early 
stages, while flowers in late stages lose their 
colour becoming white-yellow. 
In its centre, the flowers are lighter in colour 
and are traversed by darker-coloured nerves 
which lead to dense tufts of long hairs at the 
base or a little above it. The stamens, usually 
around 5, are longer than the corolla, but 
slightly shorter than the style. 
The Lycium shrub flowers from June to 
September, depending on its environmental 
conditions. According to some sources, the 
shrub continues to flower until November 
(Fleischman, 2006). 
These characteristics were displayed by the 
plants in the experimental field. There were no 
notable differences between the V1 and V2 
flowers characteristics. Still, V2 plants bore far 
less flowers than V1 plants. 
In 2011, V1 individuals flowered towards the 
end of June and V2 individuals started 
flowering in august. Both varieties continued 
flowering until late November. The next year, 
both phenotypes started flowering in May and 
continued this process until the beginning of 
December. Thus, it appears that the plants in 
the experimental field have a wider flowering 
interval than mentioned in scientific literature. 
Fruit. Goji fruit are orange-red glabrous 
berries. Their shape may vary, depending on 
cultivar or individual biological characteristics, 
from oblong-ovoid to obtuse, or even to 
apiculate. They are approximately 1 cm long 
and 0.5-1 cm broad, again depending on 
cultivar or on the plants’ own biological 
characteristics. The berries contain around 10-
20 seeds inserted into the septum. They are 
brownish-yellow, globose-reniform, 2.5-3 mm 
long and 2.25-2.5 mm broad. The goji shrubs 
start fruiting from July until October in the 
northern hemisphere. 
The plants from the experimental field 
displayed very similar characteristics. The 
average weight of a goji berry varied between 
0.2 g and 0.4 g. V2 fruit were slightly heavier, 
with an average of 0.4 g, while V1 fruit had an 
average of 0.3 g. The average length of the 
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berries varied between 0.9 cm and 1.5 cm, and 
the average diameter was between 0.6 and 0.8 
cm. Again, V2 fruit were bigger than V1 fruit, 
with an average length of 1.5 cm and an 
average diameter of 0.8 cm (Figure 4), as 
opposed to an average length of 1.2 cm and an 
average diameter of 0.7 cm (Figure 5). 

 

 
Figure 4. Broadness and length of LB V2 fruit 

 

 
Figure 5. Broadness and length of LB V1 fruit 

 
In 2011, the goji shrubs started fructifying 
towards the end of June and continued until the 
end of November. The next year, fructifying 
started earlier, towards the middle of May, and 
continued until December. We can conclude 
that the goji shrubs in the experimental field 
have shown precocity in their fructifying. 

Pests and diseases 
In England, Japan and Holland, there have been 
records of a certain eriophyoid mite, called goji 
gall mite or Kishida (Aceria kuko) which have 
infested goji plants. Although the plants have 
been labelled as being Lycium barbarum, 
specialists are of the opinion that this is a 
confusion induced by the fact that both species: 
Lycium barbarum L. and Lycium chinense Mill. 
are commercially known as goji. This opinion 
is backed by the fact that A. kuko, which has its 
reported range in Asia, has not been recorded 
on the L. barbarum species. Instead, one of its 
hosts is the aforementioned L. chinense 
(Ostojá-Starzewski, 2009). 
The same author has mentioned that Aceria 
species associated with LB are: Aceria 
eucricotes (Nalepa), also known as A. lycii 
(Canestrini) and Aceria kendalli Baker, also 
known as A. eucricotesmultistriata (Kendall). 
Also, there have been studies reporting that 
Lycium barbarum can be an additional 
solanaceous host for Candidatus Liberibacter, 
a bacterium associated with the zebra complex 
disease of potato (Wen et al., 2009). 
The material collected from the sticky traps 
placed on both of the Lycium varieties, in the 
experimental field, comprised a great variety of 
taxonomical groups. Both arthropod pests and 
auxiliary arthropod fauna were identified. 
Though numerous arthropod groups were 
identified, none of these species were specific 
pests of the goji shrubs. The identified pests 
are, mostly, polyphagous species which are 
directly linked with the flora species from the 
immediate vicinity of the Lycium shrubs, rather 
than with this species itself. 
The most representative data was that recorded 
in August and September (Table 1). The 
helpful fauna, identified consisted of parasites 
from the Hymenoptera group and predators 
from the: Araneae, Dermaptera, Hemiptera, 
Coleoptera and Diptera groups (Table 2). 
The species with the highest frequency were 
the Hymenoptera parasites, the Coleoptera and 
Neuroptera groups and the bugs from the 
Hemiptera order. 
We can conclude by pointing out the wide 
variety of recorded taxonomical groups and the 
high frequency of entomophagous species 
within all the systematic groups. Factors 
contributing to these numbers may be the 
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influence of the cultivated and wild flora 
surrounding the goji shrubs, as well as the lack 
of treatments with pesticides for this culture. 

 
Table 1. Listing and frequency of arthropod pests 

collected from Lycium barbarum shrubs 

Taxon August September
ACARI Ord. 23 16
THYSANOPTERA Ord. 
 7 4
HEMIPTERA Ord. 
Cicadellidae Fam. 35 20
Membracidae Fam. 2 -
Cixiidae Fam. 3 -
Delphacidae Fam. 15 21
Flatidae Fam. 7 4
Iassidae Fam. 3 -
Cercopidae Fam. 8 5
Aphididae Fam. 14 27
Triozidae Fam. 4 2
HETEROPTERA Subord. 
Tingidae Fam. 2 -
Miridae Fam. 3 6
Pentatomidae Fam. 3 5
Gerridae Fam. 1 3
Pyrrhocoridae Fam. 5 -
Lygaeidae Fam. 3 2
Piesmatidae Fam. 2 -
COLEOPTERA Ord. 
Elateridae Fam. 5 -
Halticidae Fam. 7 2
Bruchidae Fam. 2 -
Curculionidae Fam. 2 1
Bostrichidae Fam.  -
LEPIDOPTERA Ord. 
Gracillariidae Fam. 2 1
Noctuidae Fam.  1
Pieridae Fam. 3 -
Papilionidae Fam. 1 -
DIPTERA Ord. 
Brachycera Subord. 9 16
Nematocera Subord. 6 3
TOTAL 177 139

 
The choice for an integrated management of 
our Lycium agro-system is backed by the fact 
that it is an efficient form of conservation of the 
helpful fauna which, in turn, makes it possible 
to maintain and observe the unaltered trophic 
relations that form within this system. 
Production 
The biggest producer and exporter of goji 
berries and other goji products is China. These 
products are exported every year to countries 
such as Australia, Canada, the U.S.A. and the 
European states. It has been estimated that 

nearly 100,000 t of berries were produced in 
2004 in regions such as Xinjiang, Shaanxi or 
Gansu alone. The most productive of all the 
regions in China is Ningxia, where goji 
production varied between 20,001-25,000 t in 
the year 2002, according to the Chinese 
Ministry of Agriculture. 

 
Table 2. Listing and frequency of helpful arthropod 

species collected from Lycium barbarum shrubs 

Taxon August September
ARANEAE Ord.  4 9
THYSANOPTERA Ord.
Aeolothripidae Fam. 5 4
DERMAPTERA Ord.
Forficulidae Fam. 2 -
HEMIPTERA Ord .
Anthocoridae Fam. 5 7
Nabidae Fam. 2 1
Miridae Fam. 7 2
NEUROPTERA Ord.
Chrysopidae Fam. 11 6
Hemerobiidae Fam. 4 3
HYMENOPTERA Ord.
Chalcidoidea Suprafam. 18 23
Ichneumonoidea Suprafam. 6 3
Formicoidea Suprafam. 42 30
COLEOPTERA Ord.
Coccinellidae Fam. 12 18
Staphylinidae Fam. 3 7
DIPTERA Ord.
Syrphidae Fam. 6 4
TOTAL 127 117

 
In the experimental field, the total fruit yield 
for 2011 was 1,343.16 g. In 2012, the total fruit 
yield was 6,512.13 g, nearly 5 times bigger 
than in the first year. The average fruit yield, 
per plant, for V1 was 88.33 g in 2011 and 
317.74 g in 2012. For V2, the average fruit 
yield, per plant, was 2.68 g in the first year and 
50.77 g the second year from planting. 
Judging by the second year’s productions, the 
average fruit yield per hectare (ha), for V1 was 
almost 795 kg. For V2, the average fruit 
yield/ha was 127 kg. These values have been 
calculated considering that there are 2,500 goji 
shrubs grown on 1 ha of land (4 m2 planting 
space per plant). 
In 2012, the average value for dry substance 
within V1’s fruit was 15.84%. For V2’s fruit, 
this indicator was 17.26%, demonstrating a 
superior dry substance concentration. 
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The values have shown that the goji shrubs are 
still developing and they haven’t reached their 
normal production capacity. 
 
CONCLUSIONS 
 
Having compared the information from the 
scientific literature with our own results from 
the experimental field in Bucharest, we can 
conclude that most of the data were consistent 
with each other. 
The plants in the experimental field have 
shown a greater flowering and fructifying 
precocity, than mentioned in the speciality 
studies. Also, they have had an extended period 
for these two stages. The first variety (V1) 
showed a greater conformity with the literature 
in its characteristics. The second variety (V2) 
had a more luxuriant growth rhythm and a 
lower adaptability potential. 
We weren’t able to find any specific pests or 
diseases for this Lycium species, but a wide 
variety of entomophagous species has been 
reported on the shrubs, due to the lack of 
pesticides and to the influence of the cultivated 
and wild flora surrounding the goji plants. 
We can conclude that the agro-pedo-climatic 
conditions at U. .A.M.V.’s campus, as well as 
the whole ecosystem existing in the 
experimental field, have proved to be a 
favourable context for planting and growing the 
Lycium barbarum shrubs, especially the ones 
from the first variety. 
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Abstract 
 
Many countries have one or more national flowers representative of the geographic area or culture and traditions. In 
Romania, several proposals have been made for choosing a national flower but none of the proposals has been finalized 
by a legislative act to formalize the national flower. The authors of this article suggest that peony be proclaimed 
Romania's national flower. Among the arguments of this proposal there are: peony species with high ornamental 
potential biological and growing naturally in several parts of the country, in reserves protected by law; besides 
spontaneous species there are also cultivated species, found in a variety of significant shapes and colours (100-130 
species and cultivars taxa identified to date); the peony flowers are very popular in the whole country, often being 
subject of traditions, music, poetry, literature and painting of the Romanian people; to honor peony, festivals and 
celebrations are held annually in many areas of the country; the beauty and grace of the plants (especially the flowers) 
and their biological qualities (perennial productivity, technological flexibility, adaptability ecological), The peony 
species are almost never absent from parks and gardens and enable the development of other types of exceptional floral 
arrangements: in the consciousness of the Romanian people, physical and spiritual beauty are often associated with 
peony, as evidenced by the widespread use of the name of peony and its derivatives for family name, first name, city 
name, street name, name of birds and animals; in addition to its ornamental use, the peony is used for medicinal and 
cosmetic purposes. The paper will further develop these arguments. In addition, the present work will describe all 
species of peony that are common in our country, as well as the geographic areas were wild species of peony are 
present. Together with this presentation, the authors propose actions to popularize the importance and beauty of the 
herbaceous peony species and to formalize them as Romania's national flower. To this end, the paper will be 
accompanied by lists of adhesion and will be presented in other specialized universities and research institutions in our 
country. After gathering the necessary signatures, we propose to proclaim the peony as the national flower of Romania 
by law in the Romanian Parliament.
 
Key words: spontaneous peonies, cultivated peonies, appreciated flower, national flower, adhesion signatures. 
 
INTRODUCTION 
 
National flower or other vegetable element is, 
in many countries, an element of national 
identity, along with other national symbols 
established by the Constitution (Cristea, 2011; 
http://en.wikipedia.org/wiki/Floral_emblem). 
In such cases, the national flower or other plant 
species are represented on various national 
emblems. 
For example, the Japanese ornamental cherry is 
considered the national flower and the 
chrysanthemum, which is found on the coat of 
arms, is the flower of the Japanese imperial 
family. In Spain, the coat of arms is represented 

by the species Iris pseudacorus L., with another 
species – Punica granatum L. 
The tulip is a symbol of Holland but also 
Turkey and Hungary. The maple leaf flag is 
present in Canada and Phoenix dactylifera L. is 
represented on the flag of Saudi Arabia 
(http://en.wikipedia.org/wiki/Floral_emblem; 
Cristea, 2011). 
A particular case is China, where in ancient 
times the peony was considered the symbol of 
honour and wealth, protected by the Chinese 
emperors. A proof of this is the fact that the 
wood peony (Paeonia suffruticosa Andr.) was 
proclaimed the national flower by the Qing 
dynasty in 1903, and maintained its status until 
1949. 
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In other countries, the national flower is not an 
element of national identity but only one spe-
cies (or sometimes several species) that is ex-
pected to be conferred this status, greater pro-
tection in the fight for biodiversity conservation 
(Cristea, 2011; http://en.wikipedia.org/wiki/ 
Floral_emblem). In most cases, the national 
flower or flowers were chosen from the spon-
taneously species found in the geographic area 
of the country concerned and considered re-
presentative of the country’s culture and tra-
ditions (Cristea, 2011; http://en.wikipedia.org/ 
wiki/ Floral_emblem). 
Often, countries, federations or confederations, 
state or regions have their own national flower 
(Cristea, 2011; http://en.wikipedia.org/wiki/ 
Floral_emblem). For example, the U.S. national 
flower is the rose, each of the 50 states having a 
national flower. 
The situation is similar in the UK (red rose), 
India (lotus), Indonesia (Jasmine), Malaysia 
(Chinese Hibiscus), etc. In Romania, although 
there is no official national flower, the few 
sources of bibliographic records noted that 
proposals were made over time for species such 
as the wild rose, edelweiss, Romanian peony 
(http://en.wikipedia. org / wiki / Floral_ emblem). 
It is a fact that herbaceous peony species (wild 
or cultivated) are widespread in Romania and 
are highly appreciated in the whole country. In 
comparison with other flowers that are loved in 
Romania, the peony has the following 
advantages: the beauty of the plant (especially 
flowers) and its biological qualities 
(perenniality, productivity, technological 
flexibility, etc.) which make it possible to 
achieve high cultures in ornamental and 
economic terms; the plants’ high degree of 
ecological adaptability, which allows their 
cultivation in different areas, irrespective of 
geographical position, altitude, climate; the 
plant use for other purposes than ornamental 
(medicinal, cosmetic); the extended name of 
the peony and its derivatives: surname, 
forename for people, birds, animals, names of 
towns, streets; the physical and spiritual 
appreciation of the peony’s beauty, etc.; its 
presence in the literature, poetry, music, 
painting and traditions of the Romanian people; 
the national heritage species and cultivars of 
peony range between 100 and 130 taxa 
identified to date. 

For all these reasons, which are detailed in this 
paper, the authors believe that the peony 
(comprising all herbaceous, wild and cultivated 
species of the genus Paeonia found in the 
country) is formally entitled to receive the 
status of Romania's national flower through 
legislation. 
 
MATERIALS AND METHODS 
 
The working method for this study consisted of 
bibliographical sources consulted for the stated 
purpose, the proclamation of Romania's 
national flower peony, such as: the study of 
spontaneous species of peony and their 
geographic distribution in Romania; the study 
of the range of the cultivated peony species in 
Romania; the study of peony representation in 
first and last name, city name, street name, the 
traditions, poetry and folklore of the Romanian 
people; the use of the peony for purposes other 
than ornamental (Romanian folk medicine, 
modern medicine, cosmetics). 
This work will be presented in other 
universities and research units in the country, 
following people’s agreement that the peony 
deserves to be proclaimed Romania's national 
flower after they complete Table 1, i.e. 
adherence to this proposal. 
After collecting the number of signatures 
required for the adhesion, our work, 
accompanied by the lists of signatures, will be 
submitted to the Parliament and the Romanian 
Presidency for the proposal for the official 
proclamation of the peony as Romania's 
national flower. 
 
RESULTS AND DISCUSSIONS 
 
Genus Paeonia herbaceous or shrub species, 
either spontaneous or cultivated, is very 
popular worldwide, owing to its rare beauty. 
For example, in China, the popular name of the 
Paeonia species is “sho yo”, meaning 'most 
beautiful' (http://gradina.acasa.ro/plante-de-
gradina-113/bujorul-13142.html). Moreover, in 
the Oriental region, the peony culture is 
attested since 4000 years ago in documents that 
show that only the rich were allowed to grow 
peony. 

104



 
Table 1. Table of adhesions in favour of the proclamation of peony as Romanian national flower 

No. 
crt. 

Name and surname / 
Identification data of person 

signing (date of birth / 
occupation …) 

Arguments in favour of the proclamation of the peony as Romania's national 
flower

Signature
adhesion

Special spontaneous 
species in the 

country (5) that are 
dedicated specific 

festivals

Cultivated 
species with 

great economic 
and decorative 
potential (3)

Representation in 
Romanian traditions and 

folklore: first and last 
names, and names of 
places in Romania 

Romanian 
folk 

medicinal 
use 

1. 
Toma Florin / 27.06.1966 / 
Assistant Professor, Faculty 
of Horticulture, Bucharest

x X x x  

2. ................................... ........... ........... ........... .............  

From ancient times, the peony has been highly 
appraised. Aristotle, for example, said, 'the best 
gift for mortals is health, then come peonies 
with their matchless beauty' 
(http://sub.citatepedia.ro/despre.php?s=bujor). 
The common names of species Paeonia genus 
are more or less close to its scientific name: 
peony (English), pivoine (French), paeon 
(Danish), pions (Finnish), peonia (Italian, 
Spanish), pioen (Dutch), pivonka (Czech). In 
other nations, the popular name of the Paeonia 
species is different from the scientific one: 
bojur (Bulgarian) pingfstrose (German) 
potonika (Slovenia), babarosza (Hungarian), 
bujor (Romanian). 
Genus Paeonia is highly appreciated 
worldwide. Significant rapidly growing areas 
are planted with species of the genus Paeonia. 
They occupy a growing share in the stock 
assortment of flowers in Aalsmer, Netherlands 
(the largest flower on the world’s stock 
market). U.S. special flower growers and 
enthusiasts are reunited in the professional 
association 'American Peony Society' since the 
nineteenth century. Such associations dedicated 
to the peony exist in France, Canada, the UK, 
Denmark, etc. 
The etymology of the genus Paeonia traces its 
origins in the Greek mythology, referring to the 
doctor Paeon, disciple of Aesculapius, the god 
of medicine. Paeon used a peony root to heal 
Pluto’s deadly wound, much for the envy of 
Aesculapius who planned to kill Paeon. But 
grateful Pluto managed to save Paeon from 
death by turning him into a flower, the same 
flower that he used as a cure (Nicolescu and 
Nicolau, 2004; Selaru, 2007; 
http://gradina.acasa.ro/plante-de-gradina-
113/bujorul-13142.html). 

In Romania, the genus Paeonia species, most 
commonly known under the popular name of 
(common) peony, is very popular and often 
associated with superlative features (Toma, 
2009; http://gradina.acasa.ro/plante-de-gradina-
113/ peony-13142.html). 
Not coincidentally, people often encounter the 
phrase 'beautiful like a peony.' The Romanian 
term for 'peony' traces its origins in the Slavic 
word - Bojor that generated first names such as  
Bojur, Bojur, Bojuran [http://www.interpretare-
nume.ro/Bujor.htm]. 
Depending on the species found in some areas 
of the country, the peony is also called by 
regionalisms: 'paint', 'rusioara', 'rujalina', 
'lipstick', 'Bosie', etc. (Simon, 2010). Some 
authors consider the peony as the 'Rose of the 
Virgin' (Nicolescu and Nicolau, 2004; Selaru, 
2007). 
Spontaneous species of peony. The peony is 
highly appreciated by the Romanian people. It 
probably has its origins in the wild species 
found in the nature reserves that are protected 
by law in several parts of the country – Plenita, 
Macin Mountains, Comana, Zau de Campie, 
etc. (Figures 1, 2). 
The spontaneous botanical classification of 
these species has varied over time in relation to 
the author, one of the most famous and popular 
species being Paeonia peregrinavar. romanica, 
under its Romanian popular name. There are 
common peony nature reserves in Dobrudja, 
Southern Moldova and Muntenia 
(http://www.bioterapi.ro/aprofundat/index_apro
fundat_index_encicl.; Sarbu and col., 2007). 
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Figure 1. Steppe peony (Paeonia tenuifolia) from Nature 

Reserve Zau de Campie - Mures 
 

 
Figure 2. Romanian natural peony (Paeonia peregrina) 

from Greci - Macin Mountains 
 
According to the latest classification var. 
romanica is no longer valid, the only accepted 
species Paeonia peregrina (Ciocarlan, 2009, 

Flora Europea, 2010; http://eunis.eea. 
europa.eu/ref./1780/species). 
Ciocarlan (2009) shows that the following wild 
species can be found in Romania: Paeonia 
tenuifolia L., Paeonia triternata Pall. ex. D.C., 
Paeonia mascula (L.) Mill., P. peregrina Mill. 
and Paeonia officinalis L. subsp. banatica 
(Rochel) Soó. 
Paeonia tenuifolia L. (Figure 3) - steppe peony 
(Ciocarlan, 2009; Sarbu and col., 2007; Selaru, 
2007); babaruje, bojorojii, rudd, paint-Buja 
(Nicolescu and Nicolau, 2004), peony field, 
peony (Borza, 1968). The plant has 2-3 
pinnate-section leaves, with linear segments, up 
to 5 mm in width. Perennial species, 
hemicriptofita-Geof, flower in April-May. 
Distribution in Romania: the steppe - the 
nemoral (oak forest) grows on sunny meadows 
(sporadic). Areal Distribution: Ponto-Balkan 
species (Ciocarlan, 2009). 

 

 
Figure 3. Paeonia tenuifolia 

 
Paeonia triternata Pall. ex. DC. (Figure 4). 2-3 
pinnate leaf sections, segments wider than 2 
inches, sub-rounds segments, wavy edge; 
follicles 2-3. Synonyms: P. Daura Andrews. 
Perennial hemicryptophyte species flower in 
May to June. Distribution in the country: oak 
floor to the sunny coast, forest clearings in 
Mehedinti (Varcioroava, Mount Ciocanu) and 
Buzau (Willow on Plaiul Saratii Monastery 
Ciolanu, Glade Hill Rotunda). Areal 
Distribution: Ponto-Caucasian species 
(Ciocarlan, 2009). 
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Figure 4. Paeonia triternata 

 
Paeonia mascula (L.) Mill. (Figure 5). Leaves 
2-3 pinnate-sectors, segments wider than 2 
inches, segments + elliptical follicles 3-5). 
Synonyms: P. Corallina Retz. Perennial 
hemicryptophyte-Geof, species flower in May 
to June. Spread in the country: floor oak, scrub, 
forest clearings, in Caras-Severin: Buzias, 
Ciclova, Sasca Beusnitei Valley. Areal 
Distribution: Mediterranean area (Ciocarlan, 
2009). 

 

 
Figure 5. Paeonia mascula 

 
Paeonia peregrina Mill. (Figure 6) – 
Romanian peony, peony, ruje, ruje-of-Pentecost 
rujioara (Pantu, 1929); ranjioara, rujioara, rujie 
(Nicolescu and Nicolau, 2004); peony, peony 
mountain forest peony (Niculitel), rijioara, ruje, 
ruje of Pentecost, rujioara, smirdar (Borza, 
1968).  
The plant leaves have 2-3 pinnate-sectors, 
oblong segments, + lanceolated, terminally 
divided, little thirsty on the top, along the ribs, 
red petals, red stem filaments. Perennial 
hemicryptophyte species - Geof, flower in May 
to June. Spread in the country: the steppe - the 
nemoral (oak forest), clearings, forest edges 

(sporadic). Areal Distribution: Balkan species 
(Ciocarlan, 2009). 

 

 
Figure 6. Paeonia peregrina 

 
Paeonia officinalis L. subsp. banatica 
(Rochelle) Soo (Figure 7) - Banat peony (Sirbu 
and col., 2007). 

 

 
Figure 7. Paeonia officinalis, ssp. banatica 

 
According to Flora RPR, Volume II, 
(Savulescu, 1953), the spontaneous species in 
the country are the following: Paeonia 
tenuifolia L.: Zaul field (Reg. Cluj) Turnu 
Severin at Crihala to Bresnita, Macin (Tulcea 
County) Basarabi (Constanta county); Paeonia 
triternata Pall. ex. DC.: Corresponds to 
Ciocarlan, 2009; Paeonia mascula (L.) Mill.: 
Spreading Timisoara region (Bazias); Paeonia 
peregrina Mill.: Plenary (Craiova region) 
Comana forest (Giurgiu) Michael Bravu, thorn, 
Macin, symbols, Niculitel (Tulcea county), 
Barlad, between Agighiol and Kogalniceanu 
(Constanta county); Paeonia officinalis L. 
subsp. banatica (Rochelle) Soo: Bazias, Lugoj, 
Buzias, Beius. 
Officially, all these wild peony species are 
located in reservations and protected by law. 
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Cultivated species of peony. There is almost 
no park or garden in the country that does not 
have at least one peony bush. Few species can 
boast such a performance. The cultivated 
species are extensively grown, being also 
appreciated as cut flowers for bouquets and 
flower arrangements. 
Selaru (2007), Ciocarlan (2009) and Toma 
(2009) show that the following cultivated 
species are found in Romania: Paeonia 
officinalis L. subsp. officinalis, Paeonia 
lactiflora Pall. (P. albiflora Pall.) and Paeonia 
suffruticosa Andrews, synonyms: P. arborea 
Donn. 
Paeonia officinalis L. subsp. officinalis 
(Figure 8) - peony (Selaru, 2007; Toma, 2009); 
rusoara (Bejan, 1991); peony, poppy 
(Dragulescu, 1992); peony, babaruja, bajoroji, 
bajaruji, Bojor, bojur (Breaza), Buja, bujoara, 
white peony, garden peony, red peony, Bujorel, 
busor, rajioara, Pentecost rose, pink, rudd, 
lipstick, rouge, rouge Buja, Buja red paint, 
paint Pentecost, rujambuja, red paint, ruje, 
large ruji , rujioara, Russians Pentecost 
rusioara, rusoara, tubaroja, tubaroza (Borza, 
1968). 

 

 
Figure 8. Paeonia officinalis, ssp. officinalis 

 
It is a species native to Central, South and West 
Europe. It forms fleshy roots in the soil, with 
big buds in the neck that give rise to floral 
stems. They are numerous, unbranched, and 
form a rich shrub with a height and diameter of 
40-60 cm. 
The leaves are large, pinnate-section, green, 
lanceolate leaflets, entire or lobed unilaterally. 
The flowers are large, solitary, maximum 

opening diameter of 10-12 cm, no perfume, 
single or double, coloured in different shades of 
red or pink. Flowering occurs in May, 
beginning of June (Toma, 2009). 
Paeonia lactiflora Pall., Sin. P. albiflora Pall. 
(Figure 9) - peony. 

 

 
Figure 9. Paeonia lactiflora 

 
It originates in China. The plant is more 
vigorous than the previous species, the height 
and diameter of the bush is 60-100 cm. Stems 
are branched in the upper third and the top gate 
has more blossoms. The leaves are pinnate-
section, with lanceolate leaflets. The flowers 
are large, single or double, scented, colored in 
different shades of pink, red or white bloom in 
May - beginning of June (Toma, 2009). 
Paeonia suffruticosa Andrews, synonyms: P. 
arborea Donn. (Figure 10) - peony wood. It is 
a species native to northwestern China. 

 

 
Figure 10. Paeonia suffruticosa 

 
The plant is shrub, branched in the upper and 
middle third, with a height of 60-150 cm and 
50-100 cm in diameter. The leaves are 
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bipennated-section, leaflets ovate or oblong, 
three or pentalobate green. The flowers are 
very large, up to 30 cm in diameter, solitary, 
single or double, coloured in various shades of 
red, pink or white. Flowering occurs in late 
April - the first half of May (Toma, 2009). 
All these three cultivated species are 
characterized by an important decorative style; 
the first two species are herbaceous and the 
third-woody shrub. The culture of the species 
Paeonia lactiflora Pall. is prevalent, as it shows 
many varieties, with simple flowers, semi-
involted or abundant, varied colours in shades 
of white, pink, red, yellow, or purple, more or 
less scented or fragrance-free. 
One of the most beautiful collections, including 
over 30 peony varieties, can be found at the 
Faculty of Horticulture, Bucharest. 
The representation peony in first and last 
names, name places, traditions, poetry and 
folklore of the Romanian people. The peony 
is present in the traditions of the Romanian 
people since birth. Thus, in many rural areas of 
the country, the spring water for the first bath 
of a newborn first bath includes, among others, 
peony flowers (and basil) for the new baby to 
have 'rosy cheeks' and be lucky like a peony 
(http://www.crestinortodox.ro/botez/obiceiuri-
nasterea-unui-copil-96458.html). 
We know many legends about the peony 
flower. One of them says that a young man and 
woman from Transylvania loved each other 
very much and decided to marry. Only one day 
before the wedding, the groom went fishing on 
the lake but his boat capsized and the young 
man drowned. On hearing the news, his 
beloved went to see where the boat capsized. 
Along the way, heartbroken, she wept tears of 
blood which fell on the ground where they 
turned into steppe peonies 
(http://www.romanialibera.ro/actualitate/locale/
au-inflorit-bujorii-to-Really-of-plain-262540. 
html). 
Another legend says that Emperor Peony was a 
very nice boy who slept in the forest. When he 
woke up, he heard inviting songs from the 
depths of the forest. Heading for that place, he 
saw that those songs were sung by the evil 
spirits and his face turned red as fire. Surprised 
by the evil spirits as he secretly watched them, 
he was turned into flower and remained so until 
today. This legend probably originates in the 

belief that there are some powerful forces that 
make peonies shine in full-moon nights. It 
seems that some varieties of peony seeds glow 
a pale light in the dark (http://greenly.ro/uncat./ 
mostenirea-doctorului-paeon-bujorul-din-
padurea-poiana-plenita). 
In the nineteenth century, there was a famous 
outlaw named Peony who is recorded in several 
documents of the time. One of the best 
evidence is found in the folk poetry collected 
by the Romanian poet Vasile Alecsandri 
(http://ro.wikisource.org 
/w/index.php?title=Bujor&oldid = 65372;): 
“Green leaf of negara (Romanian popular 
name),/ Peony went out in the country!/ Beats, 
booty, does not kill,/ By the boyars frighten / 
So they give him spending money/ And 
changes of clothes./ Peony leaves, Peony says:/ 
Woe to you sturdy? … Green leaf of negara 
(Romanian popular name),/ In Focsani, 
between the borders,/ There's a little hut / 
Surrounded by trees./ That's where Peony 
sleeps,/ At Anita the widow,/ Who gives him 
wine from a jar / And gets him drunk with her 
mouth! ... 
There are many Romanian folk songs which 
record the presence of the peony, especially in 
choruses ('flower peony'), since it beautifully 
rhymes with the word ‘miss', in recognition of 
the fact that the flower is as unique and 
beautiful as something missed: longing for 
country, longing for home, longing for parents, 
boyfriend or girlfriend, longing for children, 
longing for all that is beautiful under the sun. 
There are also other words commonly found in 
folk poems rhyme with the word ‘peony’: son, 
baby, die, carpet, field, ax, cloud, etc. 
In most songs, the peony is associated with 
youth, longing, love and beauty: 'The best 
flower is peony/ Many longing loves has man/ 
... Peony love is life's/ treasure youth', says one 
of the most beautiful songs sung by the beloved 
folk singer Maria Ciobanu.  
In pop music there are beautiful songs referring 
to peony. Who has not heard, for example, the 
wonderful lyrics 'Peasant girl, peasant girl / 
With peonies cheeks', the famous song by Dan 
Spataru, ‘Peasant Girl’? And the examples 
could go on... 
The peony is often present in literature, either 
in verse and aphorisms that praise its beauty 
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and nobility, or as comparison for physical and 
spiritual beauty. 
The Romanians’ love for the peony is found in 
the natural frequency of the first and last name 
or city name. Thus, 29,231 people (representing 
0.14% of the population) bear a family name of 
Peony; 69,355 people (representing 0.33% of 
the population) bear the first name of Peony. 
Among the Romanians, it is worth noting that 
one of the most popular folklore performers, 
Ioana Radu, a colleague of Maria Tanase and 
Maria Lataretu, received the stage name Rodica 
Bujor from George Enescu. Fifteen people 
wear the name of Peony both as first and last 
name (http://www.nume-persoane.ro/). 
A large number of localities in Romania have 
names derived from Peony: Peony, Mures, 
Peony-Hoda, Mures, Bujoru, Hunedoara, 
Peony, Dolj Bujoreni, Arges Bujoreni, Valcea, 
Bujoreanca, Dambovita, Bujoreni, Virginia; 
Bujoru, Virginia, Bujoru (Calmatuiu), Virginia; 
Bujoreni (monastery), Vaslui, Peony, Hincesti, 
Moldova. The name of Peony and/or its 
derivatives are frequently used to name streets 
in many cities. 
In Romania, the personal name of Bujoru was 
first recorded in the 16th century, ancient 
toponyms are Bujoreni (former name of the 
village in Ilfov, certified in 1392) and Bujoresti 
(former name of the village in the county of 
Gorj, certified in 1465) (www.interpretare-
nume.ro /Bujor.html). 
As we know, there are many zodiacs, including 
a floral one that shows that people who are 
born under this sign (people born on 2, 11, 20 
and 29) are romantic, passionate, with a great 
capacity to love, loyal and persevering 
(http://astromax. eva.ro/zodia2/zodiac-floral /% 
20bujor% 20.html). 
The theme of peony is widely represented in 
stamps, costumes, traditional rugs, ceramics 
and other handicrafts throughout the country - 
all of rare beauty - as proof of the special love 
and appreciation of the Romanians for these 
unique flowers (Figure 11-13). 
There are even cakes, especially sponge cakes, 
with the name of 'Peony'. There is also a known 
breed of pigeon called a ‘Romanian peony’ 
(http://www.acka.rdsor.ro/zbbujorromanesc/). 
Annually, during the time of the peony flo-
wering, peony 'peony festival' events are held 
especially in the near natural reserves, which-

draw public awareness on the beauty and 
importance of these special species of spon-
taneous peonies (www.ccdj.ro/cercetare_ 
eveniment_bujor.html). 
 

 
Figure 11. Traditional rugs with peony motifs 

 

 
Figure 12. Traditional costumes with peony motifs 

 

 
Figure 13. Postage stamps with peony motifs 

 
Although spontaneous peony species found in 
natural reserves are officially protected by law, 
at such festivals it often happens that the 
flowers from the reserves fall prey to the party 
people who do not understand their importance. 
We hope that, with the proclamation of the 
peony as the national flower of Romania by a 
legislative act, we will be able to introduce 
harsh penalties for those who do not respect the 
national symbols of great importance for 
national identity. 
Peony use other than ornamental purposes 
(medicinal, cosmetic). Medicinal purposes 
have been widely used in the past and the roots, 
flowers and seeds of Paeonia officinalis are 
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still used in some rural areas of the country. 
Thus, Romanian folk medicine use peony roots 
in nervous disorders (epilepsy, hysteria, 
convulsions, nervous cough) as emetics, 
purgatives and seeds. The sedative and 
antispasmodic action exerted by the peony 
roots have been scientifically confirmed, owing 
to the volatile oil and peoniflorine. Modern 
phytotherapy peony root is only recommend as 
adjuvant in the form of extracts used on prior 
dose in the treatment of joint diseases 
(rheumatism, gout, osteoarthritis), nerve hyper-
excitability, excessive muscle spastic intestines, 
nervous cough and asthma, as well as 
hemorrhoids. The roots and seeds of the plant 
are toxic, therefore any treatment must be done 
only under the supervision of competent 
personnel. 
The peony petals from the flowers of red 
varieties are used for colouring and flavouring 
food, or in teas mixed with other plants. 
Peony petals can be used in making infusions 
prepared as recommended for such diseases as: 
nervous cough, asthmatic cough, chest pain. 
Also, peony petals infusion is administered as 
an adjunct in conditions such as arthritis, 
rheumatism, gout. It is recommended that the 
peony petals represent no more than 33% of the 
composition in no more than a teaspoonful of 
dried and crushed material for tea. For pregnant 
women, children and people with intestinal 
atony, it is also recommended to avoid peony 
tea. 
Butura (1979) shows that peony flowers are 
used to make tea for chest pain. It is also used 
for 'women's diseases'. The juice of crushed 
root and root infusion is given for epilepsy and 
worms. In the Hateg country, peonies are 
smoked and used for headaches; for painful and 
swelling feet, the leaves or roots are crushed, 
mixed with grease and then heated on fire 
(Butura, 1979). At Magura, in the Apuseni 
Mountains, white peony is held in the mouth or 
cooked in vinegar in order to avoid falling teeth 
and harden them. Veterinary medicine uses 
peony when cattle urinate blood. The flowers 
are boiled in red wine together with peel green 
blackberry (Ribus caesius) and administered to 
the sick animals (Butura, 1979). 
Researchers from Yale University School of 
Medicine say that vomiting and nausea, 
diarrhea, stomach cramps and weight loss could 

be improved by using a treatment based on 
peony flowers (http://www.eva.ro/sanatate/ 
oncologie/bujorul-inlatura-efectele-adverse-ale-
chimioterapiei-articol-31980.html). 
 
CONCLUSIONS 
 
Our studies show that peony is undoubtedly the 
floricultural species to be proclaimed the 
Romanian National Flower. Arguments in 
favour of awarding this status are: the high 
ornamental and biological potential of the 
peony; its natural growing in several parts of 
the country, in reserves protected by law; 
besides the spontaneous species, there are also 
cultivated species, found in a variety of 
significant shapes and colours (100-130 species 
and cultivars taxa identified to date); the peony 
flowers are very popular in the whole country, 
being the subject of many traditions, the music, 
poetry, literature and painting of the Romanian 
people; to honour peony, festivals and 
celebrations are held annually in many areas of 
the country; the beautiful and gracious plants 
(especially flowers) are renowned for their 
biological qualities (perennial productivity, 
technological flexibility, adaptability, 
ecological qualities). The peony species are 
almost never absent from parks and gardens or 
in beautiful bouquets; they enable the 
development of other types of exceptional 
floral arrangements: in the consciousness of the 
Romanian people, physical and spiritual beauty 
are often associated with peony, as evidenced 
by the widespread use of its name and 
derivatives such as first and last names, names 
of city, street, birds and animals; in addition to 
its ornamental use, peony is used for medicinal 
and cosmetic purposes. Based on these 
arguments (and probably others that have not 
been developed in this paper), the authors of 
this study invite all Romanians who share the 
view that peony deserves to be proclaimed 
Romania's national flower to fill in the table 
attached to this paper. 
 
ACKNOWLEDGEMENTS 
 
Our thoughts and heartfelt thank-you goes to all 
colleagues from the other faculties of 
Horticulture in our country who have declared 

111



their consent and full support for the peony to 
officially become Romania's national flower. 
 
REFERENCES 
 
Bejan D., 1991. Romanian names of plants. Dacia 

Publishing House, Cluj-Napoca. 
Beldie A., 1977. Flora of Romania. Determined. Ed. 

RSR Academy, Bucharest. 
Alexandru B., 1968. Ethnobotanical dictionary. Ed. RSR 

Academy, Bucharest, p. 123. 
Butura V., 1979. Encyclopedia Romanian ethnobotany. 

Scientific and Encyclopedic Publishing House, 
Bucharest, p. 50. 

Ciocarlan V., 2009. Illustrated Flora of Romania. Ed. 
Ceres Bucharest, p. 500-502. 

Cristea V., 2011. Plants in coats of arms and flags: 
symbolism and sozological Importance. Horti Acta 
Bot. Bucharest. 38, LI-LX. 

Cucu Elena Ioana, 2010. Research on seed germination 
biology and behavior in culture of peony species and 
cultivars. PhD thesis. Veterinary Medicine Bucharest. 

Dragulescu Constantin, 1992. Botanical popular Sibiu 
Surroundings. Museum Brukenthal, p. 103. 

Nicolescu Lelia, Nicolau Sanda, 2004. With flowers in 
the world of words. House of Books of Science, Cluj-
Napoca, p. 130-131. 

Pantu Z., 1929. Plants known Romanian people - 
botanical vocabulary. Scoalelor Publishing House, 
Bucharest, p. 30. 

Sarbu Anca i col., 2007. Arii speciale pentru protec ia i 
conservarea plantelor în România. Ed. Victor B. 
Victor. 

Simion F.M., 2010. Botanical poporana Romanian. Vol 
III (PZ), Romanian Academy Publishing House, p. 
193-197. 

Traian S., 1953. Flora RPR. Vol. II. RPR Academy. 
Selaru Elena, 2007. Culture garden flowers. Ed. Ceres, 

Bucharest, p. 613-624. 

Toma F., 2009. Flowers and flower art. Ed 
InvelMultimedia, Otopeni, Romania, Vol. IV, p. 228-
232. 

Tutin T.G. and col., 2010. Flora Europea. Royal Botanic 
Garden Edinburgh, Inverleith Row, Edinburgh, EH3 
5LR, United Kingdom 

http://en.wikipedia.org/wiki/Floral_emblem. 
http://gradina.acasa.ro/plante-de-gradina-113/bujorul-

13142.html. 
http://www.bioterapi.ro/aprofundat/index_aprofundat_in

dex_encicl. 
http://alicegherman.blogspot.ro/2011/05/bujorul-
romanesc-paeonia-peregrina.html. 

http://lumeaflorilor.com/index.php?cat=legenda_bujorul
ui&pic_id=kte108faa883. 

http://eunis.eea.europa.eu/references/1780/species. 
http://cartitaplimbareata.ro/index.php/5134/rezervatia-

de-bujori-de-la-greci-muntii-macinului-traseul-
cozluk/ 

http://greenly.ro/uncategorized/mostenirea-doctorului-
paeon-bujorul-din-padurea-poiana-plenita. 

http://www.crestinortodox.ro/botez/obiceiuri-nasterea-
unui-copil-96458.html. 

http://www.romanialibera.ro/actualitate/locale/au-
inflorit-bujorii-la-zau-de-campie-262540.html. 

http://ro.wikisource.org/w/index.php?title=Bujor&oldid=
65372. 

http://poezii.citatepedia.ro/despre.php?s=bujori. 
http://www.nume-persoane.ro/ 
http://www.compendium.ro/pers_detalii.php?id_pers=11

52&prenume_pers=&nume_pers=BUJOR 
http://www.interpretare-nume.ro/Bujor.html 
http://astromax.eva.ro/zodia2/zodiac-

floral/%20bujor%20.html 
http://www.ccdj.ro/cercetare_eveniment_bujor.htm 
http://www.taifasuri.ro/taifasuri/farmacie-verde/5407 

http://fundatiasfantulierarhcalinic.blogspot.ro/2012/0
5/bujorul-in-medicina-populara-romaneasca 

http://www.interpretare-nume.ro/Bujor.html 
http://subiecte.citatepedia.ro/despre.php?s=bujori 
http://www.eva.ro/sanatate/oncologie/bujorul 

 
 

112



 
STUDIES CONCERNING THE CHARACTERISATION OF A PROBIOTIC 
PREPARATION, CONTAINING A MIXTURE OF LACTOBACILLUS PURE 

BIOMASS AND MEDIA WITH POLLEN AND HONEY 
 

Ana Despina IONESCU1, Angela CASARICA1, Elena BOCA1, Sultana NITA1,  
Iuksel RASIT1, Adrian VAMANU2, Emanuel VAMANU2 

 
1National Chemical-Pharmaceutichal for Research and Development Institute,  

112 Vitan Avenue, District 3, 031299, Bucharest, Romania, Phone +4021.321.21.17 
2University of Agronomic Sciences and Veterinary Medicine, 59 M r ti Blvd.,  

District 1, 011464, Bucharest, Romania, Phone +4021.318.25.64 
 

Corresponding author email: ionescudespina@yahoo.com 
 
Abstract 
 
This paper presents the results obtained on the last years in the frame of a National Research Project which has in view 
the biotechnological studies concerning a probiotic manufacture on media with pollen and honey, using some selected 
bacterial strains and several essential factors for direct and effective microbial biomass production. A set of chemical 
and pharmacological analyses was established, in order to substantiate scientifically   the valuable content of this type 
of probiotic preparation, which can be used in order to improve the balance of intestinal microflora. Our  final results 
were subsequently used for an invention demand concerning a lactobacilli biomass having a strictly determined 
microbiological and chemical composition and used as the main component of a probiotic preparation, which was 
approved by our National Authorities and which has obtained the Silver Medal and the International Award of the 
Industrial Institute of Agricultural Engineering Poznan - Poland - “Medal Product” at the International Contest 
Innova-Eureka, Brussels, 2011. 
 
Key words: probiotic, characterisation, lactobacillus, pollen, honey.
 
INTRODUCTION  
 
The technology concerns to a lactobacilli 
preparation, having a strictly determined 
microbiological and chemical composition, 
used as component of a probiotic obtained on 
media with pollen and honey. 
The study describes several essential factors for 
direct and effective microbial biomass 
production using some selected Lactobacillus 
strains, while the obtaining of a pure biomass   
preparation (conditioned in a solid shape) 
involves 3 steps of centrifugation using for 
each of them increasing speeds. The copper, 
zinc, cobalt, cadmium and iron total 
concentrations were determined by A Perkin 
Elmer Elan DRC-e inductively coupled plasma 
spectrometer ICP-MS and by FAAS.  
The obtained Lactobacilli preparation was 
subsequently used for a complex probiotic 
manufacture on media containing pollen and 
honey. Probiotics are containing live non-
pathogenic microorganisms that benefit by 
improving the balance of intestinal microflora.  

 
They may either be bacteria: often lactic acid 
producing such as Lactobacilli (including 
acidophilus), Bifidobacteria, and Streptococci, 
or yeasts such as Saccharomyces boulardii. 
These organisms must have the following 
properties: be of human origin, resist acid and 
bile, and adhere, colonize and survive in the 
human intestine, despite the increased level of 
honey's content (Haller et al., 2010, Hedin et 
al.,  2007). 
Toxicity testing of a compound entry is 
required and previous an appearance 
pharmacodynamic study which shall be 
demonstrated. At this stage has been tested 
under toxicological aspects the sample-test 
BIOSIN, having the following composition: 20 
g ground pollen, 5 g honey, 5 ml of distilled 
water, 0.1% inullin. This sample  was 
inoculated in the ratio of 1% by the following 
mixture: 10% Lactococcus fermentum BS2, 
15% Lactobacillus BS1, 15% Lactobacillus 
BS3, 10% Lactobacillus paracasei BS6, 25% 
Bifidobacterium bifidum BS4, 25% 
Bifidobacterium bifidum BS5. Test sample shall 
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be presented in liquid form, viscous grease has 
(paste) brown, water-dilutable varnish primer. 
 
MATERIALS AND METHODS 
 
Lactobacillus liquid conserved culture were 
pipetted aseptically into the specific culture 
medium (500 ml flask containing 100 ml liquid 
medium) in order to prepare an inoculum. For 
the preparation of the bacterial biomass, each 
20 ml of Lactobacillus or Bifidobacterium 
starter liquid culture were transferred asepti-
cally into the culture media (750 ml flask con-
taining 200 ml liquid medium). All the media 
were previously sterilized 20 min at 110°C. 
After 48 hours of static cultivation and the 
conversion of the liquid cultivated media  to a 
solid pure preparation (which means without 
any trace of the cultivation media), the copper, 
zinc, cobalt, cadmium and iron total 
concentrations were determined by A Perkin 
Elmer Elan DRC-e inductively coupled plasma 
spectrometer ICP-MS and by FAAS. 
The product with a probiotic action taken in 
this study (sample 1), consists of a lyophilized 
biomass of lactobacilli and Bifidobacterium, 
pollen, honey and inullin. An assessment of 
trace elements and macroelements represents a 
priority at the international level, because there 
is a very narrow demarcation between the toxic 
compounds and the essential elements.  
In the literature, they mention that the 
techniques of atomic spectrometry are the most 
widely used for the analysis of elements at 
various levels of concentration. For the 
pharmaceutical products and medicines, a main 
importance is represented by flame atomic 
absorption spectrometry (FAAS) or in the oven 
of graphite (GF-AAS), atomic emission 
spectrometry in coupled plasma (ICP-AES) and 
mass spectrometry in inductive coupled plasma 
(ICP-MS) 
Generally speaking, FAAS technique is used in 
the case of determining concentrations of 
analyte sufficiently large, and the technique 
GF-AAS for the low ones, in different 
matrixes. 
The experimental model of our specification 
from the point of view of the elements, is based 
on the drafting of two methods, by two 
advanced analytical techniques:  
- mass spectrometry in inductive coupled 

plasma (ICP-MS) for the evaluation of lead, 
cadmium, nickel, chromium; 
- flame atomic absorption spectrometry 
(FAAS), in flame of nitrous oxide (acetylene, 
respectively air-acetylene flame) for the 
determination of calcium and respectively 
magnesium. 
In order to develop methods for the 
determination by ICP-MS and FAAS, our 
studies have focussed on two directions:  
a) to identify specific interferences by 
technique ICP-MS and FAAS;  
(b) the development of an analytical protocol 
for the determination by ICP- MS and FAAS, 
based on the selection and the establishment 
for:  
- specific conditions for the processing of 
samples;  
- optimal conditions of the operational 
parameters; 
- conditions of quantification (the suitable 
isotope and the method of measurement of the 
concentration). 
Acute toxicity is targeting toxic effects which 
appear for a period of 14 days of the 
administration of a single dose of a product 
test.  
In the case when the substance (product) induce 
lethality, the lethal dose 50 (LD50) can be 
established. 
It has pursued the highlight of the toxic aspects 
consecutive a single dose administration of the 
product test, on laboratory animals, orally. 
For this study there have been used mice Swiss, 
young people, of either sex, with weights 18-20 
g, and Wistar rats, young people, of either sex, 
with weights of 80-100 g,  provided from 
Cantacuzino Institute. The animals have been 
accommodated in appropriate cages, broken 
down into groups of the same sex. 
Experimental room temperature was 22± 2 °C 
with a relative humidity of 50-60%.  The 
lighting has been achieved artificially, 
alternating 12 hours light with 12 hours dark 
after. Standardized animals has received food 
and water ad libitum. With 12 hours earlier test, 
they have been kept in post, and is only 
allowed access to water. The test has been 
administered by the oral route, similar to 
methods of administration in humans. For 
management, the product-test has been 
dissolved in distilled water as it represented an 
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optimal vehicle. 
The doses administered were 7000 mg/kgc 
mouse and 5000 mg/kgc in the rat. After 
administration, the animals have been 
monitored during the period of the first 8 hours 
on each hour, and then for the subsequent 
period of 14 days, at least two times daily. In 
both mice and rats there were not noted signs of 
toxicity, changes of behavior spontaneously or 
food habits and neither lethality. 
 
RESULTS AND DISCUSSIONS 
 

Table 1. The Cu, Zn, Co, Cd and Fe determination 

 
The cadmium, cobalt, copper,  zinc and iron total 

concentrations on Lactobacillus biomass 

Cd, ppm, 0.06
Zn, ppm, 38.59

Cu, ppm, 
17.62Co, ppm, 5.05

Fe, ppm, 
668.96

 
Figure 1. The Cu, Zn, Co, Cd and Fe  determination from 

a  Lactobacillus plantarum  strain biomass 
 

There was developed a method of simultaneous 
determination of trace elements, by mass 
spectrometry in inductive coupled plasma (ICP-
MS), at very low levels, in order to assess the 
character as a toxic compound (such as the 
lead, nickel, cadmium) or as a bioelement 
(chrome). The developed ICP-MS method 
allows the analysis of toxic trace elements in 
the 0.02-0.40 ppm domain, and it can 
demonstrate by this way the safety for human 
health of our proposed probiotic product. 
Moreover we has developed a method for the 
individual determination of some 
macroelements, by flame atomic absorption 

spectrometry (FAAS), in order to highlight the 
cations playing a role of essential elements, 
inside the probiotic preparation. 
The results obtained from acute toxicity 
experiment have provided informations which 
can not lead to determining the LD50, due to 
the absence of lethality, under the conditions of 
maximum manageable doses, from the point of 
view of physical properties of the samples, by 
oral  use on the selected species  
It can be said that the LD50 is situated at higher 
doses than maximum manageable orally in 
conditions of this experiment. 
Our  final results were subsequently used for an 
invention demand concerning a lactobacilli 
biomass having a strictly determined 
microbiological and chemical composition and 
used as the main component of a probiotic 
preparation, which was approved by our 
National Authorities and which has obtained 
the Silver Medal and the International Award of 
the Industrial Institute of Agricultural 
Engineering Poznan-Poland-“Medal Product” 
at the International Contest Innova-Eureka, 
Brussels, 2011. 
 

 
Figure 2. Probiotic product 

 
Advantages of this inventions are:  
- the best formula of the cultivation media (for 
lactobacilli biomass manufacture) was 
simplified to only glucose, peptone  and yeast 
extract. 
- the analytical determination indicates the 
presence of the most valuable trace elements, 
wich are requested for an efficient human 
treatment, as a probiotic preparation: Cu, Zn, 
Co, Cd and Fe (Figure 1, Figure 2). 
- the obtained Lactobacilli preparation was 
used for an improved probiotic  manufacture on 
media containing pollen and honey. 

Element Sample 1  
Lactobacillus 
plantarum   

(ppm) 

Sample 2 
Bifidobacterium 

(ppm) 

Sample 3 
Lactobacillus  

paracasei 
(ppm) 

Cu 17.62 17.02 45.54 

Zn 38.59 37.98 62.18 

Co 5.05 5.02 Under  1.0 

Cd 0.06 0.05 0.30 

Fe 668.96 664.24 183.17 
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CONCLUSIONS  
 
The best results for fermentation were obtained 
at temperatures of 37-40 °C for inoculum, 48-
50°C durring the fermentation process and by 
pH buffering with CaCO3. 
The preinoculum media contained malt extract, 
and the inoculum one of: glucose, peptone and 
yeast extract.  
The best formula of the cultivation media was 
simplified to only glucose, peptone and yeast 
extract. 
The obtaining of a pure biomass   preparation 
(conditioned in a solid shape) involves 3 steps 
of centrifugation using for each of them 
increasing speeds. 
The obtained Lactobacilli preparation was used 
for an improved technology used in order to 
obtain a new probiotic preparation on media 
containing pollen and honey. 
According to the classification Hodge-Sterner, 
our probiotic sample-test can be framed within  
the category of products free of toxicity in the 
experiment's conditions, the maximum doses 
manageable orally being accompanied by the 
lack of any lethality. 
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Abstract 
 
As a result of our recent scientific studies, the biotechnological controlled cultivation of edible mushrooms was tested 
through the submerged fermentation of different fruit wastes from organic horticulture that provided a fast growth as 
well as high biomass productivity of investigated strains in comparison with the sample. The research works were 
carried out by using the pure cultures of two edible mushroom species, namely Lentinulaedodes (Shiitake) and 
Pleurotusostreatus (Oyster Mushroom), which are well known as biological sources of proteins, carbohydrates and 
mineral elements with beneficial effects on human nutrition and health. All culture media used in experiments were 
prepared from different sorts of organic fruit wastes such as juice and pulps, resulted from the industrial processing of 
apples, pears and plums. The submerged fermentation was carried out inside the culture vessel of an automatic 
laboratory-scale bioreactor, all main cultivation parameters being set up at the following values: temperature, 23-
23.5°C; agitation speed, 90-100 rev. min-1; pH level, 5.5-6.7 units; dissolved oxygen tension within the range of 50-
70%. During the cultivating cycles through submerged fermentation, lasting between 120-140 h, the mushroom biomass 
developed inside the culture media as fresh mycelia pellets. All registered results of these experiments were used to set 
up a laboratory-scale biotechnology for producing mycelia biomass of edible mushrooms in order to be used as raw 
biomass of natural fertilizer producing.  
 
Key words: biotechnology, edible mushrooms, fruit wastes, mycelia biomass, submerged fermentation. 
 
INTRODUCTION  
 
The agricultural works as well as the industrial 
activities related to fruit processing have generally 
been matched by a huge formation of wide range of 
waste products. Submerged cultivation in liquid 
media of mushroom mycelium is a promising 
method which can be used in novel biotech-
nological processes for obtaining natural fertili-
zers from the mushroom biomass that could be 
grown using fruit wastes as culture substrates 
(Beguin and Aubert, 1994; Moser, 1994; 
Carlile and Watkinson, 1996).  
Many researches for getting nutritive fertilizers 
from the biomass of Lentinulaedodes (Shiitake) 
andPleurotusostreatus (Oyster Mushroom) 
specieshave shown that the nutritive value of 
edible mushrooms is own to the huge protein 
content, carbohydrates and mineral salts 
(Raaska, 1990; Chahal and Hachey, 1990; 
Verstraete and Top, 1992).  

The main purpose of this work consists in 
testing the biotechnological controlled culti-
vation of edible mushrooms through submerged 
fermentation of different fruit wastes from 
organic horticulture that provided a fast growth 
as well as high biomass productivity of 
investigated strains in comparison with the pure 
cellulose used as sample. 
 
MATERIALS AND METHODS 
 
According to the main purpose of this work, 
two fungal species from Basidiomycetes, 
namely Lentinulaedodes (Berkeley) Pegler and 
Pleurotusostreatus (Jacquin ex Fries) Kummer 
were used as pure cultures in all carried out 
experiments.  
The stock cultures were maintained on malt-
extract agar (MEA) slants. Slants were 
incubated at 25° C for 5-7 d and then stored at 
4° C. The mushroom cultures were grown in 
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250-ml flasks containing 100 ml of MEA 
medium (20% malt extract, 2% yeast extract, 
20% agar-agar) at 23°C on rotary shaker 
incubators at 110 rev min-1 for 5-7 d (Ropars et 
al., 1992; Wainwright, 1992; Smith, 1998). 
The mushroom culture media were prepared 
from different sorts of organic fruit wastes such 
as juice and pulps, resulted from the industrial 
processing of apples, pears and plums. 
These compost variants were made by mixing 
apple, pear and plum wastes resulted from 
alcohol distillation with other needed natural 
ingredients, such as, barley and wheat bran, in 
small amounts (1.5-3% w/w), in order to 
improve the enzymatic activity of mushroom 
mycelia and convert the cellulose content of 
these fruit wastes into protein biomass.  
The best composition of the five compost 
variants is presented in Table 1. 
 
Table 1. The composition of five compost variants used 

in mushroom culture cycles 
 

Variants of 
culture 

substrata 

Substrate composition ratio 

S1 Apple wastes and barley1.5 % 
S2 Mixture of apple wastes and wheat 

bran 2% 
S3 Mixture of pear wastes and barley 

bran 1.5% 
S4 Mixture of plum wastes and barley 

bran 2.5% 
S5 Mixture of apple wastes and wheat 

bran 3 % 
Control Pure cellulose 

 
 
The mushroom cultures used in experiments 
were prepared by inoculating 100 ml of culture 
medium with 3-5% (v/v) of the seed culture 
and then cultivated at 23-25°C in rotary shake 
flasks of 250 ml.  
The experiments were conducted under the 
following constant conditions of incubation: 
temperature, 25°C; agitation speed, 
120 rev min-1; initial pH 5.5 (Petre and Petre, 
2013).  
After 7-10 d of incubation, the mushroom 
cultures were ready to be inoculated aseptically 
into the glass vessel of laboratory-scale 
bioreactor (Figure 1).For the fungal growing in 
this bioreactor special culture medium was 
prepared by using liquid nutritive broth, having 
the following composition: 35% fruit wastes, 1-

3% barley or wheat bran, 0.3% powder of 
natural argillaceous materials (Figure 1). 
 
 

 
 

Figure 1. Laboratoy-scale bioreactor for submerged 
cultivation of edible mushrooms 

 
After the steam sterilization at 121oC, 1.1 atm., 
for 15 min. the nutritive broth was transferred 
aseptically inside the culture vessel of a 
laboratory scale bioreactor. This culture 
medium was aseptically inoculated with 30 h 
activated spores of P. ostreatus and L.edodes 
species in a glucose liquid solution 1%.  
After inoculation into the bioreactor vessel, the 
submerged fermentation was set up at the 
following parameters: constant temperature, 
23°C; agitation speed, 80-100 rev. min-1; pH 
level, 5.7-6.0 units; dissolved oxygen tension 
within the range of 30-70%. After a period of 
submerged fermentation lasting up to 120 h, 
small fungal pellets were developed inside the 
broth.  
The experimental model of biotechnological 
installation, represented by the laboratory scale 
bioreactor (Figure 1), was designed to be used 
in submerged cultivation of the mentioned 
edible mushrooms on substrata made of wastes 
resulted from the industrial processing of fruits 
for nutritive fungal biomass production (Petre 
et al., 2012; Stamets, 1993).  
 
RESULTS AND DISCUSSIONS 
 
In order to increase the specific processes of 
cellulose biodegradation of fruit wastes and 
finally induce its bioconversion into protein 
mycelia biomass, there were performed 
experiments to cultivate the mushroom species 
of P. ostreatus and L. edodes on the previous 
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mentioned variants of culture substrata (see 
Table 1).  
During the mushroom growing cycles the 
specific rates of cellulose biodegradation were 
determined using the direct method of biomass 
weighing the results being expressed as 
percentage of dry weight (d.w.) before and after 
their cultivation (Petre and Petre, 2008; 
Verstraete and Top, 1992; Stamets, 1998).  
The registered data are presented in Table 2 
and Table 3. 
 

Table 2. The rate of cellulose degradation during the 
growing cycle of P. ostreatus 

 
Variants of 

culture substrata 
Before 

cultivation 
(g% d.w.) 

After 
cultivation 
(g% d.w.) 

S1 2.7-2.9 0.9 
S2 2.5-2.8 0.7 
S3 2.3-2.5 0.4 
S4 2.5 -2.7 0.8 
S5 2.5-2.7 0.7 

(Control) 3.0 1.5 
 
 

Table 3. The rate of cellulose degradation during the 
growing cycle of L. edodes 

 
Variants of 

culture substrata 
Before 

cultivation 
(g% d.w.) 

After 
cultivation 
(g% d.w.) 

S1 2.6-2.7 0.5 
S2 2.3-2.5 0.4 
S3 2.3-2.5 0.5 
S4 2.5 -2.7 0.7 
S5 2.7-2.9 0.5 

Control 3.0 1.4 

 
The registered data revealed the fact that by 
applying this biotechnology, the fruit wastes 
could be recycled as useful raw materials for 
mushroom compost preparation in order to get 
significant mushroom biomass production. 
In this respect, the final nitrogen content of 
mycelia biomass production achieved through 
the cultivation of these two mushroom species 
on composts made of fruit wastes was 
registered as being between 7.1-14.7 g% d.w. 
In order to determine the evolution of the total 
nitrogen content in the fungal biomass there 
were collected samples at precise time intervals 
of 50 h and they were analysed by using 
Kjeldahl method. 

The registered results concerning the evolution 
of total nitrogen content in P. ostreatus 
biomass are presented in Figure 2 and the data 
regarding L. edodes biomass could be seen in 
Figure 3. 
 

 
 

Figure 2. The evolution of total nitrogen content  
in P. ostreatus biomass 

 
 

 
 

Figure 3. The evolution of total nitrogen content  
in L. edodes biomass 

 
The significant increasing of fruit wastes 
biodegradation and conversion into protein 
mycelia biomass by using the biotechnological 
model of continuous controlled cultivation of 
edible mushrooms could be achieved by: 
a) using pure strains of the mushroom species 
P. ostreatus and L. edodes of which biomass 
has got nutritive and functional properties 
proved by the research results of some achieved 
projects or others that are running now;   
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b) excluding any potential contamination 
sources for the edible mushrooms by using  
total sterilization or filtration equipment in each 
production module, by controlling all row and 
auxiliary materials, water and air. 
 
CONCLUSIONS 
 
The final nitrogen content of mycelia biomass 
production achieved through the cultivation of 
L. edodes and P. ostreatus mushroom species 
on different composts made of fruit wastes was 
registered as being between 7.1-14.7 g% d.w. 
To increase the bioconversion of fruit wastes 
by using the biotechnological model of 
continuous controlled cultivation of edible 
mushrooms it is compulsory to exclude any 
potential contamination sources for the edible 
mushrooms by using the total sterilization or 
filtration equipment in each production module, 
by controlling all row and auxiliary materials, 
water and air. 
The registered data revealed that by applying 
this biotechnology, the fruit wastes could be 
recycled as useful raw materials for mushroom 
compost preparation in order to get significant 
production of natural fertilizers and protect the 
natural environment surrounding any fruit 
processing farm. 
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Abstract 
 
The success of newly developed food products on the market mainly depends on how they are perceived by consumers. 
Thus, the aim of this research paper is to explore consumer perception of food innovation in order to improve 
marketing strategies of new product development. This paper is part of an on-going doctoral research project 
POSDRU/ 107/ 1.5/ S/ 76888.  
Methodology - Past behaviour, habits and hedonic appreciation appear in literature as good predictors of food choice. 
Thus, consumer ethnography drawing on eating habits is used to explore evolving consumer behaviour with regard to 
purchasing and consumption of novel food products. Triangulated qualitative in-depth interviews involving 12 
participants in Bucharest, Romania, combined with in-home visits and 7-day food diaries, were employed. 
Results and Discussion - Romanian consumers seem to explore less when buying or cooking food, as they struggle with 
lack of time and daily stress. In other words, consumers prefer the ‘safer’ and more time-efficient familiar foods to new 
culinary experiences. Nonetheless, consumers seek variety in their diets, but cautiously: products already tested and 
recommended by friends and family or slightly different forms of known foods (e.g. new flavours of preferred brand, 
frozen or pre-cooked familiar products). Food innovation is generally related to value-adding benefits in terms of 
health and convenience, and to some concerns regarding perceived naturalness and sensory qualities, as it is the case 
of functional food products. 
Conclusions - The study concludes that in a fairly traditional culture as the case of Romania, positioning new food 
products as line extensions of well-known brands or as new value-added offers from typical food categories could ease 
innovation adoption and increase consumer acceptance. This study adds to the scarce literature that focuses on 
Romanian consumers’ views, attitudes and perceptions with regard to food innovation. 
 
Key words: consumer behaviour, diffusion of innovation, functional food products, novel food, Romania. 
 
INTRODUCTION  
 
Launching new functional food products on the 
market may prove to be a challenging task for 
marketers. According to Rogers (2003), the 
success on the market of such products depends 
on how consumers perceive (i.e. accept or 
reject) food innovation as: relative advantage 
(the perceived marginal value of the novel food 
relative to the current), compatibility (with 
acceptable behaviour, norms, values of a 
particular culture), complexity (associated with 
product use), trialability (the degree of 
economic and/ or social risk associated with 
product use) and observability (the ease with 
which the benefits can be communicated). 
These five characteristics of innovation can 
determine the attributes of food products that 
cause market resistance and affect the rate of 

acceptance. In general, the rate of innovation 
diffusion is positively related to relative 
advantage, compatibility, trialability and 
observability, and negatively related to 
complexity.  
Starting from these five characteristics of 
innovation, the aim of this research paper is to 
explore in-depth consumer perception of food 
innovation in order to improve marketing 
strategies of new functional foods in Romania 
with respect to innovation diffusion rates. A 
qualitative approach is considered appropriate 
because: firstly, there is scarce literature on 
consumer acceptance of innovation in 
Romania, mainly studies related to consumer 
acceptance of biotechnology and functional 
food (Curtis and Moeltner, 2007; Curtis and 
Moeltner, 2006; Ionescu et al., 2004); and 
secondly, an important factor affecting the 
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adoption rate of any innovation is its 
compatibility with the cultural beliefs of the 
social system (Popa and Popa, 2011; Guerrero 
et al., 2009; Ronteltap et al., 2007; Lusk and 
Rozan, 2005; Rogers, 2003; Dunphy and 
Herbig, 1995; Ram and Sheth, 1989). 
 
MATERIALS AND METHODS 
 
Past behaviour, habits and hedonic appreciation 
appear in literature as good predictors of food 
choice (Köster, 2009) which are usually better 
explored and explained by qualitative research 
methods even though these methods are not 
statistically representative. Drawing on 
literature recommendations (Köster, 2009; van 
Kleef et al., 2005; Mariampolsky, 2001), in-
depth interviewing and consumer ethnography 
are used to explore evolving consumer 
behaviour with regard to purchasing and 
consumption of novel food products. The focus 
on in-depth exploration that describes the 
development of food buying and consumption 
habits allows the researchers to identify and 
extrapolate potential trends with reference to 
future demand of novel food. 
Triangulated qualitative in-depth interviews 
involving 12 participants in Bucharest, 
Romania, combined with ethnographic in-home 
visits and 7-days food diaries, were employed 
during February 2011. The interviews lasted an 
average of 45 minutes each. The 
methodological purpose of the triangulation 
was to examine validity by converging, 
corroborating and establishing correspondence 
of results which differed in type (open 
expression versus participatory observation). 
Each in-depth interview took place at the 
participants’ homes, namely in the kitchen. 
This contextual inquiry, as ethnographic 
interviewing technique, gives participants the 
opportunity to express themselves in a more 
authentic way providing an image of their 
attitude and behaviour in a real context. The 
discussion was a follow-up of the 7-days food 
diary for self-recorded observations regarding 
eating habits (i.e. time of day, setting, actual 
menu). In addition, a special task was 
introduced in the diary, named ‘new culinary 
experience’, where participants were asked to 
buy and consume an entirely new product, and 
then to describe the experience in the diary. 

Photographic observations of kitchen, 
refrigerator and freezer were also collected for 
triangulation purposes.  
Participants, all of whom were mainly or 
jointly responsible for shopping and food 
preparation in their household, were recruited 
on the basis of a snowball sample. The sample 
included a homogenous population to be 
researched (see Table 1), ‘young professional 
women’ with ages between 20 and 30 years 
old, residents in Bucharest, working full time 
(more than 30 hours per week), university 
graduates, living alone or with their life 
partners. The participants were also recruited so 
that there are no children (under 18 years old) 
in their care. Bucharest was chosen as the city 
with the highest average disposable income and 
the largest market potential. The study focused 
on young professional women as transition to 
financial independence appears an important 
point for changes in food consumption 
(Midmore et al., 2008). 
A semi-structured discussion guide was 
prepared for the interviews. The structure was 
flexible to enable probing, to explore the 
meaning of questions and answers. Questions 
covered aspects related to shopping and meal 
preparation in order to identify relevant 
benefits looked for in food products and to 
observe any exploratory behaviours regarding 
food. More in-depth questions on innovation 
and novel foods followed, starting the 
discussion based on the ‘new culinary 
experience’ task in the diary. The interviews 
were digitally recorded and transcribed to 
enhance researchers’ understanding and 
capacity for data analysis (Bryman and Bell, 
2003). Participants were informed in advance 
about recording and their consent was received. 
The transcriptions obtained were submitted to a 
thematic content analysis (Spiggle, 1994; 
Strauss and Corbin, 1990) in order to identify 
the overall conclusions. 
 
RESULTS AND DISCUSSIONS 
 
Young professional women appeared to have a 
rather low involvement when buying or 
cooking food, as they struggle with lack of time 
and daily stress. These findings are in line with 
the results emerged from an exploratory study 
on Romanian consumers’ food related 
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behaviour (Popa et al., 2009). In other words, 
the researched population prefer the more time-
efficient and ‘safer’ familiar food products over 
new culinary experiences. As a consequence, 
most participants appear to display strong 
brand loyalty towards day-by-day food 
products, especially dairy products and water, 
mainly due to an inertia effect. 
The in-depth interviews revealed that the 
participants are strongly influenced by 
childhood meals and own mothers’ cooking 
style, similar to Italian consumers that give 
strong approval to traditional meals and 
cooking (Midmore et al., 2008).  
The participants perceived themselves as 
seeking variety in their diets with caution: 
products already tested and recommended by 
friends and family or products with perceived 
lower levels of novelty (e.g. new aromas of 
preferred brand, frozen or pre-cooked variants 
of familiar products). This could be translated 
as low consumer confidence related to risk 
perception and to a low level of information 
regarding food aspects as revealed in the 
literature (Curtis and Moeltner, 2007; Ronteltap 
et al., 2007; Siegrist et al., 2007; Cardello et al., 
2007; Cox et al., 2007; Curtis and Moeltner, 
2006; Cardello, 2003). 
While at individual level, involvement in food 
selection varies (Bell and Marshall, 2003), 
consumers are becoming more conscious of 
their food selection and more demanding (Popa 
et al., 2009), in contrast with another consumer 
study from 2007 (Curtis and Moeltner, 2007). 
Participants actually take into consideration 
value-added benefits (e.g. health, 
environmental, economic) when it comes to 
food products. Young professional women look 
for healthy food in terms of low fat content, 
rich nutritional values as functional food 
products, and low processing levels to avoid 
highly feared E numbers (von Alvensleben, 
2001). Also, participants reported occasional 
consumption of organic produce for both of its 
health and environmental benefits. It appears 
that some young professional women look as 
well to encourage local economy by purchasing 
fresh produce from open markets, traditional or 
“made in Romania” products.   
Food innovation was generally related by 
participants to value-adding benefits in terms of 
convenience (e.g. individual portions, frozen 

food, pre-cooked food, ready-to-eat meals), 
health (e.g. low fat content, addition of 
beneficial ingredients as functional food, low 
salt content, organically produced), packaging 
(e.g. see-through packaging) and assortment 
expansion (e.g. more variety as ethnic and 
exotic flavours, new combinations of 
ingredients), in conformity with the 
categorisation of innovations adapted from the 
literature (Guerrero et al., 2009; Kühne et al., 
2010). Individual portions, low fat content, 
functional food, organic food, see-through 
packaging and more variety as exotic flavours 
appear highly valued by participants. Likewise, 
Romanian young professional women seem to 
appreciate less frozen and pre-cooked food as 
perceived of inferior quality when compared to 
freshly cooked meals. There were also some 
concerns regarding perceived naturalness, 
related to perceived complexity of the 
innovation (Rogers, 2003) e.g. UHT packaging. 
Other important concern regarded sensory 
qualities of novel foods as an unsatisfactory 
previous product experience (trial) mainly as 
taste, versus conventional variant.   
In general, novel food products were regarded 
as complementing the regular diet or fit for 
occasional consumption, associated with 
expectations for higher price values compared 
to the conventional alternatives.     
As health problems trigger changes in the food 
habits of some households (Midmore et al., 
2008), there were some participants with recent 
health problems in their family history (e.g. 
cardiovascular diseases), who were more open 
to functional food products with targeted health 
benefits e.g. free of cholesterol or low salt 
content. 
It has been reported (Baumgartner and 
Steenkamp, 1996) that consumer behaviours 
with exploratory components include risk 
taking in product choices, innovativeness in the 
adoption of new, variety seeking in purchase 
behaviour, browsing, looking at window/ shelf 
displays, and curiosity-motivated information 
acquisition evidenced for instance in talking to 
others about purchases. Young professional 
women, faced with time pressure and above 
average stress levels, appeared to explore less 
when buying or cooking food. Their 
exploratory behaviour in relation to food is 
limited to occasionally browsing through shelf 
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displays and to curiosity-motivated information 
acquisition evidenced in talking to peers about 
new culinary experiences (new cooking recipes 
or new product trials) and in internet browsing 
for new recipes, mainly from international 
cuisines. As young professional women 
established their own household, the new food 
habits formed (Midmore et al., 2008) include 
mainly the experimentation with international 
cuisines.  
When asked about who would be interested in 
purchasing and consuming novel foods in 
Romania, the participants described the typical 
novel food consumer as a person with an 
exploratory mind-set: young to middle aged, 

well informed and up-to-date, health-conscious, 
open-minded and genuinely curious. These 
characteristics were in line with a study 
(Baumgartner and Steenkamp, 1996) where it 
has been hypothesised that exploratory 
behaviours tend to adopt innovations faster. 
As consumer awareness and markets co-evolve, 
consumer attitudes with reference to food 
related issues tend to change gradually 
(Midmore et al., 2008), as it is the case with 
products already established on the market, like 
functional dairies or products with low sugar or 
low fat content. This may occur also because 
innovation is mostly understood by consumers 
as novelty, new products on the market. 

 

Table 1. Characteristics of the young professional women who participated in the study 

No ref. Gender Age Monthly disposable income/ 
household* The new culinary experience** 

1  

 

 

 

 

women 

25 y.o. >3001 RON pre-cooked rice in individual portions 

2 25 y.o. >3001 RON yoghurt with low fat content 

3 26 y.o. 1001-3000 RON soy milk with vanilla flavour 

4 28 y.o. 1001-3000 RON milk fortified with omega3 fatty acid 

5 23 y.o. 1001-3000 RON soft spreadable cheese with added herbs 

6 27 y.o. 1001-3000 RON cholesterol-free tofu 

7 29 y.o. 1001-3000 RON cocoa flavoured milk  

8 26 y.o. 1001-3000 RON ready-to-eat hummus salad  

9 26 y.o. >3001 RON margarine with added omega3&6 fatty acids 

10 29 y.o. 1001-3000 RON frozen seafood in see-through pack 

11 27 y.o. >3001 RON UHT milk fortified with calcium 

12 25 y.o. >3001 RON pre-cooked pasta made from rice flour 

*exchange rate €1= RON4.13 (National Romanian Bank, 27/05/11). For comparison, the average disposable income 
(for 2009) was RON1 352 (or €330) per month per household. 
**the products chosen for the ‘new culinary experience’ task from the 7-days diary. 
 
CONCLUSIONS  
 
The study concludes that the researched 
subculture, i.e. young professional women, is 
fairly traditional as it is the case of Romanian 
culture in general. Consequently new 
functional foods could face rather low 
compatibility levels (Rogers, 2003) when 
launched in Romania. This contrasts with the 
initial researchers’ hypothesis that young 
professionals could show more openness to 
innovation than the rest of Romanian 
consumers, owed to the transition to financial 
independence (Midmore et al., 2008), together 

with a young age, urban lifestyle and easy 
access to latest information.  
Positioning newfunctional food products as line 
extensions of already well-known and trusted 
brands, i.e. the diversification strategy 
(Diaconescu, 2005), could ease diffusion of 
innovation. Another potentially advantageous 
positioning of new functional foods could be as 
value-added products in widely used food 
categories, where there is little differentiation 
between brands. If adequate alternatives are 
already available or are perceived to exist on 
the market, the new proposal is less likely to 
fail (Dunphy and Herbig, 1995).  
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Food innovations that offer convenience and 
health related relative advantages appear to be 
mostly attractive and relevant to the researched 
population, as consumers accept easier those 
innovations that provide tangible (easily 
observable) and relevant benefits, without 
producing substantial changes in the product, 
specially in terms of sensory qualities 
(Guerrero et al., 2009). The convenience and 
health related innovations are perceived to have 
low complexity and high observability levels, 
thus revealing increasing chances on the 
market. In order to ease innovation adoption 
further, promotion activities at point of sale 
(e.g. sampling at the shelf) are also 
recommended.   
In drawing conclusions, the researchers stress 
the exploratory nature and the limitations that 
emerge from the localized character of the 
study, the homogenous research population and 
the sampling technique used. While in-depth 
interviews are deliberately not representative, 
they do allow for an exploration of detailed 
perceptions, attitudes and opinions which 
generates insight into the potential for 
functional food products in Romania. It should 
be noted that the research did not concentrate 
on specific food categories. It remains to be 
determined to what extent the obtained insights 
apply to specific food categories. Nevertheless, 
the information obtained from this study adds 
to the scarce literature that focuses on 
Romanian consumers’ views, attitudes and 
perceptions with regard to food innovation and 
can serve further to marketing strategies for 
functional foods on the Romanian market. 
Further validation of the qualitative exploratory 
insights as presented in this study, e.g. through 
quantitative research, with larger and more 
representative consumer samples, is 
recommended. 
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Abstract 
 
The mechanisms involved in the antagonistic action of biocontrol agents are intensively studied and several types were 
identified. A special attention was accorded to Bacillus strains that exhibit broad host spectrum against fungal 
pathogens.  
By studying in vitro interaction between some Bacillus biocontrol strains and some plant pathogenic fungal strains 
belonging to Botrytis cinerea, Penicillium sp. and Sclerotinia sclerotiorum species, a precipitation line was observed at 
the inhibition area level. This outcome was detected in co-cultivation of the biocontrol bacteria with the mentioned 
fungal species described as specific lectins producers, but not when strains of Alternaria, Fusarium or Pythium were 
used.  
The present study included in vitro co-cultivation of the biocontrol strains with B. cinerea on PDA medium 
supplemented with different carbon sources, sugars that are known to be interacting with different kind of 
carbohydrate-binding proteins. Significant differences in bacterial growth limitation were observed when the 
precipitation line was more evident and a reduced inhibition of the fungal growth was registered.  
Based on the fact that carbohydrate-binding proteins, also referred as lectin or agglutinins, have functions in defense 
responses to pathogen invaders,  two hypotheses may be issued: there could be a chain reaction by which the biocontrol 
bacteria induces a defense mechanism in some fungi, and the lectin or lectin-like producing fungi reacts in self-defense 
and bind the nutrients so that the antagonistic bacteria are limited in growth and that certain substrates, enriched with 
particular carbohydrates, facilitate the activation of some defense mechanism in fungi against some antagonistic 
bacteria“, as a possible consequence of the low bacterial glycoproteins specificity for those carbohydrates, compared 
with the lectins or lectin-like compounds of some fungi that can precipitate the carbohydrate nutrients as defense 
mechanism against antagonistic bacteria, similar to the nutritional competition. 
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INTRODUCTION 
 
Some filamentous fungal species have been 
reported to have the ability to produce lectins 
(Candy et al., 2001; Cornea et al., 2009; Inbar 
and Chet, 1994; Kellens et al, 1992). Lectins are 
associated various interactions among 
microorganisms (Ni and Tizard, 1996). Lectins 
are sugar binding proteins or glycoproteins, 
which agglutinate cells and/or precipitate 
glycoconjugates (Barak and Chet, 1990; Lam 
and Ng, 2011). 

Among the filamentous fungi which are capable 
to produce lectins are mentioned various soil-
borne and plant pathogens such as: Botrytis 
cinerea (Kellens et al, 1992), some Penicillium 
species (Singh et al., 2009), Rhizoctonia solani 
(Candy et al., 2001; Hamshou et al., 2007) and 
different members of the Sclerotiniaceae (Inbar 
and Chet, 1994; Kellens et al., 1992; 
Sulzenbacher et al., 2010) and some 
entomopathogenic fungi like Beauveria 
bassiana (Kossowska et al., 1999), 
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Conidiobolus obscurus (Latgé et al., 1988), 
Paecilomyces japonica (Park et al., 2004). 
Regarding the antagonistic interactions between 
fungi, it was found that one of the mechanisms 
used by mycoparasitic Trichoderma species in 
the biological control of the phytopathogens is 
the lectin-mediated recognition of the fungal 
hosts (Inbar and Chet, 1992, 1994, 1995). Thus, 
the phytopathogenic fungi that are lectins 
producers trigger the expression of the 
hyperparasitic character of T. harzianum 
biocontrol fungi (Inbar and Chet, 1994; 
Matroudi et al., 2009; Verma, 2009). It was 
shown that using Lectin-Coated Nylon Fibers 
(LCNF) induced the mycoparasitic character in 
the biocontrol fungus T. harzianum that 
produced hooks and coiled around the LCNF, 
in a pattern similar to that observed with the 
real host hyphae of Sclerotium rolfsii (Inbar and 
Chet, 1992). These findings provide direct 
evidence for the role of microbial lectins in 
mycoparasitism. In the hyperparasitic process a 
cell to cell recognition is needed between the 
lectin producig fungi and the mycoparasitic 
cells of Trichorerma (Inbar and Chet, 1992). 
However, if we consider the relations between 
lectin producing fungi and Bacillus biocontrol 
strains, the interaction is not direct, cell to cell 
contact. The communication is indirect and it is 
made by the secreted extracellular compounds 
(like lipopeptides or enzymes) that diffuse into 
the environment (Frey-Klett et al., 2011).  
The aim of this study was the analysis of 
bacterial and fungal glycoconjugates interaction 
as a specific mechanism between lectin 
producing phytopathogenic fungi and some 
bacterial biocontrol strains.  
 
MATERIALS AND METHODS 
 
Bacillus biocontrol strains 
The bacterial strains used in this study are 
Bacillus pumilus OS15, B. amyloliquefaciens 
OS17 and B. amyloliquefaciens BW. These 
three strains were previously characterized for 
their beneficial attributes in plant protection 
[Constantinescu et al., 2010; Dinu et al., 2012; 
Sicuia et al., 2011, 2012a,b]. Routinely, these 
strains are grown on LB agar medium at 28°C 
and maintained at 4°C. 
 
 

Fungal material 
The phytopathogenic fungi used in this study 
(Table 1) were maintained on potato-dextrose-
agar. 

Table 1. Filamentous fungal species 
Phytopathogenic 

fungi Provenience 

Alternaria sp. RDIPP - Bucharest collection 
Botrytis cinerea RDIPP - Bucharest collection 

Botrytis cinerea Faculty of Biotechnology 
Bucharest collection 

Fusarium oxysporum RDIPP - Bucharest collection 
Pythium debarianum 
DSM 62946 DSMZ Collection, Germany 

Penicillium sp. Faculty of Biotechnology 
Bucharest collection 

Sclerotinia 
sclerotiorum RDIPP - Bucharest collection 

 
Antagonistic interaction   
The antagonistic interaction between the 
phytopathogenic fungi and Bacillus biocontol 
strains were revealed on PDA medium, using 
the dual culture technique. The test was 
performed in Petri dishes where the fungi were 
placed in the middle of the plate and the 
bacterial strains were inoculated at 2 cm 
distance from the fungi. The fungal inoculums 
consisted in mycelia disc of 5 mm diameter 
from 7-day-old cultures. The bacterial 
inoculums used for the test was taken from 
fresh cultures. The plates were incubated at 
28°C for 5-7 days. The interactions between 
fungal and bacterial glycoprotein were 
emphasized by the appearance of a specific 
precipitation line between the tested microbial 
strains, in different culture conditions: on PDA 
and PDA supplemented with 2% galactose or 
2% raffinose. The co-inoculation procedure was 
similar to that mentioned above. 
 
RESULTS AND DISCUSSIONS 
 
During the analysis of antagonistic interactions 
between the selected biocontrol Bacillus strains 
and some phytopathogenic fungi a precipitation 
line was observed in the area of fungal growth 
inhibition. The precipitation line appeared only 
in the interactions with Botrytis cinerea (Figure 
1a) and Sclerotinia sclerotiorum (Figure 1b). 
Typically, the location of this line of 
precipitation was closer to the edge of the 
antagonistic bacterial colony.  
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Figure 1. The precipitation lines near the antagonistic bacterial strains Bacillus pumilus OS15  

generated by Botrytis cinerea (a) and Sclerotinia sclerotiorum (b)  
 

The presence of the precipitation lines in the 
area of interaction between bacteria and 
filamentous fungi has also been reported by 
other authors (Cornea et al., 2009, Machado et 
al., 2010) but their significance still remains 
unclear. Among the fungal species tested in 
these experiments, Botrytis cinerea and 
Sclerotinia sclerotiorum were previously 
described as lectin producing microorganisms 
(Cornea et al., 2009; Li and Rollins, 2010). 
Moreover, strains of Rhizoctonia solani 
(Hamshou et al., 2007; Cornea et al., 2009), 
Sclerotium rolfsii (Barak and Chet, 1990; 
Verma, 2009), Aspergillus sp. (Singh et al., 
2008), and Penicillium sp. (Francis et al., 2011) 
were also mentioned as lectins producers. 
Our experiments prove that the presence of 
precipitation line is dependent of both fungal 
strain and antagonistic bacteria. Thus, clear 
precipitation line was observed only in co-
cultivation of some known lectin producing 
fungi (Botrytis cinerea, Sclerotinia 
sclerotiorum) with certain bacterial strains. No 
such aspects were detected when Alternaria sp., 
Fusarium oxysporum or Pythium debarianum 
were used in interaction, despite their growth 
inhibition induced by the same bacterial strains. 
These aspects suggest that the precipitation is 
due to the interaction between lectin or lectin-
like compounds secreted by mentioned fungi 
and bacterial glycoproteins or other compounds 
(possible lipopeptides). This aspect is sustained 
by a precipitation line between one strain of 
Penicillium sp. and B. pumilus OS15 (Figure 
2). 
These aspects lead to hypothesis that fungal 
lectins may be released in the environment as a 
response to antagonistic bacteria specific 
signals. 

 
Figure 2. The wide precipitation line generated by 

Penicillium sp. near the growth of antagonistic Bacillus 
pumilus OS15 bacterial strains 

 
The presence of lectins may lead to the 
retardation of inhibitory action of bacteria by 
agglutination of bacterial extracellular 
antifungal agents. This supposition is supported 
by the previously reported data about some 
bacterial proteins, located mainly at cell surface, 
that are glycoproteins (Messner, 2004; Nothaft 
and Szymanski, 2010). In this view, the 
precipitation line observed could be due to 
specific interaction between fungal lectins 
(carbohydrate-binding proteins) and the 
carbohydrate residues from specific bacterial 
glycoproteins. 
The involvement of fungal carbohydrate-binding 
proteins in microbial interactions was examined 
by in vitro co-cultivation of the selected 
biocontrol Bacillus strains with two strains of B. 
cinerea on PDA medium supplemented with 
galactose and raffinose, respectively. After 
comparative tests the differences observed were 
not only in the formation of precipitation lines 
(as expected due to the affinity interaction) but 
also in the size of the bacterial colony (Figure 3 
a, b). Significant differences in bacterial growth 
limitation were observed when the precipitation 
line was more evident and a reduced inhibition 
of the fungal growth was registered.  

a b 
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PDA PDA + galactose PDA + raffinose 

     a                                   Botrytis cinerea strain from RDIPP collection 
 

   
PDA PDA + galactose PDA + raffinose 

     b           Botrytis cinerea strain from the Faculty of Biotechnology collection USAMV Bucharest 
Figure 3. Interaction between Botrytis cinerea and the antagonistic bacterial  

strain Bacillus amyloliquefaciens OS17 
 

In the interactions between B. 
amyloliquefaciens OS17 strain and B. cinerea 
(RDIPP collection) on PDA medium no 
precipitation line occurred, but when PDA was 
supplemented with galactose thin precipitation 
line appeared and the bacterial growth was 
reduced. When the PDA was supplemented 
with raffinose the precipitation line was more 
abundant. Moreover the bacterial growth was 
significantly inhibited and the colony was much 
smaller (Figure 3a and 3b). Another noticed 
aspect was that the fungal growth was less 
inhibited when the medium was enriched with 
raffinose comparative with PDA with galactose 
or standard PDA medium. These findings 
suggest a possible stimulating effect of 
raffinose for the protective compound secreted 
by the fungi, and/or the inhibition of specific 
soluble bacterial compounds. These statements 
reflect a self defense mechanism in the 
phytopatogenic fungi against the biocontrol 
bacteria, possible mediated by lectins that are 
specific for glycoconjugates of these 
antagonists. However, it must be mentioned 
that even if the biocontrol activity is diminished 
the clear inhibition zones are still maintained, 
suggesting that the self protection mechanism 
developed by fungi is not absolute. 
Similar aspects were also registered for the 
other two biocontrol strains, Bacillus pumilus 

OS15 and B. amyloliquefaciens BW but at 
lower intensity compared with B. 
amyloliquefaciens OS17 strain.  
The obtained results suggest that could be a 
chain reaction by which the biocontrol bacteria 
induces a defense mechanism in some fungi, 
based on lectin or lectin-like compounds, and/or 
bacteria produce specific soluble 
glycoconjugates either glycoproteins or 
lipopolysaccharides involved in antagonistic 
properties and in colony development. 
 
CONCLUSIONS 
 
In vitro interaction between the three Bacillus 
biocontrol strains and the phytopathogenic 
fungi Botrytis cinerea, Penicillium sp. and 
Sclerotinia sclerotiorum revealed a precipitation 
line at the inhibition area level. This aspect was 
attributed to the specific binding of sugar 
residues from bacterial glycoconjugates by the 
lectin or lectin-like compounds secreted by the 
fungi analysed. 
The presence of raffinose in the culture medium 
induced an intense precipitation line near the 
bacterial colony edge, suggesting a stimulation 
bacterial extracellular compounds production. 
The increase of the intensity of precipitation 
line is accompanied by the inhibition of 
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bacterial growth accompanied the stimulation 
of fungal growth in the presence of raffinose.  
It may be concluded that filamentous fungi 
possess an inducible resistance against 
antagonists mediated by lectins that are specific 
for glycoconjugates of bacterial origin. The 
interactions are specie-specific.  
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Abstract 
 
Ash from thermal power plant was used as raw material for new adsorbents synthesis using alkaline attack and 
ultrasonic methods. In detail, it was mixed with 5M NaOH solution and treated at different contact time. The ash and 
the adsorbents were characterized by electron microscopy/energy dispersive spectroscopy (SEM/EDS), and Fourier 
Transform Infrared Spectroscopy (FT-IR). The new materials based on ash were applied as water sorbent to remove 
copper ions. The determination of copper ions was performed by atomic absorption. The results showed that these types 
of new adsorbents have a good capacity to remove copper ions from aqueous solution. For all synthesized adsorbents 
the predominant mechanism can be described by pseudo-second order kinetics. The alkaline attack method seems to be 
the most effective compared with the ultrasonic method and could present application potential for the copper removal. 
 
Key words: ash, copper ions, kinetic, removal, synthesis. 
 
INTRODUCTION 
 
Fly ash is a by-product of coal combustion 
waste (Harja et al., 2011, 2012a). After burning 
of coal, in power plants result a large amount of 
different inorganic residues: fly ash, bottom 
ash, slag and flue gas desulfurization by-
products (Gross et al., 2007; Harja et al., 2011), 
which have low value for utilization and 
several environmental problems associated 
with their disposition. Finding some recovery 
methods has two benefits: reduce pollution, the 
waste is currently stored, and on the other hand, 
the synthesis of new materials, cheaper, with 
high adsorption capacity. 
In the last years, unconventional materials such 
as: fly ash (Querol et al. 2002), metakaolin 
(Izidoro et al., 2012), slag and aluminum 
sludge, municipal solid waste ash (Hernandez-
Ramirez and Holmes, 2008), chrysotile and rice 
husk have been used to synthesize zeolites. 
Function of synthesized conditions determined 
type of zeolites: zeolite A, linde type A, 

sodalite, faujasite etc (Rasouli et al., 2012; Ryu 
et al., 2006). 
Several authors have shown that ash can be 
converted in new materials based on ash by 
different methods: direct activation (Criado et 
al., 2007; Inada et al., 2005; Juan et al., 2007; 
Adamczyk and  Bialecka, 2005; Rios et al., 
2009), fusion methods (Miyake et al., 2007; 
Rios et al., 2009), ultrasonic methods (Park et 
al., 2001; Andac et al., 2005; Wang et al., 
2008), molten salt methods (Park et al., 2000a, 
2000b). Therefore, the use of ultrasonic 
methods offers several advantages, when 
compared with conventional methods presented 
in the literature, among which the shorter time 
required for the synthesis process (Park et al., 
2001; Andac et al., 2005). Because heavy 
metals, such as: lead, chromium, nickel, 
cadmium, copper, etc., can contaminate water 
by different processes, some methods were 
proposed to remove them. The most known 
method is adsorption process, because can be 
used many types of adsorbents: ash, carbonates, 
active carbon, new materials based on ash 
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(zeolites) (Harja et al. 2012b, 2013; Izidoro et 
al., 2012; Rosales et al., 2012). 
The paper presents results of the investigation 
of Cu2+ solutions (pH 5) with ash and new 
adsorbents based on ash. Therefore, many 
studies focused on the synthesis of zeolites 
from waste rich in silica and alumina (Izidoro 
et al., 2012).  
 
MATERIALS AND METHODS 
 
In this study were used 2 new adsorbents based 
on ash obtained by ultrasonic and direct 
activation treatment at 700C, 5M of NaOH, 
corresponding to a ratio s/L of 1:5. 
The chemical characterization has shown that 
the material composition is based on the 
following chemical elements: Si, O, Al, Ca, Fe, 
K, Mg, and traces. The elements are found as 
oxides or combinations, a fact confirmed by 
FTIR and XRD analysis. 
The type of material results by alkaline attack 
depending on the conditions of synthesis. The 
temperature is one important factor that 
influences the type of material synthesized, 
while the time of contact is another parameter 
which has to be taken into consideration. 
New materials based on fly ash have been 
widely used as low cost adsorbents for the 
removal of pollutants from aqueous solution, 
such as: cooper, nickel, lead, chromium et al. 
The chemical and the mineralogical 
characterizations are presented in the literature 
(Harja et al., 2012b, 2013). 
Adsorption study 
Adsorption isotherms were determined using 
the batch equilibrium method. The adsorption 
of Cu (II) was studied after adding 1 g of 
adsorbent into 100 mL of aqueous solution 
containing Cu (II) concentration of 300 mg/L, 
pH of 5 and shaking at 300 rpm for 8 hours at 
room temperature. At certain time intervals, the 
samples were collected, filtered and analyzed 
by atomic absorption. The adsorption uptake 
was calculated by following relation: 

 

 
Where c0 - the initial concentration (mg/L), c- 
the concentration of solution, at the sampling 

time (mg/L), V - the volume of solution, L, ms - 
amount of adsorbent, g. 
 
RESULTS AND DISCUSSIONS 
 
Influence of contact time and type of 
adsorbent 
The efficiency of the removal of Cu2+ on C0, 
C1 and C2 at pH 5 is presented in Figure 1. 
According to the results presented in Figure 1, 
at the initial concentration of copper ions of 
300 mg/ L, C1 and C2 have the greatest uptake: 
24 (300 minute of contact), respectively 27.77 
mg Cu2+/gads after 180 minutes of contact. The 
lowest capacity is presented by C0: 14.4 mg 
Cu2+/gads after 480 minutes of contact. 

 
Figure 1. Influence of type of adsorbent at pH 5, 

Cin=300 mg/L 
 

Adsorption kinetics 
Several kinetic model equations were proposed 
for adsorption process, including the pseudo 
first order, the pseudo second order, diffusion 
model, and intraparticle diffusion model. The 
equations are presented in literature 
(Ahmaruzzaman, 2010). In this study to define 
the adsorption kinetics of Cu2+ onto C0, C1 and 
C2, the pseudo first order and pseudo second 
order kinetic parameters of the adsorption 
process were investigated. The plot of the 
kinetic models for Cu2+ ions onto the 
adsorbents are shown in Figure 2 and the 
results of kinetic parameters are given in Table 
1. 

Table 1. Kinetic parameters  

   Adsorbent  Pseudo I model Pseudo II model
R2 R2 qe, mg/g

 C0 0.914 0.985 14.4
 C1 0.919 0.993 24
 C2 0.943 0.999 27.776
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As seen from Table 1, for all adsorbents the 
adsorption kinetic is described by the pseudo 
second order equation. 

 
 

 
a 
 

 
b 

Figure 2. Adsorption kinetic of Cu2+ ions onto C0, C1 
and C2: a-Pseudo first order, b-Pseudo second order 

 
CONCLUSIONS 
 
This study indicated that new adsorbents based 
on ash could effectively remove copper ions 
from aqueous solutions. The use of new 
materials based on ash for copper adsorption 
leads to a two-fold benefit: an important source 
of air, water and soil pollution produced by the 
ash disposal is eliminated, whereas the ash may 
be used in water treatment as a low cost 
adsorbent for removal of copper. 
The uptake efficiencies increased with 
increasing of contact time. The highest 
adsorption capacity was observed in the case of 
the adsorbent synthesized by direct activation 
at ratio 1:5, temperature 70oC, CNaOH=5M 

(approximately 28 mg Cu2+/gads after 180 
minutes of contact). 
For ash and new materials based on ash 
adsorption kinetic is described by the pseudo 
second order equation. 
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Abstract 
 
Following the recording and reproducing flooding and draining phenomena that occur naturally in the analysis of the 
Geraiului Pond, for the development of the solutions (technical and management) for expanding the period of water 
stagnation in water levels that provides the best conditions for nesting and feeding for the wild waterfowl, especially the 
red ducks and the pygmy cormorant, the mathematical modeling was use for the ecological reconstruction of this area.  
Geraiului Pond located at the la confluence of River Olt and the Danube River, in Olt County, between the villages 
Gârcov and Islaz represents one of the last natural wetlands areas along the river Danube, connected to the natural 
flood flow of the river. 
This paper presents mathematical models used to the establishment of technical solutions proposed for reconstruction 
of Geraiului Pond resulting from the phenomena of flooding and draining modeling of the area. 
 
Key words: ecological reconstruction, mathematical modeling. 
 
INTRODUCTION 
 
Geraiului Pond, located in Danube floodplain at 
confluence of Danube with Olt river, between 
Gârcov and Izlaz localities (Figure 1), is one of 
the last natural wetlands along the Danube. 
Geraiului Pound is connected to its natural 
flooding regime of Danube River and attracts 
many water birds that find here a place for 
nesting and feedingfor the wild waterfowl, 
especially the red ducks and the pygmy 
cormorant (Dimache et al., 2012). 
For expanding the period of water stagnation in 
water levels that provides the best conditions 
for nesting and feeding for the wild waterfowl, 
especially the red ducks and the pygmy 
cormorant, the mathematical modeling was use 
for the ecological reconstruction of this area. 
Following the recording and reproducing 
flooding and draining phenomena that occur 
naturally, this paper presents mathematical 
models used to the establishment of technical 
solutions proposed for reconstruction of 
Geraiului Pond. 
 
Assessment of flood susceptible areas în 
Geraiului Pond was done by setting limits to 

flooding by mathematical models simulating 
the flow with free surface, taking into account 
natural conditions of natural flooding regime of 
Danube River. 
Assessment of flood susceptible areas în 
Geraiului Pond was done by setting limits to 
flooding by mathematical models simulating 
the flow with free surface, taking into account 
natural conditions of natural flooding regime of 
Danube River. 
For mathematical modeling of the flooding 
regime of Danube was used HEC-RAS 
software that is commonly used in flow with 
free surface modeling. HEC-RAS detached 
outher similar softwere due to the accessibility 
and his capabilities. HEC-RAS models the 
hydraulics of water flow through natural rivers 
and other channels. The program is one-
dimensional, meaning that there is no direct 
modeling of the hydraulic effect of cross 
section shape changes, bends, and other two- 
and three-dimensional aspects of flow. The 
program was developed by the United States 
Department of Defense, Army Corps of 
Engineers in order to manage the rivers (Stoica, 
Iancu 2010). For the surface stady flow 
modeling HEC-RAS resolve the one 
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dimensional energy equation: 
 

2 2
2 2 1 1

2 2 1 12 2 r
V Vh z h z h
g g    

(1) 

 
where: 

- 1z , 2z  = elevation of the main channel 
inverts 

- 1h , 2h  = depth of water at cross sections 
- 1V , 2V  = average velocities (total 

discharge/ total flow area) 
- 1 , 2  = velocity weighting coefficients 
- g  = gravitational acceleration 
- rh  = energy head loss 
 

HEC-RAS is capable to modeling subcritical, 
supercritical, and mixed flow regime flow. 
One-dimensional model under non-permanent 
flow solves Saint-Vernant equations (2), 
resulting the medium flow and level in the 
cross sections. Saint-Vernant equation that 
HECRAS resolve is: 
 

0f
Q QV zgA S
t x x    

(2) 

 
where: 

- Q = discharge  
- A = flow area 
- V = average velocity = (total discharge/ 

total flow area) 
- g = gravitational acceleration 

 
Modeling flooding and drainage 
The modeling of flooding and surface water 
drainage in Geraiului Pond was conducted in 
three phases: the first step was represented by 
the modeling of flooding and surface water 
drainage from Geraiului Pond, the second step 
was the identification of areas of natural 
discharge of water from the pond and the third 
step was the flow modeling of water discharge 
through the areas identified at step two. 
 
 
 
 

 
Figure 1. Geraiului Pound Location, upstream confluence of Danube with Olt River 

 
Modeling the flooding and surface water 
drainage from Geraiului Pond was based on a 
digital terrain model with the pixel in 
horizontal dimension of 20 meters (Stereo 70 
projection). The accuracy of the vertical grid is 
unknown, the range of the altitudes being 
between 12.4 and 194.6 m. The height in the 
area of Geraiului Pond ranges between 22 and 
24 meters, the location being almost horizontal 
(Figure 2). In the North area of the pond the 
heights increase somewhere around 40 to 50 m. 

ArcGIS analyses was used to prepare the data 
for HEC-RAS model.  
The numerical model of the terain was 
overlapped on the aerial photographs for 
identifying the minor and major riverbed of the 
Danube. 
Using HEC-GEORAS extension in ArcGIS, a 
number of 153 cross sections were defined. All 
the cross sections were checked and every 
incoherent data were changed. The roughness 
values assumed ranges from 0.03 in the 

138



riverbed of the Danube up to 0.08 in the pond. 
For boundary condition of the HEC-RAS, were 
considered available hydrometric data from there 
station: Bechet, Corabia and Turnu Magurele 
for the year 2006 Figure 3. The boundary 

conditions of the flow model were represented 
on the flow hydrograph (Bechet) and the stage 
(levels) hydrograph. The modeling of flow and 
drainage phenomena was carried out in steady 
flow by imposing a subcritical flow. 

 

 
Figure 2. Geraiului Pond. Digital Terrain Model - tridimensional view from downstream 

 

 
Figure 3. Hydrometrics stations: Bechet, Corabia and Turnu M gurele 

 
The results of the flow model were represented 
by the medium values, in each cross section of 
flows, levels and all the parameters derived 
from this. The model provided the lower and 
maximum levels of water on the Danube, 
corresponding to the hydrograph values 
imposed upstream. 
The purpose of the first modeling step was to 
determine the period when the pond is prone to 
flooding and the levels of the water in it, during 
this period. During the drainage of the surface 
water period it is important to establish the 
variation of water levels, in order to determine 
the optimal water level for the water birds to 
find places for nesting and feeding. The time 

when Geraiului Pond is flooded, obtained from 
modeling considering hydrological data from 
2006, is between last decade of February and 
first decade of July (Figure 4). 
Second step of the modeling was representing 
by the delimitation of the areas covered by 
water at different elevations using ArcGIS 
analyzes in order to determine the optimal level 
of water for nesting of birds. Proposing 
different levels of water in Geraiului Pond, the 
optimal level of water resulted was 22.50 m 
(Figure 5). At this elevation, surface covered by 
water is 260000 m2 and the water volume is 
about 1300000 m3. 
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Figure 4. Water elevation in Geraiului Pond July 08, 
2006 

 

 
Figure 5. Water surface extends for stage 22.50 m 

 
Also, in the second step of the modelling was 
determined the lower point through water flow 
in period of water drainage from the pond. 

Three points were identified. Those points 
correspond to a discharge channel in the part of 
north-west of Geraiului Pond, a channel in the 
part of south (central) of pond and one in the 
part of south-east. 
The last step of the modeling was representing 
by the mathematical model of surface flow in 
channels of water discharge from pond, 
identified in second step of the modeling 
(TUCEB, 2010). Hydraulic model were built 
for each channel, in order to determine haw 
water discharge form pond and to find solution 
for keeping for a long time of water in pond to 
provide nesting and feeding for the birds. 
For each channel, hydraulic modelling were 
performed in steady flow conditions, by 
varying flow values, corresponding with 
different elevation of water in pond, between 
0.5 m3/s and 30 m3/s. The roughness coefficient 
for the channels riverbed was chosen after a 
terrain survey at value of 0.035 and the 
roughness coefficient for the major riverbed the 
value of 0.045. Hydraulic slope of the channels 
were obtained by analyzing digital terrain 
model. In order to avoid the local roughness in 
the calculation of the slope, a linear regression 
procedure for identifying the medium hydraulic 
slope was used. 
In the north-west part of the Geraiului Pond, is 
the most important discharge channel. This 
channel is link with a rivulet in the zone, Ursa. 
For additional intake water in period of 
drainage of the water from the pond, it is 
recommended a stream diversion to the central 
area of the pond.  

 

Table 1. Hydraulic parameters for the discharge channel 

Channel  
section 

Free surface 
water elevation Depth Velocity Discharge 

area 
Froude  

no. 
(m) (m) (m/s) (m2) (-) 

883.7348 23.64 0.45 0.42 34.64 0.23 
661.0258 23.5 0.86 0.5 20.69 0.23 
540.5424 23.46 1.05 0.41 24.67 0.16 
428.0607 23.39 1.26 0.72 13.94 0.30 
355.4089 23.35 0.91 0.68 14.8 0.28 
256.4688 23.23 0.78 0.73 13.79 0.29 
194.8462 23.15 1.00 0.74 13.44 0.29 
97.10692 23.06 2.16 0.42 23.81 0.13 
20.61243 22.97 0.84 0.67 18.15 0.27 
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Modelling the channel from the north-west area 
of the pond allowed to draw some clear 
preliminary conclusions and to propose 
structural or non-structural solutions that 
accomplish in a certain measure the objective 
of this study: the ecological restoration. 
The hydraulic parameters for the discharge 
channel, for a flow of 10 m3/s determined 
through the modelling are presenting in the 
Table 1. 
Solution of ecological reconstruction 
proposed based on mathematical modelling 
The flow model of surface water in the 
Geraiului Pond allowed the proposal of some 
structural and non-structural solution for 
ecological reconstruction of the area. The one 
dimensional model led to the modeling of the 
flooding and draining phenomena that occur in 
Geraiului Pond, in order to determine the 
necessary solutions for water discharge control 
from the pond. 

Based on the mathematical modeling and the 
hydrological study it was determined that the 
water flow in and out from the pond mainly 
through two channels, on in the part of north-
west and on in the south-east of the pond. An 
ecological area was determined, in which an 
optimum water level must be maintain for 
nesting and feeding proper condition for the 
birds, based on the flooding charts resulted 
from the flow modeling. 
The conclusions after the mathematical 
modeling we that the water elevation in the 
pond must to be maintaining around 22.50 m, 
this elevation being considered optimal for 
ecological reconstruction of the area, the 
channel in the part of south-east of the pond 
will be barred with a dam made from local 
materials and in the north-west area of the pond 
is recommended a stream diversion for 
additional water intake in the pond (Figure 6). 

 

 
Figure 6. Delimited ecological area and location of proposed solution for controlled discharge of water 

 
The proposed solution for controlling discharge 
of water consists in: 
- The river deviation of the channel in the 
north-west region of the Geraiului Pond, from 
the limit of the village Gârcov, by building a 
new channel that will unload the water in the 
central region of the Geraiului Pond and a 
barred dam of the existing channel. This 
deviation channel will ensure the water needed 
for the central area of the pond (TUCEB, 
2010b). 
- The barred channel in the central area of the 
pond, by using the resulted material from the 
building of the deviation channel in the north-
west region (TUCEB, 2010b). 
To mitigate the negative impact over the 

environment in the protected area, the deviation 
works and the works for barring both channels 
will be carried out manually and mechanized, 
with small capacity equipment. 
The proposed works of controlled discharge of 
water from Geraiului Pond were performed as 
follows: 
- First, the new channel and the obstruction 
dam at the limit of the village Gârcov were 
built (Figure 7). 
- Second, the obstruction dam was built on the 
channel in the central area of the pond. 
- Six months after completing the proposed 
works, the water level in the pond started to 
grow and the stagnation period of water 
increased. Also, large areas of land that were 
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arid in the past, developed specific wetland 
vegetation. 
 
CONCLUSIONS 
 
Mathematical modeling of the natural 
phenomena of flooding and drainage of the 
Geraiului Pond led to optimal ecological 
reconstruction solution of the area. The flow 
modeling was highlighted on the water access 
area to and from the pond, the water surfaces 
and volumes, for different stages, and the best 
water level in the pond for assuring the 
ecological reconstruction of the nest areas. 
Based on results from mathematical modeling 
two major hydraulics works, with a minimal 
impact over the environment were proposed 
and built. 
It is considered that these works will assure the 
optimal condition for ecological reconstruction 
of the zone. Monitoring the effects of the 
proposed works is a necessary step in order to 
assure the success of the project.  
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Figure 7. Obstruction dam at the limit of the village Gârcov (in north-west part of Geraiului Pond) 
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Abstract 
 
The paper presents an original research regarding the incidence of polychlorinated biphenyls compounds (PCBs) and 
organochlorine insecticides (HCH and DDT) on the urban area of Ploiesti. Due to the high level of toxicity, 
international legislation provides the list of PCBs compounds to be monitored: PCB28, 52, 101, 118, 138, 153, 180. 
Sample collection was made in 27 points located in ornamental garden, parks, and street intersections. The chemical 
analyses were conducted in the Laboratory of National Research and Development Institute for Soil Science, Agro-
Chemistry and Environment of Bucharest, according to an own analytical method adapted after EPA. There were 
determined physical properties and chemical concentrations for humus, organic carbon, mobile phosphorus and 
potassium, total nitrogen, as well as the PCBs, DDT and -, - and - HCH. According to the Romanian standards, the 
concentrations of PCBs overcome the normal values in all sampling points and intervention threshold in seven 
locations. This could have a high impact on people health - especially children and old people - and some intervention 
measures need to be taken.  
 
Key words: polychlorinated biphenyls compounds, organochlorine insecticides, soil contamination. 
 
INTRODUCTION 
 
Persistent organic pollutants (POPs) are of 
worldwide concerns because of their persis-
tence (Dimond and Owen, 1996), bioaccumu-
lation (Nakata et al., 2002), and toxicity to 
human and other animal and plant lives (Jones 
and de Voogt, 1999). 
Polychlorinated biphenyls (PCBs), dichloro-
diphenyltrichloroethane (DDT) and hexachlo-
rocyclohexane (HCH) have been among the 
most widely used Persistent Organic Pollutants 
(POPs) throughout the world.  
Organochlorine insecticides were largely used 
in the past for medical and agricultural 
purposes. Technical HCH and DDT consist of 
about 50% of pesticide products in the 1970s 
(Zhang, 1996) and were heavily used for 
agricultural purposes. 

Polychlorinated biphenyls (PCBs) were widely 
used in various industrial applications. 
Research confirmed that some PCBs congeners 
degrade slowly in the environment and can 
build up in the food chain. Commercial 
worldwide production ceased in 1979; 
however, legacy PCBs remains.  
PCBs may persist in the environment for 
periods of years and may bioconcentrate by 
factors of up to 70,000 fold. 
Humans can be exposed to POPs through diet, 
occupational accidents and the environment 
(including indoor). Exposure to POPs, either 
acute or chronic, can be associated with a wide 
range of adverse health effects, including 
illness and death. 
In Romania, research showed the presence of 
HCH and PCBs in human body due to indoor 
or outdoor exposure (Dirtu et al, 2006; Covaci 
et al, 2001; Cioroiu et al, 2010). 
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Figure 5. The separation of a standard mixture of 
organochlorine insecticides on capillary column  

 
 

 
Figure 6. The chromatogram of a standard mixture of 

PCBs 

RESULTS AND DISCUSSIONS 
 
The chemical characteristics of soil sample 
vary greatly: the pH ranges in weak acid - weak 
alkali, organic matter content, mobile 
phosphorus, mobile potassium, total nitrogen 
are contrasting (Table 1). 
The discussions of the results were done 
according to Romanian regulations - MO 
756/1997 regarding the content of organo-
chlorine insecticides and of polychlorinated 
biphenyls compounds in soils. 
Following the evaluation of the results (Table 
2) regarding the surface layer analysis (0-10 
cm) it can be observed that PCB 28 is 
undetectable in four of the 27 sampling points. 
In the other samples, the PCB 28 content vary 
between 0.0002 mg/kg on Latina street from 
Ploiesti and 0.0180 mg/kg in the green space of 
the Hippodrome enclosure. 
Regarding the PCB 28 concentration, none of 
the studied soil samples do not range within 
normal limits (<0.0004 mg/kg), 30% have 
contents ranging between the superior 
threshold of normal values and the warning 
threshold (0.01 mg/kg), 61% exceed the 
warning threshold and 9% exceed the 
intervention threshold (0.04 mg/kg) (Figure 7).  

 
Table 1. The chemical characteristics of soil sample of Ploiesti city                                                               

Nr. 
crt. 

Nr. 
reg. 

IDENTIFICATION 
pH Humus 

(%) 
C organic 

(%) 

Total 
nitroge
n (%) 

Mobile 
phosphorus 

(mg/kg) 

Mobile  
potassium 
(mg/kg) Sampling points Comments 

1 P1 Ploiesti Vest Str. Baraolt ornamental gardens 7.56 5.15 2.987 0.325 1567 356 
2 P2 Billa Str. Dianei ornamental gardens 7.53 5.32 3.086 0.325 632 60 
3 P3 Parcul Tineretului park 7.41 4.79 2.778 0.339 432 84 
4 P4 Dero Lever ornamental gardens 7.71 5.32 3.086 0.25 1179 403 
5 P5 Bd. Independentei 0.5m  roadsides 7.85 2.75 1.595 0.164 477 310 
6 P6 Bd. Independentei 10m 10 m to the road 7.86 2.32 1.346 0.169 494 149 
7 P7 Gara de Sud roadsides 7.45 7.53 4.368 0.331 765 504 
8 P8 Mihai Eminescu park 7.95 3.37 1.955 0.128 975 63 
9 P9 Bd. Petrolul cu Sos. Bucure ti Roadsides 7.67 2.96 1.717 0.233 555 173 

10 P10 Petrotel-Lukoil(Sos.Mihai Bravu) ornamental gardens 7.82 4.96 2.877 0.277 924 194 
11 P11 Hipodrom ornamental gardens 7.77 7.55 4.379 0.451 815 59 
12 P12 Bd. Democratiei ornamental gardens 8.01 3.25 1.885 0.217 1247 123 
13 P13 Hotel Prahova ornamental gardens 7.70 6.98 4.049 0.303 537 218 
14 P14 Feroemail SA ornamental gardens 8.07 2.43 1.140 0.199 679 148 
15 P15 Liceul agricol Barcanesti Roadsides 7.77 4.05 2.349 0.295 993 519 
16 P16 Petrotel-Lukoil - poarta 4 ornamental gardens 7.82 4.65 2.697 0.306 869 48 
17 P17 Rafinaria Vega ornamental gardens 7.87 4.99 2.894 0.351 1106 150 
18 P18 Petrom – Statia 3 Bucov ornamental gardens 8.04 3.20 1.856 0.217 616 63 
19 P19 Fabrica de paine Extrapan Nord Roadsides 7.48 5.55 3.219 0.404 1713 802 
20 P20 Bariera Bucov roadsides with DN 1B 7.89 4.12 2.390 0.276 582 270 
21 P21 Gara de Nord ornamental gardens 7.75 2.75 1.595 0.242 932 536 
22 P22 Spitalul Boldescu Roadsides 8.04 4.29 2.488 0.27 957 99 
23 P23 Muzeul Nichita Stanescu ornamental gardens 7.84 3.05 1.769 0.178 699 128 
24 P24 Mihai Viteazu Roadsides 7.84 4.43 2.570 0.358 1371 529 
25 P25 A. Muresan si Sos. Nordului Roadsides 7.72 3.75 2.175 0.246 550 257 
26 P26 Str. Scolii ornamental gardens 7.76 3.84 2.227 0.253 951 437 
27 P27 Str. Latina Roadsides 7.83 3.62 2.100 0.25 931 465 
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Table 2. Polychlorinated biphenyls compounds in the Ploiesti city 

Nr. 
crt. SAMPLING POINTS PCB 28 

mg/kg 
PCB 52 
mg/kg 

PCB 101 
mg/kg 

PCB 138 
mg/kg 

PCB 153 
mg/kg 

PCB 180 
mg/kg 

Total PCB 
mg/kg 

1 Ploiesti Vest Str. Baraolt 0.0085 nd. nd. 0.0253 0.0245 0.0233 0.0816 
2 Billa Str. Dianei 0.0013 nd. nd. 0.0008 0.0008 0.0011 0.0040 
3 Parcul Tineretului 0.0037 nd. nd. 0.0266 0.0278 0.0425 0.1006 
4 Dero Lever 0.0042 0.0023 0.0048 0.0558 0.0520 0.0695 0.1886 
5 Bd. Independentei 0.5m  0.0074 0.0025 0.0063 0.0853 0.0585 0.0945 0.2546 
6 Bd. Independentei 10m 0.0024 0.0015 0.0009 0.0594 0.0564 0.0632 0.1838 
7 Gara de Sud nd. nd. nd. 0.0555 0.0675 0.0682 0.1912 
8 Mihai Eminescu 0.0156 0.0032 0.0193 0.0163 0.0156 0.0208 0.0908 
9 Bd. Petrolul cu Sos. Bucure ti 0.0031 nd. nd. 0.0223 0.0222 0.0429 0.0905 

10 Petrotel-Lukoil(Sos.Mihai Bravu) 0.0059 nd. nd. 0.0220 0.0233 0.0485 0.0977 
11 Hipodrom 0.0180 nd. nd. 0.0018 0.0026 0.0033 0.0257 
12 Bd. Democratiei nd. nd. nd. 0.0086 0.0053 0.0144 0.0283 
13 Hotel Prahova 0.0028 nd. nd. 0.0410 0.0418 0.0613 0.1469 
14 Feroemail SA nd. nd. nd. 0.0004 0.0006 0.0010 0.0020 
15 Liceul agricol Barcanesti 0.0021 nd. nd. 0.0009 0.0016 0.0022 0.0066 
16 Petrotel-Lukoil - poarta 4 0.0028 nd. nd. 0.0123 0.0128 0.0253 0.0532 
17 Rafinaria Vega 0.0022 nd. nd. 0.0018 0.0020 0.0031 0.0087 
18 Petrom – Statia 3 Bucov 0.0007 nd. nd. 0.0055 0.0109 0.0112 0.0283 
19 Fabrica de paine Extrapan Nord 0.0005 nd. nd. 0.0005 0.0005 0.0027 0.0042 
20 Bariera Bucov 0.0030 nd. 0.0079 0.1026 0.0989 0.1201 0.3325 
21 Gara de Nord 0.0014 nd. nd. 0.0048 0.0040 0.0071 0.0173 
22 Spitalul Boldescu 0.0014 nd. nd. 0.0043 0.0050 0.0083 0.0190 
23 Muzeul Nichita Stanescu 0.0031 nd. nd. 0.0052 0.0045 0.0059 0.0187 
24 Mihai Viteazu 0.0012 nd. nd. 0.0012 0.0015 0.0020 0.0059 
25 A. Muresan si Sos. Nordului nd. nd. nd. 0.0012 0.0018 0.0024 0.0054 
26 Str. Scolii 0.0021 nd. nd. 0.0006 0.0009 0.0014 0.0050 
27 Str. Latina 0.0002 nd. nd. 0.0013 0.0017 0.0022 0.0054 

                                                                                                                                                                                                     nd – not detected 
MO 756/1997         Normal values <0.0001 <0.0001 <0.0004 <0.0004 <0.0004 <0.0004 <0.01 
                               Warning threshold 0.002 0.002 0.01 0.01 0.01 0.01 0.25 
                               Intervention threshold 0.01 0.01 0.04 0.04 0.04 0.04 1 

 
 

 
Figure 7. Distribution of soil samples collected by the 

charge of PCBs compounds  
 

Polychlorinated biphenyls PCB 52 and PCB 
101 are detectable in four, five respectively of 
the analyzed samples (Table 2), recording 
values over the normal ones (<0.000 4 mg/kg) 
in five sampling points and four concentrations 
that exceed the warning threshold of 0.01 
mg/kg. 
 

 
The PCB 138 concentration ranges between 
0.0005 mg/kg in Extrapan Nord bread factory 
area and 0.1026 mg/kg in the sample collected 
in front of the Bariera Bucov from Ploiesti. 
Practically, it can be observed a low charging 
level in the residential area and high 
concentrations, even over the intervention 
threshold, in industrial areas. Therefore, it may 
be stated that the charging level of PCB 138 is 
high, the most polluted areas being situated in 
the city industrial area (Petrotel-Lukoil and 
Dero), and in high road traffic areas 
(Bulevardul Independen ei, Gara de Sud, Hotel 
Prahova, Bariera Bucov). 
From the distribution by PCB 153 charge 
degrees in figure 8, it is shown that none of the 
twenty seven studied sampling points is 
characterized by normal values of 
concentration, 52% of the soil samples 
recording concentrations ranging between of 
the normal values and warning threshold, 26% 
record values exceeding warning threshold and 
22% exceed intervention threshold. 
The PCB 180 content, the highest chlorinated 
of the six under study, ranges between    0.010 
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mg/kg in Feroemail SA area and 0.1201 mg/kg 
Bariera Bucov, therefore a variation on a large 
spectrum of values. In this study case, 52% of 
the analyzed samples have concentrations 
between normal values and the warning 
threshold, 15% exceed warning threshold and 
the remaining 33% have values exceeding 
intervention threshold (Figure 8). 
It can be observed that, the higher is the 
chlorination degree, more samples have a 
concentration exceeding intervention threshold. 
Also, the charging level is higher in the same 
points for each isomer, the crowded areas 
respectively (Bariera Bucov, Bulevardul 
Independentei, Gara de Sud, Bd. Petrolului, 
Hotel Prahova) and in the industrial areas 
(Petrotel-Lukoil, Dero).  
In regard to all content of PCBs compounds, 
this varies between 0.0042 mg/kg in the 
residential area of the city and 0.3325 mg/kg in 
the area of Bariera Bucov. Around 33% of the 
analyzed samples show concentration values 
between normal limits (<0.01 mg/kg), 59% 
show concentrations between normal values 
and the warning threshold (0.25 mg/kg), and 
8% exceed the warning threshold (1 mg/kg) 
(Figure 8). 
 

 
Figure 8. Distribution of soil samples collected by the 

charge of PCBs compounds  
 
The most polluted samples are the ones 
collected from Petrotel-Lukoil area, Dero 
factory, high traffic areas from Independen ei 
Blvd. and South Station, Prahova Hotel 
(Figure 9).  
The organochlorine insecticides had been used 
in our country since 1948 and were prohibited 

in 1985, their half-life period being two years 
for HCH and tens of years for DDT. 

 

 
Figure 9. The presence of PCBs (mg/kg) 

 in the Ploiesti city 
 

The data provided by the research studies on 
organochlorine insecticides from the analyzed 
soil show that the recorded values were normal 
in all specified samples      (DDT<0.05 mg/kg, 
HCH<0.001 mg/kg) or little above them, 
however not exceeding the warning threshold 
(DDT - 0.25 mg/kg and HCH - 0.1 mg/kg), 
which leads us to the conclusion that they have 
not been used anymore after their prohibition. 
The resulted organochlorine insecticides 
concentrations are presented in Table 3 and 
Figure 10. 
From the distribution of organochlorine 
insecticides charge degrees in Figure 11, it is 
shown that all of the sample points have 
concentrations between normal values and the 
warning threshold (0.005-0.25 mg/kg) of HCH, 
78% are normal values for total DDT and 22% 
of the soil samples record concentrations 
ranging between the normal values and 
warning threshold. 
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Table 3. Organochlorine insecticides in the Ploiesti city              
Nr 

crt 
Sampling points HCH 

mg/kg 
HCH 

mg/kg 
HCH 

mg/kg 

HCH 
total 

mg/kg 

pp' 
DDE 

mg/kg 

op' 
DDD 
mg/kg 

op'DDT 
mg/kg 

pp' 
DDD 
mg/kg 

pp' 
DDT 

mg/kg 

DDT 
total 

mg/kg 

Total  
organo-
chlorin-

insecticid 
1 Ploiesti Vest  0.044 0.048 0.013 0.105 0.003 nd 0.003 0.008 0.043 0.056 0.206 
2 Billa Str. Dianei 0.048 0.013 0.003 0.063 0.003 0.001 0.001 0.001 0.007 0.012 0.075 
3 Parcul Tineretului 0.089 0.042 0.009 0.140 0.012 0.001 0.006 0.007 0.050 0.076 0.216 
4 Dero Lever 0.017 0.039 0.006 0.061 0.020 0.002 0.014 0.003 0.141 0.179 0.240 
5 Bd. Independ. 0.5m  0.044 0.020 0.002 0.066 0.004 0.001 0.003 0.001 0.009 0.017 0.083 
6 Bd. Independ. 10m 0.011 0.005 nd 0.016 0.005 0.001 0.003 0.002 0.002 0.012 0.028 
7 Gara de Sud 0.016 0.009 nd 0.025 0.008 0.002 0.004 0.003 0.013 0.029 0.054 
8 Mihai Eminescu 0.029 0.012 0.002 0.044 0.037 0.013 0.007 0.019 0.103 0.179 0.223 
9 Bd. Petrolul  0.083 0.034 0.009 0.125 0.009 0.001 0.005 0.003 0.038 0.057 0.182 

10 Petrotel-Lukoil 0.037 0.007 nd 0.044 0.007 0.003 0.009 0.002 0.074 0.095 0.139 
11 Hipodrom 0.119 0.012 0.013 0.144 0.005 0.001 0.003 0.006 0.015 0.031 0.175 
12 Bd. Democratiei 0.026 0.010 nd 0.036 0.006 nd 0.002 0.003 0.002 0.013 0.049 
13 Hotel Prahova 0.004 0.002 nd 0.006 nd 0.001 nd 0.002 0.001 0.003 0.009 
14 Feroemail SA 0.017 0.005 nd 0.022 0.002 nd 0.001 nd 0.002 0.005 0.027 
15 Liceul Barcanesti 0.016 0.006 nd 0.023 0.003 0.002 0.005 0.003 0.019 0.032 0.055 
16 Petrotel poarta 4 0.016 0.004 nd 0.020 0.015 0.001 0.010 0.001 0.052 0.078 0.098 
17 Rafinaria Vega 0.044 0.036 0.007 0.087 0.005 0.004 0.006 0.002 0.012 0.028 0.115 
18 Petrom – Statia 3   0.010 0.001 nd 0.011 0.014 0.001 0.004 0.002 0.020 0.039 0.050 
19 Extrapan Nord 0.009 0.002 nd 0.011 0.009 0.001 0.008 0.001 0.034 0.053 0.064 
20 Bariera Bucov 0.018 0.008 nd 0.026 0.023 0.002 0.009 0.002 0.045 0.081 0.107 
21 Gara de Nord 0.015 0.004 nd 0.019 0.010 0.001 0.004 0.004 0.023 0.042 0.061 
22 Spitalul Boldescu 0.024 0.005 nd 0.029 0.033 0.005 0.026 0.009 0.173 0.245 0.274 
23 Muzeul N. Stanescu 0.021 0.009 0.002 0.032 0.012 0.001 0.006 0.004 0.013 0.036 0.068 
24 Mihai Viteazu 0.013 0.091 nd 0.104 0.017 0.004 0.011 0.004 0.034 0.070 0.174 
25 A. Muresan  0.006 0.002 0.002 0.010 0.005 0.001 0.003 0.002 0.004 0.015 0.025 
26 Str. Scolii 0.023 0.011 0.002 0.036 0.010 0.002 0.006 0.003 0.008 0.029 0.065 
27 Str. Latina 0.027 0.006 0.003 0.036 0.013 0.002 0.005 0.002 0.011 0.033 0.069 
                                                                                                                                                                                                     nd – not detected 
Normal values <0.002 <0.001 <0.001 <0.005 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.15 0.2 
Warning threshold 0.1 0.05 0.02 0.25 0.25 0.25 0.25 0.25 0.25 0.5 1 
Intervention threshold    0.2 0.1 0.05 0.5 0.5 0.5 0.5 0.5 0.5 1 2 

 

 
Figure 10. The concentration of HCH and DDT (mg/kg) 

in the Ploiesti city 

In this study case, from total organochlorine 
insecticides, 19% of the analyzed samples have 
concentrations between normal values and the 
warning threshold, and the remaining 81% are 
normal values. 
 

Figure 11. Distribution of soil samples collected by the 
charge of organochlorine insecticides compounds 

 
CONCLUSIONS  
 
The performed research work indicate the 
presence of POPs, namely PCBs, DDT and 
HCH in Ploiesti city.  
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The concentration values of organochlorine 
insecticides were below normal values accepted 
by standards and in accordance with other 
research showing lower values in urban areas 
and bigger on agricultural lands due to previous 
use of these compounds as a pesticide. 
The results regarding the high concentrations of 
PCBs are not surprising, since Ploiesti has a 
major industrial activity inside the city. 
Generally, concentrations of PCBs in Ploiesti is 
high (maximum value of 0.3325 mg/kg for 

PCBs), compared to other urban areas.  
The variability of the results might be not only 
a result of the proximity to sources, source 
type, age of sites, but also a result of the soil 
retention capacity as well. 
The presence of PCBs in almost all investigated 
points, the concentrations being over the 
warning threshold in some locations, arises 
concernment reasons for the exposed 
population - especially children - because 
according to the International Agency of 
Research on Cancer (IARC) PCBs belong to a 
group of probable carcinogens for man. Further 
research will focused on risk contamination and 
soil decontamination technologies for high risk 
identified areas. 
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Abstract 
 
Some of the irrigation schemes in Turkey have three main problems in terms of irrigation management and operation. 
These are (a) inequality on water distribution to the farmers, (b) no obtaining the appropriate benefits from the 
irrigation projects or irrigation schemes since the  inadequacy on irrigation  management and (c) insufficient on 
maintenance of the irrigation schemes. The irrigation schemes in Turkey were operated by the government sector (DSI, 
State Hydraulic Works) up to 1994. After then, DSI has transferred the irrigation schemes to the Water User 
Associations (WUA). Devegeçidi Irrigation Scheme located in Southeastern Anatolia Region of Turkey receives 
irrigation water from Devegecidi Dam. Total project area is 10044 ha however 6900 ha of this area is planned to 
irrigate. On the other hand, although cotton was planned as 13%, the realized rate of cotton area was ranged from 
12% through 97% according to the years. The mainly cultivated crops are cotton, cereals and vegetables. The capacity 
of the main conveyor canal is 9 m3/s. The practically irrigated area was ranged from 4250 ha through 5800 ha 
depending on years. Some farmers do not irrigate the fields because of fallow and the lack of maintenance on irrigation 
schemes. Some farmers can not get the water because the fields are the far to the irrigation schemes or water can not be 
reached to the end of the scheme. In addition the over irrigation is another problem. The irrigation methods are border 
(75 %), furrow (17%) and sprinkler irrigation (8%). Although the water which is flowed to the scheme is measured, it is 
not measured at the distribution points in the fields. Approximately 31% of the total water are surface runoff. The main 
problems in the irrigation scheme are inappropriate institutionalization, no measuring water and no applying the 
penalties to the farmers. All these cause over irrigation and lower irrigation performances. In this article, the main 
problems on irrigation management and operation are discussed and some critical solutions are also presented. 
 
Key words: irrigation, irrigation management, operational problems, Devegecidi Dam. 
 
INTRODUCTION  
 
All over the World, the gap between water 
demand and supply is widening fast due to 
rapidly growing water demands, driven by an 
increasing population and economic activities, 
linked to urbanization, industrialization and 
mechanization (Majhi, 2011). The global 
consumption of water in agriculture is 
approximately 70% of the total water use. At a 
global scale, increasing competition from 
domestic and industrial uses has put more 
pressure on irrigation water availability, 
threatening the sustainability of irrigated 
agriculture, further threatening the food 
security (Khan et al., 2006). Irrigation is the 
largest water user worldwide. Irrigation water 
availability is highly sensitive to climate 

change (IPCC, 1995) and irrigation allocation 
limitation (Singh et al., 2005).  
Irrigation is the largest water user in many 
countries. International Commission on 
Irrigation and Drainage (ICID) and our 
National Committees have played an important 
role in promoting the integrated water 
management and sustainable irrigated 
agriculture for food, fodder and fiber 
production. Since the agriculture is an 
important sector of Turkey’s economy, the 
Government pays much attention to irrigation 
infrastructure investment and irrigation 
management within the framework of 
integrated water management concept 
(Gündo du, 2013).  
Cropping systems are planned based on 
available soil, climate and water resources to 
obtain maximum production. Management of 
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water supplies for irrigation is one of the most 
critical water-related problems especially in 
arid and semiarid agricultural lands. The 
objective of efficient and sustainable water 
management in an irrigated cropland is to 
ensure optimum linkage between water 
availability and water demand. This is best 
done by matching demand for water in terms of 
crop water requirements and available water 
supplies in time and in the required quantity 
(Chakraborti, 2013). 
Improving productivity of water use is 
agriculture is an important part of the overall 
framework for management agricultural 
demand for water, thereby increasing the ability 
of agencies and other relevant institutions and 
organizations to transfer the water thus “saved” 
to economically more efficient or other high 
priority use sectors. 
However, the increase of water demand, 
associated with the rapidly growing population 
and competition between industrial, domestic, 
touristic and agricultural sectors, amplified the 
need for a better management of the resource to 
avoid harming the performance of the irrigated 
sector. 
The operation and maintenance activities 
(O&M) of irrigation schemes were carried out 
by the governmental organizations till early 
1990s in Turkey. Subsequently, the 
governmental organizations have been 
transferred O&M of irrigation systems to Water 
User Organizations (WUOs).   
On the other hand, the operation, maintenance 
and management of irrigation schemes play a 
critical role in terms of sustainability of 
irrigation and water which is a natural resource.  
In this article, Devegecidi Dam and Irrigation 
Scheme in Southeastern Anatolia Region of 
Turkey are evaluated and critized by using 
especially physical indicators. 
 
MATERIALS AND METHODS 
 
Devegecidi dam and irrigation scheme are in 
the region of Southeastern Anatolia of Turkey. 
The main water resources for the dam are 
Devegecidi Creek. The watershed of the dam is 
originated by the lands which has got altitudes 
between 580 and 730 m (Figure 1). The slope 
of the lands ranges from 0.5% through 10%. 
The irrigated areas are dominated by storage 

reservoirs (dams) supplying only the surface 
waters conveyed through large open channels.  
Yearly average precipitation and evaporation 
are 475 mm and 897 mm, respectively. In 
summers, the rainfall ranges from 0.6 mm 
through 7.9 mm. In the irrigated areas, the soils 
have, in general, clay texture and flat lands. 
There are no significantly drainage problems. 
Irrigation water quality is reasonable and 
salinity level is 0.45 dS/m. 
 

 
 
Irrigation dam, Devegecidi Dam, and irrigation 
scheme were built in 1971. The irrigation 
scheme was operated and maintenanced by 
State Hydraulic Works (DSI), governmental 
sector, between 1971 and 1994. The 
governmental organizations have been 
mandated to transfer O&M of irrigation 
systems to Water User Organizations (WUOs) 
of Devegecidi. All characteristics of 
Devegecidi Dam are given in Table 1. The 
main canal flow is 9.3 m3/sec.  
It has a gross command area of 10 044 
hectares. The average land holding in irrigation 
district is 2.5 ha. Water to the scheme is 
delivered by means of the main conveyed canal 
(9.3 m3/sec., max. capacity). The irrigation 
comprises 47 km of main canals, 13 km of 
secondary and 126 km of tertiary canals. 
Irrigation district is 2.5 hectares. The irrigation 
scheme is criticized and evaluated by using 
some physical performance indicators, such as 
the rate of irrigation [(RI) = irrigated land 
(ha)/irrigable land (ha)], rate of relative water 
supply (WS = diverted water to irrigation 
scheme/gross water requirement of crops), 
changes in crop pattern, irrigation efficiency 
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(IE=diverted water from reservoir/net water 
requirement of crops). 
 

Table 1. Characteristics of Devegecidi Dam 

Dam type Soil backfill 
supported by rocks  -- 

Operation purpose Irrigation -- 
Opening date for operation  1972  -- 
Irrigation area (Planned)  10 044 ha 
Irrigated area (in actual, or 
net irrigation area) 5 800 ha 

Watershed area 1 578 km2 
Yearly average flow 187 hm3 
Yearly average 
precipitation 474 mm/year 

Active water volume 194 hm3 
Max.  Elevation for  
operation  757 mm/year 

Min. elevation for 
operation  739.5 m 

Max. Volume for 
operation  219.1 mm/year 

Min. Volume for operation  7.28 hm3 
Numbers of spillway 
Gates  6 -- 

Max. Capacity for 
spillway  2580 m3/s 

Crest elevation of spillway  748.5 m 
Kret elevation of spillway  759.0 m 
Sluiceway capacity 10.5 m3/s 
Sluiceway exit elevation 737.62 m 
Irrigation flow module  1.11 l/s/ha 

In addition, the observations and some findings 
on the irrigation schemes are also criticized and 

commentated. 
 
RESULTS AND DISCUSSIONS 
 
Some Physical Performance Indicators 
Flow rates from the watershed of the dam to the 
reservoir range from 75.5 million m3 through 
424.2 million m3 depending climate and years 
(Figure 2).  
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Figure 2. Amount of Water Income the Dam According 
to Years  

The amount of flow rates to the reservoir was 
dramatically lower in 2000 compared to other 
years.  
The water requirement of crops grown in the 
irrigation area is considered for the amount of 
irrigation water released to the irrigation 

scheme. Meanwhile, this amount of irrigation 
water is arranged considering irrigation 
efficiency for this irrigation scheme. Thus, the 
losses from the canal systems, lands and 
evaporation are added to the net irrigation 
water.  
Considering the data in Table 2, net irrigated 
area is ranged from 4250 ha through 5800 ha. 
Taking into account the data given in Material 
and Methods, the planned irrigation area were 
10044 ha. whereas theirrigable area is about 
maximum 6900 ha. However, the irrigated area 
is lower than irrigable area. There are many 
reasons on decreasing the irrigable area 
compared to the first planned area for the 
irrigation scheme. The main reason was that 
almost nonirrigated area in the scheme was 
under the urban settlement area. The 
differences between irrigable and net irrigated 
area by farmers are attributed to inappropriate 
topographical conditions and giving up 
irrigation for some crops such as cereals. 
Depending on given the data previous 
paragraphs, irrigation ratio (IR) is ranged from 
73% through 100% without considering first 
planning area. Ignoring the area under the 
urban settlement, IR is reasonable. In a study, 
concerning irrigation schemes (ISs) in Turkey, 
carried out by Beyribey (1997), IR were as 
lower than 30% in ISs of 74, between 30% and 
60% in ISs of 72 and higher than 60% in ISs of 
53. 
 

Figure 3. Consumption of Water in the Dam According to Years 
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Overall irrigation efficiency represents the 
efficiency of the entire physical system and 
operating decisions in delivering irrigation 
water from a water supply, source to the target 
crop. Thus, this is significantly an indicator in 
terms of system performance (Irmak et al., 
2011).  
Irrigators can make a number of management 
changes to improve application efficiency, 
maintenance of the canals, field length, 
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charging set times, field leveling and avoiding 
exceed irrigation are examples. 
The present efficiency which includes the 
irrigation system efficiency, being combined 
conveyance and distribution efficiency and the 
field application efficiency from 32% through 
45% were found (Table 2). 
Irrigation water is conveyed from the reservoir 
of the dam to the farm or field by constructed 
concert canals. The maintenance of main 
conveyance and the other canals (secondary 
and tertiary canals) were not sufficient to 
operate the system properly. Canal seepage and 
the runoff occurred in the field by inappropriate 
application could have been caused the lower 
irrigation efficiency.  
In this irrigation scheme, the surface irrigation 
methods are mainly used. The irrigation 
methods are border (75%), furrow (17%) and 
sprinkler irrigation (8%). The water which is 
flowed to the scheme is measured, however it is 
not measured at the distribution points in the 

fields. Approximately 31% of the total water 
are surface runoff. This results that exceed 
irrigation has been implemented. Thus, Tables 
2 and 3, indicates that water is used more than 
necessary. Compared to the irrigation modules 
(l/sec./ha) in Table 1 and 2, there has been an 
exceed irrigation in this irrigation district. 
Thus, the overall irrigation efficiency is very 
low.  
Sustainable irrigation is at risk due to excessive 
flooding of lands with inappropriate irrigation 
methods. Therefore, cultivation plans and 
patterns should be followed and water must be 
supplied to the root zone after efficient 
measurement on a volume basis. Since crop 
water requirements cannot be reduced to any 
great extent during irrigations, water–saving 
can only be achieved during water conveyance, 
water distribution, system operation and field 
water application (Kuscu, 2009). 
 
 

 
Table 2. Physical performance indicators (Anonymous, 2013) 

Years Irrigable land 
(ha) 

Irrigated land 
(ha) 

The rate of 
irrigation (RI) 

(%) 

Total water 
supply 

(hm3/ha/season) 

Crop water 
demand 

(hm3/ha/season) 

Water use 
efficiency (%) 

Irrigation 
module 
(l/s/ha) 

2004 6900 5600 81 44.79 78.03 32.7 1.7 
2005 5800 5800 100 47.11 78.03 35 1.65 
2006 5800 5800 100 48.16 70.16 41.2 1.45 
2007 5800 5600 97 46.28 68.90 38.28 1.48 
2008 5800 5200 90 40.17 61.70 37.11 1.54 
2009 5800 4250 73 22.81 41.65 33.95 1.68 
2010 5800 5650 97 42.55 75.37 32.18 1.77 
2011 5800 4600 79 42.74 53.64 45.42 1.26 
2012 5800 5600 97 51.97 68.12 41.20 1.7 

 
Table 3. Irrigation water requirement and Water Use Efficiency Rate for Realized Devegecidi Irrigation plant 

design in 2012 (Anonymous, 2013) 
Irrigation water 
requirement  (m3) 

Months 
Total 

April May June July August September October 
Net  (irrigation 
water) 

 
316x103 

 
139x103 

 
6705 x103 

 
11116 x103 

 
7751 x103 

 
2872 x103 

 
0.00 

 
28060 x103 

Gross (used water) 555x103  
243x103 

 
11764 x103 

 
19502 x103 

 
13598 x103 

 
5038 x103 

 
0.00 

 
51960 x103 

WUE (%) 56.93 57.20 56.99 56.99 57.00 57.00 - 54.00 

 
Crop Pattern 
Irrigation has changed crop pattern in 
Devegecidi Irrigation District, and the farmers 
have started to use new agricultural techniques. 
The application of new agricultural techniques 
with started irrigation, in areas where the 
climate is suitable breeding more than one 
product in the same year, provides new jobs. 
Considering development and increasing life 
standard in the region by means of irrigation, 

the beneficial impacts of irrigation will be (i) 
increased crop production and increased farm 
income, (ii) increased cropping intensity and 
crop diversification, (iii) increased farm 
employment and (iv) increased farm 
consumption and increased permanent wealth 
(Cetin, 2011).  
Planned crop pattern in the basin of Devegecidi 
Dam is given in Figure 4. According to the 
crop pattern of Devegecidi Irrigation Scheme, 
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the ratio of cereals was the highest (44.4%) and 
the second highest ratio of the crops was cotton 
(13.3%). However, the crop pattern planned has 
not applied (Anonymous, 2013). Realized crop 
pattern in the areas is given in Figure 5 
(Anonymous, 2013). 
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Figure 4. Crop pattern planned  for the Devegecidi irrigation 
scheme 

 
Rice and sesame crops in cropping pattern 
between the years of 1973 - 1985, while in the 
later years are not included. Ratio of vegetable 
cultivation has not been much changed. The 
cotton, grains and vegetables were mainly 
cultivated crops. Cotton growing ratio has been 
ranged from 29% to 97% depending years. 
Although there were no any cotton crops in the 
dry areas of the Basin of Devegecidi Region, 
the ratio of cotton grown has reached 
dramatically through 97% in the irrigation 
district area. This situation could be attributed 
to incomes of cotton growth and subsidizing 
cotton farming by government. However, 
besides use of over irrigation, undesired crop 
pattern applied on the contrary planned crop 
pattern are the most important problems. These 
applications indicate that more irrigation water 
could be consumed or used. On the other hand, 
many problems might occur; such as soil and 
water loss, soil and water pollution, soil erosion 
and soil salinity. Considering different 
irrigation methods, surface irrigation methods 
are widely used in Turkey as in this irrigation 
scheme.  
Water scarcity is a major concern for 
agricultural production in arid areas where the 
amount of rainfall is limited. Under the water 
constraint and variability of gross revenue, 
farmers are more likely to choose high value 

added crops relative to crop water requirement 
such as cotton, cereals, corn and vegetables. 
 

0

20

40

60

80

100

R
at

io
 o

f t
he

 c
ul

tiv
at

ed
 c

ro
ps

 (%
)

Crops

1973
1985
1990
2000
2012

Figure 5. Crop pattern realized  for the irrigation scheme by years 

 
Cropping patterns should be adjusted to meet 
this challenge. The cropping pattern changes 
can help alleviate water demand competition in 
case climate becomes drier and the irrigation 
cap shrinks. Cropping patterns are generally 
planned according to soil types, irrigation water 
availability, crop rotation, and water allocation 
policies, economic and ecological benefits 
(Subramaniam, 1983; White, 2009).  
 
CONCLUSIONS 
 
In this irrigation scheme, the main problems are 
lower irrigation ratio, excessive irrigation, soil 
erosion and lower collecting water charges. In 
fact, the excessive irrigation and soil erosion 
occur since the amount of irrigation water 
applied to the lands of the farmers is not 
measured. Considering the other inappropriate 
management of Water User Association 
(Devegecidi), all these problems occur 
crucially. Another thing, uninstitutional for the 
WUA, is a considerable problem.  
In evaluation of this irrigation scheme, there 
are seriously problems, inadequate and 
deficiencies on operation, maintenance and 
management of the irrigation scheme. There are 
different, complex and sophisticated reasons on 
these because irrigation depends on three main 
factors. These are technical (engineering), 
financial (economy) and social situation. Social 
situation covers such as farmer education level, 
relationships between farmers, customs of 
farmers, history, religion, understanding the 
democracy, bureaucratic issues etc. All these, 
affects dramatically the management of 
irrigation schemes even if the irrigation 
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systems are accomplished using appropriate 
engineering and financial components. 
Some technical improper practices are 
inappropriate irrigation methods, sides of 
cultivation and furrow are the parallel to the 
land slope, longer furrow lengths, using higher 
discharges than infiltration rate for the lands, 
the tenants irrigates instead of the property 
owner in the irrigation schemes.  
Some recommendations for the this irrigation 
scheme could be as supported the farmers in 
terms of irrigation and agricultural training, 
institutionalization, alternative crop growing, 
applying some penalties for the farmers who 
does not obey the rules and measurement the 
amount of irrigation water applied to the lands. 
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Abstract 
 
Food security issue is one of the current major concerns in conditions of fast growing global population. In the 
Republic of Moldova about 73% of territory is arable land, but the amount of agricultural production is not enough to 
cover the necessities of population. Due to different types of soil degradation, which occurs on 56.4% of agricultural 
land, crop yields and profit from agricultural sector are relatively low. In the present research it was tested the 
influence of green manure on soil quality and crop yields. The experiment was conducted in the Central part of 
Moldova on greyzems. As green manure it was chosen Vicia which was tested in two trials: Vicia villosa Roth Vicia 
sativa L.  wheat, and Vicia villosa Roth  sunflower  wheat. The results of the experiment showed that Vicia 
improved soil physical qualities, especially in the first trial where soil bulk density decreased from 1.36 g/cm3 to 1.22 
g/cm3 in 0-12 cm layer and from 1.52 g/cm3 to 1.41 g/cm3 in 12-20 cm layer. Soil structure and hidrostability of soil 
aggregates were also improved. Besides, the amount of organic matter in soil increased from 2.41% before the 
experiment to 2.62% in the 0-12 cm layer in the first case and to 2.57% in the second case. The 2011 year was dry but 
the effect of Vicia villosa Roth on sunflower crop yield was registered, it increased on average by 0.4 t/ha. The largest 
harvest of wheat was obtained in the first variant - 4.1 t/ha, wheat after sunflower gave 3.2 t/ha while control plot only 
2.4 t/ha. So, there is a good possibility to manage crop yields by use of Vicia as green manure even in dry years which 
occur once in four years in Moldova. That method will not only raise the harvest of crops but will improve significantly 
soil quality. 
 
Key words: soil quality management, green manure, organic matter, soil structure, bulk density, crop productivity. 
 
INTRODUCTION  
 
In October 2011 Earth’s population hit seven 
billion. Passing this milestone means that 
pressure on soil resources by humanity is 
growing daily. The situation in the Republic of 
Moldova is not an exception. According to the 
data of National Bureau of Statistics on 
1 January 2011, about 59.4% of the country’s 
territory is agricultural land (Anuarul Statistic, 
2011), but still soil resources are not able to 
produce enough yields to cover the population 
necessities. At the same time the Republic of 
Moldova is known worldwide as a country 
ofchernozems-reach soils with high natural 
fertility potential (Krupenikov, 2011). This 
paradox is explained by the fact that now 
different types of soil degradation persiston 
more than 56.4% of agricultural land (Andries, 
2004).  In these conditions it is necessary to 
find environmentally friendly methods to raise 

crop productivity and at the same time to 
contribute to soil health remediation. The aim 
of the present research was to test the influence 
of Vicia as green manure on soil quality, 
especially on soil organic matter content and 
soil structure, and crop productivity. Vicia or 
vetch is used worldwide in agriculture as cover 
crop (Ramos, 2010; Norsworthy, 2010) or 
green manure (Fageria, 2007) but never in the 
Republic of Moldova. 
 
MATERIALS AND METHODS 
 
Thestudy was conducted in the Central 
Moldova region at the experimental station of 
the Institute of “Nicolae Dimo” Pedology, 
Agrochemistry and Soil Protection nearby 
Ivancea village, Orhei district. The climate in 
the area is warm semi-humid, the mean annual 
temperatureis 8.5-9.0°C, annual rainfall 550-
600 mm/year, days of sunshine 290-300, 
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vegetation period – 178-182 days. Two trials 
were set up in 2010 on greyzems: 1) Vicia 
villosa Roth Vicia sativa L.  wheat; and 2) 
Vicia villosa Roth  sunflower  wheat. In 
order to reduce nitrogen leaching after green 
manure incorporation into the soil amix of 
Vicia villosa Roth and winter wheat with a ratio 
of 80:20 was used. The mix was sown early in 
September 2010 and late in April 2011, at the 
early flowering stage, the green mass was 
introduced into the soil with disk harrow. After 
that the first plot was sown with a mix of Vicia 
Sativa L. and rye with the ratio of 80:20 that 
was harvested in the middle of July for hay. 
Crop residues were incorporated in soil with a 
disk harrow, and the plot remained fallow until 
October. At that time the second plot was 
planted with sunflower which was harvested in 
September. Because of dry weather the two 
plots were sown with winter wheat only 
in October 2011 that was collected in June 
2012. 
The trials were set up on greyzems which had 
been in agricultural use more than 100 years, 
on a field with a slope less of 2% and elevation 
about 200 m. The soils characterized by the 
next profile type: Ahp1-Ahp2–Bhtw–Btw– 
BCtwk–BCk–Ck–2Ck; clay loam texture, 
thickness of humus profile (sum of horizons 
with humus content >1%) - 51 cm, average 
humus content 2.32%, moderate phosphorus and 
potassium content and pH = 6.3-6.5 in layer 0-
35 cm. Carbonates are leached to 80-130 cm 
depth.  
Soil samples were collected before the 
establishment of the experiment in autumn 
2010 in order to determine the initial soil state; 
one month later after incorporation of Vicia 
villosa Roth in soil; after harvest of Vicia 
Sativa L. for hay and on the same plot three 
months later before winter wheat planting. 
Average crop yields of sunflower and winter 
wheat from the experimental and control plots 
were appreciated by manually harvesting five 
randomly selected squares of size 1x1 m. The 
approved laboratory and field research methods 
were used in the investigation. Soil bulk 
density was determined by core method, soil 
structure by dry sieving, aggregates 
hidrostability by wet sieving method of 
Savinov, total porosity by calculation 
(Vadiunina and Korceaghina, 1986).The degree 

of compaction was calculated using a  formula 
given by Canarache (Canarache, 1990). The 
organic matter content was determined by the 
Tiurin method, total nitrogen content by 
Kjeldahl method (   

 , 1975).  
 
RESULTS AND DISCUSSIONS 
 
In spring 2011 Vicia villosa Roth was 
incorporated into the soil as green manure. It’s 
yield was 17 t/ha of green mass or 3.5 t/ha of 
dry mass. It was also determined in laboratory 
that in the soil remained on average 3.4 t/ha 
(dry mass) of root biomass in 0-30 cm layer (it 
is evident that Vicia root system is larger and 
the amount of residue is even greater).  
The crop yield of Vicia Sativa L. was better – 
20 t/ha but it was mowed for hay and in the soil 
remained only about 25% of above ground crop 
residues, that represents 5 t/ha of green mass or 
1.5 t/ha of dry mass. 
Root biomass in this case was 4.1 t/ha of dry 
mass. Thereby, according to the data, in the 
first trial in the soil was incorporated overall 
12.5 t/ha of dry mass of organic matter. In the 
second trial the amount of organic matter was 
6.9 t/ha of dry mass.  
Previous researches showed that humus content 
decreased,  and soil structure and aggregate 
stability degraded in cultivated soil in 
comparison with natural greyzems (Lungu, 
2007).  
Our investigation showed that the growing of 
Vicia and its incorporation as green manure led 
to an improvement of soil condition in both 
trials. 
Laboratory analysis revealed that Vicia had a 
good influence on the physical soil state. This 
was expressed by an improvement of soil bulk 
density as values went down immediately after 
the Vicia villosa Roth growth and remained the 
same after Vicia sativa L. harvest (Figure 1). 
Thus significant changes occurred in the 0-
12 cm layer where bulk density values 
decreased from 1.36 g/cm3 to 1.17 g/cm3. In the 
12-20 cm layer bulk density decreased from 
1.52 g/cm3 to 1.45-1.46 g/cm3 and a slight 
change, from 1.56 g/cm3 to 1.50-1.52 g/cm3, 
was observed in 20-34 cm layer. 
Bulk density of underlying 34-50 cm layer 
remained almost constant, probably due to 
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a)  b) c) 

Figure 4. a) Initial state of arable greyzems; b) greyzems under Vicia sativa L.; c) greyzems before winter wheat 
 

Figure 5. Sum of favorable aggregates 10-0.25 mm at dry 
sieving 

Figure 6. Sum of favorable aggregates 10-0.25 mm at wet 
sieving 

 
The organic matter content in arable greyzems 
increased due to the use of green manure 
(Figure 7).  Incorporation of 12.5 t/ha of Vicia 
biomass at a depth of 12 cm added an average 
0.32% of organic matter to the soil (in the 0-
12 cm layer). The next peak of organic matter 
accumulation is noticed in 20-34 cm layer 
probably due to Vicia roots residues. In the 
layer of 34-50 cm no difference occurred in the 
organic matter content.  
In the second trial addition of the fresh biomass 
in the amount of 6.9 t/ha contributed to a 
growth of organic matter in the soil by 0.16% 
in the first 12 cm of soil. Similar to the first 

case there is a growth of organic matter content 
by 0.27% in 20-34 cm of soil and only slight 
changes were noticed in the 34-50 cm of soil. 
After three months the fresh organic matter had 
begun to decompose. As it can be seen in the 
Figure 7 its content slightly decreased from 
2.73% to 2.62% in the first 12 cm of soil and 
from 1.92 to 1.72% in the 20-34 cm layer.  
Due to the fact that Vicia has a relatively low 
carbon to nitrogen ratio that ranges from 8:1 to 
15:1 (Clark, 2007), the amount of total nitrogen 
content increased respectively (Figure 8). 
Addition of Vicia villosa Roth as green 
fertilizer raised its values from low to medium: 
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the incorporation of Vicia into the soil made 
some contribution to soil organic matter 
content – one of the main indicators of soil 
fertility.  
The economic benefit from the use of green 
manure was represented by a significant growth 
of cash crops yields sown after it due to 
addition of fresh and readily decomposable 
organic matter to the soil and an improved soil 
physical state. 
We consider that the use of Vicia as green 
manure is a good possibility to manage crop 
yields. That method will not only raise the 
harvest of crops but also will significantly 
improve soil quality. 
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Abstract 
 
The intensification of price disparity between agricultural and industrial products remains one of the unsolved 
problems of the Republic of Moldova`s agriculture. The differences of price in the farmers’ detriment are also observed 
in other countries’ economy. In terms of trade liberalization, farmers remain unprotected. The pressure from 
intermediaries in trade, but also those in the field of food industry, has led to the significant reduction of the share of 
manufacturer price in the retail price of the final agro food product. 
Researching this problem, the author believes that the most optimal solution to attenuate the impact of price disparity 
on the level of agricultural sector`s development is to develop the agricultural infrastructure in complex with state 
support. 
 
Key words: price disparity, agriculture, parity of relations, price indices, price regulation, the Republic of Moldova. 
 
 
INTRODUCTION  
 
In the Republic of Moldova, the agricultural 
sector has an important place in the national 
economy and the highest part of incomes is 
used for food and services of first necessity. 
Thus, the price change has major implications 
on various socio-economic aspects. 
As we know, food market is characterized by a 
weak correlation between demand and price. 
Food demand is not sensitive to changes in 
consumer income, or lower prices. Agricultural 
market is characterized by a relatively low 
concentration. As a result prices have regular 
recessions and producers cannot coordinate 
activities that influence product offerings. In 
addition to the specific characteristics of 
agricultural production, cyclical and seasonal 
fluctuations in production, dependent on 
weather conditions make agricultural 
production more than remove market 
mechanism action regarding adjustment of 
supply. 
A basic problem for farmers is price disparity 
that occurs between agricultural products and 
goods and services purchased by agricultural 
units and between the selling prices of 
producers and those in the retail network. 

MATERIALS AND METHODS 
 
The survey on price disparity is based on the 
data from the National Bureau of Statistics of 
the Republic of Moldova, Ministry of 
Agriculture and FAO, as well as some 
researchers study on this matter (FAO Food 
Prices Index). 
The period 2001-2011 was analyzed in this 
study. 
For this study, the author has used the 
monographic method, time series analysis, 
trend identification, etc. 
 
RESULTS AND DISCUSSIONS 
 
Moldova's accession to the World Trade 
Organization, limited opportunities under the 
state support of agriculture now must enhance 
the competitiveness of domestic agriculture 
sector. Global prices of food products have 
greatly increased in the past decade. Thus, the 
food price index calculated by the FAO (Food 
and Agriculture Organization) show an 
unprecedented increase in the level of 
aggregate food prices. 
Trends in food price index are increasing and 
have been increasing since 2007. 
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Figure 1. Evolution of price index on food products 

calculated by FAO in the period 1990 - 2013 
Source: www.fao.org 

 
From the graphic representation (Figure 1) 
there is a cyclical development of the food 
price index that can be defined conventionally 
in 4 periods: 

Period 
Duration, 

years 
Average rhythm of 
price index growth 

1190 – 1995 6 1.048 
1996 – 1998 3 1.155 
1999 – 2006 8 0.999 
2007 - 2013 7 1.388 

 
The most significant increases in world prices 
for food is found from 2007, recording an 
annual increase of about 39 percentage points. 
Analysis of the evolution of world prices since 
2007 shows increases for all groups of 
agricultural products used as a basis for 
analysis - cereals, sugar, oils. The largest price 
increases were recorded for sugar (Figure 2). 
 

 
Figure 2. Evolution of price index on main agricultural 

products 
Source: elaborated by author based on FAO data 

 
To this increase have reacted the domestic 
prices too. Despite this income the farmers in 
developing countries do not increase 
proportionately with the increase in world 
prices. Pressure from intermediaries in trade 
area, but also those in the field of processing 

industry of agricultural raw materials led to 
significant reduction in the share of the 
manufacturer’s price in the retail price of the 
final product of agro home origin. Price 
differences are also observed against farmers in 
other countries economy. 
Agricultural price parity issue is discussed in 
detail in the work of researchers, especially the 
mechanism and cause of the phenomenon price 
disparity also are assessed losses for farmers 
resulting from disparities between agricultural 
prices to producer and consumer prices to 
them. 
Research on price disparity pays scant attention 
to the impact of price support processes in 
agriculture, i.e. maintaining parity. To 
introduce the notion of parity prices in use 
since the 1930s, the United States was first 
creating the methodological basis for the 
development of measures to support income 
farm families. The main problem is not on land 
consolidation and increasing farm size, but on 
maintaining price parity. Maintaining price 
parity is fairly current socio-economic 
conditions existing as an indicator of the 
effectiveness of government efforts to regulate 
agriculture. 
Another disadvantage of the existing 
approaches on the price disparity is emphasis 
on the relationship between the sales price and 
purchase prices to producers by processing 
industry of agricultural raw materials, but not 
sufficiently studied the influence of trade sector 
on prices agricultural sector. It is in this stage, 
there is "inhibiting" production price increases. 
Concentration of retail exceeded not only 
agriculture, but also industry. This sector has 
practically monopolized the access of 
producers to final consumers. Chains 
unconditionally agriculture and food industry 
dictate the price and other conditions of 
agricultural raw material supply. The value 
added of this sector turnover is growing. This is 
accomplished by applying new marketing 
strategies. One of the most commonly practiced 
is the manufacture of branded products trading 
network, which ultimately bears and most of 
the profit from this cooperation with the 
manufacturer. Such a situation is observed in 
Moldova, where consumer prices of 
agricultural products far exceed manufacturers' 
selling prices (Table 1). 
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Table 1. Differences between average selling prices of agricultural producers (farmers) and consumption average prices 

of main vegetal origin products, lei/tonne 

Indicator 
Y e  a  r 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Cattle meat 

Producer’s price 6404 7813 5889 7468 10504 10696 9841 16013 16469 14082 
Consumption average 
price 23910 24450 21920 28340 33380 33390 36290 60240 59920 54760 

Pork meat 
Producer’s price 13111 12923 9037 13069 19303 16121 15427 27999 26067 25771 
Consumption average 
price 30030 30390 26080 33940 44430 43220 44420 71570 70510 61430 

Poultry meat 
Producer’s price 13456 12812 12647 14686 16854 14231 17944 21903 18535 20088 
Consumption average 
price 22410 22330 22820 24990 28790 30580 35900 43310 43730 40750 

Milk 
Producer’s price 1833 1844 2079 2453 2672 2881 3255 3939 3387 3809 
Consumption average 
price 3610 3840 4440 4860 5070 5770 7650 7750 7850 8090 

Consumption eggs, lei per 10 pcs. 
Producer’s price 5.26 4.06 5.39 6.73 6.17 6.27 6.28 9.52 6.73 7.17 
Consumption average
price 7.94 6.64 8.26 10.67 10.49 10.59 11.86 16.79 12.69 11.39 

Source: elaborated by author on the basis of State National Bank’s data / www.statistica.md   
 
From the analysis of author it is shown a 
fundamental difference of producer’s prices 
and consumer’s (the price you pay the final 
consumer). The added value of links that do not 
produce is very high. For example, the eggs 
that are sold directly from the manufacturer in 
the trading chain, the added value tax (VAT) is 
between 50 and 75%. To other products, given 
the fact that they pass through the processing 
and marketing processes, the gap is even 
greater. 
Such a situation is given in the case with the 
agricultural products of vegetable origin (Table 
2), the gap is even greater. Basically the 
consumer pays a price 3-4 times higher than the 
price at which farmers sell their products on the 
market. 
A phenomenon that has a significant negative 
impact on the performance of agricultural 
entities is „scissors” prices, which expresses the 
relationship between agricultural and industrial 
prices.  
 
 
 

Table 2. Differences between selling average prices of 
agricultural producers and consumption average price 

son main food products 

Source: elaborated by author on the basis of State National Bank’s 
data / www.statistica.md 
 
Analysis of price indices for products and 
services purchased by entrepreneurs in 
agriculture shows that they were registered in 
the period 2005 - 2011 with the annual growth 
rate of 12% (Table 3). 
 
 

Indicator 
Y   e   a   r 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Potatoes 

Producer’s price 1203 1639 2033 1445 1365 2464 2158 2145 2040 2426
Consumption 
average price 1920 2790 3820 2770 2970 4980 5370 5440 5482 6340

Dry onion 
Producer’s price 674 984 2720 1851 1473 1859 3032 2238 1842 2735
Consumption 
average price 1760 2220 5700 4560 3160 4500 6270 6780 4730 8420

Cabbage 

Producer’s price 534 1474 1251 839 1428 1149 2537 1326 1561 2136
Consumption 
average price 2050 4070 4330 2360 4080 4540 6450 6150 4100 5710

Carrot 

Producer’s price 689 1130 2031 1303 1380 1447 3285 1984 2531 2542
Consumption 
average price 2600 3850 5850 3460 4290 5770 7480 7880 7390 8170
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Table 3. Indexes of prices of items and services 

purchased by the agricultural enterprises 
(in % as a percentage of the previous year) 

Indicator’s 
name 

Y e a r s Growth 
annual 
average 
index, %

2005 2006 2007 2008 2009 2010 2011 

Items and 
services - 
total 
from which: 120.6 121.9 112.2 114.1 90.2 115.7 111.8 111.89 
    Industrial 
items 124.8 114.3 109.1 115.2 87.0 118.1 111.0 110.76 
        From 
which:         
Farm 
machines and 
equipment for 
phytotechnics 107.0 107.6 111.1 107.3 103.9 105.2 102.2 106.29 
Tractors 111.9 113.3 105.5 115.3 104.6 107.6 106.5 109.20 
Mineral 
fertilizers 107.5 112.1 117.5 130.7 86.7 117.5 119.5 112.30 
Chemical 
means of 
plant 
protection 108.1 115.7 103.4 100.5 110.6 112.7 105.3 107.93 
Lubrificants, 
combustible 
and electric 
power 141.5 114.7 107.3 122.9 74.7 125.6 120.2 111.15 
Seeds and 
planting 
material 109.6 181.0 125.6 107.8 101.9 110.9 114.7 119.50 
Offered 
services to 
farm 
enterprises 98.8 139.0 117.4 112.3 98.4 104.9 116.1 111.70 

Source: State National Bank’s data / www.statistica.md   

 
At the agricultural products (Figure 3), there is 
attested a lower annual price increase - 7.5 
percentage points including vegetal crop 
production prices increased by about 9.22 
percentage points annually. 
‚Scissors’ price index is estimated as the ratio 
of agricultural prices and price index of 
industrial products bought by farmers and 
reflects the redistribution of income between 
branches, influencing development and build 
capacity of the agricultural sector.  

 
Figure 3. Indexes of prices at agricultural products, in 

percentage points than the previous year 
Source: elaborated by author on State National Bank’s data / 

www.statistica.md 

 
Intensification of agricultural prices disparity of 
industry remains one of the unsolved problems 
of agriculture of the Republic of Moldova. In 
terms of trade liberalization the farmers remain 
unprotected. The analysis of parity between 
agricultural prices and the prices of goods and 
services purchased by farmers is shown in 
Figure 4. 
Analysis of figure 4 reflects an increasing trend 
of the price indices for agricultural products, as 
well as the services and goods purchased by 
farmers in the last 7 years. Average annual 
growth rate of agricultural output prices is 
7.52%, while the services and industrial goods 
purchased by farmers prices increased on 
average by 11.9% annually. It is manifested, 
therefore, the „scissor” prices that are affecting 
farmers. 
 

Figure 4. Indexes of agricultural products and goods and services purchased by economic entities,  
as % of previous year 2001 = 100 pp 

Source: elaborated by author on State National Bank’s data / www.statistica.md 
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Price developments in industrial goods and 
services purchased by farmers, has a decisive 
influence on the profitability of agricultural 
enterprise on its ability to create value. High 
price level of industrial inputs and services 
used diminishes the resources available for the 
development of agricultural entities.  
 
Table 4. Report of parity of price indexes of agricultural 
products and goods and services purchased by farmers 

(in % than the previous year) 
Indicator’s 
name 

Y e a r s 
2005 2006 2007 2008 2009 2010 2011

1. Goods 
and services 
- total 120,6 121,9 112,2 114,1 90,2 115,7 111,8
2.Agricultur
al products - 
total 105.5 102.9 139.2 85.8 81.5 142.9 110.0
Report of 
parity, coef. 
ind.1 : ind.2 0.87 0.844 1.24 0.752 0.903 1.235 0.983

    Source: author’s calculations 

Parity ratio calculated for Moldova (Table 4) 
indicates an opening of scissors’ prices in years 
with favorable weather conditions for 
agriculture and a reverse situation in dry years 
when the harvest is lower and prices higher. 
Under the National Bureau of Statistics of 
Moldova, the author determined the quantities 
needed for crops (tons) to buy a ton of oil or a 
ton of nitrogenous fertilizers. 
From the graphical representation it is shown 
that there is a slow increase in the quantity of 
grain to buy a ton of gasoline, which indicates 
to exceed the growth rate of energy prices in 
the growth rate of prices for cereals. This 
exchange ratio becomes less favorable for 
agriculture. Thus, the opening ‚scissors’ price 
adversely affects the profitability of farmers 
and creates difficulties for expanded 

reproduction. It can be concluded that the price 
disparity is a contradiction characteristic of the 
price system during the transition period. 
Existence and maintenance of price disparity 
result in detrimental economic consequences 
and the price mechanism plays an increasingly 
reduced market regulation. In agriculture, 
practically excluded monopolization of the 
market trends because of their relatively low 
concentration of production and agriculture 
industries supplying energy and material 
resources required and those who purchase raw 
materials from farmers (food and trade is may 
be in a position oligopoly and monopoly right. 
This disparity raises the price. It raises the need 
to counteract this phenomenon, the 
coordination of small and offsetting 
unfavorable price fluctuations through the 
intervention of government authorities. 
Further reform of the agricultural sector in 
Moldova requires a new operating model and a 
new vision of agriculture, targeting its optimal 
structure and the place and role of the state in 
the reproduction of agricultural. For this it is 
necessary to study the international experience 
in this field and understand the latest trends that 
have been seen in our country. 
State regulation of supply, prices and farm 
income should prevent market failures 
overproduction mitigate price fluctuations, 
offset the decline in revenues as a result of 
these fluctuations and implementation of 
organizational functions, due to the relatively 
low concentration of production in agriculture 
but in any case not to intervene in ongoing 
systemic restructuring of the relationship 
between prices. 
 

Figure 5. Necessary quantity of cereals to purchase a ton of gasoline/a ton of nitrogen mineral fertilizers, tons. 
Source: author’s calculations 
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Price parity is considered to allow a profit if the 
average agricultural entities whose costs are 
necessary for the normal development (Price in 
the Republic of Moldova). Thus, the state must 
pass a target price of manufacturer. Target 
price supported by the state producer must 
provide producers a profit above the average in 
the economy. Such an approach will ensure 
agricultural subsidies extended reproduction 
without excessive costs, reduce risk of 
overproduction because of excessive subsidies, 
while entities will have an incentive to increase 
asset efficiency. 
 
CONCLUSIONS  
 

Concentration levels achieved in industry 
processing agricultural production and retail 
trade greatly disadvantage farmers. 
In these circumstances, the State has the role of 
organizing and regulating the market of 

agricultural products by farmers measures to 
ensure a sufficient profit for expanded 
reproduction. However, state support must avoid 
overproduction and provide an incentive for 
efficient recovery of production potential. 
Reducing household income of drift parity 
relationship must be compensated by 
determining the target price level scientific and 
economic criteria. 
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Abstract 
 
In this paper the author presents the results of scientific research on the problems faced by the farmers in the Republic 
of Moldova concerning the proper use of various forms of subsidies. The conclusion contains some recommendations 
on the effective measures for the state support of the agricultural sector, resulting from the research of the experience 
of other countries in this field. 
 
Key words: state insurance programs, agricultural risk, price and income support of farmers. 
 
INTRODUCTION  
 
Agriculture is a significant sector of the 
national economy of the Republic of Moldova 
and raising efficiency of this sector represents 
an objective of the agricultural policy in view 
of promoting growth and reducing poverty in 
rural areas. Agricultural land accounts for 
56.2% (1.9 million hectares) of the total 
territory of Moldova that is 3.38 million 
hectares. Despite the fact that the number of 

enterprises is increasing, the number of 
employees decreased by 2.5 times in 2011 
compared to 2005 (Table 1). 
Over the past two years of the period analyzed there 
was recorded an increase in all indicators of 
economic activity of the agricultural enterprises in 
the Republic of Moldova. Some experts claim that 
one factor that influenced the situation in 
agricultural sector is reviewing Moldovan 
government policy on objectives of agricultural 
subsidies. 

 
Table 1. Indicators of the agricultural enterprises’ activity during the years 2005-2011 

Indicator Y e a r 
2005 2006 2007 2008 2009 2010 2011 

Number of enterprises1 1 989 2 086 2 187 2 198 2 302 2 360 2 438 
Average number of employees, people 117 648 100 262 83 522 73 062 67 103 60 751 46 713 
Global agricultural production, million leis 12688 13734 12825 16503 13300 19873 22619 
Global agricultural production as a percentage of the 
previous year 101 99 77 132 90 108 105 
Sales revenues, million leis 4 303.7 4 003.2 4 038.5 5 475.6 4 677.4 6 867.2 8 119.0 
Financial  result before taxation. Profit (+) Loss (-), 
million leis 20.4 115.1 477.2 794.1 -208.6 1 086.0 1 309.6 
Number of enterprises that obtained profit 853 861 1 074 1 166 902 1 386 1 412 
Financial  result of the enterprises that obtained profit, 
million leis 244.1 395.3 770.1 1 027.0 514.3 1 319.5 1 643.7 
Return on production sold by agricultural enterprises, %  
            including:        
            crop production 17.1 17.1 23.1 27.9 5.2 43.2 45.3 
            animal production 25.0 20.1 -3.0 18.4 21.4 20.7 14.6 
Return on sales, % 15.2 16.0 16.6 20.7 11.5 25.8 25.6 
Economic profitability, % 0.7 3.3 10.1 12.9 -2.8 12.9 19.5 
Source: www.statistica.md 

                                                      
1 not included in this category are peasant households (farms) 
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Agricultural subsidy system is constantly in the 
focus of executive authorities. Subsidizing of 
agriculture represents an imperative aid for 
agricultural development as well as a means of 
attracting investments in this area. The 
allocation of subsidy fund is intended to 
achieve the following objectives: 
1) To increase the productivity and 

competitiveness of Moldovan agricultural 
products on domestic and foreign markets; 

2)  to stimulate technology transfer and 
extension services; 

3) to  increase the income of agricultural 
producers, ensure the food security and 
reduce the level of poverty of Moldovan 
population; 

4) to  widely attract the young farmers in 
initiation and development of agricultural 
activities in rural areas; 

5)  to ensure the efficient use of natural 
resources and environmental conservation. 

 
MATERIALS AND METHODS 
 
The survey on agricultural subsidies in 
Moldova is based on materials of National 
Bureau of Statistics of the Republic of 
Moldova, Ministry of Agriculture and Food 
Industry and Agency of Intervention and 
Payments in Agriculture, as well as studies by 
some researchers in agricultural economics 
(Timofti, 2009). The author has used for this 
survey monographic method; analysis, 
synthesis, logical method, time series analysis, 
trend analysis, etc. 
 
RESULTS AND DISCUSSIONS 
 
The subsidy system applied in the period 2002-
2009 was appreciated by experts and 
researchers in the field (Timofti, 2009 page 
154) as: inefficient, non-transparent and 
bureaucratic. Currently subsidies are aimed 

specifically at investment issues that are 
designed to enhance competitive advantages of 
the agricultural sector and its integration into 
the international trading system. 
The evolution analysis of subsidies in 
Moldovan agriculture carried out by the author 
and based on the data from National Bureau of 
Statistics of the Republic of Moldova, Ministry 
of Agriculture and Food Industry and Agency 
of Intervention and Payments in Agriculture, 
indicates that since 2002 when subsidies 
allocated to this sector totaled only 11 million 
leis, their amount experienced considerable 
growth as of 2005, reaching the highest level of 
658 million leis in 2008. In the last three years 
from 2010 to 2012 the annual fund of subsidies 
in agriculture constituted about 400 million 
leis. During 2009-2010 debts have accumulated 
towards the beneficiaries of subsidies, thus in 
fact in 2011 Agency for Intervention and 
Payments in Agriculture had to administer only 
about 215 million of the 400 million granted. In 
this connection, in 2012 the subsidies were 
awarded in two installments, the first 
installment of 75% - at the moment of signing 
of the contract, and the remainder was paid 
after November 1. This way the accumulation 
of debt for the following years was avoided, 
providing a more rational management of 
subsidy funds. 
In 2011 in agriculture were attracted 
investments worth 1.526 million leis that were 
subsidized with 214 million. In the years 2011 - 
2012 subsidies amounted to about 13% of the 
total investments in this sector. 
Table 2 shows that during the years 2007 – 
2009 subsidies allocated to agriculture made up 
about 1% of the respective year's GDP at 
current prices, whereas in 2010 their share was 
reduced to 0.55%, and in 2011 they constituted 
only ¼ of GDP. 
  

 
Table 2. Subsidies for agriculture in the Republic of Moldova during the years 2002-2011 

 Indicator  2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 
Gross domestic product 
at current prices, mln.leis 22555.8 27618.9 32031.8 37651.9 44754.4 53429.5 62921.5 60429.8 71885.5 82348.7 
Subsidies, mln. leis 125.6 162.0 302.6 644.0 653.6 1326.0 1214.0 968.4 761.5 780.9 
Subsidies for agriculture, 
mln.leis 11.0 30.0 36.0 251.0 319.4 622.6 658.0 614.0 400.0 215.4 
Share of agriculture 
subsidies in GDP, % 0.05 0.11 0.11 0.67 0.71 1.16 1.04 1.01 0.55 0.26 
Subsidies per 1 hectare of 
agricultural land, leis 5.79 15.79 18.95 132.10 168.10 327.68 346.31 323.16 210.53 113.39 

Source: developed by the author on the basis of sources (Press release of AIPA, www.aipa.md, www.statistica.md) 
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It should be noted that in European Union 
countries (EU-27) there was also recorded a 
downward trend in the amount of aid granted 
by State to agricultural sector 
(http://ec.europa.eu/competition): 

 
Figure 1. Evolution of agricultural subsidies in the 

European Union countries (EU-27) during the  
years 2005 - 2010 

 
Whereas at the initial phase of the period the 
directions of subsidizing were limited to  
lending stimulation, granting subsidies for 
agricultural works, establishment of machine  
technological stations, then since 2006  they  
were  extended to  setting  of  tree  plantations, 

supporting  the livestock sector, subsidies for 
risk insurance in agriculture, purchase of plant 
protection products and fertilizers, subsidies for 
sugar beet producers and tobacco producers. 
Since 2007 subsidy fund was directed to 
support the promotion and development of 
organic agriculture, encouraging the 
development of walnut sector, boosting 
investment in procurement of agricultural 
machinery and equipment, etc. 
Survey on sectoral distribution of subsidies 

granted in the Republic of Moldova during 
2008 - 2011 shows an increase in the share 
of subsidies directed to agriculture from 
42.4% in 2008 to 61.6% - in 2011. The 
highest share was reached in 2009, when 
they accounted for 71.3% 
(www.statistica.md). For the year 2013 a 
number of subsidization directions are 
planned, also the mechanisms of funds 
allocation are to be reviewed in order to  
increase their efficiency (Press release of 
AIPA). 

 
Table 3. Forms of supporting agriculture in the years 2011 - 2012 and actions planned for 2013 in the  

Republic of Moldova 

Actions Forms of support 

Year 2011 Year 2012 Amount 
planned for  

2013, 
thousands leis 

Total amount 
paid, 

thousands 
leis 

No. of 
contracts 

Total amount 
paid, 

thousands 
leis 

No. of 
contracts 

Action no.1  Stimulation of lending to farmers by 
commercial banks, microfinance, savings and 
loan associations 3279 58 40641 896 50000 

Action no.2  Stimulating  insurance of agricultural 
production risks; 14615 164 37807 266 35000 

Action no.3, 
including 

Stimulating investments for setting up 
perennial plantations 41268 240 74379 713 80000 

Vineyards  16422 114 43774 304 45000 
Orchards  24846 126 30605 409 35000 
Action no.4  Subsidies for investments in production of 

vegetables on protected land (winter 
greenhouses, solariums, tunnels); 6238 43 10677 149 30000 

Action no.5  Stimulating investments in purchasing 
agricultural machinery and equipment, 
irrigation equipment and antifreeze systems, as 
well as hail protection facilities; 97250 664 165147 2255 100000 

Action no.6 Stimulating the investment in equipment and 
technological renovation of livestock farms 786 13 16960 81 25000 

Action no.7  Stimulating the purchase of breeding animals 
and their genetic fund maintenance 12044 19 11183 24 25000 

Action no.8  Stimulating investments in the development  of  
post harvest and processing infrastructure  10124 23 43006 245 100000 

Action no.9 Stimulating the agricultural land consolidation x x x x 2000 
Action no.10 Stimulating the agricultural land irrigation x x x x 8000 
Other actions 29847 97 x x x 
TOTAL  215451 1321 399800 x 455000 
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One of the most demanded actions in 2011 in 
terms of the number of applications submitted 
and disbursement of subsidy funds was the 
stimulation of purchasing agricultural 
machinery and equipment. Half of subsidies for 
this sector (52%) were targeted in this 
direction. In 2012 the government has limited 
the subsidies for purchasing agricultural 
machinery to 1.5 million leis per beneficiary 
and 500 thousand leis per unit. In connection 
with frequent droughts it was decided to 
increase subsidies for acquisition of irrigation 
systems from 25% to 40% of their value. 
Despite this, the share of subsidies awarded for 
this item in 2012 was over 41% of the subsidies 
disbursed, with 2255 contracts concluded, that 
means that the number of beneficiaries 
increased 3.4 times.  
In 2012 the following actions have been taken 
in the framework of subsidizing system for 
stimulation of investments (www.aipa.md): 
 set up 5017 hectares of orchards (groves of 

apple, plum, peach, etc.); 
 set up 1020 hectares of vineyards (674 - 

table varieties, 347 - technical varieties); 
 built and equipped spaces for production of 

vegetables on protected land (greenhouses, 
solariums, tunnels) for a total area of about 
60 hectares; 

 purchased 1046 units of agricultural 
machinery (tractors - 959, including 603 
(up to 290 horsepower), 356 - over 290 
horsepower, combines - 87) and 1843 units 
of agricultural equipment (irrigation 
equipment - 142 units, hail protection 
installations - 4 units). 

  purchased breeding animals to maintain the 
genetic  fund (embryo donor cows - 198 
heads; primary  cows, bulls and heifers - 
270 heads;  boars aged 6-8 months - 18 
heads; non-inseminated gilts - 704 heads, 
sheep and goats - 124 heads. 

 in the framework of the subsidy action no. 8 
there were purchased and installed 122 
technological equipments and machineries 
for  processing  enterprises, drying and 
freezing fruits and vegetables, processing of 
products of animal origin: 
 processing meat, including fish - 8 units; 
 grain processing - 31 units; 
 refrigerators - 49 units; 
 packaging houses - 6 units; 

 vegetable processing - 7 units; 
 fruit processing - 9 units; 
 milk processing - 4 units; 
 processing  seed crops  - 8 units. 

 
The Law on State Budget for 2013 (Law on 
State Budget for 2013, no. 249 of November 2, 
2012) has stipulated subsidies to farmers within 
the same range as in the previous year, but due 
to aid granted by  European Union, the fund 
was supplemented by 60 million leis. 
In recent years, the Republic of Moldova is 
increasingly affected by unfavorable 
climacteric factors, however agriculture due to 
its specific activity is affected the most. In 
accordance with the legislation of the Republic 
of Moldova (Law no. 243-XV of July 8, 2004) 
the insurance of agricultural production risks is 
eligible for subsidization. But this insurance is 
carried out only by accredited companies. 
Currently only two insurance companies 
(Moldasig and Moldcargo) are providing such 
services of insurance in agriculture with the 
possibility of subsidizing from the state. 
According to official statistics in the Republic 
of Moldova only 2.5% of the worked 
agricultural land is insured, whereas in Europe 
this figure is an average of 15-20%. 
Risks associated with crop production, 
horticulture, viticulture and animal husbandry, 
under which insurance premiums are 
subsidized from the fund of subsidies for 
agricultural producers for 2013, are caused by 
following factors (Law no. 243-XV of July 8, 
2004): 

1. Excessive drought (which caused a drop 
in yield of over 30%); 

2. Hail; 
3. Low temperatures below biological 

plant resistance; 
4. Storms; 
5. Flooding; 
6. Perishing of animals, birds, bee families 

because of sickness, storm, hail, flood, 
excessive cooling, traumas; 

7. Slaughtering, if necessary, of animals, 
at indications of National Agency for 
Food Safety. 

 
The fund of subsidies for agricultural producers 
for 2013 was intended to subsidize insurance 
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premiums under the following agricultural 
crops and species of animals and birds: 

 Sugar beet, sunflower, corn, soybean, 
vegetables and tobacco - the harvest of 
2013. 

 Wheat, barley and winter rape - the 
harvest of 2014. 

 Perennial plantations (vineyards, 
orchards, viticultural and fruit-growing 
nurseries, as well as harvest of grapes 
and fruits); 

 Animals, birds and bee colonies. 
 

Table 3. Subsidized risk insurance of agricultural 
production in 2012 in the Republic of Moldova 

Indicator 
Insurance company 

Total Moldasig 
S.A. 

Moldcargo 
S.A. 

Contracts 
concluded 223 32 255 
Subsidies 
(state share), 
leis 23 497 903 11 393 194 34891097 
Indemnities 
paid, leis 41 113 196 7 700 000 48813196 

Source: www.aipa.md 
 
The largest share of all risk insurance contracts 
in agriculture in 2012 accounted for  
MOLDASIG SA - 87.45% (223 contracts) and 
only 12.55% (32 contracts) have been 
concluded by the insurance company 
Moldcargo SA, which however received 
32.65% of the state subsidies allocated for this 
subsidy action. 
In 2012 due to precarious situation it was 
planned to stimulate the development of the 
cattle breeding branch. According to experts 
about 92% of those in charge of cattle breeding 
hold at most 2 cows. The age of the persons 
who keep cattle is quite advanced, thus the 
livestock sector in Moldova is about to 
disappear, unless the branch is radically 
reformed. This also requires a development 
strategy for this sector, including measures to 
subsidize it. 
Some subsidy actions existent by 2011 were 
excluded at the suggestion of European experts 
as to ensure better management of funds. Thus, 
following the IMF suggestion, the 
compensation of fertilizers and plant protection 
products, water pumping and organic farming 
were excluded from subsidy actions for 2012, 
as they imply current expenses and do not 

belong to rational policy of subsidization. 
Excluding these actions imply a more efficient 
subsidizing of other subsidy actions.  
Agricultural producers can no longer apply to 
subsidize the purchase of pesticides and 
fertilizers. Such a decision was adopted to 
counteract cartel agreements between importers 
of plant protection products. Also in 2012 
subsidization of seedlings and seedlings grown 
in cell trays have been excluded due to detected 
fraud and lack of effective monitoring 
mechanism of the subsidies utilization 
according to their destination. There was 
decided to subsidize only investments in 
greenhouses, solariums and tunnels. 
Currently in the Republic of Moldova it is 
difficult to furnish a quantitative estimate of the 
efficiency of subsidies impact on the 
agricultural development, both globally (at the 
level of agriculture as a sector of national 
economy) and at the level of agricultural 
products. These difficulties are due to lack of 
consistent policy on the allocation of subsidies 
in this sector. At the same time, the amount of 
allocated subsidies is too small as to contribute 
to the effectiveness of certain products. 
Agricultural policy reforms in developed 
countries are aimed at long-term gradual 
reduction of agricultural subsidies and ensuring 
that market mechanisms would adjust the level 
and structure of agricultural production. 
Analysis of information on funds allocated in 
agriculture since 2002 shows that such a 
statistic is not done properly, contradictory data 
being published in various sources. Thus the 
lack of transparency on the allocation of 
resources to support agriculture, makes it 
difficult to assess agricultural protectionism 
both at the product level and at the sectoral 
level. For the same reason it is impossible to 
determine who are the real beneficiaries of 
agricultural subsidies: producers or consumers. 
We can affirm with certainty that none of them 
feels this protection: consumers are forced to 
buy food at high prices not because farmers 
have increased their revenues, but due to high 
costs imposed by the industry processing 
agricultural raw materials and by traders. 
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CONCLUSIONS  
 
In author’s opinion, efficient allocation of 
subsidies in agriculture of the Republic of 
Moldova can be achieved if the strategy of 
supporting agricultural producers would be 
reformed through creating a system of markets 
stabilization and supporting the agricultural 
producers’ income compatible with EU 
Agricultural Policy. 
Another measure aimed at facilitating access of 
agricultural producers to subsidy fund would be 
demonopolization of agricultural insurance 
market, which is currently regulated and 
limited to only two companies providing 
insurance services in agricultural production 
risks. 
Granting of subsidy funds requires their 
rational use and monitoring their efficiency as 
to avoid scams, fraudulent schemes and abuses 
and to ensure transparency in the field. To 
avoid such cases and in order to assess 
efficiency of these funds’ disbursement it is 
necessary to ensure transparency for directions 
of the subsidies use, for their size and results of 
their allocation. 
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Abstract 
 
The structural issues of the agricultural sector have important consequences for the productivity and efficiency of 
farming. The paper focusses on the impact of farm managers training structure upon farm performance. Based upon 
data from Eurostat and Statistics Denmark, it is shown that, as expected, basic or full agricultural education of the farm 
manager has a positive impact on farm productivity, measured as statistical output divided by number of employees on 
the farm. Results are discussed in terms of the training structure of the farm managers in the two countries as capacity 
to perform better. In the case of Romania, the impact is striking. The productivity for farm managers who have basic 
agricultural training is 152% higher than productivity for farm managers, who have only practical experience, and 
productivity for farmers with full agricultural education is 106% higher than productivity for managers with only basic 
farm education. For Denmark the effect is less striking, but still very impressive.  
 
Key words: Denmark, farmers’ education, farm performance, Romania.
 
INTRODUCTION  
It is generally assumed that agricultural educa-
tion and training has a major role as a creator of 
capacity and supplier of the human resources 
necessary to increase agricultural productivity 
and sustainability of farming systems.  
Several studies confirm that this is indeed the 
case in developing economies. Most studies 
have focused upon the effects of general 
education on farm productivity, measured as 
farm output. Early studies were summarized by 
Lockheed et al. (1980). The main conclusion 
was that 4 years of schooling, on average, 
resulted in a 7.4% increase in output. Philips 
(1994) expanded the analysis and included 
studies performed between 1980 and 1994. 
This analysis confirms and strengthens above 
conclusions and more recent single studies 
further confirm the interdependence.  
However, all of the above-cited evidence relates 
to the effects of basic schooling in developing 
economies. The effect of specific farming 
education upon farm productivity in developed 
economies has hardly been researched at all. 

The aim of the present paper is to seek 
evidences of the relationship between education 
and farm productivity on macro level in 
Denmark and in Romania. 
 
MATERIALS AND METHODS 
 
Data from Eurostat were analysed in order to 
estimate effect of agricultural training upon 
farm structure and on farm productivity. 
Theoretically speaking, the term “productivity” 
can be defined as gross value added1 divided by 
number of employees. No data are available 
concerning the relation between agricultural 
education and productivity, using this 
definition. It was therefore decided to use a 
more simple measure for productivity, namely 
statistical output2 divided by number of 
employees.  

1Gross value added = Total output less outside purchases. 
2Statistical output measures the output assuming that all 
farmers achieve average yields for the region in question. The 
actual output obtained by individual farmers may well differ 
from the statistical output. 
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This is a simplification in two manners. Firstly 
because this measure of productivity does not 
capture the actual output, only the potential 
output on specific farms as measured by 
average yields (crop yields, milk yields etc.) for 
the region in question. Secondly because the 
dependent variable is the gross output – not the 
gross value added, which would be the most 
correct measure.  
In the case of Denmark, the analysis was 
supplemented by a further breakdown of the 
data obtained from Eurostat. The data for this 
additional analysis originate from Statistics 
Denmark. 
 
RESULTS AND DISCUSSIONS 
 
At the EU level the majority of farm managers 
have only agricultural experience, 20% of 
farmers have some agricultural training, mainly 
basic training, as only 8.5% of EU farm 
managers have full agricultural training. A 
simple comparison of farmers training level in 
Denmark and in Romania shows that 97.5% of 
Romanian farmers have only practical 
experience. The corresponding figure for 
Denmark is 51.5%. Only 0.4% of Romanian 
farmers have a full agricultural training. The 
corresponding figure for Denmark is 5.0%. 
Furthermore, probably the data from Eurostat 
underestimates the training level of Danish 
farmers. This is because of the Danish 
vocational training structure, which merges and 
integrates the theoretical and practical training 
elements. A further discussion of this will be 
given in the section “breakdown of data from 
Denmark.” 
 

Table 1. Level of training accomplished by Farm 
managers 

 Denmark Romania 
Total farm managers 42,100  3,859,040 
Only practical 
experience   

 21,670  3,761,970 

Basic training  18,340  81,490 
 Full agricultural training  2,090  15,580 

Source: Eurostat, year 2010 
 
Table 2 illustrates the well known fact that, on 
average, Romanian farms are smaller than 
Danish farms, Romanian farmers keep fewer 
livestock, the Standard output per farm is lower 

and, consequently, the effective labour input 
per farm is lower. 
The last 2 lines in Table 2 “Standard output per 
full time employed” and “Gross value added 
per full time employed” were calculated on 
basis of the raw data from Eurostat. The 
difference between Denmark and Romania is 
striking. The standard output per full time 
employed in Denmark being nearly 25 times 
than in Romania. Nevertheless the standard 
output (SO) does not give any indication of the 
actual profitability of the farm. It can be 
interpreted as a measure of farm potential 
income capacity since it is based on the type 
and extent of agricultural activities carried out3. 
An evaluation of farm profitability would 
require a consideration of the cost of the 
production. 
Therefore, because the intermediate 
consumption pattern in Danish agriculture is so 
different from that of Romanian agriculture 
(Danish farmers buy huge amounts of feed, 
fertilizer, chemicals etc.), the gross value added 
per full time employee differs considerably 
less, yet on average approximately 10 times 
higher in Denmark than in Romania. 
Gross value added per annual work agricultural 
unit in EU-27 was estimated at EUR 13 200 
(Eurostat, 2010). There is clearly a big 
difference between the Romania and EU 
average and even more between Ro and 
Denmark. In Romania average farm sizes are 
small, the level of mechanisation is low, and a 
significant part of production is for on-farm 
consumption.  
The Romanian data in table 3 clearly shows 
tremendous effects of increasing education. 
The farmers with basic agricultural education 
have bigger farms and keep more animals than 
farmers with only practical experience, they 
have a higher labour input and receive a higher 
standard output. And most important, when we 
talk about farm productivity: the standard 
output per full time employed is more than 
double as compared to the farmers with only 
practical experience. 
The similar picture is showed when we 
compare farmers with full agricultural 

3 The calculation of the SO is made starting from standardized 
SO coefficients that are multiplied by the number of hectares 
(for crops) or heads (for animals) present on the farm, 
expressed in Euros 
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education and farmers with basic education 
shows. Standard output per full for farmers 
with full education is more than double as big 
as for farmers with only basic agricultural 
education and more than five times bigger than 
for farmers with only practical experience. The 
evidence is convincing: the higher the level of 
education of farm manager, the more efficient 
is the farm. 
In the case of Denmark, a comparison between 
farmers with basic agricultural education and 
farmers with only practical experience shows 

same pattern as for Romania. The trained 
farmers perform considerably better than 
farmers with only practical experience. 
However, the Danish data show only small, 
insignificant, differences between efficiency of 
fully trained farmers and farmers with basic 
agricultural training. In fact the data suggest 
that the farmers with only basic agricultural 
training perform slightly better than farmers 
with full agricultural training. This apparent 
paradox will be further discussed below.  

 
Table 2. Production characteristics for Romanian farmers as compared to Danish farmers (2010) 

 Denmark Romania 
Average size of holding 63 ha 3 ha 
Livestock units per holding 117 1 
Standard output, Euro per holding 200,257 2,700 
Labour force on farm, full time employed 1.2 0.4 
Standard output per full time employed (AWU), Euro 161,201 6,471 
Gross value added per full time employed (AWU), Euro 50,650 4,895 
Source: Eurostat, year 2010  
 
 

Table 3. Production characteristics for farmers, broken down according to level of training completed (2010) 

 Denmark Romania 
Average size of holding 
Only practical experience 31 ha 3 ha 
Basic agricultural training 97 ha 19 ha 
Full agricultural training 97 ha 136 ha 
Livestock units per holding 
Only practical experience 37 1 
Basic agricultural training 204 4 
Full agricultural training 173 29 
Standard output, Euro per holding 
Only practical experience 74,260 2,700 
Basic agricultural training 334,202 11,374 
Full agricultural training 331,259 89,565 
Labour force on farm, full time employed (AWU) 
Only practical experience 0.7 0.4 
Basic agricultural training 1.8 0.8 
Full agricultural training 1.8 3.2 
Standard output per full time employed (AWU), Euro   
Only practical experience 100,639 5,424 
Basic agricultural training 188,303 13,680 
Full agricultural training 184,131 28,207 
Source: Eurostat 

A comparison between Denmark and 
Romania indicates that Danish farmers are 

more productive than Romanian farmers, also 
when same level of education is considered, 
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e.g. by comparison of farmers with full 
agricultural training.  
However, because of the different patterns 
concerning intermediate consumption, it is 
highly probable that the difference would be 
less striking, if data for gross value added per 
full time employee had been available 
 
Breakdown of the data from Denmark 
The exact statistical definition underlying 
reporting from national statistical databases to 
Eurostat can be found in the Eurostat 
database. Basically the definitions are: 
 Only practical experience = no vocational 

training in agriculture 
 Basic agricultural training = vocational 

training of any duration up to 2 years 
 Full agricultural training = a training 

course of duration at least 2 years at 
college, university or similar. 
 

These definitions make good sense, as seen 
across Europe. However, in the case of 
Denmark, these definitions do not fully grasp 
the structure of the Danish agricultural 
education, which has a high focus upon 
apprenticeships on commercial farm as an 
integrated part of the agricultural education. 

Thus, what in the Danish context is 
considered “a full agricultural education” 
currently consists of 19 month theoretical 
training at an agricultural college + 3 years 
apprenticeship on commercial farms, i.e. total 
duration nearly 5 years. 
However, when reporting to Eurostat, what in 
the Danish context is considered as “a full 
agricultural education” in the European 
context will be reported as “Basic agricultural 
training.” 
Only levels of education over and above, 
what in the Danish context is considered “a 
full agricultural education” can be reported to 
Eurostat as “full agricultural education.” 
Typically they hold a degree, e.g. B.Sc. or M. 
Sc. 
Therefore, when interpreting the figures for 
Denmark in Table 3, the main lesson learnt is 
that a person holding a university degree is 
not necessarily a better farmer than a person, 
who in the Danish context has “a full 
agricultural training.” 
In order to shed further light upon this issue, 
the Danish data are further broken down in 
Table 4. 

Table 4. Farm managers’ training in Denmark (2010) 

 Size of holding Total 
 Below 20 ha 20 – 49.9 ha 50 – 99.9 ha 100 ha and over  
All managers 18,895 9,200 5,925 8,079 42,099 
      
Only practical experience 13,671 4,919 1,798 1,276 21,664 
Basic agricultural training4 2,321 1,617 1,127 1,335 6,400 
Full farming education5 2,200 2,178 2,669 4,895 11,942 
University degree6 703 486 331 572 2,092 

Source: Eurostat  
 

Table 5. Type of education: young and older farmers 

Training   Practical experience only Basic training   Full agricultural training 
GEO  < 35 years > 35 years < 35 years > 35 years < 35 years > 35 years 
Denmark 34.5 52.3 56.5 42.9 9.0 4.8 
Romania 97.1 97.5 2.4 2.1 0.5 0.4 

Source: own calculation on Eurostat data 

4For older farmers typically 6 month theory + internships at commercial farms. For younger farmers typically 1 year theory + 
internships at commercial farms 
5For older farmers typically 9 month theory + internships at commercial farms. For young farmers typically 1½ year theory + 3 year 
internship at commercial farms 
6 B. Sc. or M. Sc.
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The table shows that the majority of farmers 
with only practical experience, have very 
small holdings, less than 20 ha. Typically 
such farmers have other professions as their 
main source of income, they are part time 
farmers. To some extent the same is true for 
the University degree holders. The majority of 
commercial farmers have either what in the 
Danish context is considered as “Basic 
agricultural training” or “Full agricultural 
training”. But when reporting to Eurostat, 
both these groups are reported as “Basic 
agricultural training.” 
Therefore, seemingly there is a good 
explanation, why in the Danish data in table 
3, there is no effect of training over and 
above, what in the Danish context must be 
considered as “full farming education.” 
Farm managers’ age and training 
The managerial characteristics of the farm 
matters not only in terms of the education 
level but also trough age of the farm manager. 
Table 6 present the age structure on education 
levels of managers in the analysed countries.  
(Table 6). 
The farming population in both countries is 
getting older; for each farm manager under 35 
years, there were 13 older farmers in 
Romania, which a slightly more pronounced 
situation in Denmark. 
For the majority of Romanian farm managers, 
the practical experience prevails, with no 
differential tendency between young and 
older farmers. In Denmark, farm managers 
with practical experience only are 
predominantly older population (>35 years), 
while young people dominate the category 
Farm Mangers with basic training; Also 
almost 2/3 of farm managers with full 
agricultural training are young. 
Training and farm profitability 
Most studies on farm profitability have 
concentrated on size and on structural issues 
rather than on human and social capital 
issues. 
It is true that national and cross national 
disparities in farm performance can to a very 
large degree be explained by the internal 
structure of farms (size, ownership), the 
differential use of inputs, including the level 
of human capital, and also the institutional 
and infrastructural environment (Mathijs and 

Vranken, 2000). Especially the marketing 
environment is seen as a critical issue for 
small-scale farming (Gorton and Davidova, 
2005). 
However, these and other studies also 
demonstrate that human and social capital 
issues are extremely important. Danish 
research shows that the gap between farms, 
which are profitable, and farms, which are not 
profitable, is widening (Kaiser, 2012). This is 
explained partly by economy of scale, partly 
by increased specialization, partly by market 
volatility, both for inputs and for financial 
services, but also by fact that the normal 
“natural selection” among farmers is presently 
on stand-by, because lending to the 
agricultural sector is presently deep frozen in 
the aftermath of the financial crisis. It is 
suggested that the way forward should be 
increased focus upon management and upon 
human capital issues, like flexibility, 
adaptability, risk management in combination 
with better management tools, e.g. wider use 
of strategic planning, bench marking etc. 
Other Danish research shows that differences 
in farm profitability within groups are far 
bigger than the variation between groups 
(Kjeldsen-Kragh, 2010). Apparently, the 
manager’s knowledge, adaptability, flexibility 
and innovative skills are immensely 
important, maybe even the primary 
determinants of farm profitability. 
This is true for Denmark, but similar effects 
were found in Australian studies (Kilpatrick, 
2000). Trained farmers were more likely to 
change farm management practice than not 
trained farmers. The higher the degree of 
education, the more willing farmers were to 
change practice. Farm businesses with 
managers, who had participated in more 
education and training were more profitable 
than farm businesses with managers, who had 
participated in less education and training, 
apparently to a large degree because of the 
resulting willingness to change management 
practices. 
Implication for agricultural education 
It is evident that farmers with a relevant full 
agricultural education perform better than 
farmers, who have not undergone such 
training. However, as the analysis of the data 
from Denmark show: longer training does not 
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necessarily lead to better performance. What 
matters is that the training is relevant to the 
problems, which a modern farm manger has 
to tackle. 
It is of course necessary that the farm 
manager is a professional in technical matters 
and that she/he knows how to make sound 
economic calculations and decide 
accordingly. 
Increasingly, however, the focus area has 
been enlarged so as to also include human 
capital issues in training of farm managers.  
In Denmark the curriculum for the 
agricultural education was thoroughly revised 
in 2009. The basic structure: relatively short 
periods of theoretical training at agricultural 
colleges with longer internships at 
commercial farms in between, was left 
unchanged. However, there were major 
changes in the last part of the education. 
Management issues like preparation of 
strategy plans, leadership skills, management 
of employees, risk management and other 
issues related to enhancement of human 
capital issue are focus areas in the new 
Danish agricultural education. 
It is expected that these changes will better 
equip students to tackle the problems of 
farming in the future. 
 
CONCLUSIONS 
 
The discrepancy between the training 
structure of the farm managers in the two 
countries is huge at the level of full 
agricultural training and also basic training. 
Both in Romania and in Denmark, the 
productivity for trained farmers is much 
higher than the productivity for untrained 
farmers. It is likely that the reason is that 
trained farmers are more flexible, more likely 
to change, more innovative than untrained 
farmers. 
Romania needs to increase the proportion of 
young people with basic and full agricultural 
training, considering the complementarity of 
this structural change with the use of new 
technologies, bigger farm, effective research 
and advisory services, and therefore better 
productivity. 

The importance of providing related policy 
making for the generational transfer of farm 
business is obvious.  
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Abstract 
 
The objective of this study is to propose a computer vision  and image analysis program  to fined of essay and suitable 
technique for external fruit inspection and predicting orange fruits maturity through  the color  analysis of images 
samples which evaluated by Envi program. Also tests the relationships between R/G ratio band, average of RGB bands 
and VARI indices with chlorophyll a&b and carotenoids were determined by spectrophotometer used absorption of 
wave length 470, 645 and 662 nm. The research revealed that:  
-The computer vision and image analysis program could be used to differentiate orange properties;  
-The results showed there are response between chlorophyll and carotenoids of orange fruits; 
-R/G band, average of RGB and VARI indices showed a sensitive band ratio to different orange properties such as 
chlorophyll and carotenoids. 
 
Key words: carotenoids, computer vision, orange, RGB color bands. 
  
 
 INTRODUCTION 

The citrus industry is an important component 
the Egyptian National income. Harvested 
orange area in Egypt are 101421 (Ha) and the 
production are 2577720 tones (FAO, 2013). 
Color is the most important features for 
accurate classification of citrus by using  
machine vision comes in to play the important 
role of quality control for agricultural products. 
(Raji and Alamutu, 2005) reviiewed the recent 
development and application of image analysis 
and computer machine vision in sorting of 
agricultural materials and products in the food 
industries. 
 (Wanitchang et al., 2010) showed that a 
common destructive method for measurement 
of the maturity and growth of Dragon fruit is to 
analyze its total soluble solids, total acid, ratio 
of total soluble solids and total acidity and 
weight ratio were transformed into a principal 
component and it used to represent a single 
maturity index. (Ismail and Razali, 2012) 
showed that color vision systems have been 
found more effective in color inspection. A 
color camera output can be de-coded into three 
images to represent the red, green and blue 
(RGB) components of the full image. The three 

components of the color image can be 
recombined in software or hardware to produce 
intensity, saturation and hue images, which can 
be more convenient for subsequent processing. 
Color is considered a fundamental physical 
property of agriculture products and foods. 
(Ahmad et al., 2010) found that the analysis of 
the area of citrus related to its size, and the skin 
color in RGB color model related to sweetness 
and ripeness of citrus were conducted. The 
relationship of the area of the object and the 
weight of citrus was analyzed as well as the 
fruit color, the sweetness checked by refract 
meter. (Khojastehnazhand et al., 2010) showed 
that an image processing based technique was 
developed to measure volume and mass of 
citrus fruits such as lemons, limes, oranges, and 
tangerines. The technique uses two cameras to 
give perpendicular views of the fruit coefficient 
of determination (R2) for lemon, lime, orange, 
and tangerine were 0.962, 0.970, 0.985, and 
0.959, respectively. The characterization results 
for various citrus fruits showed that the volume 
and mass are highly correlated.  
So in this research to test a simple and suitable 
technique for predicting orange fruits maturity, 
also study the relationships between R/G ratio 
band and average of RGB bands and 
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chlorophyll a&b and carotenoids at different 
maturity days. 
 
MATERIALS AND METHODS 
 
The present work aimed to predict orange 
properties using image analysis. The 
experimental work was undertaken at a private 
farm in Wadi Elnetron, Bohira Province, Egypt 
in winter season of 2011.  
The results revealed that, some chemical 
properties of orange fruits.   
Orange (Citrus aurantum) fruits samples were 
collected for identifying different biochemical 
measurements including concentration of 
chlorophyll a and b and carotenoids. 
Computer vision consists of imaging box with 
black color connected with digital camera 16.4 
Megapixels. The camera were mounted about 
25 cm  the position of the lighting  was 
adjusted to provide uniform, well illuminated 
and free from shadows images of fruit. 
Captur cards (WinFast DV2000 with a 
resolution of 320H X 240V), an appropriate 
lighting system and a personal computer.  
Image Analysis  system: orange samples were 
captured by the camera, transferred to the PC 
through the capture card, digitized, and stored 
on the PC in using Envi programme to analyze 
the images of orange fruits for three band RGB 
(red, green, blue) color space.   
Color evalutation: Using the most popular 
color model RGB color space. The color was 
presented with R, G and B, the amount of 
information is tripled. RGB system is sensitive 
to lighting or other conditions to evaluate the 
color of captured images of fruit, the acquired 
RGB color information was transformed to: 
The average intensity defined (Abdesselam and 
Abdullah, 2000) as I= (R + G +B)/3 
Red/ Green ratio Blasco et al. (2009), uses a 
threshold on the R/G ratio and (Gitelon et al., 
2002) calculated Visible Atmospheric Resistant 
Index (VARI) as follows: 

bluedgreen
dgreenVARI

Re
Re  

Spectrophotometer Spectrophotometer has 
arranged 390 to 900 nm was used for 
measuring the absorption of wave length 470, 
645 and 662 nm to determine chlorophyll and 
carotenoids. The amounts of carotenoids were 

calculated according to the following equations 
(Dere et al., 1998):  
Chl,a = 11.75 A662 – 2.35 A645  
Chl,b = 18.61 A645 – 3.96 A662  
Carx+c = (1000 A470 – 2.27 Chl, a – 81.4 Chl, 
b) / 227) 
 
RESULTS AND DISCUSSIONS 

The computer vision and image analysis 
program could be used to differentiate orange 
properties. The results show the relationships 
between R/G ratio band, average intensity of 
RGB and VARI indices and chlorophyll a&b and 
carotenoids at different maturity days. Results 
in (Figure 1) show that during maturity time 
increasing the carotenoids increases from 4.80 
to 15.77 mg/100 g, while decreased chlorophyll 
a&b from 1.92 to 0.72, from 3.01 to 1.18 
mg/100 g, respectively. 
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Figure 1 .The relationships between the maturity time 

(days) and chlorophyll, a&b carotenoids 
 
There are the relationships between Red/Green 
ratio band and chlorophyll a&b also with 
carotenoids concentrations shown in (Figure 2) 
when carotenoids increased from 4.80 to 15.77 
mg/100 g increased Red/Green ratio band 1.36 
to 1.61, while chlorophyll a&b decreased from 
1.92 to 0.72 and from 3.01 to 1.18 of mg/100 g, 
respectively.  
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y = -23.352x2 + 66.454x - 45.367
R2 = 0.7475
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Figure 2. The relationships between the Red/Green ratio 

band and chlorophyll, a&b and carotenoids 
 

The following equation forms were satisfied for 
predicting chlorophyll, a&b and carotenoids by 
Red/Green ratio band during maturity time   
y = 51.977x2 - 111.19x + 59.236    R2 = 0.83 
y = -23.352x2 + 66.454x - 45.367   R2 = 0.74 
y = -32.044x2 + 90.207x - 60.519   R2 = 0.81 
Also the same trend in (Figure 3) the data 
showed there are the relationships between 
average intensity of RGB   and chlorophyll 
a&b and carotenoids concentrations. The 
carotenoids increased from 4.80 to 15.77 
mg/100g increased average intensity of RGB 
from 126.49, to 147.06. In contrast, chlorophyll 
a&b decreased from 1.92 to 0.72 and from 
3.01, to 1.18 of mg/100 g, respectively.  
The following equations were satisfied for 
predicting average intensity (RGB) bands with 
chlorophyll, a&b carotenoids (mg/100 g) 
 
y = 0.0297x2 - 7.5093x + 479.71    R2 = 0.82 
y = -0.005x2 + 1.3255x - 85.258    R2 = 0.93 
y = -0.0073x2 + 1.9022x - 121.52  R2 = 0.97 
 
(Figure 4) shows similar trends as the data 
showed relationships between VARI indices 
and carotenoids concentration. 
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Figure 3. The relationships between the average (RGB) 
bands and band and chlorophyll, a&b and carotenoids 

 
Carotenoids increased from 4.80 to 15.77 
mg/100 g while VARI increased from 0.155 to 
0.234 when chlorophyll a&b decreased from 
1.90 to 0.72 mg/100 g and from 3.01 to 1.18 
mg/100 g, respectively.  
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y = -170.19x2 + 57.338x - 2.9146
R2 = 0.6683
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y = -244.87x2 + 80.149x - 3.5684
R2 = 0.759
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Figure 4 .The relationships between VARI indices and 

carotenoids and chlorophyll, a&b of orange fruits 

The following equation forms were satisfied for 
predicting average intensity (VARI) bands with 
chlorophyll, a and b and carotenoids (mg/100 
g): 

y = 929.79x2 –232.91x +18.368  R2 = 0.8598 

y = -170.19 x2+57.338x -2.8148 R2= 0.6683 

y = -244.87x2 +80.149x –3.5684 R2 = 0.759 
 
CONCLUSIONS 
 
An image analysis technique was found to 
serve as a suitable and accurate method for 
external orange fruit inspection. Relationships 
were determined between R/G ratio band, 
average of RGB bands and VARI index with 
chlorophyll a and b and carotenoids. Multiple 
regression analysis and correlation coefficient 
tested the association between chlorophyll a 
and b and carotenoids and different band ratios 
including R/G ratio and average of RGB bands 
to identify the optimum index sensitive to 
maturity. The results demonstrated that the 
average R/G band ratio, and average RGB and 
VARI indices provide a better indication of 
chlorophyll a and b and carotenoids 
concentrations.  

The coefficient of determination for all 
properties of R/G band ratio and VARI indices 
were less than those with average of RGB.   
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Abstract 
 
Soil cover quality of the Republic of Moldova on most agricultural land is unsatisfactory and critical on a part of land. 
Anthropogenic factors of soil cover degradation are maximum involvement of land in agriculture and soil compaction 
by heavy machinery that lead to degradation of soil structure. It is very important to study and manage these factors 
when soils are mechanically worked and negative consequences occur. Human intervention changes natural variability 
of soil characteristics both vertically and horizontally. Maximum involvement of land in traditional agriculture 
(especially for fruit-tree growing) led to humus losses, structure degradation, compaction and soil erosion. It is 
necessary to study deep tilled soils, which forma group of anthropogenic soils, in order to determine the influence of 
heavy machinery on changes in physical properties of soils in orchards. At the very beginning deep plowing decreases 
parameters of bulk density with 9-32%, but from the first year of existence of orchards a series of maintenance 
operations are made, heavy machinery pass, on average, on the same tracks up to 10-15 times annually. That results in 
soil compaction between rows especially on machinery tracks. Bulk density is differentiated both vertically and 
horizontally, having extreme values of 1.59 to 1.60 g/cm3 in 10-30 cm layer on machinery tracks and is characterized as 
strongly compacted. Deep tilled soils being used in orchards suffer significant changes and form a new anthropic soil 
profile as a result of compaction process, a quantitative expression of which is bulk density and degree of compaction. 
The purpose of the present research is to highlight soils’ physical properties and soil processes that directly and 
indirectly influence plant life, forming a functional unit called soil ecological complex; assessment of soil quality and 
its importance for agroecosystems; emphasizing of negative changes in physical quality of the soil and the factors 
influencing these changes. 
 
Key words: bulk density, deep plowing, porosity, permeability, soil structure. 
 
INTRODUCTION  
 
Soil fertility is an objective attribute of the soil, 
but in the economic aspect it always depends 
on the proper use of scientific and 
mechanization achievements influencing each 
other and being in constant transformation. One 
of the research directions of modern soil 
science are the processes that occur in soil. The 
importance of this issue is to know the methods 
of control of soil processes to create optimal 
conditions for plant growth and development 
preserve and increase soil fertility, protection 
from negative technological processes 
(compaction, structure degradation, etc.) (Ursu, 
1998). It is necessary to study and control these 
factors, when soils are mechanically worked 
negative consequences can usually occur. 
Human intervention during agricultural 
production changes the natural variability of 
soil characteristics both vertically and 
horizontally. The main anthropogenic factors 

leading to degradation of soil cover are 
maximum involvement of land in traditional 
agriculture (especially fruit growing), humus 
loss leading to degradation of structure, 
compaction and erosion. 
At present it is necessary to study the deep 
plowed soils that form a group of 
anthropogenic soils (Degradarea solurilor…, 
2002) in order to determine the influence of 
heavy machinery on physical properties of soils 
from orchards. It is known that the growth and 
development of trees require a number of 
factors including soil physical characteristics 
that have great significance. Soil preparation 
for planting an orchard contains several stages: 
land leveling, deep plowing, introducing of 
fertilizers etc. Morphologic profile after deep 
plowing differs from the natural soil profile, 
soil is loosened for more than 20 cm depth, 
there is a mixture of genetic horizons to a depth 
of 50-60 cm. Deep tillage depth depends on soil 
type, subtype and degree of erosion. After these 
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works soil morphology is modified; genetic 
sequence of horizons changes. On the surface 
are exposed underlying horizons that have a 
smaller amount of humus and unstable 
structure. From the first year of orchards 
existence soil is subjected to heavy machinery 
stress: it is worked mechanically between rows, 
fertilizers are incorporated and chemical 
struggle to combat pests begin. The result of 
this is soil compaction between the rows. 
The present research was conducted on the 
main soil types in Moldova used in orchards: 
greyzems, chernozems, alluvial soils. The aim 
was to determine changes in the physical 
properties of deep plowed soils from orchards 
under the influence of agricultural machinery. 
The research aims to highlight the physical 
properties of soils and soil processes that 
directly and indirectly affect plants life, 
forming a functional unit called soil ecologic 
complex; assessment of soil quality and its 
importance for agroecosystems; emphasizing 
negative changes in physical quality of the soil 
and the factors influencing these changes. 
 
MATERIALS AND METHODS 
 
To characterize soil compaction of deep 
ploughed soils from orchards as a phenomenon 
of anthropogenic origin that affects 0-30 cm 
layer and the underlying layer expressed by 
increase of bulk density, structure degradation 
and porosity decrease below the normal limits, 
a number of physical tests was used such as 
particle size analysis, soil structure analysis, 
porosity, in the field were determined on soil 
from the row, between the rows and in the 
machinery tracks - bulk density and soil 
permeability. The used research methods were 
standardized. Interpretation of analytical data 
was performed according to the current 
methodology. Research lasted 10 years, during 
that samples were collected from all types of 
soils in Moldova used in orchards. 
 
RESULTS AND DISCUSSIONS 
 
The research conducted by Ungureanu (1979) 
showed that in the deep tilled layer (0-60 cm) 
soil bulk density decreases with 9-32%, 
resistance to penetration by 60-79%, total 
porosity increases by 5-28% and between 

aggregates by 13-61% compared to soil before 
deep tillage. But from the first year of existence 
of orchards a series of maintenance operations 
are made, heavy machinery pass, on average, 
on the same tracks up to 10-15 times annually. 
Soil physical state is determined, in general, by 
bulk density, that substantially influences the 
growth and development of fruit crops, whereas 
on its values depend soil air and moisture 
regimes and various chemical and 
microbiological processes. It should be noted 
that most of the soil works aims to lower bulk 
density values. 
The bulk density of the studied soils from 
orchards is differentiated both vertically and 
horizontally. There is an increase in bulk 
density between the rows, especially in the 
machinery tracks in comparison with the soil 
from rows, usually at the depth of 10-30 cm. 
On greyzems these parameters increased by 
0.27-0.31 g/cm3 in the machinery tracks in 
comparison with the soil from rows, on 
chernozems by 0.18-0.31 g/cm3, and on alluvial 
soil by 0.25-0.33 g/cm³. An increase of soil 
bulk density is characteristic for soil between 
the rows in comparison with the values in the 
row but they don’t exceed 0.23 g/cm³ (Table 1). 
 

Table 1. Soil bulk density from orchards 
Soil bulk density, g/cm3 

Soil Depth, cm In the row Between 
the rows 

In the 
machinery 

tracks 

clay loam greyzems  
0-10 1.25 1.31 1.58 

10-20 1.28 1.35 1.59 
20-30 1.30 1.42 1.57 

clay loam leached 
chernozem 

0-10 1.00 1.09 1.20 
10-20 1.18 1.36 1.44 
20-30 1.24 1.37 1.48 

clay loam typical 
chernozem with 
moderate humus 
content 

0-10 1.19 1.31 1.41 
10-20 1.27 1.50 1.58 
20-30 1.30 1.41 1.50 

clay loam typical 
chernozem with low 
humus content 

0-10 1.10 1.28 1.41 
10-20 1.20 1.30 1.47 
20-30 1.27 1.38 1.45 

clay loam carbonate 
chernozem 

0-10 1.00 1.11 1.30 
10-20 1.16 1.30 1.47 
20-30 1.26 1.38 1.53 

loam typical 
alluvial soil 

0-10 1.16 1.27 1.40 
10-20 1.25 1.45 1.51 
20-30 1.26 1.42 1.59 

stratified alluvial 
soil 

0-10 1.32 1.47 1.63 
10-20 1.42 1.57 1.68 
20-30 1.47 1.66 1.72 

 
Soil structure is an inherent characteristic of the 
soil, of great importance for physical, chemical 
and biological processes that take place in the 
soil and the system: soil - plant – atmosphere 
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(Canarache A., 1990;  ., 1979). A 
well-structured soil provides optimal conditions 
for growth and fructification of trees. Soils of 
orchards, being transformed technogenic, are 
worked from the first year (Cercet ri în 
pomicultur , 2002). Special attention is given 
to the degradation of soil structure used in 
perennial crops, where powerful modern 
mechanized farming leads to soil compaction. 
It is known that the upper layer of the soil 
presents a mass divided by structural elements, 
size of which have a direct influence of 
aeration, water and temperature regimes. All 
these affect the root growth. 
The results of research showed that content of 
aggregates >10 mm suffers significant changes 
in orchards, increasing by 10% between rows 
and up to 25% in the machinery tracks 
compared to the soil from rows, showing a 
trend of blocky structure formation between the 
rows (Table 2).  
 
Table 2. Water stable aggregates content with a diameter 

less than 0.25 mm of soil in orchards (%) 

Soil Depth, cm In the row Between 
the rows 

In the 
machinery 

tracks 

clay loam greyzems  
0-10 64.20 52.30 48.90 

10-20 61.50 58.50 46.80 
20-30 75.50 66.20 60.80 

clay loam leached 
chernozem 

0-10 46.70 39.70 31.20 
10-20 49.30 43.40 39.00 
20-30 48.20 42.50 40.50 

clay loam typical 
chernozem with 
moderate humus 
content 

0-10 49.20 36.50 23.30 
10-20 50.40 34.00 31.50 
20-30 49.50 31.90 29.30 

clay loam typical 
chernozem with low 
humus content 

0-10 53.80 46.10 25.20 
10-20 53.40 46.40 23.00 
20-30 52.30 51.80 29.30 

clay loam carbonate 
chernozem 

0-10 50.40 45.00 39.50 
10-20 49.90 39.20 35.60 
20-30 43.40 35.50 33.30 

loam typical 
alluvial soil 

0-10 52.80 48.20 40.40 
10-20 52.10 50.20 39.50 
20-30 50.20 49.00 37.30 

stratified alluvial 
soil 

0-10 41.60 35.70 22.90 
10-20 40.10 35.80 22.80 
20-30 42.70 27.10 23.90 

 
Thereafter the content of mezoaggregates (10-
0.25 mm), that are considered valuable 
agronomic and presents structural aggregates of 
medium size, porous and stable to water action, 
is changed. If in the soil from rows they make 
up 70-80%, which is characteristic for 
investigated soil types and subtypes, then 
between the rows their amount is reduced by 
20% and significantly in the machinery tracks 
up to 20-30% depending on soil type. A 

parameter that characterizes stability of soil 
structure is their hidrostability. The use of soils 
for perennial plants growing and the works 
done before planting and orchards 
maintenance, led to the degradation of soil 
structure. Aggregates hidrostability of >0.25 
mm size proved that the 0-30 cm layer 
undergoes changes in orchards. These changes 
are essential for all soil types. In general, the 
arable layer of all investigated soils is 
characterized by satisfactory structure between 
the rows and in the machinery tracks. 
Porosity influences water retention capacity, 
permeability, aeration of soils. In moderately 
loose soil properties of total porosity 
components are favorable, ensuring good 
conditions for plants available water retention, 
aeration and rapid movement of excess water. 
At compacted soils, except those with coarse 
texture, ratio of total porosity components is 
often less favorable. Total pore volume and 
bulk density are inversely related: the higher is 
bulk density, the lower is total pore volume. 
When aggregates compaction is high, porosity 
is low (30-40%), pores have small diameter and 
are hard to penetrate for water and 
microorganisms. Such structure of the soil is 
considered unfavorable. Porosity less than 50% 
is assessed as unsatisfactory, and 25-40% too 
low and is characteristic for high compacted 
layers. 
In orchards in arable layer and at 20-30 cm 
there is a differentiation of total porosity 
parameters as bulk density increases. Soil in the 
20-30 cm layer in the rows has medium 
porosity (47-51%) and is characterized as low 
compacted, the soil between the rows is 
characterized by a small and medium porosity 
(42-51%) and is low and moderately 
compacted, total porosity values of the soil in 
the machinery tracks are 36-40% and is 
characterized as moderately and highly 
compacted. With all these changes in the bulk 
density and total porosity of the soil in 
orchards, porosity of soil aggregates does not 
undergo significant changes in depth. From 
agronomic point of view it is important for soil 
to have a higher capillary porosity that 
characterizes water retention capacity of the 
soil. Soil compaction between the rows and in 
the machinery traces leads to lower 
noncapillary porosity.  In  all  studied  soils soil  
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porosity between aggregates in the layer 0-30 
cm is by 4-9% lower between the rows in com-
parison with porosity in the row and the highest 
values are revealed in the machinery tracks. 
Conditions of plant growth and development 
are influenced directly or indirectly by 
aerohidric regime. Air can only occupy the soil 
pores that are not filled with water. Water and 
air content are strictly necessary as the root 
system and soil processes. One of the 
categories of pores which determines, or rather 
ensure the development of the root system, the 
existence of fauna and flora of soil is aeration 
porosity. The optimum for plant growth is 15-
25%, while the development of the root system 
is limited at a content of 10%. Soil tillage in 
orchards leads to obvious changes in aeration 
porosity. If the soil from the rows has aeration 
porosity parameters 26-38%, between the rows 
16-30%, then in the machinery tracks in some 
soils (greyzems and calcareous chernozem) it 
reaches critical values - less than 10%. 
Water permeability of soil determines the water 
from rainfall or irrigation to penetrate the soil, 
its distribution in the soil, it depends on the soil 
particle size, soil structure, bulk density, 
porosity and soil moisture. The conducted 
research demonstrates that soil water 
permeability from orchards differ as a result of 
the increase of bulk density, total porosity 
reduction and degradation of structure: in the 
rows it is characterized as good and very good, 
between the rows as good and in the machinery 
tracks as satisfactory. 
Research conducted on greyzems, chernozems 
and alluvial soil used in orchards established 
secondary soil compaction of anthropogenic 
origin as a phenomenon affecting 0-30 cm layer 
and the underlying deep tilled expressed by 
bulk density increase and porosity decrease 
below the limits that presents one of the main 
forms of physical degradation of soil. 

 
CONCLUSIONS  
 
Deep tillage and maintenance works are the 
factors that determine the physical 
heterogeneity of soil from orchards. 
Bulk density is increased in orchards reaching 
extreme values of 1.58 to 1.72 g/cm³. 
The soil from orchards is structured differently: 
in the machinery tracks aggregate content 
>10 mm is 1.5-2 times higher compared to the 
soil in the rows, having high or extreme content 
of blocky elements. 
The hidrostability of the agronomic valuable 
aggregates (10-0.25 mm) decreases, which 
motivates the degradation of the structure of 
orchards. 
Total porosity of the soil is “high” in the rows, 
“small” between the rows and “very small” in 
the machinery tracks. 
The soil in the rows is characterized by “good” 
and “very good” water permeability, “good” 
between the rows and “satisfactory” and 
“unsatisfactory” in the machinery track. 
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Abstract 
 
The transfer of vitamin E from high level supplemented diets in egg yolk, effect on egg production and age was 
investigated. Hisex Brown, molted laying hens, assigned in three groups were used in the experiment. Two, 80 weeks 
old, hens were accommodated in each cage. The hens were fed basal diet, containing 45 IU vitamin E kg-1 (group 1), 
basal diet supplemented 150 IU vitamin E kg-1 (group 2) and basal diet supplemented 300 IU vitamin E kg-1 (group 3). 
The egg production, egg weight and albumen weight were significantly higher in the experimental groups, but the egg 
yolk has similar weight in all three groups. The content of vitamin E in the yolk was measured. The concentration of 
vitamin E in 100 g yolk in group 1, 2 and 3 was 12.78 IU, 21.34 IU and 42.28 IU, respectively. The transfer of vitamin 
E was significantly higher in the experimental groups (p<0.01).  
 
Key words: egg quality, egg production, vitamin E. 
 
INTRODUCTION 
 
Vitamin E is one of the most powerful 
antioxidants which supplemented into animal 
feed improve productive performance, 
immunological status, quality of egg and also 
increase the amount of the  vitamin E into the 
egg yolk  (Sunder et al., 1997; Flachowsky, 
2000; Melluzi, 2000; Grobas, 2002). Chickens, 
however, cannot synthesize vitamin E; 
therefore, vitamin E requirements must be met 
from dietary sources (Chan and Decker, 1994). 
The recommended vitamin E concentration in 
diet of laying hens is from 0.05 to 0.08 ppm in 
correlation of the daily feed intake (NRC, 
1994). These investigations using vitamin E in 
the diet of chicken are carried out with 
relatively young hens in the first faze of laying. 
Working with older hens after artificial molting 
(80 weeks and older) where the immune and 
antioxidative system could be colapsed is 
extremely rare. Because old and molted layers 
become very common in our region, our 
feeding trial was carried out with molted layers 
to investigate the effect of large 
amount  vitamin E supplementations on its 
transfer in the yolk and egg structure. 
 

MATERIALS AND METHODS 
 
The current experiment was conducted with 30 
molted laying hens (hybrid Hisex Brown), 
divided in three groups, 10 in each, and 
accommodated 2 per cage. The birds were 
housed in standard poultry house. The 
experimental molted hens where aged 80 weeks 
on the beginning of the experiment.. Vitamin E 
was added in the basal diet (group 1) as a-
tocopheryl acetate (45 IU vitamin E/kg) and 
supplemented with 150 IU/kg (group 2) and 
300 IU/kg (group 3). The composition of the 
basal diet is presented in Table 1.  
The hens were fed with 120g feed per day/hen. 
(in the feeder for 2 hens was added 240g feed 
daily). The possibility for every bird was to 
consume in average of 5.4 IU vitamin E per 
day (group 1), 23.4 IU (group 2) and 41.4 IU 
(group 3). The experiment was lasting 45 days. 
The number of produced eggs was monitored 
every day. The egg structure parameters (egg 
weight, white weight, yolk weight and eggshell 
weight) was measured on 6 eggs 3 times during 
the experiment (every 15th day) on balance with 
0.1 g accuracy. The egg samples were prepared 
by mixing 6 yolks, in fresh condition, 
homogenized and then saponified with stirring 
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in an alcoholic solution of potassium 
hydroxide. 

 
Table 1. Composition of the basal diet 

Ingredient   % 
Maize 54.72 
Soybean meal 22.50 
Sunflower meal (28%) 5.00 
Maize gluten 2.00 
Sunflower oil, crude 2.88 
Synthetic methionine 0.07 
Choline chloride (60%) 0.11 
Potassium carbonate 0.31 
Sodium bi carbonate 0.40 
Bentonal 0.30 
Mono calcium phosphate 1.25 
Calcium carbonate 9.79 
Salt 0.17 
Premix 0.50 
Total 100.00 
ME, Kcal/kg 2750 
Crude protein,% 17.8 
Lysine,% 0.91 
Methionine,% 0.36 
Methionine + cistine,% 0.69 
Threonine,% 0.63 
Triptophane,% 0.19 
Arginine,% 1.12 
Calcium,% 4.00 
Phosphorus, total,% 0.62 
Phosphorus, available,% 0.37 
Potassium,% 0.82 
Sodium,% 0.21 
Chlorine,% 0.17 
Electrolyte balance, mEq/kg 249 
a-tocopheryl acetate, IU/kg 45 

 
The analytes were then extracted with hexane 
and washed with water. The organic faze was 
removed by evaporation and the residue was 
dissolved in methanol, filtered and then 
injected into the chromatographic system. The 
mobile phase used was a 2.5 mM acetic acid-
sodium acetate buffer. The flow rate was 1.0 
ml/min. The High Performance Liquid 
Chromatography (HPLC) system used for 
analysis was Perkin Elmer. The results were 
expressed in mg/100 g yolk, and in one yolk. 
Data were tested for significance using the 
analysis of variance, the F-test (Snedecor and 
Cochran, 1989). 
 
RESULTS AND DISCUSSIONS 
 
The effect of the supplemented vitamin E in 
feed of Hisex Brown hens on the egg structure 
parameters are presented in Table 2. 

 

Table 2. Effects of supplementing vitamin E in feed on 
egg structure parameters 

Specification 

Group 1 
Basal Feed 

(BF) 
45 IU Vit E 

kg-1 

Group 2 
BF + 

150 IU Vit E 
kg-1 

Group 3 
BF + 

300 IU Vit E 
kg-1 

Egg production, 
% 82.00 78.00 84.00 

Egg weight,g 67.01±3.41a 71.37±3.61b 71.53±6.29b 
Egg white 
weight, g 39.67±3.33a 42.61±2.92b 43.59±4.27b 

Egg yolk weight, 
g 19.23±2.28 19.82±1.31 19.30±2.27 

Egg shell weight, 
g 8.10±0.61a 8.93±0.67b 8.63±1.10b 

Egg white, % 59.17±3.49 59.65±2.37 60.93±2.21 
Egg yolk, % 28.75±3.42 27.83±2.25 27.02±2.34 
Egg shell, % 12.08±0.66 12.51±0.66 12.06±0.88 

 
Values sre means ± S.D. n = 16 eggs in each 
group 
a,b - Values in the same row with no common 
superscript differ significantly (p< 0.05) 
The average egg weight of the experimental 
hens was 67.01±3.41, 71.37±3.61 and 
71.53±6.29 in the order of the groups, 
respectively. There are significant differences 
of the increasing of egg weight in relation with 
the increasing amount of supplemented vitamin 
E in the experimental feed (p< 0.05). These 
results are opposite with the results reported by 
Kirunda et al., 2001. The reported results by 
Chung et al., 2005, indicate that combined 
vitamin C and E in the diets of the broiler 
breeders significantly improved egg quality 
parameters such as egg weight but during the 
heat stress period. There are not reported 
results from the trials carried out with the 
molted hens to show the effect of diet 
supplemented with vitamin E on the egg quality 
parameters. Egg white weight was significantly 
higher in the groups of hens fed with larger 
amount of supplemented vitamin E in feed 
compared with the experimental group fed with 
basal feed (39.67 ± 3.33, 42.61 ± 2.92 and 
43.59 ± 4.27; p< 0.05). The weight of egg yolk 
was similar values in all experimental groups. 
The egg shell weight was 8.10 ± 0.61; 8.93 ± 
0.67 and 8.63 ± 1.10 in group 1, 2 and 3, 
respectively (p<0.05). These results are 
presented in Figure 1. 
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Abstract 
 
A study on the changes of body weight, liver and blood serum biochemical parameters - L-aspartat-2-oxoglutarat 
aminotransferase, alanine aminotransferase, alkaline phosphatase, -glutamyltransferase, total cholesterol, 
triglycerides and creatinine of male and female mule ducks before and after force-feeding was carried out. The force-
feeding of ducks with maize was taken after 74-days of age and continued 13 days. During force-feeding period, the 
body weight increased with 47.25% in males (from 3983±133.85 g to 5865±212.33 g) and with 38.06% in female ducks 
(from 3450±215.06 g to 4763±87.73 g). The liver weight increased 7.53 times in males (from 82±5.40 g to 600±22.86 
g) and 5.65 times in females (from 77±4.81 g to 435±46.79 g). After 13 days of force-feeding significantly increased the 
blood serum concentration of alanine aminotransferase (P<0.05 in males and P<0.01 in females), total cholesterol 
(P<0.001 in both sexes) and triglycerides (P<0.001 in both sexes), and decreased of -glutamyltransferase (P<0.01 in 
males and P<0.05 in females), and creatinine  (P<0.01 in males and P<0.001 in females). 
 
Key words: biochemical parameters, blood serum, fatty liver, force-feeding, mule duck. 
 
INTRODUCTION 
 
Under natural conditions, hepatic steatosis 
occurs in wild Palmipedes as a consequence of 
energy storage before migration. In poultry 
production, this specific capacity is used for the 
production of commercial fatty liver (foie gras). 
In response to overfeeding, de novo hepatic 
lipogenesis is dramatically increased, however, 
all triacylglycerols (TG) do not enter the 
secretion pathway, and a large proportion 
remains stored in the liver and is responsible 
for in situ steatosis (Hermier et al., 1991; 1999 
a). Susceptibility to hepatic steatosis in 
waterfowls in response to overfeeding depends 
not only on the species, but also on the breed 
(Poujardieu et al., 1994; Hermier et al., 1999 a). 
Certain genotypes may be more responsive to 
the dietary induction of fatty liver because of a 
less efficient channeling of hepatic lipids 
towards secretion into plasma and adipose 
storage, and the duck may represent a suitable 
model in which to study the development of 
hepatic steatosis and its pathogenesis (Hermier 
et al., 2003). 
Over the past few decades, the mule ducks are 
most offen used for production of foie gras, 
which are an inter-generic infertile hybrid 
between the muscovy drake and the female 

common duck (Gerzilov, 2003; Guemene and 
Guy, 2004; Marie-Etancelin et al., 2008). The 
reciprocal hybrid named hinny duck (common 
drake x muscovy duck) offers no interest in 
animal breeding (Brun et al., 2005). In the 
present, Bulgaria occupies the second world 
rank after France for fatty liver production from 
mule ducks estimated at 2300 tons annually 
(Gerzilov, 2013). 
 
MATERIALS AND METHODS 
 
The study was carried out at the duck farm for 
producing fatty liver of region of Haskovo in 
the period from October 2011 to January 2012. 
The male (n=2910) and female (n=2690) 
growing mule ducks (from 0 to 74 days of age) 
were housed separately (in two groups) on 
straw deep-litter system in barn with yards for 
walk (after 28 days of age). All birds were fed 
ad libitum diet consists ME-11.87 MJ/kg and 
CP-19.70% during the starter period (0-28 days 
of age) and diet consists ME-11.30 MJ/kg and 
CP-17.24% during finisher period (29-74 days 
of age). After that during 13 days ducks from 
both groups were force fed with maize. 
The body weight of 6 birds from each group 
before and after force-feeding was measured by 
electronic balance in g. The serum biochemical 
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analysis was taken before and after force-
feeding from the same birds. The blood was 
allowed to clot for two hours at room 
temperature (20°C) and the samples were 
centrifuged at 2000 g for 10 min. 
Blood serum alanine aminotransferase (ALAT), 
aspartate aminotransferase (ASAT), -glutamyl 
transferase ( -GT), alkaline phosphatase (APh), 
total cholesterol (Chol), triglycerides (TG), and 
creatinine (Creat) were determined with an 
automated biochemical analyzer BS–120 
Mindray at an accredited biochemical lab 
“Provet” - Plovdiv. 
For the purpose of histological investigation 
pieces from the central part of right lobe of the 

liver were taken with the following dimensions: 
1/1/1 cm. The liver pieces were immediately 
put into 10% formalin, included in paraffin and 
cut with microtome. The sections with 5-6 μm 
thickness were stained in hematoxylin - eosin. 
The observation was carried out by Jenaval 
microscope.  
 
RESULTS AND DISCUSSIONS 
 
After 13 days force-feeding with maize, growth 
performance of male mule ducks increased 
with 1882 g (P<0.001) i.e. with 47.25%, while 
in female mule ducks were with 1313 g 
(P<0.001) i.e. with 38.06% - Table 1.

 
Table 1. Body weight and slaughter analysis of mule ducks before and after force-feeding 

Indices 
Males Females 

Before 
force-feeding 

After 
force-feeding 

Before 
force-feeding 

After 
force-feeding 

x±Sx x±Sx x±Sx x±Sx 

Body weight g 3983±133.85 
a1 

5865±212.33 
a1 

3450±215.06 
a2 

4763±87.73 
a2 

Carcass yield g 
% 

2470±83.37 
a3 

3161±86.48 
a3 

2230±140.89 
c1 

2598±25.22 
c1 

62.01 53.89 64.64 54.53 

Liver g 
% 

82±5.40 
a4 

600±22.86 
a4 

77±4.81 
a5 

435±46.79 
a5 

2.05 10.23 2.24 9.13 

Breast muscule (magret)  g 
% 

612±37.80 
b1 

784±26.26 
b1 

547±42.62 
c2 

658±8.66 
c2 

15.36 13.36 15.85 13.80 

Drumsticks 
(thighs and shank) 

g 
% 

263±10.80 
a6 

746±23.38 
a6 

253±24.83 
a7 

568±42.52 
a7 

6.61 12.72 7.34 11.91 
Note: The difference are significant in the row at: P<0.05 – c1-c1….C2-C2; P<0.01 – b1; P<0.001– a1-a1….a7-a7.
 
As a result of the hepatic steatosis (Babile et 
al., 1996; Benard et al., 1998; Hermier et al. 
1999 b; Baeza et al., 2005), the weight of liver 
was increased 7.32 times in males and 5.65 
times in females. 
Histology observation showed that in the 
cytoplasm of hepatocytes there were no signs 
of fatty degenerations (Figure 1) after the end 
of 74th day-period.  After 13 days of force-
feeding the whole cytoplasm of all hepatocytes 
contained many fatty droplets in different size 
(Figure 2). 
The liver weight in relation with body weight 
was increased from 2.06% to 10.23% in males 

and from 2.23% to 9.13% in females at the end 
of over feeding period. 
The weight of drumsticks (thighs and shanks) 
significantly increased from near to 2.84 times 
in males and 2.26 times in females. 
There are significant increases of the breast 
muscle and leg weights, as well as carcass yield 
after force feeding, but the percent of carcass 
yield versus body weight decreases at both 
groups - with 8.21% for the males and with 
10.11% for the females. In our opinion it is 
because of increasing the weight of internal 
organs, especially these from digestive system 
and the presence of residual amount of the 
maize in the tract.
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Figure 1. Liver before force-feeding, H/E, 12.5x  

 

 
Figure 2. Liver after force-feeding, H/E, 12.5x

 
Force-feeding significantly (P<0.05) increased 
the serum concentration of alanine 
aminotransferase (ALAT), triglycerides (TG) 
and total cholesterol (Chol), and decreased -
glutamyl transferase ( -GT), and creatinine 
(Creat) - Table 2. Zhu et al. (2010) established 
a similar trend of change of these parameters in 
experiment with overfeeding of Landes geese. 
In their view, the increase of serum enzyme 
indicated that the liver was significantly 
destroyed in response to overfeeding. Wen et 
al. (2011) found that serum triglycerides, 

cholesterol concentration and glutamate 
pyruvate transaminase activity were 
significantly increased with the increasing of 
force-feeding amount at male Pekin ducks for 
period from 35 to 42 days of age. 
The serum aspartate aminotransferase (ASAT) 
and alkaline phosphatase (APh) also increased 
(P>0.05). Significant differences of serum 
parameters were not found in comparing the 
both sexes before (except ALAT) and after 
force-feeding, respectively.

 
Table 2. Blood serum biochemical parameters 

Parameter 
Males Females 

Before cramming After cramming Before cramming After cramming
x±Sx x±Sx x±Sx x±Sx

ASAT, U/L 69.90±23.53 115.86±10.84 65.93±14.28 108.93±19.37

ALAT, U/L 45.17±16.26 
c1 

101.06±7.50
c1

25.03±9.45 
b1

115.55±21.63
b1

APh, U/L 405.33±54.71 571.63±79.68 343.33±27.58 484.50±66.88

-GT, U/L 6.27±0.29 
b2 

4.53±0,24
b2

5.50±0.53 
c2

4.48±0.67
c2

TG, mmol/L 5.41±0.39 
a1 

11.16±0.53
a1

4.94±0.34 
a2

11.65±0.47
a2

Cholesterol, mmol/L 1.09±0.25 
a4 

7.72±0.58
a4

1.47±0.18 
a5

8.36±0.40
a5

Creatinine, μg/L 23.77±2.37 
b3 

15.93±0.91
b3

28.67±0.76 
a6

15.98±1.76
a6

Note: The difference are significant in the row at: P<0.05 - c1-c1, c2-c2; P<0.01 - b1-b1… b3-b3; P<0.001- a1-a1...a6-a6
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CONCLUSIONS 
 
After 13 days force-feeding the body weight 
increased with 47.25% and the liver weight 
with 7.53 times in male mule ducks and with 
38.06% and 5.65 times in female mule ducks 
respectively. 
After the force-feeding the hepatocytes showed 
signs of hepatic steatosis. 
Significantly increased the serum concentration 
of alanine aminotransferase, total cholesterol 
and triglycerides, and decreased of -
glutamyltransferase and creatinine in both 
sexes. 
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Abstract 
 
Biodiversity and ecological particularities of the parasite communities of the northern pike (Esox lucius L., 1758) from 
the Maritsa River were studied during 2012. Nine specimens of E. lucius were examined with standard techniques for 
parasites and heavy metal contamination. The purpose of this research is to represent new data for the biodiversity, 
prevalence, intensity and mean intensity, mean abundance of parasite communities of E. lucius from the Maritsa River. 
Concentration of heavy metals (Pb, Zn, Cu) in fish (muscle, liver, kidneys and bones), some endohelminth species as 
bioindicators and bottom sediments were analyzed. The obtained results for the parasite communities of E. lucius 
correspond and are in close connection with dependence of the biology and ecology of the determined species of 
helminthes and the place of the intermediate hosts as bioindicators for the status of the studied natural freshwater 
ecosystems. The results may be applied in the various monitoring systems for assessment and forecast of the Maritsa 
River condition. 
 
Key words: parasite communities, heavy metals, bioindication, Esox lucius, Maritsa River. 
 
INTRODUCTION 
 
The Maritsa River is related to the Aegean 
water collecting region. East of Svilengrad, 
Bulgaria, the river flows eastwards, forming the 
border between Bulgaria (on the north bank) 
and Greece (on the south bank), and then 
between Turkey and Greece. At Edirne, the 
river flows through Turkish territory on both 
banks, then turns towards the south and forms 
the border between Greece on the west bank 
and Turkey on the east bank to the Aegean Sea. 
Turkey was given a small sector on the west 
bank opposite the city of Edirne. The river 
enters the Aegean Sea near Enez (14.5 km far 
from town of Alexandroupolis), where it forms 
a delta (41042’30N, 26021’40E). The Tunja and 
Maritsa rivers are its chief tributaries. The 
lower course of the Maritsa River forms part of 
the Bulgarian-Greek border and most of the 
Greek-Turkish border. The upper Maritsa 
valley is a principal east-west route in Bulgaria 
(Dakova et al., 2004). 
The unnavigable river is used for power 
production and irrigation. The major negative 
anthropogenic impact on the Maritsa River 
ecosystem associated with the changes of the 
studied freshwater communities are farm 

activities (using of fertilizers, pesticides; 
wastewater from livestock, etc.; 70% of the 
region are agricultural lands), constructions, 
industry, etc. (Dimitrov, 2009; Dimitrov, 
Palagacheva, 2012; Stefanov, Dimitrov, 1986). 
Maritsa River is included in the National 
monitoring program (Water Body Type 
BG3MA350R039 – Major rivers) (Regulation 
1/2011). 
Parasite species are particularly interesting as 
indicators of the ecological status of the 
freshwater ecosystems because the completion 
of their life cycle requires interactions with 
several host vertebrates and invertebrates, and 
the effects on each of the hosts differ according 
to the pollution level of the habitat in question 
(Baruš et al., 2007; Cone et al., 1993; Gelnar et 
al., 1997; Kennedy, 1997; MacKenzie et al., 
1995; Marcogliese and Cone, 1997; Overstreet, 
1997; Sures, Siddall, 1999; Thielen et al., 2004; 
Tieri et al., 2006, etc.). 
Northern Pike parasites and its tissues, organs 
and parasites as heavy metal bioindicators were 
studied from different countries and authors 
(Atanasov, 2012; Djikanovic et al., 2012; 
Kakacheva-Avramova, 1965, 1976, 1977, 
1983; Kakacheva, Margaritov, Grupcheva, 
1978; Kirin, 2006; Margaritov, 1959, 1964; 
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Molnár, 1980; Novohatskaya, 2008; Oros and 
Hanzelová, 2009; Poulin, 2006; Shostak and 
Dick, 1989; Shukerova, 2010; Tekin-Özan and 
Kir, 2007, etc.). 
This paper presents the results from an 
examination of heavy metal content in 
sediments, fish tissues and organs, fish 
parasites and dominant structure of fish parasite 
communities from the Bulgarian border part of 
the Maritsa River (after town of Plovdiv). 
 
MATERIALS AND METHODS 
 
During September-October, 2012 sediments, 
fish and fish parasites were collect and 
examined from the Maritsa River (after town of 
Plovdiv). 
The Maritsa River is with a length of 521 km 
and is the longest river that runs solely in the 
interior of the Balkans. It has its origin in the 
Rila Mountains (2°09'40'N, 23°36'00'E, 2378 m 
altitude, from Maritsa lakes and below Peak 
Mancho) in Western Bulgaria, flowing 
southeast between the Balkan and Rhodope 
Mountains, past Plovdiv to Edirne, Turkey and 
to Aegean Basin (41 m above sea level) 
(Dakova et al., 2004). 
The studied biotope (village of Manole, 
42.183N, 24.933E) is situated on the riverside, 
about 18 km far away north-eastern from the 
town of Plovdiv (42.15N, 24.75E). It is 
distinguished with a depth and speady running 
water, with sands and slimes at some places. 
The waterside vegetation is represented mainly 
by Salix sp., Populus sp. and Alnus glutinosa 
Linnaeus, 1758. The region of the town and the 
riverside are distinguished with significant 
diversity of highly protected species and 
territories declared as protected with national 
and international nature protective status 
(Assyov, 2012; Kirin et al., 2006). 
A total of 5 sediment samples and 9 freshwater 
fish specimens belonging to the species Esox 
lucius Linnaeus, 1758 were collected and 
examined. The fish were caught by angling. 
The scientific and common names of fish host 
were used according to the FishBase database 
(Fröse and Pauly, 2012). 
Samples of sediments were collected according 
to the Guidance on sampling of rivers and 
watercourses-ISO 5667-6:1990, introduced as a 
Bulgarian standard in 2002. Heavy metal 

concentration of the water and sediment 
samples, fish tissues, organs and parasites were 
carried out according to standard techniques. 
The samples were analyzed for content of Cu, 
Pb and Zn by atomic absorpsion spectrometry 
(Bíreš et al., 1995). The Northern pike, Esox 
lucius (L., 1758) from the Maritsa River was 
chosen as a model fish species for 
parasitological examination and for the heavy 
metal content in this study. 
Helminthological examinations were carried 
out following recommendations and procedures 
described by Byhovskaya-Pavlovskaya (1985), 
Dubinina (1987), Gusev (1983, 1985), Moravec 
(1994, 2001), etc. 
Specimens were fixed and preserved in 70% 
ethyl alcohol. The Monogenea was studied with 
Methods of Gusev (1983). The nematodes were 
studied on temporary mounts with 5% glycerol 
in 70% ethanol (Zashev, Margaritov, 1966; 
Moravec, 1994). 
The ecological terms prevalence (P%), mean 
intensity (MI) are presented for each species. 
Analyses of helminth community structure 
were carried out in both levels: infracommunity 
and component community. The 
infracommunity data were used to calculate the 
total number of species, mean number of 
helminths, etc. (Kennedy, 1993, 1997; 
Magurran, 1988). The infracommunity data 
were used to calculate the total number of 
species, mean number of helminth worms, the 
Brillouin’s diversity index (HB) and evenness 
index of Brillouin (Maguran, 1988). The 
analysis of the dominant structure of the found 
fish parasite taxa were presented to the level of 
the component communities. The criterion of 
Bush at al. (1997) was used for determining the 
dominant structure of the component helminth 
communities. Fish were weighed and 
measured. Samples of muscle, liver, kidneys 
and bones were collected from all individuals. 
In order to determine the relative accumulation 
capability of the fish tissues in comparison to 
the sediments, the bioconcentration factor 
(BCF= [Chost tissues]/[Csediments]]) was 
calculated (Sures et al., 1999). The 
bioconcentration factors were computed to 
establish the accumulation order and to 
examine fish for use as biomonitors of trace 
metal pollutants in freshwater environments. 
The differences in concentration factors were 
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particularly discussed in respect to the 
bioavailability of trace metals from sediments. 
A linear correlation coefficient, rs was used to 
test associations between the bottom sediments, 
fish tissues, organs and fish parasites. 
 
RESULTS AND DISCUSSIONS 
 
Fish communities 
A total of 9 fish specimens from the species 
Esox lucius Linnaeus, 1758 were collected and 
examined from the Maritsa River. E. lucius is 
estimated as least concern species (LC=Least 
Concern; IUCN Red List Status, 2012) and is 
no included in Red Data Book of the Republic 
of Bulgaria (Golemanski (Ed.), 2011). The 
Northern pike is occurs in clear vegetated 
lakes, quiet pools and backwaters of creeks and 
small to large rivers. It is freshwater, brackish, 
demersal, potamodromous and predatory fish 
species. Usually it is solitary and highly 
territorial. Adults feed mainly on fishes, but at 
times feed heavily on frogs and crayfish. 
Cannibalism for Northern pike is common 
(Fröse and Pauly, 2012; Grossman, 1996). Two 
of examined fish specimens are free of 
parasites. 
Helminth community structure 
From studied 9 specimens of fishes, 2 parasite 
species were fixed (Tetraonchus monenteron 
Diesing, 1858 and Raphidascaris acus (Bloch, 
1779)). They are belonging to classes 
Monogenea (1) and Nematoda (1). 
Gill’s parasite Tetraonchus monenteron 
Diesing, 1858 are developing in freshwater and 
marine ecosystems (Bray, 2001). The species is 
from special fish parasites which are using as a 
source of information about the aquatic 
communities (Kennedy, 1975). T. monenteron 
are developing with participation of their 
specific fish hosts, Esox lucius (Canning et al., 
1973; Gusev et al., 1985). 
In Bulgaria, the species was presented from 
Esox lucius Linnaeus, 1758 and the Danube 
River (Kakacheva, Margaritov, Grupcheva, 
1978; Margaritov, 1959) and from the Maritsa 
River (Kirin, 2006), etc. Raphidascaris acus 
(Bloch, 1779) is developing ussing different 
ways: exogenous development; with 
participarion of the first intermediate hosts 
crustaceans (Macrocyclops, Asellus), tubificids 
(Tibifex templetoni Souther, 1909) or 

vertebrates. The fishes in which frequently 
occurred encysted or free larvae of R. acus, are 
the obligate intermediate hosts. In them the 
larvae attain the infective stage for the 
definitive hosts, picsivorous fishes (Moravec, 
1994). In Bulgaria, the larval stage of the 
species was presented of Chondrostoma nasus 
Agassiz, 1832 from the Maritsa River 
(Margaritov, 1964); of Rutilus rutilus 
Rafinesque, 1820 from the Bistritsa River 
(Margaritov, 1964); Carassius gibelio (Bloch, 
1782) from the Lake Srebarna (Shukerova, 
2005); of Cyprinus carpio (Linnaeus, 1758) 
from the Lake Srebarna (Shukerova, 2006). 
The adult worms were reported of Perca 
fluviatilis Linnaeus, 1758 from the Zhrebchevo 
Reservoir (Nedeva, Grupcheva, 1996) and from 
the Lake Srebarna (Shukerova et al., 2010); of 
Leuciscus cephalus (Linnaeus, 1758) from the 
Danube River (Sakis et al., 2004), etc. The two 
determined species, Tetraonchus monenteron  
(Wagener, 1857) and Raphidascaris acus 
(Bloch, 1779), parasitic in E. lucius are 
generalists for the helminth communities of the 
examined freshwater fish species of the Maritsa 
River ecosystem. T. monenteron and R. acus of 
the parasite communities of E. lucius of the 
Maritsa River were distinguished with high 
values of prevalence (P=33.34% and 
P=77.78%, respectively) and with low values 
of mean intensities for the both helminth 
species (MI=2±0.82, 1-3; MI=2±0.94, 1-3, 
respectively). T. monenteron is component 
species and R. acus is core species for the 
helminth communities of the Northern pike. 
Content of heavy metals in sediments, fishes 
and parasites 
The result of the chemical analyzes (Pb, Cu and 
Zn) of 20 samples of muscle, liver, kidneys and 
bones of Esox lucius of the Maritsa River were 
presented (Table 1).  
The content of Pb, Cu and Zn in the nematoda 
species Raphidascaris acus was determined. 
The content of heavy metals in sediments from 
the studied biotope of the freshwater ecosystem 
was fixed. Based on the results of chemical 
analyzes, mean concentrations (mg/kg) in 
tissues, organs of the fish, parasites and 
sediments, as well as the bioconcentration 
factor (BCF=[Chost/parasite tissues]/ 
[Csediments]) were defined (Table 2). 
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Table 1. Content of heavy metals (Cmg/kg±SD) of E. 
lucius and R. acus 

Esox lucius   Maritsa River
Cu Pb Zn

CR.acus 60.04± 
1.02 

103.12± 
2.06 

32.31±
1.16

CLiver 56.64± 
1.18 

4.46± 
0.17 

7.77±
1.38

CKidney 5.76± 
1.15 

6.91± 
0.22 

28.31±
0.20

CBones 10.81± 
0.40 

9.36± 
0.32 

7.85±
0.03

CMuscles 3.76± 
0.12 

0.04± 
0.02 

3.21±
0.11

Sediments mg/kg 117.5± 
3.75 

39.48± 
4.24 

71.32±
1.66

 
The highest mean content of Cu showed the 
sediment samples of river (117.5 mg/kg), 
followed by those of the parasite species R. 
acus (60.04 mg/kg). From fish tissues and 
organs, with the highest content of Cu were 
distinguished the liver (56.64 mg/kg). 
 
Table 2. Bioconcentration factor (BCF= [Chost/parasite 

tissues]/ [Csediments]) of E. lucius and R. acus 

Esox lucius 
BCF 

Maritsa River
Cu Pb Zn

CR.acus/CSediments 0.511 2.612 0.453
CLiver/CSediments 
CR.acus /CLiver 

0.482 
1.060 

0.113 
23.121 

0.109
4.158

CKidney/CSediments 
CR.acus / CKidney 

0.049 
10.424 

0.175 
14.923 

0.397
1.141

CBones/CSediments 
CR.acus /CBones 

0.092 
5.554 

0.237 
11.017 

0.110
4.116

CMuscles/CSediments 
CR.acus /CMuscles 

0.032 
15.968 

0.001 
2578 

0.045
10.065

Sediments mg/kg 117.5± 
3.75 

39.48± 
4.24 

71.32±
1.66

 
The highest mean content of Pb are defined in 
R. acus (103.12 mg/kg), followed by those in 
the sediments (39.48 mg/kg). Of tissues and 
organs, higher concentrations were obtained for 
the content of Pb in bones and kidneys (9.36 
and 6.91 mg/kg, respectively). The mean 
content of Zn showed higher values in the 
sediments (71.32 mg/kg) than of R. acus (32.31 
mg/kg). Of tissues and organs, the highest 
concentrations were differed of Zn. The highest 
content of this trace heavy metal was detected 
for kidneys (Ckidney=28.31 mg/kg), followed by 
those for bones and liver (Cbones=7.86; 
Cliver=7.77 mg/kg, respectively). The lowest 
values of Zn are detected in the muscles of 
examined pike (Cmusles=3.21 mg/kg) (Table 1). 

BCF of R. acus, parasite species of E. lucius of 
the Maritsa River was the highest for Pb (BCF 
CR.acus/CSedimentsPb=2.612), followed by those for 
Cu (BCF CR.acus/CSedimentsCu=0.511) and Zn 
(BCF CR.acus/CSedimentsZn=0.453) (Table 2). With 
regard to the examined fish tissues and organs, 
BCF was the highest for Cu in liver 
(BCFliver/sedimentsCu=0.482), followed by those 
for Zn in kidneys (BCFkidneys/sedimentsZn=0.397) 
and for Pb in bones (BCFbones/sedimentsPb=0.237). 
BCF was with the lowest values for the tree 
trace heavy metals for pike muscles. 
Accumulation of heavy metals in R. acus to 
their content in the fish organs and tissues was 
the highest of Pb from the muscles 
(BCFR.acus/musclesPb=2578), followed by those of 
Pb for liver (BCFR.acus/liverPb=23.121), of Pb for 
kidneys and of Pb for bones 
(BCFR.acus/kidneysPb=14.923; BCFR.acus/bonesPb 
=11.017). Generally, the accumulation of the 
tree trace heavy metals were the highest of fish 
parasite species R. acus, compared to their 
contents in muscles. 
A linear correlation coefficient, (rs, Spearman 
correlation coefficient) were determined to test 
associations between the bottom sediments, 
fish tissues, organs and fish parasites. Very 
significant correlation (rs=0.999; p<0.001) were 
fixed for relationship between SedimentsPb-
BonesPb. Highly significant correlations were 
fixed for relationship between Sedimentcu-
R.aciscu; Sedimentcu-Bonescu; SedimentsPb-
R.acusPb; Sedimentzn-Kidneyszn. Significant 
correlation was determined for content of zinc 
in fish bones and sediments of the Maritsa 
River. 
The results from this study were higher then 
these for R. acus and E. lucius reported by 
another studies (for example, Tekin-Özan and 
Kiri, 2007). 
 
CONCLUSIONS 
 
As a result of this examination a total of 9 fish 
specimens Esox lucius, collected from the 
Maritsa River. The determined helminth 
species Tetraonchus monenteron and 
Raphidascaris acus are generalists for the 
helminth communities of Esox lucius from the 
studied ecosystems. 
The received data for heavy metal contents in 
sediments, fish tissues and organs and fish 
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parasites from the Maritsa River were 
presented for the first time for E. lucius and 
their parasite species R. acus. The highest mean 
content of Pb was defined in R. acus (103.12 
mg/kg), followed by those in the sediments 
(39.48 mg/kg). Of tissues and organs, higher 
concentrations were obtained for the content of 
lead in bones and kidneys of the pike. 
Generally, the accumulation of the tree trace 
heavy metals was higher of fish parasite species 
R. acus, compared to their contents in muscles. 
The high values of the bioconcentration factors 
and of the significant correlations determined 
R. acus as sensitive helminth species for heavy 
metal (lead, copper and zinc) content of 
freshwater ecosystems. 
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Abstract 
 
Indolent or refractory corneal ulcer is a chronic, superficial, nonhealing erosion, usually affecting older dogs, 
especially Boxers. Its characteristics are failure to heal within 1-2 weeks, a poor attachment of the epithelium 
surrounding the lesion to the corneal stroma and the fluoresceine staining of the affected area. The goals for the 
treatment of indolent ulcer are removing the loose epithelium, promoting the healing process and protection of the 
cornea. 
This article presents the medical treatment of refractory corneal ulcers in dogs and the importance of using contact 
lenses for reducing the healing time. 
 
Key words: Boxer dog, contact lenses, indolent corneal ulcer. 
 
INTRODUCTION 
 
Indolent corneal ulcerations or chronic corneal 
epithelial defects (CCEDs) are superficial 
ulcerations with no tendency to resolve, 
surrounded by a ring of non-adherent 
epithelium, usually occurring in middle-aged 
dogs.   (Bentley, 2005; Moore, 2003). 
In the majority of cases the etiology is not 
clear, but it is known that there is a lack of 
adhesion of the corneal epithelium to the 
anterior corneal stroma. (Bonagura, Twedt, 
2008). 
The typical clinical signs are moderate pain 
with blepharospasm and epiphora, the 
fluorescein staining of the affected area and the 
lack or superficial vascularization of the lesion. 
(Michau, 2008). The diagnosis relies also on 
the ease with which the loose epithelium is 
debrided with a cotton-tipped applicator. 
(Slatter, 2008). 
The initial therapeutic approach consists in 
removing the non-adherent epithelium, after 
using a local anesthetic. Afterwards, it is 
recommended to place a contact lens for the 
protection of the new formed epithelium. 
(Lefranc, 2003).  If the lesion is not improving, 
other methods of treatment include grid 
keratotomy or superficial keratectomy. 
(Johnson B et. Al., 1998) 
This paper presents the advantages of using the 
corneal contact lenses as a less invasive method 

of treatment for the indolent corneal ulcer and 
for reducing the healing time. 
 
MATERIALS AND METHODS 
 
This study was conducted in the 
Ophthalmology Clinic of the Faculty of 
Veterinary Medicine in Bucharest for a period 
of one year and a half, between 2010 and 2012. 
The examined animals were represented by five 
dogs, 3 males and 2 females, with an average 
age of 7 years. 
In all of the cases, after removing the 
nonadherent epithelium, a soft contact lens was 
placed and a treatment with an antibiotic 
collyre, a mydriatic and an anticollagenase drug 
was instituted. 
In order to realize the debridment, anesthetizing 
the cornea using a local anesthetic such as 
benoxicaine collyre was sufficient enough. 
The methods used for establishing the 
diagnosis were represented by examination 
with a light source and with the magnifying 
loupe, the fluoresceine test and 
ophthalmoscopy. 
The therapeutic contact lenses may be used 
when healing of a corneal lesion is delayed. 
There are two types of contact lenses that can 
be utilized in dogs, the veterinary ones or the  
contact lenses used in people. Both of them are 
soft, adhere to the surface of the cornea, acting 
as a bandage and are permeable for eye drops. 
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RESULTS AND DISCUSSIONS 
 
The five dogs presented in this study with 
indolent corneal ulcers were represented by one 
Border Collie, one Boxer, one Terrier and two 
mixed breed dogs, three females and two 
males, with ages between seven and fourteen 
years old. 
Loti, a seven years old female mixed breed 
dog, presented with a history of epiphora, 
blepharospasm, and at the ophthalmological 
examination a central corneal lesion, without 
vascularization, that fixed fluoresceine was 
seen in the left eye (Figure 1). 

 

 
Figure 1. Central corneal erosion, fluoresceine positive 

 
After local anesthesia of the cornea, the 
nonadherent epithelium was debrided (Figure 
2), a veterinary contact lenses was placed and 
the treatment for corneal ulcers was instituted. 

 

 
Figure 2. Debridment of the nonadherent epithelium 

using a sterile cotton tipped applicator 
 

The contact lens stayed on the surface of the 
cornea just for 2 days. 
At the reexamination after 10 days, corneal 
vascularization was seen, and the fluoresceine 
test was negative (Figure 3). 

 

 
Figure 3. After 10 days vascularization and a negative 

fluoresceine test can be seen 
 

At this moment the recommended treatment 
was a systemic and local antibiotic and 
artificial tears. The corneal lesion was 
completely healed after one month. 
Kity, an eight years old female Boxer, 
presented at the clinic with a diagnosis of 
refractory ulcer in the left eye that had been 
treated with local antibiotics and collagenase 
inhibitors, but that had not healed after 4 
month. 
At the first examination, the clinical signs were 
blepharospasm, epiphora and the presence of a 
superficial corneal erosion that stained the 
fluoresceine. The recommended treatment was  
a veterinary contact lens, along with a local 
antibiotic and artificial tears. After 5 days of 
treatment, there was some vascularization and 
the fluoresceine test was negative (Figure 4). 

 

 
Figure 4. After 5 days from the initial examination (the 

black spots are indicating the presence of the contact lens 
at the surface of the cornea)  

 
 
After 2 weeks, there was just a small corneal 
scar and some superficial vessels (Figure 5). 
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Figure 5. After 2 weeks: superficial vascularization, 

negative fluoresceine test 
 

Bruno, an eight years old male mixed breed 
dog, came for an ophthalmologic examination 
because the owner observed that his dog was 
keeping the left eye closed and had excessive 
lacrimation. At the examination an irregular,    
fluoresceine positive lesion was seen, along 
with some superficial blood vessels (Figure 6). 

 

 
Figure 6. Central corneal superficial erosion, that stained 

fluoresceine 
 

The treatment consisted in debriding the 
nonadherent epithelium, placing a human 
therapeutic contact lens and using a collyre 
with antibiotic and an anticollagenase drug. 
The ulcer was healed after 2 weeks time. 
Coty, a thirteen years old male Border Collie, 
presented at the ophthalmology clinic with a 
history of a recurrent corneal lesion in the right 
eye. The dog received different ocular 
treatment, but with no response. The clinical 
signs were photophobia, blepharospasm and 
epiphora. After instillation of the fluoresceine, 
a superficial erosion could be seen in the center 
of the cornea (Figure 7). 

 

 
Figure 7. Superficial erosion, with no vascularization, in 

the center of the cornea 
 

A human therapeutic contact lens was placed 
after anesthetizing the cornea and the 
recommended eye drops was an anticollagenase 
collyre. After 10 days, the indolend ulcer was 
completely healed (Figure 8). 

 

 
Figure 8. Healing of the corneal erosion, with no vessels 

of neoformation or scarring and negative fluoresceine 
test 

 
Linda, a fourteen years old female Terrier. 
came for an ophthalmologic examination 
because after one month of treating a corneal 
ulcer, the clinical signs did not improved. The 
left eye presented with blepharospasm, 
epiphora and a superficial erosion that stained 
fluoresceine (Figure 9). 

 

 
Figure 9. Indolent corneal ulcer, with no vascularization 

and fluoresceine positive 
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The treatment consisted in removing the 
nonadherent corneal epithelium after local 
anesthesia of the cornea (Figure 10) and 
placing a therapeutic contact lens (Figure 11). 

 

 
Figure 10. Debridment of the nonadherent epithelium 

using a sterile cotton tipped applicator 
 

 
Figure 11. Placing the therapeutic contact lens using a 

special, soft forceps 
 

At the reexamination after 2 weeks, the clinical 
signs were not present any more and the cornea 
was healed. 
 
CONCLUSIONS 
 
Indolent corneal ulcer is a common ocular 
disease, most often affecting middle-aged dogs, 
especially Boxers, Terriers and mixed-breed 
dogs. 

This study has been performed on 5 dogs with 
refractory corneal ulcer whose treatment was 
based on the use of therapeutic contact lenses 
along with local collyres with antibiotics, 
mydriatic and anticollagenase drugs such as 
acetylcysteine. 
Veterinary contact lenses have the advantages 
of presenting different diameters for different 
corneal size, they can be kept for a long time on 
the surface of the cornea and can be reutilized 
after sterilization. 
Human therapeutic contact lenses are cheap, 
they can be changed daily, but they also may 
remain attached to the corneal surface for many 
days. 
By adding the use of therapeutic contact lenses 
in the treatment of indolent corneal ulcers the 
healing time was reduced. 
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Abstract 
 
Gastrointestinal parasites are a significant threat to health of horses and can cause irreparable internal damage as fifty 
percent of the deaths in horses may be related to internal parasites. In Romania, despite of the importance of horses in 
various activities (agriculture, sport, or as companion animal), knowledge and research studies on equines are sparse 
and fragmentary. Therefore, the present study aimed to provide an insight into the internal parasite burdens in 
Romanian horses, using coprological examination. A total of 158 horses from the breeds Shagya Arabian (n= 90) and 
Lipizzan (n= 68) residing at two studs, one in the northeastern and the second one in the center Romania were included 
in the study. Fresh fecal samples collected in September - November 2012, were analyzed for presence of 
gastrointestinal parasites using sodium chloride flotation technique, and additionally, for a subset of 56 samples, fecal 
worm eggs counts (FWECs), described as the number of eggs per gramme (epg) of feces, were determined using 
McMaster method. The overall prevalence of intestinal parasites eggs and oocyst in the positive horses were: strongyles 
87.97 % (139/158) Parascaris equorum 13.9 % (22/158), Strongyloides westeri 5.06% (8/158), and Eimeria leuckarti 
1.90 % (3/158). One hundred eleven positive horses (79.85%) were infected with a single parasite type, 27 (19.42%) 
and 1 (0.72%) of horses had multiple infections with two and three parasites, respectively. The highest prevalence and 
intensity rate belonged to strongyles, with the EPG counts varying from 25 to 3800, while for ascarids the EPG values 
varied from 75 to 1200. These findings emphasize high rate of infection with gastrointestinal parasites in Romanian 
horses, particular with strongyles, and will be the basis for further in-depth studies on the epidemiology and control of 
the equine parasites in Romanian horses.  
 
Key words: coprology, gastrointestinal parasites, horses, prevalence. 
 

INTRODUCTION 
 
The main internal parasites traditionally 
considered to be important in horses are 
ascarids, large and small strongyles, bots, and 
pinworms. Other species, such as tapeworms, 
stomach worms, and intestinal threadworms 
also can be of clinical importance (Mitrea, 
2011). 
Internal parasites are a significant threat to the 
health of horses and can cause irreparable 
internal damage. Fifty percent of the deaths in 
horses may be related to internal parasites 
(Bussieras and Chermette, 1995). 
Equids can harbor over 100 species of internal 
parasites. About one-half of these species are in 
the strongyle group (Lichtenfels et al, 2008). 
Predominant research elsewhere has been, and 
continues to be, on strongyles and ascarids 
which are the most potentially pathogenic 

endoparasites of horses. Strongyle infections in 
horses are widely spread, with a prevalence of 
70 - 90% (Euzeby, 1975). 
The great dilemma in controlling internal 
parasites in horses and other domestic animals 
is that, historically, after a period of usage of 
antiparasitic drugs, resistance of some species 
occurred (Kaplan, 2002). 
Ideally, nonchemical measures would be a 
better method of controlling the parasites, and 
research efforts are now in the preliminary 
stage of being directed toward this endeavor. In 
the meantime, chemicals still will have to be 
used as the main source to remove these 
organisms in hosts. 
Therefore, two main avenues of study are 
important: monitoring the effectiveness of drug 
treatment of animals in various ways, including 
pre- and post treatment examination for 
parasite eggs, and molecular mapping of the 
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species to identify and pinpoint the genes 
responsible for drug-resistance (Kaplan, 2004). 
In Romania, despite of the importance of the 
horse in various activities (in agriculture, sport, 
or as companion animal), knowledge and 
research interests in equine parasites is sparse 
and fragmentary. In the last years, it is well 
accepted that the assessment of helminth 
distribution patterns in managed equine 
populations will yield useful information for 
developing improved control methods that are 
less reliant on chemical compounds (Relf et al., 
2012). Therefore, the present study aimed to 
provide preliminary data on insight into the 
internal parasite burdens in Romanian horses 
using coprological examination. The study was 
carried out in two different regions of Romania 
where horses are breeding in studs. 
 
MATERIALS AND METHODS 
 
A total of 158 horses from the breeds Shagya 
Arabian (n = 90) and Lipizzan (n = 68) residing 

at two studs, one in the northeastern and the 
second one in the center Romania, were 
included in the study. The animals were 
assigned in age and gender groups, as follows: 
foals (up to 1 year, n = 20), yearlings (1 – 3 
years, n = 49), adults (3 – 5 years, n = 30), 
stallions (n = 33), and mares (n = 26) (Table 1). 
Fresh fecal samples were collected in 
September - November 2012 and were 
analyzed for the presence of gastrointestinal 
parasites using sodium chloride flotation 
technique. Additionally, for a subset of 56 
samples, fecal worm eggs counts (FWECs), 
described as the number of eggs per gramme 
(epg) of feces were determined using 
McMaster method. 
The statistical analyses were performed using 
Quantitative Parasitology 3.0 free software. P-
values by Fisher’s exact test and Chi-square 
test and 95% confidence intervals (CI) were 
computed. P 0.05 was considered as 
statistically significant. 

 
Table 1. Animals included in the study, stratified by their provenance, age, gender, and reproductive class 

Provenance 

Age and gender category 

Stallions Mares Total 
Foals 

(< 1 year) 
1 – 3 years 3 – 5 years 

 males females males females 
Stud A 10 10 10 3 7 17 11 68 
Stud B 10 11 18 20 - 16 15 90 
Total 20 21 28 23 7 33 26 158 

 
 
RESULTS AND DISCUSSIONS 
 
Of the 158 fecal samples analyzed, 139 (87.87 
%, 95%CI=81.85-92.61) were positive for at 
least one parasite species. The most prevalent 
infection was with strongyles (87.97%), 
followed by Parascaris equorum (13.9 %), 
Strongyloides westeri (5.06 %), and Eimeria 
leuckarti (1.90%) (Table 2, Figure 1). 
Of the tested animals, all foals, mares, and the 
yearlings were positive (100%) for strongyles, 
while the adults aging between 3 – 5 years and 
stallions had a lower strongyle prevalence, of 
63.33%, and 75%, respectively. 

The chi-square test for differences of age class 
in both studs was significant (P=0.0001). 
With regards of ascarids, of the 22 positive 
animals, 54.54% were foals, 31.81% were 
yearlings, and the remainders were stallions 
(13.63%) aging between 5 and 7 years 
(P=0.0001). 
One hundred eleven positive horses (79.85%) 
were infected with a single parasite type, 27 
(19.42%) and 1 (0.72%) of horses had multiple 
infections with two and three parasites, 
respectively (P=0.0001). 
The intensity rate of parasitic infection was 
assessed by determining the EPG counts, 
individually for 56 animals from the stud B: 
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foals (n = 10), yearlings (n = 15), stallions (n = 
16), and mares (n = 15). Of them, 89.3% 
(50/56) were positive for strongyles, including 
all foals and mares, and 10 of the 16 stallions. 
Six animals (10.7%) (3 yearlings, 2 foals, and 1 
stallion) were positive for ascarids. 
The highest intensity rate belonged to 
strongyles, with the EPG counts varying from 

25 to 3800, the highest values being registered 
in foals. The mean strongyle fecal worm egg 
count (eggs per gramme, EPG) and its 
distribution between the age and reproductive 
class of horses are presented in the Figure 1. 
For ascarids, the EPG values varied from 75 to 
1200, with the highest intensity registered also 
in foals (Table 3, Figure 2).

 
Table 2. Prevalence of gastrointestinal parasites in horses from two studs in Romania,  

according to the age, gender and reproductive class of animals 

Species of parasite No. of positive animals (percent) 

  Foals 
(< 1 year) 

1 – 3 years 3 – 5 years 
Stallions Mares Total 

males females males females 
Strongyles                 

Stud A 
n = 68 10/10 10/10 10/10 3/3 7/7 15/17 11/11 66/68 

(97.05 %) 
Stud B 
n =90 10/10 11/11 18/18 9/20 0 10/16 15/15 73/90 

(81.11 %) 
Total 

N = 158 20/20 21/21 28/28 12/23 7/7 25/33 26/26 139/158 (87.97%) 

Prevalence 100% 100% 63.3% 75.8% 100%  
  P = 0.0001   
Parascaris equorum   

Stud A 
n = 68 8/10 2/10 1/10 0/3 0/7 2/17 0/11 13 (19.12%) 

Stud B 
n =90 4/10 1/11 3/18 0/20 0 1/16 0/15 9 (10.00) 

Total 
N = 158 12/20 3/21 4/28 0/23 0/7 3/33 0/26 22/158 

(13.93%) 
Prevalence 60% 14.3% 0.00 9.1% 0.00  
  P = 0.0001   
Strongyloides westeri                 

Stud A 
n = 68 2/10 1/10 0/10 0/3 0/7 4/17 0/11 7 (10.3%) 

Stud B 
n =90 0/10 0/11 0/18 0/20 0 0/16 1/15 1 (1.11%)- 

Total 
N = 158 2/20 1/21 0/28 0/23 0/7 4/33 1/26 8/158 

(5.06%) 
Prevalence 10% 2.04% 0.00 12.12% 3.85%  
  P =0.245   
Eimeria leuckarti                 

Stud A 
n = 68 1/10 0 0 0 0 0 0 1 (1.47%) 

Stud B 
n =90 2/10 0 0 0 0 0 0 2 (2.22%) 

Total 
N = 158 3/20 0 0 0 0 0 0 3/158 

(1.90%) 
Prevalence 15% 0.00 0.00 0.00 0.00  
  P =0.142   
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Figure 1. Prevalence (mean %) of eggs of strongyles, Parascaris equorum, Strongyloides westeri,  

and oocysts of Eimeria leuckarti, according to the age and reproductive class of horses 
 

Table 3. The mean of EPG counts of strongyle and ascarids, determined for selected - positive horses on the stud B, 
stratified by class of intensity 

EPG counts 
No of positive horses, according to the age class 

Positive for strongyles Positive for ascarids 
< 1 year 1-3 years stallions mares < 1 year 1-3 years stallions mares

< 250 0 1 8 2 0 2 1 0
250 - 1000 0 7 2 3 1 0 0 0
1000 - 2000 4 7 0 8 1 1 0 0
> 2000 6 0 0 4 0 0 0 0

 

 
Figure 2. Mean strongyle fecal worm egg count (eggs per gram, EPG) distribution between the age  

and reproductive class of horses 
 
 
The mean value of eggs per gram (EPG) 
differed significantly between species of 
helminthes and the level of fecal egg 
production. The Strongylus sp. was the most 
frequently helminthes found. 

The presence of strongyle eggs in feces of 
almost all horses was not unexpected. Since 
there is widespread drug-resistance of small 
strongyles to the benzimidazoles and 
tetrahydropyrimidines, only treatment with 
ivermectin would have resulted in feces of foals 
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consistently being negative, in several horses, 
for small strongyle eggs for a period of time 
afterwards (Kaplan 2002). 
In the present study, the higher prevalence in 
foals with nurse mares may be due to the fact 
that it may have been less frequent use of 
antiparasitic compounds, especially ivermectin, 
in these mares and possibly their own foals. 
The prevalence and intensity of parasite 
infestations were similar to the reports of 
previous studies in Romania, but in other 
regions and other horse populations. 
Therefore, epidemiological studies of 
strongyles in horses performed in the north-
west areas of Romania, in three horse 
populations (n = 920), revealed mean values of 
strongyle infection extensivity of 80.71% and 
an intensivity value of 2793 EPG (eggs per 
gram) (Cernea et al., 2003). 
If we refer to other European countries, our 
findings are also very similar to those. In 
Branderburg (Germany), the prevalence of 
equine parasites on horse farm level were 
reported as 98.4% for cyathostomins, 16.7% for 
ascarids, 14.3% for tapeworms, 8.7% for 
pinworms, and 4.0% for strongyloides (Hinney 
et al., 2011). 
As it has been reported in most related 
literature, the most prevalent parasite 
infestation in horses is with strongyles, but 
particularly with small strongyles 
(cyathostomins). The presence of small 
strongyle has being reported with prevalences 
from 48.3%, 62.8%, 67.4% up to 98.4%, in 
Italy, United Kingdom, and Germany, 
respectively (Traversa et al., 2009, 2010, 
Hinney et al., 2011). In Italy cyathostome 
infections in horses are very common with 
prevalence rates up to 100% (Traldi et al., 
1988; Piergili-Fioretti et al., 2005). 
The prevalence of P. equorum has been also 
assessed in various countries (e.g., USA, 
Germany, Poland, and Sweden). Prevalence is 
generally high and varies from 22.4% to 80% 
(Reinemeyer et al., 1984; Rieder et al., 1995; 
Tavassoli et al., 2010; Lyons end Tolliver, 
2004; Lind and Christensson, 2009). 
Recently, Laugier et al. (2012) investigated the 
prevalence of P. equorum in foals from 15 
large stud farms in France (Normandy) and the 
values varied from 6.9% to 76.2%, with an 

overall prevalence of 30.5%, agreeing with 
research results within the our study. 
The 5.06% prevalence of S. westeri indicated 
somewhat of marked decrease from the 
infection rate of over 90% several decades ago 
in foals in some areas (Lyons et al. 1973). The 
tremendous reduction of infections of this 
parasite species is related to the high efficacy 
of ivermectin, which has been on the market for 
20 years. This compound is highly efficacious 
against intestinal infections in foals (Ryan and 
Best 1985) and has also been reported to have 
some activity on tissue stages in mares (Ludwig 
et al. 1983), thus reducing transmammary 
transmission. Earlier, efficacy of some of the 
benzimidazoles (cambendazole, fenbendazole, 
oxibendazole, and thiabendazole) at various 
dose rates against S. westeri probably 
contributed to the diminishing prevalence of 
this parasite (Lyons et al. 1993). 
The presence of E. leuckarti oocysts in feces of 
foals (prevalence of 15%, comparing with the 
overall prevalence of 1.90%) is in according 
with literature in which is stated that foals 
aging 2 - 3 months are more receptive than 
adults (Bauer, 1988; Mitrea, 2012). Similar 
studies performed in Italy, reported coccidian 
oocysts in six foals, two stallions and one mare 
(Battelli et al., 1995). 
In conclusion, this study emphasizes a high rate 
of infection with gastrointestinal parasites in 
horses.  Nevertheless, internal parasites in 
horses are widely spread and an accurate 
diagnosis of the species distribution is 
paramount for proper control (Ionita et al, 
2010). Unless control measures are practiced, 
they are likely to increase and could contribute 
to low performance and life expectancy of 
horses, and also can cause severe injury or even 
death of the horse (Klei, 1997). 
Knowledge about the helminth prevalence will 
allow the issuance of specific treatment 
recommendations. Moreover, the information 
on risk factors of individual horses will 
facilitate targeting single animals for selective 
treatments (Becher and Pfister, 2010). 
Therefore, further extended studies in different 
areas of Romania on different horse 
populations in different grazing systems are 
necessary towards to emphasize the prevalence 
of different endoparasite species of horses, and 
subsequent epidemiological studies for 
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monitoring the anthelmintic treatments used as 
a base for applying future efficiently integrated 
control program. 
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Abstract 
 
Ceruloplasmin (Cp) is a sensitive indicator of inflammation and infection. It is a liver-derived a2-glycoprotein and is 
synthesized primarily as a positive acute-phase reactant. Staphylococcus aureus (S. aureus) is oft associated with 
suppurative infections and is recognized as an inherent member of the microflora of the skin of humans and dogs and is 
responsible for a diverse spectrum of diseases. This infection was chosen because Staphylococcus aureus presented in a 
lot of animals –dogs, horses, cats, pigs, cattle, pigeons. Our aim in this experiment was to examine Cp concentrations 
in dogs that were exposed to Staphylococcus aureus infection and then evaluate how Cp could be used as an indicator 
of this bacterial infection in dogs. For that, Cp concentrations were determined in plasmas from 9 mongrel male dogs 
(in experimental group) and 6 mongrel male dogs (in control group) at the age of 2 years and body weight 12-15 kg. 
The infection was reproduced by inoculation of 5 ml 24 h broth culture of S. aureus strain with density of 3.1x109 
c.f.u./ml in the lumbar region of experimental animals and same quantity saline in control (non-infected) dogs. Blood 
samples were collected into heparinized tubes before inoculation (hour 0) then at hours 6, 24, 48, 72 and on days 7, 14, 
21 at the same time was taking blood and from controls. One day after inoculation, we observed that Cp showed 
consistent upward trend and between 24 to 72 hours, the values were from 66.55 to 66.88 mg/L, after that we noticed a 
peak of the concentration on the 7th day (109.5±7.82 mg/L). At the end of the experimental period (21 days) this acute 
phase protein remained still higher (81.88±6.59 mg/L) compared to baseline. In conclusion, dogs experimentally 
infected with Staphylococcus aureus showed an acute phase response characterized by statistically significant 
(p<0.001) twofold increase in Cp concentration on the seventh day after inoculation. Therefore, the results of this study 
suggest that ceruloplasmin can be a useful marker for the presence of staphylococcal infection in dogs.  
 
Key words: dogs, ceruloplasmin, infection, Staphylococcus aureus. 
 
INTRODUCTION 
 
The acute phase proteins (APPs) are reactants 
synthesized during an acute phase response 
(APR). This response can be due to infection, 
inflammation, stress, trauma or tissue damage 
(Petersen et al., 2004; Ceron et al., 2005).. The 
synthesis and role of APPs may differ 
depending on the animal species. 
Ceruloplasmin (Cp) is an 2-glycoprotein 
which is considered as one of the major 
positive acute phase proteins in dogs (Ceron et 
al., 2005). Cp is a 132 kD protein of blood 
plasma regarded as an acute phase reactant 
Additionally it is involved in copper transport 
and antioxidant defence. CP displays a large 
variety of enzymatic activities and behaves as a 
universal antioxidant due to the presence in its 
molecule of six tightly bound copper ions 
(Sokolov et al., 2007). It plays an important 

role in protecting host tissues from toxic 
oxygen metabolites released from phagocytic 
cells during inflammatory states (Ceron and 
Martinez-Subiela, 2004). 
Cp, a ferroxidase (Fe+2, oxygen oxidoreductase 
EC.1.16.3.1) binds about 95% of plasma 
copper each molecule attaching to 6 or 7 cupric 
ions. Measurement of this protein provides 
valuable information on the inflammatory 
status to clinicians in canine practice (Solter et 
al., 1991). 
The frequency of Staphylococcus aureus (S. 
aureus) infection is permanently increasing 
(Thiemermann, 2002). The bacterial 
components and secreted products that affect 
the pathogenesis of S. aureus infections are 
numerous and include surface-associated 
adhesins, exoenzymes, exotoxins, and capsular 
polysaccharide (O’Riordan and Lee, 2004; 
Tzianabos et. al., 2001). According to some 
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authors De Kimpe (1995) and Thiemermann 
(2002) the key elements in S. aureus are 
peptidoglycan (PepG) and lipoteichoic acid 
(LTA), which are a component of cell wall, 
synergize to cause shock and organ 
dysfunction. In this study ceruloplasmin levels 
were determined in dogs with Staphylococcus 
aureus infection in order to determine their 
potential value in the diagnosis. 
 
MATERIALS AND METHODS 
 
The experiment was approved by the Ethic 
Committee at the Faculty of Veterinary 
Medicine. The experimental animals were 
provided by the municipality of Stara Zagora 
(Bulgaria). The study was performed on 9 
mongrel male dogs (in experimental group) and 
6 mongrel male dogs (in control group) at the 
age of 2 years and body weight 12-15 kg. Prior 
to the experiment the animals were vaccinated 
with vaccine Nobivac®, Intervet International 
B.V and treated per oral against internal 
parasites with Caniverm®, Bioveta, A. S. Czech 
Republic, 1 tablet/10 kg B.W., and external 
parasites with Bolfo® Puder, Bayer, Germany. 
The dogs were housed in metal cages. They 
were exposed to a 12h light-dark cycle at room 
temperature (20-220 ). They were fed a 
commercially available diet of dog pellet twice 
daily and had free access to water. The 
infection was reproduced by inoculation of 5 
ml 24h broth culture of S. aureus strain with 
density of 3.1x109 c.f.u./ml in the lumbar 
region of experimental animals and same 
quantity saline in control (non-infected) dogs. 
Blood samples were collected into heparinized 
tubes before inoculation (hour 0) then at hours 
6, 24, 48, 72 and on days 7, 14, 21 at the same 
time was taking blood and from controls. 
Manual method for ceruloplasmin 
determination based on the oxidation of 
different compounds has become widely 
adopted for routine use in clinical chemistry 
laboratories. The method is based on the in 
vitro oxidase activity that ceruloplasmin shows 
with substances such as p-phenylenediamine 
(PPD). A colored oxidation product is formed 
from the oxidation of p-phenylendiamine by Cp 
using Ravin’s method described by Bestujeva 
and Kolb, (1982). These measurements were 
made on a spectrophotometer ( =530 nm). 

The statistical analysis of the data was 
performed using one way analysis of variance 
(ANOVA). The results were processed with 
software Statistica v.6.1 (StatSoft Inc., 2002). 
 
RESULTS AND DISCUSSIONS 
 
The changes in this acute phase protein 
concentrations during the staphylococcal 
infection in our study are shown in Table 1. In 
the experimental and control groups, 
ceruloplasmin was followed during a period of 
21 days. Cp concentrations were strongly 
influenced by staphylococcal infection. In the 
experimental group, initial levels (before 
inoculation) were 56.58±3.83 mg/L and 24 
hours after this, Cp levels began to slightly rise 
(60.55±2.69 mg/L). From the 24th hour, the Cp 
concentration showed consistent upward trend 
and at 48th h the mean values were 66.88±2.63 
mg/L. At the 72nd hour, Cp levels reached 
significant elevation –79.88±5.67 mg/L in 
compared to the controls –57.95±2.32 mg/L.  

 
Table 1. Plasma ceruloplasmin concentrations (mg/L) in 

healthy dogs (n = 6) and in dogs with experimental 
Staphylococcus aureus infection (n = 9) according to 

time after subcutaneous inoculation. Results are 
expressed as means ± standard errors of the means 

(SEM) 

Time after 
inoculation 

Inoculated group 
Staphylococcusaureus 

Control 
group

mean ± SEM mean ± SEM
0h 56.58±3.83 56.41±1.75

24h 60.55±2.69 55.80±1.72
48h 66.88±2.63 c 58.72±2.39
72h 79.88±5.67***c 57.95±2.32
d7 109.55±7.82***c 58.66±1.97

d14 98.55±5.92***c 57.92±2.23
d21 81.88±6.59***c 56.19±1.95

For a given biochemical parameter: ***(p<0.001) indicate significant 
differences between S. aureus inoculated and control dogs. 
Different superscripts c indicates significant difference (p<0.001) 
according to time within the experimental group (S. aureus inoculated 
dogs). 

 
This study indicated significant differences 
(p<0.001) in dogs with staphylococcal infection 
in comparison to the control group on day 7-
109.55±7.82 mg/L and on day 14-98.55±5.92 
mg/L. On the 21st day, Cp remained still higher 
–81.88±6.59 mg/L. As shown in table 1, the 
plasma ceruloplasmin concentrations were 
significantly increased since the 72nd h after S. 
aureus inoculation compared to the control 
values and remained significantly enhanced 
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until the 21st day (p<0.001).Infection 
accompanied by local and general systematic 
signs-enhanced fever, increase heart and 
respiratory rates at 24th h, which are indicators 
for non-specific response and signs of 
inflammation. At the 6th h after S. aureus 
implication observed painfulness and oedema 
of the soft tissue. We watched at the 24th h 
enlargement of inguinal lymphatic nodes in the 
limp which was injected and reduced appetite 
and impaired motor activity in dogs. These 
clinical symptoms are observed by other 
authors at the 24th h after inoculation of 
bacteria (Georgieva et al., 2010). One of the 
experimental dogs had oedema on the scrotum. 
After 48th h, some of the dogs were purulent 
conjunctivitis eye infection and at this time the 
Cp concentrations were higher (66.88±2.63 
mg/L) than initial levels (56.58±3.83 mg/L). In 
area of the inoculation of bacteria, hair loss and 
appeared erosions on tissues. 
The acute phase response is part of the innate 
defense system of an animal against trauma, 
inflammation, and infection (Ulutas et al., 
2007). Ceruloplasmin belongs to the acute 
phase proteins which level can increase during 
infection or other tissue damaging factor. The 
main source of Cp is hepatocytes and it can 
also be synthesised in the mammary gland and 
places of tissue damage (Szczubia  et al., 
2012). Cp activity increases during 
inflammation, infection, and injury, suggesting 
that serum Cp acts possibly as an antioxidant 
and as an acute phase protein Furthermore, 
since the generation of oxidation products, 
including O2 and H2O2, is associated with 
conditions that increase plasma Cp, which can 
serve as a scavenger of superoxide radicals, the 
functional properties of Cp in vitro have led to 
suggestions that it serves as a serum antioxidant 
in vivo. (Eum et al., 2005). It takes 
participation in iron homeostasis, copper 
transport, coagulation, defence against oxidant 
stress as an antioxidant and low density 
lipoprotein oxidation. Has the ability to inhibit 
the oxidation of lipids and has the ability to 
scavenge superoxide and sequester free copper 
ions (Tapryal et al., 2009). It has ability to 
oxidize Fe2+ to Fe3+ and thus it may reduce the 
oxidant capacity of iron by inhibition of the 
Fenton reaction (Tapryal et al., 2009). 

The increases in circulating Cp likely caused by 
increased rate of synthesis probably stimulated 
by cytokines, growth factors, hormones, and 
other cellular effectors. Ulutas et al., (2007) 
establish rising concentrations in dogs with 
skin problems, fractures, trauma, enteritis, 
gastritis, pneumonia, hepatosoonozi, malignant 
neoplasia, otitis. They estimated that statistical 
significance increase in Cp in diseased dogs 
was observed in groups of trauma, 
leishmaniasis, babesiosis and dermatitis. 
Canine serum ceruloplasmin levels increase 
during infection, inflammation or trauma. In 
the available literature there is not information 
about the concentrations of this protein in dogs 
after staphylococcal infection. Some authors 
(Georgieva et al., 2012) reported that Cp 
concentrations in rabbits elevated after 
infection induced by Staphylococcus aureus. 
They reported that Cp increased from 24th h to 
on day 7, and the highest level reached at 48th 
h. This results are closely to our, but we 
showed peak concentrations on 7th day. In 
additions, Ceron et al. (2005) showed that 
elevation of ceruloplasmin concentrations can 
observe in dogs with different infectious 
diseases. The studies of Solter et al. (1991) and 
Ceron and Martinez-Subiela, (2004) in dogs 
showed than inflammatory conditions, 
measurement of Cp and haptoglobin which 
increased from 2 to 6 time, are more important 
than determining fibrinogen and leukocyte 
count. At the time of same study this authors 
confirmed the elevation of ceruloplasmin, 
which is contrary to other authors (Bildik et al., 
2004) who claim that this APP decreased in 
infected dogs. According to them, lower 
concentrations of antioxidants during infection 
are typical for Cp, which belong to this group 
(as an extracellular antioxidant). Reducing is 
result of a defence mechanism against 
increased oxidation caused by infectious 
agents. 
 
CONCLUSIONS 
 
As a conclusion, these results indicate that 
plasma Cp may be considered as an early 
positive acute phase protein and may be used as 
a helpful indicator for an early diagnostic of the 
staphylococcal infection in dogs. The 
comparing with other clinical parameters 
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(temperature, heart and respiratory rates) Cp 
concentrations showed that this parameter 
could serve as a marker for inflammation for a 
long period (till day 21). 
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